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ABSTRACT

wo separate assessments on bats diversity were conducted in

I Bako National Park for 12 trapping-nights. Our first
assessment was conducted from 8% to 12% February 2005
followed by the second assessment from 28" August to 3™
September 2005. A total of 295 individuals from 22 species of bats
were captured using mist-nets and harp traps during the survey,
which accumulated to 226 trapping-nights. Hipposideros cervinus was
recorded as the most abundance species with 30.85% of total
captures. A total of eight new records of bats have been added to this
park: Emballonura monticola, Rbinolophus luctus, Hipposideros ater,
Hipposideros bicolor, Myotis muricola, Myotis ater, Pipistrellus vondermanni
and Kerzvoula pellucida. With these additional records, there are now
_ at least 34 species of bats known to occur in Bako National Park. A
complete and long term study covering other areas not included in
this study would definitely increase bats diversity found in this park.

Keywords: Bako National Park, bats, new record, diversity.

INTRODUCTION

There are at least 92 species from eight families of bats
(Chiroptera) documented in Borneo (Payne ¢ #/., 1985). Bats surveys
have been conducted by various researchers (Davis, 1958; Medway,
nd, 1959, 1977; Lim, 1965; Lim et #l., 1972; Start, 1972b, 1975;
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Francis, 1989b, 1990, 1994; Hall, 1996; Hall ez 4/., 2004) and they
have improved the current knowledge of bats diversity in Sarawak.
This was further explored by Nor (1996, 1997), Yasuma and Andau
(1999) and Tuen ez 2/. (2002a, 2002b) who conducted their studies
in Sabah, whereas Abdullah ez 4/ (1997b) and Mohd-Azlan ez 4/,
(2003) conducted studies in the Indonesian-Kalimantan province.
Recently, several researchers have actively documented the
distribution of bats particularly in Sarawak in order to understand
the species richness and their diversity (Abdullah ez 2/, 1997a;
Abdullah et 4/, 2000a; Hall et 2/., 2002, 2004; Abdullah, 2003b;
Abdullah ez 2/., 2003; Gumal ¢t 4/., 2004; Karim et «l., 2004; Tuen
et al., 2004; Mohd-Azlan ¢z 4., 2005; Abdullah e 4/., 2005; Jayaraj
et al., 2005a; and, Anwarali ¢f 2/., 2006). These studies were mainly
focused on national parks and State forests where the habitats are
less disturbed. Subsequently more new locality records were added
every year showing better trapping efforts and improved batting
techniques. In parallel, this study has also focused on improving our
understanding on bat species diversity in protected areas of Sarawak
by extensive sampling effort at different habitats and incorporating
proper batting techniques (e.g., harp traps and mist nets).

This study was designed to understand the importance of
various vegetation types that contributes to bats species diversity
and their composition within Bako National Park. Data from
previous studies by Start (1972a), France ez 2/. (1984), Churchill and
Zborowski (1985) and Hall (1992) at Bako National Park were
compared to show the species accumulation or reduction during
different sampling occasions. We compile our checklist following
Payne ¢t /. (1985) and Simmons (2005) taxonomic nomenclature.

MATERIALS AND METHOD

STUDY AREA

This study was conducted in Bako National Park which is
located at Muara Tebas Peninsula on the north-eastern part of
Kuching, about 37 kilometres away from Kuching city. The main
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access to the park is by a 20-minute boat ride through Sungai
Delima. Bako National Park, the oldest national park of Sarawak,
was gazetted as a protected area on 1% May 1957. This park consists
of seven different major habitats: heath forest, mangrove forest,
mixed dipterocarp forest, riverine forest, beach forest, grassland and
cliff vegetation, which provides diverse ecological niches for high
species richness and diversity of fauna (Hazebroek and Abang
Kashim, 2000). Besides these habitats, seasonal swamp forest are
also found around this park, especially as the intermediate between
beach and mixed dipterocarp forest during the monsoon season.
The main attraction found in this park includes the Bornean
endemic proboscis monkey (Nasa/lis larvatus), the endangered flying
lemur (Cynocephalus variegatus), western tafsier (Tarsius bancanus),
silvered langur (Presbytis cristata) and bearded pig (Sus barbatus),
which could be observed near the park headquarters area. Such
unique fauna is well supported by diverse vegetation found in this
park that provides wide varieties of food sources and niches.

