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Abstract While male parental care is uncommon in
mammals, siamang (Symphalangus syndactylus) males
provide care for infants in the form of infant carrying. I
collected behavioral data from a cohort of five wild
siamang infants from early infancy until age 15-24 months
to identify factors affecting male care and to assess the
consequences of male care for males, females, and infants
in a population including socially monogamous groups and
polyandrous groups. There was substantial variation in
male caring behavior. All males in polyandrous groups
provided care for infants, but males in socially monoga-
mous groups provided substantially more care than males in
polyandrous groups, even when the combined effort of all
males in a group was considered. These results suggest that
polyandry in siamangs is unlikely to be promoted by the
need for “helpers.” Infants receiving more care from males
did not receive more care overall because females compen-
sated for increases in male care by reducing their own
caring effort. There was no significant relationship between
indicators of male—female social bond strength and male
time spent carrying infants, and the onset of male care was
not associated with a change in copulation rates. Females
providing more care for infants had significantly longer
interbirth intervals. Male care may reduce the energetic
costs of reproduction for females, permitting higher female
reproductive rates.
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Introduction

Biparental care in mammals is most common among
carnivores, primates, and rodents, and is often associated
with social monogamy or cooperative breeding (Clutton-
Brock 1991; Jennions and MacDonald 1994; Kleiman and
Malcolm 1981), although male parental care has also been
reported in species with other grouping and mating patterns
(Borries et al. 1999; Buchan et al. 2003). In many species
displaying biparental care, there is intraspecific variation in
the quantity of care provided by males (Webb et al. 1999).
Variation in the quantity or quality of male care in
biparental mammals has been shown to affect infant
survivorship (Gubernick and Teferi 2000; Mclnroy et al.
2000; Wright 20006), interbirth intervals (IBI; Cantoni and
Brown 1997), and offspring development (Bester-Meredith
and Marler 2003; Frazier et al. 2006; Mclnroy et al. 2000).
Therefore, in biparental species, male behavior may be an
important determinant of offspring survival and development.

Social monogamy with biparental care may evolve
where certainty of paternity is relatively high or the ability
of males to obtain multiple mates is low (Kleiman and
Malcolm 1981). Male opportunities to seek additional
mates may be limited by female spatial dispersion, leading
to social monogamy (Komers and Brotherton 1997).
However, female spatial dispersion need not always lead
to pair-bonding and social monogamy (Dunbar 1995;
Mitani 1990b; van Schaik and Dunbar 1990). Similarly,
social monogamy, with its (presumably) concomitant
relatively high certainty of paternity, does not guarantee
extensive male parental investment in mammals (Komers
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and Brotherton 1997; van Schaik and Paul 1997; Whitten
1987). Therefore, other factors must also affect a male’s
decision whether to provide parental care.

Male parental care is usually associated with social
monogamy or cooperative breeding in small-bodied anthro-
poid primates (Wright 1990). However, direct male care of
infants has never been reported for most gibbon species
(Hylobatidae), despite the prevalence of social monogamy
in this family. Siamangs (Symphalangus syndactylus) are
apparently unique among the hylobatids in that they exhibit
biparental care of infants in the wild (Chivers 1974; Chivers
and Raemaekers 1980; Gittins and Raemaekers 1980) and
in captivity (Alberts 1987; Dielentheis et al. 1991). Chivers
(1974), Chivers and Raemackers (1980), and Gittins and
Raemaekers (1980) describe wild siamangs as displaying
exclusive female care during the early stages of infant
development, followed by the gradual transfer of most
infant care responsibilities from the female to the male in
the second year of infant life. However, Palombit (1992)
did not report male involvement in infant care in the single
siamang group that contained an infant of appropriate age
during his study. This suggests that the pattern of infant
care may vary between groups, and that biparental care is
not obligate for siamangs. While siamangs are generally
described as being socially monogamous (Chivers 1974;
Chivers and Raemaekers 1980; Palombit 1994, 1996), the
siamang population in the Way Canguk Research Area in
southern Sumatra includes both socially monogamous and
polyandrous groups (Lappan 2007a, b, O’Brien and
Kinnaird, unpublished data). Therefore, male siamangs
apparently make facultative decisions about both grouping
and mating patterns and investment in infant care.

