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Bat-plant chemical signaling as a boon for conservation of endemic
fora of Southern Western Ghats, India.
A case study with Latidens salimalii

Juliet Vanitharani

Bat Research Laboratory, Advanced Zoology and Biotechnology Department and
Research Centre, Sarah Tucker College (Autonomous) Tirunelveli — 627007 Tamilnadu,
India, Email: jvanitharani@gmail.com

‘Bat-Plant interaction” through chemical signals is a phenomenon restricted
to the tropics. Being a ‘Hot Spot” Agasthiyamalai Biosphere Reserve, south-
ern Western Ghats provide a platform for this study. Curiosity about ‘What
the plants need from fruit bats and, what the fruit bats need from the plants’
provoked the present chemical analysis work. “Bat propagated seeds germi-
nate faster and have resistance against insect and microbial attack”. Chemical
stimulants present in the saliva and the liquid faecal samples of the fruit bats
induce quick germination and purge seed dormancy in chiropterophilous plant
species. This paper documents the study made on the endangered endemic fruit
bat Latidens salimalii and the dependent endangered plant species for propaga-
tion. Fruit bats are catholic in food selection. Each fruit bat species has its own
core plant species for dietary selection .The chemical signal analysis between
Bat-Plant interaction determine the inter dependence between these two groups
of living organism. Which in turn are very important for Conservation Manage-
ment Action Plan for forest restoration. Left out seeds, partially eaten fruits and
the germinated seedlings gathered from the foor of the feeding roosts have been
identifed. Mist netting below and above canopy near the fruiting and fowering
trees of bat’s foraging area during their activity confrmed their visits. Com-
puterized unit of GC-MS has proved their gut and the salivary composition.
Among the compounds, alkane ranks frst in the list with the combination of ali-
phatic compounds, and alcohols. Latidens salimalii is morphologically adapted
to play a major role in the propagation of the endemic plant species of Southern
Western Ghats of India. Their species specifc dietary preferences immensely
help to restore and bring back the natural forest community structures.

Propagation, chiropterophilous plants, Salim Ali’s fruit bat, seed dispersal,
conservation management
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Seed rain in the abandoned grassland of lowland rain forest
in Khao Pra Bang Kram Wildlife Sanctuary, Krabi, Thailand

**Tuanjit Sritongchuay and Sara Bumrungstri

Department of Biology, Faculty of Science, Prince of Songkla University, Hat Yai,
Songkhla, Thailand, 90112, Email: t.sritongchuay@gmail.com

There are several factors that limit the rate of forest recovery, which the major
one is lacking of seed dispersal. The mosaic habitat types (e.g., isolated tree,
shrub, open grassland) in the reforested area and distance from the forest edge
may result in the difference of seed rain abundance and diversity. In this study,
we determined whether the diversity and abundance of seed rain in different
mosaic habitats and distances from the forest edge from November 2009 to Oc-
tober 2010 in 20 ha grassland at Khoa Pra Bang Kram widelife sanctuary, which
is surrounded by the secondary forest planted with seedling of forest trees. We
set paired seed traps (night and day trap) in the different distances from the edge
under shrubs, trees, and in open grassland (n=30 in each micro-habiat). The
seed abundance and diversity between the each micro-habitat and distance from
the forest edge was analysed and discussed. The species and frequency of seed
dispersers at each site were observed. The result showed that there was signif-
cant effect of treatment (different micro-habitats) on seed rain number (Kruskal
wallis’ test, P< 0.001). Seed rain was highest under the shrub and following by
under tree and in open grassland. Distance from forest edge effect the number
of seed rains in all treatments (GLM, P <0.001). The main seed dispersers under
the shrubs and trees were birds e.g., Bulbul, fowerpecker, while bats play the
important role of seed disperser in open grassland. From this study, birds and
bats are the dominant seed dispersers, so planting mixture trees may attract more
seed dispersers to this area.

Seed dispersal, bats, birds, forest regeneration
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Using bat-detectors as a tool to assess bat populations in SE Asia

Arjan Boonman

Laboratory of Reproduction, Div. of Zoology [Museum Zoologicum Bogoriense], R.C.
for Biology Indonesian Institute of Sciences [LIPI, Jl. Raya Jakarta; Bogor Km. 46,
Cibinong 16911, Indonesia. School of Biological and Chemical Sciences, Queen Mary
University of London, London E1 4NS, UK, Email: arjan.boonman@gmx.net

Bat-detectors and acoustic identifcation tools are now widely used to map the
distribution and relative abundance of bats in Europe, north-America and Aus-
tralia. In the past two years | have been working to develop a similar method-
ology to be used in Indonesia. Using a time-expansion detector | have created
a large database of the echolocation calls of SE Asian bats. A large number of
bat species can currently be identifed by using acoustic methods only. I will
give examples of echolocation types used in Indonesia and differences between
species, also addressing the detectability of species. Finally, I will present an
overview of tentative distribution maps of a number of bat species in Indonesia
as well as a discription of their hunting behaviour.

Acoustic monitoring, echolocation, species’ distributions, call database,
Indonesia
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Bat conservation: past, present and future

Paul A. Racey

Centre for Ecology and Conservation, University of Exeter in Cornwall, UK,
Email: p.racey@abdn.ac.uk

I will present my personal view of what has been achieved to date in bat con-
servation worldwide and where the gaps lie. Bat conservation is strongly cor-
related with economic development; and with the development of civil society,
and half the world is still a conservation void so far as bats are concerned. The
most pressing need is for capacity bulding and I will review the opportunities for
achieving that, together with indicators of success and failure.

Capacity building, economic development, success indicators
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The recent extinction of the Christmas Island Pipistrelle: a harbin-
ger of doom for insectivores on other tropical islands?

Greg Richards*and Philip Stewart?

!Consultant, P.O. Box 9, Gungahlin, ACT 2912, Australia,
Email: batman3812@bigpond.com;
2Consultant, PO Box 322, Ceduna, SA 5690, Australia

The decline of the Christmas Island Pipistrelle (Pipistrellus murrayi) was moni-
tored from 1998 until its eventual extinction was declared in August 2009. A
number of explanations have been proffered, with introduced wolf snakes and
giant centipedes preying at roosts being considered, but especially the inva-
sive Yellow Crazy Ant being regarded as the major culprit. The Yellow Crazy
Ant lives in huge super-colonies containing many queens. It forages from its
ground nest throughout the rainforest, farming scale insects for their exudate in
the rainforest canopy. Excess exudate results in the formation of sooty mould,
which causes tree illness and dehiscence of leave, thereby opening the canopy.
The ant’s three-dimensional range gives it the capacity to encounter any prey
during its activity cycle, especially Pipistrelles in their tree roosts. However,
the linear (rather than exponential) decline alerted us to other means by which
the Yellow Crazy Ant may have been involved in the extinction. Experiments
with a passive bait, combined with insect light trapping, revealed an alarming
impact of the ants. Where ants were suppressed or eradicated with the benign
method, insect prey available quadrupled at some sites when compared with
nearby untreated areas. Suppression of ants increased the numbers and biomass
of fying insects, as well as the extent of sooty mould infestation, and allowed
canopy closure to return to normal levels. We concluded that the reduction of
insect prey available to Pipistrelles through Yellow Crazy Ant infestation ini-
tially suppressed breeding at the onset of the decline, and then lowered survival
of adults, eventually starving to death as they aged. Our conclusions have huge
implications for the future of other vertebrate insectivores on Christmas Island
but, worse, almost seal the fate for those on other tropical islands where this
voracious ant is present.

Pipistrellus murrayi, island conservation, Yellow Crazy Ant, invasive species
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The potential effects of environmental changes on the diversity and
distributions of Southeast Asian bats

**Alice C. Hughes!, Chutamas Satasook?, Pipat Soisook?, Paul J.J. Bates®, Sara
Bumrungsri?, and Gareth Jones®

!School of Biological Sciences, University of Bristol, Woodland Road, Bristol, BS8
1UG, UK, E-mail: ah3881@bristol.ac.uk; ? Department of Biology, Faculty of Science,
Prince of Songkla University, 15 Karnjanavanit Road, Hat Yai, Songkhla 90112,
Thailand, *Harrison Institute, Centre for Systematics and Biodiversity Research,
Bowerwood House, 15 St Botolph's Road, Sevenoaks, Kent, TN13 340, UK

This study determines maximum bat diversity areas and discusses appropriate
impact mitigation under future scenarios. We investigate relationships between
species richness and both forest fragment size, and human population density. The
effectiveness of National Parks in protecting species richness is examined, and
areas of high diversity in relation to deforestation explored. The study predicts
the effects of future climate and vegetation change scenarios on diversity and
species range size for 171 species. Spatial locations for each species were paired
with ecogeographic variables, and species habitat suitability determined using
Maxent. Future projections of species distributions under four IPPC scenarios
(decreasing severity from A2, AB, B1, B2) between 2000-2100 were made.

Diversity correlates positively with forest fragment size and negatively with
human population density. Under 45% of any diversity class fell within National
Parks, and 28.9% of parks were deforested between 1993-2006. High rates of
deforestation were found surrounding areas of highest diversity. We predict
decreases in diversity in all highly diverse areas at 2050 and 2080, using
bioclimatic scenarios (A2, B1). Decreased species richness was predicted under
all four scenarios at 2100 (A2, AB, B1, B2). At 2050 and 2080 all scenarios
predicted that 3 and 9% species respectively would lose all currently suitable
habitat, in 2100 between 5-10% of species are projected to lose this. When
overall species range is considered then 2-6% of species may have no suitable
habitat in 2050, and 2080, this rises to 4-8% in 2100. When considering
potential vegetation and climate changes, only 1% of species show no range
extent changes.

Current protection is ineffective, increasing human populations and decreasing
fragment size may decrease diversity further. Even species predicted to expand
ranges may be unable to reach new areas due to forest fragmentation. Unless
landscape connectivity increases then most species may decrease in range,
therefore increasing their extinction probability.

Distribution modelling, Maxent, anthropogenic change, climate change
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Responses of Southeast Asian bat diversity to contemporary and
future environmental change

Matthew J. Struebig

Durrell Institute of Conservation and Ecology, School of Anthropology and
Conservation, University of Kent, Canterbury, Kent, CT2 7NR, UK, Email._
M.J.Struebig@kent.ac.uk_; School of Biological and Chemical Sciences, Queen Mary
University of London, London, E1 4NS, UK

Global climate change and habitat loss have already caused species range
contractions and extinctions, yet, policy and funding increasingly target climate
research alone. With a network of collaborators in Indonesia, Malaysiaand Brunei
I am examining the relative impact of these threats on mammal diversity across
Borneo, Sumatra and the Malay peninsula. This region harbours incredible bat
diversity but is also a frontier of development, in particular, for the burgeoning
oil palm industry. Here I discuss progress in the frst phase of this research, in
which the contemporary geographic centres of bat diversity are being delineated
using overlays of species ranges derived by distribution modelling. I focus on
fruit bats and forest interior bats (Rhinolophidae, Hipposideridae, Kerivoulinae
and Murininae) using > 1800 species locality records for Borneo alone. These
records are being supplemented by new surveys in information-poor areas
where the responses of bat assemblages to habitat change are being monitored
as forests are cleared for oil palm plantations.

These data are being used to predict the spatial patterns of bat diversity
while accounting for quantifed responses of species to habitat loss. Results
for bats will be compared with those for primates and small carnivores, and
species maps will be shared with the conservation community via an online
geographic search tool hosted by Zoological Society of London. During phase 2,
distribution models will be repeated for future environmental change scenarios
that incorporate both rainforest loss and climate change. This will give us insight
into how mammal diversity will change over the long-term, and inform our
ability to mitigate biodiversity losses.

Distribution modelling, oil palm industry, Borneo, climate change,
anthropogenic change
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Plant-visiting bats in rubber plantations and agroforest systems in
North Sumatra

Pandam Nugroho Prasetyo?, Hesti Lestari Tata?®, Sephy Noerfahmy* and Insan
Taufk Nurhudaya?