Bako National Park (1°42’ to 1°44’ N, 110°26’ to 110°36’ E)
which covers an area of 2727 hectares (Fig. 1) is the smallest
national park in Sarawak (Hazebroek and Abang Kashim, 2000).
Survey was carried out using 10 standard mist-nets and three four-
bank harp traps during the first trip from 8% to 12% February 2005
that accounted to 65 trapping-nights. During the second trip from
28™ August to 3™ September 2005, 20 mist-nests and three four-
bank harp traps were used that accounted to 161 trapping-nights.
The total trapping-nights effort was calculated based on the number
of mist-nets and harp traps used in both sampling occasions. Nets
and traps were set up at Ulu Asam Trail, Delima Trail, Tanjung Sapi
Trail and Telok Asam area that includes the pathway to the
incinerator, representing five different habitats including beach,
heath, mangrove, mixed dipterocarp and seasonal swamp forests of
Bako National Park. The sampling sites are marked with white stars
in Fig. 1.
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Fig. 1: Topographic map of Bako National Park, Sarawak (adapted and modified from
Hazebroek and Abang Kashim, 2000).

BATS IDENTIFICATION, SAMPLE PROCESSING AND PRESERVATION

Bats were identified following Payne er @/ (1985). External
morphological measurements were taken using digital caliper
(Mitutoyo) and weight using Pesola spring balance. Adult individuals
were determined following Kunz (1988) by observing the epiphyseal-
diaphyseal fusion on the third, fourth and fifth metacarpals. Selected
specimens were euthanized using chloroform and dissected and
preserved in 95% ethanol as voucher specimens. Muscle tissues and
blood samples were taken from the specimens. Tissues were preserved
in 95% ethanol while 30 wl of blood samples were mixed in 1mM
EDTA for further molecular and other medical studies. Voucher
specimens were deposited in the UNIMAS Zoological Museum and
selected speciments were photographed for further references. Only a
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maximum of five individual per species of bats were prepared as
voucher specimens. The rest were released after taking their
measurements and marking them by ear notching technique.

RESULTS

A total of 295 individuals representing 22 species from seven
families: Pteropodidae, Emballonuridae, Megadermatidae,
Nycteridae, Rhinolophidae, Hipposideridae and Vespertilionidae
were recorded in 226 trapping-nights conducted in Bako National
Park (Table 1). Species-accumulation curve (Fig. 2) for the 12
trapping-nights indicates that more species could be recorded given
more time since the number of bats species accumulation has not
reach a stable stationary phase in the graph. The most abundant
species was set by Hipposideros cevvinus with 91 individuals (30.85%)
followed by H. larvatus with 57 individuals (19.32%). The least
capture, with single individual (0.34%) was recorded for the
following eight species: Emballonura alecto, E. monticola, Saccolaimus
saccolaimus, Megaderma spasma, H. diadema, Myotis muricola, Pipistrellus
vondermanni and Kerivoula pellucida (Table 2).
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Fig. 2: Cumulative numbers of species against trapping-nights.
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Table 1 shows the species list of bats with the mean
measurements of external morphological characters for individuals
captured in this study. Species identifications were mainly based on
forearm length measurement following the field identifications
available to us (Payne ¢ a/., 1985). Other unique morphological
characters (e.g., skin colorations, noseleaf structure, and tail length)
were further evaluated to identify morphologically related species. A
complete species list with their relative abundance from previous
studies is depicted in Table 2.

Table 1: Taxonomic list shows the bats species captured in this
study with their average measurements (minimum and maximum

ranges). N = number of species with measurements.

Family N Forearm Earlength  Taillength  Weight
Species (mm) (mm) °  (mm) g
Pteropodidae
Cynapterus brachyorss 4 55.92 Na Na 22.50
(small form) (54.76-59.21) (19-26)
Cynapterns brachyotis 17 64.71 Na Na 34.72
(large form) (62.99-68.59) (2344)
Penthetor lucasi 37 59.40 14.58 05s 34.04
(3L65-69.85) (12.19-17.07) (5.95-1845) (2247)
Evngesevissplaca 30 6342 1552 e A
(52.93-70.60) (12.32-19.53) (8.69-17.46) (22-67)
Macroghossus minimus 7 40.80 14.11 4.08 15.86
(39.14-45.00) (11.23-17.22)  (2.66-4.09)  (10-25)
Emballonuridae
Emballonura alecto 1 4723 12.40 15.40 7
Emballonura monticols 1 44.86 13.39 13.94 8
Saccolaimus saccolaimus 1 68.72 14.19 2260 4l
Megadermatidae
Megaderma spasma 1 60.64 33.94 Na 22
Nycteridae
Nycteris tragata 2 50.66 28.73 69.98 11.50

