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This study examined the tent-making behaviour and social organization of the
lesser dog-faced fruit bat, Cynoprerus brachyoris (Muller), in Peninsular Malaysia.
Cvnopirerus brachyoris alters the leaves of eight species of broad-leafed palms
{ Palmae) to form palmate umbrella tents. the leaves of Scindapsus aureus Engl.
(Araceae) to form apical tents, and the leaves of Dracaena fragrans Ker-Gawl
(Liliaceae) to form conical tents. Cvnoprerus brachyotis also severed the roots of
Cvymbidium finlavsonianum Lindl (Orchidaceae), and the leaves and stems of
Philodendron lacerum Schott (Araceae) to form stem tents. In addition,
C. brachyotis also roosted in unmodified plants. Cynopterus brachvoris possesses
a harem type of social organization. but it was not possible to distinguish between
a resource-defence poh gvny and female-defence polygyny mating system. Our
observations indicate that dominant males construct tents. and recruit females
for the purpose of gaining reproductive access.

Keyworps: Cvnoprerus brachyveris. harems. Malaysia, palms, polygyny, roost
fidelity. roosting behaviour. tent architecture.

Intreduction

Some bats are known to modify leaves and other plant parts for shelter (reviewed
in Kunz er al.. 1994). Barbour (1932) first reported that Uroderma bilobatem Peters
modified palm fronds in Costa Rica, by biting the ridges of plications on the
underside of leaves until they weaken and droop downward. Chapman (1932)
reported an almost identical habit in Artibeus watsoni Gervais in Panama, and
termed these modified leaves ‘tents’. Most research on so-called tent-making bats
has been done in the Neotropics, and only recently have similar studies been extended
to the Palaeotropics (Kunz er al., 1994). To date, only two genera of palaeotropical
bats are known to construct tents, Cynopterus (Phillips, 1924; Goodwin, 1979; Phua
and Corlett, 1989. Reid. 1992; Balasingh er al., 1993, 1995; Bhat, 1994; Kunz et al.,
1994; Bhat and Kunz, 1995) and Scotophilus (Rickart er al., 1989).

Cynopterus brachyotis Muller (the lesser dog-faced fruit bat) is a common frugi-
vorous bat in Southeast Asia. Throughout its range, this species occupies a variety
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of habitats including primary forest, disturbed forest, mangrove, cultivated areas,
orchards, gardens, and urban areas (Lim, 1966; Medway, 1983; Francis, 1990, 1994;
Zubaid, 1993, 1994). This species is well adapted to anthropogenic conditions.
Several authors have mentioned that folded leaves of palms are a common roosting
site for C. brachyotis in Peninsular Malaysia and Singapore (Lim, 1966; Medway,
1983; Phua and Corlett, 1989). Reid (1992) also reported that C. brachyoris on
Java, Indonesia modified palm leaves. Similarly, Kunz er al. (1994) reported
C. brachyotis wusing conical tents of unidentified monopodial saplings
(Anarcardiaceae) in West Kalimantan. However, there is little descriptive informa-
tion on tent architecture or social organization of this bat. A close congener of
C. brachyotis, C. sphinx (Vahl) is also well known for its tent-making behaviour
(Phillips, 1924: Balasingh ef al., 1993, 1995; Bhat, 1994; Kunz et al., 1994; Bhat and
Kunz. 1995). Based on current evidence, C. brachyotis in Peninsular Malaysia may
also use similar behaviour to construct tents. The objectives of this study were to
explore the tent-making behaviour of C. brachyotis as well as to determine the social
organization of this species.

Study sites and methods

Three study sites were selected based on preliminary surveys for evidence of
palm tents and tent-roosting bats. These sites were located on the campus of
Universiti Kebangsaan Malaysia (UKM) in Bangi. Universiti Pertanian Malaysia
(UPM) tn Serdang. and Zoo Negara (National Zoological Park) in Hulu Kelang.
All the study sites are extensively landscaped with trees including various species of
ornamental palms. In addition. the eastern and southern boundaries of the UKM
campus are adjacent to the Bangi Forest Reserve (disturbed lowland Jipterocarp
forest). :

