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Abstract

The social structure of an Old World tent-making bat Cynopterus sphinx (Megachiroptera), was
investigated in western India. A combination of census and mark-recapture data over 2 years (1996-98)
was used to infer the form of the mating system, compositional stability of social groups and mode of new
social group formation. The breeding population of C. sphinx was subdivided into diurnal roosting
colonies, each of which contained one to five discrete roosting groups and often one or more solitary bats
in adjacent roosts. Bats most frequently roosted in stem tents constructed in the flower/fruit clusters of the
kitul palm Caryota urens. Temporal variation in social structure was assessed using visual census data for a
subset of the study population over 3 years (1995-98) spanning six consecutive reproductive periods. The
sex and age composition of diurnal roosting groups indicated a polygynous harem-forming mode of social
organization, as groups invariably contained a single adult male, 1-37 reproductive females and their
dependent young (n = 33 harems). Harem size averaged 6.1 adults in the wet season (n=19, sp=23.5) and
13.6 adults in the dry season (n= 14, sp = 8.5). The same harem social configuration was maintained year-
round, despite a high degree of synchrony and seasonality in the timing of reproduction. Juveniles of both
sexes dispersed after weaning and sexually immature bats were never present in harems at the time of
parturition. Adult females often remained associated as roostmates from one parturition period to the
next, and group cohesion was unaffected by turnover of harem males. Adult females frequently transferred
among roosts within the same colony, and harems underwent periodic fissions and fusions. The founding
of new harems most often resulted from the fissioning of previously cohesive harems within the same
colony. However, some harems contained disproportionate numbers of yearling females, indicating that
new groups are also founded by nulliparous females of the same age cohort. A significant degree of
heterogeneity in age composition among harems was revealed in the 1998 dry season, but was unrelated to
age-stratification of tent roosts. Although formation of new harems may be non-random with respect to
age composition of the founders, founding events are not restricted to newly created tents and often
involve recolonization of previously occupied roosts.
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INTRODUCTION

Within the constraints imposed by ecological circum-
stance and phylogenetic history, the evolution of animal
mating systems is driven by the interplay between male
and female reproductive strategies (Davies, 1991). In
mammals, the level of aggregation among reproductive
females is conventionally regarded as a primary determi-
nant of the mating system, since the reproductive
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strategies of males are largely adapted to spatial and
temporal patterns of female dispersion (Bradbury &
Vehrencamp, 1977; Emlen & Oring, 1977; Clutton-
Brock, 1989h). When the spatial dispersion of females is
highly clumped, a small fraction of the adult male
population will be more likely to succeed in monopo-
lizing opportunities for mating. In such circumstances,
the potential for polygyny is maximized when: (1) the
breeding population of females is subdivided into
discrete groups, (2) female groups are stable in composi-
tion through time, (3) female groups are economically
defendable (so that reproductive access can be mono-
polized by a single male), (4) male breeding tenure spans
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multiple female generations. In socially structured
populations, the degree of polygyny is probably the single
most important determinant of the genetically effective
population size (Chesser et al., 1993; Nunney, 1993) and
the comparative opportunity for selection in males
and females (Wade & Arnold, 1980; Clutton-Brock,
1988, 1991).

Regardless of whether the genetic structure of a
population constitutes a primary cause or a secondary
consequence of sociality, the delineation of breeding
units according to social affiliations has important
implications for the course of microevolutionary events.
The subdivision of populations into stable, behaviou-
rally cohesive kin groups is conducive to the evolution
of co-operative and altruistic behaviours and facilitates
rapid rates of microevolutionary change in terms of
shifts in allelic frequencies (Storz, 1999). Social structure
also influences the distribution of reproductive success
in males and females and thus has consequences for the
intensity of sexual selection, the evolution of life-history
differences between the sexes, and parental investment
in male and female offspring (Clutton-Brock, 1988,
1991). To gain a complete understanding of the social
structure of a given species in evolutionary terms, it is
necessary to determine how the outcome of reproductive
strategies influences population structure and the
opportunity for selection.