(48.02-53.30) (25.48-31.98)  (64.00-75.96) (10-13)
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Family N Forearm Farlength  Taillength  Weight
Species (mm) (mm) (mm) (g
Rhinolophidae
Rhinolophus trifoliatns 4 57.70 2346 28.25 12.00
(48.10-51.26)  (16.18-26.65) (13.89-37.62) (11-13)
Rbinlophus luctus 2 65.21 30.03 43.97 30.50
(63.41-67.00) (28.50-31.55) (43.25-44.69) (27-34)
Hipposideridae
Hippusideros ater 2 44,54 15.77 2998 65
(44.54-44.87) (15.03-1650) (29.58-30.37)  (6-7)
Hipposiderss bicolor 8 4538 15.84 2830 7.13
(44.07-46.07) (11.88-18.74) (22.61-31.80) (6-9)
Hipposideros dyacorum 3 40.86 16.19 20.08 5.67
(40.00-4135) (14.06-17.30) (17.15-21.80) (4-7)
Hippusiderss crvinss 91 4751 16,81 272 7.04
(45.60-49.10)  (15.20-18.20) .(20.00-25.30)  (5-9)
Hipposiderss galeritus 21 48,67 12.89 30,01 840
(42.90-59.46) (10.32-1837) (1843-34.70)  (6-17)
Hipposideros larvatus -~ 57 58.13 17.38 30.62 17.63
(4520-6545) (10.06:3454) (1840-3891)  (6-26)
Hippusidorss diadema 1 85.10 18.94 47.35 44
Vespertilionidae
Myotis muricola 1 33.50 13.00 41.50 4
Myotis ater 2 4365 18.90 46.40 9
(43.50-43.80) (18.30-19.50) (45.50-47.30)
Pipistrellus vondermanni 1 32.37 8.90 13.72 5
Kersvoula pellucida 1 3150 15.30 43.30 4

Na = Data not available

Relative abundance of bats caught based on the different
vegetation or habitat types in Bako National Park is summarised in
Fig. 3. The habitat with high relative abundance was recorded in the
mixed dipterocarp forest (58.31%), followed by mangrove forest
(25.76%), heath forest (11.52%), beach forest (2.71%) while the

least abundance was recorded in the riverine forest (1.70%).
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Fig. 3: Relative abundance of bats in the different habitats in Bako National Park.

SPECIES ACCOUNTS
Family: Pteropodidae

Cynopterus brachyotis Miiller, 1838 - Malaysian fruit bat (Cecadu
Pisang)

A total of 21 individuals of C. brachyotis (large and small) were
caught using mist-nets. They were mainly captured in mangrove
forest, followed by beach and mixed dipterocarp forest. Only one
individual was trapped in the heath forest. This species was recorded
by both Start (1972a) and Francis et 2/. (1984) in the mangrove area
but there was no record by Churchill and Zborowski (1985).
Although this is the most common fruit bat that occurs throughout
the lowland and highland they depends on the availability of fruits
which are important as their main diet (Mohd-Azlan ez a/., 2003).
Payne et al. (1985) noted that this species occurs mostly in lower
montane, mixed dipterocarp forests, gardens, mangroves and strand
vegetation in Borneo.

According to Hall ez a/. (2004), this species is well distributed
from lowland to the high altitude montane forests of all habitat
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types. This species also roosts in small colonies in and under trees
including open and brighter areas of caves. Recent studies using
morphometrics and molecular genetics had revealed that the cryptic
C. brachyotis populations consist of two distinct species which is
known as small forms and large forms of C. brachyotis (Abdullah
et al., 2000b; Abdullah, 2003a; Campbell ez 2/., 2004, 2006; Jayaraj
et al., 2004, 2005b). According to Abdullah ez &/ (2000b) and
Jayaraj ez @l. (2005b), the small form of C. brachyotis were found in
primary forests whereas the larger form were primarily found in the
secondary forests. However our study was not able to find such
correlation between habitats and forearm size measurements despite
having five different vegetation types.

