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ABSTRACT. - Populations of large fruit bats such as flying foxes are declining globally, particularly due to hunting. Monitoring
population changes as well as roost characteristics are vital for conservation planning. The distribution and population size of flying foxes
(Pteropus spp.) in Myanmar were assessed in the Mandalay Region, Sagaing Region, Mon State (Mawlamyine Township and Kyaikami
Township), and Tanintharyi Region (Myeik Township, Thayetchaung Township, Thae Phyu Island) from February 2020 to January 2021.
The survey found 12 colonies of P. medius and 3 colonies of P. hypomelanus roosting in 17 tree species. Direct roost counts were used to
estimate the population size of these species. The total number of individuals across all study sites was 73,876 for P. medius and 20,458 for P.
hypomelanus. The roosting sites of P. medius and P. hypomelanus were at an average elevation of 59.25 m and 25 m, respectively, and close
to bodies of water. In total, 66% of P. medius and 61% of P. hypomelanus populations were located within Buddhist temples and public land,
respectively. In addition, one-third of their populations occupied private land. Approximately 56% of the total flying fox population was
found in areas classified as well-protected and 44% as disturbed. Temples play a crucial role in providing safe roosting habitats for flying
foxes in Myanmar as hunting is prohibited in temples. Tall, large canopy trees offer optimum roost sites for flying foxes as they provide
more heat dissipation on hot days when flying foxes often experience hyperthermia in full sunlight. Some colonies were found to suffer from
hunting or roost tree cutting. Private land is also vital for flying fox survival and conservation efforts need to involve collaboration with
private landowners to ensure their protection and survival. This study identifies ecologically important roost characteristics and provides an
update on the distribution and population status of Pteropus species in Myanmar.
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by variations in climate and the flowering and fruiting
INTRODUCTION patterns of their preferred food plants (Nowak, 1994).
These large bat species roost in trees in aggregations of
several thousand individuals and historically in tens of
thousands (Lyon, 1911). Bats play a crucial role as
seed dispersers and pollinators for various plant
species, particularly those referred to as bat-flower and
bat-fruit, which depend on bats for pollination and seed
dispersal. Bats are likely to pollinate the flowers of at
least 31 genera and may disperse the seeds of most of
the fruits they consume. (Marshall, 1983; Marshall,
1985). Human threats disrupting bat-plant interactions
in the Old World include hunting, direct persecution,
habitat loss and disturbance, invasive species, and
climate change. These threats lead to significant
ecosystem-level repercussions, affecting pollination
and seed dispersal processes. Conservation efforts must
address these threats to ensure the survival of bats and
maintain the vital ecological roles they play. (Aziz et
al., 2021). In many locations, however, flying foxes are

Flying foxes, genus Pteropus, are Old World fruit
bats in the family Pteropodidac of the suborder
Yinpterochiroptera. Old World fruit bats are found
from South Africa to the eastern Mediterranean, the
southern coast of the Arabian Peninsula, and eastward
to South and Southeast Asia, islands of the Indian
Ocean, the Indo-Malayan region, and the northern and
western coasts of Australia. Their distribution includes
montane and lowland tropical rainforests to open
woodland and deserts (Mickleburgh et al., 1992;
Koopman, 1994; Francis, 2019; Giannini, 2019).
Pteropus is the largest genus within the Pteropodidae
with 65 species listed, of which 19 species are
vulnerable, 2 species are critically endangered, 17
species are endangered, 5 species are data deficient, 6
species are extinct, 10 species are least concern, and 6
species are near threatened (IUCN Red List). They are
distributed throughout the Old World tropics and sub-

tropics from Africa through southern Asia to Australia targeted using nefs because they feed on fruits from
) . . . farms. They are also hunted for meat by locals for

and on islands in the Indian and western Pacific . . .

Oceans (Mickleburgh ct al., 1992) consumption as bushmeat, and the issue of hunting for

medicinal purposes affects at least 167 species of bats

Flying foxes can be migratory animals and their . . . . . .
ying gratory across various regions, including Africa, Asia, the

movement patterns and local distribution are influenced
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islands of Oceania, and partially Central and South
America (Mildenstein et al., 2016). The hunting and
trade of P. vampyrus species among local people
continue to be observed in Western Sarawak, Malaysia
(Mohd-Azlan et al., 2022). In Asia-Pacific cultures,
bats, particularly flying foxes, are commonly eaten as
both food and medicine. The decline in bat populations
due to hunting is a concerning trend for conservation
efforts, as it impacts not only the bats themselves but
also the biodiversity and health of the environments
they inhabit (Low et al., 2023). By the end of the 21*
century, nearly one-quarter of Southeast Asian fruit bat
(Pteropodidae) species are predicted to become
globally extinct, and flying foxes in the genera
Pteropus and Acerodon are particularly at risk (Lane et
al., 2006).

