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Abstract: Frugivorous bats play a vital role in tropical ecosystems as pollinators and seed dispersers but are

also important vectors of zoonotic diseases. Myanmar sits at the intersection of numerous bioregions and

contains habitats that are important for many endangered and endemic species. This rapidly developing

country also forms a connection between hotspots of emerging human diseases. We deployed Global Posi-

tioning System collars to track the movements of 10 Indian flying fox (Pteropus giganteus) in the agricultural

landscapes of central Myanmar. We used clustering analysis to identify foraging sites and high-utilization areas.

As part of a larger viral surveillance study in bats of Myanmar, we also collected oral and rectal swab samples

from 29 bats to test for key emerging viral diseases in this colony. There were no positive results detected for

our chosen viruses. We analyzed their foraging movement behavior and evaluated selected foraging sites for

their potential as human-wildlife interface sites.

Keywords: Emerging infectious disease, Flying fox, GPS tracking, Movement ecology, Pteropus, Viral samp-
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INTRODUCTION

Wild populations of animals have been well documented to

act as reservoirs for zoonotic disease (Kruse et al. 2004).

Highly mobile animals such as birds and bats have

heightened potential to spread pathogens and study of their

movement behavior can shed light on potential pathways

for emerging epidemics (Daversa et al. 2017; Feare 2010).

Bats are unique as the only true flying mammal, and their

capacity to carry and transmit many infectious diseases to

other species, including humans, has been widely reported

(Hughes et al. 2007; Mackenzie et al. 2003; Olival et al.

2015). Many species of bats are known to host a range of

zoonotic viruses, several of which have proven fatal to

humans including rabies, Marburg, Nipah, and Hendra-

viruses. More recently, bats have been identified as the

natural host of several coronaviruses responsible for human

fatalities including severe acute respiratory syndrome

(SARS-CoV-1) and Middle East respiratory syndrome

(MERS-CoV) (Calisher et al. 2006; Machhi et al. 2020).
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Moreover, bats are largely speculated to be the primary host

for SARS-CoV-2, the causative agent for the COVID-19

pandemic (Zhou et al. 2020). Earlier studies have suggested

that both ecological and physiological factors may consti-

tute risk factors for infection in bats and potentially play a

role in the spillover of viral infections to other species

(McMichael et al. 2016). A better understanding of the

physiological and behavioral qualities of target populations

of bats provides additional tools for predicting and pre-

venting emerging viral epidemics.

Pteropids, including the group of frugivorous bats

known as flying foxes, have become a group of great

interest for their role in the emergence and re-emergence of

novel and known viruses with human health implications,

as well as their ecological role in the context of the global

decline in bat populations (Hughes et al. 2007; Hutson

et al. 2001; Mickleburgh et al. 1992, 2002; Young and Olival

2016). Frugivorous bats play a crucial role in tropical

ecosystems as pollinators and seed dispersers (Abedi-Lartey

et al. 2016; Aziz et al. 2021; Corlett 2009; Oleksy et al.

2017). They are known to travel long distances to forage

and, in some cases, seasonally migrate (Breed et al. 2010;

Epstein et al. 2009; Fahr et al. 2015; Welbergen et al. 2020).

These bats are under threat from hunting, deforestation,

the introduction of exotic predators, and environmental

disturbances such as natural disasters and climate change

(Allen-Wardell et al. 1998; Hahn et al. 2014). Several spe-

cies of flying foxes have been identified as a primary

reservoir for many of the aforementioned zoonotic viral

diseases of global concern including filo-, corona-, and

henipa-viruses, among others which may have potentially

severe effects on human health (Chong et al. 2009;

Mackenzie and Williams 2009). With fruit as their primary

food source, this brings flying foxes into regular contact

with agricultural plantations, livestock, and humans (Syafiq

et al. 2016). As environmental disruption continues to in-

crease as a result of human population growth and agri-

cultural expansion, bats and other wildlife increasingly

come into contact with humans, leading to increased hu-

man exposure to known and novel pathogens (Giles et al.

2018; Hughes et al. 2007; Plowright et al. 2011). This in-

creased contact may have negative consequences, both for

the human populations at risk for disease emergence, as

well as for bats and other wildlife under threat of habitat

loss.