Penthetor lucasi Dobson, 1880 - Dusky fruit bat (Cecadu Hitam
Pudar)

A total of 35 individuals were caught in the mangrove forest
with another two individuals collected from cliff and mixed
dipterocarp forest. This bat species is known to roost at rock crevices
near the bridge in the park. According to Payne ez @/. (1985), P. lucasi
mainly roosts in the rock shelters including caves. Previously, 10
individuals of this species were recorded by Start (1972a) from the
edge of mangrove near the forest ridge. Francis ez 2/. (1984) recorded
this species from mixed dipterocarp and mangrove forests while
Churchill and Zborowski (1985) found only one male in the
mangrove forest.

Eonycteris spelaea (Dobson, 1871) - Cave fruit bat (Cecadu Gua)

A total of 28 individuals of E. spelaea were caught mainly using
mist-nets in beach, mangrove and mixed dipterocarp forests with
another two individuals captured using harp trap in the heath forest.
Start (1972a) previously recorded six females consisting of five sub-
adults and one adult during his study in this park followed by
Francis et /. (1984) who recorded 16 individuals mainly from the
mangrove area. This species is also known as the caves dwellers.
Moreover, E. spelaca also can be differentiated from other species of
bats with a distinct odour on them (Payne ¢ @/., 1985).

THE SARAWAK MUSEUM JOURNAL
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Macroglossus minimus E. Geoffroy, 1810 - Long-tongued fruit bat
(Cecadu Madu Bakau)

Six individuals of M. minimus were netted in the mangrove
forest and one individual was caught in the heath forest during the
sampling period. Present study shows a very low record compared to
previous study by Start (1972a) that recorded 47 individuals of this
species. This species was also recorded by Francis et /. (1984) with
only one individual while Churchill and Zborowski (1985) recorded
four individuals that were all found in the mangrove forest.
According to Payne et al. (1985), M. minimus can be found in most
habitats including coastal mangrove, mixed dipterocarp and lower
montane forests up to 1000 m elevations. Start (1972a) mentioned
that the variation that he found during his two consecutive field
trips in different month showed different capture rate for this
species. He suggested that, flowering season of mangrove forest
contributes toward the high capture of this species. Relating this, we
believe the current study might have taken place at a different
mangrove flowering time or otherwise the park could have lost some
of its mangrove habitat that previously accommodates inidividuals
of M. minimus.

Family: Emballonuridae

Emballonura alecto Eydoux and Gervais, 1836 - Greater sheath-tailed
batr (Kelawar Teng-teng Ceteng Kecil)

Only one representative of E. alecto was netted from the mixed
dipterocarp forest in this study. This species was not recorded by
Scart (1972a). Later Francis ez #/. (1984) caught four individuals of
this species near the rock crevices in the park. Churchill and
Zbhorowski (1985) recorded one individual whereas Hall (1992) also
detected this species at sweep frequency modulated (fm) ranging
from 15-70 kHz with the main energy of call at 25 kHz. E. alecto
usually found roosting in shallow caves or near the deep cave
opening, inside the rocks’ crevices and near the fallen tree trunks
(Payne ¢ 4l., 1985).
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Emballonura monticola Temminck, 1838 - Lesser sheath-tailed bat
(Local name not available)

There was only one individual of this species caught using harp
trap in the mixed dipterocarp forest during the sampling period
which is the first record of E. monticolz in Bako National Park (Plate
X) but a second record of E. monticola in Sarawak (Payne et /., 1985;
Hall et al., 2004). Payne er al. (1985) described that this species
always roosts in mixed colonies with E. alecto in shallow caves, rocks’
crevices and under fallen tree trunks.

Saccolaimus saccolaimus Temminck, 1838 - Pouched tomb bat
(Kelawar Dada Putih)

Only one individual of this species was recorded in this study. It
was caught using a harp trap in the tropical heath forest. Three
individuals of this species were recorded by Francis ¢t 2/. (1984) near
the mangrove area, while Churchill and Zborowski (1985) recorded
two individuals from the mixed dipterocarp forest. S. saccolaimus
usually found in colonies roosting from a few to hundreds
individuals in hollow trees and rocks’ crevices and even in houses
(Payne ez al., 198)5).

Family: Megadermatidae

Megaderma spasma Linnaeus, 1758 - Lesser false vampire (Kelawar -
Telinga Lebar)

Only one individual of M. spasma was caught from the heath
forest using harp trap. Start (1972a) previously had recorded this
species in the park. Payne ez @/. (1985) noted that M. spasma always
roost in small colonies in caves, tunnels including hollow trees.

