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Abstract Infanticide by males is common in mammalian
species such as primates in which lactation lasts much
longer than gestation. It frequently occurs in one-male
groups following male takeovers and is likely a male
reproductive strategy. Reported female countertactics
include abrupt weaning of infants, dispersal, or paternity
confusion. Here, we estimated costs of female counter-
tactics in terms of weaning ages and interbirth intervals.
We observed a population of white-headed leaf monkeys
(Trachypithecus leucocephalus) in Nongguan Nature Re-
serve, China (1995–2006) mainly composed of one-male
groups. Takeovers (N=11) coincided with the peak concep-
tion period. Detailed data are presented for five takeovers
(34 females, 29 infants, and 47 group-years) leading to six
infant disappearances (42.9% of infant mortality). All
presumed infanticides were in accordance with the sexual
selection hypothesis. Following a takeover, females without
infants or with old infants stayed with the new males,
incurring no or low costs (via abrupt weaning). Females with
young infants dispersing with the old males also experienced
low costs. High costs (due to infant loss) were incurred by
pregnant females and those with young infants who stayed
with the new males indicating that paternity was not

confused. Costs in terms of long interbirth intervals were
also high for females leaving with the old males to later join
the new males, despite infant survival. Female countertactics
reflected female philopatry mediated by infant age.
Presumably due to the seasonal timing of takeovers,
most countertactics seemed successful given that 32.3%
of females apparently incurred no costs and 41.2%
incurred only low costs.

Keywords Female philopatry . Infant loss . Interbirth
interval . Seasonal breeding .Weaning age

Introduction

In the animal kingdom, infanticide by males seems to be
a widespread phenomenon occurring in very diverse taxa
(Alcock 2001; Ebensperger 1998). It has for example
been reported in birds (overview in Veiga 2000), fish
(Pelvicachromis pulcher, Nelson and Elwood 1997),
beetles (Nicrophorus orbicollis, Trumbo 2006), and
spiders (Stegodyphus lineatus, Schneider and Lubin
1996) but is perhaps most frequently documented in the
different social systems of mammals (overview, e.g.,
Ebensperger 1998). It occurs in solitary, seasonally
breeding brown bears (Ursus arctos, Bellemain et al.
2006), gregarious equids (Equus caballus, Cameron et al.
2003; Equus burchelli, Pluhacek et al. 2006), and
dolphins (Tursiops truncatus, Patterson et al. 1998). In
all these examples, infanticide was found to be in
accordance with the sexual selection hypothesis. This
hypothesis postulates that infanticide by males will
increase male reproductive success as long as males do
not kill their own offspring, the next conception of the
infants’ mothers is accelerated, and males increase their

Communicated by D. Watts

Q. Zhao :W. Pan
School of Life Science, Peking University,
Beijing, China

C. Borries
Department of Anthropology, Stony Brook University,
Stony Brook, NY, USA

Q. Zhao (*)
Department of Mathematics, The University of Toledo,
Toledo, OH 43606-3390, USA
e-mail: qing.zhao@rockets.utoledo.edu

Behav Ecol Sociobiol
DOI 10.1007/s00265-011-1163-9



chances of siring the next infants (Hrdy 1974, 1979). The
longer the lactation period in relation to gestation, the
more time a male can potentially gain for his own
reproduction, which is why infanticide in mammals seems
to be most frequent in primates and particularly frequent
in Old World monkeys (van Schaik and Janson 2000; van
Schaik et al. 1999).

On a proximate level, losing an offspring prematurely
leads to early resumption of cycling and females conceiving
sooner (van Schaik and Janson 2000). This makes a time
gain and with it improved reproductive performance for
infanticidal males all the more likely. Seasonal breeding
does not annul these effects as long as interbirth intervals
after surviving infants span more than 1 year (e.g.,
Bellemain et al. 2006; Borries 1997; Lewison 1998). Even
in annual breeders where the interbirth interval cannot be
abbreviated, increased chances of conception or improved
infant survival are reported or suspected (Enstam et al.
2002; Pereira and Weiss 1991; Wright 1995). These effects
can improve the reproductive output of infanticidal males.

In primates, infanticide is common in one-male groups
following male takeovers (van Schaik and Janson 2000),
when incoming males are almost certainly unrelated to any
infants in the groups. But infanticide has also been
documented in primate multimale groups, both by newly
immigrant and maturing natal males (e.g., Hanuman
langurs, Borries 1997; red howler monkeys, Crockett and
Janson 2000; sooty mangabeys, Fruteau et al. 2010; chacma
baboons, Palombit et al. 2000; and Japanese macaques,
Soltis et al. 2000). The past mating history with the infants’
mothers is the most likely proximate mechanism for males
in assessing paternity probability for infants present or born
in the groups (Borries et al. 1999b; Hrdy 1979; van Schaik
2000).

