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ABSTRACT
Singapore is home to more than 20 species of bats, occupying a wide range of habitats, from cool, pristine forests to
warm, concrete buildings. They are key contributors to the native ecosystem and perform multiple roles, including: (a)
floral pollination, (b) seed dispersal, (c) insect predation, (d) hosts for specialised ectoparasites, (e) prey to other
predators, and (f) plant nutrient contributor. Reproduction in plants and regulation of insect populations would be
drastically affected if bats were to disappear. The long term viability of bats in Singapore is dependent upon a host of
factors, including: (a) availability/reliability of sufficient food sources, (b) availability of suitable roost sites, (c) genetic
diversity of local bat populations, and (d) human attitudes/perceptions towards bats. Effective conservation strategies
that can give a boost to bats would involve: (a) creating greater public appreciation and awareness, (b) continued
monitoring and research initiatives, (c) optimising bat roost designs and horticultural choices for target species, and (d)
possible captive breeding/re-introduction programmes for locally endangered species.

Figure 1. A female Glossy Horseshoe Bat (Rhinolophus lepidus) from Bukit Timah Nature Reserve is clearly lactating, as illustrated
by its engorged mammary glands. (Photo by Colleen Goh).
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INTRODUCTION
Of all the different groups of mammals thriving on our living planet, the bats must surely be one of the most unique. As
they are capable of true flight, they can rival the birds as being masters of the air whenever they take wing. However,
bats have largely avoided temporal competition with most birds by adopting nocturnal lifestyles. Under the cover of
darkness, bats have conquered the night skies in more ways than we can imagine. While colugos and flying squirrels
merely glide from tree to tree, bats demonstrate supreme mobility and are capable of hovering, as well as covering long
distances over land, lake and sea. Worldwide, bats have successfully occupied a diversity of habitats. They can be found
from the frigid forests of New Zealand to the steamy jungles of the Amazon. Their morphology is just as diverse: their
faces can range from utterly adorable to absolutely grotesque. The smallest bat will sit comfortably in the palm of your
hand, while the largest bat may boast a wingspan as wide as your outstretched arms. Regardless of where these bats are
from and what they feed on, each species of bat is a testimony to Nature’s adaptability at specializing in specific niches.

a

b

Figure 2. (a) Sample sonogram of the ultrasound (40–50 kHz) emitted by a Yellow House Bat (recorded and analysed by Chan Kwok
Wai). (b) A Yellow House Bat would typically be producing such ultrasounds when in flight. (Photo by Nick Baker).
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Figure 3. T. M. Leong (at left, with yellow boots) guides volunteers on the proper assembly and inspection of a harp trap in the field.
(Photo by Kelvin Lim).