I present the results of a 2-year study of parenting
behavior in three polyandrous and two socially monoga-
mous groups of wild siamangs in the Bukit Barisan Selatan
National Park, Sumatra, Indonesia, and describe the general
pattern of infant care in the study groups and the range of
variation in male caring behavior. In polyandrous groups,
rates of aggression between males are low, and multiple
males copulate with the female and provide care for her
offspring (Lappan 2007b). Therefore, I also explicitly
consider the relationship between grouping and mating
patterns and male caring behavior. I examine the relation-
ship between male and female care, and between female
care and IBI, and discuss possible causes of variation in
male behavior and the potential effect of male care on the
fitness of males, females, and infants. In several other
facultatively polyandrous species, the presence of addition-
al helpers is strongly associated with increased offspring
survivorship (Davies 1986; Davies and Hatchwell 1992;
Garber et al. 1984), reduced costs of care to males
(Achenbach and Snowdon 2002; Bales et al. 2000; Price
1992), or reduced maternal expenditure (Bales et al. 2002;
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Cleveland and Snowdon 1984; Fite et al. 2005), suggesting
that adults in polyandrous groups may benefit from care by
secondary males. If male care is an important factor
promoting polyandrous grouping in siamangs, then at least
one of the following predictions should be upheld: (1)
polyandry should be associated with (a) an increase in the
total quantity of parental care that infants receive or (b) the
same quantity of nonmaternal care at a reduced cost for
each caring male, relative to social monogamy; and (2)
polyandry should be associated with reduced energetic
investment in each reproductive attempt by the female,
facilitating more rapid offspring production.

Materials and methods
Study area and siamang population

The Way Canguk Research Area is located in the southern
part of the Bukit Barisan Selatan National Park on Sumatra,
Indonesia. The research area, run by the Wildlife Conser-
vation Society—Indonesia Program (WCS-IP) and the
Indonesian Ministry of Forestry’s Department for the
Protection and Conservation of Nature (PHKA), includes
900 ha of forest contiguous with large areas of disturbed
and undisturbed lowland rain forest. The study area consists
of a mosaic of primary forest and forest damaged by
drought, wind throws, earthquakes, and fire, (Kinnaird and
O’Brien 1998; O’Brien et al. 2003) and is covered by a grid
of trails at 200 m intervals. Annual precipitation ranges
from 1,600 to 4,000 mm, and is weakly seasonal (Kinnaird
and O’Brien 2005).

The Way Canguk research area contains all or part of the
home ranges of 36-37 groups of siamangs (O’Brien et al.
2003). “Floaters,” or adults not associated with social
groups, are very rare at Way Canguk (O’Brien and
Kinnaird, unpublished data). Several habituated groups of
wild siamangs at this site have been the subjects of
behavioral studies by WCS-IP staff and students since
1998, and an annual census of the entire population of 36—
37 groups was conducted from 1998 to 2002 (O’Brien et al.
2003). These census data reveal that the adult sex ratio of
the study population is male biased, and siamang groups
containing two or more adult males are relatively common
in this population, although pairs with immatures represent
the most common grouping pattern (O’Brien and Kinnaird,
unpublished data). 1 have suggested elsewhere that the
male-biased adult sex ratio may result from greater female
than male dispersal-related mortality in this population
(Lappan 2007a).

The study area was damaged as a result of wildfires
associated with the El Nino-Southern Oscillation (ENSO)
event of 1997. As detailed demographic data were not
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collected from Way Canguk siamangs before these fires, it
is not clear to what extent the demographic characteristics
of the population were affected by the fires. However, there
are no siamang home ranges consisting entirely of fire-
damaged habitat, suggesting that the area available for
siamangs was reduced by the fires (O’Brien et al. 2003).
Therefore, the possibility that the fires resulted in compres-
sion of the siamang population or distortion of normal
patterns of dispersal and group formation, resulting in a
male-biased sex ratio and multimale grouping in this
population, cannot be excluded. However, multimale
grouping has been reported in a number of gibbon studies
(Fuentes 2000), and group composition and census data
from other gibbon species reveal male-biased adult sex
ratios in wild populations of Hylobates lar (Carpenter 1940;
Sommer and Reichard 2000), Hylobates agilis (Mitani
1990a), and Hoolock hoolock (Ahsan 2000), and in Way
Canguk siamangs (O’Brien and Kinnaird, unpublished
data).