Among 12 species of Pteropodidae in Myanmar,
there are four Pteropus species. These species are P.
giganteus, P. vampyrus, P. intermedius, and P.
hypomelanus (Bates and Harrison, 1997). According to
(Mildenstein et al, 2022) assessment, P. vampyrus
population was  ‘Decreasing’” and listed as
‘Endangered’ on the IUCN Red List of Threatened
Species. Its population is not likely to be found in
Myanmar also depending on our current survey, only
two species of Pteropus were confirmed in Myanmar
which were P. medius and P. hypomelanus (Hsu Lae
Win et al. unpublished manuscript). Although there is
no official data on declining fruit bat populations, local
villagers have reported that some colonies seem to
have been eliminated due to eradication efforts that is
to completely remove a harmful species, disease, or
problem from a specific area to prevent ongoing
damage, protect ecosystems, public health, agriculture,
or economies, and often to save native species or
human lives, also habitat destruction, and over-
harvesting for human consumption. To safeguard
declining populations, it is crucial to gather adequate
information about the current status and population
trends of flying foxes (Mickleburgh et al., 1992;
Stewart et al., 2024). Therefore, conducting colony
surveys is considered an important initial step in
determining management priorities and strategies for
protection, and it can provide a basis for evaluating the
success of conservation programs (Mohd-Azlan et al., 2001).

Habitats chosen by Pteropus species for roosting
vary greatly both ecologically and geographically
(Pierson and Rainey, 1992; Mildenstein et al., 2005).
Although habitat selection is an important feature of
flying fox behavior and population dynamics, it has not
received much research attention apart from a few
earlier studies (Fretwell and Lucas, 1970; Bell et al.,
1994). Flying foxes in Myanmar were noted to roost in
arboreal areas of towns (Oo et al., 2017). Flying foxes

were also noted to roost in rain trees (Albizia saman) at
a particular site for up to 50 years. For conservation
purposes, learning the roost site characteristics of
flying foxes will help inform conservation strategies
for maintaining current populations through the
protection of potential roost sites.

The aim of this study is to document the population
size of flying foxes in Myanmar and describe the
characteristics of their roosting sites. We hypothesized
that, in this human-dominated landscape, these bats are
confined to large canopy trees within the vicinity of
temples as it may protect them from poaching and
disturbance. Data collected on the current population
status of flying fox colonies will serve as baseline
information for monitoring and conservation efforts.
Additionally, understanding their preferred roosting
characteristics can aid in flying fox management. This
knowledge will help improve strategies for the
conservation of Pteropus species in Myanmar.

MATERIALS AND METHODS

Study sites

This study was conducted from February 2020 to
January 2021. Myanmar is situated from 9°32°N to
28°31°N latitude, and 92°10’E to 101°11’E longitude
(Fig. 1, see supplementary material 1). Myanmar has a
tropical monsoon climate, which is divided into three
seasons. These seasons include the monsoon or rainy
season, which lasts from May to October, the winter
season from November to February, and the summer or
hot season, which occurs in March and April (Aung et
al., 2017). Myanmar is separated into seven states,
seven regions, one union territory, and 330 townships.
Our study area includes Upper Myanmar (Sagaing
Region), Central Myanmar (Mandalay Region),
Southeast Myanmar (Mon State), and Southern
Myanmar (Tanintharyi Region), altogether contributing
to 27% of the country’s total area.

The Sagaing region in upper Myanmar is situated in
the tropical wet and dry or savanna climate. There are
expansive forests filled with Acacia thorn-type shrubs,
as well as many dry-land vegetation types like the
Euphorbia scrub found in semi-desert areas.
Additionally, there are numerous Mangifera indica
(mango) and Prunus domestica (plum) orchards in this
region, which can serve as a source of food and roosts
for bats (Aung, 2006). The Mandalay region is located
in the arid region of central Myanmar and has a semi-
tropical climate. It extends not only in the central
region of Myanmar, but also on the eastern side of the
Ayeyarwady River in the Mandalay Plain. Rainfall
decreases after the monsoon ends, the water level of
the Ayeyarwady river naturally recedes after the rainy
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FIGURE 1. Roosting sites of Pteropus spp. (No. 1-16; see supplementary material 1).

season, typically around October to November each indica (tamarind), Borassus flabellifer (toddy palm),
year. After the river water receded, the sedimentary  Albizzia lebbek (lebbeck tree), Bombax ceiba (cotton
zone between the research location and the main river tree), and Azadirachta indica (neem). Additionally,
transformed into an area suitable for growing different  there are numerous fruit-bearing trees such as
types of crops. Mandalay is characterized by the  Mangifera indica (mango), Ficus religiosa (sacred fig),
prevalence of xerophytic trees such as Tamarindus  Ficus racemosa (cluster fig tree), Psidium guajava
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(guava), and Musa paradisiaca (banana) in both the
study area and nearby environments which also
provide abundant shelters and food sources for flying
foxes (Oo, 2009). The Mandalay and Sagaing regions
are within the Dry Zone, consisting mostly of
agricultural lands (57%) and forests (27%), as well as
wetlands, sandy areas, and human settlements.
Although it is limited in water, the Dry Zone contains
40% of the country's overall agricultural land (Yee and
Nawata, 2014). Mon State is characterized by a tropical
climate and heavy rainfall sustains abundant evergreen
forests in the area. The majority of land is devoted to
growing rice and cultivating rubber trees (Hevea
brasiliensis), and several other significant crops and
fruits such as betel leaves (Piper betle), coconut
(Cocos nucifera), oil palm (Elaeis guineensis), durian
(Durio  zibethinus), mango (Mangifera indica),
mangosteen (Garcinia mangostana), pomelo (Citrus
maxima) and rambutan (Nephelium lappaceum). This
region also provides great resources for bats, such as
comfortable habitats and abundant nourishment. The
Tanintharyi Region is situated in the southern part of
the country with a tropical and humid climate. In this
area, most land has been converted to the cultivation of
oil palm (Elaeis guineensis) and rubber (Hevea
brasiliensis). This land use change has led to increased
pressure on the forests in the area, which are among the
limited remaining forests of significant conservation
value in Southeast Asia (Donald et al., 2015). A narrow
coastal plain characterises this region and has many
islands covered in forests. These lands have been
cultivated with tree crops like rubber (Hevea
brasiliensis), as well as fruits such as durian (Durio
zibethinus), mangosteen (Garcinia mangostana), and
rambutan (Nephelium lappaceum). These tree crops
also provide a suitable habitat and food source for bats
(Aye et al., 2007).
Study species