Despite their unique adaptations, bats and humans share many common fundamentals, as both are mammals after all!
The production of milk by mammalian mothers to hydrate and nourish their newborn is a key characteristic. Lactating
female bats are no different (Figure 1).
For most humans, our locomotion at night is almost always assisted by a trustworthy light source. For bats, moonlight is
not always reliable since it waxes and wanes, or becomes obscured by cloud cover. Instead, they have their own built-in
navigation system of echolocation, whereby ultrasound is emitted from their modified snouts and the reflected waves
being detected by their finely tuned ears. These ultrasounds are mostly above the upper limit of our typical human
hearing frequency, which is around 20 kHz. Such short, closely spaced bursts of ultrasound are usually emitted in
pulses, and at different pulse rates. The characteristic of the ultrasound produced may also vary, depending on the
respective scenario (e.g., for overcoming obstacles, zooming in on insect prey, communicating with conspecifics, etc.).
A representative sonogram [graph of frequency (kHz) against time (msec)] produced by a Yellow House Bat
(Scotophilus kuhlii) may be previewed in Figure 2.
The reliance on ultrasound for locomotion and location of prey is particularly important for the insect-eating bats
(Microchiroptera). Night-flying insects, such as moths, are not necessarily easy to detect and devour. Over the course of
evolutionary time, many flying insects that can potentially perish in the jaws of a bat have developed various strategies
to avoid detection and evade attack. This eternal arms race between nocturnal predator and prey persists till this day,
and both hunter and hunted have many tricks up their sleeve to gain an edge over the other (Conner & Corcoran, 2012;
Barber & Kawahara, 2013).
While such aerial battles are being played out each night, few people are aware of the high speed and high frequency
pursuits unfolding in the great outdoors. Despite the ignorance of bats shared by many Singaporeans, our overall
understanding of their diversity and distribution has actually improved over the decades. The cumulative efforts of field
surveys and capture attempts over the past few decades have yielded exciting finds, yet also reveal to us which species
of bat are most vulnerable.
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Between the early and mid-1990’s, official surveys on the flora and fauna of the Central Nature Reserves were
commissioned by the National Parks Board (NParks). During this period, bats were studied through the use of bat
detectors, mist nets, and by observation and chance encounters (Teo & Rajathurai, 1997). Some of the most significant
species recorded during these surveys include: (1) the Dusky Fruit Bat, Penthetor lucasi from Bukit Timah Nature
Reserve, (2) Lesser Sheath-tailed Bat, Emballonura monticola from Bukit Timah Nature Reserve, and (3) Hollow-faced
Bat, Nycteris tragata from MacRitchie forest (Rifle Range sector). During these surveys, the harp trap was only used
sparingly, with limited results (Teo & Rajathurai, 1997).
With the completion of the 1990’s surveys and its culmination in published proceedings in 1997, there was little
continuity in obtaining additional field data until 2008, when another round of faunal surveys began, which lasted till
2011. This chapter was conducted under the auspices of NParks, with fervent participation by enthusiastic volunteers
and members of the Vertebrate Study Group (VSG), Nature Society, Singapore. This time, there was more emphasis on
the deployment of harp traps at strategic sites within the Central Nature Reserves (Figure 3).
Through the optimal deployment of a limited number of harp traps, there was successful capture of the forest bats that
utilised regular flight paths along established trails and streams. These species included (1) the Glossy Horseshoe Bat,
Rhinolophus lepidus, (2) Trefoil Horseshoe Bat, Rhinolophus trifoliatus, (3) Bicoloured Roundleaf Bat, Hipposideros
bicolor (a rediscovery, Figure 4), and (4) Hardwicke’s Wooly Bat, Kerivoula hardwickii (a new country record, Figure
5) (Leong & Lim, 2009).
Chance encounters with two species of pipistrelles (Javan – Pipistrellus javanicus and Narrow-winged – Pipistrellus
stenopterus) have also provided us with rare opportunities to document these species at close quarters (Chan et al.,
2009; Leong et al., 2010). Such bats are often high flyers of the open skies, which would be almost impossible to
capture with either mist nets or harp traps.

ECOLOGICAL ROLES
Throughout their range, all bats have become integral components of their respective ecosystems, regardless of the
habitat type. They perform multiple roles that guarantee continuity and help maintain balance for themselves and the
other organisms (plants or animals) they interact with. In the process, a broad spectrum of ecosystem services is
inevitably provided by bats, much to the benefit of humankind (Kunz et al., 2011). The following is a summary of how
bats contribute to the grand scheme of seemingly endless natural cycles:

(A) FLORAL POLLINATORS
Worldwide, more than 500 species (in 67 families) of angiosperm plants are pollinated by nectar-feeding bats (Fleming
et al., 2009). Compared with insects, pollination by bats is energetically more expensive and may be considered a
derived pollination mode from a phylogenetic perspective. Nevertheless, species of plants whose specialized flowers are
visited by bats can benefit twofold: (1) relatively large amounts of pollen are deposited, with a wider variety of pollen
genotypes on stigmas, and (2) pollen has a better chance of travelling over longer distances (Fleming et al., 2009). The
function of nectar feeding bats in highly fragmented tropical habitats is especially significant as they maintain genetic
continuity between isolated plant populations (Fleming et al., 2009).
In Singapore, the Cave Nectar Bat (Eonycteris spelaea) performs this duty by visiting the flowers of domesticated and
wild plants. This includes the banana (Figure 6) and Petai, Parkia speciosa (Figure 7). Also not to be ignored is the
Durian, Durio zibethinus, whose flowers are visited by Megachiroptera, including the Cave Nectar Bat (Fleming, 2009:
pg. 1020, Fig. 2C). The above-mentioned plants produce fruit or seed pods which are consumed in abundance within
Singapore and our neighbouring countries.