Siamang births have been recorded throughout the
annual cycle, and there is no evidence of breeding
seasonality. Siamang gestation periods are estimated to be
between 6.2 and 7.9 months (Geissmann 1991), and the
mean IBI for Way Canguk siamangs was estimated to be
2.6 years (for groups with home ranges not affected by the
ENSO wildfires) or 2.8 years (for groups with home ranges
adjacent to or including fire-damaged habitat) on the basis
of cross-sectional data collected in annual censuses of the
36-37 groups in the study area between 1998 and 2001
(O’Brien et al. 2003). All females in this study were
observed copulating within 12 months after parturition, and

visible cyclical changes in the color and shape of female
genitalia suggest that some females may cycle for a year or
more before conception (Lappan 2005).

Five groups of siamangs were chosen for the study based
on proximity to the research camp and the birth of a young
infant in the group within a few months of the onset of
the study. Compositions of the study groups throughout the
study period are shown in Fig. 1. T have described the
methods by which individual age classes were assigned
elsewhere (Lappan 2007b). Demographic (group size, mean
IBI) and ecological (home range size, number of reproduc-
tive-size strangling figs) characteristics of the study groups
were within typical ranges for siamang groups at Way
Canguk living in healthy forests (O’Brien et al. 2003). Four
of the five groups were fully habituated to human observers
when they were selected for observations, whereas the fifth
(group A) required 1 month of additional follows before
habituation was complete. Only data collected after full
habituation were included in this study. All individuals
were individually recognizable based on facial and body
features.

Behavioral data collection

Three field assistants and I collected behavioral data during
sleeping-tree-to-sleeping-tree follows. Groups were fol-
lowed on a rotating basis, and each group was generally
followed for 4 to 6 days each month, except during a
6-week period in September—October 2001 and a 5-week
period from December 2001 to Jan 2002 when no research
activities were conducted. We collected behavioral data
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Fig. 1 Composition of the study groups from June 2000 to June 2004. M male, F female, ? sex unknown
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from group B from October 2000, from groups A and C
from November 2000, from group F from February 2001,
and from group G from May 2001. Behavioral data were
collected from all groups until August 2002, and group
compositions were monitored through December 2004. 1
included data collected by field assistants only after >3 months
of training and verification of interobserver reliability.

Instantaneous samples of infant activity were recorded at
5-min intervals. I chose a single adult as a focal individual
on each day, and the observers recorded instantaneous
samples of adult activity, distance from each other adult,
and distance from the infant at 5-min intervals. When the
infant or the focal adult interacted socially with another
individual or individuals, the identities of all involved
individuals were recorded. Caring behaviors directed
toward infants included suckling, carrying, grooming, and
social play. As only females can nurse infants and suckling
could not be reliably detected during many behavioral
samples, I did not include suckling behavior in the analyses
of the quantity of parental care that infants received.
Therefore, infant care was defined as an interaction
involving an infant and another individual when the other
individual carried the infant, groomed the infant, or played
with the infant. The vast majority (>98%) of observations
of infant care in this study involved infant carrying.

Statistical analysis

Analyses were conducted using daily means of hourly mean
proportions of time spent engaging in a behavior, unless
otherwise indicated. The variable employed for the statistical
analyses of infant care was the mean proportion of the
infant’s time during which it received care from adults of the
class of interest (e.g., males, females, all group members).
All proportional data were transformed before analysis by
parametric statistical tests using the transformation:

p' = arcsine(square root((x + 3/8)/(n + 3/4)))

where x is the number of observations of a behavior and # is
the number of cases where the presence or absence of that
behavior was noted. This transformation approximates the
normal distribution and is preferable to the arcsine—square
root transformation where many values are near 0 or 1 (Zar
1996).

