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Abstract Data on langur (Presbytis entellus) popula-
tions were gathered from the literature to test the
importance of three selective pressures in determining
group size and composition: predation pressure, inter-
group resource defense, and conspecific threat. There
were no detectable difference in the size of groups in
populations facing nearly intact predator communities
compared to those populations where predators were
severely reduced in number or absent, although there
was a trend for the number of adult males per group
to increase in areas with nearly intact predator com-
munities. Using population density as an indirect mea-
sure of the frequency of intrusions into a group’s home
range and thereby as an index of the demographic pres-
sure favoring resource defense, we predicted that higher
densities would result in larger defensive coalitions and
higher numbers of females per group. This prediction
was not upheld. Our third selective pressure, conspecific
threat, encompasses those selective forces resulting
from physical attack on females, infants, and juveniles.
Our index of conspecific threat uses the number of non-
group males divided by the number of bisexual groups,
because in langurs, the major source of conspecific
threat derives from non-group males who, following
group take-over, kill infants, wound females, and expel
Juveniles from groups. This index of conspecific threat
was strongly related to the mean number of resident
females, was weakly related to the mean group size, but
was not related to the number of males in the group.
In addition, as predicted, populations with a high index
of conspecific threat had higher levels of juvenile expul-
sion. These analyses were corroborated by a simula-
tion model which used a computer-generated series of
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null populations to calculate expected slopes of imma-
tures regressed on adult females. These randomly gen-
erated populations, matched to means and ranges of
real populations, allowed us to determine if deviations
of the observed slopes from the expected null slopes
could be explained by variation in predation pressure,
population density, or conspecific threat. We found no
evidence that predation pressure was associated with
decreases in immature survival in smaller groups, as
would be predicted by the predation-avoidance hypoth-
esis. We found no evidence that immature survival was
compromised by small group size in high-density pop-
ulations, as would be predicted by the resource-defense
hypothesis. However, as the index of conspecific threat
increased, groups with larger numbers of females were
more successful than groups with fewer females in
reducing mortality or expulsion of immatures. Overall,
conspecific threat received the strongest support as a
selective pressure influencing langur group size and
composition, suggesting that this selective pressure
should be evaluated more widely as a factor influencing
composition of animal groups.

Key words Presbytis entellus - Group living -
Group size - Infanticide - Social organization

Introduction

The size and composition of social groups has been
extensively discussed in terms of costs and benefits
(Altmann 1974; Alexander 1974; Terborgh and Janson
1986). It is generally agreed that the presence of other
individuals increases feeding competition, results in
reduced food intake (Wrangham 1980; van Schaik
1983; van Schaik and van Hooff 1983; Janson 1985;
Chapman 1988; Chapman et al. 1995), and has direct
influences on individual fitness (Whitten 1983; Lee
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1987). In contrast, the benefits that result from group-
living and the degree to which animals of different ages
or sexes share these benefits, remains an area of con-
tention (O’Brien 1991; Chapman et al. 1995). Primates
are an excellent taxonomic group to address such issues,
since most species form cohesive groups, but exhibit a
high degree of variation in group size and composition.

Two selective pressures thought to favor group
living and influence group composition have received
widespread attention: predator avoidance (Alexander
1974; van Schaik 1983) and intergroup resource defense
(Wrangham 1980; Moore 1984; Robinson 1986). Re-
cently, the avoidance of conspecific attack has received
consideration as a selective force influencing bonding
between males and females (Watts 1989; Trumbo 1990,
van Schaik and Dunbar 1990; Smuts and Smuts 1993;
van Schaik and Kappeler 1993), but this factor has not
been broadly evaluated and may also play a role in
determining the size and composition of groups.

The predation avoidance hypothesis claims that pri-
mates live in groups to reduce the risk of predation,
despite the increased cost of within group feeding com-
petition (Alexander 1974; van Schaik and van Hooff
1983; van Schaik et al. 1983; Terborgh and Janson
1986). Group living is theorized to provide fitness
benefits by lowering the per capita predation risk
through cooperative vigilance, defense, and dilution of
risk (Hamilton 1971; van Schaik et al. 1983). Thus, ac-
cording to optimality models, group size should covary
with predation pressure (van Schaik 1983; Terborgh
and Janson 1986). In addition, group composition may
vary with predation risk, since cooperative defense and
cooperative vigilance require adult or subadult parti-
cipation almost exclusively (DeVore and Hall 1965;
Hauser 1988; van Schaik and van Noordwijk 1989).