(B) SEED DISPERSORS
The diet of pteropodids (Old World fruit bats) includes fruit from at least 139 plant genera in 58 families; while in the
Neotropics, at least 549 plant species (191 genera, 62 families) are known to be bat dispersed (Kunz et al., 2011). Our
native frugivorous bats, notably the Common Fruit Bat (Cynopterus brachyotis) and Dusky Fruit Bat (Penthetor lucasi)
rely heavily on fruits as their primary food source (Baker & Lim, 2008). While mist-netting within the Nature Reserves
and along its peripheries, numerous Common Fruit Bats have been captured and processed, with small seeds being
consistently found within their faecal discharge. Close examination and comparison has shown that they often belong to
the common yellow stem fig, Ficus fistulosa, a widely distributed plant (Figure 8). Many other small to medium-sized
fruits from forest to coast are readily consumed by this bat. In comparison, the diet of the Dusky Fruit Bat tends to be
more confined to forest and forest edge plant species.
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Figure 4. An adult female Bicoloured Roundleaf Bat from Bukit Timah Nature Reserve. (Photo by Kelvin Lim).
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Figure 5. A female Hardwicke’s Wooly Bat from Upper Peirce Reservoir forest. (Photo by Leong Tzi Ming).

(C) INSECT PREDATORS
Of the approximately 1,232 known species of bats, more than two thirds are either obligate or facultative insectivores
(Kunz et al., 2011). From an agricultural perspective, insect-feeding bats have been recognised as effective agents in the
biological control of undesirable arthropods and harbour tremendous economic value through their suppression of crop
pests (Kunz et al., 2011; Boyles et al., 2013).
In Singapore, the vast majority of our native bats are insectivorous and occur from well forested to highly urbanised
environments. Although agricultural practices are not carried out on a large scale here, we are nevertheless faced with
insect pests, ranging from midges to mosquitoes. In both Pandan and Bedok Reservoirs, there have been mass
emergences of nuisance midges (family Chironomidae) on a number of occasions (Cranston et al., 2013), much to the
dismay and inconvenience of the people living and working in the vicinities. Mosquitoes, in particular Aedes aegypti,
has fast become a burgeoning health issue for our nation, with the rampant proliferation of breeding clusters and
associated dengue fever cases. Perhaps we should consider the possible involvement of insectivorous bats to join our
fight against these pesky dipterans, rather than being too hasty to spew out smoke with fogging machines? Of course,
we would have to first furnish them with suitable accommodation, in the form of potential roosts which they would
readily settle into.
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Figure 6. A Cave Nectar Bat perched comfortably on banana inflorescence. Note snout dusted with pollen. (Photo by Nick Baker).

Figure 7. Cave Nectar Bats are key pollinators of Petai flowers. (Photo by Nick Baker).
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Figure 8. A Common Fruit Bat flies off with a mouthful of yellow stem fig. (Photo by Chan Kwok Wai).

(D) HOSTS FOR ECTOPARASITES
Based on the bats captured in all our earlier field surveys, encounters with live ectoparasites have been relatively
frequent, as they may be easily observed scurrying around the fur of a bat’s body while being closely examined and
measured. Although there was little attempt to collect, curate and classify these parasites accurately, the fact remains
that bats are living hosts to very specialised creatures. Apart from mites and ticks (Acari), a group of highly evolved
batflies (in the families Streblidae and Nycteribiidae) have carved out a narrow niche for themselves to become entirely
dependent on bats for their life cycle. Many of these batflies have reduced/lost their wings and eyes, unable to fly or
see. However, their limbs are often elongated to facilitate secure grip and quick sprints around the body of bats.
The overall diversity and relative host-specificity of batflies in Singapore still remains poorly understood. But from
historical records at least, we know that Singapore is the type locality of the batfly species, Eucampsipoda penthetoris
Theodor, 1955 (family Nycteribiidae), whose species name refers to its host, Penthetor lucasi, the Dusky Fruit Bat
(Figure 9). Among our insectivorous bats, the Glossy Horseshoe Bat (Figure 10) has been found to have a relatively
heavy ectoparasite load. One of the plausible reasons for this is that the communally roosting species occurs in high
numbers within our Nature Reserves, thereby sustaining a stable population of the associated batflies.