Pteropus medius is distributed in the western part of
Myanmar, especially Bagan and Mandalay where there
are large populations (Bates et al., 2000). This bat has a
widespread distribution extending from Pakistan,
Nepal, India, and the Maldives to Myanmar, with
presumably large populations. It is also known from a
single record from Tsinghai, China. However, in
several locations, this species has been hunted for meat
and medicine (Molur et al., 2008). Pteropus
hypomelanus ranges from the Maldives and the
Andaman Islands to southern Myanmar, Thailand,
India, Indonesia, Malaysia, Vietnam, the Solomon
Islands, Papua New Guinea and the Philippines (Tsang,
2020). A major problem of this species is that it
comprises  several  subspecies with  complex
distributions such that exact subspecific limits have not

been drawn. It is known to be threatened by
deforestation and habitat disturbance (Francis, 2008).
Pteropus vampyrus is also distributed in southern
Myanmar. It is often confused with P. hypomelanus
because they overlap in range in Tanintharyi and its
archipelagos (Bates et al., 2008). Although, Pteropus
vampyrus species population was not distributed in
southern Myanmar based on our survey and previous
records (Aye et al., 2007). They are distributed in
Cambodia, Indonesia, Malaysia, the Philippines,
Thailand and Vietnam. It is listed by the IUCN Red
List as ‘Endangered (EN)’ because it is in significant
decline due to overhunting in much of its range and
ongoing degradation of its primary forest habitat
(Mildenstein et al., 2022).
Species verification

Flying foxes were captured using a mist net (10x3
or 6x3 m?) placed in the canopy of their colony or
feeding area. Nets were set up using long poles or by
hanging ropes on the branches of tall trees in the upper
canopy, which were approximately 30 to 35 meters
high. Nets were positioned between two trees that were
spaced around 10 to 15 meters apart at each location
where mist netting was conducted. The nets were put
up close to the colony of bats early in the morning to
catch them as they came back to their roosting place at
sunrise (Sheherazade and Tsang, 2018). Nets were set
at places where flying foxes search for food right
before sunset. Additionally, dead bats that had fallen to
the ground were collected. The specimens were kept in
ethanol, with the skull extracted and placed in the
Zoological Collection of Myiek University (MUZC) in
Myanmar. Species identification was based on
morphological descriptions following Francis (2008;
2019) and Bates and Harrison (1997). Morphological
characters were obtained from both external and
craniodental features. The taxonomic status of flying
foxes was verified based on morphology and genetic
data collected from 16 roosting sites in Myanmar.
Roost counts and identification of preferred roost
trees

Local villagers, townspeople, monks from the
monastery, and nuns from the nunnery were
interviewed to gather information about the locations
of flying foxes and their foraging areas. Direct roost
counts were conducted according to Kunz et al. (1996).
Roost counts were conducted during the daytime, and
the population size of flying foxes roosting in trees
within each study site was recorded. The number of
bats that roosted in each tree was counted using a pair
of binoculars and a handheld tally counter. Altogether,
four observers were involved in counting, each
assigned to a different section of the study area. Often,
it was impossible to count each individual bat when
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they roosted in large numbers on a large tree. In such
cases, the number of bats per cluster was first carefully
counted and then multiplied by the number of clusters
on the tree. Moreover, two observers separately
conducted the procedure, and the mean was taken to
estimate the number of bats. The total number of
individuals in the observed roost trees was taken as the
estimated population size of the bats roosting in the
study area. The roost trees occupied by bats were
identified according to Kress et al. (2003).
Roost characteristics

We employed ArcGIS and Google Earth tools to
describe and map out the surrounding habitat space
accessible to P. medius and P. hypomelanus. GPS data
of the observed roosting sites were placed on Google
Earth and then used to create the AOI (area of interest)
to determine the roosting areas of bat species, placing
the layer of roosting sites over Google Earth images.
Then, we measured the area of a roost using a polygon
and evaluated the distance from any point to the closest
river or body of water, as well as the nearest temple,
which was computed using Google Earth. Afterwards,
the shapefile was transformed into an ArcMap to
construct a map layer that showed the location of each
roosting site and it was placed on top of a map that
displayed rivers and water bodies, Buddhist temples,
and elevation in raster format. Next, we obtained data
values from various points on a raster dataset in
ArcGIS.
Identification of disturbance category

Sixteen study sites were surveyed in the study area
(Fig. 2). Local villagers, townspeople, monks from the
monastery, and nuns from the nunnery were
interviewed. A total of 61 interviewers participated in
the discussions. The purpose of these interviews was to
determine the population history of the colony and
identify local threats to each population. We
categorized each site as either (i) well-protected
(hunting prohibited by law or religion), (ii) low threat
or moderate disturbance (e.g., locals engaged in bat
watching and shot at bats with air guns, rubber rings, or
small stones while they roosted or flew overhead), and
(ii1) high threat or obvious disturbance (e.g., hunting
using traps, consumption of flying foxes, and selling
them to market vendors).