The resource defense hypothesis considers competi-
tion between conspecific groups for high-quality,
defendable food patches as the selective force favoring
group living and the formation of female bonds
(Wrangham 1980; Isbell 1990). Since in some species
both sexes are involved in contests between groups,
while in other species only one sex is involved (Cheney
1992), the intensity of intergroup resource competition
could potentially influence both group size and com-
position.

The avoidance of conspecific attack, particularly
infanticide, has been proposed to influence the nature
of certain social organizations (primates: Wrangham
1979, 1986; Watts 1989; van Schaik and Dunbar 1990;
van Schaik and Kappeler 1993; lions: McComb et al.
1993; beetles: Trumbo 1990). Infanticide has been
widely reported throughout the primate order (Hrdy
1977, 1979; Hausfater and Hrdy 1984), and as new field
studies are conducted, the number of species docu-
mented to exhibit infanticide continues to increase (van
Schaik and Kappeler 1993). The risk of conspecific
attack has primarily been used to explain the protec-
tion provided by males to females and young (van

Schaik and Dunbar 1990; Struhsaker and Leland
1987), but increasing data from lions is providing
rigorous evidence for the role of female cooperation in
defense against infanticide (McComb et al. 1993).

In this study we gathered data from the literature on
20 populations of Hanuman langur (Presbytis entellus)
in order to test the importance of three selective pres-
sures in determining langur group size and composi-
tion: predation pressure, intergroup resource defense,
and conspecific threat. Hanuman langurs were selected
as a focal species because they have been the focus of
a number of studies investigating the functional signi-
ficance of infanticide. Thus, langurs represent a species
where adequate data are available to evaluate the pre-
dation avoidance, resource defense, and conspecific
threat hypotheses. Since predation and infanticide
events are difficult to observe, and the function of inter-
group encounters difficult to interpret (i.e., defense of
mates and/or food resources), we propose a number of
predictions based on what one would expect to find if
group composition were modified in response to vari-
ation in any of these three pressures.

Conspecific threat is considered to encompass se-
lection resulting from various forms of exploitation
by conspecifics of either sex, including infanticide
(Hausfater and Hrdy 1984), expulsion and killing of
juveniles (Hrdy 1979; Agoramoorthy and Mohnot
1988; Reena and Ram 1991; Rajpurohit 1991a), in-
duced abortion (Pereira 1983; Wasser and Starling
1986; Agoramoorthy et al. 1988), sexual harassment
(Tutin 1979; Wrangham 1986), lethal male raiding
(Manson and Wrangham 1991), and sexual coercion
(Smuts and Smuts 1993). The general heading of
conspecific threat is used here rather than sexual coer-
cion which was restricted to encompass force or the
threat of force used to increase male sexual opportu-
nities and/or to decrease the sexual opportunities
of other males (Smuts and Smuts 1993). This does
not clearly encompass the killing of juveniles or juve-
nile expulsion as mothers do not resume cycling as a
result.

Methods and predictions
Study animals and populations

Hanuman langurs (Presbytis entellus) are found in groups of up to
118 animals (Reena and Ram 1992), with one or more adult males.
Most female langurs remain in their natal groups all their lives
(Hrdy 1977, but see Newton 1987), implying close kinship between
female group members (Moore 1984). The social system of some
langur populations is characterized by instability in male residency
in bisexual groups due to invasion by non-group males which may
attack residents of any age or sex (Sugiyama 1965; Hrdy 1977;
Boggess 1980; Mohnot 1984a,b). These non-group males live in
bands which can number up to 50 and travel between the ranges
of bisexual groups (Vogel and Loch 1984; Mohnot 1984b,c; Sommer
1987). Take-overs involve non-group male(s) harassing and attack-
ing the current resident male(s) for periods lasting up to 27 days.