(E) PREY TO OTHER PREDATORS
Of all the documented vertebrate predators of bats, snakes are probably one of the most well known. In Asia, for
example, the Cave Racer (Orthriophis taeniurus) has a renowned reputation for feeding on bats within their cave roosts.
In northern Peninsular Malaysia, the Ornate Tree Snake (Chrysopelea ornata) has been previously documented to
consume the Black-bearded Tomb Bat (Taphozus melanopogon) (Leong & Lim, 2003). In Singapore, the Paradise Tree
Snake (Chrysopelea paradisi) has been observed to be a determined predator of Bamboo Bats (Tylonycteris species)
(Figure 11). Another serpentine candidate for possible bat predator would be the Red-tailed Racer (Gonyosoma
oxycephalum). Individuals have been seen perched among bamboo clumps, as well as near the entrance to sub-terranean
caverns (Figure 12). Such strategic ambush points suggest that the snakes may be lying in wait for any bats emerging
from, or returning to their roosts. As snakes are endowed with a keen sense of smell, it would not be too difficult for
them to sniff out bat residences, as these sites are often distinguished by characteristic scents from the bats’
accumulated waste matter. However, various snake species may differ in their ability to see under low light conditions
and execute accurate strikes at their quick-flying quarry.
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Apart from snakes, some avian predators, such as the Bat Hawk (Macheiramphus alcinus), a few raptors, and many
Owls readily feed on bats on a regular basis. In Singapore, owl pellets retrieved from known owl roosts may be
investigated to identify which bat species have possibly been consumed, and how often.
Invertebrate predators of bats may seem less conspicuous, but should not be ignored entirely. Of these, spiders seem to
be most capable and fairly successful at snaring bat prey, with a recent summary of predation accounts by Nyffeler &
Knörnschild (2013). In their excellent compilation, they have found that bat-catching spiders mainly belong to the
families Theraphosidae, Nephilidae, Araneidae and Sparassidae. The vast majority of the bats captured by spiders were
small insectivores within the families Vespertilionidae (64%) and Emballonuridae (22%).

(F) PLANT NUTRIENT CONTRIBUTOR
Bat waste (also known as guano) is rich in nitrogen and phosphorus, and has been harvested in vast quantities from
caves to be used as natural fertilisers in agricultural practice (Kunz et al., 2011). Such practice, if carried out
sustainably, can continue to benefit human stakeholders for a prolonged period. At a smaller scale, other species which
may roost in much lower numbers in highly localised sites can also boost the nutrient availability for the plants in close
proximity to these bats. One such quaint example was recently revealed by Grafe et al. (2011) from studies in the
forests of Brunei Darussalam (Borneo). His team discovered that the Hardwicke’s Wooly Bats (Kerivoula hardwickii)
roosting inside aerial pitchers of Nepenthes rafflesina were responsible for contributing to approximately 30% gain in
total foliar nitrogen from the bats’ faeces.

Figure 9. The Dusky Fruit Bat is host to the batfly, Eucampsipoda penthetoris, first described as a new species from Singapore by
Theodor in 1955. (Photo by Leong Tzi Ming).
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Figure 10. A majority of Glossy Horseshoe Bats encountered in the Central Nature Reserves were found to be harbouring small
numbers of batflies each, which would be hiding or crawling amongst the fur, ears, or noseleaves. (Photo by Leong Tzi Ming).