Observations were made from January to October 1996. Special attention was
given to plants that had previously been reported to be used as roosts by the
Cynopterus spp., including various species of paims, foliage climbers. creepers. mast
trees and man-made structures (Lim, 1966, Medway, 1983; Phua and Corlett, 1989;
Reid, 1992: Balasingh er al., 1993, 1995; Bhat. 1994; Kunz er al., 1994; Bhat and
Kunz. 1995). When a potential plant was located, it was thoroughly searched for
modified Jeaves. In addition. the accumulation of bat droppings and stained roosting
areas indirectly indicated the presence of bats. Binoculars were used to observe the
tents and bats. Because preliminary observations showed that the bats switched day
roosts regularly or used more than one tent, the number of bats was counted each
day they were observed.

The number of plants examined, the number of tents in each plant, the number
of bats (except sucklings), tent style and shape. and estimation of the tent height
from ground jevel to the bottom of drooping sides were recorded. Bats were identified
by the white margins of their ears, the distinctive character for Cynopterus spp. Once
discovered. all tents were subsequently surveyed at least once every week during the
study period. Regular searches for new tents were also conducted.

Between 25 February and 20 August 1996, a total of 20 modified palm leaves
were cut down for measurement. These included 13 leaves from Livistona rotundifolia
Mart., five from Corypha utan Lam., and one each from Livistona saribus Merrill
ex A. Cheval. and Sabal palmetio Hort. For each tent, the following data were
taken: number of veins, number of chewed veins, and dimensions of tent (maximum
length and width). The rachis (mid-vein) of the tent was also examined for signs of
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severance. Additionally, with the aid of binoculars, eight tents in Livistona chinensis
R.Br. four in Borassus flabellifer Linn. and two in Livistona rotundifolia were
observed and measured. In these cases, the dimensions of the tents were estimated
- based on the size of bats occupying the tents. The width of a roosting bat from one
arm to the other was approximately 5cm. Because the tents in Licuala grandis
H. Wendl. and Pritchardia pacifica Seem. and H. Wendl. were located close to
ground level, measurements were taken in situ.

Some bats were captured at UKM on 8 June, 12 June and 6 August, and at Zoo
Negara on 11 June and 7 August 1996. The roosts at UPM were left undisturbed
in order to monitor roost fidelity. Roosting bats were captured in the morning
(0900-1200 h) using a large 0-5S m diameter hand-net, fitted with extendable alumi-
nium poles. The bats were held in soft cloth bags and brought to the laboratory for
further examination. For each individual captured, forearm length, body mass, sex
and reproductive condition were noted. The bats were identified using the characters
given by Medway (1983). Pregnancy was determined by the presence of a palpable
embryo. Before release, each bat was marked with an aluminium band that carried
an inscription "UKM’ and a unique serial number. Males were banded on the right
forearm and females on the left.

Results

Plants used as roosts

Cynopierus brachyoris was found to modify the leaves of twelve species of plants
to form tents {Table 1 ). In addition. the bats were also observed to roost in unmodi-
fied leaves of eight species of plants (Table 2). Of the 16 plant species. only L . saribus,
C. finluvsonianum. S. aurcus and 4. nidus can be considered indigenous.

Tent characreristics

Puhnate umbrella tents. A total of 507 palmate umbrelia tents was located in
eight species of palms. Of these, 45, were in L. grandis, 24 in L. rotundifolia,
23°win L . chinensis, and the remainder (8%) was shared by five other palm species.
A total of 72 tents was.occupied by bats (Table 1). Cynopterus brachyotis roosted
mainly in tents of L. chinensis, L . rotundifolia and C. utan. Bats roosted singly or
in groups ranging from two to 18 individuals. The largest number of bats per tent
were observed in C. wran. No bats were observed during the day in tents constructed
in leaves of L. grandis and P. pacifica. However, night observations indicated that
some of these tents were used as feeding roosts. The number of tents in a given
palm species ranged from one to ten. For example, L. grandis and L. rotundifolia
trees had as many as ten tents, whereas only one tent each was observed in L. saribus
and Sabal palmetio trees.