!Biology Department, Faculty of Mathematics and Science, Jakarta State University,
Rawamangun, Jakarta, Indonesia; *World Agroforestry Centre (ICRAF) Southeast Asia
Regional office, jalan CIFOR, Sindang Barang Jero, Bogor 16680, Indonesia, Email:
h.tata@cgiar.org, *RD for Conservation and Forest Rehabilitation, Jalan Gunung Batu 5,
Bogor 16610, Indonesia

Rubber agroforest systems are an important part of the landscape mosaic in
North Sumatra. Rubber agroforests are established as a mixed system with
other trees, such as trees with edible parts, fodders, medicinal plants and tim-
ber. Plant-visiting bats play a role as pollinators and seed dispersal agents in
this ecosystem. In this study, fruit-eating bats were surveyed using protocols of
quick biodiversity survey in a rubber estate plantation and rubber agroforest in
North Sumatra. With a total effort of 1765.8 m? of mist-nets night area,we found
202 individual bats, comprising three families (Pteropodidae, Hipposideridae
and Rhinolophidae) and 11 species; 8 species were in the plant-visiting fam-
ily Pteropodidae, while the rest were in the insectivorous families Hipposideri-
dae and Rhinolophidae. The total density of bat species was dominated by the
family Pteropodidae, about 73%, with the remaining 27% being in the families
Rhinolophidae and Hipposideridae. The most common species was Cynopter-
us sphinx. The highest bat species richness was found in forest habitat in Aek
Tarum (H2; d=4.61) and young rubber Aek Tarum has the highest value for the
Shannon-Wiener diversity index. Very low bat species richness was found in old
rubber plantation Dolok Merangir (KT1). The rubber plantation and agroforest
can be a refuge area for bats while fying over to their natural habitat in the for-
ests. Some bat species, which are commonly found in forest, such as Chironax
melanocephalus and Penthetor lucasi. Some trees species that support bats can
be planted in the rubber plantation as enrichment tree species of the rubber plan-
tation. Nevertheless, natural vegetations in forests give substantial contribution
to bat species composition outside natural forests.

Fruit bats, pollinators, seed dispersals, anthropogenic land-use
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The impact of rubber plantations on the diversity and activity of
understorey insectivorous bats in southern Thailand

Phansamai Phommexay*?, Chutamas Satasook?, Paul Bates®, Malcolm Pearch®
and Sara Bumrungsri*

!Department of Biology, Faculty of Science, Prince of Songkla University, Hat
Yai,Songkla, Thailand 90112; *Faculty of Forest. National University of Laos, Vientiane,
Lao PDR, Email: phommexay@gmail.com, *Harrison Institute, Centre for Systematics

and Biodiversity Research, Bowerwood House, St. Botolph's Road, Sevenoaks, Kent,
TN13 34Q, United Kingdom.

Although a large proportion of tropical rain-forest in Southeast Asia has been re-
placed by rubber plantations, there is very little information about the impact of
such forest conversion on bat diversity. To address this defciency, trapping and
acoustic monitoring programmes were carried out in Ton Nga Chang and Khao
Ban That wildlife sanctuaries in southern Thailand with the purpose of com-
paring species diversity and activity of understorey insectivorous bats at sites
in forest and in nearby monoculture rubber plantations. Insect biomass in both
habitats was assessed. Bat species diversity and activity were found to be much
lower in rubber plantations than in forested areas and mean insect biomass was
determined to be more than twice as high in the latter habitat than in the former.
Bats utilising forest were shown to have signifcantly higher call frequencies
but marginally lower wing loadings and aspect ratios than bats found in both
habitats. Management strategies to increase biodiversity in rubber plantations
are discussed.

Acoustic monitoring, diversity surveys, insect biomass, tropical forest, wing
morphology
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Bats as indicators of High Conservation Value Areas
in West Kalimantan, Indonesian Borneo

**Sephy Noerfahmy?, Jito Sugardjito?, Andjar Rafastanto®, Tigga Kingston*
and Matthew Struebig®®

!Jurusan Konservasi, Program Studi Pasca Sarjana Biologi, Fakultas Matematika dan
1lmu Pengetahuan Alam, Universitas Indonesia, Email: noerfahmyitem@gmail.com.
Fauna & Flora International (FFI); *Indonesian Institute of Sciences (LIPI), Indone-

sia, SFauna and Flora International-Indonesia Program, *Department of Biological

Sciences, Texas Tech University, Lubbock TX 79409, Texas, USA, *Durrell Institute of

Conservation and Ecology, School of Anthropology and Conservation, University of

Kent, Canterbury, CT2 7NR, UK, 5School of Biological and Chemical Sciences, Queen

Mary University of London, E1 4NS, UK

The long-term conservation of Borneo’s rainforests is critical in terms of bio-
diversity importance, yet is undermined by failing management of protected
areas, and insuffcient consideration of the value of well-managed production
areas. The High Conservation Value approach (HCV) has been adopted by a
wide range of corporations and NGOs as a tool to identify the remaining biodi-
versity outside the conservation areas and it can support the conservation effort.
However, the accuracy of these assessments remains limited by time constraints,
insuffcient capacity, and an incomplete knowledge of species diversity, includ-
ing bats. Bats have been advocated as a promising indicator taxon for biodi-
versity evaluations because they combine high species richness with diverse
ecological requirements, provide critical ecosystem services, and are experienc-
ing dramatic declines throughout Southeast Asia. However, to examine that we
sampled the forest-dependent species with harp traps. We used 150 trap nights
or 200 individuals as minimum data in each site to facilitate comparisons among
forest habitats under various management types. Here we report the prelimi-
nary fndings of surveys of bats in logged lowland dipterocarp forests in Keta-
pang, candidate REDD sites in logged peat swamps in Danau sentarum buffer
zone and Sungai Puteri in Ketapang District, and protected areas in Bukit Baka
Bukit Raya National Park. The surveys were conducted as part of standard HCV
assessments in West Kalimantan, a relatively understudied region of Borneo,
on the cusp of extensive land-use change. We compare patterns of assemblage
structure and diversity as well as taxon-specifc HCVs (threatened, protected,
and/or endemic species), among habitats. Our preliminary results suggest that
peat swamps support lower bat abundance and species richness than lowland
dipterocarp sites. We then discuss implication of bat surveys for HCV assess-
ment and prioritization of conservation efforts in managed areas on Borneo.

HCV assessment, harp trap surveys, logged lowland Dipterocarp forest,
logged peat swamp
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Changing the face of farmer-wildlife conficts: the economic poten-
tial of bat-discarded coffee beans in southwestern Sumatra

**Joe Chun-Chia Huang?, Elly Rustiati Jazdzyk?, Meyner Nusalawo?®, Ibnu
Maryanto* and Tigga Kingston!

'Department of Biological Sciences, Texas Tech University, Lubbock Texas 79409,
USA, E-mail: chun-chia.huang@ttu.edu; *Biology Department, University of Lampung,
Bandar Lampung 35145, Indonesia, SWildlife Conservation Society-Indonesia Pro-
gram, Bogor 16151, Indonesia; *Museum Zoologicum Bogoriense, Indonesia Institute
of Sciences, Cibinong 16911, Indonesia

Bukit Barisan Selatan National Park (BBSNP), Sumatra, Indonesia, is one of
the most biologically diverse areas in the world, but is threatened by increasing
encroachment from coffee agriculture. Due to the impossibility of protecting all
pristine forest, a new paradigm suggests that diverse agroecosystems should be
included in conservation management plans as reservoirs of biodiversity and
biological corridors among protected areas. To implement this paradigm is chal-
lenging. One of the reasons is because habitat losses frequently bring farm-
ers into confict with wildlife, and their actions can compromise biodiversity
management. To include farmers as conservation partners, such conficts need
to be resolved, and the economic benefts of biodiversity realized. In 2010, we
interviewed local coffee farmers nearby BBSNP in Southwest Sumatra. Two
wildlife-processed coffee beans, including civet beans and bat-discarded beans,
were reported by farmers in two villages, Way Heni and Sumber Jaya. Both
the coffee beans were considered to be of better quality than regular beans by
local farmers. However, the market potentials of the new bat-associated coffee
product and the civet beans are not fully exploited. The goals of this project
will explore the potential gains to be had from marketing coffee beans that have
been processed by fruit bats and civets to offset the economic loss resulting from
coffee berry consumption by wildlife. I will carry out camera trapping, mist
netting, exclusion experiments, and interviews with farmers to evaluate the use
of coffee farms by wildlife, the income loss from consumption of coffee berries
by wildlife, farmers’ perception of wildlife, and the potential economic value of
wildlife-discarded coffee beans. My goal is to use the results to reduce human-
wildlife conficts by development of new value-added non-timber products.

Civet bean, farmers’ perceptions, Bukit Barisan Selatan National Park
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Status of Philippine cave bats

Nina Inglet, Armida Andres?, Rai Kristie Gomez®, Marlynn Mendoza?, Lisa
Marie Paguntalan®, Emmanuel Sambale®, Jodi Sedlock® and Dave Waldien’

'Wildlife Conservation Society of the Philippines, c/o Institute of Biology, University
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Resources, Ninoy Aquino Parks and Nature Center, Diliman, Quezon City, Philippines;
3Philippine Bat Conservation, Monfort Bat Cave and Conservation Park, Babak
District, Island Garden City of Samal, Davao del Norte, Philippines; *Philippine
Biodiversity Conservation Foundation, South Capitol Road, Bacolod City, Negros
Occidental 6100, Philippines; *Environmental Science for Social Change, Manila
Observatory, Loyola Heights, Quezon City, Philippines; ‘Lawrence University,
Appleton, WI 54911, USA, "Bat Conservation International, 500 N. Capital of Texas
Hwy., Bldg. 1, Suite 200, Austin, TX 78746, USA.

Caves are roosts for over 30 species of Philippine bats. Some caves that are bat
roosts are effectively managed, but many lack effective on-the-ground protection.
Observations and reports indicate that cave bats are under heavy threat, particularly
by collection for food, guano harvesting, and cave tourism. Information on the
population status, distribution, and threats to bats as well as the groups working
on the ground is needed for their most effective conservation. Bat Conservation
International and key Filipino partners organized a Philippine Cave Bat Workshop
in January 2011. Fifty biologists, cavers and staff of the Department of Environment
and Natural Resources from across the Philippines participated in this four-day
workshop on Philippine cave bats in the Island Garden City of Samal, Mindanao,
Philippines. Group discussions focused on threats to bats, management efforts, and
the format and content of the output cave bat status report. For most discussions,
participants were grouped by geographic area to promote teamwork for on-the-
ground collaborative conservation efforts. Participants entered their observations
on cave bats into a geospatial database using a web-based mapping application,
http://phcavebats.crowdmap.com/, which was developed for this purpose by
Environmental Science for Social Change. Data from over 70 roosts were entered
into the database during the workshop, and the total number of cave reports now
exceeds 200. Workshop participants agreed to collaborate on a comprehensive
national report on the status of the Philippine cave bats, showing the distribution
of reported bat caves, threats, and the management framework including key
stakeholders. Geographic specifc reports will also be generated to provide local
organizations a status assessment directly relevant to them. The initial results were
presented in April at the 11th National Caving Congress organized by the Philippine
Speleological Society, and at the 20th Philippine Biodiversity Symposium of the
Wildlife Conservation Society of the Philippines.

Cave assessment, geospatial databases, workshops, guano harvesting, hunting
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Primary survey of bat diversity, habitats and threats in VVangvieng
District, Vientiane Province, Laos

**Bounsavane Douangboubpha? ?, Phokham Latthachack®, Phetphoumin Pap-
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Between March and September 2010, bat species diversity was surveyed in 21
caves in Vangvieng District in Central Lao PDR. The habitat is comprised of
limestone outcrops surrounded by small patches of mixed deciduous and ever-
green forest. In seven caves no bats were found; in the remaining 14 the popula-
tion size was surprising small. However, it was observed that bats were sold in
two local markets and at a nearby tourist site. In total, 17 species were found, but
six of these were only observed in the markets. The number for sale was large,
especially of the fruit bat Rousettus amplexicuadatus and the small vespertilio-
nid bamboo bat Tylonycteris pachypus, with at least 100 individuals (combined)
for sale in the markets and more than 200 individuals being cooked in the tourist
area. It is concluded that major threats for bats in the area are not only the loss
of roosting and feeding habitats but also, very importantly, hunting for subsist-
ence and for sale as food. In addition, most of the caves have been disturbed by
tourists.

Cave surveys, hunting, bats in local markets, Rousettus, Tylonycteris
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Biodiversity of bats (Chiroptera) in Gunungsewu Karst Area,
Gunungkidul, Yogyakarta, Indonesia

**Edi Dwi Atmaja’ and Budi Dwisetiyani?

'Keluarga Mahasiswa Pecinta Alam Fakultas Biologi, Universitas Gajah
Mada Pemuda Pecinta Alam Gunungkidul, Yogyakarta, Indonesia, Email:
Edi2atmaja@gmail.com, *Research and Development, Pemuda Pecinta Alam
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Indonesia is a beautiful archipelago country. It has many habitat types and eco-
systems. The most interesting area is karst. Special characteristics, like a high
concentration of calcium, make karst areas a specifc and unique ecosystem. Gu-
nungsewu is the largest karst area in Indonesia. It has two kinds of ecosystems,
those are surface ecosystem of karst (eksokarst) and underground ecosystem
(endokarst). We can fnd many caves in karst. Over there, we can fnd lots of bats
that become the consideration for the area to be interested to study that is located
in Gunungsewu karst area in Gunungkidul, Yogyakarta, Indonesia. In this study,
we use observation and direct sampling methods. From the preliminary results
(research is still in progress), it is known that in Gunungsewu karst area live
28 species of bats, 23 insectivorous species, and fve species of Pteropodidae.
We fnd bats not only in caves, but also in the ground holes used by local people
to get water, forest, and garden. In some cases, we fnd it in the roof of house.
From the results, we can conclude that conservation in Karst of Gunungsewu is
badly needed.