Myanmar sits at a key juncture between countries and

bioregions in Southeast Asia, forming a connection be-

tween India, China, Vietnam, Laos, Thailand, and penin-

sular Malaysia. With 60% of the country still forested,

Myanmar provides crucial habitat for many resident and

migratory animal species (Bhagwat et al. 2017). While

forming an ecological connection between bioregions,

Myanmar also connects countries that are known hotspots

for emerging human infectious diseases (Jones et al. 2008).

With a rapidly growing population and developing tourism

and agricultural industries, increased contact with wild

populations of animals and increased human and animal

movement across borders put Myanmar at risk for

emerging zoonotic diseases (McEvoy et al. 2019; Nijman

2010; Nijman and Shepherd 2014; Valitutto et al. 2020).

Many species of frugivorous bats have been reported to

reside in Myanmar including Pteropus giganteus, P.

hypomelanus, P. intermedius, P. vampyrus, Rosettus lesche-

naultii, R. amplexicaudatus, Cynopterus sphinx, and C.

brachyotis (Bates et al. 2000; Oo et al. 2017; Struebig et al.

2005). Viral metagenomic studies in Myanmar have iden-

tified viruses from 24 viral families residing in bats from

Myanmar, including the isolation of a hepatitis virus which

may have human health implications (He et al. 2013a,

2013b). Transmission of viruses from wildlife, including

frugivorous bats, to human populations has been exten-

sively researched (Brierley et al. 2016; Ge et al. 2012; Hasebe

and Le 2007; Olival et al. 2013, 2015; Young and Olival

2016). Nucleic acids from viruses including coronaviruses,

parvoviruses and filoviruses have been detected in oral,

rectal, and urinary samples from many species of bats (Ge

et al. 2012; Memish et al. 2013; Schuh et al. 2017). Fresh

date palm juice or fruit contaminated with the saliva or

fecal material of bats have been implicated in the trans-

mission of Nipah virus infections from bats to humans

(Epstein et al. 2008; Hsu et al. 2004; Luby et al. 2006), while

shared fruit between fruit bats and pigs has been implicated

in the transmission of Nipah virus (Chua 2003) and fru-

givorous bats have been documented to transmit Heni-

paviruses via urine, feces, and saliva (Willoughby et al.

2017).

Previous studies have explored the presence of poten-

tially infectious viruses in frugivorous bat populations

(Breed et al. 2010; Epstein et al. 2008; Mackenzie et al.

2003; Watanabe et al. 2010), and a number of studies have

focused on their movement behavior, navigational capacity

and spatial memory (Calderón-Capote et al. 2020; Harten

et al. 2020; Sapir et al. 2014; Toledo et al. 2020). However,

these two elements have not yet been combined in a single

published study where the same bats were sampled for

viruses and their movements recorded. Studies on Old
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World fruit bats, particularly the straw-colored fruit bat

(Eidolon helvum), have demonstrated that large bats display

species-specific movement preferences in terms of roost

habits, range of forage, and seasonal movement variations,

all of which may play significant roles in disease ecology

and spread of transmissible illness (Epstein et al. 2009;

Gumal 2004; Smith et al. 2011; Tidemann and Nelson 2004;

van Toor et al. 2019; Welbergen et al. 2020). The lack of

data on disease presence and prevalence and the movement

dynamics within individual bat populations limits our

ability to accurately predict and track emerging viral dis-

eases of concern through bat populations. This lack of

knowledge also limits the identification of at-risk human

populations, and the capability to halt outbreaks while still

residing in the wildlife reservoir. In this study, we sampled

Indian flying fox (Pteropus giganteus) for a range of

potential zoonotic diseases and simultaneously tracked

their movements across a human-impacted landscape as

they interacted with human dwellings, fruit plantations,

and pig farms. These bats were included as part of a greater

study conducting zoonotic viral disease surveillance in over

500 bats of various species at two high-risk human-wildlife

interface sites of Myanmar (Valitutto et al. 2020). We aim

to identify potential human-wildlife interfaces by evaluat-

ing daily movement patterns and spatial distribution of

feeding sites for Indian flying fox.

METHODS

Study Site

Our study site was the town of Okekan in the Bago region

of Myanmar (Lat: 17.499553�, Lon: 95.856097�). Okekan

sits in an agricultural landscape dominated by rice growing

with small-scale pig farming and various plantations such

as rubber, banana, and teak and a mixture of intact and

degraded forest in steeper areas. Okekan is one of two large

towns in a township with a combined population of

approximately 226,000 people. The most common occu-

pation is farming or day laboring on other farms and

construction projects. A small number of trees in Okekan

are known to support colonies of fruit bats with popula-

tions fluctuating greatly across wet and dry seasons. The

roost trees chosen for this study sit inside a local police

compound surrounded by human dwellings and pig

enclosures containing approximately * 20 pigs directly

underneath the roost trees.