Palmate umbrella tents are formed when bats partially chew the induplicate veins
and plications near the veins, causing the terminal parts of leaflets to collapse
downward and form a partially enclosed cavity (Fig. 1). Generally, no reduplicate
veins were chewed (Fig. 2). Leaves were not killed by the partial severance of the
veins. Freshly cut tents generally assumed the shape of a frustum in which the
opening below was wider than 1he tent-crown. Older tents formed a cylinder as the
leaflets drooped perpendicular to the tent crown. All the occupied tents were clear
of vegetation on the undersside, presumably to allow unimpeded flight access to and
from the tents.
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Table 2. Plant species with unmodified roosts used by Cynopterus brachyotis.

. Plants Plants Tent Individuals
Family Species examined  occupied  height per tent
Polypodiaceae  Asplenium nidus 15 7 3-8 1-9
Araceae Scindapsus aureus 3 3 4-10 1-2
Palmae Areca catechu 23 1 4 1
Cocos nucifera 8 1 4 4
Elaeis guineensis 12 2 5-10 3-5
Livistona chinensis 129 8 3-6 1-5
Livistona rotundifolia 56 1 9 3
Livistona saribus 34 1 6 1

The shape of the cuts to the veins and plications varied considerably, between
and within species of palms. Generally, there were six different shapes of tent-crown,
namely spade, round, semi-round, heart, oval, and apple (Table 3, Fig. 3). In this
study, tents with uncharacterized shape and lined-shaped cuts were categorized as
irregalar shape. Of the 507 tent-crowns, 40% were spade shaped. This was followed
by semi-round shape (29%), irregular shape (19%). round shape (6%). heart shape
(4%), oval shape (1%) and apple shape (1%). Tents with spade shape cuts are
dominant in C wtan, L. chinensis, and L. rorundifolia. Although there are several
different shapes of tents, C. brachyotis appears to construct only spade-shaped tents
in C. utan. In contrast, all of the crown shapes were observed in L. chinensis. In
L . grandis, 607 of tent crowns were semi-round and 40% were considered irregular
in shape. Tents with apple-shaped cuts in L. chinensis were found only at UPM.
For most of the tents in B. flubellifer, only the outer edges of the leaves were cut
into semi-round shapes.

Generally, the number of chewed veins for completed tents ranged from 28 to
83 (Table 4). The least number of chewed veins was recorded for semi-round tents
in B. flabellifer (28 + 3, N=3), whereas the highest number was noted in L. grandis
(83 + 8, N=20). In C utan, L. chinensis and L. rowndifolia, the number of veins
chewed was less variable. ranging from 77 to 82. Not all the rachides in tents were
cut. The diameter of the rachis at the severance point ranged from 1-Smm in
L. grandis to 8:5mm in S. palmetto.

Tent dimensions varied depending on the shape of the crown, the crown length
and width varying from 20 to 50cm and 16 to 31 cm, respectively (Table 4). Tents
in L. grandis and P. pacifica which were 1 to 3m above the ground, were used only
as feeding roosts at night. Heights of tents used as day time roosts ranged {rom 3
to 10m above the ground.

Whilst collecting food remains beneath roosts in a study on feeding habits of
C. brachyotis, newly formed tents were occasionally observed in fronds of
L. rotundifolia and L. grandis where none existed the previous day. This suggests
that C. drackyotis needs only one night to construct a palmate umbrella tent.

Apical tents. Four apical tents were located in Scindapsus aureus Engl. on
28 January 1996. By severing the underside of two to four lateral veins at a distance
of about 5-12cm from the midrib, the terminal segment of the leaf then drooped
slightly downward, along the cut area at approximately 30° from the horizontal to
form an inveried V-shape-like tent. The midrib of the keaf was unmodified. The bats
usually hung from the lateral veins or from the midrib near the apex.



1610 K. H. Tan et al.

Fic. 1. A harem group of Cynopterus brachyotis roosting in the spade-shaped palmate
umbrella tent of Livistona rotundifolia.
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Fi1G. 2. Underside of a newly-constructed tent showing that only induplicate veins (arrow)

were chewed by bats. This bat was captured and identified as an adult male.
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F1G.3. Variation in the shape of tent-crowns of palmate umbrella tents: (A) spade shape;
{B) heart shape; (C) semi-round shape: (D) oval shape; (E) round shape; and
(F ) ‘apple” shape.