When replacement of the current resident(s) by outsider(s) does
occur, the newcomer(s) may commit infanticide and force juveniles
to leave the group (Newton 1986, 1987, 1988, Sommer 1987,
Agoramoorthy and Mohnot 1988; Rajpurohit 1991b; Ross 1993).
Evidence from Jodhpur, the only site where individually identified
juveniles have been followed for long periods, showed that expelled
juveniles joined all-male bands; however, over the course of months
the juveniles disappeared, which the author ascribes to predation
(Rajpurohit 1991b; Rajpurohit and Sommer 1991). Some studies
have never reported infanticide, nor have they observed aggressive
male replacement (e.g. Jay 1965). Although detailed data come from
only a few study sites, the populations examined here derive from
the entire geographic range of the species.

To test the predictions, we used population censuses if the data
included at least three bisexual groups and if the researchers had
made an effort to census nongroup males (Table 1). All data were
collected from the literature or from personal communication with
individual researchers (J. Moore, P. Newton, G. Kurup) and we
used the interpretations presented in Moore (1985) and Newton
(1988) when confusion arose over census data. Non-parametric tests
(Spearman rank correlations and Mann-Whitney U-tests) are used
throughout and probability levels are two-tailed. To estimate the
proportion of the variance explained by certain correlations, sim-
ple linear regression is used on log-transformed data.

Predation avoidance hypothesis, prediction la: dilution of
predation risk

Where predator pressure is high, the size of groups (or the number
of males) is expected to be larger than in populations with low
predator pressure.

Bishop et al. (1981) provided a four-point scale as an index to
evaluate predation risk from locations having a (1) full complement
of predators, (2) partial complement of predators with only a few
species represented by diminished numbers of individuals, (3) where
most predators were eliminated, but leopards occasionally passed
through and dogs harassed the langurs, and (4) locations with no
predators. These authors emphasized the action of large mammalian
predators, but raptors and snakes also prey on langurs (Rajpurohit
and Sommer 1991). For studies conducted after Bishop et al. (1981),
we estimated predation risk following the same criteria (analyzed
separately). Sample sizes were small, so the four-point scale of
Bishop et al. (1981) was collapsed into locations with a nearly intact
predator community (category 1) versus those with non-intact com-
munities (categories 2-4). Our additional rankings rated popula-
tions near urban centers as non-intact (Karnataka, Bangladesh,
Raipur, Jaipur, Andhra Pradesh: Table 1) and other populations
as near intact (Kanha Meadow, Ambagarh, Ranthambhore; J.
Moore, personal communication; Reena and Ram 1992).

Predation avoidance hypothesis, prediction 1b: juvenile loss

Survival of immatures is expected to be lower in smaller groups.
Since independently locomoting immatures are considered the most
vulnerable class of individuals, the number of juveniles should
decrease disproportionately in smaller groups as predation risk
increases.

This prediction, and a number of subsequent predictions, con-
cern the proportion of infants and/or juveniles expected in groups
of varied sizes. To address these predictions one must take account
of the necessary relationship between the number of adult females
and the number of immatures they produce and construct a null
model specific to each real population in which group size has no
effect on numbers of immatures apart from that dictated by female
reproductive capacity. To do this we generated 19 sets of 50 null
populations. These 19 sets formed the expected to which we com-
pared the observed real populations (Table 2). Each of 17 real pop-
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ulations (the complete data set was not used because of insufficient
data; see Tables 1 and 2.) was simulated by 50 randomly generated
null populations. Each null population consisted of the same num-
ber of groups as the real population. Each null group within that
population was composed of a number X of females which varied,
in a uniform random manner, between the minimum value and the
maximum value observed in the real population. Each null group
also contained a random number Y of infants and Z of juveniles.
We allowed Y and Z to vary as follows. To start these values were
generated randomly as 0-100% of the number of null group females
(X), thereby creating a reproductive output appropriate to each
simulated group. Then each value was reduced by the value W. This
value, W, was calculated as the difference between the mean num-
ber of infants (or juveniles) of the null population minus the mean
of the real population. If positive (the randomly generated null
groups had higher reproductive output than the real populations),
W was subtracted from the randomly generated counts of each
group. This manipulation forced the null groups to conform to the
average reproductive output of the real population’s groups so that
the null population reflected the actual one more accurately. The
final step was to truncate the infant and juvenile counts for each
null group so that they remained within the maxima and minima
of the actual population. This resulted in no significant difference
between the null and real populations in mean number of females,
infants, and juveniles.

