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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
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at an elevation of ¢. 660 m. The surrounding region is
characterized by tropical dry deciduous vegetation inter-
spersed with evergreen shrubs and trees. At the outset of
the study we searched for day-roosting C. sphinx m a
delimited arca measuring ¢. 2.5 km in diameter. We
searched for tents in the fronds of palms such as
Borassus  flabellifer (palmyra palm), Washingtonia
filifera (desert palm), Sabal palmetto (palmetto palm),
Livistona chinensis (Chinese fan palm), Livistona
rotundifolius (Malayan fan palm), Thrinax parviflora
(broom palm), Coccothrinax argentea (silver thatch
palm), Corypha umbraculifera (talipot palm), Roystonea
regia (Cuban royal palm), and Phoenix sylvestris (silver
date palm); in the flower/fruit clusters of Caryota urens
(kitul palm); and in the foliage of Polyalthia longifolia
(mast tree) and Dracaena fragrans (massangeana). We
also searched for roosts in artificial structures. In April
1996, 12 roosting colonies were located in the Deccan
Gymkhana/FErandawana district of Pune, including
several that have been monitored since 1995 as part of a
long-term study. Within a single season, each colony
contained 1-5 discrete roosting groups and often 1 or
more solitary bats in adjacent roosts. From 1996 to
1998, 10 colonies roosted in flower/fruit cluster tents of
kitul palms (‘kitul palm colonies’) and 2 roosted
beneath boxed window eaves of bungalows (‘building
colonies’). A kitul palm colony comprised all tent-
roosting bats occupying a single tree, or cluster of 2-3
adjacent trees (Fig. 1). There was often only 1 tent-
roosting group per colony, but in other colonies, several
groups occupied different tents on the same or adjacent
trees. In both situations, 1 or more solitary bats often
occupied separate tents within the same colony. A
building colony comprised all bats that roosted beneath
adjacent window eaves on the same bungalow. In each
of the 2 building colonies, the boxed window eaves were
discrete compartments, separated from adjacent eaves
by 3 m. As with the kitul palm colonies, building
colonies contained either a single group or several, often
in association with 1 or more solitary bats. Both types
of colony were outwardly similar in terms of social
dispersion. The main difference was that there were
more nearby roosts available in the 2 building colonies
compared with the kitul palm colonies.

Trapping, marking and censusing

Complete social groups and solitary male C. sphinx
were trapped in their diurnal roosts using a hoop net
attached to an extensible aluminum pole. The bats were

Fig. 1. (a) A kitul palm tree Caryota urens that housed the
Mahajani colony of Cynopterus sphinx. Three flower/fruit
clusters that were modified as tents (T3, T4 and T5) and
occupied by bats in the 1997 wet season are indicated. Harems
of C. sphinx roosting in the altered crowns of mature fruit
clusters (tent T4 and tent T5) in the 1998 dry season, are
shown in (b) and (c¢), respectively. The harem males in each
tent are indicated by arrows.
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collected over approx. 4 weeks immediately following
each of 2 annual parturition periods: March-April (dry
scason) and July—August (wet season). We made 2
separate dry season collections (9 April-8 May 1996
and 30 March-28 April 1998) and 1 wet season collec-
tion (23 July-22 August 1997). Collections were made
when nearly all females had given birth but pups had
not been weaned.

Sex, reproductive condition, length of forearm, and
body mass were recorded for each bat captured. Parity
of adult females was assessed by examination of the
nipples (Sandhu, 1984; Sandhu & Gopalakrishna, 1984;
Racey, 1988). Adult females were classified as nulli-
parous if they had not yet given birth. We distinguished
between those that were primigravid (pregnant for the
first time) and those that were not pregnant (but may or
may not have been inseminated; Racey, 1988). Adult
females were classified as primiparous if they had given
birth for the first time (Sandhu, 1984; Sandhu &
Gopalakrishna, 1984).