RESULTS

Population estimates

In our study, a total of 15 Pteropus colonies in 16
roost sites were located in the 3 regions and 1 state of
Myanmar (Fig. 1). In the Mandalay Region, we found
2 colonies of P. medius, and a total of 24,810
individuals were recorded. In the Sagaing Region, we
observed 44,844 individual bats belonging to 4

colonies of P. medius. In the Mon State, we found 5
colonies with a total of 3,329 individuals of P.
medius. Additionally, in the Tanintharyi Region, we
found a single colony of P. medius consisting of a total
of 893 flying foxes. As a result, the largest colonies
were near the lake located in the Sagaing Region at site
6 (36,750 bats), and the smallest colonies were in a
Hindu temple located in Mon State at site 9 (488 bats).
Overall, the total population count from 12 colonies
was 73,876 P. medius bats based on three regions and
one state (Table 1). Among these colonies, a total of
48,363 bats (66% of the population) inhabit Buddhist
or Hindu temples for shelter. The total roost area was
53,453 m?, and the mean roost size was 4,454.42 +
5,303.59 m* (range: 275 - 19,824 m?) (Table 2).
Pteropus hypomelanus was found at 3 roosting sites
and a total of 20,458 individuals was estimated in the
Tanintharyi Region (Table 1). The largest colony was
on Thae Phyu Island located in the Kyun Su Township
at site 14 (7,969 bats), and the second and third largest
were located in Myeik Township at sites 16 and 15
(7,251 bats and 5238 bats). Overall, 12,489 out of
20,458 bats (61% of the population) roosted mainly in
public land close to the Buddhist temples. The whole
roost area was 24,963 m? and the average roost size
was 8,321 + 8,420.14 m? (range: 2,455 - 17,969 m?)
(Table 2).
Characteristics of roosts: From the 15 roost sites
observed in Myanmar in our study, seven are new
roosts while 8 roosts were identified by previous
surveys of Aung (2006) and Oo et al. (2017). Pteropus
medius roosting sites were situated at low elevations
(59.25 £ 41.42 m asl, range 9-130 m) and were an
average of 1,931.86 + 3,439.05 m away from the
closest water body (range 72.61-11,350.17 m).
Colonies were very close to Buddhist and Hindu
temples (46.02 £+ 49.87, range 6.24—147.05 m) (Table
2). A total of 88 roosting trees were observed to host P.
medius, including 13 tree species: Albizzia lebbek (RT
1, n = 11), Azadirachta indica (RT 3, n = 10), Bombax
ceiba (RT 4, n = 4), Borassus flabellifer (RT 5, n = 4),
Dipterocarpus turbinatus (RT 6, n = 3), Ficus
glometata (RT 7, n = 1), Ficus racemosa (RT 8, n =
1), Ficus virens (RT 9, n = 10), Interocarpus turbinatus
(RT 10, n = 1), Pterocarpus macrocarpus (RT 12, n =
2), Samanea saman (RT 13, n = 6), Tamarindus indica
(RT 14, n = 30), Ziziphus jujuba (RT 17, n=15) (Table 3).
The roosting sites of P. hypomelanus were found at
relatively low altitudes, at an average of 25 + 8.54 m
above sea level (ranging from 16 to 33 m). The average
distance from these roosting sites to the closest water
body was 228.74 + 178.85 m (ranging from 24.92 to
359.46 m). Colonies were approximately 96.92 + 87.24
m, with a range of 121.62 to 169.15 m, apart from the
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TABLE 1. The population size of flying foxes, Pteropus medius, from the current study compared to previous studies.

Current Population
Site no. Locality Region/ State population  Previous population (Y) increased/decreased
X) (between X and Y) (%)
1 Myweponkan village, Madayar Township 609 - -
2 Nyaung Hla Village, Nyaung Oo Township Mandalay Region 24201 24135 0.3
(May Myo Nyunt, 2007)

3 Shwe Sedi Pagoda Precinct, Hpayarpyan 3270 5314 -39
village, Wetlet Township (Moe Moe Aung, 2006)

4 Hintha Taw Ya Monastery, Hintha Village, 0 2500 -100
Ayardaw Township (Khin Than Oo, 2009)

5 Mohnyin Sambuddhe Pagoda Precinct, Sagaing Regi 3813 1600 138
Mye Ne’ Village, Monywa Township agamng fegion (Khin Than Oo, 2009)

6 Kanmagyi Lake, Budalin Township 36750 525 6900

(Khin Than Oo, 2009)