In contrast to unrelated males, females do not gain when
their infants are killed. They lose offspring for which the
replacement requires extra time and energy which makes
the evolution of countertactics very likely (Agrell et al.
1998; Clarke et al. 2009). For example mothers, and also
other females and older resident males, could defend the
infants (Borries et al. 1999b; Fruteau et al. 2010; Gray
2009; Soltis et al. 2000). Females could preferentially stay
in the vicinity of potential defenders, as reported for ursine
colobus monkeys (Teichroeb and Sicotte 2008), and
reliance on male protection might explain male–female
friendships in chacma baboons (Palombit et al. 2000).
Alternatively, females could leave the group together with
their infants following a takeover (African lions, Packer and
Pusey 1983 and purple-faced leaf monkeys, Rudran 1973).
However, this option is rare in primates and in most cases
in which females emigrated following takeovers, they did
so without infants (Sterck and Korstjens 2000). More
generally, phylogeny and ecology constrain female dispersal

options (Isbell 2004), and it might not be possible to live
solitarily or without an adult male. Group splitting might
then be an option, as in the case of Hanuman langurs. In this
female philopatric species, a group may split after male
immigration so that females without infants stay with the
immigrant male and females with infants leave with the
former resident male (Sugiyama 1965; Winkler et al. 1984).

Female countertactics also depend on infant age (Sterck
et al. 2005). If the infant is old enough to survive on its
own, it could be left behind (Thomas’ langurs, Sterck
1997). A less drastic option is to wean the infant abruptly,
even prematurely, without necessarily abandoning it (as in
ursine colobus monkeys, Teichroeb and Sicotte 2008). This
might lead to suboptimal nutritional conditions early in life
that translate into low weaning weight, low resistance to
diseases, and increased mortality (Molbak et al. 1994). It
might even result in significant differences in life spans,
reproductive rates, and lifetime reproductive success
(baboons, Altmann 1998). Infants too young to be weaned
will put additional constraints on their mothers. To avoid
exposing their infants to unrelated adult males, these
females should leave with their infants. They could remain
with the presumed fathers because these males might
protect the infants (Hrdy 1974); but this seems to be rare
(Sterck and Korstjens 2000). Pregnant females may resume
proceptivity and mate with immigrant males to conceal
paternity (van Schaik et al. 1999). Evidence for the success
of this tactic is mixed: in Hanuman langurs, the mating
pattern of pregnant females does not depend on the identity
of the males (Sommer 1994). Once born, infants may be
attacked by non-fathers even if they had mated with the
mothers during pregnancy (Borries et al. 1999b).

Occasionally, an increased rate of abortions or miscar-
riages is reported following male takeovers (Hanuman
langurs, Agoramoorthy et al. 1988; Sommer 1994; geladas,
Beehner and Bergman 2008; Fashing et al. 2009; and
Hamadryas baboons, Colmenares and Gomendio 1988).
However, due to the relatively high reproductive costs to
the female, this response is assumed to be rare in primates
(van Schaik et al. 1999) and reports center on only a few
species. In sum, theoretical considerations and available
evidence suggest that infant age and female reproductive
state at the time of a takeover (mediated by constraints on
dispersal) are likely to determine female countertactics.

Concerning infanticide in primates, the subfamily Colo-
binae, particularly the Asian group, has played a prominent
role: one of the first published cases of witnessed
infanticide in primates (Hanuman langurs, Mohnot 1971;
Sugiyama 1965) and one of the first evolutionary
approaches to explain the phenomenon (the sexual selection
hypothesis, Hrdy 1974) refer to this taxon. Colobines are
typically folivorous, and infanticide may be especially
frequent in folivorous primates, in which small one-male
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groups are much more common than in more frugivorous
species (Janson and van Schaik 2000). Paternity probability
in these small one-male groups can be very high (100% in
Hanuman langurs, Launhardt et al. 2001) so that new
immigrant males can be rather certain that the infants
present in the groups are not their offspring (Borries et al.
1999a). Infanticidal males sired the next offspring of the
victims’ mothers in a Hanuman langur population studied
by Borries et al. (1999a). Indeed, infanticide by males
seems to be a regularly occurring phenomenon in Asian
colobines. The actual killing of an infant has been observed
in black-and-white snub-nosed monkeys (Xiang and
Grueter 2007), golden snub-nosed monkeys (Zhang et al.
1999), Hanuman langurs (Newton 1988; Sommer 1994),
and Proboscis monkeys (Agoramoorthy and Hsu 2005).
Witnessed cases for African colobines stem from red
colobus monkeys (Struhsaker and Leland 1985), black-
and-white colobus monkeys (Onderdonk 2000), and ursine
colobus monkeys (Teichroeb and Sicotte 2008). Further-
more, suspected cases for which only parts of the sequence
were witnessed are reported for silvered leaf monkeys
(Wolf and Fleagle 1977), purple-faced leaf monkeys
(Rudran 1973), and Thomas’ langurs (Sterck 1997). In
most cases, males were observed to attack infants or infants
disappeared shortly after new males immigrated into the
groups. Infanticide by males accounts for 30% to 70% of
the infant mortality in these populations and is assumed to
be a major influence on reproductive tactics and reproduc-
tive success for both males and females.

Here we investigated the circumstances of infant
disappearances in connection with male takeovers in female
philopatric white-headed leaf monkeys (Trachypithecus
leucocephalus) predominantly living in one-male groups.
We estimated potential costs to females by comparing
weaning ages and length of interbirth intervals following
male takeovers to values for these variables during periods
of stable male tenure, proceeding from the assumption that
the conditions during stable periods are optimal. We
examined if the presence of an infant and its age had an
influence on female countertactics, predicting that
females (1) without infants stayed with the new males;
(2) those with old infants weaned the infants abruptly,
the infants survived, and the mothers stayed with the new
males; (3) and those with young infants remained with
the old male, at least until their infants were weaned.
Predictions for pregnant females could not be examined
because those largely depend on mating behavior, which
was not documented systematically. It therefore is
unclear whether paternity could be confused and thus
whether pregnant females are expected to stay with the
new males or the old males. Finally, we investigated if in
the study population the conditions of the sexual
selection hypothesis were met.