Adults were individually marked with a numbered
aluminum band (size 4.2, Lambournes, Ltd) strung on a
stainless-steel ball-chain necklace (size #3 chain and size
#3 connector, Ball Chain Manufacturing Company,
Inc.). Pups were marked with a numbered, plastic split-
ring forearm band (size 2X, A. C. Hughes, Ltd).
Females were banded on the left forearm, males on the
right. To place the band around the forearm, a small
incision was made in the antebrachial membrane (Kunz,
1996). Beginning in 1997, the teeth of each adult were
examined and adults were classified into 6 categories
based on an assessment of the degree of toothwear of
the upper canines, premolars, and molars (C1-Ml
toothwear; ¢f. Anthony, 1988; Fleming, 1988; Brooke,
1997). Bats with sharp-tipped, recurved upper canines
(Cls) and unworn cheekteeth (P1-M1) were assigned
the minimal score of 1; bats with the maxillary toothrow
(C1-M1) worn to the gumline were assigned the
maximal score of 6. Additionally, Cls were measured to
the nearest 0.1 mm with dial callipers, from the tip to
the labial cingulum. The C1-MI1 toothwear scores and
C1 lengths were used as indices of relative age
(Anthony, 1988). The strength of correlation between
relative age and each of the 2 toothwear measures was
assessed by scoring recaptured bats in 1998. Finally, we
took tissue biopsies from the patagial membrane of
both pups and adults for the purpose of DNA analysis,
the results of which will be reported elsewhere. Pups
were returned to their mothers immediately after proces-
sing. All bats were held in net cages and were released at
their roosts on the evening of the same day they were
captured.

From April 1996 to April 1998 the roosting colonies
were visually censused at 1-month intervals to monitor
the dispersal of juveniles after weaning, scasonal
changes in group size, the dissolution of groups and the
founding of new ones. Visual censuses of tent-roosting
groups were accomplished using a circular mirror,
40 cm in diameter, to reflect sunlight into the interior
crown of the tents. Adult males were easily distinguished
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from females on the basis of pelage colour. Adult males
are a rich russet brown and the fur on the shoulders and
the nape of the neck has a highly distinctive orange tint.
Adult females, by contrast, are typically olive grey
(Bates & Harrison, 1997). The visual censuses permitted
an accurate assessment of the distribution of social
configurations (i.e. the number of groups and solitary
bats per colony), but in some roosts it was not always
possible to count the exact number of bats. Exact
counts of every adult bat in the study population (both
group members and solitary bats) were possible only in
the last 2 consecutive reproductive periods, July-August
1997 and March-April 1998, when we conducted
simultaneous visual censuses of roosting colonies in
conjunction with trapping. Thus, data on the size and
breeding sex ratio of social groups, colonies, and the
study population as a whole are based on these
simultaneous trapping and censusing records in 1997
and 1998.

From May 1995 to April 1998, we monitored a single
colony (Mahajani) within the study area in which the
size and sex-composition of each of the constituent
roosting groups could be observed. During each of the
monthly censuses we recorded the exact number and sex
of bats that occupied a series of 5 adjacent tents over the
course of 6 consecutive reproductive periods.

RESULTS

We sampled 544 bats (42 adult males, 277 adult females
and 225 pups) over three successive reproductive
periods. Thirty-three of the adults (10.3% of adult total)
were recaptured in the 1997 and 1998 collections. The
breakdown by collection was as follows: 1996, six
groups (six adult males, 43 adult females, and 40 pups);
1997, 14 groups and three solitary males (17 adult
males, 81 adult females, and 67 pups); and 1998, 13
groups and six solitary males (19 adult males, 153 adult
females, and 118 pups). The estimated percentage of the
total breeding population sampled per collection was
78.4% in the 1997 wet season and 86.9% in the 1998
dry season.