Each real population was then compared to its own set of 50
null populations. We sought deviations in the observed slope from
the expected (generated with the 50 null populations). If the slope
of the simple linear regression of infants on females (and juveniles
on females) in the population lay within the range of 94% (47 of
50) of the slopes calculated for the 50 null populations, then we
concluded that there was no additional or extraneous effect of group
size on numbers of immatures (null hypothesis cannot be rejected).
If however, the population’s slope lay below or above 94% of the
null slopes, we inferred that some demographic change should be
expected in future censuses of that population. All populations were
considered in subsequent tests, regardless of whether or not they
were identified as likely to experience some demographic change in
the future.

The method we have chosen to simulate the real populations is
intended to reflect the mean and the range of the real distribution
of females and immatures. The result is a distribution of null pop-
ulations with high variance. The effect of high variance is to gen-
erate a greater number of null populations of extreme slope. This
provides a conservative assessment of whether the real population
is actually extreme. The high variance of the null populations will
affect all real populations similarly. The rank order of deviations
of each real slope from the mean of its 50 null slopes is not expected
to differ however. To confirm this, we generated null populations
using a different algorithm. This second algorithm used a binomial
distribution of females and immatures based around the mean of
the real population. Thus, the null regressions generated tended to
lie closer to the mean (lower variance).

We then tested all hypotheses against this new set of deviations
and found no differences. In fact, the second algorithm produced
deviations which were significantly positively correlated with the
deviations produced in our first method (r* = 0.88, P <0.001).

Resource defense hypothesis, prediction 2a: intrusion reduction

More frequent competition over resources requires larger defensive
coalitions and thus, the number of female per group should corre-
late with higher population densities.

Exclusive use of resources, whether food, water, or shelter,
requires an adequate system of monitoring the home range and ade-
quate defenses against intrusion. We propose that population den-
sity can be considered an index of the frequency of intrusion by
conspecifics since density should correlate positively with the like-
lihood of encountering conspecifics in a given area (e.g., Newton
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Table 2 The observed slopes of the relationship between the num-
ber of infants and the number of females and the number of juve-
niles and the number of females in a group for each of the 19
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indicated populations and the expected slope based on the 50 ran-
domly generated “null populations” (see Methods). For the refer-
ences indicating the source of the demographic data see Table 1

Study site Infants vs. females Juveniles vs. females Summed
deviation
Observed Expected  Deviation Observed Expected Deviation
Abu Forest 0.31 0.33 —0.02 0.32 0.44 —0.12 -0.14
Abu Town 0.63 0.36 0.27 0.30 0.25 0.05 0.32
Jodhpur 0.30 0.14 0.16 0.35 0.28 0.07 0.23
Ranthambhore 0.60 0.49 0.11 0.30 0.27 0.03 0.14
Kanha 1987 1.02 0.37 0.65* 0.40 0.49 —0.09 0.56
Deotalao 0.95 0.27 0.68 0.03 0.21 —0.18 0.50
Gir Forest —0.01 0.14 —0.15* —0.08 0.27 -0.35 —0.50
Mahdav 0.39 0.29 0.10 0.12 0.23 —0.11 —0.01
Bangladesh 0.72 0.28 0.44 —0.89 0.37 —1.26* —0.82
Raipur 0.38 0.41 —0.03 0.16 0.31 —0.15 —0.18
Simla 0.45 0.35 0.10 0.95 0.35 0.60 0.70
Kanha 1980 0.25 0.37 -0.12 0.13 0.28 —0.15* —0.27
Mundanthurai 0.56 0.41 0.15 0.18 0.19 —0.01 0.14
Karnataka #1 0.31 0.33 —0.02 0.13 0.30 —0.17* -0.19
Karnataka #2 0.11 0.15 —0.04 0.06 0.35 —0.29* —0.33
Jaipur 0.50 0.04 0.46* 0.43 0.16 0.27 0.73
Ambagarh 0.71 0.21 0.50* 0.38 0.17 0.21 0.71
Andhra Pradesh 0.69 0.48 0.21 0.04 0.37 —0.33* —0.12
Junbesi 0.23 0.18 0.05 0.88 0.25 0.63* 0.68

*Observed value differs significantly from expected value, P < 0.05

1992). This prediction considers only females, since females have
been traditionally regarded as the most active and highly motivated
resource competitors (Wrangham 1980; Cheney 1992).