Cave bats, endokarst, ektokarst, cave surveys
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Life history and conservation of the Formosan tailless leaf-nosed
bat in Taiwan

Yin-Ping Fang?, Jhih-An Yang?, Chai-Jun Weng? and His-Chi Cheng?®
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R.O.C.

The Formosan tailless leaf-nosed bat (Coelops frithii formosanus), an endemic
subspecies of Taiwan, is a rare and valuable species in Taiwan. According to
the Wildlife Conservation Law, it was listed as a protected species from 2008.
Because only a handful of ecological investigations were done before, the life
history and ecological requirements of the Formosan tailless leaf-nosed bat are
poorly known, hampering conservation efforts. We surveyed 34 caves during
2009-2010, and found nine caves used by the Formosan tailless leaf-nosed bat.
Five colonies were selected for monthly monitoring of colony size and com-
position. In addition, data loggers were set to record temperature and humidity
at seven caves used by the Formosan tailless leaf-nosed bat as roosts and two
caves which were never used at roosts. The Beinan B2 Cave supported the larg-
est colony (2080 individuals in the July peak), and had the most stable annual
temperature and humidity. Humidity was more variable at the caves without
Formosan tailless leaf-nosed bat. The colony size at Yonghe and Fengbin were
most variable, but Kenting was quite stable. Females gave birth from May to
June, and nursed the young from late May to August. In addition, we examined
the external characters of morphology based on additional samples, and sev-
eral characters exhibited sexual dimorphism. Based on our fndings, we strongly
suggest that caves supporting colonies of the Formosan tailless leaf-nosed bat be
protected from human disturbance.

Coelops frithii formosanus, cave monitoring, population dynamics, conser-
vation
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Application of a terresterial laser scanner to bat population surveys
in caves
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We present the use of a terresterial laser scanner as a non intrusive method to
measure populations of roosting bats in caves. This project utilises terresterial
laser scanning technology as a novel non-intrusive surveying method to calcu-
late the population of bats in a speleological environment (caves, subterranean
spaces and caverns). The laser scanning method uses a high energy laser that
eliminates the limitation of conventional visual and optical-mechanical meth-
ods that are constrained by light wavelength, time, light source and inaccurate
estimations during live or recorded visual count. Laser scanning offers great
advantages since the output of the survey is represented by a very dense point
cloud (2mm resolution) which has 360 degree coverage from the scanner. The
scan will yield the exact shape of cave morphology and the roosting bats. The
results from the laser scan show that the chiropteran presence is distinguishable
from the cave morphology. The output of the scans have adequate resolution
to allow bat feature extraction to be conducted, making the measurability of
the scanned data applicable for spatial analysis, statistical analysis and possible
species identifcation.

Cave surveys, species identifcation, LIDAR, feature extraction, spatial
analysis
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Are bats exceptional viral reservoirs, and how do we reconcile pub-
lic health and conservation?

Kevin J. Olival*, Jonathan H. Epstein?, Lin-Fa Wang?, Tiffany L. Bogich?,
Hume E. Field® and Peter Daszak*
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PO Bag 24, Geelong, Victoria 3220, Australia; *Queensland Centre for Emerging Infec-

tious Diseases, Department of Employment, Economic Development and Innovation,
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In recent years bats have received growing attention as reservoirs for emerging
infectious diseases (EIDs). Particularly, a number of high profle zoonotic virus-
es with signifcant human and animal morbidity and mortality have been linked
to bat reservoirs, including SARS, Ebola, Marburg, Hendra, and Nipah virus. In
this talk, we will take a critical look at the question “Are bats exceptional among
vertebrates in their ability to harbor and transmit viruses?” We will examine
and briefy discuss our analysis of four hypotheses: 1) Bats are reservoirs of a
disproportionate number of previously emerging diseases given their diversity
relative to that of other mammalian orders; 2) Bats are subject to a dispropor-
tionate amount of disease-related research; 3) Bat ecology and behavior make
the bat-human-virus relationship unique compared with other mammals; and 4)
Bats have a unique immune system and evolutionary history with viruses mak-
ing them better reservoirs compared to other mammals. We will conclude with
a discussion on how to reconcile public health studies in bats with conservation
research, and why it is necessary that we do so.

Conservation, emerging infectious diseases, public health, zoonoses
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Hunting of fying foxes and perception of disease risk in
Kalimantan, Indonesia

Mark E. Harrison'?, Susan M. Cheyne??, Fiteria Darma®*, Dwi Angan Ribowo?,
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Widespread hunting of fying foxes across Southeast Asia has generated
concern regarding population declines and the spread of emerging infectious
diseases (EIDs). To investigate the potential impacts of this trade, we conducted
questionnaires in 45 settlements across 11 population centres within Central
Kalimantan, Indonesia, a region previously identifed as a hunting hotspot.
Through combining results from 63 hunter and 88 vendor interviews, we
highlight two population centres (Palangka Raya and Buntok/Tamiang Layang)
with higher hunting rates than other areas, which likely act as fying fox trading
hubs. There was a perception of fying-fox population declines throughout
the province: declines in captures and sales were reported by 81% of hunters
and 60% of market vendors, who also reported availability as the key factor
underlying temporal variations in trade. Potential risk of zoonotic disease
transmission between bats, hunters and traders was evident: the vast majority of
respondents were unaware that fying foxes carry potentially fatal viruses, and so
few people protected themselves from physical contact. Moreover, both hunters
and vendors were frequently bitten and the majority of bites drew blood. Most
hunters (58%) also reported unintentional by-catches that included keystone
bird species and slow lorises. The scale of hunting over Central Kalimantan
represents a serious threat to the long-term viability of fying fox populations
(and potentially those of other species), and could have serious public health
implications. Reducing or eliminating hunting and trade would mitigate the risk
of disease transmission, while maintaining the economic and ecosystem benefts
that Fying foxes provide, in terms of pollination and seed dispersal.

Pteropus vampyrus, hunting, emerging infectious disease, wildlife trade,
Borneo.
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Speciation in the face of gene fow: a case study of Taiwanese bats
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Speciation without geographic isolation between populations is considered rare
because initial divergence between populations will be hindered by the homog-
enizing effects of on-going gene fow. However, potential cases of non-allopat-
ric speciation could provide valuable insights into how populations can diverge
without physical barriers. A major diffculty with proving non-allopatric diver-
gence is ruling out the historical separation of populations. It was recently sug-
gested that the co-existence of sister species (species that are each others’ closest
relative) restricted to a single small island would represent compelling evidence
of non-allopatric speciation; however, no such example has yet been discovered
in mammals. Here we report an unusual case of two sister species of tube nosed
bat that are endemic to Taiwan. To test for historical gene fow between these
species, as predicted under a scenario of non-allopatric speciation, we geno-
typed 250 bats at 12 polymorphic markers and applied new model-based ap-
proaches in statistical genetics. Preliminary results revealed past uni-directional
gene Tow, consistent with continuous range contact and thus non-allopatric di-
vergence. Our range-wide surveys showed that these species occur at different
but overlapping elevations, raising the possibility that speciation and a reduction
in gene fow might have been facilitated by adaptations for habitat type.

Isolation-with-migration model, Murina, sympatric speciation, Taiwan
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Historical male-mediated introgression in horseshoe bats revealed
by multi-locus DNA sequence and microsatellite data
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Instances of hybridization between mammalian taxa in the wild are rarely docu-
mented. To test for introgression between sibling species of horseshoe bat (RAi-
nolophus yunanensis and R. pearsoni) and two subspecies of the latter (R. p.
pearsoni and R. p. chinensis), we sequenced two mtDNA, fve ncDNA markers
and 13 microsatellite loci in individuals sampled from multiple localities within
their overlapping ranges. The interspecifc mtDNA gene tree corresponded to
the expected taxonomic divisions, however, these relationships strongly con-
Ficted with those recovered from Fve independent nuclear gene trees and micro-
satellite structuring, in which R. yunanensis clustered with R. p. pearsoni to the
exclusion of R. p. chinensis. This geographically widespread discordance is best
explained by large-scale historical introgression of ncDNA from R. yunanensis
to R. pearsoni by male-mediated exchange in mixed species colonies during
Pleistocene glacial periods, when ranges may have contracted and overlapped
more than at present. Further species tree-gene tree conficts were detected be-
tween R. p. pearsoni and R. p. chinensis, also indicating past and/or current
introgression in their overlapping regions. However, here the patterns point
to asymmetric historical mtDNA introgression. Additionally, contemporary
ncDNA introgression was also detected by microsatellite analysis in their cur-
rent overlapping regions. Our work highlights the importance of using multiple
datasets for reconstructing phylogeographic histories and resolving taxonomic
relationships.

Introgressive hybridization, Rhinolophus pearsoni, R. yunanensis,
speciation gene

25



e Second International South-East Asian Bat Conference
Bogor, 6-9 June 2011

Modelling the prey detection performance of Rhinonicteris aurantia
(Chiroptera: Hipposideridae) in different atmospheric conditions
discounts the notional role of relative humidity in adaptive evolution

Kyle Armstrong! and Kerry Leonard?
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We examined a recent notion that differences in echolocation call frequency
amongst geographic groups of constant frequency (CF)-emitting bats is the re-
sult of a trade-off between maximising prey detection range and enhancing prey
resolution in different atmospheric (relative humidity; RH) environments. Iso-
lated populations of the endemic Australian orange leaf-nosed bat Rhinonicteris
aurantia Were used as an example since geographic isolation in different envi-
ronments has been a precursor to differences in their characteristic echolocation
call frequencies (mean difference c. 6 kHz). The infuence of both atmospheric
temperature and RH on maximum prey detection range was explored through
newly-developed mathematical models that contain signifcant conceptual im-
provements compared to other recent approaches, and are widely applicable.
This revealed that temperature was of similar importance to relative humidity
and that under certain circumstances, each could reduce the effect of the other on
ultrasound attenuation rates. For a given set of atmospheric conditions, the prey
detection range (and prey detection volume) of R. aurantia was reduced slightly
when call frequency increased by 6 kHz, but an increase in RH, temperature or
both reduced detection range signifcantly. Spatial volume ratios were applied
to assess the impact of changed atmospheric conditions and prey size on forag-
ing ecology. Reductions in detection range associated with increases in RH and/
or temperature also varied in relation to the size (cross sectional area) of insect
prey. Modelling demonstrated that small (6 kHz) movements in call frequency
could not compensate for the changes in prey detection range and spatial detec-
tion volumes that result from signifcant changes in atmospheric temperature or
RH. The notion that differences in RH are the primary cause leading to adaptive
evolution and speciation in CF-emitting bats by precipitating intraspecifc dif-
ferences in the mean call frequency of geographically isolated bat populations
was not supported by the results of this case study.

Adaptation, call frequency, detection range and volume, echolocation, geo-
graphic variation,
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Estimating diversity: how many bat species are there?

Nancy B. Simmons and Andrea L. \Wetterer
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USA, Email: simmons@amnh.org

The last comprehensive list of chiropteran species was published in Mammal
Species of the World in 2005.This list included 1116 bat species and an ad-
ditional 934 subspecies. Although this diversity is impressive and bats com-
prise around 20% of extant mammalian species, many new species remain to
be discovered, and new analytical tools are increasing the pace of the discovery
process. In the last decade over 100 additional bat species have been recognized
based on combinations of genetic data (mostly mitochondrial gene sequences),
morphology, and echolocation call structure. Although some new species are
collected in the Feld and immediately recognized as new, many others are found
in museum drawers or studies of populations thought to belong to other nominal
taxa. Newly recognized species generally fall into two categories: (1) species
new to science that have never before been captured or recognized, or (2) spe-
cies previously thought to be subspecies or population variants but shown to be
distinct based on genetic data. In many cases, morphological examination of
populations found to be genetically distinct has confrmed that they are differ-
ent and best treated as distinct species. However, studies of nuclear genes have
shown that some instances of geographic partitioning detected using mitochon-
drial genes do not refect speciation, but rather mitochondrial lineage sorting
resulting from female philopatry. The majority of new taxa described recently
come from diverse and poorly-known tropical faunas and/or regions where wa-
ter barriers have made it diffcult to interpret patterns of morphological varia-
tion. Rather than decreasing gradually over time, the pace of discovery of new
species has remained relatively constant for most of the last 100 years, with a
burst of recent discoveries in the last decade.