Social organization

Roosting groups invariably contained a single adult
male roosting with one or more adult females (Table 1),
referred to here as harems (sensu Bradbury, 1977h;
McCracken & Wilkinson, in press). The year-round
average harem size determined from simultancous
capture and census records (1997-98) was 9.9 adults
(n=133 harems, sp=6.0, range 2-38). All harems were
censused and monitored continuously prior to trapping,
so even in the few cases in which one or more bats
escaped our capture attempts, we could be confident in
our assessment of the exact number and sex ratio of the
bats in each group (Table 1). Solitary bats invariably
proved to be adult males and always occupied roosts
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Table 1. Collections of Cynopterus sphinx harems and satellite males in Pune, India, 1996-98

Adults
Lactating Pregnant Non-repro- Adult 33  Adult Pups No. of Date
Year Colony Roost 99" Q0 ductive 99° group size® (¥/3) breeding periods® sampled
1996 Dadphale Tl 7(3) 1(D) 1 9 6 1 9 April
Gaikwad TI0O 10 1 1 12 713 5 14 April
TIi1 11 1 12 47 2 21 April
Bhagwat T4 6(1) 1 7 2/4 4 1 May
TS 3 1 4 2/1 3 5 May
T6 3 1 1 5 172 1 8 May
1997 Gaikwad TI12 2 1 1 (5) vt 2 23 July
Bhagwat T6 1 1 1 3 170 4 23 July
Kanitkar T7 2 1 3 71 5 27 July
T9 1 3 8 August
T10 4 1 1 1 7 173 1 8 August
Patwardhan W2 8 1 (10) 7/1 12 August
w4 5 1 6 2/3 12 August
Kale R1 6 1 1 8 4/2 14 August
R3 1 3 1 5 1/0 22 August
Mahajani T3 15 1 1 17 96 7 16 August
T4 6 1 7 53 17 August
TS 1 0 17 August
Kangane T5 5 1 1 1 8 213 2 19 August
Ghole Tl 4 1 5 212 2 20 August
Ranade T1 2 1 1 4 206 3 21 August
T2 6 2 1 9 214 4 21 August
T3 1 0 21 August
1998 Kanitkar Tl1 7 1 1 (12) 215 1 30 March
Bhatawadekar T1 26 7(3) 1 1 (38) 215 3 31 March
Mahajani T4 14 2 1 17 3/11 4 2 April
TS 8 1 1 (13) 6/2 1 3 April
Gaikwad T2 10(5 6(4) 1 17 515 3 4 April
Apte T4 25(2) 2(2) 2 1 (34 13/12 4 5 April
Ranade T2 1D 1 2 5 7 April
T3 1 1(1) 2 1 5 o 1 7 April
T4 1 1 (15) 35 1 8 April
Ghole T2 1 1 2 1 9 April
Kale L1 1 11 April
Vi 1 11 April
R1 10 5 1 16 2/8 11 April
Patwardhan W1 1 12 April
w3 1 12 April
w4 9 1 1 1 12 3/6 12 April
W5 1 12 April
Kangane T4 1 2) 2 May
T6 1 1 2 May

(n =544 individuals)

4 Number of primiparous females contributing to the total is given in parentheses.

® Number of nulliparous females contributing to the total is given in parentheses.

°If one or more bats escaped capture, the total group size is given in parentheses.

9The maximum potential number of parturition periods that have elapsed (at the time of sampling) since the tent roost was
originally colonized. A value of zero indicates that the tent-roost had been occupied previously only by a single male. A value
of one indicates that the resident harem was sampled immediately following the first parturition period that occurred in that

particular tent-roost (see text for details).

adjacent to those with harems. We found no evidence
of bachelor groups such as those documented in
neotropical bat species (e.g. Artibeus jamaicensis, Kunz,
August et al., 1983; Phyllostomus hastatus, McCracken
& Bradbury, 1981; Carollia perspicillata, Williams,
1986).

Our observations that tent-making is an exclusively
male behaviour agree with those of Balasingh et al.