Resource defense hypothesis, prediction 2b: increased birth and
recruitment

If larger groups were disproportionately buffered from fluctuations
in food supply or resource availability when compared to smaller
groups, one would expect that birth rate and immature survival
should be higher in larger groups. Therefore, larger groups of lan-
gurs are expected to have more immatures per female (statistically
circumventing the biological relationship between the number of
adult females and the number of immatures using the null model
approach outlined for prediction 1b).

Conspecific threat hypothesis, prediction 3a: non-group male
threat

In populations with higher densities of non-group males, the need
for improved cooperative defense against infanticidal males is
expected to lead to larger groups.

We propose that the number of non-group adult and subadult
males divided by the number of bisexual groups in the study pop-
ulation reflects the risk of take-over and the associated probability
of infanticide and/or juvenile expulsion. Similar suggestions have
been made by Moore (1985) and Newton (1988). Evidence suggests
that both males and females are involved in cooperative defense of
the group against outsiders (Hrdy 1977; Newton 1987), however to
illustrate any potential differences of strategies of male and female
langurs, this analysis is done for all group-members, only males,
and only females.

When applying the prediction to females, a potential problem
arises with assigning the direction of causality: the pressure of out-
side males per bisexual group is suggested to cause females to live
in larger groups, rather than the converse, that the more females
exist per group, the more males are forced outside of groups. The

latter suggestion rests on the assumption that total number of
females and non-group males are positively correlated. This con-
dition did not hold (total number of females vs. non-group males
rs=0.23, P=0.351, n=19).

Conspecific threat hypothesis, prediction 3b: small alliances suffer

Infant survival is expected to be reduced when defense is compro-
mised by small group size, particularly when the risk of take-over
is high.

The risk of infanticide should be reflected in infant mortality
rates. However, there are no data on infant mortality for most of
the study populations. Furthermore, birth rate may be higher in
groups facing repeated infanticidal episodes (Sommer and Mohnot
1985; Butynski 1990), thus obscuring any effects detectable in a cen-
sus. We therefore use counts of juveniles (relative to the reproduc-
tive capacity of the group, using the null model approach) to detect
differences in infant survival. This test does not directly identify the
effects of infanticide, since juvenile counts may be reduced by the
expulsion of older male juveniles following take-overs (Reena and
Ram 1991). However, early expulsion of juveniles is costly in terms
of their survival (Rajpurohit and Mohnot 1988; Rajpurohit 1991a).
Thus, low numbers of juveniles, whether dead or expelled, should
reflect the history of male take-overs.

Conspecific threat hypothesis, prediction 3c: juvenile expulsion

Populations with higher risks of take-over suffer more frequent juve-
nile expulsion, thus the number of juveniles outside of groups should
be positively correlated with the index of take-over risk.

Results

Prior to examining the predictions from these hypothe-
ses, it is valuable to examine whether variation exists
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in factors influencing group size and composition,
and thus whether it is realistic to expect to find
differences in the populations that could covary with
the parameters proposed by the predictions. The
randomly generated null populations provided us with
a series of regression slopes between the number of
females and the number of infants in the group with
which to compare the observed regression slopes
for 17 of the populations (Table 2). Thus, one can
ask how many of the real populations exhibited a
positive or negative effect of group size on the number
of surviving infants per female. The 50 null slopes
for infants regressed on females averaged 0.31*
0.11 (range 0.14-0.49), while observed slopes averaged
0.46 +0.28 (range 0.009-1.02). Deviation values
were calculated simply as observed minus expected
(Table 2). Only two populations unambiguously dis-
played group size effects on number of infants (Kanha
Meadow, a significantly positive effect; Gir Forest, a
significantly negative effect). Overall, populations
tended to show a weak positive effect of group size
(overall mean slope deviation = + 0.24), although
more than 35% of the populations exhibited a nega-
tive effect.

The 50 null slopes for juveniles averaged 0.31 + 0.08
(range 0.19-0.49), while actual slopes averaged 0.20
+0.39 (range —0.89-0.95). Six populations displayed
significant group size effects on juvenile survival and
retention, yet only in Junbesi was the effect positive.
Overall, 70.6% of the populations displayed negative
deviations for juveniles indicating that most popula-
tions showed diminished numbers of juveniles com-
pared to the expected.