7 Ywatharlay Monastery,Y watharlay 1011 1800 -44
Kokkozu village, Ye U Township (Khin Than Oo, 2009)

8 Mawyawady Park, Set Kal Gone Quarter, 502 - -
Mawlamyine Township

9 Sai Bar Bar Hindu Temple (1), 488 - -
Set Kal Gone Quarter, Mawlamyine
Township

10 Hindu Temple (2), Bo Gone Quarter, Mon State 703 - -
Mawlamyine Township

11 Police Station, Kyaikhami Township 810 - -

12 Shwe Kyin Monastery, Kyaikhami 826 - -
Township

13 Tauk Htain Taung Monastery, Nyaung Zin 893 1621 -45
Village, Thayetchaung Township (Khin Swe Oo, 2017)

14 Thae Phyu Island 7969 - -

15 Seik Nge Quarter, Myeik Township Tanintharyi Region 5238 5105 3

(Hsu Lae Win, 2016)
16 Zaydan Quarter, Myeik Township 7251 9242 -22

(Hsu Lae Win, 2016)

nearest Buddhist or Hindu temple (Table 2). Pteropus
hypomelanus were observed roosting on 26 trees
comprising 7 tree species : Artocarpus heterophyllus
(RT 2, n = 9), Ficus glometata (RT 7, n = 1),
Mangifera indica (RT 11, n = 5), Pterocarpus
macrocarpus (RT 12, n = 2), Samanea saman (RT 13,
n = 6), Terminalia bellerica (RT 15, n = 1), and Xylia
dolabriformis (RT 16, n =2) (Table 3).

When combining data from both flying fox species,
a total of 114 roost trees belonging to 17 tree species
were observed. The most common roost tree species
was Tamarindus indica (n = 30) (26% of total roost
trees), which typically harbored populations between
30,000 and 35,000 bats, followed by Albizzia lebbek (n
=11) (10% of total roost trees) and Samanea saman (n
= 12) (10% of total roost trees), which had the second
highest bat populations, typically between 10,000 and
15,000 individuals (Table 4).

Moreover, 9 of the 12 colonies of P. medius species
(75%) were located within religious temples, while
colonies located on private property and common
property/ public land were 2 (17%) and 1 (8%)

respectively. Additionally, P. hypomelanus species, 1
out of 3 roosts (33%) and 2 (67%) were situated in the
private property and common property type (Table 5).
Protection and disturbance status of bat colonies

Based on interviewing locals, we categorized each
flying fox colony as either well-protected, moderate
disturbance or high disturbance. In the well-protected
category, most of the colonies were within
conservation areas, including sites 2, 3, 5, 7, 14, 15,
and 16 (47% of bat colonies), and 56% of the total
population was able to roost safely because the bats are
fully protected from habitat loss by monks, nuns, local
villagers, townspeople and islanders. These groups
have prohibited animal hunting either by law or
because of religious reasons. The moderate disturbance
category included sites 10, 11, and 12 (20% of bat
colonies) and 2% of the total population. Finally, 5
colonies fell under the high disturbance category,
which were at sites 1, 6, 8, 9, 13 (33% of bat colonies),
and they comprised 42% of the total population (Fig. 2)
(Table 6).
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TABLE 2. Roost characteristics of Pteropus medius and P. hypomelanus.

Bat species Region/ State Sitesno.  Population Rogit;rea Ele(\;i ;ion Wgeiitigf;t(om) to ]ii;t;g?m)
1 609 3253 79 78.81 56
Mandalay Region

2 24201 4655 64 80.75 147.05

3 3270 4114 90 11350.17 4537

5 3813 3617 92 6355.18 80.86

Sagaing Reglon 6 36750 19824 130 72.61 46.09

7 1011 5247 111 1083.49 13.96
8 502 1842 15 316.44 -

P. medius 9 488 529 19 464.03 6.24
Mon State 10 703 766 9 513.4 7.38

11 810 1762 20 299.38 -

12 826 275 26 778.98 20.49

Tanintharyi Region 13 893 7569 56 1789.1 128.78
Total 73876 53453 - - -

Mean 6156.33 4454.42 59.25 1931.86 46.02

Standard deviation 11720.96 5303.59 41.42 3439.05 49.87
14 7969 17969 16 24.92 -

Tanintharyi Region 15 5238 2455 26 301.85 121.62

P. hypomelanus 16 7251 4539 33 359.46 169.15
Total 20458 24963 - - -

Mean 6819.33 8321 25 228.74 96.92

Standard deviation 1415.75 8420.14 8.54 178.85 87.24

Population changes

Compared to previous records of each flying fox
colony in the last decade, 4 colonies of P. medius were
found to have decreased, including sites 3 (-39%), 4 (-
100%), 7 (-44%), and 13 (-45%), while one colony of
P. hypomelanus (site 16) also decreased (-22%). On the
other hand, two colonies of P. medius were found to
have increased in size, namely, site 5 (138%) and site 6
(6900%). The populations at sites 2 and 15 were
relatively stable (Table 1).

DISCUSSIONS

Our field survey observed that the roosting sites of
P. medius and P. hypomelanus are mostly situated in or
close to Buddhist and Hindu temples or around
government buildings. Buddhist and Hindu temples
provide shelter and protection for bats, as reported in
Thailand and elsewhere (Boonkird et al.,, 2006;
Chaiyes et al., 2017; Duengkae et al., 2019). Large
canopy trees are usually preserved in temples due to
spiritual beliefs. Moreover, hunting and other types of
disturbance are prohibited (Boonkird et al., 2006).