Study Species

The Indian flying fox (Pteropus giganteus) is a large fru-

givorous bat distributed throughout South Asia from

Pakistan to Myanmar (IUCN, 2019). With an average

wingspan of 1.3 m and body mass ranging from 0.6 kg to

1.6 kg (Nowak and Walker 1999) it is one of the largest bats

in the world and capable of comfortably carrying a GPS

transmitter. A common sight in residential and agricultural

areas close to water, this bat species is sympatric with hu-

mans throughout its range. Even though Pteropus species

tend to form large communal roosts, they largely forage

individually and have been known to travel long distances

of up to 3011 km (Breed et al. 2010; Tidemann and Nelson

2004). P. giganteus is considered an important reservoir for

a range of zoonotic diseases and viruses with zoonotic

potential including those in the Paramyxovirus and

Coronavirus families (Anthony et al. 2017; Epstein et al.

2008). Prior research has indicated that P. giganteus prefer

roosting in fragmented forest environments such as those

found within village communities, increasing the risk of

disease overlap (Hahn et al. 2014). Bats were humanely

trapped, handled and sampled according to protocols ap-

proved by the Institutional Animal Care and Use Com-

mittee of the University of California at Davis (Protocol

19,300) and Smithsonian Institution (Protocol 16–05), and

with approvals of Myanmar’s Ministry of Agriculture,

Livestock and Irrigation (MAOLI) and Ministry of Natural

Resources and Environmental Conservation (MONREC).

The animals were captured over a period of three

nights in late April 2018 with a size No. 11 nylon mist net

extending about 25 m at one border of a known roost site

by trained field personnel in collaboration with MAOLI

and MONREC in partnership with the Smithsonian Con-

servation Biology Institute field team. Nets were monitored

continuously after placing at an elevation of approx. 25 m

using bamboo poles and bats were removed within ten

minutes of capture.

A total of 19 bats were sampled during the first two

days of capture for collaring. An additional 10 bats were

captured and sampled using the same methods over the

following months for viral analysis alone. Samples were

taken within 45 min of capture of all animals. Sex, age,

morphometrics, reproductive condition, and body condi-

tion score were recorded for each animal and a brief

physical examination was performed to confirm the lack of

external indicators of disease. Flying foxes were classified as

either juvenile or adult based on secondary sexual charac-
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teristics including presence of penile barbs in the case of

males and elongated and white-tipped teats indicating

lactation in the case of females. All animals received 10–

20 mL of fruit juice solution for hydration before release.

The handling time for each individual animal was less than

five minutes, including collar placement on selected indi-

viduals.

GPS Tracking

Ten apparently healthy adult male bats as determined by

physical examination that weighed between 630 and 770 g

(mean 697 g) were equipped with GPS tracking collars

(LiteTrack 20, SirTrack, New Zealand) weighing 8 g

(< 3% of body mass). The collars had an expected accu-

racy of < 10 m (Forin-Wiart et al. 2015) and were pro-

grammed to acquire a GPS fix every 1.5 h throughout the

day and night. Data were separated into day and night fixes

based on the hours of first and last light. Analyses of for-

aging movements, described below, were conducted using

night time fixes only. While the majority of foraging is

nocturnal and the bats mostly roost at night, it is possible

that a small number of diurnal foraging sites were excluded

from the data or that some nocturnal roosting behavior was

considered to be foraging. To further exclude roosting

behavior from foraging analysis, an exclusion zone was

estimated as the extent of the urban environment around

the central roost, extending to cover all dwellings as as-

sessed visually from satellite imagery (Google Earth). This

included actual roosting and local flights around the roost

site during early morning and late evening. The resulting

radius was approximately 700 m around the main roost

tree.