Results

Social monogamy and polyandry coexist in the study
population

While siamangs are usually described as being socially
monogamous, study groups A, B, C, and F contained two
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adult males for most or all of the study period (Fig. 1). In
multimale groups A, B, and C, both males were observed
copulating with the female, and mtDNA data from a
concurrent study indicate that neither male could have been
her offspring or maternal sibling (Lappan 2007a). There-
fore, these groups were described as socially and sexually
polyandrous. In group F, however, copulation between one
male (FRA) and the female was never observed, and this
male and female had matching mtDNA haplotypes (Lappan
2007a). While this is not conclusive evidence of a close
genetic relationship, siamangs in this area displayed a high
haplotype diversity, making the occurrence of identical
haplotypes in members of a social group in the absence of a
close genetic relationship improbable (Lappan 2007a).
Therefore, the most parsimonious interpretation is that this
group was a socially monogamous group with a retained
adult offspring of the female (and possibly the male). In
group G, only a single male lived and copulated with the
adult female (Fig. 1). In groups A, B, and C, both males
were observed carrying infants, whereas in groups F and G,
only a single male was observed carrying the infant. In
group F, the only male that was observed copulating with
the female was also the only male that carried her offspring.
Throughout this study, and other studies of the same
population (Nurcahyo, unpublished data; Kinnaird and
O'Brien, unpublished data), copulations between members
of different social groups have not been recorded. As the
study included several groups with habituated neighbors,
and floaters are very rare, this is unlikely to be a result of
the presence of observers, but rather suggests that most
copulations involve members of the same social group.

Males and females showed variability in infant care

Infants were carried by their mothers nearly all of the time
during the first 2 months of life, and all infants except
BMG were in physical contact with their mothers all of the
time before 3 months of age. After infant age 3 months, the
mean proportion of time that infants spent being carried by
their mothers declined consistently, and there was substan-
tial variation in the proportion of time that females spent
carrying infants (Fig. 2). Females carried infants over
16 months of age less than 0.2 of the time.

Adult males in all five groups were observed carrying
infants, which suggests that male involvement in infant care
is common in this population. However, the proportion of
time that males spent carrying infants varied dramatically
between individuals and group types (Fig. 2). Adults were
also observed playing with and grooming infants. However,
adult males and females spent an average of only 0.002 of
their time engaging in social play with infants, and social
grooming with adult females and males occupied only
0.003 and 0.001 of the infant’s time, respectively.
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Fig. 2 a Proportion of time that females and males in polyandrous
groups spent carrying infants. b Proportion of time that females and
males in socially monogamous groups spent carrying infants. Bars
represent the means of individual means for each 3-month period+SD.
Data from only a single monogamous group were available for ages
16-21 months (asterisk). Therefore, no error bars are presented for
these values

Both males and females spent a higher proportion of time
carrying infants while traveling than while engaging in other
activities (one-tailed Wilcoxon signed-rank test; individual
means, paired by individual, females: Z=-2.023, N=5, p=
0.031; males: Z=—1.960, N=8, p=0.027). While female time
spent carrying infants declined steadily from birth to age
2 years, the proportion of time that mothers carried infants
during travel remained very high throughout the first year of
infant life. Independent travel by an infant younger than
9 months of age was never observed, and infants spent less
than 0.05 of their time traveling independently between ages
10 and 12 months. Between ages 15 and 20 months, the rate
of independent travel increased (Fig. 3) and by age
21 months, most infants spent as much time traveling
independently as adults. Nonetheless, adults did occasionally
carry infants over 21 months of age, suggesting that even
older infants may rely on adults for transportation across
large gaps, at high speeds, or when fatigued.

Female care decreased as male care increased
In groups A, C, F, and G, at least one male provided a

substantial quantity of care for the infant (defined as
spending a mean proportion of >0.05 of time carrying the

infant during at least one 3-month block), and the onset of
male care was associated with a drop of at least 0.30 in the
mean proportion of time that the female spent carrying the
infant between two consecutive 3-month periods. Con-
versely, in group B where neither male provided a
substantial quantity of infant care, the largest drop in the
mean proportion of female time spent carrying the infant
between consecutive 3-month periods was 0.15.

To quantitatively assess the relationship between male
care (i.e., the quantity of care provided by all males in a
group) and female care, I grouped months into categories
based on the mean proportion of time that infants were
cared for by males: <0.05=little care, 0.05-0.149=moder-
ate care, and >0.15=maximum care. I then examined the
relationship between male care class and female care (the
mean proportion of time that each female spent caring for
an infant in a given month) using a general linear mixed
model ANOVA with male care category as a factor and
infant age (between 9 and 21 months) as a repeated
measure for each subject. There was a significant effect of
male care class on the quantity of care provided by females
(F231.9=8.917, p=0.001). When infants received more care
from males, they received less care from their mothers.