Species diversity, new species
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Cambodian bat research: past and present
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The Cambodian bat fauna is poorly known. Forty-nine species are currently
documented in the peer-reviewed literature for the country, a fgure which lags
far behind that of neighbouring Thailand, Laos and Vietnam. We briefy review
previous studies in Cambodia and present the results of recent international
collaborative efforts to develop knowledge and in-country capacity for bat
research. Since 2005, our group has discovered fve bat species new to science
(Murina harrisoni, Kerivoula titania, Glischropus sp n. and two Murina spp.
n.), and published one new country record (K. kachinensis). Our latest Feld
surveys have revealed a further 13 new country records which await publication,
bringing the national total to 65 species. Discovery of additional unrecorded taxa
appears likely, particularly in the poorly studied northwest and southwest areas
of the country. Capacity-building activities have included establishment of a
zoological museum at the Royal University of Phnom Penh (the only collection
of its kind in Cambodia), training of undergraduate and postgraduate students in
bat research, and creation of the Cambodian Journal of Natural History, the Frst
peer-reviewed scientifc periodical in Cambodia. Viewed from both a research
and conservation perspective however, serious knowledge gaps remain and this
paper identifes a number of areas worthy of sustained attention.

Murina, Kerivoula, Glishropus, bat diversity surveys, museums
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Species diversity and distribution of bats in India
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The Indian bat fauna includes 8 families, 39 genera, 117 species and 100 subspe-
cies (Talmale and Pradhan 2009). Each of the states of India has its own pecu-
liarities of climate, topography, fora and fauna. Reviewing the bat fauna state-
wise and at the regional level, it is found that in India West Bengal state has the
highest number of bat species reported till date, which comprises about 54.72%
of the total bat species of India. The plains of the North India have 71 species of
insectivorous bats. Of the 14 species of the frugivorous bats of India, 50% are
reported from the North-East region as well as from the islands of India. Consid-
ering the area, Meghalay state of India has considerably high aggregation of bat
species. The Central and South-West region of India is the most explored area
for the study of bat species; about 779 localities are reported for 50 bat species.
This study helps to understand the preference of various bat species for the cli-
mate, topography and vegetation in India. This knowledge also gives the insight
to plan the conservation measures for this unique fauna of the world.

Insectivorous bats, frugivorous bats, states of India, regions of India,
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Diversity and distribution of bats in the arid subtropical and some
tropical regions of Pakistan
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We studied the diversity and distribution of bats in four sub-areas (SAs) located
in the arid subtropical (Margalla Hills National Park (MHNP = SA1)) and tropi-
cal (Chinji National Park (CNP = SA2), Lal Suhanra National Park (LSNP =
SA3) and central Punjab (CP = SA4)) regions of Pakistan. A total of 192 bats
belonging to twelve species, 7 genera and 4 families were recorded. Of these
nine (n = 72) were recorded from SA1 and adjacent areas, four from SA2 and
adjacent areas while six each were recorded from SA3 and SA4. The overall
bat diversity (H") in four subareas was 1.82 while it was 1.76, 1.08, 1.49 and
1.37 for SAL, SA2, SA3 and SA4, respectively. Pipistrellus tenuis (n = 2) was
recorded only from SA1, Rhinopoma hardwickii (n = 2) and Scotoecus pallidus
(n =2) from SA3 and Rhinolophus blassi (n = 3) from SA4 while Scotophilus
heathii was recorded (n =56) from all the four SAs. Taphozous perforatus, Sco-
tophilus kuhlii, Pipistrellus javanicus, P. tenuis, P. pistrellus and Hypsugo savii
showed an extension in their distribution range while Rhinopoma microphyllum,
Megaderma lyra, Hipposiderous fulvus and H. cineraceus were not recorded
during this study.

Abundance, diversity surveys, netting index, Pipistrellus spp., Scotophilus
spp.
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Comparison of zoogeography and number of species among rats
fruit bats and insectivorous bats on Indonesian Islands
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The numbers of rat, fruit bat, and insectivorous bat species were signifcant-
ly correlated with island size when fve major islands Irian, Borneo, Sumatra,
Sulawesi and Java were included in the analysis, and z area values were 0.22;
0.19 and, 0.26, respectively. When these islands were excluded, the correla-
tion between species richness and island size was signifcant in fruit bats and
insectivorous bats (R2=0.31, P 0.01) but not in rats. Z value declined to 0.07 in
rats, 0.14 in fruit bats and 0.19 in insectivorous bats. Zoogeographic boundaries
are shown. Wallace line seems to be a zoogeographic boundary for all of three
mammal groups; Bali and Lombok belong to the cluster of Lesser Sunda in rats
but not to the cluster of Greater Sunda in bats. Although Weber line also seems
to be a zoogeographic boundary for all of the three mammal groups, an effective
boundary lies between Sulawesi and Maluku in rats and insectivorous bats but
not between northern Maluku and Irian in fruit bats. The fauna of fruit bats in
Southern Maluku is more similar to those of Irian. Lydekker line seems to be
a boundary for only rats, though Biak, Owi and Yapen belong to the cluster of
Maluku. In addition to those boundaries, the present study found another bound-
ary for rats between Sumatra and western Sumatra islands (Mentawai Islands)
and between Lesser Sunda and Sulawesi to Southern Maluku for fruit and in-
sectivorous bats.

Zoogeography, bats, rats, Indonesia
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Heart of Borneo bats of the Sungai Ingei Protection Forest, and bat
biodiversity update in Brunei, Northwest Borneo
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Borneo is known to harbour about 100 species of bats, representing almost
half of the island’s mammal fauna. Only about half of Borneo’s inventory (46
species) was, up until recently, known to occur in Brunei. Brunei represents only
about 1% of Borneo but the small inventory is also explained by the restricted
geographical coverage in earlier surveys, and limitations of early sampling
methodology (more mist netting than harp trapping). Recent surveys have
been undertaken within the Brunei Heart of Borneo conservation area. These
included opportunistic mist-netting and intensive harp trapping in 2010 as part
of Phase 1 of the Sungai Ingei Forest Reserve Expedition, an area of undisturbed
forest contiguous with HOB land in neighboring Sarawak. To date, a total of 26
insectivorous and frugivorous species have been documented at Sungai Ingei,
representing one of the richest regional totals within Brunei. The Sungai Ingei
collection adds 3 taxa (Rhinolophus creaghi, R. philippinensis, R. acuminatus)
and possibly a new species of Kerivoula to the Brunei total which, together
with concurrent records for other high conservation value forested areas, adds
13 taxa, bringing Brunei’s inventory to 59 species. The trapping locations and
methodologies at Sungai Ingei resulted in a high representation of forest interior
bats, particularly of the families/sub-families Hipposideridae, Rhinolophidae
and Kerivoulinae. A species accumulation curve indicates that the inventory
for these forest guilds is approaching an asymptote. Comparative analysis
of insectivorous assemblages in Brunei show that ‘interior’ sites have higher
diversity than coastal fragmented forest. High trap rates for species known to
cave roost may indicate foraging in Sungei Ingei by large numbers from the
neighboring Mulu cave-dwelling populations, thus demonstrating an important
HOB link. Expansion of surveys to more effectively sample edge/open-space
insectivorous species would be expected to further boost the inventory of Brunei
bats.

Diversity surveys, harp trapping, tropical lowland rainforest
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Bat surveys of the Mekongga Mtn. Region in Southeastern Sulawesi
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We initiated mammal surveys in the Mekongga Mtn region of SE Sulawesi on
July 2009. Subsequent expeditions have surveyed the area along an altitudinal
gradient these ongoing surveys will culminate at 2500m. Our initial mammal
surveys in 2009, showed a high diversity of bats in this region. In 2010 a total
of 13 species (242 specimens) of bats were collected of which four species are
endemic to Sulawesi. These collections comprised four families and eleven gen-
era. In addition to museum collections, a total of 15 insectivorous bat species
were detected by using acoustic bat-detectors. These fndings show that a criti-
cal component of biodiversity surveys is the use of multiple detection methods.
We also may have collected a new species from the genus Thoopterus which is
undergoing some taxonomic changes. The new species was previously collected
from Sulawesi by Ibnu Maryanto who is using morphometric analysis to deter-
mine the species identifcation, our subsequent genetic analyses will assist in the
species determination. Another collection of interest is a documented species of
Nyctimene. This genus is widespread in New Guinea and adjacent Moluccas but
is locally rare on Sulawesi and specimens collected warrant closer examination.
We also collected numerous ectoparasites from bats; many of which may prove
interesting taxonomically and will provide a basis for investigation of the ecol-
ogy and associations between ectoparasites and volant mammals. We developed
species specifc models of detection to assess how estimates of detectability are
affected by external sources of variation such as time of year, survey effort and
habitat type. We incorporated these detection models into models of species
occupancy and diversity in order to calculate un-biased estimates of species oc-
cupancy and diversity. We found that species specifc detectability was highly
heterogeneous across species and if not accounted for may result in biased esti-
mates of occupancy, abundance and diversity.

Biodiversity surveys, acoustic inventories, Thoopterus, Nyctimene, ectopar-
asites
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Application of an acoustic lure to enhance surveys of forest bats
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It is diffcult to obtain a comprehensive indication of bat diversity during short-
term surveys of forested areas. Standard capture techniques tend to catch species
of certain guilds much more readily than those of others, and total diversity is
often estimated by extrapolation. Fieldwork at various sites in Europe and Japan
has shown that the use of an acoustic lure (the Autobat) can greatly increase both
the number of bats and diversity of species captured in temperate woodlands.
The Autobat has worked well for species that typically fy in the cluttered envi-
ronments of the forest understorey, but has also enabled us to lure species that
usually hunt in open skies or along edges. This approach also has great potential
for application in tropical rain forests, where the diversity of bat species is much
greater, and the habitat is much more complex, both in structure and in species
composition of the vegetation. | will summarise the results of previous work that
demonstrates the effectiveness of the lure in temperate forests of UK and Japan.
I will then discuss the potential for applying the technique in tropical forests and
plans to assess this potential experimentally.

Autobat, survey techniques, diversity estimates
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Roosting behaviour of nursing females in the Ussurian tube-nosed
bat Murina ussuriensis
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Murina (tube-nosed bats) consists of at least 22 species and is distributed from
mainland Asia to north eastern Australia. Despite its wide range and relatively
high species richness, the ecology and behaviour of most species are poorly
understood. Murina ussuriensis is distributed in north eastern Asia and is the
northernmost Murina species. In Japan they have been recorded in a variety of
roost types, including foliage, tree cavities, bark Faps, buildings, underground
sites and in accumulated snow. However, almost all records have been of non-
maternity roosts, and only two short reports based on incidental observations
have described roosting infants. In Yakushima, an island in southern Japan, we
successfully radio-tracked six lactating females and found various types of ma-
ternity roosts, which included vertically suspended clusters of dead leaves, tree
hollows and an exposed site under a branch. The bats changed their roosts every
day, and composition of the roosting groups also changed. Four maternity roosts
were Flmed using an infra-red video camera. The number of roosting individu-
als ranged from two (mother and infant) to 22 (nine mothers and 13 infants).
Mothers left the roosts about 15 minutes after sunset, and returned about 20
minutes later. On returning, the mothers few close to the roosts, often landing
on them and Fying off again. During these visits, there was frequent emission of
loud social calls of various types. Infants eventually few, or were carried by the
mothers, to unknown sites. Our results have shown an unusually high frequency
of roost-switching for a maternity colony of insectivorous bats, and also suggest
a Fssion-fusion grouping pattern.

Japan, maternity roost, roost switching, social call
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The high energetic and nutritional demands of pregnancy and lactation in bats
are presumed to require that species in seasonal habitats breed when food avail-
ability is greatest. Failure to match parturition with food availability could in-
cur individual ftness costs and, should mismatches occur repeatedly, lead to
population declines. In this study, we determine whether insectivorous bats syn-
chronize reproductive activity with insect availability, and if insect availability
correlates with local climate variables (temperature and rainfall). The study was
conducted in lowland dipterocarp forest around Kuala Lompat Research Sta-
tion at Krau Wildlife Reserve, Malaysia from February 2009 to January 2010.
A HOBO Automated Weather Station was used to monitor the temperature and
rainfall. Bats were trapped with four-bank harp traps in the forest understory
for fve nights each week, and once a month at a nearby cave. Females were
assigned to fve major reproductive categories by examination of the condition
of mammary glands, pubic nipples and abdominal palpation. Two light traps
were run simultaneously to the bat trapping in order to correlate the presence of
insects as its food source. The analysis is still in progress but initial results sug-
gest that insect abundance is infuenced by rainfall and that lactation is timed to
coincide with the period of maximum insect biomass. Thus it appears that Ma-
laysian insectivorous bats synchronize breeding with insect availability, which
is in turn determined by local climate seasonality. Our fndings are discussed in
context of climate change projections for Malaysia.