Conical tents. Dracaena fragrans is a plant usually with a single trunk or
sometimes up to four trunks after pruning. The trunk may grow up to 7m high
with a few hundred leaves. Basically, there are two steps in forming a conical tent.
Firstly, the bats choose a suitable height for making a tent. typically 4-6m above
the ground. The bats totally sever the leaves encircling the trunk by cutting the
midrib closest to the trunk (Fig. 4). Such action involves a portion of the trunk
(about 50 cm) and approximately 30-50 leaves. By doing so, a space is created for
the roosting bats. Observations in the present study suggest that the first step takes
about two days. Next, the bats partially severe the midribs of 30-40 leaves, causing
the leaves to droop and forming a conical enclosure (Fig. 4). From a distance, the
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Table 4. Characteristics of palmate umbrella tents constructed by Cynopterus brachyotis.

Ratio of Dimensions

No. of No. of chewed to of tent (cm)
tents No. of chewed unaltered ————
Plant species Tent shape examined veins  veins veins length width
Borassus flabellifer Round 1 133 53 1:1-51 20 20
Semi-round 3 13243 2843 1:371 2042 10+1
Corypha utan Spade 5 17745 79+6 1:1:24 5046 3143
Livistona chinensis  Spade 8 184 +5 77+8 1:139 2245 1743
Livistona Spade 8 183+4 8246 1:123 3544 23+4
rotundifolia Round 4 179+3 8243 1:1118 1941 20+2
Heart 2 180 +4 8248 1:120 2643 2442
Oval i 179 78 1:1-29 26 18
Livistona saribus Spade 1 195 82 1:1-38 22 16
Sabal palmetto Oval 1 193 75 1:1-57 28 20
Licuala grandis Semi-round 20 201 +6 B83+8 1:142 2046 36+12
Pritchardia pacifica  Semi-round 1 173 68 1:1-54 21 34

tent resembles a partiaily open umbrella. In some cases, even the young shoot is
chewed by the bats. The roosting bats were fully visible from below. The second
step takes about one day. The bats need at least three days to complete construction
of the tent. Most conical tents were abandoned by the bats after 28 July. Only three
tents were occupied and these by solitary bats,

Stem tents in Cymbidium finlaysonianum.  On 28 January, a group of seven
C. brachyvotis was observed roosting beneath a stem tent (Table I and Fig. 5) in
Cymbidium finlaysenianum Lindl. (an epiphytic orchid) at Zoo Negara. The bats
roosted in a cavity among severed roots and leaves presumably created by the bats,
The tent was round and formed a dome-like cavity. The diameter and maximum
depth of the tent were 28 and 4-5cm respectively. The tent was 3-4m above the
ground. '

On 15 July, a new stem tent of C. finlavsonianum with one occupant was
discovered. The height above the ground, diameter and maximum depth were 3-2m,
22cm, and 5-5cm respectively. This tent was observed periodically until 7 August.
Two bats occupied this tent on 18 July and four on 30 July. A group of subadults
consisting of one male and three females was captured on 8§ August,

Stem tents in Philodendron lacerum. Ten bats were observed roosting under the
‘Y-shaped’ fence in the lion enclosure at Zoo Negara on 28 January. The fence was
covered with dried bamboo leaves and an unidentified creeper. The number of bats
increased to 12 on 10 May, and no bat was seen after the enclosure was cleaned on
18 June. On 20 June, 11 bats were observed roosting under the ‘T-shaped’ concrete
divider in the bear enclosure (Fig. 6). This divider was 3m high and covered with
stems and leaves of Philodendron lacerum Schott (Table 1). The darkly stained area
on the wall indicated that this tent had previously been occupied by bats. The stems
and leaves had been severed to create a 1 m in diameter semi-circular opening in
front of the roosting area.

Unmodified roosts. A cavity in which bats could roost was formed when the
older or dried leaves drooped and encircled the basket of the Bird’s nest fern,
Asplenium nidus Linn. (Fig. 7). This cavity offered excellent protection from rain
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F16.4. A conical tent of Dracaena fragrans. Note the shoots (arrow) were also severed by
Cynopterus brachyotis.
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FiG. 5. The position (arrow) of the epiphytic orchid (Cymbidium finlaysonianun) which was
used by Cynopterus brachyotis for constructing a stem tent.



