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Abstract

The short-nosed fruit bat Cynopterus sphinx (Chiroptera: Preropodidae) constructs shelters by
severing stems of the curtain creeper, Vernonia scandens, and stems and leaves of the mast tree,
Polyalthia longifolia, creating partially enclosed cavities (stem tents) in which to roost. Our observations
indicate that the construction and maintenance of stem tents are primarily, if not exclusively, the
behaviour of single males. A stem tent is formed in V. scandens when a single male C. sphinx severs
up to 300 small- to medium-sized stems creating a partially flattened, bell-shaped cavity, and in P.
longifolia when a male severs a few medium- to small-sized branches and many leaf petioles, creating
an entry/exit portal and space in which to roost. A tent constructed in V. scandens is completed in
approximately 30 d, whereas one in P. longifolia is completed in about 50 d. Stem-tent construction
takes place mostly at night, but some stem chewing occurs in late afternoon. At night a stem tent is
occupied by a single male, whereas females are usually absent. During the day the number of bats
occupying completed tents is highly variable, ranging from two to 19 females (and their pups) and a
single adult male. Tent construction is annually bimodal, which corresponds to a biannual breeding
season. A dominant male sometimes deposits saliva on branches inside his tent cavity and actively
defends this space from intrusions by other males. Both behaviours suggest forms of scent marking
and territorial display. Our observations indicate that dominant males construct tents, recruit females
and then defend the tents (and their female occupants) for the purpose of gaining reproductive access.
The variance in harem group size indicates that some tent-making males are more successful than
others in recruiting females.

Corresponding author: T. H. KuUNz, Department of Biology, Boston University, Boston,
Massachusetts 02215, USA.

Introduction

Fifteen species of neotropical bats and three species of palaeotropical bats are
known to either roost in or construct tents in leaves and other plant parts from
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over 80 species of vascular plants (KUNZ et al. 1994). PHILLIPS (1924) first reported
that Cynopterus brachyotis (Pteropodidae) modified the ‘seed strings’ of the kitul
palm, Caryota urens, which bats used as roost sites. Altered palm leaves as first
described by BARBOUR (1932) and CHAPMAN (1932), and attributed to bats,
were termed ‘tents” (CHAPMAN 1932). Although different types of altered plant
structures (leaves, flower and fruit clusters, and stems) are now referred to as bat
tents (KUNZz 1982; Timm 1987; KUNZ et al. 1994), there are no published reports
of bats engaged in the act of tent-making. Evidence for tent-making behaviour to
date has been largely circumstantial, based primarily on observations that bats
roost in these structures. In their review of tent architecture and roosting-group
composition in two species of neotropical bats, KUNZ & MCCRACKEN (1995)
postulated that bat tents are constructed by males. Recent observations of tent-
roosting in Cynopterus sphinx (BALASINGH et al. 1993; BHAT & KuUNz 1995)
support this hypothesis.

Eight different architectural styles of bat tents have been described, including
four styles (pinnate, bifid, paradox and boat) unique to the Neotropics, one style
(stem tent) unique to the Palaeotropics, and three styles (conical, palmate umbrella,
and apical) common to both biogeographic regions (KUNZ et al. 1994). Tent-
roosting and /or tent-making behaviour has been attributed to 15 species from the
highly diverse microchiropteran family Phyllostomidae (subfamily Stenoder-
minae), two species of the family Pteropodidae, and one species of Vesper-
tilionidae. What is striking about tents and their use by bats is that most are
used (and likely constructed) by species that form polygynous mating systems
(Uroderma bilobatum: Timm & CLAUSON 1990; TiMMm & LEWIS 1991; Vampyressa
nymphaea: BROOKE 1987; Ectophylla alba: BROOKE 1990; Artibeus jamaicensis:
KUNZz & MCCRACKEN 1995). Both males and females have been observed roosting
alone in tents, although each species commonly forms groups of varying size,
consisting of a single male and several females (BROOKE 1990; LEwis 1992; KUNZ
& MCCRACKEN 1995). The limited information on mating systems of tent-roosting
species, however, has made it difficult to determine whether these polygynous
mating systems are based on resource-defence or female-defence strategies.