SURVIVING IN SINGAPORE
The long term survival of bats in Singapore would seem to be a breeze for some species, but a struggle for others. A
combination of the following factors may help us assess the chances for each bat species with improved resolution.

(A) FOOD SECURITY
With the advancing wave of climate change terminology and catch phrases, the term ‘food security’ has been largely an
anthropocentric one, usually referring to the reliability or dependency on fluctuating crop production to feed human
mouths. Likewise, the same term may also be applied for bats, if they are to make a living in Singapore. In short, the
relative availability and abundance of existing food sources (flowers, fruits, insects) must be sufficient to sustain
resident populations. These food sources would naturally differ between the forest dependent bats and the more
‘urbanised’ bats. For forest bats that consume nectar and or fruit, they would depend on flowering and fruiting events on
various forest plants. However, the phenology of such events in the forest can be unpredictable and subject to influences
from the downstream effects of climate change (Jones & Rebelo, 2013). For other bats that live along the forest edge or
even in rural and urban habitats, they would have already targeted reliable food sources. One classic example is the
Common Fruit Bat, which has clearly taken advantage of the wide variety of fruit trees that are established in homes,
gardens and parks. Some of their favourite fruits include guava, mango, rambutan, soursop and chiku (Figure 13).
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Figure 11. A visibly hungry Paradise Tree Snake devours a Bamboo Bat that was lodged in the bamboo slit. (Photo by Chan Kwok
Wai).
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Figure 12. A Red-tailed Racer perches patiently near the entrance to an established roost of Glossy Horseshoe Bats in Bukit Timah
Nature Reserve. (Photo by Leong Tzi Ming).

Figure 13. The Common Fruit Bat is a connoisseur of ripened fruit, with a keen nose and palate for chiku. (Photo by Chan Kwok
Wai).
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Figure 14. A small family of Yellow House Bats comfortably nestled between concrete beams at Pasir Ris. (Photo by Chan Kwok
Wai).

Figure 15. A spacious culvert with a steady flow of clear freshwater is frequented by the Large-footed Myotis. In a more natural
setting, this may be perceived as a stream flowing through a limestone cave. (Photo by Chan Kwok Wai).
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Y

Figure 16. A small family of the Large-footed Myotis huddling together for warmth and security on the ceiling of a large culvert (as
in Figure 15). Note the pink, almost naked young (Y) on the right. Ectoparasites are also prevalent on the bats and along the ceiling.
(Photo by Chan Kwok Wai).

(B) ROOST AVAILABILITY
Bats are just like us, we all need a roof above our heads. Accommodation for bats can take on many forms: (a) branches
with overhanging leaves, (b) epiphytic ferns, (c) bamboo internodes, (d) rolled banana leaves, (e) palm leaves, (f)
pitcher plants, (g) rock walls – inclined or vertical, (h) tree cavities of various sizes, (i) rotten, hollowed out logs, (j)
caverns/caves of different depths and dimensions. In the absence of naturally occurring residential options, some bats
have adapted to man-made alternatives and learned to live in our concrete ‘jungle’ (Figures 14, 15, 16).
For our forest-specific bat species, finding an appropriate roost may be more difficult than it seems. For example, the
Naked Bulldog Bat (Cheiromeles torquatus, Figure 17) is known to be one of the largest and bulkiest of the
insectivorous bats (Leong et al., 2009). As such, it often requires a fairly steep and straight drop-off perch from which
to launch itself whenever it takes flight. Hence, potential roosts may include sheer rock faces or tall trees with cavities
located at a sufficient height. The continued survival of mature and old trees within our forests would thus provide
better roosting options for this enigmatic bat species.