Family: Nycteridae

Nycterss tragata K. Andersen, 1912 - Hollow-faced bat (Kelawar
Muka Lekok)

Two individuals of N. rragata were netted in the mangrove and
mixed dipterocarp forest respectively. Hall ez 2/. (2002) had detected
this species at the steep fm of 52-135 kHz with the main call at 80
kHz. This species was previously recorded by Start (1972a) but it
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was not propetly described. Payne ez /. (1985) treated this species as
N. javanica which is now known to be confined to Java, Bali and
Kangean Island of Indonesia (Corbet and Hill, 1992; Koopman,
1994: Simmons, 2005). Population in Burma, Thailand, Peninsular
Malaysia, Sumatra and Borneo is now recognised as Nycteris tragata.

Family: Rhinolophidae

Rhinolophus trifoliatus Temminck, 1834 - Trefoil horseshoe bat
(Local name not available)

Three individuals of this species were captured using harp traps
in the mixed dipterocarp forest whereas another one was caught in
the heath vegetation. Churchill and Zborowski (1985) documented
three individuals during their study. According to Payne ¢ /.
(1985), this species often found in the understorey of primary forest
where they sometimes roost under large tree leaves.

Rhinolophus luctus Temminck, 1834 - Great woolly horseshoe bat
(Kelawar Ladam Terbesar)

Two individuals of this species were netted in the beach and
heath vegetation. This was the first record for R. /uctus in Bako
National Park (Plate XI). According to Payne e @/ (1985), this
species can be found in small groups that roost in caves, rocks’
crevices and under trees. They are distributed from lowlands up to
1600 m in the mountains and recorded in Sarawak from Lawas to
Serabang including upper Sungai Tutoh and the Hose mountains
(Payne et «l., 1985).

Family: Hipposideridae

Hipposideros ater Templeton, 1848 - Dusky roundleaf bat (Local name
not available)

Two individuals of this species wete collected and represented as
a new recotd for this Park (Plate XII). They were caught using harp
trap in the mixed dipterocarp forest. This is the second record of
H. ater in Sarawak after Abdullah e #/. (2003). According to Payne
et al. (1985), this species usually roosts in caves in large colonies up
to a few hundreds individuals. This species looks similar to H. bzcolor
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morphologically whereas H. ater usually have smaller forearm
compared to the previous. The main key to differentiate between this
species is by looking at their internatial septum. H. bicolor has
straighter internarial septum whereas H. ater has an internarial
septum which is narrower and slightly swollen on the base (Payne
et al., 1985).

Hipposideros bicolor Temminck, 1834 - Bicolored roundleaf bat
(Kelawar Ladam Bulat Biasa)

All eight individuals of H. bicolor were caught using mist-nets
and harp traps from mixed dipterocarp forest. This species also
represents a new record for this park as well as a new record of
H. bicolor in Sarawak (Plate XIII). This species was detected at the fm
of 22 kHz (Hall, 1992). However, several other studies showed that
this species echolocate at 131 and 142 kHz in Peninsular Malaysia
- (Kingston ¢z /., 2001) while 136 kHz in Niah National Park (Hall ¢
al., 2002). Payne et al. (1985) noted that this species always roosts in
caves or tunnels where they were generally distributed from India to
Southern China, Taiwan through Southeast Asia, Sumatra, Java,
Borneo, Sulawesi and smaller islands (Payne e «/., 1985; Corbet and

Hill, 1992).

Hipposideros dyacorum Thomas, 1902 - Dayak roundleaf bat (Local
name not available)

Three individuals of H. dyacorum were caught using harp traps set
- up at Delima Trail near the hostel and the mangrove forest. Previous
study by Churchill and Zborowski (1985) recorded one female that
was caught in the heath forest. Hall (1992) also recorded this species
during his study but no description was made. Payne et al. (1985)
noted that this species can be found in caves, under rocks or hollow
trees where they usually forage in the understorey of tall forests.

Hipposideros cervinus (Gould, 1854) - Fawn roundleaf bat (Kelawar
Ladam Bulat Gua)

A total of 91 individuals of H. cervinus were caught using both
mist-nets and harp traps. They are the most abundant species
captured in this study. They were collected from various habitat types
including beach, heath, mangrove, mixed dipterocarp and also
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sverine forests. Churchill and Zborowski (1985) recorded 53
individuals of this species from beach, mangroves, mixed dipterocarp
2nd heath forests while Hall (1992) also recorded this species through
his bar detector at the fm of 128 kHz. Hall ez #/. (2002) in his later
study detected the same species at the constant frequency (cf) of 127
LHz. H. cervinus usually roosts in caves and their population could
s=2ch up to 300,000 individuals in a group (Payne ¢t a/., 1985).