Infants in monogamous groups received more care
than infants in polyandrous groups

I compared the quantity of care provided by males in
groups classified as socially monogamous (groups F and G)
and groups classified as polyandrous (groups A, B, and C)
to examine the relationship between grouping pattern and
male care. Males living in polyandrous groups spent
significantly lower proportions of time caring for infants
than did males living in socially monogamous groups (one-
tailed Mann—Whitney U test using individual means for
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Fig. 3 The mean proportion of time that each infant spent traveling
independently. Values represent the individual means for each 3-
month period+SE. Infants from polyandrous groups are indicated with
open diamonds. Infants from socially monogamous groups are
indicated with closed circles
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each male, U'=12, N,=6, N,=2, p=0.046). However, as
two males were present in each polyandrous group, it is
also important to consider the total contribution of males to
infant care in groups containing one and two sexually
active males. Infants in monogamous groups received more
care from males than infants in polyandrous groups, even
when the contributions from both males were considered.
Infants were carried by monogamous males 0.134+0.029
(mean+SE) of the time at age 10—12 months, and 0.274+
0.022 of the time at age 16—18 months, whereas infants
were carried by polyandrous males only 0.007+0.002 of
the time at age 10—12 months, and 0.11940.032 of the time
at age 16—18 months (Fig. 2).

Male caring behavior was not associated with male—female
social relationships

Male care has been described as a courtship behavior in
some primate species (Smuts and Gubernick 1992),
suggesting that there may be a relationship between male
caring behavior and the strength of male—female social
relationships. I was not able to directly test the hypothesis
that caring males had a higher probability of paternity of
the female’s subsequent offspring than less caring males.
However, I did examine the relationship between male care
and variables reflecting the strength of male—female social
bonds. There was no significant correlation between the
mean proportion of time that males spent caring for infants
and (a) the mean proportion of time that the same males
spent within 20 m of the infant’s mothers, (b) the mean
interindividual distance between the male and the infant’s
mother, or (c) the mean proportion of time that the male
spent in social grooming interactions with the infants’
mother for infants of any age (Table 1). These results
suggest that males providing more care for infants do not
exhibit closer spatial cohesion or more frequent affiliative
interaction with females than males providing less care.

Table 1 Results of the analyses of the relationship between the mean
proportions of time that males spent caring for an infant of a given age
and behavioral indicators of male—female social bond strength
(individual means of daily means)

Variable Infant age r N P
(months)
Time spent <20 m from 10-12 —-0.306 8 0.438
female 13-15 —0.338 8 0.412
16-18 —0.055 6 0.918
Mean interindividual 10-12 0.116 8 0.784
distance with female 13-15 —0.165 8 0.696
16-18 —0.137 6 0.769
Time spent social 10-12 0.169 8 0.689
grooming with female 13-15 0.077 8 0.857
16-18 —0.208 6 0.693
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Copulation rates (mean copulations per day) for each male/
female dyad did not significantly differ in the 3-month periods
before, including, and following the onset of substantial
male care (ANOVA; AMI: F;,6=0.471, p=0.630; AMU:
F>73=1.240, p=0.310; CGO: F,3,=0.642, p=0.533; CKR:
F>30=0.648, p=0.531; FRE: F,,,=2.162, p=0.136; GAT:
F553=3.150, p=0.064), suggesting that the onset of male
care was not associated with an immediate change in patterns
of sexual interactions of male—female dyads.

Male care did not increase total care received by infants

To assess the impacts of male care on infants, I used general
linear mixed model ANOVA to examine the relationship
between male care class (defined as above) and the total
quantity of care that infants received (dependent variable)
with infant age as a repeated measure. There was no
significant effect of male care class on the total care
received by infants (35 5=2.482, p=0.099). This suggests
that differences in male contributions to infant care do not
result in detectable differences in the net amount of care
received by the infants, but rather that females compensate
for the variation in male care by adjusting their own
contribution to infant care.

Mothers providing more care had longer IBI

The IBI between the study infant and the subsequent infant
of all study females are known to within a few weeks
(Table 2). I examined the relationship between the total
quantity of care received by infants and IBI. The total
proportion of time that infants of ages 0—14 months spent
receiving care from adults was a significant predictor of IBI
(#=0.938, N=5, F=21.873, p=0.018).