Thus, temples play a crucial role in providing safe
roosting habitats for flying foxes. A rapid assessment
of flying fox (Pteropus spp.) colonies in Cambodia
stated that most of the roost sites were situated inside
or within the vicinity of religious or government
buildings (Ravon et al., 2014). Additionally, roosting
preference by island flying foxes was observed to be
mostly dependent on foraging and roosting resource
availability (Win, 2016). Palmer and Woinarski (1999)
and Granek (2002) reported that P. livingstonii and P.
alecto preferred to roost near bodies of water to remain
within humid environments and regulate temperature.
Our field observations have shown that most roosting
sites of P. medius and all P. hypomelanus roosts are
typically found near a body of water or a river. The
average distance between roost site and the nearest
body of water was found to be 1,932 m for P. medius,
and 229 m for the Island flying fox P. hypomelanus
(Table 2). The availability of water near the bat roost is
crucial for thermoregulation, as flying foxes drink and
dip their bellies in water to cope with heat during the
day (Welbergen et al., 2014).
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TABLE 3. Population estimates and roost species of Pteropus medius and P. hypomelanus in each roosting site.

Site no. Locality Region/ State Species Population Roost tree species (n)
1 Myweponkan village, Mandalay P. medius 609 RT4 (3)
Madayar Township Region
2 Nyaung Hla Village, Nyaung Mandalay P. medius 24201 RT1, RT3, RT4, RT5, RT8, RT14
Oo Township Region (11), (1), (1), (2), (1), (3)=19
3 Shwe Sedi Pagoda Precinct, Sagaing Region P. medius 3270 RT9,RT13, RT14,RT 17
Hpayarpyan village, Wetlet (1), (1), (6), (5) =13
Township
4 Hintha Taw Ya Monastery, Sagaing Region P. medius - -
Hintha Village, Ayardaw
Township
5 Mohnyin Sambuddhe Pagoda Sagaing Region P. medius 3813 RT3 (8)
Precinct, Mye Ne’ Village,
Monywa Township
6 Kanmagyi Lake, Budalin Sagaing Region P. medius 36750 RTS, RT13,RT14
Township (1), (3), (19)=23
7 Ywatharlay Sagaing Region P. medius 1011 RT3, RTS5, RT9, RT13, RT14
Monastery,Ywatharlay 1), (1), (1), (2),2)=7
Kokkozu village, Ye U
Township
8 Mawyawady Park, Set Kal Mon State P. medius 502 RT9, RT12
Gone Quarter, Mawlamyine 2),(1)=3
Township
9 Sai Bar Bar Hindu Temple Mon State P. medius 488 RTI (1)
(1), Set Kal Gone Quarter,
Mawlamyine Township
10 Hindu Temple (2), Bo Gone Mon State P. medius 703 RT6 (2)
Quarter, Mawlamyine
Township
11 Police Station, Kyaikhami Mon State P. medius 810 RT9,RT10, RT12
Township 1, (M), (1)=3
12 Shwe Kyin Monastery, Mon State P. medius 826 RT6 (1)
Kyaikhami Township
13 Tauk Htain Taung Monastery,  Tanintharyi P. medius 893 RT7,RT9
Nyaung Zin Village, Region
Thayetchaung Township
14 Thae Phyu Island Tanintharyi P. hypomelanus 7969 RT2,RT 11, RT12
Region 2), (5,9 =16
15 Seik Nge Quarter, Myeik Tanintharyi P. hypomelanus 5238 RT13 (3)
Township Region
16 Zaydan Quarter, Myeik Tanintharyi P. hypomelanus 7251 RT 7,RT 13, RT 15,RT 16
Township Region 3), (1), 2),(H=7

Indian flying foxes tend to choose certain trees for
roosting, including Albizia lebbeck, Bombax ceiba,
Ficus racemosa, Holoptelea integrifolia, Syzygium
cumini, Terminalia arjuna, Mangifera indica, and
Tamarindus indica. These roost trees selected by bats
had expansive canopies and were out of reach to
humans and many predators (Kumar et al., 2017). The
tallest and largest trees were the primary roosting sites
of P. medius (Aung, 2013; Nyunt, 2007; Oo, 2009). In
this study, it was observed that they roosted
prominently on the terminal branches and twigs of the
larger trees (Fig. 3), and the trees chosen for roosting

are big trees consisting primarily of Azadirachta
indica, Borassus flabellifer, and Tamarindus indica.
These particular species are characterized by their
height and large canopies, and they are commonly
found in the Sagaing and Mandalay regions. Ficus
virens and Pterocarpus macrocarpus were also found
to be tall and sizeable trees in both Mon state and
Tanintharyi region, where our study took place.
Vonhof and Barclay (1996) and Betts (1998) suggested
several advantages of roosting in tall, large trees. First,
they are easier for bats to locate due to increased
visibility. Second, they decrease the chance of being
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TABLE 4. Bat population on types of roost trees used by Pteropus medius and P. hypomelanus within the study area.