EHippasideros galeritus Cantor, 1846 - Cantor’s roundleaf bat (Kelawar
Ladam Bulat Gua)

A total of 21 individuals of H. galeritus were recorded in the
heath and mixed dipterocarp forests using both mist-nets and harp
craps. This species was also recorded by Start (1972a), Francis ef 4/.
11984), Churchill and Zborowski (1985) and Hall (1992). It was
derected at the of of 103 kHz (Hall, 1992; Hall e /., 2002). This
species also often roosts in small groups in - caves with other
H. cervinus but sometimes in large grouping of several hundreds
(Payne ¢ al., 1985). This species also looks similar to H. cervinus.
They are usually differentiated by their median noseleaf which is
much narrower than posterior noseleaf in H. cervinus but wider in
H. galeritus (Payne et al., 1985).

Hipposideros larvatus Horsfield, 1823 - Intermediate roundleaf bat
(Kelawar Ladam Bulat Besar)

A total of 57 individuals of H. larvatus were caught mainly from
the mixed dipterocarp forest with some captured at the beach and in
mangrove forest using mist-nets and harp traps. According to Hall
(1992), H. larvatus can be detected at the cf of 88 kHz. This species
was recorded by Start (1972a) and he noted that this species was
found commonly outside the mangroves area. Francis et /. (1984)
=corded two individuals in their study and Churchill and Zborowski
11985) recorded 21 individuals of this species from different habitats
including beach forest, mangrove, mixed dipterocarp and also heath
forests. According to Payne et al. (1985), H. larvatus usually found
soosting in caves and the main key used to identify this species is by
che three lateral leaflets found on their noseleaf. So far this park has
Seen the major habitat for this species in Sarawak. They were rarely
Sound in other localities in Sarawak.
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Hipposideros diadema E. Geoffroy, 1813 - Diadem roundleaf bat
(Kelawar Bahu Putih)

Only a single specimen of H. diadema was caught using harp trap
from the mixed dipterocarp forest. Hall (1992) and Hall e 4. (2002)
detected this species at the cf of 66 kHz. However, Start (1972a) and
Churchill and Zborowski (1985) did not record any of this species in
their studies. Payne ez «/. (1985) noted that H. diadema often roosts in
large colonies with other bat species in caves and sometimes in hollow
trees.

Family: Vespertilionidae

Myotis muricola Gray, 1846 - Whiskered myotis (Kelawar Daun Pisang)

Only one female M. muricola was trapped at the rock site near Ulu
Asam Trail in the riverine forest. This is a new record for this species in
Bako National Park. Hall ez @/. (2002) mentioned that this species
echolocate at steep fm of 50-100 kHz with a main call at 62 kHz. This
species is widely distributed in Southeast Asia from East of India to
New Guinea including Thailand, Peninsular Malaysia, Sumatra,
Borneo and Philippines, which can be found in most areas from
lowlands up to 1500 m on Gunung Kinabalu (Payne e /., 1985;
Corbet and Hill, 1992). According to Payne ez 2. (1985), this species
often roosts in the center of folded banana leaves while in Thailand,
they are usually found in caves.

Myotis ater Peters, 1866 - Black myotis (Local name not available)

This species is a new record for Bako National Park. Two females
were caught using harp traps from the mangrove and mixed
dipterocarp forests. So far this species was recorded only in the Kelabit
Uplands in Sarawak; Gomantong, Baturong and Gunung Kinabalu in
Sabah and distributed in Philippines, Sulawesi and islands through
New Guinea. They usually roost individually or in small colonies in
caves (Payne et 4/., 1985; Corbet and Hill, 1992).

Pipistrellus vondermanni - White-winged Pipistrelle (Local name not
available)

This single individual record also contributes to a new record of
bat species in the park (Plate XIV) that was netted from the mangrove
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habitat. This finding also contributes as the third record of
P sondermanni in Sarawak after Payne e «/. (1985) and Abdullah
o 2. (20002). According to Payne et al. (1985), P. vondermanni was
distributed in Belitung Island of Indonesia but only recorded from
Samunsam in Sarawak. The unique feature of this species is that they
have a white translucent pair of wings (Payne e /., 1985).