If the deviations of infant slopes are added to those
of juveniles for each of the populations, we can calcu-
late a summed effect of increasing group size (Table 2,
summed deviations). Nine populations show a nega-
tive summed slope deviations, while eight showed pos-
itive summed slope deviations. The populations with
negative summed deviations (neither birth rate, infant
survival nor juvenile survival/retention were improved
by large group size) would be expected to show some
decline in group size from the time of study to the pre-
sent. The others might be expected to display an
increase in group size. The population at Gir Forest
displayed the strongest negative effect of increasing
group size (significant both at the infant and juvenile
stages). Starin (1978) re-censused Gir Forest and found
a decrease in number of females and juveniles per
group, suggesting a sharp demographic down-turn had
occurred since the census published by Rahaman
(1973).

The preceding analysis indicates that differences
in group size have noticeable relationships to the
reproductive outputs of different populations. The
remainder of this paper attempts to identify exter-
nal selective pressures which may explain this
variation.

Predictions: predation avoidance hypothesis
Prediction la

Where predator pressure is high, the size of groups (or
the number of males) is expected to be larger than in
populations with low predator pressure.

Using only those populations listed in Bishop et al.
(1981) and in Table 1 yielded two different populations
with nearly a full complement of predators and four
with incomplete complements. There were no differ-
ences in the group sizes in the two types of populations
(intact mean group size = 24; non-intact mean group
size = 27, Mann-Whitney U = 4.0, P = 0.999). Popula-
tions with nearly intact predator communities show
higher numbers of males, although the significance was
marginal (intact mean number of resident males = 3.55;
non-intact mean number of resident males = 1.5, U =
0.0, P = 0.064). When we include populations studied
after Bishop et al. (1981), there were still no differences
in group size (nearly intact mean group size = 36.5,n =
7; non-intact mean group size = 24.9,n = 11, U = 28.0,
P =0.34), while the number of resident males was
higher in populations with intact predator communi-
ties (nearly intact mean number of resident males =
2.56, n=7; non-intact mean number of resident
males = 1.68, n =11, U =20.0, P =0.09).

Prediction 1b

The number of juveniles (controlled for the number of
females per group) should decrease in smaller groups
as predation risk increases.

This prediction requires a test for association
between predation risk and the slope deviations for
infants and/or juveniles. Using Bishop et al. (1981),
there was only one community with a nearly intact
predator community where we had corresponding data,
thus no test was performed. Using the larger sample
of sites, we found no difference between populations
with nearly intact predator communities and those with
non-intact communities (nearly intact n = 5, non-intact
n = 10, infants U = 25, P = 0.99; juveniles U = 24.5,
P =00951).

Predictions: resource-defense hypothesis
Prediction 2a

More frequent competition over resources requires
larger defensive coalitions and thus, the number of
female per group should correlate with higher popula-
tion densities.

We found no relationship between population den-
sity and the mean number of subadult and adult
females (rs = 0.21, P = 0.49, n = 13).



Several authors have ascribed high rates of take-
overs to high population densities (Yoshiba 1968;
Rudran 1973; Reena and Ram 1992), but our analysis
indicates that the number of outside males per bisex-
ual group is the relevant parameter regarding take-
over. In this dataset, we found that as population
density increased, there was a tendency for non-group
male numbers to decrease (rs= —0.55, P = 0.098,
n = 10).

Prediction 2b

Larger groups reproduce more successfully. Larger
groups of langurs are expected to have more immatures
per female.

Population density was not related to the deviation
values for infants (r; = —0.03, P = 0.93, n = 10), but
was marginally negatively related to the deviation value
for juveniles (rs = —0.62, P = 0.061, n = 10). For juve-
niles this finding is opposite to that predicted by the
resource defense hypothesis (as density increased, the
benefit of living in a large group decreased).
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Predictions: conspecific threat hypothesis
Prediction 3a

As the risk of take-over increases (number of non-group
subadult and adult males divided by the number of
bisexual groups), either group size, the number of
females (adult and subadult) per group, and/or the
number of males per group is expected to increase.