The collars were constructed from modified zip-ties

with a weak link made from 4 to 0 polydioxanone ab-

sorbable suture which was anticipated to decay over 3–

6 months based on manufacturer guidelines on internal

hydrolysis absorption of suture, which would allow the

collar to drop off (Dunn and Phillips 2010). For collar

placement, the zip-tie portion of the collar was slid beneath

the neck and fastened until two fingers could be placed

between the collar and the skin of the neck. Collars were

adjusted such that the radio antennae extended down along

the back between the shoulders to not interfere with wing

movement, and the battery hung ventrally around the neck.

A base station was established in a house approxi-

mately 50 m away from the roost tree with direct line of

sight to the bats. A VHF antenna was connected to the base

station (PinPoint Commander, Lotek Wireless, Havelock

North, New Zealand) for remote data download. The base

station was set to download data from the collars during

the time which the bats were anticipated to be at the

roosting tree, from 11:00 to 14:00 every day. The unit was

connected to a solar panel and 12-V car battery.

Data were downloaded from the base station once

every three weeks. Periodic roost site checks were per-

formed with binoculars to locate as many collared bats as

possible; a handheld VHF receiver was also used to identify

collared bats present at the site during each visit. Tracking

data have been uploaded to an online repository (move-

bank.org) and are available upon request.

Cluster Analysis

All statistical analysis was carried out in the R program-

ming environment (R Core Development Team 2013).

Data were pooled for all individuals. To identify foraging

sites and revisitation rates, we used density based spatial

clustering methods using the R-packages ‘‘dbscan’’ and

‘‘fpc’’ (Hahsler et al. 2019; Hennig 2015). To define clusters

in the data, we set the minimum number of points in a

cluster as the log of our sample size and used k-means

clustering to determine the most appropriate ‘‘reachability

distance’’, the longest distance between two points that

could still be considered to be in the same cluster. This

process yielded a minimum number of points = 6 and a

reachability distance = 900 m. Points were grouped by

cluster membership and plotted on a map of the study site.

To further identify areas of intense use (for foraging or

roosting) within clusters we generated kernel density uti-

lization distributions using R package ‘‘adeHabitatHR’’

(Calenge 2011), taking the 50% contour as the core are of

intense use.

Identifying Foraging Sites

To estimate the number of unique foraging locations vis-

ited by each bat we drew a circle of radius 50 m around

each GPS location (excluding points at the main roost site),

to include the canopy of a large fruit tree and capture small

flights around it during foraging. Circles that overlapped

were considered to be part of the same location (e.g., a

stand of trees close together). Studies on similar sized fruit

bats have shown that they typically select a single foraging

location for an entire night, making smaller local flights

Movements of Indian Flying fox in Myanmar as a Guide 207



around that area (Markus and Hall 2004; Oleksy et al. 2015;

Weber et al. 2015).

Four trained local observers visited three villages that

were identified as high-use sites identified from the core

area of (50% contour) of utilization distributions. They

recorded human population, the species of tree being used,

the presence of any roosting bats and the presence of any

agricultural animals, crops or human dwellings within

15 m of the focal tree.

Viral and Hematological Sampling

Oral and rectal swabs were collected using sterile polyester-

tipped applicators, collected in 500lL viral transport

medium (ThermoScientific MicroTest tubes, Fisher Scien-

tific, Pittsburgh, PA, USA) or 500lL TRIzol reagent (In-

vitrogen TRIzol reagent, Fisher Scientific, Pittsburgh, PA,

USA), transported from the field in liquid nitrogen, and

transferred to a -800C freezer within five days until time of

testing. Hematological samples were obtained with a 1 ml

syringe attached to a 25 gage needle. The right cephalic vein

was prepped with isopropyl alcohol and approximately

1.5 ml of blood was collected from each individual for

additional research sampling.

Viral sample testing was performed at the Myanmar

Livestock, Breeding, and the Veterinary Department’s

(LBVD) Veterinary Diagnostics Laboratory in Yangon.

RNA was extracted using Direct-Zol RNA/DNA extraction

kits (Zymo Research Corp., Irvine, CA, USA), and cDNA

was prepared using Invitrogen Superscript III (Invitrogen

Corp., Fisher Scientific, Pittsburgh, PA, USA). Samples

were screened for coronaviruses (CoVs) using two broadly

reactive consensus conventional polymerase chain reaction

(PCR) assays targeting two non-overlapping fragments

(434 bp and 332 bp) of the RNA-dependent RNA poly-

merase (RdRp) of orfl ab of CoVs (Quan et al. 2010;

Watanabe et al. 2010); for filoviruses with a modified

degenerate primer set adapted from Zhai, J et al. (2007)

targeting the L-gene of the filovirus family for optimized

pathogen discovery; for paramyxoviruses utilizing a con-

ventional hemi-nested PCR targeting the polymerase (pol)

gene (Tong et al. 2008); and for influenza viruses using

two-step PCR using Superscript to make cDNA targeting

the M gene (Anthony et al. 2013).