Table 2 Estimated birth dates of study infants and of their younger
siblings with IBI

Female  Study infant Subsequent infant IBI
birth date birth date (months)
AMA July 13, 2000? May 13, 2003* 34.0
BAM July 18, 2000° April 13, 2003* 32.8
CON July 7, 2000° June 13, 2003* 352
FRI December 28, 2000°  March 2, 2004* 38.1
GAR May 1, 2001* September 15, 2003*  28.5

Siamang gestation periods are estimated to be 6.2—7.9 months
(Geissmann 1991).

*Birth date known to within 2 weeks.

® Birth occurred during an 8-week period during which the group was
not followed. The birth date is estimated to have occurred early in this
period based on infant size, hair cover, and behavior when first
observed.

¢ Birth date known to within 1 day.
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If male care functions to reduce energetic stress on the
female, then increased infant care by males should be
associated with reduced IBI. However, quantification of the
effects of male care is not straightforward, as male care of
infants is not an instantaneous event; male care is a series of
interactions over time, which varied between males in its
intensity, timing, and duration.

As female siamangs adjust their caring behavior in the
presence of a caring male, I first examined the relationship
between female care and IBI directly. The mean proportion
of time that females spent caring for infants (mean of daily
means of hourly proportions of time) between the ages of 0
and 14 months was a significant predictor of IBI (#=0.963,
N=5, F=38.667, p=0.008; Fig. 4). These data confirm that
female investment in the current infant is positively related
to the interval between the births of the current and
subsequent infants.

The mean proportion of time that males in each group
spent caring for infants (mean of daily means of hourly
proportions of time) between the ages of 0 and 14 months
was not a significant predictor of maternal IBI (#=0.260,
N=5, F=0.217, p=0.673). However, the contribution of
males to infant care was smaller and more variable than the
contribution of females, which would make effects more
difficult to detect in a sample of this size. If male care is
functionally associated with variation in female IBI, this
relationship may be mediated by changes in female care
patterns associated with the onset of male care. As the onset
of male care was associated with a dramatic drop in female
care in most groups, it is appropriate to examine the
relationship between the infant age at which this drop
occurred and IBI. However, as males in group B provided
little care, I used the age at which female care dropped
below a threshold value suggested by the patterns of care in
the other four groups as a proxy for the timing of the drop
in female care to allow comparisons across all study
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Fig. 4 The mean female time spent caring for infants from ages 0 to
15 months plotted against the IBI

groups. Females in groups with caring males (groups A,
C, F, and G) spent a mean proportion of 0.522 of time
caring for infants in the 3-month interval before the drop in
care associated with the onset of substantial male care.
Therefore, 1 used regression analysis to examine the
relationship between the infant age (in 3-month blocks) at
which the quantity of female care dropped below 0.522 and
the female’s IBI. The infant age at which the proportion of
time the female spent caring for her infant dropped below
0.522 was a strong predictor of female IBI (=0.941, N=5,
F=23.065, p=0.017). These results suggest that the timing
of onset of male care may be functionally associated with
the IBI.

Discussion

The relationship between mating systems and patterns
of parental care

In several facultatively polyandrous mammalian (Bales et
al. 2000; Creel and Creel 2002; Garber 1997; Goldizen
1987a, b; Keane et al. 1994; Schaffner and French 2004)
and avian (Burke et al. 1989; Davies 1986; Faaborg et al.
1995; Hartley et al. 1995; Hatchwell and Davies 1990)
species, polyandry is associated with helping behavior by
secondary males, resulting in improved offspring survivor-
ship, allowing reduced parental effort by females and
primary males, or both. For example, wild saddle-back
tamarins (Saguinus fuscicollis) have never been observed
attempting reproduction in the absence of helpers (Goldizen
1987a), and facultative polyandry in several species of
callitrichid primates is associated with extensive care by
secondary males, coupled with reduced care by primary
males and females (e.g., Achenbach and Snowdon 2002;
Bales et al. 2000; Fite et al. 2005). Therefore, callitrichid
females, infants, primary males, and secondary males may
all benefit from cooperative polyandry. In dunnocks
(Prunella modularis), however, care by secondary males
improves offspring survivorship, benefiting females and
offspring, but the reproductive success of polyandrous
males is lower than that of males in pairs or polygynous
groups, creating a potential conflict of interest between
males and females (Davies 1986; Davies and Houston
1986).