(C) GENETIC DIVERSITY
The question of genetic diversity or heterogeneity is inadvertently linked to the population size of any species. In a
relatively abundant species, such as the Common Fruit Bat or Glossy Horseshoe Bat, we can be almost certain that there
is a substantial and healthy gene pool of both species locally. There should be no immediate cause for concern with
regards to their continued survival. However, certain bats, especially the isolated species which occur in critically low
numbers may suffer from low genetic diversity and perhaps inbreeding depression. Some of these species may just be
on the brink of population viability, tethering on the point of no return. With this in mind, we turn our attention two bat
species in particular: the Lesser Sheath-tailed Bat, Emballonura monticola and the Hollow-faced Bat, Nycteris tragata.
Although both species were discovered during the 1990’s Nature Reserves surveys (Teo & Rajathurai, 1997), we have
been unable to find any trace of them in the recent surveys of 2008–2011. This is indeed a worrying trend, although we
still harbour hopes that these species may still exist in the remotest corners of our central forests. Another species which
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we should pay careful attention to would be the Malayan False Vampire, Megaderma spasma, which has been recorded
from the northeastern islands of Pulau Ubin and Pulau Tekong (Baker & Lim, 2008). Their colony size is often small
and there have not been any records from mainland Singapore thus far. It is an attractive bat which we should not take
for granted easily.

(D) HUMAN PERCEPTIONS
In Chinese culture and traditional belief, the bat motif has been interpreted as a symbol of good fortune and prosperity,
and is regularly featured in plates, bowls, spoons, chopsticks, carvings, embroidery, etc. This is because the Chinese
pronunciation for bat – ‘Fu’, is similar to that for fortune. In recent Western culture, the bat has been often depicted as a
sinister, blood-sucking creature that is often featured during the Halloween season. For some residents in Singapore,
real bats roosting in their homes or balconies are often unwelcome. Such bats would predominantly be the Common
Fruit Bat, which tend to discard uneaten fruit fragments and defecate liberally. For other Singapore residents who are
enthusiastic about nature, they might resort to great lengths to look for and understand as many bat species as they can
possibly find. With such a diversity of attitudes, responses and reactions towards bats, it can be a challenging task to
persuade people that our native bats deserve to stay.

Figure 17. The Naked Bulldog Bat backs up upon the tree to attain a minimal height above ground prior to launching itself. (Photo by
Leong Tzi Ming).
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CONSERVATION STRATEGIES
To ensure a brighter future for bats in Singapore, concerted efforts have to be made to shed more light on them by
opening peoples’ eyes and clarifying misconceptions. Through a combination of the following approaches, we can
make progress towards effective conservation of bats in our country.

(A) ENHANCING PUBLIC APPRECIATION
Bats must be one of the most misunderstood and underappreciated members of the animal kingdom. Thanks to their
nocturnal way of life and ultrasound production, people hardly see or hear them at all. Negative stereotypes and
attitudes towards bats are not easily reversed. It does not help that press reports on bats often paint them in bad light,
exaggerating their disease spreading dangers (e.g., Chang, 2013), or extent of fruit crop damage. Never has there been a
better time to tell the world that bats can indeed be truly adorable, if not likeable, warm-blooded beings. And so, 20112012 was officially declared as ‘Year of the Bat’ (Figure 18), a global species awareness initiative undertaken by the
UNEP Convention on the Conservation of Migratory Species of Wild Animals (CMS) and the Agreement on the
Conservation of Populations of European Bats (EUROBATS) (see: www.yearofthebat.org for more details).

Figure 18. Official logo for Year of the Bat.

During the course of this campaign, a wide range of activities and talks were organised all over the world in a common
cause to celebrate and help conserve a group of creatures that may not exactly possess the charms of a panda. Riding on
the momentum of this global awareness drive, a poem on bats was composed by T. M. Leong and featured in an article
on bats (Leong, 2011; see Appendix for poem). Above and beyond such large scale campaigns, nature groups in
Singapore (such as Cicada Tree Eco Place, CTEP) have also conducted guided walks for children around dusk to
showcase the ‘magic hour’ when bats begin to appear after sundown. With the use of bat detectors, children (along with
accompanying parents) have been able to better comprehend the survival skills of bats.
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(B) MONITORING AND RESEARCH INITIATIVES
The benefits of long term research on resident bat populations cannot be overstated. In Malaysia, for example, dedicated
monitoring of forest bats in selected field study sites have progressively revealed the relative vulnerabilities faced by
different bat species occupying various niches and microhabitats (Kingston, 2013). Apart from forest specific species,
other more common and relatively widespread species harbour abundant potential in the study of other aspects, such as
social structure, reproductive behaviour, overall fecundity, parasite load, intra-specific competition, roost choice, food
choice, mate choice, etc. A suitable candidate would clearly be the Common Fruit Bat (Figure 19), which may be
encountered in easily accessible roosts throughout the island. Thus far, repeated observations of the characteristic
mating behaviour in a closely related species, the Short-nosed Fruit Bat (Cynopterus sphinx) has revealed rather
intimate and intricate details in their reproductive biology (Tan et al., 2009). Naturally, we would be curious to know if
such behavioural parallels are also mirrored in the Common Fruit Bat (Cynopterus brachyotis)?