RESULTS

Movement Data

Bats were tracked for an average of 41.5 nights (± 29.81

SD, range: 3 – 83 nights). One collar dropped off, having

broken at the weak link, in just over two days and was

recovered. The collars collected a total of 2377 location

fixes. Using horizontal dilution of precision (HDOP) as a

measure of spatial accuracy, we removed locations with

HDOP values < 100, leaving a final working data set of

2357 fixes. GPS locations were collected with an average

inter-fix interval of 1.77 h (± 0.09 SD), slightly longer than

the expected 1.5 h interval. Missing fixes were likely

strongly affected by the bats’ position under dense canopy

when foraging or roosting. For a summary of GPS collar

performance see supplementary material, Table 1. GPS

tracking data showed a central-place foraging pattern

common across many bat species (Fig. 1). Individuals

tagged at a communal roost traveled on average 14.5 km

(± 19.71 SD) to feeding sites with an average distance

between GPS fixes taken at night of 7.14 km (± 15.65 SD)

across all bats. The majority of foraging trips lasted one

night only but some individuals took multi-night trips

before returning to the roost. One bat traveled 72 km away

from the original roost site, returning three days later

(Fig. 1). Selection of foraging sites differed across individ-

uals even though they shared the same roost. There were

only two cases of bats visiting the same foraging location

and only one case of two collared bats being present in the

same area on the same night. All foraging locations oc-

curred within human-modified landscapes, often on agri-

cultural land or fruiting trees in residential areas where

small-scale pig farming is the main source of income for

villagers. Although roosting together at a central location

for the majority of the study period, bats traveled to dif-

ferent foraging sites, each showing a preference for partic-

ular places and sometimes roosting elsewhere for a number

of nights (mean percentage of total tracking days spent on

central roost: 81.74% ± 14.6 SD).

Clustering analysis revealed six broad clusters of bat

foraging locations (Fig. 2a) within which core areas of

usage were identified (Fig. 2b) and selected for site visits.

Analysis of individual foraging sites, using 50 m circles

around GPS locations, revealed 207 unique locations vis-

ited across all bats (Table 1, Fig S1).

Site inspections revealed that bats were targeting red

silk cotton trees (Bombax ceiba) for feeding and roosting
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and mango trees for feeding. Site 1 had the largest human

population (* 3000 people). Pig farming was common at

this site with every house containing at least two pigs. At

this site two households were located directly under the

main foraging tree and a further 10 households within

15 m of the center of the foraging area. During the site

inspection, 150 bats were counted in a red silk cotton tree.

Rats (species unknown) were also observed in the center of

the foraging area. At Site 2, the human population was

lower (* 150 people) and again pig farming was common

across all households. Two larger farms in the area had

approximately 100 pigs in each. The foraging area was

centered on a mango tree inside of a monastery compound

containing 5 houses and 6 pig farms located within a 15 m

radius. The area is known to be frequented by large flocks

of pigeons. Site 3 was a village of 400 households and 2000

people. The center of the foraging area was located within a

large farm. No households were present within 15 m of the

center, the nearest being 800 m away. There were rice

paddy fields within 15 m of the center which are regularly

worked by two families. No pig farms or other animals

were observed within the foraging area.

Viral Sampling

Of the 29 bats sampled, no positive results were recorded

for any of the pathogens for which we tested by PCR.

DISCUSSION

This study aimed to evaluate the movement patterns in a

colony of Indian flying foxes with a focus on identification

of human-wildlife interfaces in Myanmar. A previous study

evaluating the general viral biome of bats across Myanmar

revealed a wide host of viruses present across many bat

Figure 1. GPS tracking data for 10 bats collared in Okekan, Tai Kyi township, Myanmar. Square symbol marks the roost site where bats were

collared. Circles mark three areas that were intensely used and selected for site visits. Map data: Google, DigitalGlobe.
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species (He et al. 2013b), and in nearby countries including

China and Bangladesh, fruit bat populations have been

documented carrying emerging infectious diseases (He

et al. 2013b; Hu et al. 2014; Luby et al. 2006). Under-

standing the potential for disease transmission in bats of

this region, we believe determining the natural movement

patterns of the species is an essential step in the prediction

and prevention of zoonotic disease transmission.