Kerivoula pellucida (Waterhouse 1845) - Clear-winged woolly bat
(Kelawar Kepak Jernih)

This species also represents a new record for the park (Plate
XV) which was represented by a single male individual that was
caught using harp trap in the mixed dipterocarp forest. Hall ez a/.
(2002) detected this species with steep and faint fm which was
scrongest at 70 kHz. According to Payne e /. (1985), this species
was recorded roosting in a dead curled banana leaves where they
usually forage in the understorey of tall forest. They are distributed
from Peninsular Malaysia to Sumatra, Java, Borneo and Philippines
(Payne ¢t al., 1985; Corbet and Hill, 1992).

CONCLUSION

This study has documented eight new bat records for Bako
National Park: E. monticola, R. luctus, H. ater, H. bicolor, M. muricola,
M. ater, P vondermanni and K. pellucida, 33 years after Start (1972a).
From this study, there was another new record of bat H. bicolor added
to the list of bat species in Sarawak. This species was previously
recorded only in Sabah (Payne ¢ 4/, 1985). The tremendous
improvement to this fauna list compared to previous studies is
thought to be from the utilisation of different trapping techniques.
This study has included harp traps that are known to be much
efficient in trapping echolocating bats compared to Start (1972a)
and Prancis ¢ 2l (1984) who only used mist-nets during their
sampling period in Bako National Park. Studies by Laval and Fitch
(1977), Tidemann and Woodside (1978), Francis (1989a) and
Mohd-Azlan et 2. (2000, 2005) have shown that mist-net is less
effective in capturing echolocating bats as these bats can actually
detect and avoid the nets by their echolocating ability. Eisenberg
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(1981), Vaughan (1986) and Abdullah e 4. (1997b) noted that
echolocating bats (mainly insect bats) were also able to escape from
the nets by chewing out the nets in just a short time when the nets
are left unattended. Study by Mohd-Azlan ¢z @/, (2005) showed that
harp traps were eight times more effective in capturing insect bats
than conventional mist-nets.

Nets and traps placement would also influence the bats species
sampled. Mist-nets and harp traps were placed in the understorey,
thus the sampling effort is biased towards understorey bats.
According to Francis (1994) and Mohd-Azlan ez #/. (2000), fruit bats
would utilise the upperstorey of the rainforest as the understorey
fruits are scarce. Heidemen and Heaney (1989) observed that large
fruit bats such as Prergpus often utilised the canopy stratum and this
pose a problem when sampling using ground based mist-nets.
P. vampyrus was normally observed foraging at the canopy and flies
long distances to feed. They were previously sighted in Bako National
Park but were not caught in this survey signifying the limits of bats
species that can be sampled at the understorey stratum. Several
species of large fruit bats, for example, Rowsettus spp., Dyacopterus spp.
and bats weighing more than 30 g are rarely netted using ground
based mist-nets (Abdullah and Hall, 1997; Hall ez «/., 2004). This is
possible due to the rarity of the species or the bats mostly utilised the
subcanopy and canopy stratum for their foraging purposes.

The usage of various kinds of methods to sample bat community
would also provide a broader view of the bats species in Bako
National Park. Using methods such as mist-nets, harp traps and other
indirect sampling methods including bat detectors also provide better
idea of the bats species, especially the insect bats within the area. A
group of Saccolaimus species were observed to be free flying in Pulau
Lakei with only one individual of S. saccolaimus successfully caught
throughout the study. This indicates that limit of mist-nets to capture
more representatives of this species and the species might be under-
represented in term of number of individuals or even species. Despite
the limits, mist-nets and harp traps have produced several new
distributional records of bats for Bako National Park as well as in
Sarawak.
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Species richness and composition could be related to the
different habitat found in Bako National Park. There are at least
seven major vegetation types in this park (Hazebroek and Abang
Kashim, 2000). In this study, only five different vegetation types
were studied. In Bako National Park, the most highly utilised
habirat was the mixed dipterocarp forest with 15 species, heath with
nine species, mangrove with eight species, beach with five and
riverine with three species. Food availability is the major factor that
determine animal feeding and reproductive behavior (Mackinnon
2 4., 1996). The mixed dipterocarp forest is the richest forest in
Borneo in terms of flora that are predominantly covered by tall and
emergent dipterocarps and many other species such as figs, which
in-turn could sustain a large community of bats.