Figure 19. A dominant male Common Fruit Bat ‘flexing his muscles’ and watching authoritatively over his harem in their secure
roost beneath an epiphytic Bird’s Nest Fern. (Photo by Nick Baker).

From the bioacoustic perspective, we have much to learn in terms of reliable recognition of bat calls to the species level,
as well as being aware of the intra-specific fluctuations of frequency and call structure. The acquisition of appropriate
hardware and software tuned towards high frequencies has been instrumental in field recording and subsequent analyses
of various species (Figure 20). Working towards a comprehensive ultrasound library will serve to be an important
resource for species identification and cross comparisons.
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Figure 20. Representative sonogram of Pouched Tomb Bat ultrasound (20–30 kHz) emitted while cruising (a) and
hunting (b). (Recorded and analysed by Chan Kwok Wai).

(C) OPTIMISING BAT ROOSTS AND HORTICULTURAL CHOICES
Despite Singapore’s high density of built-up areas, it is always refreshing and heartening to hear of news that there are
bats in the city, and next to Orchard Road for that matter! In September 2012, there was a report of a small colony of
Pouched Tomb Bats (Saccolaimus saccolaimus) roosting on the 15th storey of the Forum Galleria Office building
(Augustine, 2012). Upon visiting this site, T. M. Leong realised that the external façade of the building was covered
with a mosaic of rough tiles, replicating the look and feel of a rather natural rock wall, perfectly ideal for bats to grip
onto. Obviously, the choice of wall tiles was not intended for the purpose of bats to cling and climb, but we have much
to learn from this, in terms of surface suitability or preference by certain bat species.
If the up-and-coming concept of ‘urban ecology’ is to be applied and bats are encouraged to take roost in buildings, then
multiple trials on building design and materials have to be conducted to select the most conducive combinations that
bats will find ‘attractive’.
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Throughout Singapore’s extensive network of expressways and flyovers that criss-cross the island, a few locations have
been ‘selected’ by bats to become their long term ‘home’. One such site has been the permanent roost for a large colony
of Cave Nectar Bats (Figure 21) that numbers in the hundreds, if not thousands. It is always a delight to admire the bats
at this place, as it is a constant hive of activity, with many members squeaking and fluttering about. The close proximity
of this roost to the Central Nature Reserve is probably one of the primary reasons for the choice of residence, as the
adjacent forests clearly provides for their dietary needs. Despite the incessant noise and vibrations from heavy overhead
traffic, this colony has persisted till this day and we should ensure that it remains so for a long time to come.

Figure 21. Close-up of a stable colony of Cave Nectar Bats which have been roosting under a major expressway. (Photo by Chan
Kwok Wai).