The observed pattern of individuals dispersing across

the local landscape to different foraging areas and returning

to a shared roost identifies areas of human-wildlife inter-

face for this Pteropus colony during the study period.

Observations from site visits by researchers on the ground

confirm the close presence of humans, livestock, and ro-

dents to foraging areas; however, further evaluation is re-

quired to determine the presence of zoonotic disease and

risk of interspecies transmission. Across the study land-

scape, these 10 bats visited a total of 207 unique locations.

Although it is unlikely that every individual bat in the

colony traveled alone to forage every night, the individual

nature of foraging site selection we observed in our sample

suggests that, if extrapolated to the total number of bats at

this one roost, this could mean the entirety of the roost

could be traveling to hundreds of locations over a short

period of time. The movement characteristics of bats in this

study such as selecting a single location for foraging each

night, occasionally undertaking long distance flight, and the

average distances moved between a roost and foraging site,

align with findings on other Pteropus species. (Banack and

Grant 2002; Roberts et al. 2012; Spencer et al. 1991).

Visits to selected foraging sites by researchers on the

ground revealed intense foraging on successive nights in

areas closely associated with humans and agriculture, often

directly above livestock and dwellings. The density of

livestock (roughly to 2 pigs per household), the proximity

of houses to bat foraging and roosting trees, and the

presence of large numbers of rodents create a perfect

interface site between bats, livestock, and humans. Even in

locations such as Site 3 where livestock and dwellings were

further removed from the foraging tree, humans still

worked in rice fields directly underneath the foraging trees.

In addition, the direct consumption of bats as a food source

is not uncommon in this area and the sale and consump-

tion of wildlife products is widespread throughout Myan-

mar (McEvoy et al. 2019).

With a stable roost at a particular site, locals may as-

sume that bats in this area are the same individuals, but our

tracking data suggest a more dynamic situation. The

Figure 2. Results of density clustering analysis on bat GPS locations. A Seven distinct clusters of locations were identified. B Kernel density

utilization distributions within each cluster revealed areas of intense usage.
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presence of secondary roosts in the landscape was indicated

by the finding that bats spent the majority of nights on the

central roost (81.74% ± 14.6 SD) but not all nights. For

example, at Site 1, 150 bats were observed roosting during

the day. This site was within 10 km of our main roost site

and not only a foraging site but also contained a secondary

roost. Movement data revealed two collared bats moving

between the two, demonstrating flow of individuals be-

tween roosts. Although an extensive survey of all potential

roost sites within the local landscape was beyond the scope

of this study, the suggested existence of multiple communal

roost sites in the landscape where roost membership ap-

pears to be fluid, aligns with results from studies on other

Pteropus species (Roberts et al. 2012; Spencer et al. 1991).

Our movement data were limited by a number of

factors. Although P. giganteus is one of the largest species of

bats in the world, we are still limited by the size of the

transmitter that can be attached. For the purposes of this

study, we chose to collect high-accuracy, 1.5 hourly GPS

data to identify specific foraging sites. This limited our data

collection period to a maximum of three months. In future

studies, a mixture of sampling rates could be used and by

sacrificing data frequency we could potentially track indi-

viduals throughout an entire year. In addition, the collar

design required modification to allow drop-off of the collar

without recapturing individual animals which would be

logistically challenging and stressful to the animals. This

modification was performed relying on the assumption that

degradation of the suture material would occur; however,

the published information on dissolvable sutures relies on

hydrolysis of material within body tissues, while this study

relied on environmental conditions to degrade suture

material. While one bat removed a collar within 24 h of

placement, all other collars remained in place for the

duration of the study and based on movement data it was

presumed that animals remained generally uninhibited to

pursue feeding opportunities by the presence of the collars

for the 3 months of data collection. However, it is un-

known if the collars caused a reduction in normal move-

ment activity nor if the collars caused any physical damage

to the bats. Future visits to the site failed to identify col-

lared bats in the colony.

The base station/VHF download system for collecting

data was necessary due to the small size of the transmitters.