Materials and methods

Study site

A population of white-headed leaf monkeys was studied at
the Nongguan site within the Nongguan Nature Reserve
(22°15–17′ N, 107°29–32′ E, 150–430 m a.s.l.), Chongzuo
county, Guangxi Zhuang Autonomous Region, China. The
climate is mild but seasonal. The mean annual temperature
is 22.8°C, and the mean annual precipitation is 1,152 mm
(details in Jin et al. 2009a, b). The site consists of about
22 km2 karstland dominated by limestone hills. Much of the
original subtropical, deciduous, broadleaf forest growing on
the limestone hills has been replaced by secondary shrub
vegetation (up to 5 m in height). Lowland areas and valleys
are farmland. There are no villages in the study area. People
use the hills to collect firewood and to catch small animals
(e.g., snakes or squirrels). The leaf monkeys were rarely
seen close to people, the farmland or villages. Crop raiding
was never observed. Hunting of monkeys and other animals
had been common in the past but has been prohibited since
1998 (Jin et al. 2009b). Extant predators include leopard
cats (Felis bengalensis), Asiatic golden cats (Felis
temmincki), yellow-throated martens (Martes flavigula),
and golden eagles (Aquila chrysaetos). Locally extinct are
tigers (Panthera tigris), leopards (Panthera pardus), and
clouded leopards (Neofelis nebulosa). Predator densities
are assumed to be low based on the rarity of sightings but
no systematic data are available. The species mentioned
here would all be capable of preying at least on juvenile
leaf monkeys even though we never witnessed such an
event and predator pressure is assumed to be low.

Study population

The leaf monkeys inhabit several of the limestone hills
in the northern part of the reserve (see Fig. 1 in Jin et al.
2009b: 207). Each group occupied one or several hills
with very little overlap between home ranges of adjacent
bisexual groups. On occasion, individuals use ridges to
cross the farmland between hills. With 88.3% of the mean
annual feeding time spent on leaves, the degree of
folivory is comparatively high (Yin et al., unpublished
data).

The majority of the bisexual groups (96.3%) were one-
male multifemale while multimale groups were rare (3.7%,
calculated from Jin et al. 2009b). Similar proportions are
reported for another population of the same species (Li and
Rogers 2004). Furthermore, 21.9% of all adult males in the
population lived in so called non-reproductive groups
mainly composed of males of different ages (except infants)
and a few immature (but no adult) females (Jin et al.
2009b).
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Although infants have been born during all months of
the year, births were distributed unevenly throughout the
year and 82.0% of all births occurred from December
through March (Jin et al. 2009a). Thus, most conceptions
must have occurred between June and September based on
an estimated gestation length of 6 months. This value was
determined for captive Francoise leaf monkeys (Trachypithecus
francoisi), a closely related species (184 days; N=16, Mei
1991). If gestation would, however, be closer to 200 days (i.e.,
almost 7 months) as reported for other wild Asian colobines
(Borries et al. 2011), then the conception peak would last
from May to August instead.

Study periods, data collection, and sample sizes

A total of 28 groups have been studied by several observers
(see acknowledgements) from 1995 through 2006 for
varying durations (Jin et al. 2009b). Takeover frequency
and its annual distribution, the percentage of partial take-
overs, and the duration of male tenure (definitions below)
were calculated based on this largest possible dataset. All
other results are based on a subsample of 11 groups, which
have been studied for 3 to 11 years (47 group-years total)
and group members were individually distinguished. Each
month these groups were followed for at least 10 days
(mean=18.4±5.8SD; range=10–28) and births, deaths,
disappearances, and nipple contact were recorded for all
contact days.

In the course of the study 11 takeovers by adult males
(definition below) could be documented. Detailed data were
available for five of these takeovers, which occurred in four
groups. These concerned 34 individual adult females and
their 29 infants. For 17 females, the following births could
also be documented. Three females with old infants were
pregnant at the time of the takeover and thus enter the
analysis twice (in relation to the old and the new infant).
For comparison, we also present data (weaning age and
interbirth interval) during stable tenures for the same
groups.

Definitions

Age class definitions follow Rajpurohit et al. (1995) and Jin
et al. (2009b) although, the present analysis only deals with
infants and adults (fates of juveniles will be presented
elsewhere). Leaf monkeys were classified as infants as
long as they had nipple contact (mean 19.2 months, Zhao
et al. 2008). At the time of takeovers we furthermore
distinguished young infants (4–14 months) from old
infants (16+ months) based on the bimodal distribution
of infant age due to seasonal breeding. From age 5 years
onward females were considered adult (mean age at first
reproduction 5.4 years, Jin et al. 2009a). Larger males who

had not reached the full head–body length or the shoulder
width of an adult male were classified as sub-adults. Adult
males had the maximum head–body length and shoulder
width.