As Singaporeans, this single example of a relatively large bat colony roosting under a major road is indeed something
we can be proud of. However, in America, there are multiple examples of similar roosting scenarios across the country
(Keeley & Tuttle, 1999). More often than not, the roosting bats are embraced, not abhorred. Tremendous effort and
detail is devoted to various bridges in order to make the available gaps and spaces more conducive and even
comfortable for the bat residents. Such compassion for these bats and attention to detail serve as shining examples for
us to follow.
Amidst the fertile landscaping and horticultural scene in Singapore, we are well equipped to design green spaces that
both man and bat can equally enjoy. All that is needed is a fundamental understanding of the local bat diversity and
their respective plant roost preferences. For example, Common Fruit Bats will readily take up home amidst the broad
and durable leaves of fan palms (e.g., Livistona species) for weeks or even months as they are sheltered from the
elements (Figure 22). The Whiskered Myotis (Myotis muricola) consistently seeks out safe refuge at the base of erect,
young leaves of bananas (Figure 23). As their name implies, Bamboo Bats (Tylonycteris species) will only reside in the
internode spaces of bamboos (Figure 24). However, not all types of bamboos are lived in and they will avoid the
excessively skinny and the extremely large bamboo species.
In order to attract nectar-drinking and fruit-eating bats to green spaces, appropriate plant species that produce suitable
flowers and fruits should be planted (or transplanted) as early as possible, since some of these species require a long
time to attain maturity.
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Figure 22. The broad and stiff fronds of fan palms serve as a welcome retreat for Common Fruit Bats, as they faithfully provide
shade from the sun and shelter from rain. (Photo by Chan Kwok Wai).
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Figure 23. The transient nature of unfurling young banana leaves has driven the Whiskered Myotis to lead a nomadic lifestyle, as
they regularly search for leaf rolls at the optimum growth phase with the most ‘liveable’ dimensions. (Photo by Chan Kwok Wai).

Figure 24. Bamboo bats enter and exit their internodal homes via an impossibly narrow slit. (Photo by Chan Kwok Wai).
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(D) CAPTIVE BREEDING AND RE-INTRODUCTION
The concept of captive breeding is an ex-situ conservation approach which should only be considered as a last resort,
when a particular species has been driven to the critical point of possible extinction in its original habitat (or what
remains of it). Without a doubt, captive breeding efforts have proven to be a worthwhile attempt for many species, from
birds to mammals, from frogs to reptiles. In the case of bats, there have also been some success stories (e.g., the
critically endangered Rodrigues Fruit Bat, Pteropus rodricensis).
For Singapore, a possible bat candidate for captive breeding and re-introduction trials would be the Large Flying Fox
(Pteropus vampyrus), which is merely a seasonal visitor or occasional wanderer to our forests in search of forest flowers
and fruit. There are virtually no permanent roosts of this unmistakable bat in Singapore, as they would have been
systematically depleted as a result of hunting and habitat loss many decades ago. Even in Peninsular Malaysia, large
colonies of this impressive bat have become a rare sight. However, as a consolation, we are certain that its slightly
smaller relative, the Island Flying Fox (Pteropus hypomelanus) still thrives in offshore islands around the South China
Sea, such as Pulau Tioman (Figure 25). This species is no less spectacular and personal encounters with the colonies are
always a sight, sound and smell to behold! If only Pteropus vampyrus can return to its former glory and colony sizes –
that day would be a victorious one for conservation and bats.

Figure 25. A colony of Island Flying Foxes roosting among the treetops in Pulau Tioman. (Photo by Leong Tzi Ming).
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APPENDIX
An original version of a poem inspired by bats and composed by T. M. Leong, which first featured in Leong (2011).

Furry Fliers of the Night
Who are the furry fliers of the night?
Flying over forests, fields and city lights
Awakening from slumber in the evening hours
Just leaving their homes as we return to ours
Bursting with speed as their wings keep on flapping
While our long day at work has been energy sapping
Sunset triggers their rhythm to rise and shine
But for us it’s a time to simply relax and recline
Soaring throughout the night for insects, flowers or fruits
Ecological roles are played out in their nocturnal pursuits
Aerial acrobatics in the dark are not for the faint-hearted
But with echolocation skills they can navigate blind-folded
Elastic wing membranes are stretched over slender, delicate fingers
They also guard against wind and rain to keep away the shivers
If you come face to face and try to look them in the eye
You just might realize that they’re mammals like you and I
Born with fur and raised on milk, their blood is always warm
They may fly around on their very own, or move as a massive swarm
So, who are these furry fliers of the night?
Often staying out of mind and out of sight
Spare a moment to learn about our magical, marvelous bats
Discovering their secrets while also protecting their habitats
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