Reproductive pattern, external reproductive assessments, insect availabil-
ity, local climate variability
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The relationship between wing morphology and bite force in a
species-rich bat assemblage from Malaysia.
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Wing morphology has a clear relationship with ecological and behavioral traits
of bat species. In insectivorous bat assemblages, species can be divided into
ensembles based upon their wing morphology, which is believed to be molded
by the degree of vegetative clutter they encounter when foraging. Differences
within ensembles in these characters may further facilitate niche differentia-
tion. Furthermore, differences in food processing capabilities, particularly bite
force, may further mediate resource partitioning in species-rich assemblages.
Bats that bite harder tend to eat larger and harder prey. However, little is known
of the relationship between these partitioning dimensions in complex bat as-
semblages. Here we investigate the relationship between wing morphology and
bite force among 27 insectivorous bat species of six families from Krau Wildlife
Reserve (KWR), Malaysia. The fndings suggest that groups of bats share simi-
lar combinations of wing parameters and biting ability, and that bite force can
thus provide an additional niche axis by which complex bat assemblages can be
separated in ecomorphological space.

Ecomorphology, resource partitioning, insectivorous bats
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Tropical bat assemblages are among the most species-rich and trophically di-
verse vertebrate assemblages in the world. They are both a source of inspira-
tion for community ecologists, and, given the rapid loss of tropical habitats, a
cause for concern for conservation biologists. Confounding both research foci
are practical issues concerning the delineation of assemblages in both time and
space. Few studies have addressed the spatio-temporal variability of bat assem-
blages, particularly that within contiguous undisturbed habitats. In this study, we
used a standardized harp-trapping protocol to sample insectivorous bat assem-
blages at fve study sites within the contiguous, undisturbed lowland rainforest
of Krau Wildlife Reserve, Malaysia. The study sites were a minimum of 6 km
apart, and comprised trail networks of 14 km (one study site with an irregular
grid) and 22 km (four 1 km? study sites). Over a period of seven years, each as-
semblage was sampled four times. After standardization for weather, total trap
effort exceed 6600 harp-trap nights and generated over 16,000 captures of adults
of 31 species from six families. Estimated species richness varied little across
space and time, but spatio-temporal variability in the composition of the as-
semblages was pronounced, underpinned by complex and asynchronous interac-
tions at the species level. These fndings have important consequences for our
understanding of the processes determining assemblage structure, the design of
diversity surveys, and the conservation of species-rich assemblages in the face
of habitat disturbance and fragmentation.

Spatio-temporal variability, insectivorous bats, assemblage composition,
rainforest
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The intermediate roundleaf bat, Hipposideros larvatus, was traditionally
considered to be a widespread species occurring throughout south-east Asia
from eastern India to southern China and south through Indonesia. Several
recent studies, based on morphology, genetics and/or echolocation frequencies
have suggested this is actually a complex of species, but species limits in the
group are still uncertain. We analysed DNA barcodes (cytochrome Oxidase 1)
for ~100 specimens from China, Laos, Vietnam, Thailand, Myanmar, peninsular
Malaysia, Borneo, Sumatra and Java and found at least 10 distinct clusters of
MtDNA lineages. Most clusters were associated with distinct geographic areas,
but in some regions, 2 or 3 mtDNA lineages were found together. We also
examined skull morphology and echolocation from some of these specimens.
Three sympatric forms were found in central Laos differing in size, genetics and
echolocation frequency. One was much smaller than others and genetically very
different, clearly representing a distinct species. The other two are more similar
to each other (6% genetic difference) and ft within the size range of specimens
elsewhere in the region. Contrary to expectations, the form with the larger skull
and cochlear measurements had higher echolocation frequencies suggesting
that we cannot predict echolocation calls from measurements. Multiple lineages
were also detected in parts of Thailand and peninsular Malaysia, but were not
consistently associated with morphological or echolocation differences. We
could not compare the DNA sequences with recently published sequences from
NE India, as those involved a different gene. Further sampling, combining study
of morphology, echolocation calls and standardized genes (preferably DNA
barcodes as a standard), including from all known types or type localities, will
be required to sort out the number of species and appropriate nomenclature of
this group.

DNA barcodes, mtDNA lineages, geographical variation, cryptic diversity
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Hipposideros bicolor Temminck, 1834 is a member of the species group, which
encloses half of all named species in the genus Hipposideros, including rep-
resentatives from Africa and Madagascar across southern Asia to Japan, and
northern Australia. The taxonomy of H. bicolor is convoluted mainly due to
cryptic diversity within the bicolor species group that was further complicated
with poor description of the type specimen. Acoustic divergence has been hy-
pothesized as the major mode of diversifcation within hipposiderids. This study
investigates the taxonomy of H. bicolor and its allies, to uncover the diversity
and evolutionary relationship within this group. We examined the morphology,
acoustic and genetic differences within currently recognized H. bicolor and
some other morphologically similar species from Malaysia (Peninsular Malay-
sia and Borneo) and Indonesia (Sumatra and Java). We sequenced 1140 base
pairs (bp) of cytochrome-b (Cyt-b) and 509 bp of NADH dehydrogenase subu-
nit 2 (ND2) genes for H. ater, H. atrox, H. bicolor, H. cineraceus, H. doriae,
and H. dyacorum. Our analyses recovered three phylogroups within H. bicolor
(Kimura 2 parameter distance value [K2P] = 3-7%), three phylogroups within
H. ater (K2P = 8-17%), three phylogroups within H. cineraceus (K2P=5-7%)
and a single phylogroup for H. atrox, H. doriae and H. dyacorum respectively.
Discriminant function analysis of these specimens able to correctly classify all
H. bicolor clades at 79%, 3 clades within H. ater (two of these occur in Borneo
and one in Java) at 90-100%, H. atrox at 100%, all the H. cineraceus clades at
71%, H. doriae at 100%, and H. dyacorum at 100%. Echolocation call analysis
suggests that all the H. bicolor phylogroups echolocate at ~129-131 kHz. Herein
we discuss the taxonomic implication of the bicolor species group based on
multiple dataset that accounts for geographic variations and with reference to
the type descriptions.

Cryptic diversity, speciation, Sunda Shelf, taxonomy, echolocation call fre-
quencies
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Francis et al. (2010; PLoS ONE 5(9): e12575) showed that DNA barcodes
(sequences of cytochrome oxidase | or COIl) could be used to identify most
known Southeast Asian bat species, and also identify potential new species for
future taxonomic research. We obtained DNA barcodes for 142 new specimens
of ~58 species of bats predominantly from localities in Borneo (Kalimantan),
Sumatra and Java and compared them with reference sequences from ~3,000
bats elsewhere in south-east Asia available in the Barcodes of Life Database
(BoLD). These analyses allowed us to address several outstanding taxonomic
questions concerning species in the region, and suggested several areas for further
taxonomic study. For example, Aethalops aequalis from Borneo differed by
more than 15% from A. alecto ocypete from Java, supporting the distinctiveness
of these two species. N. tragata from Kalimantan were similar to those from
peninsular Malaysia, but differed by more than 10% from Nycteris javanica
from Java, again supporting separation of these two species. DNA barcodes
confrmed a few new distributional records including Kerivoula krauensis
from both Sumatra and Kalimantan. In several cases, large genetic differences
within putative species suggest areas for taxonomic research that may lead to
descriptions of new species. These include two genetic lines within Penthetor,
several different lineages all currently identifed as Hipposideros ater, and a new
species of Rhinolophus superfcially resembling a small R. fuctus but genetically
quite distinct. Francis et al. (2010) estimated that species richness in SE Asia
may be double that currently recognized. We urge all researchers working in
the region to assist with assembling a library of DNA barcodes, so that we can
rapidly sort out the taxonomy and better focus our efforts on conserving this
tremendous diversity.

Molecular techniques, cryptic diversity, Barcodes of Life Database, species
distributions
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To date, 88 species belonging to 18 genera in the Hipposideridae and 85 species
in the monogeneric Rhinolophidae are known worldwide. All rhinolophoid
bats have specialized noseleaf structures. Within Vietnam, approximately one
quarter of the bat fauna is comprised of rhinolophoids. Many historical records
of bats from Vietnam are misidentifcations however, and prior to this study,
no intensive study of the echolocation behaviour of Vietnamese rhinolophoids
had been undertaken. To determine the systematics and diversity of Vietnamese
rhinolophoid bats, we conducted Teld surveys from 2006 to 2009 at 22 localities
representing most major habitat types in the country. Specimens collected were
compared with voucher material in museum collections in China, England,
France, Germany, Hungary, and Vietnam. Genetic data were generated and
analysed. In this presentation, we provide (1) new data on the specialized
echolocation system of Coelops frithii; (2) resolve the mystery of a hipposiderid
genus, Paracoelops and its monotypic species, P. megalotis; (3) discuss the
previously ambiguous systematics of the Hipposideros turpis complex; (4)
illustrate some key features of a new species and a subspecies of Hipposideros
from Vietnam; (5) discuss a new species of Rhinolophus from China; and
(6) present a new discovery on the paradoxical morphology and echolocation
systems of rhinolophid bats belonging to the “philippinensis-group”. Additional
fndings from our study, comprising discoveries of new taxa and taxonomic
remarks, are also given.

Coelops, Hipposideros, Paracoelops, phylogenetics, Rhinolophus, taxonomy.
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Although Southeast Asia is already known as a hotspot for bat diversity, recent
research based on DNA barcodes suggests that the number of species currently
recognised may be a considerable underestimate. It would appear that endemism
is much more common than previously thought and many cryptic species have
yet to be described. This is especially the case if the faunas of the Indonesia
and Philippines archipelagos are included. Genetic data suggest that in some
genera the number of species may be twice that currently recognised. This view
is supported by a recent acceleration in the rate of new species descriptions
from the region. Understanding the complexity and diversity of species is
not simply an academic exercise - it has important implications in terms of
developing coherent and meaningful conservation initiatives. It is with this in
mind that the Harrison Institute, UK, together with colleagues from Cambodia,
Lao PDR, Myanmar, Thailand, and Vietnam, are currently implementing a
capacity building programme in taxonomy. Outputs of this programme include
the training of postgraduate students to PhD level, scientifc publications on bat
taxonomy, the description of seven bat species new to science, and numerous feld
surveys in mainland Southeast Asia. Initiatives also include the development of
a taxonomic training centre at the Prince of Songkla University in Thailand; a
new fve year programme relating to Southeast Asian bat diversity, distributions
and systematics in conjunction with Texas Tech University; and in January,
2011, the launch of a web-based Taxonomic Network to promote and facilitate
taxonomic research in Southeast Asia and throughout the Old World tropics.

Capacity building, Taxonomic Network, cryptic diversity
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Bats of the genus Murina are known to be abundant in Southeast Asia. The
genus has been traditionally divided to two species groups, the ‘cyclotis group’
and the ‘suilla group’. However, the species composition of each group is still
uncertain and varies between authors. Currently, at least 12 species of Murina
are reported from mainland Southeast Asia. Four of these were described in the
last fve years. The rapid discovery of new species of these forest-dependent
bats has resulted from a wider use of harp traps in tropical forests leading to a
greater number of museum specimens available for study. However, the current
number of recognised species still seems to be an underestimate and new spe-
cies, particularly cryptic species, are being described. For instance, one of the
most widely distributed species, M. cyclotis, which has been considered to have
three subspecies, is now regarded as a species complex and may comprise at
least three different species. Additional specimens from a preliminary study of
forest areas in Thailand also suggest the presence of a new cryptic species of M.
cyclotis. New locality data for some taxa show that the distributional ranges of
some Murina species have been greatly underestimated in the past. An intensive
study of the taxonomy of these bats, in parallel with their echolocation behav-
iour and biogeographic patterns, would be of particular interest.