The number of non-group adult and subadult males
(divided by the number of bisexual groups) was weakly
related to the mean group size (rs = 0.47, P = 0.045,
n = 19), it was not related to the number of males in
the group (rs = —0.30, P = 0.188), but it was related
to mean number of resident adult and subadult females
(rs = 0.57, P = 0.016, Fig. 1).

Prediction 3b
Infant survival is expected to be reduced when defense

is compromised by small group size, particularly when
risk of take-over is high.
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Fig. 1 The relationship between the mean number of females per
group and the number of nongroup males per bisexual group for
19 populations of langurs (Presbytis entellus). The populations are
numbered and the figures in parentheses behind the populations
name are being the within-population deviations (observed-
expected) of juveniles regressed on females: 1 Jodhpur (+ 0.07), 2
Ranthambhore (+0.03), 3 Abu Forest (—0.12), 4 Deotalao
(—0.18), 5 Mudanthurai (—0.01), 6 Gir Forest (—0.35), 7 Raipur
(—0.15), 8 Simla (+ 0.60), 9 Mahdav (—0.11), 10 Karnataka #1
(—0.17), 11 Kanha 1987 (—0.09), 12 Abu Town (+0.05),
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13 Kanha 1980 (—0.15) 14 Andhra Pradesh (—0.33), 15 Dharwar
(there is no slope since immatures were not subdivided into infants
and juveniles), 16 Bangladesh (—1.26), 17 Karnataka #2 (—0.29),
18 Jaipur (+ 0.27), and 19 Ambagarh (+ 0.21). The figure might
be interpreted to indicate that the relationship may be driven by
the extreme Jodhpur and Ranthambhore populations. However, if
both axes are log transformed, these populations do not appear as
outliers and the relationship is still significant (Pearson correlation
r=0.554, P =0.026).



50

The slope deviation for juveniles (Table 2) was pos-
itively related to the number of non-group males per
bisexual group (rs= 0.62, P = 0.011, n = 19). Thus,
controlling for the number of females, we find that large
groups have more juveniles, especially as the threat of
conspecific attack increases.

Prediction 3¢

Populations with higher risks of take-over suffer more
frequent juvenile expulsion. The number of juveniles
outside of groups should be positively correlated with
the index of conspecific threat.

As predicted, the number of non-group juveniles was
strongly related to the number of non-group adult
males per bisexual group (rs = 0.70, P = 0.004, n = 19).

We have attempted to identify patterns of group size
and composition that would result if either predation
threat, intergroup resource defense, or conspecific
threat were selective forces influencing langur popula-
tions. We found that variation in mean group size did
not covary with the intensity of predation between
langur populations. However, the mean number of
resident males tended to be greater in areas with nearly
intact predator communities than in areas where preda-
tors were greatly reduced or eliminated (see also van
Schaik and Horstermann 1994). Counter to what would
be predicted by the predation avoidance hypothesis, the
number of juveniles (controlling for number of females)
was not reduced in smaller groups within populations
facing higher predation risk. Based on the assumption
that population density reflects the frequency of intru-
sion by competing conspecific groups, we found no sup-
port for the claim that increasing need for intergroup
resource defense led to increased group size nor was
there any evidence that larger groups had dispropor-
tionately greater numbers of infants or juveniles than
smaller groups as the population density increased.
In contrast, three independent lines of evidence in-
dicate that our index of conspecific threat influences
langur group size and composition. The index was cal-
culated as the number of adult and subadult males liv-
ing outside of groups divided by the number of bisexual
groups in the census. First, the mean number of
subadult and adult females in langur groups was posit-
ively associated with this index. Second, the number of
immatures outside of groups, which we suggest reflects
the recent history of expulsion of immature males, was
positively related to this same measure of conspecific
threat. Finally, the greater the index, the steeper the
slope relating the number of immatures to the number
of females within groups, indicating that larger groups
were more successful in protecting immatures from

infanticide and preventing juvenile expulsion due to
attacks by non-group males than smaller groups.