Following Sterck (1998), a takeover occurred when the
former resident adult male of a bisexual group was ousted
by another male. Unsuccessful takeovers not resulting in
permanent group membership changes were rare (assumed
twice based on aggressive interactions between males) and
were not considered here. We distinguished the old male
(residing with the females prior to the takeover) from the
new male (challenging the old male and finally taking
over). Note that in all cases the new males appeared to be
noticeably younger than the old males even though the “old
males” were not necessarily past their prime.

A takeover was considered complete if all adult females
stayed with the new male once the old male was ousted. In
partial takeovers, most females stayed with the new male,
but at least one female left together with the old male. Male
tenure length encompassed the time period during which an
adult male lived with at least one adult female who was not
born during his tenure (Sterck et al. 2005). It was calculated
to the month.

The weaning age was calculated from the month of birth
to the month when nipple contact was last observed
(inclusively). The interbirth interval lasted from the month
of parturition until the month of the next birth. To
approximate female reproductive costs, we calculated the
interbirth interval back to the female’s last infant that
survived its first year of life. Consequently, if an infant was
lost prematurely (i.e., during its first year) its birth was not
considered resulting in a comparatively long interval. To
avoid confusion we introduce the abbreviation IBI-S for this
measure (with S for surviving infants). The longer the IBI-S
the higher female reproductive costs. Due to the intermit-
tent nature of our observations, weaning age and IBI-S
were calculated to the month.

Data analyses

Weaning ages and IBI-S following takeovers were tested
against the control condition during stable male tenures
with a Kruskal–Wallis test and a post hoc test based on the
α-level reached by the Kruskal–Wallis test (Siegel and
Castellan 1988). Infant survival in relation to maternal
tactics as well as the sex ratio of presumed infanticide
victims compared with the birth sex ratio was tested with a
Fisher’s exact test. Annual distributions of infant dis-
appearances and takeover events were tested with
circular statistics (Batschelet 1981). Tests were performed
in STATISTICA 6.1 (© StatSoft Inc. 1984–2003), and R
2.12.0 using CircStats 0.2–4, and the post hoc test was
calculated by hand.
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Results

Male takeovers

Of the 11 male takeovers, ten occurred in one-male groups
and one in a non-reproductive group (see below). Take-
overs were not evenly distributed throughout the year and
the majority (ten of 11; 90.9%) took place from May
through August (Fig. 1; r=0.761, P<0.001, Rayleigh test of
uniformity, Batschelet 1981). Thus, most new males took
over at the beginning of the conception period. Note that
the match of takeovers with the peak conception period is
improved if the latter is calculated based on 7 months of
gestation instead of six. Perhaps as a consequence of this
general timing only three (i.e., 12.0%) of the females likely
to conceive in the given season (those with no infants or old
infants, N=25), or 8.8% of all 34 females, were already
pregnant at the time of the takeover.

A takeover occurred every 50.1 group-months on
average (range, 29–63; N=9). When a new male entered
the home range of a bisexual group, the old and the new
males chased and fought each other, often with high
intensity and frequent physical contact. Injuries were
common, but we did not witness male deaths during these
interactions. In all cases the old male was ousted within less
than 2 months. Females were not involved in agonistic
interactions between the males and it did not seem as if
either of the males aggressively targeted them or their
infants. Ousted males withdrew from their groups’ home
ranges while the new males stayed.

One takeover occurred in a non-reproductive group
composed of an older adult male and his presumed
offspring: a young adult male, five subadult males, and
three young, nulliparous females. These ten individuals had
previously split off together from a bisexual group after a
takeover (Jin et al. 2009b; Zhao and Pan 2006). When a

new adult male invaded, the old male and his presumed
oldest adult son often fought him cooperatively. Once
defeated, they both disappeared while the subadult males
began to move about independently as all-male band. The
three nulliparous females stayed with the new male.

Although the exact origin of the new males was
unknown, they were neither residents in neighboring
groups nor maturing natal males. In most cases (N=10)
the new males came alone. Only once (in group SHY) did
an all-male band of four adult males jointly attack the old
male. After the old male was ousted, the group was
multimale for 12 months. Thereafter only one adult male
remained with the group (Jin et al. 2009b).

Five of the takeovers (i.e., 45.5%) were “complete”; the
other six were “partial”. Male tenureship length in one-male
groups averaged 54.5 months (range, 34–73; N=8) and was
thus longer than the interval between takeovers (see above)
because six old males continued to stay with females
(partial takeovers).

Female tactics

Following a takeover, most females stayed with the new
males (82.4%, Fig. 2); the rest left the area with the old
males. Half of the females who initially left later rejoined
their groups and the new males (Fig. 2). In the following,
we describe how female reproductive status and infant age

Fig. 1 Annual distribution of male takeovers; plotted are months
when takeovers began

Fig. 2 Females staying with the new or the ousted, old male
following takeover (in relation to female reproductive state). The
new males stayed in the groups’ home range while the old males left
the area; numbers represent N adult females; we use 14 (+3) to
indicate that three of the 17 females with an old infant were again
pregnant and are also represented as pregnant females; solid arrow,
infant survived or no infant; hatched arrow, infant loss
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might have shaped these female tactics and assess the
potential costs in terms of weaning ages and IBI-S.