More battery power, and hence more weight, would have

been required to transmit to a satellite. This meant that if a

bat did not return to the roost where the base station was

located, whatever data it was carrying were lost and its fate

could not be determined. A wider array of base stations at

different potential roost sites or a system that transmits

data via GSM networks would improve our ability to

capture more complex movement patterns.

The size and the position of the collars on this species

proved to be somewhat challenging. The location of the

GPS unit on the collar was toward the right shoulder of

many bats, and in some cases it ended up ventrally located

due to the small neck circumference of individuals. This

limited the accuracy of the GPS signals during flight.

Accurate measures of neck circumference with pre-project

capture attempts, while risking disruption of the roost, may

provide more accurate collar design in the future and im-

prove signal accuracy.

In a study to identify broader coronaviral diversity of

bats, Anthony et. al. (2017) recommended sampling greater

than 400 individuals to optimize the full diversity of

coronaviruses present within any particular species. The

bats examined in this study were part of a larger study

conducting zoonotic viral disease surveillance to determine

prevalence and potential for cross-species transmission

(Valitutto et al. 2020). Multiple bat species were included

with samples collected from over 400 individual bats at two

high-risk interface sites in Myanmar. Per the results of that

study, none of the viruses evaluated were detected in the

bats of this GPS study. However, novel and known coro-

naviruses and paramyxoviruses were detected in other bat

species (Scotophilus sp. Taphozous sp., Chaerephon sp.,

Hipposideros sp) within the same region as the GPS bat

colony (Valitutto et al, 2020, Valitutto et al., in review).

Regardless of the results of the broader study and the large

multi-species populations sampled, to fully appreciate the

potential for this bat colony to host a zoonotic virus and

the risk of transmission, further independent studies are

needed with a primary focus on this population of Indian

flying fox. The physiologic and geographic diversity of bats

is profound, and thus, each species has a different potential

for both hosting and spreading zoonotic diseases (Calisher

et al. 2006). To understand the risk of zoonotic disease

transmission, individual bat species and populations must

be examined for their movement patterns, foraging

behaviors, colony structure, and dynamics of hosting a

zoonotic virus (e.g., seasonal variation, intra-species

transmission, gender, health status, biological secretions,

etc.) (Calisher et al, 2006). Given the interspecies differ-

ences, the lack of viral detection may be attributed to the

small sample size but other reasons cannot be ruled out

including collection and processing errors, seasonal varia-
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tion, capture bias (behavioral difference of sick and/or

virus-positive bats), or that this is a genuinely negative

colony.

Our movement data identified individuality in forag-

ing site selection, and considering the distances flown each

night, there are potentially many more human-interface

sites along the daily and seasonal movement paths of these

bats. Expanding the study to include more roosts would

allow us to determine the flow of individuals between roost

sites. All of the bats tracked in this study were deemed

healthy on physical examination with no viruses detected of

the four viral families screened. Tracking a greater number

of bats with different disease statuses would also help to

evaluate if the identified patterns of movement behavior

and site selection are identical in bats that are carrying

pathogens (with or without symptoms) or if transmission-

relevant movement behavior shifts while carrying infectious

pathogens, as seen in other species (Hawley et al. 2007;

Stockmaier et al. 2021; Wilcox et al. 2014).

CONCLUSIONS

Our results highlight the importance of understanding the

movement behavior of Pteropus giganteus in order to

identify human-interface sites and assess their potential for

the spread of zoonotic disease to livestock and humans.

GPS tracking allowed us to determine the flow of indi-

viduals from roosts to foraging sites and to assess the

conditions on the ground at these sites. The lack of

detection of any screened viruses in this bat colony high-

lights the importance of disease surveillance programs to be

mindful of the difference between bat species in study de-

sign and focus. Public health programs should target areas

with sizeable bat roosts and foraging areas for education,

outreach, and vaccination. Further work is needed to fully

understand the risk of disease transmission between bats

within a colony as well as between bats and humans and

livestock at these interface sites. Natural behavioral studies

would help determine if there are migratory and resident

sub-populations of this bat colony and if bats from this

region intermix with those in areas known to have had

outbreaks of infectious diseases. Frugivorous bats are of

huge ecological importance in tropical ecosystems and their

populations are under threat from many directions (Allen-

Wardell et al. 1998; Corlett 2009). By more fully under-

standing the links between their movement behavior and

the potential for interface with humans, we can protect

human health while ensuring that bats can continue to

thrive in these landscapes.
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