Family Roost Trees species Common Name slf){ﬁi:(i)zts g]e;) Rzg;t (?1 gee Bat PO(I:ll)ﬂation
Mimosaceae Albizzia lebbek, Benth. Lebbeck tree RT 1 11 14011
Moraceae Artocarpus heterophyllus Lam. Jackfruit RT2 9 4483
Meliaceae Azadirachta indica A. Juss. Neem RT3 10 4284
Bombacaceae Bombax ceiba, L. Cotton tree RT 4 4 809
Arecaceae Borassus flabellifer, L. Toddy palm RTS5 4 5560
Dipterocarpaceae Dipterocarpus turbinatus C.F.Gaertn. Gorjon tree RT 6 3 1529
Moraceae Ficus glomerata Roxb Fig tree RT 7 2 1215
Moraceae Ficus racemosa L. Cluster fig tree RT 8 1 1592
Moraceae Ficus virens, Aiton White fig tree RT9 10 3992
Moraceae Interocarpus turbinatus C.F.Gaertn. Lofty tree RT 10 1 290
Anacardiaceae Mangifera indica L. Mango RT 11 5 2490
Fabaceae Pterocarpus macrocarpus, Kurz. Burma padauk RT 12 4 1498
Mimosaceae Samanea saman, (Jacq.) Merr. Rain tree RT 13 12 13721
Caesalpiniaceae Tamarindus indica L. Tamarind RT 14 30 32940
Combretaceae Terminalia bellerica, (Gaertn.) Roxb. Beleric RT 15 1 1036
Mimosaceae Xylia dolabriformis, Benth. Burma ironwood RT 16 2 2071
Rhamnaceae Ziziphus jujuba Lam. Jujube RT 17 5 2813

Total 114 94334

preyed upon. Third, they help maintain an ideal
microclimate. Tall trees offer more heat dissipation on
hot days when flying foxes often experience
hyperthermia in full sunlight (Pierson and Rainey,
1992; Granek, 2002; Gulraiz et al., 2015). As a result,
these bats appear to prefer roosting in larger trees more
often than would be anticipated based on their presence
in the overall forest habitat. Roosting in tall, large trees
reduce the chance of predation, but which do not offer
absolute protection, especially against highly adapted
predators like birds such as larger falcons (e.g. Falco
peregrinus and Falco biarmicus) that are capable of
successful predation of even larger bats of the family
Pteropodidae (Clunie, 1972, Worthy and Anderson,
2009). Moreover, large bats (mainly Pteropodidae) are
also usually caught by eagles (Welbergen, 2006; Fam
and Nijman, 2011). Bird species capable of catching
and eating bats are opportunistic hunters, and the
specific bat species attacked vary among bird groups
(Mikula et al., 2016).

The population in each colony was found to be
stable, increasing, or decreasing compared to previous
records. In the present study, particular colonies such
as sites 1, 6 and 13 are under serious threat due to
hunting for selling and consumption. Across Malaysia
Borneo, most communities generally believe that
consuming flying fox meat and liver is considered the

best cure for general malaise and respiratory ailments
(Mohd-Azlan et al., 2022). In our study, some
communities believe that eating fruit bats can cure a
range of ailments, like asthma, kidney complaints, and
even tiredness, based on the local people's reports.
Also, sites 3 and 7 faced hunting pressure; fortunately,
hunting is strictly prohibited by monks in this area.
Loss of roost trees is another reason for flying fox
declines. Aung (2006) reported that cutting trees for
firewood also causes the flying fox population to
decline. At site 4, a flying fox colony was previously
reported in a prior study (Oo, 2009), but we recorded
that flying foxes have since abandoned this site as their
roost trees were cut down for firewood by villagers.
Sewall et al. (2007) reported that human pressures on
Livingstone’s flying fox habitats are decreasing mainly
due to increased land requirements for agriculture and
the widespread use of wood for fuel and construction.
This suggests the rainforest, an important habitat for
this critically endangered species, is directly damaged
by human activities, remarkably firewood collection.
Aziz et al. (2017) mentioned that flying foxes are
facing significant extinction risk because of a lack of
conservation attention, especially when they are
considered pests. However, in some cases where
several roosting sites are within flight of each other,
population fluctuations in each colony may reflect
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TABLE 5. Pteropus medius and P. hypomelanus distribution by property type.

No. of Percentage Total Percentage
Species Property type roosts of all roosts population of totgl Remarks
(mean) population
Mandalay Region,
Religious Temple 9 48363 (5374) 66 Sagaing Region, Tanintharyi
Region
P. medius
Private property 2 24703 (12352) 33 Mandalay Region, Mon State
Common property/ public land 1 810 (203) 1 Mon State
Private property 1 7969 (1328) 39 Tanintharyi Region
P. hypomelanus
Common property/ public land 2 12489 (6245) 61 Tanintharyi Region

movement between colonies. For example, studies of
P. lylei in central Thailand found that bats frequently
moved among a network of roost sites, some of which
are separated by relatively long distances, as this
species does not form distinct colonies (Hondo, 2010;
Weber et al., 2015). Weber et al. (2015) reported that
Lylei flying foxes tend to forage in agricultural
landscapes within a radius of about 20 km from their
day roosts. Population fluctuations may also be due to
changes in the availability of resources, such as flowers
and fruit (Eby, 1991; Parry-Jones and Augee, 1992;
Eby and Lunney, 2002). Thus, to improve the accuracy
of population changes, it is best to perform roost counts
during the same time period as much as possible.