(1995). If occupied at all, tents that were in the
construction phase were invariably occupied by a single
adult male. Judging from the daily accumulation of
chewed and severed flower stems on the ground
beneath such tents, nearly all the work in tent construc-
tion took place several weeks or months before the
arrival of females. Our observations indicate that kitul
palm tents remain suitable as diurnal roosts for a
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Table 2. Comparison of morphological variables between adult male and female C.

females are not included
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sphinx. Body mass data for pregnant

Variable Sex Mean SD n ¢ P

Length of forearm (mm) M 74.3 2.1 37 1.424 0.155
F 73.7 2.0 249

Body mass (g) M 59.8 3.8 37 0.213 0.832
F 60.0 4.3 222

Table 3. Comparison of morphological variables between harem males (HM) and satellite males (SM) in each of two collections

Year Variable Status Mean SD t P
1997 Length of forearm (mm) HM 74.9 1.8 1.095 0.291
(n=14/3) SM 73.6 1.8
Body mass (g) HM 61.6 2.6 1.493 0.156
SM 58.9 3.6
1998 Length of forearm (mm) HM 74.1 1.7 0.068 0.947
(n=13/6) SM 74.0 3.3
Body mass (g) HM 60.2 4.2 0.100 0.921
SM 60.4 5.2
maximum of 4 years. They are abandoned once the Relative age estimates
cluster starts to wither and the fruits drop. At any one
time, a given tree will typically have one to five flower/ Nulliparous and primiparous females invariably

fruit clusters (Fig. la), although only one new flower
cluster will become available for tent construction per
season. Thus, when two or more tents are occupied in
the same tree, the potential discrepancy in age (time
since founding) between resident harems varies between
1 and 4 years.

Morphological variation

The two measures of overall body size, length of
forearm and body mass, both conformed to normal
distributions (Kolmogorov—Smirnov one-sample test;
D,=0.033555, P>0.05 and D,=0.033557, P>0.05,
respectively) and no inequality of variances was
evident between the sexes (Bartlett’s test; x*; =0.379,
P>0.05 and % =0.262, P>0.05, respectively). Data
for recaptured bats were not included, nor were body
mass data for pregnant females. No statistically
significant size dimorphism in body size was evident
(Table 2). Because body size may be expected to
influence female mate choice and/or the outcome of
male-male competition, we tested for size differences
between satellite males and harem males. No signifi-
cant size differences were evident in either year in
which satellite males were sampled (Table 3). Likewise,
we detected no significant correlation between male
forearm length and harem size (1996, Spearman’s ry =
0.232, n=6, P>0.05; 1997, Spearman’s r;, = 0.135,
n=14, P>0.05; 1998, Spearman’s r,=—0.011, n=13,
P>0.05) or male body mass and harem size (1996,
Spearman’s r,=—0.232, n=6, P>0.05; 1997, Spear-
man’s r,=-0.329, n=14, P>0.05; 1998, Spearman’s
rs=0.191, n=13, P>0.05).

received a Cl-M1 toothwear score of one and had
significantly higher Cl1 measurements than parous
females (1997-98, Mann-Whitney U-test, U, 1.,o = 119.0
19:180, P <0.001). The relative age rankings of females
based on Cl length and the C1-M1 toothwear score
were strongly correlated (Spearman’s r,=0.930, n =199,
P <0.001). The validity of toothwear as an index of
relative age was demonstrated by a strong correlation in
the rank-order of Cl measurements among recaptured
adult females between the 1997 and 1998 collections
(Spearman’s  r,=0.936, n=28, P<0.001). The
reordering of ranks between collections was slightly
more pronounced for the CIl-MI1 toothwear score
(Spearman’s r;=0.873, n=28, P<0.001), as 19 of 28
individuals remained unchanged in their category
assignments and the remainder shifted into the next
higher age category.

We detected no significant differences in C1 ranks
between satellite males and harem males in either season
(1997, Mann-Whitney U-test, U,1.,» = 6.03.14, P =0.058;
1998, Uyi.np =40.54.13, P =0.895). Likewise, we detected
no significant correlation between C1 rank and harem
size (1997, Spearman’s r;=0.159, n=14, P> 0.05; 1998,
Spearman’s r, =-0.304, n=13, P> 0.05).