In this study, all males in polyandrous groups did
provide care for infants, but the quantity of care provided
by all males in each polyandrous group combined was
substantially lower than the quantity of care provided by
males in socially monogamous groups. Therefore, in stark
contrast to other facultatively polyandrous systems and to
prediction 2, polyandrous siamang females not only did not
receive more male help, but may actually be forced to
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accept lower levels of male help relative to females living
in pairs, and may therefore pay an energetic cost for
polyandry.

Similarly, infants in polyandrous groups did not receive
more care than infants in monogamous groups (contrary to
prediction la), and the results do not suggest a mechanism
by which the presence of a second male should directly
result in improved infant survivorship. Secondary males in
polyandrous siamang groups may benefit from their
association with a social group and from sexual access to
the group female. However, this study could not identify
potential benefits of polyandry for primary siamang males.
Primary males did reduce their paternal effort in the
presence of secondary males which may reduce their costs
of reproduction relative to monogamous males. However,
this reduction in paternal effort was not associated with
substantial helping behavior by the secondary male (and
therefore is not consistent with prediction 1b), but rather by
an increase in maternal effort. If males benefit from their
reduced parental effort in polyandrous groups, then why
don’t males in monogamous groups adopt the same
strategy? It is possible that the mere presence of secondary
males results in enhanced protection of infants from
predators or hostile conspecifics, reduced infant need for
direct forms of care, but if this is true, then it is unclear why
mothers should compensate for reduced male care in
polyandrous groups.

Several studies suggest that vertebrate males may adjust
their caring behavior in response to the variation in their
certainty of paternity (e.g., Buchan et al. 2003; Burke et al.
1989; Chuang-Dobbs et al. 2001; Dixon et al. 1994; Lifjeld
et al. 1998; Neff and Gross 2001; Sheldon 2002).
Accordingly, the reduced male care in polyandrous groups
observed in this study may be a response to reduced
certainty of paternity. However, as siamang group compo-
sitions often remain stable across several breeding attempts
(Fig. 1), polyandry may be associated with both reduced
certainty of paternity of the current infant and reduced
probability of paternity of the female’s future infants. Both
could contribute to reduced paternal care in polyandrous
groups.

Siamangs are sexually monomorphic in canine and body
size. Therefore, polyandrous grouping in the apparent
absence of benefits for females and primary males is
puzzling, as a female should be able to cooperate with
one male to evict the other should it be in her interest to do
so. Forced copulation has not been reported in any gibbon
species, and in this study, female rejection of copulation
attempts never resulted in harassment by males. Therefore,
the females’ willingness to copulate with both males in
polyandrous groups is difficult to explain if retention of
second males is costly to females. Similarly, rates of
aggression among males in polyandrous groups were very

@ Springer

low, and both males were spatially and socially cohesive
with other group members of both sexes (Lappan 2007b),
suggesting tolerance of polyandry by primary males. These
observations suggest that while females and primary males
may experience costs of polyandry in terms of reduced help
with infant care (females), and reduced certainty of
paternity (primary males), they may also gain some benefit
not identified in this study.

A relationship between density or habitat quality and
mating system has been documented for several bird species
(Davies and Lundberg 1984; Emlen 1982; Rossmanith et al.
2006). In Tasmanian native hens (Gallinula mortierii) and
pukekos (Porphyrio porphyrio), polyandry is not associated
with reproductive advantages, but polyandrous males share
higher-quality territories than monogamous males (Craig
1984; Goldizen et al. 1998). Similarly, preliminary data
suggest that larger siamang groups are more likely to “win”
in intergroup encounters at Way Canguk (Kinnaird and
O’Brien, unpublished data), suggesting that polyandrous
groups may have a territorial advantage over monogamous
groups. However, the relationship between territory quality
and grouping patterns in siamangs has yet to be examined
in detail.

The effects of male care for infants, females, and males

The onset of male care in siamangs occurred during a
period in which infants still displayed substantial locomotor
dependence on adults (Figs. 2 and 3), suggesting that male
parental care has the potential to affect infant survivorship
or development. However, this study did not detect an
effect of male care on the total quantity of care that infants
received, and all study infants survived despite substantial
variation in male care. Male care in this population appears
to replace female care, rather than supplementing it,
resulting in no discernible benefit for the infant in terms
of increased care.