We also found that there are stable populations in
site 2 (0.3% change) and site 15 (3% change), relative
to previous records (Nyunt, 2007; Win, 2016). Based
on interviews with locals, site 2 has been used over the
past 30 years as a permanent roost site of P. medius,
and bats remain year-round. This colony is in close
proximity to the Ayeyarwaddy River, which provides
not only water but also abundant food resources such
as Figs (Ficus species), Guava (Psidium guajava),
Mango (Mangifera indica), and and Banana (Musa
sapientum). Site 15 is a roost site of P. hypomelanus in
Myeik Township, Tanintharyi region, where they also
roost year-round. This Island flying fox roost is very
close to the Andaman Sea (0.43 km) and is in the
vicinity of an urban area where there is plenty of food.
Parry-Jones and Augee (2001) and Tait et al. (2014)
reported that a growing number of Pteropus species are
adapting well to urban environments. It has been
suggested that the increase in availability and stability
of food resources is the main driving force behind this
trend (Meade et al., 2021).

In the present study, 33% of the P. medius
population and 39% of the P. hypomelanus population

are located on private property. Chaiyes et al. (2017)
stated that some bat roosts found on private property
have areas of untouched natural forest and lower bat
population densities compared to those found in
temples. Although there is a risk of potential land use
change depending on land ownership, private property
is an essential refuge for bats. Therefore, flying fox
conservation efforts may need to involve collaboration
with private landowners to ensure their protection and
survival. Additionally, public property can also be an
appropriate and important roosting habitat for bats as it
can provide undisturbed land. Around 1% of the whole
population of P. medius and 61% of the total
population of P. hypomelanus were found to roost on
public property. Aziz et al. (2016) stated that island
flying foxes feed on cultivated fruit in villages, where
they also roost, even though wild food is available
nearby. This leads to conflicts with villagers who grow
the fruit for their consumption. Additionally, Aziz et al.
(2017) on Tioman Island, Malaysia, where Island
flying foxes consume durian flowers because pollen
from the durian (D. zibethinus) has been detected in the
droppings of flying foxes, and camera traps placed in
durian trees have been verified. Shherazade et al.
(2019) stated that bats are the primary pollinators for
durian, highlighting their essential contribution to local
agriculture and the economy. Chaiyes et al. (2017)
stated that landowners of both private and public
property can play an important role in conserving these
important refuges for bats. By recognizing and saving
these areas, flying foxes have assured places to roost
that are protected from high risks (e.g., hunting and
disturbance).

Overall, all types of property are important to
consider for an effective management plan when it
comes to flying fox conservation.
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FIGURE 2. Disturbance status of bat colonies.

CONCLUSIONS

This study contributes information on the roost
distribution and population sizes of P. medius and
P. hypomelanus in Myanmar. A total of 94,334

Pteropus bats were discovered in one state and three
regions in Myanmar, distributed across 15 roosting
sites. Both Pteropus species were found occupying a
total of 114 roost trees which belonged to 17 different
species of trees. The population of P. medius was
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TABLE 6. Disturbance status of bat colonies.

Catego Bat Percentage of Total Percentage of Species Remarks
gory colonies bat colonies population  total population P
Well-protected 7 47 52753 56 P. medius, Site No. 2,3, 5,7, 14, 15, 16
P.hypomelanus
Some disturbance 3 20 2339 2 P. medius Site No. 10, 11, 12
Obvious disturbance 5 33 39242 42 P. medius Site No. 1,6, 8,9, 13
Overall 15 100 94334 100

FIGURE 3. Pteropus bats roost in the twigs and foliage of roosting trees.

recorded on 13 species of roost trees that supported
73,876 bats. Pteropus hypomelanus was recorded on 7
species of roost trees that supported 20,458 bats. The
most common roost tree species was Tamarindus
indica (26% of total roost trees). The data also revealed
that 75% of P. medius roosts are located within temples

and contain 66% of the total P. medius population.
Temples can provide a safe place for bats by providing
them with good shelter and high protection.
Furthermore, 67% of the P. hypomelanus roosts are
found in the public property with 61% of the total
population of P. hypomelanus. This sort of property
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may provide disturbance-free land that is appropriate
for use as roosts and can therefore also provide
important shelter for bats. Around 56% of the total
population is found at sites categorized as well-
protected categories and 44% of the total population is
found at sites under some degree of disturbance. In our
study area, hunting is mostly prohibited by monks,
however, in certain places of Mpyanmar,
most Pteropus species are being seriously threatened
by poaching. Therefore, it is crucial to prevent illegal
hunting and promote public awareness to protect the
flying fox population in Myanmar.

Myanmar is extremely biodiverse and has already
worsened pressures on critical ecosystems because its
civil war has been happening since 2021. Not only
Myanmar’s civil war but also natural disasters such as
flooding and severe earthquakes have significantly
endangered its rich biodiversity, threatening critical
habitats and numerous species. Flying Foxes in
Myanmar are also threatened by the widespread
deforestation that disrupts their colonies. Many of
Myanmar’s bat surveys and protection efforts have
stalled since 2021. Scientists and conservationists have
been forced to suspend fieldwork, leaving bat
populations unmonitored and unprotected. Therefore,
there is an urgent need to conserve and understand the
ecosystem services of Myanmar flying foxes. Our
study hopes to give attention and support to
Myanmar’s flying foxes conservation efforts from
international bat research organisations.
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