Weaning age and IBI-S following takeovers

There were 17 females with old infants present during
takeovers (Fig. 2). All weaned their infants (rather abruptly)
before the takeover was completed at a mean age of
17.7 months. These infants were thus 2.6 months or 12.8%
younger than infants weaned during stable tenures (average,
20.3 months; Table 1; Fig. 3). All these old infants survived
for at least another year. In addition, nine females with
young infants experienced a takeover, of which 66.7%
(N=6) left the groups with their infants and the old males
and the infants survived. Three of these six females
remained and continued to breed with the old males
(Fig. 2). They weaned their infants at a younger age
compared with stable tenures (mean=17.7 months; i.e.,
2.6 months or 12.8% younger; Table 1; Fig. 3). The other
three females later joined the new males (Fig. 2) after they
had weaned their infants. With a mean age of 18.3 months,
these infants were weaned 2.0 months or 9.9% younger
than those weaned during stable tenures (Table 1; Fig. 3).
All weaning ages following takeovers differed significantly
from those during stable tenures (Kruskal–Wallis test
H(3, N=32)=18.64, P=0.0003; post hoc test α<0.001;
significant conditions marked in Fig. 3).

Females with old infants had a mean IBI-S of
24.9 months, which was very similar to the mean interval
during stable tenures (24.5 months, Table 1; Fig. 4).
Likewise, females with young infants who continued to

stay and breed with the old males had similar IBI-S (mean,
24.7; Table 1; Fig. 4). However, females with young infants
who later rejoined the new males had longer IBI-S (mean=
31.0 months, i.e., 6.5 months or 26.5% longer) compared
with IBI-S during stable tenures (Table 1; Fig. 4). Of the
females with young infants who stayed with the new males,
one gave birth with an IBI-S of 32.0 months. This was
7.5 months or 30.6% longer than during stable tenures
(Table 1; Fig. 4). Finally, three pregnant females stayed
with the new males after takeovers. All lost their infants
(details below), resulting in a mean IBI-S of 33.7 months,
9.2 months (or 37.6%) longer than intervals during stable
tenures (Table 1; Fig. 4). The lengths of the IBI-S following

Table 1 Female countertactics after male takeover and their potential costs in terms of weaning age (current infant) and interbirth interval (to the
last infant surviving 1 year)

Condition N Infant agea at
takeover

Weaning age IBI-S (to last infant surviving 1 year)

Mean (months) Median
(months)

Range
(months)

mean
(months)

Median
(months)

Range
(months)

N

With new male 17 Old 17.7 18.0 16–19 24.9 25.0 24–27 7

3 Young Infant disappeared 32.0 1

(3) (Pregnant) Infant disappeared 33.7 33.0 33–35 3

8b No infant

With new male
(later only)c

3 Young 18.3 18.0 18–19 31.0 32.0 27–34 3

With old male 3 Young 17.7 18.0 17–18 24.7 25.0 24–25 3

Stable tenure 9 20.3 20.0 19–22 24.5 24.5 24–25 4

Pregnant females in parentheses because they had an unweaned old infant at the time of the takeover too and are thus mentioned twice. For test
results see text
a Infant age: old=16–19 months; young=4–14 months; pregnant=1–3 months after conception based on the subsequent birth observed
b For these eight females, future reproduction could not be documented (three were nulliparous, adults, and for the other five pluriparous females the
takeover took place close to the end of the study period)
c Initially stayed with the old male

Fig. 3 Mean weaning age under the different conditions; whiskers,
range; asterisk, significantly different from stable tenure (Kruskal–
Wallis post hoc test, α=0.001); inf infant, M male
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takeovers differed significantly from those during stable
tenures (Kruskal–Wallis test H(4, N=20)=12.86; P=0.012;
post hoc test α<0.02; significant conditions marked in
Fig. 4; the condition resulting in a single IBI-S was
excluded from the test).

Infant loss and presumed infanticides

Of the 17 old infants weaned abruptly after takeovers, three
remained with their mothers and the new males and
survived. The other 14 dispersed without their mothers
and survived. All six young infants who stayed with their
mothers and the old males survived, whereas the three
young infants who stayed with their mothers and the new
males disappeared within 2 weeks after the old males had
been ousted, at a mean age of 7.0 months (cases 4, 7, and 8,
Table 2). Survival of young infants thus significantly
depended on the females’ dispersal decision (Fisher’s exact

test, one-tailed; P=0.012). One of these infants (NY) was
twice exposed to new males within a few weeks. Initially,
when the new male (ZHI) immigrated, the mother and
infant left with the old male. When the old male was again
ousted by yet another male (CID), the mother and infant
rejoined the infant’s natal group, where new male ZHI
resided. He attacked the infant, but it survived (case 3 in
Table 2; see also Wang 2004). Next, the mother and infant
rejoined the male who had ousted the old male the second
time (CID). He was once observed stalking the infant (case
4), which disappeared the following day.

Three infants were born into groups with new males
within 3–5 months after takeovers. Based on a 6-month
gestation period, the females must have been pregnant at
the time of the takeovers (cases 1, 2, and 6, Table 2). All
three infants disappeared within 1–3 months after birth
(mean=1.7 months). Another young infant (NP, case 5
Table 2), whose mother was not pregnant, was attacked at
the age of 9 months and survived (Wang 2004).