The social systems of bats exhibit an extraordinary
diversity of form and function (Bradbury, 19775h;
Wilkinson, 1987; McCracken & Wilkinson, in press).
Despite the variation in social structure related to
differences in roosting and foraging ecology, several
neotropical bat species exhibit consistent trends with
regard to male mating strategies (Wilkinson, 1987;
McCracken & Wilkinson, in press). Female gregarious-
ness at diurnal roosting sites has apparently facilitated
polygynous mating systems in an ecologically diverse
array of species. In each case, the apparent skew in male
reproductive access results from the direct and/or in-
direct defence of female groups in roosts such as the
buttress cavities of large trees (Bradbury & Emmons,
1974; Bradbury & Vehrencamp, 1976), tree cavities
(Morrison, 1979; Wilkinson, 1985), foliage roosts (Kunz
& McCracken, 1996; Storz et al., 2000), and cavities or
indentations in cave ceilings (McCracken & Bradbury,
1981; Kunz, August & Burnett, 1983; Williams, 1986).
However, superficial similarities in the social mating
systems of these species often belie differences in the size
and compositional stability of social groups (e.g,
Bradbury & Emmons, 1974; Bradbury & Vehrencamp,
1976). Thus, considerable variation within and among
species should be expected with regard to population
structure and scope for the evolution of sex differences.

In this study we investigated social dispersion and
group dynamics in a natural population of the short-
nosed fruit bat Cynopterus sphinx (Megachiroptera) to
determine how male and female reproductive strategies
have influenced population structure. Specifically, we
sampled the sex and age composition of social groups
and used a combination of census and mark-—recapture
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data to infer: (1) the form of the social mating system,
(2) rates of adult and juvenile dispersal, (3) the mode of
new social group formation.

Cynopterus sphinx 18 a medium-sized (40-70 g)
frugivorous bat that is widely distributed across the
Indomalayan region (Storz & Kunz, 1999). Cynopterus
sphinx is seasonally polyoestrous, having two distinct
reproductive periods per year. In peninsular India, par-
turition typically occurs in March-April and again in
July-August. Females give birth to single pups, and can
thus produce a maximum of two young per year
(Krishna & Dominic, 1983; Sandhu, 1984). Once pups
are born in March—April, females undergo a post-
partum oestrus (Ramakrishna, 1947, Krishna &
Dominic, 1983; Sandhu, 1984). Females are simulta-
neously pregnant and lactating until pups from the
March-April cohort are weaned. Following the birth of
the July—August cohort, females are anoestrous until
October (Krishna & Dominic, 1983; Sandhu, 1934;
Sandhu & Gopalakrishna, 1984). Cynopterus sphinx
makes use of a wide variety of diurnal roosts and often
alters different types of foliage to create ‘tents’
(Goodwin, 1979; Bhat, 1994; Balasingh, Koilraj & Kunz,
1995; Bhat & Kunz, 1995; Storz et al., 2000). In western
India, for example, C. sphinx chews and severs the strings
of dense, pendulous flower/fruit clusters of the kitul
palm Caryota urens to create enclosed, bell-shaped
roosting spaces (Bhat & Kunz, 1995). Tent-making
behaviour has been inferred among several ncotropical
fruit bats of the family Phyllostomidae (suborder Micro-
chiroptera), but among paleotropical fruit bats of the
family Pteropodidae (suborder Megachiroptera), tent-
making behaviour has been reported only in the genus
Cynopterus (Kunz, Fujita et al., 1994). Tent-making in
C. sphinx is an exclusively male behaviour (Balasingh
et al., 1995). Tents attract groups of reproductive
females that a single male then defends as a harem.
Similarly, among several members of the family Phyllos-
tomidae (Artibeus and Uroderma), polygynous mating
systems appear to be linked to male defence of repro-
ductive access to tent-roosting females (Kunz &
McCracken, 1996). In this paper we report results of one
of the first in-depth studies of social structure in a
megachiropteran fruit bat. Behavioural studies of the
Microchiroptera, and phyllostomids in particular
(reviewed in Wilkinson, 1987; McCracken & Wilkinson,
in press), provide a valuable store of comparative data to
assess the causes and consequences of social structure in
a phylogenetically distinct species of fruit bat.

METHODS
Study area

This study was conducted in Pune, Maharashtra, India
(18°32'N, 73°51'E) over 25 months (April 1996-April
1998). Additionally, we monitored a subset of the study
population over 36 months (May 1995-April 1998).
Pune is located in the rain shadow of the Western Ghats