Van Schaik (1983) presented a similar examination
of the relative importance of the intergroup resource
defense and predation threat on primate group com-
position. He argued that improved predation avoid-
ance, coupled with heightened intragroup feeding
competition, would reduce birth rates, but increase
juvenile survival in larger groups. In contrast, the pres-
sure of between-group feeding competition predicted
higher birth rates and increased juvenile survival in
larger groups (Wrangham 1980). Accordingly, he tested
whether the ratio of infant to adult females increased
or decreased as the number of adult females increased
in groups within 28 populations of several species of
primates. His insightful discussion still remains valid,
however a revision of his analysis is appropriate for
two reasons. First, the regression equations he used
incorporated number of females on both axes (infants
per female on the y and females on the x-axis). This
will automatically favor a negative slope and artificially
elevate the chances of obtaining significant support for
the predation-avoidance hypothesis. To verify that this
was true, 400 group compositions were simulated (the
number of females was randomly varied from 1 to 10
and infants varied from 0 to number of females). These
simulated groups were tested in sets of ten using linear
regression of infants per female (y-axis) versus females
(x-axis) to determine whether the null hypothesis (of
no relationship) produced a negative slope. The result-
ing slope was negative in 32 out of 40 (significantly so
in 25%) of these regressions (ranging from —0.075 to
+0.026, with a mean of —0.0266). Since a negative
slope was argued to support the predation-avoidance
hypothesis, the test was biased towards its acceptance.
Secondly, as Moore (1984) has pointed out, many of
the sample populations did not represent female-
bonded groups and another quarter of his sample
represented populations which do not display female
participation in intergroup encounters. Thus, the sam-
ple consisted of many populations which were not
encompassed by the resource-defense hypothesis.

Our findings suggest that conspecific threat
influences the size and composition of langur groups.
Based on these findings it seems reasonable to specu-
late that this selective pressure also has the potential
of influencing the nature of alliances in this species,
if only simply by influencing whether particular ages
and sexes are in the group and thus present to form
alliances. Reports of female coalitions against males
who threaten immatures come from many studies of
Hanuman langurs (Yoshiba 1968; Hrdy 1974, 1977;
Boggess 1980; Vogel and Loch 1984; Sommer 1987;
Rajpurohit 1991b) as well as other species (Smuts and
Smuts 1993). Yet, cooperative defense by females has
been regarded as ineffective in gorillas (Watts 1989) and
langurs (Hrdy 1977), and of only limited effectiveness
in lions (Packer and Pusey 1983, 1984; Pusey and



Packer 1993). Males are often considered to be more
effective coalition partners (Struhsaker and Leland
1987) and have a larger genetic investment in the
offspring than female coalition partners. There are two
possible explanations that can reconcile the suggested
ineffectiveness of female langurs in coalitionary defense
of young and our findings that the number of females
in a group is a function of the risk of conspecific threat.
First, it could be that large numbers of cooperating
females deter new males from attempting infanticidal
attacks. Second, the observations of ineffective female
defense may have been misinterpreted. In the earliest
detailed account of female response to infanticidal
attacks, Hrdy (1977) described how it took a male one
month of frequent attempts to seriously injure an in-
fant. He was faced by coalitions of females who could
at times force him to retreat. The eventual success of
the male could be interpreted as failure by the females,
but considering the size dimorphism typical of langurs
(1.6: Harvey et al. 1987), the month-long delay illustra-
tes that males may be blocked for long periods in their
attempts to kill infants. One month may be time enough
for older infants to develop independence and thereby
avoid future attacks (Sommer and Mohnot 1985) or
for other female counter-strategies to operate such as
pseudo-estrus or temporary dispersal (Hausfater 1984;
Smuts and Smuts 1993). Since Hrdy’s observations
originated from a group of six females (Hrdy 1977),
larger female coalitions may be even more successful:
providing larger numbers of potential protectors at any
time, as well as allowing more consistent, long-lasting,
and vigilant defense against persistent attacks by a
male. Sommer (1987) reports that one-third of female
langur coalitions against males involve six to eight adult
females not including the mother.

Our data provide several, independent lines of in-
direct evidence that conspecific threat can be an im-
portant selective pressure influencing the size and
composition of Hanuman langur groups and may
influence the advantages of female-female alliances.
Past research has suggested the importance of con-
specific threat with respect to female-male bonds (Watts
1989; van Schaik and Dunbar 1990; van Schaik and
Kappeler 1993). If group size and female-female asso-
ciations are favored by defense against conspecific
threat, then a wide range of taxa may be influenced by
this selective pressure.
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