The eight cases described in Table 2 took place in three
different one-male groups after the old males had been
ousted. Four different males were suspected of infanticide.
In the two cases for which we had observations, the infants’
mothers defended or rescued the infants either by fleeing
the approaching males (thus carrying the infants away) or
by attacking them. Other females joined in the defense.
Whether female defense delayed infanticide cannot be
decided. In three cases, males were observed to stalk and/
or attack infants; this includes the one case when the male
was observed to bite and injure the infant at the neck (case
3; Wang 2004). It survived the attack but disappeared later
(as described above, cases 3 and 4, Table 2). In five of the
eight cases, the timing of infant disappearance in relation to
a recent male takeover was the main reason we inferred
infanticide by males.

Infants were between 1 and 8 months of age (mean=
4.3 months; N=6) when they disappeared. At least five of

Fig. 4 Mean interbirth interval after a surviving infant under the
different conditions; whiskers range; asterisk, significantly different
from stable tenure (Kruskal–Wallis post hoc test, α=0.02); inf infant,
M male

Table 2 Circumstances under which infants were attacked or stalked by new males and infant disappearances following a takeover (cases in
chronological order per infant)

Case Infant
name

Infant
sex

Infant age
at takeover
(months)

Date of event/
observation

Infant age at death/
disappearance
(months)

Male
name

Male
observed to

Females
defend/rescue

Infant seen
with injuries

Infant
fate

1 K1 ? Unborn Feb 2001 1 ZLP ? No Disappeared

2 K2 M Unborn Apr 2001 3 ZLP ? No Disappeared

3 NY M 7 Sep 24, 2002 Survived ZHI Attack and stalk Yes Yes Survived

4 Oct 01, 2002 7 CID Stalk Yes No Disappeared

5 NP M 9 Sep 26, 2002 Survived ZHI Attack and stalk ? No Survived

6 NQ ? Unborn Feb 2003 1 CID ? No Disappeared

7 NA M 8 Sep 2006 8 XS ? No Disappeared

8 NE M 6 Sep 2006 6 XS ? No Disappeared
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the seven suspected targets were males (71.4%), a ratio that
did not differ significantly from the significantly biased
birth sex ratio of 59.8% male in the study population (Zhao
et al. 2009) (N=122, Fisher’s exact test, one tailed; P=
0.427). During our study period, 14 infants disappeared
prior to weaning. If the six cases of presumed infanticide
were indeed infanticides, infanticide would account for
42.9% of infant mortality. Unfortunately, no further
comparisons were possible because causes of death were
not known for the study population. Population wide,
15.0% of the infants did not survive their first year of life
(Jin et al. 2009a). If these data were analyzed separately for
stable tenures and takeovers, infant mortality during stable
tenures was 7.2% (8 out of 111 infants) and thus
significantly lower than the 54.5% after takeovers (six of
11 infants; one young infant already older than 12 months
of age excluded here; Fisher’s exact test, one tailed; P<0.003).
Despite the fact that takeovers occurred mainly during the
peak conception season, infant disappearances were
distributed evenly throughout the year (r=0.118; P<0.831,
Rayleigh test of uniformity, Batschelet 1981, data not
shown). This refers to all infant disappearances (the number
of losses following takeover was too small to be tested
independently).

Discussion

Due to the small sample size (six infants disappeared after a
takeover) and the fact that infanticides were only presumed,
the results need to be treated with caution, although
additional supporting evidence such as attacks and stalking
of infants by males were also observed (Table 2). If all
presumed infanticides were indeed infanticides, the impact
exceeded 40% of the infant mortality in the study
population and more than 50% of infants experiencing
takeovers in their first year of life did not survive. A similar
or even higher impact of infanticide on infant mortality has
been reported for other primate species, including both
folivores (Hanuman langurs: 31–44%, Borries and Koenig
2000; red howler monkeys: 44–85%, Crockett and Janson
2000; red colobus monkeys: 30.0%, Struhsaker and Leland
1985; ursine colobus monkeys: 71.4%, Teichroeb and
Sicotte 2008) and non-folivores (geladas: 57.2%, Beehner
and Bergman 2008; white-handed gibbons: 83.3%, Borries
et al. 2010; white-faced capuchins: 60.9%, calculated from
Fedigan 2003; see also compilation in Janson and van
Schaik 2000). These high proportions can be stable if
overall infant mortality is low (e.g., red colobus monkeys
and our study) or reproductive rates are high (e.g., some
Semnopithecus populations) but may threaten the survival
of small populations (cetaceans: Patterson et al. 1998). The
high proportion of infanticides on infant mortality further-

more emphasize the evolutionary importance and the
potential impact of infanticide on male and female
reproductive success (Agrell et al. 1998; Ebensperger
1998; Hrdy 1979).