Taxonomy, harp traps, cryptic diversity, forest-dependent bats
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Morphological analysis and molecular genetic inferred from partial cytochrome
b gene were used to examine the biogeography and variation of Myotis
muricola from the west and east of Wallace’s Line. This study revealed the high
morphological and genetic variation found within M. muricola. Morphologically,
this species clustered into three major groups, namely The Western group, East
Java group and Eastern group. On the other hand, specimens from Southeast
Sulawesi resemble the Western group. Within the Western group morphological
variation is separated into four subgroups based on the localities. Based on the
high genetic distance and the Genetic Species Concept (Baker and Bradley,
2006) it can be concluded that M. muricola \Western and M. muricola Eastern
should be two distinct species. Furthermore, two subgroups within M. muricola
Western, namely Sumatra-Asian and Bornean subgroups are recognised as
distinct subspecies The evidence from molecular data as well as morphological
variation indicated that M. muricola Eastern more closely resemble the ancestor
of the M. muricola species complex in the Malay Archipelago and diverged
into the western region during the early Pliocene (about 10.4 until 6.8 Mya).
Hypothetical dispersal routes of M. muricola had been drawn and are related
to the ancient river systems that produced gallery forest corridors and can be
considered as Pleistocene refuges. Based on the recent geographical condition,
in term of distribution of M. muricola, this study proposed three lines (Muricola’s
Line) as barrier of the distribution, namely, between East Java and the western
region, between East Java and Lesser Sunda and between Lesser Sunda and
Sulawesi.

Phylogeography, geographical morphological variation, mtDNA, Malay
Archipelago
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The recent eleventh hour effort to prevent the extinction of Pipistrellus murrayi
on Christmas Island needed to consider whether the taxon was indeed distinct at
the species level. An alternative view held it as a geographic subpopulation of
the widespread South East Asian ‘P, tenuis’. This island population was named
by Andrews (1900) but its taxonomic status had not been subject to an adequate
comparison with other Indo-Australian Pipistrellus and relatives. The taxo-
nomic history of Pipistrellus is extremely complex, with the genus serving as an
expansive taxonomic “catch-all” for many of the smaller nondescript members
of the Vespertilionidae, greatly complicating relevant taxonomic comparisons.
Detailed morphometric and molecular genetic comparisons were made from
specimens spread throughout several international museum collections. One
nuclear (RAG2) and two mitochondrial (cytochrome-b and cytochrome oxidase
1) markers were sequenced for representative Pipistrellus from South East Asia
and Australasia, and analysed using Bayesian and fast maximum likelihood phy-
logenetic methods. Ancient DNA methods were used to obtain sequence from
taxa where only museum vouchers were available. The taxon on Christmas
Island was clearly morphologically and genetically divergent from its closest
affliates in a group of “P. tenuis’ that comprises P. portensis, P. sewelanus and P,
tramatus, and is best regarded as a distinct species. Taxonomic assessments re-
quiring regional comparisons can be non-trivial, mainly because taxonomically
informative specimens are spread throughout international collections that have
differing levels of accessibility and often are not accompanied by material suited
for rapid molecular analysis. It would be prudent for conservation agencies
to anticipate the issue of taxonomic status of threatened fauna on a ‘regional’
basis and allocate resources to undertake critical work before the urgency of
conservation actions jeopardises the feasibility or scientifc rigour of required
taxonomic research.

Ancient DNA, extinction, systematics
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The insectivorous bat species are currently included in the Rhinolophus “rouxi-
group”: R. rouxi Temminck, 1835, originally described from Calcutta and
Pondicherry, India; R. sinicus Andersen, 1905, described from Anhui, China;
and, R. thomasi Andersen, 1905, frst described from the Karin Hills of south-
east Myanmar. Though voucher specimens have been collected from numerous
localities ranging from India through to east China and southwards to penin-
sular Thailand, the taxonomy of the three taxa remains unclear. This is histori-
cally due to external and craniodental similarities which render morphological
separations diffcult, though few acoustic and molecular studies have also been
undertaken to date. As a consequence, my research aims to clarify the distribu-
tion, variation and specifc boundaries of these taxa, with particular emphasis
on R. sinicus and R. thomasi. In addition to traditional forms of morphological
analysis on a range-wide series of specimens for each taxon, my research will
employ 3D morphometric techniques to analyse skull morphology, and acous-
tic techniques to determine variation in echolocation signals. Molecular data
will also be employed to assess patterns of genetic differentiation and variation
within the group.

Rhinolophus ‘rouxi- group’, taxonomy, echolocation, genetic
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Oil palm is one of the world’s most rapidly increasing crops, and covers over
13 million ha in Southeast Asia. Sumatra has a relatively long history of com-
mercial oil palm cultivation, and many plantations have replaced rain forest.
Typically these monoculture plantations support much fewer species than do
forest, however there is very little information available for bats. We sampled
insectivorous bats in West Sumatra in a mature oil palm plantation where some
forest cover was retained in forest fragments on hills and along rivers. Using a
total of 180 harp trap nights we compared the bat community in three habitat
types: forest patches, riparian zone and plantation area. In total we captured
1108 bats representing 21 species and 5 families, and the majority of these (in
terms of species and abundance) were found in forest fragments. Oil palm plan-
tation was found to be a poor habitat for bats — only two individuals of two spe-
cies were captured. Riparian areas supported intermediate diversity, and might
be important as wildlife corridors between forest fragments.

Diversity surveys, harp traps, disturbed habitats, fragmentation, Sumatra
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Knowledge and understanding of bat habitat preferences and the responses of
bats to forest management are critical for bat conservation and management.
In Southeast Asia, few studies have been conducted on bat habitat preference
because of high number of endangered species in this region. The objectives
of this study were to determine the diversity of bats in secondary forest and oil
palm plantation in Kerian River and to identify important factors infuencing bat
habitat preference for three overlapping species in both riparian habitats using
geographical information system (GIS). Bats sampling were conducted using
mist-netting for each riparian habitat. A total of 329 individuals of bats from 13
species representing 4 families were recorded. The netting efforts were equal
for both riparian habitats with 6720 total sampling nights. The secondary forest
comprised of 9 species, meanwhile oil palm plantation comprised of 7 species.
The most commonly caught bat in secondary forest was Cynopterus brachyotis
(n = 75), followed by Macroglossus minimus (n = 10), meanwhile in oil palm
plantation, the most commonly caught bats was Cynopterus brachyotis (n =
109), followed by Cynopterus horsfieldi (n = 76). The oil palm plantation shows
higher abundance and signifcantly different compared to secondary forest with
209 and 120 individuals respectively (Mann-Whitney U-test = 31.5, P < 0.05).
There were three overlapping species in both habitat types namely, Cynopterus
brachyotis, Cynopterus horsefieldi and Eonycteris spelaea. Habitat suitability
mapping was constructed to study the habitat preferences of these three overlap-
ping species. The distance of the sampling point from roads, rivers, agriculture
area, forest, development area and elevation factors were determine to study the
most important factors that may infuence the habitat preferences of these three
species using GIS. Forest managers should consider multiple measures of forest
fragmentation sensitivity before making any forest management decisions.

Oil palm plantations, Cynopterus, Macroglossus, GIS, IDRISI
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Diversity of insectivorous bats in new and old trails in primary
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Anthropogenic landscape change and habitat fragmentation may act to change
patterns of movement or feeding preferences in some animals, including insec-
tivorous bats. Logging of some trees to open new trails for research activities
can change the forest environment. This research was focused on feeding, roost-
ing and foraging preferences of bats in new trails and old trails in Way Canguk
BBSNP, Lampung. Bats were captured in harp traps set along the trails from
June - December 2008. Logistic regression analyses showed that forest foor
covering, understorey opening, and rotten trees were signifcant factors in dif-
ferentiating between new and old trails in this primary rainforest. New trails had
a higher diversity index for bats than old trails, but old trails had a higher Simp-
son index (C) than new trails. Hipposideros larvatus dominated both trail types,
but the Jaccard Similarity was 0.76. New trails also had a higher Evenness index
than old trails, and were dominated by adult and juvenile females.

Diversity surveys, harp traps, diversity indices
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In order to understand the relationship between bat fauna and environmental
factors (including weather and habitat factors) at small-scales, three study lo-
calities were selected at similar elevation (around 2,000 ~ 2,500m elevation)
in Alishan area and Lulin Mountain in central Taiwan. We investigated bat as-
semblages by using mist nets and harp traps, and measured some characters of
habitat structure and weather factors, such as tree structure, vegetation type and
temperature, from March to November in 2008. A total of 229 bat individuals
belonging to 15 bat species were captured. Bats showed different preferences for
distinct environments. In addition, there were different occurrence times among
bat genera indicating different seasonal activity patterns. Finally, we summarize
the correlations between bat assemblages and the environment in study locali-
ties. The bat fauna was signifcantly correlated to several environmental factors,
such as tree height and humidity.

Bat diversity patterns, activity patterns, environmental correlation, sea-
sonal variation
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dabam group of islands, Gulf of Mannar, Southeastern India
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There is very little or no basic information about the status and distribution of
insectivorous bats in the Island fauna of the Gulf of Mannar, Marine National
Park. These islands are very old, separated for a long time from the mainland,
and noted for endemic organisms. The littoral, mangrove, tidal swamp, dry
deciduous and scrubs insular forests hold a diversifed fauna and fora. An at-
tempt has been made to observe bats by using an ultrasonic detector (Pettersson
D240x) on three different islands (Rameswaram, Krusadai and Hare) in the Gulf
of Mannar. Each site was investigated for 2h at sunset. The highest activity and
species diversity was on the closest island to the mainland, Rameswaram, with
8 different bat species (three different Pipistrellus species, Scotophilus sp. and
four unidentifed bat species), followed by the Krusadai island with six different
bat species (three Pipistrellus. and three unidentifed bat species). The lowest
activity was recorded in Hare island, located far away from Rameswaram and
Krusadai. Overall, the dominant species were Pipistrellus spp. Furthermore, bat
activity and feeding buzzes were most intense close to the vegetation. In Indian
forests there is very little documentation of bat echolocation calls. There exists
no ‘bat-call library” or database from this region yet. Bat calls from same species
might be highly diverse depending on the region and the situation, along vegeta-
tion or open space. The study has identifed the roosting sites of Hipposideros
speoris, H.ater and Megaderma Iyra and enabled to gather a database for bat
calls from captured bats in this region.

Acoustic surveys, echolocation, call database, Pipistrellus, Hipposideros
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bats: a case study at caves in Gombong Karst Area, Kebumen,
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The existence of cave dwelling bats of karst areas need to be conserved, because
bats have important roles for the ecosystem inside the cave as well as outside
the cave. The objectives of this research were to determine the diversity of cave
dwelling bats; the physical factors which infuenced the community structure
of the bats, and the microclimate factors which infuenced the preference for
roosting places. This study was conducted from February 2009 to March 2010
in twelve caves in Gombong karst area, Kebumen, Central Java. The mapping
of the roosting place was carried out using HIKESPI’s method. Bats were sam-
pled at roost sites during the day. The physical and microclimate parameters
were measured under the bat roosts, three times in February, June and October
2009. The data was analyzed by ANOVA, Redundancy analysis (RDA) and ca-
nonical correspondence analysis (CCA). The result showed: 1) ffteen species
(eleven species of Microchiroptera and four species of Megachiroptera) indi-
cated known in this research. Eight of them are on the IUCN red list 3.1 version;
2) the length, height and width of the cave corridor infuenced the community
structure of the bats; 3) the microclimate factors which infuenced the preference
for roosting places were sound intensity, distance from the cave mouth, tempera-
ture, humidity and light intensity. Based on the factors mentioned, there were
fve groups of bats, each of which has specifc patterns of roosting preference.

Karst systems, microclimate variables, roosting site selection, HIKESPI
cave mapping method
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Mountain’s karst area of South Kalimantan
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Indonesia is a tropical country which has so much incredible biodiversity which
is supported by the varieties of natural landscapes. One of the varieties of natural
landscapes in Indonesia is karst areas which spread wide from the west-most to
the east-most islands of Indonesia. Karsts ecosystems have great diversity of an-
imals and plants inside and frequently support an endemic species. Consequent-
ly, karsts area are important parts of the Earth’s diversity.Up until now, the karst
areas have been considered as poor areas which cannot suppport the livelihoods
of people who live around them, providing only natural resources of group-C,
which tend to be easily destructed by mining activities and deforestation. This is
the case for the karst area of the Meratus Mountains, which covers three regen-
cies: Hulu Sungai Selatan, Tapin and Balangan. Thus, it is important to conduct
research in order to track the roles of bats both ecologically and socially. Based
on our research, we found 10 species of bats spread over the Meratus karst area.
According to the dispersal and their population, the species of Pteropodidae are
effective in seed dispersal and act as pollinators of plants with high economical
value, while the insectivorous bats are effective regulators of agricultural pests.