As infant care in mammals involves both lactation and
nonlactational care, infants may also benefit if replacement
of female care with male care permits greater female
investment in lactation, as has been suggested for calli-
trichid primates (Achenbach and Snowdon 2002; Garber
and Leigh 1997; Goldizen 1987a; Snowdon 1996). In most
callitrichids, the onset of male care occurs shortly after
birth, before or during the period of peak lactation (Garber
1997). By freeing females from the energetic burden of
infant carrying during this period, male care in callitrichids
may allow females to invest heavily in milk production,
facilitating rapid postnatal growth (Garber and Leigh 1997;
Goldizen 1987a). However, the timing of male care in
siamangs suggests that the effects of male care on female
lactational effort are probably negligible, as males rarely
provided care before infant age 10 months, and all study
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infants consumed solids by ages 3—7 months, and spent
little time suckling after age 11 months (Lappan 2005).

Male care may have provided infants with benefits not
quantified in this study. For example, the youngest juvenile
in a group invariably shared a sleeping site with an adult
male after the birth of a new infant while mothers and infants
shared another site and all other individuals slept alone.
Adult males were also potential play and social partners for
juveniles. These observations suggest that young siamangs
may benefit in the juvenile life stage from the relationships
that they establish with males during infancy.

Comparative studies of anthropoid primates suggest that
nonmaternal care primarily benefits mothers, rather than infants
(Mitani and Watts 1997; Ross and MacLarnon 2000), and in
marmosets and tamarins, females receiving more male help
invested less in the current reproductive attempt than females
receiving less help, which may have increased their chances
of conception in the first postpartum ovulation (Fite et al.
2005; Sanchez et al. 1999). The clear positive relationship
between female care and IBI in siamangs (Fig. 4) and the
relationship between the drop in female care associated with
the onset of male care and IBI suggest that male care may be
functionally important in reducing the duration of female
residual infertility after the cessation of lactation.

Comparative studies suggest that IBIs increase with
body mass within phylogenetic groupings (Purvis et al.
2003). Information about IBI is unavailable for most
gibbon taxa, but the mean siamang IBI (2.8 years) is
similar to those of Hylobates lar (3.4 years; Reichard
2003), H. agilis (3.2 years; Mitani 1990a), and H. klossii
(3.3 years; Tilson 1981), while the mean siamang mass is
>80% higher (Jungers and Smith 1997). This suggests a
possible relationship between male care and reduced female
investment in each infant among gibbons. However, given
the limited data available from gibbons and the number of
potential confounding variables, it is difficult to draw firm
conclusions about the relationship between nonmaternal
care and IBI in this family.

Male care of infants may function as a courtship
behavior (Smuts and Gubernick 1992), and the onset of
male care in tamarins occurs shortly after birth and is
temporally associated with postpartum ovulation (French
1983; Garber 1997; Sanchez et al. 1999), which suggests
immediate benefits to primary males in the form of
increased access to fertile females. However, this study
did not detect a relationship between siamang male caring
behavior and patterns of spatial cohesion or affiliative
interaction with females, and the onset of male care was not
temporally associated with the resumption of copulation
(which occurred several months before the onset of male
care) or changes in female copulation rates.

Sexual conflict over the quantity of care provided by
adults of each sex can reduce male fitness if females reduce

their contribution in the presence of a caring male (Royle et
al. 2002). However, in the Way Canguk study population,
silamang group compositions were generally fairly stable
across multiple reproductive attempts (Fig. 1), and in this
and other studies at the site (e.g. Kinnaird and O’Brien,
unpublished data; Nurcahyo, unpublished data) copulations
between members of different social groups have not been
observed. While even low rates of extragroup copulation
may result in substantial rates of extragroup paternity, these
data nonetheless suggest that the largest component of male
direct fitness is likely to be derived from reproduction
within the social group. Therefore, male strategies involv-
ing investment in the fertility of the group female may be
favored over strategies associated with lower female
reproductive rates.

The behavior of the infants themselves may also affect
infant care patterns. Indeed, anecdotal evidence suggests
that infants are far from merely being passive recipients of
parental care. Siamang mothers in this study were not
restrictive of the movements of infants above about
6 months of age, and all five study infants persistently
solicited care from males, particularly during travel. Such
observations make it clear that the infants themselves likely
play an active role in determining patterns of parental care,
and that another side of this story remains to be told.
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