Infanticide in white-headed leaf monkeys

The circumstances under which presumed infanticides
occurred at our site fit the conditions proposed under the
sexual selection hypothesis (e.g., Hrdy 1979). Firstly, new
males were probably not related to the victims because they
were neither former residents in neighboring groups nor
natal males. Furthermore, extra-group copulations have
never been observed and are at most rare, perhaps because
of the small home range overlap, excellent visibility, and
low intruder pressure (low number of extra-group males,
Jin et al. 2009b). This will result in high paternity
probability for resident males and very low probability for
new immigrant males. Unfortunately, however, no paternity
data are available for the study population or a closely
related species. But in one-male groups of Hanuman
langurs at Ramnagar, the old males sired all infants while
new males were unrelated to the infants in the groups
(Borries et al. 1999a; Launhardt et al. 2001). Second,
premature loss of an infant significantly accelerated the
subsequent birth generally (Jin et al. 2009a); this holds
specifically for infants lost due to presumed infanticide
(mean interval till next birth: 10.5 months; range, 8–16;N=4).
Infanticidal males can thus gain time by reproducing sooner
with the mothers. Lastly, the new males’ chances of siring
the subsequent infants of the victims’ mothers must be rated
as very high due to the long male tenure (average,
54.5 months) with even the shortest tenure lasting 34 months.
Given the presumed high paternity certainty, the new male is
likely to father most if not all infants in a group and thus to
benefit by infanticide, as in Hanuman langurs at Ramnagar
(Borries et al. 1999a).

Seasonal breeding did not prevent infanticide, which is
in accordance with data on some other seasonally breeding
primates (Borries 1997; Lewison 1998; Pereira and Weiss
1991; Soltis et al. 2000). This is likely because premature
infant loss almost always provides a reproductive advantage
to males either in terms of subsequently improved infant
survival or faster breeding with the infants’ mothers. In this
connection the timing of male takeovers in the study
population seems important: takeovers mainly occurred
early in the mating season (Fig. 1), when chances were high
that most if not all females would still be cycling. In other
seasonally breeding primates, a similar concentration of
male dispersal events occurred prior to the mating season
(sifakas, Morelli et al. 2009) or during the mating season
(Hanuman langurs, Borries 2000; guenons, Cords 2000;
Japanese macaques, Sugiyama and Ohsawa 1974).
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Estimating costs of female countertactics

A younger weaning age may indicate suboptimal postnatal
maternal investment and thus be costly. Nutritional con-
ditions early in life can be strong predictors for lifetime
reproductive success, as has been shown for baboons
(Altmann 1998). Furthermore, prolonged breast feeding in
humans improved the infants’ resistance to intestinal
problems and significantly lowered infant mortality
(Molbak et al. 1994).

As a composite measure of infant survival and speed of
reproduction, the IBI-S provides information about any
costs in terms of time and energy lost due to failed
reproduction. Costs associated with increased IBI-S should
typically be more severe than any due to early weaning,
especially given seasonal breeding.

Females without infants Following male takeovers, all
females without infants stayed with the new males.
Unfortunately, however, costs could not be determined as
the IBI-S were not known: three females were nulliparous
and the other five experienced the takeover at the end of the
study period. Conception delays were unlikely, however,
because females in a comparable physiological state (those
with old infants) had average-length IBI-S following a
takeover (Fig. 4). Breeding delays with a new male are also
absent in mountain gorillas (Robbins et al. 2009) but
significant in Thomas langurs (Sterck et al. 2005) and lions
(Packer and Pusey 1983).

Females with old infants Staying with the new male and
weaning a current infant abruptly was the tactics employed
by all 17 females with old infants (Figs. 2 and 3); all these
infants survived. To our knowledge, this is one of the first
times that significantly younger weaning ages after take-
overs have been documented. Most studies of mating
behavior following male takeovers in primates have not
included information on the cessation of nipple contact (e.g.,
Colmenares and Gomendio 1988; van Schaik et al. 1999).
One case is reported for wild ursine colobus monkeys and
the infant survived despite being weaned at 7 months of age
(Teichroeb and Sicotte 2008).

The youngest of the abruptly weaned old infants was
16 months old (Table 1). This is apparently an age at
which white-headed leaf monkeys can survive without
nipple contact even if they are still significantly younger
than infants weaned during stable tenures (Fig. 3).
However, we could not detect any adverse effects
following this shorter postnatal maternal investment and
costs for females were rated as low (Table 3). We note,
however, that no data on the infants’ performances later in
life (such as age at first reproduction, reproductive rate or
survival) are available.

At 16 to 19 months of age, these old infants were
considerably older than most monkey targets of infanticide
(van Schaik 2000). Older targets are also reported for the
seasonally breeding Hanuman langurs at Ramnagar (up to
21 months, Borries 1997), where the IBI following a
surviving infant was also comparatively long (32 months,
Borries and Koenig 2000), so that even the death of an
older infant would shorten the time till next conception.
However, the oldest infant attacked in our study was only
9 months old (infant NP, Table 2; details below), much
younger than the infants weaned abruptly. Rather than
providing protection from infanticide, the termination of
nipple contact in old infants might mainly signal resump-
tion of cycling to the new male. Comparison of a new
male’s behavior towards receptive females with or without
nursing infant would clarify this issue.

The mean IBI-S value for females with old infants was
similar to that for intervals during stable periods (Table 1;
Fig. 3); in combination with the younger weaning age, the
total costs of takeovers for these females were thus low
(Table 3). The ursine colobus female who weaned her
infant at 7 months had an IBI-S of 17 months compared
with the average of 22 months (Teichroeb and Sicotte
2008). However, this population breeds year round, so the
resumption of cycling should be much less restricted than
in our study population.