Variation in social organization

The same harem social configuration was maintained
year-round, through each of two annual reproductive
periods. However, there was considerable variation in
the size and dispersion of harems between the wet and
dry season reproductive periods. The distribution of
harem sizes (Fig. 2) illustrates that harems in the 1997
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Fig. 2. The number of adult females per male in the 1997 wet
season and 1998 dry season.

wet season were more-or-less evenly distributed among
group sizes of <10, whereas the harems in the 1998 dry
season were far more variable in size. The dispersion of
adult females within the study area differed substantially
from Poisson expectations in both seasons. In July-
August 1997, there were 19 harems in the study area,
each containing an average of 6.1 sexually mature
adults (sp=3.5, range 2-17). In March-April 1998,
there were 14 harems in the study area, each containing
an average of 13.6 sexually mature adults (SD=8.5,
range 2-38; Table 4). Compared to the 1997 wet season,
the total breeding population in the 1998 dry season was
1.6 times larger, the average colony size was 1.8 times
larger, and the average harem size was 2.3 times larger
(Table 4). Considering the 10 colonies containing one or
more harems in both 1997 and 1998, and the 16 roosts
occupied in both seasons, Wilcoxon signed-rank tests
for matched-pairs indicated statistically significant
increases in the size of harems in the 1998 dry season
reproductive period (mean increase=7.0 adults,
sp=10.9, Z=2.295, P=0.022), but not in the overall
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size of colonies (mean increase=7.7 adults, sD=12.7,
Z=1.543, P=0.123). The seasonal discrepancy in the
overall size of the study population was attributable to
the disappearance of a large fraction of the adult female
population during the wet season reproductive period,
and suggests that many adult females in the study
population undergo a seasonal shift in their use of
roosts. This same pattern was observed in the Mahajani
colony (Fig. 1) over 36 months. Considering 2-month
blocks corresponding to each of six consecutive repro-
ductive periods (February-March and July-August), the
total size of the Mahajani colony in the dry season was
1.7 times larger than in the wet season (mean
increase = 15.0 adults, sp = 16.5; Mann-Whitney U-test,
U=9.0, P=0.050) and the average harem size was 1.8
times larger (mean increase=6.8 adults, sD=3.8;
U=9.0, P=0.043). The long-term census data from this
colony also indicate substantial variation in harem size
on a month-to-month basis (Fig. 3). The mean size of
the entire colony over the 36 month census was 29
adults (median =30, CV =32.5), while the mean size of
the constituent harems ranged from 3.6 to 13.4 adults
(n=4 harems censused over a period of >2 consecutive
reproductive  periods; median=6-13, CV=106.7-
119.9). The size variation of the colony as a whole was
3.3-3.7 times less than that of the constituent harems,
and suggests that fluctuations in harem size are
primarily attributable to transient movements of
females between harems in adjacent roosts rather than
transfers between colonies.

A single colony may consist of a single harem or
several adjacent harems (Table 4), and in either situa-
tion, satellite males may or may not be present within
the same colony. Because male-male competition might
be expected to produce a more even distribution of
reproductive females among harems, especially during
periods of mating activity (cf. Bradbury & Emmons,
1974), we tested the hypothesis that adjacent harems
were smaller in size than solitary harems. We expected
this discrepancy to be especially pronounced during our
sampling period in the dry season, which spanned the

Table 4. Summary of the size and social dispersion of the study population of Cynopterus sphinx in Pune, India. “Wet season’
and ‘dry season’ refer to the two annual parturition periods of C. sphinx occurring in July-August 1997 and March-April 1998,
respectively. The data are based on complete censuses of all harems in the study area immediately following each of two
consecutive parturition periods. The size of each demographic subunit of the study population is expressed as the mean number

of sexually mature adults (£ | sp)

Wet season (1997) Dry season (1998)
Size of study population (adults) 125 199
Breeding sex ratio (9:3) 3.3 8.1
Size of colonies 114267 (n=11) 19.9+11.3 (n=10)
Range 3-25 2-40
Variance: mean ratio 4.09 8.41
Breeding sex ratio (9:3) 35117 11.2+11.3
Size of harems 6.1£35m=19) 13.6+8.5 (n=14)
Range 2-17 2-38
Variance: mean ratio 2.01 8.93
Breeding sex ratio (9:3) 5.1+3.5 12.6+8.5
No. of harems/colony 1.7+£0.2 (1-3) 1.4£0.7 (1-3)
No. of satellite 33/colony 0.9+1.2(0-4) 0.6+1.2(0-3)