Low diversity of bats found utilising heath forest can be
associated with the scarcity of flowering plant in this forest as a
aumber of bats depended on fruit and nectars (Mackinnon et 4/.,
1996; Hazebroek and Abang Kashim, 2000). Consequently such
vegetation also attracts less insect, hence, the lesser occurrence of
insect bat around this habitat type. It might be that, most of the
species recorded in this area is just due to chance when the bats try
to cross this area to enter other forest in search of food as heath forest
often interdigitates with other forest formations (Mackinnon ez a/.,
1996). The seasonal availability of mangrove flowers also affects the
community of fruit and nectar bats in the mangrove areas especially
M. minimus (Stare, 1974; Hall ez «l., 2004). The availability of insects
zround the mangrove areas also determined the utilisation of insect
bats in this forest. Fireflies are the common insects that can be found
in this area besides ants and mosquitoes (Mackinnon ez z/., 1996).

Hall ¢t 4l (2004) noted that 20 net-nights is the minimum
effort necessary to adequately record local fruit bats community.
Although the present sampling effort exceeded the minimum effort
suggested by Hall e# 2/ (2004), the cumulative species graph
(Fig. 2) showed that the trapping-nights was not adequate to
represent the overall bats community in Bako National Park or for
che five different vegetation studied here. This is very important
especially for insect bats as the number of insect bats recorded in the
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park were still increasing on the last sampling night. The efforts of
226 trapping-nights was only able to record a total of 22 bats species
from overall of 34 known bat species in Bako National Park.
Therefore more sampling effort is needed to document the bat
species in Bako National Park.

Hall (1996) noted that there are 27 species of bats in Gunung
Mulu National Park based on direct, indirect field observations and
literature. This is slightly lower than overall checklist in Bako
National Park. Salleh ez /. (1999) only recorded five species of bats
and the low diversity observed during their survey primarily caused
by the use of only mist-nets for capturing bats. Jayaraj et 2/ (2006)
recorded 15 species of bats in Mount Penrissen and Anwarali ef /.
(20006) recorded 14 species of bats during their survey at Mount
Murud. Although most of the species recorded at both of these
localities includes submontane species but it is still low (by half)
compare to the present study. In Kayan Mentarang National Park,
only 11 species were recorded (Mohd-Alan et /., 2003) which was
relatively low compared to the other protected areas noted in this
study. In the limestone formations of Bau, a total of 23 species of
bats were recorded. This is mainly due to large extensive network of
limestone caves that are present in the area that holds more cave
roosting species there. Bako National Park also precedes Niah
National Park, as only 31 species were recorded in Niah National
Park despite the cave/limestone habitat found in Niah National Park
(Hall er @l., 2002). Among all the sites compared, the highest
diversity of bats was recorded in Crocker Range National Park with
41 species (Tuen @t al., 2002b).

CONCLUSION AND RECOMMENDATION

This study has documented the increase in the number of bat
species from 26 to 34 species for this park. Since the survey was only
conducted for 12 trapping-nights at five different habitats, we were
restricted to cover a small area near the park headquarters. Besides
that, the sampling efforts of this survey was also based at the
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understorey level of the forests. This might be biased towards the
sub-canopy and canopy levels, including the exception of other
habitat types, namely the cliff vegetation and the shrubland areas
chat might not represent the overall species in this park yet. Hence,
lengthening the duration of the survey and including other different
sires will certainly influence the accuracy of the sampling results.
Furthermore, the results can be more reliable if the sampling
—ethods are varied such as the use of bats detector in line transects
surveys to record any presence of echolocating bats in the study area.
sicldwork also can be carried out at different time of the year, in
particular during both dry and monsoon seasons to ensure that there
 no bias towards any seasons. Thus, all these factors are to be
considered for upcoming studies in Bako National Park so that the
bats species diversity record can be updated and monitored. This
study has provided a new inventory checklist and records of bats for
future monitoring, management and conservation in Bako National

Park.
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Plate X: Emballonura monticola Temminck, 1838 — Lesser
sheath-rtailed bat. (Photo: Chong Yee Ling)

Plate XI: Rbinolophus luctus Temminck, 1834 — Great
woolly horseshoe bat. (Photo: Dr. Norhayati A.)
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Plate XI1: Hipposideros ater Templeton, 1848 — Dusky
roundleaf bat. (Photo: Robert J. Baker)

Plate XIII: Hipposideros bicolor Templeton, 1834 —
Bicoloured roundleaf bat. (Photo: Robert J. Baker)
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Plate XIV: Pipistrellus vondermanni — White-winged
Pipistrelle. (Photo: Chong Yee Ling)

Plate XV: Kerivonla pellucida (Waterhouse, 1845) — Clear-
winged woolly bat. (Photo: Chong Yee Ling)
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