Females with young infants and pregnant females Most
females with young infants at the time of takeovers left
with the old males, the presumed fathers of the infants.
The infants survived but were weaned at a significantly
younger age than infants weaned during stable tenures.
Early weaning presumably imposes low costs on the
mothers who did not face extra costs in terms of IBI-S if
they stayed and reproduced with the old males. However,
if they joined the new males later, costs were high
despite infant survival. In fact, these were the only
females experiencing costs in weaning age as well as
IBI-S. They joined the new male 7–8 months prior to the
next parturition. Based on a 6–7 months gestation period,
the new male is likely to have sired the next infant with
very little delay. The long IBI-S mainly resulted from the
time spent with the old males. Perhaps, as assumed for
Thomas’ langurs (Sterck 1997), females remaining with a
defeated male delay the next conception until after
dispersal. Alternatively, only females who did not con-
ceive again left the old males while those who conceived
stayed on. Data on female reproductive hormone levels
and mating behavior could address these alternative
explanations. What remains unclear is why females
leaving with the old males still weaned their infants
sooner than during stable tenures (at the same age as the
abruptly weaned old infants), particularly because subse-
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quent conceptions did not occur sooner. Early weaning
could have been a precaution in case the old males who
had already been ousted once were overthrown again by
another new male.

In contrast to the predictions, three females with
young infants remained with the new males after take-
overs, as did the three pregnant females. All lost their
infants and had longer IBI-S than those during stable
tenures, and thus experienced high costs. While it is
generally true that chances for surviving a takeover are
low for young infants (van Schaik 2000), the loss of all
these infants suggests high paternity certainty. Overall,
more than half of the infants experiencing a takeover
during their first year of life were lost, a 7.6-fold increase
in infant mortality compared with stable tenures (54.5%
versus 7.2%). High infant mortality following takeovers is
also reported for other primate populations (32 times
higher in geladas: Beehner and Bergman 2008; 100% in
white-handed gibbons: Borries et al. 2010) and African
lions (89.5%, Packer and Pusey 1984). Researchers
studying other primates have also reported that infants
born soon after takeovers were attacked by males and were
either seen dead or disappeared (Tana River red colobus
monkeys, Marsh 1979; red colobus monkeys, Struhsaker
and Leland 1985; ursine colobus monkeys, Teichroeb and
Sicotte 2008). Only rarely have all infants survived
takeovers (e.g., Yoshiba 1968, Hanuman langurs). Overall,
pregnant females very rarely disperse (Pusey and Packer
1994) even in female dispersal species (Sterck and
Korstjens 2000). Still, why do new males behave as if
they knew that those infants were unrelated? Similarly, as
deduced from sexual interactions, male Hanuman langurs
seem to distinguish between female reproductive states
(Borries et al. 1999b; Ostner et al. 2006), as do males of
other primate species (e.g., chimpanzees, Deschner et al.
2004; long-tailed macaques, Engelhardt et al. 2004) and
other mammals (brown bears, Bellemain et al. 2006; feral
horses, Cameron et al. 2003). In our study population,

these questions can be addressed by a detailed study of
sexual behavior in connection with hormonal assessments
of female reproductive states.

Female countertactics and their constraints

Most adult females stayed with new males immediately
following takeovers. The other three initially stayed with the
old males, but then joined the new males, which suggests that
philopatry is the preferred female option. Philopatry offers
advantages in finding food and can provide the chance for kin
support in within and between group competition (Isbell
2004), but it can also be the result of high dispersal costs
(Isbell and van Vuren 1996; Sterck 1998). Possible
advantages of kin support within groups have yet to be
explored for the study population. However, female–female
support is probably not important in between group contests
in our study population because females rarely participate in
between group encounters (Zhao et al., unpublished data).

Females only dispersed when they had young infants
and faced threats of infanticide; these attempts to avoid
infanticide succeeded. This contrasts with the general
dispersal pattern in primate species in which females
typically disperse without their infants (Sterck and
Korstjens 2000). More recently, however, a few more
cases of dispersal to avoid infanticide have been reported
(Jack and Fedigan 2009; Morelli et al. 2009; Teichroeb et
al. 2009) and previous work has documented other cases
of females with infants leaving with an ousted male in
Asian colobines (maroon leaf monkeys, Davies 1987;
purple-faced leaf monkeys, Rudran 1973; Hanuman
langurs, Winkler et al. 1984).

Abrupt weaning was the most common, and most
successful, low-cost countertactic for infants which were
16 months or older at the time of takeovers. Overall, male
takeovers led to significant costs in 26.5% cases, while
41.2% of females had low costs due to early weaning and

Table 3 Rating of estimated costs for the different female countertactics (relative to stable tenures)

Infant present/infant
age

Female Costs weaning Costs IBI-S Overall rating of costs Infant loss

Months Rating Months Rating

Pregnanta With new male +9.2 H H Yes

Yes/old With new male −2.6 L +0.4 0 L No

Yes/young With new male +7.5 H H Yes

Yes/young Disperse With old male −2.6 L +0.2 0 L No

Yes/young Disperse with old male and with new male later −2.0 L +6.5 H L+H No

0 average, L low, H high
a At the time of the takeover, these three pregnant females had an old infant which they weaned abruptly; both their infants, i.e., the old one and the still
unborn were included in the analysis
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32.3% had no costs. That most tactics were associated with
low costs or none could be due to the timing of takeovers in
relation to the breeding season.
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