Borneo, cave-dependent bats, diversity surveys
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The fauna investigation of bats in selected caves in North West Iran
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To determine species diversity and distribution of Bats in Zanjan province in
NW of Iran, the frst comprehensive investigation on the bats fauna in this re-
gion from March 2008 to June 2009 were performed. Twenty-six caves, which
bats could be expected to occur were selected.60 specimens were collected from
24 locations. The specimens were identifed on the basis of morphological and
morphometric studies of the external, cranial and dental characters. The col-
lected bats are belonging to two families (Vespertilionidae and Rhinolophidae),
4 genera and 5 species. The identifcation was confrmed by Prof. Gabor Csorba
in the Hungarian Natural History Museum. Myotis blasii was reported for the
frst time from Zanjan province. Five species were reported as: Rhinolophus fer-
rumequinum, Rhinolophus blasii, Myotis blythii, Plecotus macrobullaris, Mini-
opterus schreibersii.

Diversity surveys, Zanjan, Rhinolophus, Myotis, Miniopterus
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This research contributed further to the existing evidence for pollinating bats
and the plants they pollinate especially in Bukit Barisan Selatan National Park
(BBSNP). All bats were caught by mist-nets and pollen samples were collected
from the fur and faecal pellet of bats. There are six pollinator bats in Way Can-
guk, BBSNP, Lampung which are Cynopterus brachyotis, C. sphinx, C. hors-
fieldi, Eonycteris spelaea, Macroglossus sobrinus, and Rousettus amplexicau-
datus. Seven chiropterophilous plant families were recorded from these bats.
It were come from Amaryllidaceae, Asteraceae, Bombacaceae, Datiscaceae,
Fabaceae, Sonneratiaceae, and Violaceae families. The discovery of pollen of
chiropterophilous plants in several fruit bats adds another information for pol-
lination phenomenon in Sumatra especially Way Canguk, Lampung.

Pollen analysis, Cynopterus, Eonycteris, Macroglossus, Rousettus
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As phytophagus bats, the Pteropodidae are specialized in nectar and pollen feed-
ing and ecologically take a role as pollinator and seed disperser in forests. There
are many ways to fnd out which plants are used as a food source, such as pol-
len analysis. In this case, pollen samples were collected from bats’ digestive
tract. Pteropodids specimens, lodged in the Research & Development Centre
for Biology-LIPI, were caught in Moti Island area and city of Ternate area in
Halmahera, Indonesia. There were fve bats species of Moti Island: Pteropus
Sp., Dobsonia viridis, Nyctimene albiventer, Rousettus amplexicaudatus, Mac-
roglossus minimus; and three species of Ternate city area: Dobsonia viridis,
Pteropus personatus, and Nyctimene albiventer.

Identifed plants as food source in Moti island were: 4 species (4 families) for
Pteropus sp., 7 species (7 families) for Dobsonia viridis, 25 species (15 families)
for Nyctimene albiventer, 6 species (6 families) for Rousettus amplexicaudatus
and 8 species (7 families) for Macroglossus minimus; meanwhile plants spe-
cies of Ternate city area were: 12 species (9 families) for Dobsonia viridis, 24
species (13 families) for Pteropus personatus, and 34 species (15 families) for
Nyctimene albiventer. Nephrolepis sp. (Polypodiaceae) have found in all Moti’s
specimens, but not in Ternate’s. Food preference at Ternate’s specimens were
Polypodium vulgare (Polypodiaceae). There were found Heliconia platystachys,
Begoniaceae sp 1, and Acacia mangium in both, Moti Island and Ternate City,
Dobsonia viridis specimens. Same food source also found in Nyctimene albi-
venter like Begoniaceae sp 1, Compositae, Acacia mangium, Ficus Dugandi,
Syzigium sp. and Lycopodium Sp.

Pollen analysis, Dobsonia, Pteropus, Nyctimene, Rousettus
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Indonesia’s karsts area wide spread over the westmost to eastmost of the country
and it’s actually segmented. The circumstance is supported by the infuence of
the surrounding and also the latitude and altitude, resulting avery karsts area
possess uniqueness and high variety within its biodiversity. Some same species
those are found in another area probably have different behaviors. One of them
is Nycteris javanica. The case in Tuban’s karsts area, this bat’s just only found
within two caves. The uniqueness actually shown that it consumes amblypy-
gids (whip spiders or tailless whip scorpions of the family Charontidae, that are
known from caves.

Nycteridae, Charontidae, dietary analysis, whip spiders, Amblypygi
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Understanding of the reproductive ecology and mating system of bats is im-
portant. In past studies, females of the greater horseshoe bat (Rhinolophus fer-
rumequinum) are known to visit males for mating in the autumn, and adult males
and females hibernate separately in the winter. After hibernation, females may
return to their natal maternity colonies for breeding and raising the young in the
summer. Molecular genetic analysis reveals that R. ferrumequinum adopts po-
lygynous mating system. The Formosan greater horseshoe bat (R. formosae) is
an endemic species in Taiwan. It is thought to be solitary, with little information
on maternity colonies. In addition, the mating system of the tropical bat R. for-
mosae may be different from that of the temperate bat R. ferrumequinum. In this
study, we try to investigate the mating system of the Formosan greater horseshoe
bat, and compare with other horseshoe bat species. R. formosae population was
captured at a cave-group in eastern Taiwan from 2008-2011. Most individuals
were banded with plastic split rings, and tissue punches from the wing were
taken for microsatellite analysis. We found that roost (cave) fdelity of females
was higher than that of males, although the number of females varied across
months and males were found all year. Parentage analysis revealed that two
male individuals each had offspring, with each offspring belonging to different
mothers. Moreover, two female individuals copulated with the same male two
years running. Based on the molecular and behavioral results, the mating system
of R. formosae is supposed to be a “year-round harems with less stable female
composition” model, and is different from R. ferrumequinum.

Roost fdelity, microsatellite analysis, harem systems, parentage analysis
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The change of male reproductive traits is one of the most striking and common
patterns in the evolutionary radiation of many sexual animals. In the context
of the biological species concept, the differentiation in male reproductive tract
among closely-related species is also known to be useful in taxonomic studies
on morphologically indistinguishable taxa. This study was conducted to seek
alternative characteristics to differentiate species-level boundaries within the
genus of Cynopterus based on male reproductive trait characters. Baculum, pe-
nile spine, and spermatozoa cells from seven Cynopterus species in Indonesia
were observed and described. The results showed that the baculum, penile spine,
and spermatozoa exhibit distinctive differences between species, in particular
the size and shape of the baculum. Of all characteristics, the baculum showed
the most distinct features in both shape and size and therefore proved to be the
most applicable, being the simplest technique that can be applied in taxonomical
studies of this genus in the lab.

Male reproductive characters, cryptic diversity, species identifcation
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Insectivorous bats are generally more diverse in rain forest than other biomes in
the tropics. Therefore, the magnitude of resources competition is expected to be
more severe when bat abundance is high. Among all studies on intra-specifc
competition of vertebrates, the question of competition between genders prob-
ably receives most attention. One of the most obvious changes between sexes in
vertebrates is the morphological differentiation in size across many taxa. Sexual
size dimorphism (SSD) is also found in many bat species and known to re-
late with resource use, reproductive strategy, behavior performance, physiology
requirements or geographic gradients. However, our knowledge of SSD pat-
terns and mechanisms in paleotropical bats is still limited. In this study, we aim
to measure the SSD patterns in a species-rich insectivorous bat assemblage in
Southeast Asia, and to explore how sample size affects signifcance degrees and
directions of SSD measures in species. Bats were trapped in Way Canguk forest
in Bukit Barisan Selatan National Park, Sumatra, Indonesia by harp-trapping
from July to August 2010. Forearm length, tibia length, and weight were meas-
ured. Totally 1,658 bats belonging to 18 species have been measured. The two
most abundant species were Hipposideros larvatus and Rhinolophus affinis. H.
larvatus showed female-biased and male-biased SSD for forearm length and
weight, respectively, but Rhinolophus. affinis did not show signifcant SSD for
any measurement. Additionally, H. cervinus, R. trifoliatus, Kerivoula papil-
losa, K. hardwickii and Murina cyclotis also showed potential female-biased
SSD despite their smaller sampling size in this study. Finally, by analyzing the
data of H. larvatus, we suggest that large set of samples is necessary to avoid
potential biases in the interpretations of SSD patterns. Future work will focus
on increasing sample size and including more measurements to clarify the SSD
pattern we found.

Sample size effects, Hipposideros larvatus, Rhinolophus affinis, morphology
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Based on 203 specimens of the pusillus group of the bat genus Rhinolophus
(Mammalia: Chiroptera: Rhinolophidae), univariate and multivariate morpho-
metric analyses with 19 characters were conducted to assess the confused spe-
cies taxonomy. The results revealed that R. pusillus (including calidus, parcus,
and szechuanus) in continental region and Hainan Island of China and R. cor-
nutus in Japan are morphologically divergent species. Rhinolophus cornutus
should be further split into R. cornutus (including orii) in main-islands of Japan
and the Amami Group of the central Ryukyu Archipelago; R. pumilus (includ-
ing miyakonis) in the Okinawa and Miyako Group of the central and southern
Ryukyus; R. perditus and R. imaizumii from Yaeyama Group in the southern
Ryukyus. Rhinolophus monoceros from Taiwan is morphologically similar to
species in Japan than to R. pusillus. In addition to R. pusillus, another species
similar to species in Japan was recognized from Langzhong in Sichuan Prov-
ince; and it may represent undescribed species and needs further examination
for taxonomic status. Specimens from Guang’an in Sichuan Province are also
different from the others and characterized with the smallest skull size. These
specimens were tentatively identifed with R. subbadius, and additional analyses
are required to be carried out.

Rhinolophus pusillus, R. cornutus, R. pumilus, taxonomy
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Comparative auditory physiology between CF-FM and FM bats
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Echolocating bats navigate and hunt insects by utilizing a biosonar system
which includes vocalization and auditory systems. Many parts of the bat’s audi-
tory system are specialized for encoding and analyzing echoes from targets (Pol-
lak and Casseday 1989, Covey 2005). By analyzing the temporal and spectral
cues of the echoes, bats can extract target information such as the size, shape,
and texture of a tiny insect (Altringham 1996). Therefore echolocating bats are
expected to be under selection to increase detection of signals. During echoloca-
tion, the calls emitted by different species of bat vary in frequency and temporal
patterns (Kossl et al. 1999). Different species of echolocating bats can be identi-
fed by their echolocation calls. Based on the frequency and temporal patterns
of the emitted calls, bats can be broadly divided into the constant frequency-
frequency modulated (CF-FM) and FM bats (Neuweiler 2003). Previous studies
showed that large numbers of auditory neurons in bats are tuned to their echo-
location calls (Wu and Jen 2010). However, most of those studies mainly dealt
with neurophysiological aspects of hearing without information on correlations
with the behavioral ecology of the bats. We have known that there is large differ-
ence in echolocation behavior and ecological habitat between CF-FM and FM
bats. In order to providing a possible auditory physiology to interpret the differ-
ence of echolocation behavior between CF-FM and FM bats, we are planning to
comparatively study central auditory physiology by using auditory brainstem re-
sponse (ABR). Also, we will comparatively study peripheral auditory anatomy
by using magnetic resonance imaging (MRI) and immunohistochemistry. Our
preliminary data showed that the cochlear size of CF-FM bats was larger than
those of FM bats. Moreover, the cochlear shape and structure are difference
between CF-FM and FM bats. In the future, we will observe the microstructure
in cochlear and analyze the auditory physiology response between CF-FM and
FM bats.

Echolocation signal design, auditory brainstem response, cochlear, mag-
netic resonance imaging, immunohistochemistry
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Keiko Osawa and Yushi Osawa
The Bat Study and Conservation Group of Japan; Email: fruitbat@mwc.biglobe.ne.jp

In Japan, the Ryukyu fying fox Pteropus dasymallus inhabits Kuchinoerabu
Island and the islands south of it. The species is classifed into four subspecies.
Another subspecies Pteropus d. formosus inhabits Green Island, Taiwan main
island and Orchid Island. Pteropus dasymallus also lives on the Batanes Islands
and the Babuyan Islands which are in the northernmost part of the Philippines.
Philippine population was identifed as Pteropus dasymallus based on the mor-
phology and it is not clear which subspecies it belongs to. The Philippine popu-
lation may possibly be the largest but details of their situation have not been
reported. We stayed on Batan Island in the Batanes Islands from March 24" to
31%in 2010 to investigate Pteropus dasymallus. \We show the coat color varia-
tion of Pteropus dasymallus in different areas.