According to EMLEN & ORING (1977), the evolution of a resource-defence
mating system requires that critical resources be in limited supply and that they
be economically defendable. In such a system, a male would gain access to critical
resources that are important to females and then defend these resources to gain
reproductive access. By contrast, conditions considered necessary for the evolution
of a female-defence system require that females form groups independent of males.
In the latter system, females would form groups because doing so would confer
some benefit, and males would be expected to join these groups and defend them
against other males (BRADBURY & VEHRENCAMP 1977; MCCRACKEN & BRADBURY
1981). If females construct and occupy tents independent of males, and males later
attach themselves to these groups and defend them to gain reproductive access,
then one could argue for a female-defence mating system.

In his review of mammalian mating systems, CLUTTON-BROCK (1989) pro-
posed that mating systems represent different forms of mate guarding adapted to
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the spatial and temporal distribution of receptive females, which in turn depends
on variation in resource distribution, predation pressure, the costs of social living,
and activities of other males. We suggest that the construction and defence of tents
by male bats, and the subsequent recruitment of females, provides one type of
resource and represents one form of mate guarding that would lead to the evolution
of resource-defence polygyny. The argument that bat-altered leaves, vines, or
stems (tents) are critical and potentially defendable resources (Kunz &
MCCRACKEN 1995) is based on the hypothesis that tents are structurally similar
to tree cavities (MORRISON 1978, 1979; MORRISON & MORRISON 1981) and
solution cavities in caves (MCCRACKEN & BRADBURY 1981; KUNZ et al. 1983),
each of which are potentially defendable by males (KuNz & MCCRACKEN 1995).
These tents may be important to females if they provide protection from inclement
weather (TIMM 1987; CHOE 1994) and reduce risks of predation (BOINSKI & TiMM
1985). Tents may also confer thermoregulatory advantages (BROOKE 1990) or
provide opportunities for females to share information about the location of food
resources (BRADBURY 1977; MCCRACKEN & BRADBURY 1981; WILKINSON 1987).
Alternatively, a tent may serve as an indicator of male quality. If females are able
to assess the quality of a tent constructed by a male, and these qualities are
associated with male fitness, then females would benefit by choosing to roost (and
mate) with such a male. The tent would not have to benefit the female directly if
the quality of the resource provides the female with a means of assessing the
quality of the male (BRADBURY & VEHRENCAMP 1977).

The purpose of this study is to describe the stem tents constructed by
Cynopterus sphinx, to quantfy group size and composition, to describe tent-
making behaviour, and to evaluate this behaviour in the context of mammalian
mating systems (CLUTTON-BROCK 1989).

Methods
Study Species

Cynopterns sphinx (Pteropodidae) is one of the most common plant-visiting bats in the Old-
World tropics. It is a widely distributed species, occurring eastward from India to Burma and Indo-
China, and is known from the islands of Sumatra, Java, Bali and Timor (COBBET & HILL 1992).
Throughout its range this bat occupies a variety of habitats including forests, cultivated regions and
urban areas (BROSSET 1962; BHAT 1995). Individuals and small groups of C. sphinx have been observed
roosting in altered spaces of the mast tree, Polyalthia longifolia, in tents formed from the leaves of
palms such as Borassus flabellifer, Corypha umbraculifera, Corypha sp., Livistona chinensis and
Roystonia regia (GOODWIN 1979; BHAT 1995), and in altered flower and fruit clusters of Caryota urens
(BHAT & KuUNz 1995). C. sphinx has also been observed roosting under banana leaves (Musa sp.),
beneath leaf clusters of avocado, Persea gratissima, inside clumped leaves of Philodendron gigantenm
(BHAT 1995), in cavities of Ficus trees, in recesses beneath the bark and aerial roots of banyan (Ficus)
trees, and in spaces of human-made structures such as eaves of houses and partially enclosed porches
(BROSSET 1962; KHAJURIA 1979; ADVANI 1982; SANDU 1984, 1988; KUNZ et al. 1994; BHAT 1995;
BHAT & KUNz 1995). Tents constructed in palm leaves and in flower and fruit clusters may be occupied
for a year or more (BHAT 1995; BHAT & KUNZ 1995), whereas spaces in human-made structures are
often occupied for considerably longer periods (BHAT 1995).

Cynopterus sphinx is a seasonally polyestrous species with two annual breeding seasons (KRISHNA
& DOMINIC 1984; SANDU 1984; ]. BALASINGH pers. obs.), yet there is considerable geographic variation