Fruit bat, Ryukyu fying fox, subspecies, coat variation
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The need for a bat image library of Vietham

**Nguyen Truong Son

Institute of Ecology and Biological Resources, Vietnam Academy of Sciences and Tech-
nology, Vietnam, Email: soniebr@yahoo.com

The study of bats in Vietnam is increasingly receiving attention from both Viet-
namese and international scientists. Although 117 species of bats have been
recorded so far in Vietnam, it is believed that this fgure should be higher as
Vietnam is rich in biodiversity. However, the bat fauna of Vietnam faces many
threats, particularly from human activities, which might result in a decrease in
bat species. Many approaches must be implemented to prevent such a decrease
and to protect the bat fauna of Vietnam. Development of a bat image library
is one means by which the study of bats can be facilitated. Here I provide im-
ages of 50 bat species, including maps of their distribution. This library aims to
provide data for further research and conservation of Vietnam’s bats, as well as
materials for education and outreach campaigns.

Picture gallery, image data, outreach
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VertNet: Distributed databases with backbone

Carol Spencer?, Michelle Koo!, David Bloom?, Carla Cicero?, John Wiec-
zorek!, Rob Guralnick?, A. Town Peterson?, Laura Russell®, David Vieglais®,
Nelson Rios*, Hank Bart*, Linda Trueb® and Nancy Simmons®

!University of California, Berkeley CA 94720, USA, *University of Colorado, Boulder
CO 80302, USA, 3University of Kansas, Lawrence KS 66045, USA; *Tulane University,
New Orleans, LA 70118, USA; *American Museum of Natural History, New York NY
10024, USA, Email: simmons@amnh.org

Alarm over global climate change and loss of biodiversity has resulted in in-
ternational demand for quick, reliable access to data on species distributions.
Museums around the world house specimens from multiple countries, but col-
lections records are often diffcult to access. Responses to this need have led
to the development of MaNIS (Mammal Networked Information System) and
other distributed database networks (FishNet2, HerpNET, ORNIS), which to-
gether provide over 85 million records documenting where mammals and other
vertebrates occur. Together these networks, which operate under the umbrella
of VertNet (http://vertnet.org), include 174 collections from 12 countries, with
another 61 collections committed to participation, and are accessed at nearly
2.5 million records per week. Any researcher with access to the Internet can
search for records from any part of the world. Collectively, VertNet and its
component networks have demonstrated the effectiveness of community data
sharing and cooperative data management, and participation has far exceeded
expectations. The US National Science Foundation recently funded VertNet to
address growing problems of scalability, performance, sustainability, and abil-
ity to incorporate new members. VertNet will use cloud-based computing to
create a fast, cost-effective, and scalable data platform with novel capabilities
and applications for data discovery, data quality improvement, and visualiza-
tion. Its combination of open access to data, new capabilities, and integration
with other biodiversity applications will transform the use of vertebrate data for
cross-disciplinary research and conservation.

Collections, databases, biodiversity, museums
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The Australasian bat echolocation database

Kyle Armstrong? and Ken Aplin?

The South Australian Museum, North Terrace, Adelaide, 5000, South Australia, Email:
kyle.armstrong@graduate.uwa.edu.au; *Australian National Wildlife Collection,
CSIRO Sustainable Ecosystems, Canberra, ACT 2601, Australia

Acoustic-based surveys for bats have become an integral part of environmen-
tal assessments for development projects, predominantly because the recording
hardware, analysis software and computing power have all improved signif-
cantly in the last decade. The Australasian Bat Echolocation Database is being
developed currently for the Atlas of Living Australia by the Sound Archive at
the Australian National Wildlife Collection to house reference (linked to vouch-
er specimens), representative (identifed based on published and unpublished
resources without voucher collection) and anonymous (bulk data from a specifc
location) call recordings from bats in Australia, and its neighbours in Melanesia
and surrounds. The database will be able to accept a range of data formats, in-
cluding AnaBat, and other frequency division, time expansion and full spectrum
recordings. The database will exist as two units a back end based on Specify
(developed for natural history collections) and hosted privately by the CSIRO,
and a front end on the web based on the Biodiversity Data Recording System
(BDRS). The BDRS will allow users to upload material that meets minimum
standards for submission, and obtain information based on holdings. Associated
with the raw echolocation data will be metadata associated with the collection.
The overall goals of the project are to contribute to increased robustness of iden-
tifcations made on acoustic surveys, add to the knowledge of the distribution
and diversity of Australasian bat species, and become a primary resource ar-
chive for the disparate and ephemeral sound recordings that are made as part of
multitudes of Feld surveys, with links to other such projects worldwide.

Biodiversity Data Recording System, Specify, reference collection, sound
archive, acoustic surveys
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Do Nipah virus encephalitis outbreaks in Bangladesh threaten bat
conservation?

Shahneaz Ali Khan'?, Jonathan Epstein?, Ariful Islam?, Kevin Olival?, Nurul
Islam!, Rebecca Sultana®, Steve Luby?® and Peter Daszak?

!Chittagong Veterinary and Animal Sciences University, Khulshi, Chittagong-4202,

Bangladesh, Email: shahneaz@conservationmedicine.org, *EcoHealth Alliance, 460

W. 34th St. New York, NY 10001, USA, 3International Centre for Diarrhoeal Disease
Research, Mohakhali, 1212 Dhaka, Bangladesh

Nipah virus encephalitis is an emerging zoonotic disease frst recognized in a
large human outbreak in Malaysia in 1999 and subsequently in several outbreaks
from 2001 to 2011 in Bangladesh. We are working to understand the ecology
of Nipah virus in Bangladesh by coordinating epidemiological and ecological
studies of several bat species across Bangladesh, including Pteropus giganteus,
the natural reservoir of Nipah virus. The recent Nipah virus outbreak in 2011
received nation-wide media attention, and it is currently unknown how it has
affected public perception of bats. As part of an effort to understand the ecology
of the bats that carry Nipah virus and their relationship with people, we are de-
veloping a study of attitudes towards Pteropus giganteus. All bats of the genus
Pteropus are protected under CITES Appendix 1. Because of conservation and
welfare concerns, the techniques used to capture and sample bats are humane
and non-destructive and the data collected can be used both for epidemiological
studies and for ecological studies, including population dynamics, abundance,
and bat-human interaction. Identifying Pteropus bats as the reservoir for a zoo-
notic virus that has caused human mortality (up to 100%) may create a negative
impression among community people without considering the ecological impor-
tance of these bats. Here we present some preliminary ideas for an anthropologi-
cal survey to understand people’s perception of bats and are developing a plan
for educational outreach to local communities about the benefcial role of bats
in our ecosystem.

Pteropus giganteus, bat virus reservoirs, public attitudes, anthropological
surveys
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Surveillance of short-nosed fruit bats (Cynopterus brachyotis) and
cave nectar bats (Eonycteris spelaea) in Singapore for coronaviruses
and astroviruses

lan H. Mendenhall*, Benjamin P. Y.-H. Lee?, Duane J. Gubler *
and Gavin J.D. Smith?

! Program in Emerging Infectious Disease, Duke-NUS Graduate Medical School, 8 Col-
lege Road, Singapore 169857, Email: ian.mendenhall@duke-nus.edu.sg; > Nature Parks,
Parks Division, National Parks Board (Singapore), 1 Cluny Road, Singapore 259569

The majority of emerging infectious diseases are zoonatic in origin and bats ap-
pear to play an important role as the primary reservoirs for a number of viruses
that infect humans. Their population density, global distribution, Fight range,
migratory behavior, relatively long life span, and proclivity to socially roost
may provide the means to maintain and transmit a number of viruses. Over 90
viruses from 16 families have been isolated from bats, including a number of
recently emerged viruses such as Nipah, Hendra, Menangle virus, and mam-
malian astroviruses. After the SARS outbreak in 2003, bats were determined to
be the natural hosts for the entire Coronaviridae family. Astroviruses have been
isolated from a wide variety of animals, including bats, where previous studies
have shown high rates of infection. Both bat species studied here have been
found infected with Group 2 coronaviruses. Though astroviruses have yet to be
isolated from fruit bats, infection in these two species has not been studied. Lit-
tle is known about bat viruses in a highly urbanized setting such as Singapore,
nor how the proximity of human and bat populations may infuence interspecies
transmission. Feces and anal swabs were collected from C. brachyotis and E.
spelaea across different locations in Singapore. These were tested using RT-
PCR and pan-coronaviruses and pan-astroviruses primers to detect all members
of these virus families. Samples testing positive for either virus were sequenced
and a Bayesian analysis was performed to establish the phylogenetic relatedness
of these isolated viruses to others previously isolated.

Bat-borne viruses, urban environment, viral evolutionary relatedness
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Population genetic structure and gene fow in the Formosan
tube-nosed bat (Murina puta) in Taiwan

**Ching-Lung Lin?, His-Chi Cheng?, Chung-Hsin Wu?, Chen-Jen Hsiao* and
Yin-Ping Fang®

!Department of Life Science, National Taiwan Normal University, 162, HePing East Road
Section 1, Taipei, Taiwan R.O.C., ’Endemic Species Research Institute, 1, Ming-shen East
Road, Chichi Township, Nantou County, Taiwan, R.O.C., ’National Chiayi University,
300, Syuefu Road, Chiayi City, Taiwan, R.O.C., Email: ypfang@mail.ncyu.edu.tw

Population genetic structure is generally infuenced by both historical and con-
temporary processes. Comparing the two different time scale factors, may en-
able us to understand the evolution processes and sexual-biased dispersal. The
Formosan tube-nosed bat (Murina puta) is endemic to Taiwan, and it is wide-
spread at each altitude. So, based on study of M. puta, we can understand the
characters of gene fow, demography, and the signifcant population structure.
Futhermore, we investigate the gene Fow of populations of M. puta among dif-
ferent altitudes. In this study, we used two molecular markers to do analysis,
which are mitochondrial DNA control-region and six microsatellite loci. We
examined the variation of mitochondrial DNA control-region in 109 samples at
24 sites of M. puta. It had high haplotype diversity but low nucleotide diversity,
and population differentiation followed a pattern of isolation by distance. This
suggests that geographic distance is a limit to gene fow of M. puta populations.
Based on mismatch distribution analysis, the populations have undergone re-
cent, rapid expansion. The results of AMOVA revealed that between and within
each regional population there is signifcant genetic structure, and that the gene
fow among populations of M. puta is limited. Futhermore, we examined the
variation in six microsatellite loci in 120 samples at 22 sites of M. puta. The
results of AMOVA revealed that populations among regions and among differ-
ent altitudes do not have any signifcant genetic structure. Moreover, compared
with mitochondrial DNA, microsatellite DNA revealed lower genetic diversity,
suggesting that the dispersal ability of males is better than females. However,
the analysis in this study revealed that females are not philopatric. Our results
of populations of M. puta suggest that male has no restrictions to gene fow, but
there is vertical gene fow in females.

Murininae, mitochondrial DNA, control-region, microsatellite DNA

70



e Second International South-East Asian Bat Conference
Bogor, 6-9 June 2011

Population growth of Ryukyu fying fox, Pteropus dasymallus inopi-
natus, on Okinawa-jima Island, the Ryukyu archipelago, Japan

Atsushi Nakamoto'3, Akiko Sato!, Kazumitsu Kinjo? and Masako Izawa*

!Faculty of Science, University of the Ryukyus, 1 Senbaru, Nishihara, Okinawa 903-
0213, Japan; E mail: dasymallus@gmail.com; *Faculty of Law, Okinawa International
University, Ginowan, Okinawa 901-2701, Japan, Okayama Prefectural Institute for
Environmental Science and Public Health, 739-1 Uchio, Minami-ku, Okayama City,
Okayama 701-0298, Japan

About half of Pteropus species are listed as threatened in the IUCN Red List.
Most of these species are endemic to insular habitats in the Indo-Pacifc region.
Insular populations are sensitive to habitat degradation or disturbances such as
tropical cyclone. In Okinawa-jima Island (Japan), we have monitored the popu-
lation trend of Ryukyu fying fox Pteropus dasymallus inopinatus since 2000,
and we found a tendency of increasing of observed number of bats. We used
road census methods to count foraging bats in urban (September 2001 to August
2009) and forested areas (April to March 2004 and 2008). A three-fold increase
was found in each area compared to 8 and 4 years ago, and it was found in every
season. These results suggest that the bat population in Okinawa-jima Island
is growing, rather than a refection of spatial heterogeneity in the bats’ habitat
use. The increase of annual growth rate coincided with the decreasing number
of typhoons. It seems that the bat population size depends on the frequency of
disturbance of typhoons. We should take account of the spreading of agricultural
damages and the extinction of this subspecies resulting from unstable fuctua-
tion of populations under projects for global warming.

Population dynamics, fruit bats, tropical cyclone, urbanization, agricul-
tural pest
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