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ABSTRACT

The study on Indian flying fox (Pteropus giganteus), the most diverse group of mam-
mals, was conducted from17th September, 2016 to 3rd March, 2017 at Sallaghari,  
Bhaktapur to collect baseline information on habitat, behavior, population and threats. 
The population structure and estimated populations along with their habitat using direct 
observation and the branch estimation method were assessed. The general behaviour of 
the individual animal was observed and recorded using focal animal sampling over a 10 
minute periods either in the morning or evening. Local people and members of the Nepal 
Army were interviewed using semi-structured questionnaires in order to assess threats. 
Most flyng fox were found roosting in tall Eucalyptus spp. trees and the highly branched 
Populus spp. Resting was observed as the most the dominant behavior among male, 
female and young individuals during the study period. Highest populations (n=1421) 
were observed in September 2016 and lowest (n=36) in February 2017. Habitat de-
struction, lack of food, urbanization and electrocution were the major threats to P. gi-

ganteus. The population is decreasing compared to previous studies. Electrocution and 
persecution by humans are the major causes of accidental death each year. Therefore, 
in order to conserve and save this species, habitat and afforestation along with aware-
ness programs should be implemented urgently.
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INTRODUCTION

Indian flying fox (Pteropus giganteus), is considered as one of the largest bats and is 
widely distributed in the Indian subcontinent (Kryštufek, 2005) and widely distributed from 
Bangladesh, Bhutan, India, Maldives, Nepal, and Pakistan to Sri Lanka (Molur et al., 2002) 

recorded from sea level to an elevation of 2,000 m above sea level (Smith and Xie, 
2008). It is listed as ‘Least Concern’ in International Union for Conservation of Nature 
(IUCN) Red List of Threatened Species (IUCN, 2017) and appendix-II in Convention 
on International Trade in Endangered Species of Wild Fauna and Flora (CITES, 2017). 

As a social species Pteropus giganteus lives in a large diurnal roost which comprises 
several hundreds or even thousands of individuals usually located in well exposed trees 
such as Ficus bengalensis, F. religiosa, Tamarindus indicus, Mangifera indica, Dalbergia 

sissoo and Eucalyptus spp. (Mathur et al., 2012). The colony size varies according to food 
availability in its nightly foraging habitat (Williams et al., 2006), roosting preference 
observed in thick foliage for sun or rain protection (Vardon et al., 2001). It swallows soft 
fruits or juice extract spitting out the remains known as bolus, containing the residual fruit 
pulp of fibrous fruits, seeds. Further, also known to feed on juice and pollen of various 
tree flowers (Chakravarthy et al., 2008), plays a key role in forest regeneration because 
of its ability to retain viable seeds in gut for several hours (Shilton et al., 1999). Their 
long-distance foraging movements (Tidemann & Nelson, 2004; Epstein et al., 2009) play 
important role in pollination of flower and dispersal of seed (Nyhagen et al., 2005). 

Its population was about double just five years back in Sallaghari, Bhaktapur (Raichal, 
2006). However, threats for the survival of P. giganteus included netting, shooting 
for meat, habitat destruction, cutting down of roost trees, urbanization, development 
projects and loss of wild fruits (Rajchal, 2007; Reginald et al., 2008; Chakravarthy 
& Yeshwanth, 2008). Since, there is a lack of current data and status of this species 
in the area, this study aims to provide the updated information on the population, 
behaviour, habitat and existing survival threats in Sallaghari, Bhaktapur, Nepal along 
with the objectives of determination of its habitat and roosting sites, exploration and 
description of general behavior, estimation of population size and assessment of its 
major survival threats in Sallaghari, Bhaktapur, Nepal.
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Study Area

The study area Sallaghari (fig. 1) is the west fringe of Bhaktapur Municipality 
whichcovers region between N 27°36′-27°44′ and E 85°21′-85°32′ and 13km away 
from capital city Kathmandu. The altitude ranges from 1,331m to 2,191m above sea 
level with the highest peak of the district lies at Nagarkot (DDCO, 2017). The study 
site is surrounded by river, streams, ponds as well as cultivated farm lands. The study 
site is located in and around the compound of Sainik Aawasiya Mahavidhyalaya of 
Sallaghari, Bhaktapur. 

Fig. 1. Map of Sallaghari, Bhaktapur District.

MATERIALS AND METHODS

Direct field observation

Direct field observations were done to monitor the population and behaviour of the 
study species. Floral and faunal diversity were monitored for the habitat assessment. 
The field site was visited from September, 2016 to March, 2017 once a week covering 
early spring and winter which are the peak and scare seasons respectively for the 
bats (Koju & Chalise, 2010; Manandhar, 2015). A total of 144 hours of survey and 
monitoring efforts were applied averaging three hours a day for six months. Bushnell 
850R range finder was used to measure the height of the roosting trees and height of the 
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roost above the ground on the tree branches. A computerized program (Google earth) 
was used for exploration of the roosting sites from the nearest human settlements, 
road, agricultural land, water sources and picnic spots. Geographical location and 
elevation of the roosting sites were recorded with Global Positioning System (GPS) 
for navigation. Diameters at breast height (DBH) of the roosting trees were measured 
using measuring tape.

Focal animal sampling

Focal animal sampling method (Altmann, 1974) was followed to record the general 
behaviour of the individual animal in each roosting sites. To get proper informationon 
behaviour of bat, different age/sex group of the animals were selected from the 
roosting groups. Theywere categorizedinto male, female and young. Celestron ultima 
60x80mm spotting scope and the Bushnell 10x42 mm binocular were used to observe 
the behaviour of the animal. Each individual was observed for 10 minutes taking their 
behavioural data andthe process was repeated for 2-3 hours. The general behaviour 
of 43 males, 21 females and 13 young animals were observed and recorded in the 
morning and evening. Fourteen characters (grooming, crawling, resting, flapping, 
swinging, mating, excreting, yawning, flight, fighting, foraging, and spreading wing, 
covering body from wing, chattering)were observed during roosting time. 

Branch estimate method

The branch estimate method was applied to estimate the total population of bats 
(CCINSA & CSGSA, 2006) in the study area. For evaluating the changes in population 
of bats with season, Chi square (χ2) test was carried out to determine the significant 
difference between the flock size in the winter and autumn season. 

Semi structured questionnaire survey

Semi-structured interviews were used to investigate the locals’ and visitors’ perceptions 
about the status and the threats of flying fox in the area. The interviews were taken with 
20 local people and members of Nepal Army during the field period. The interviews 
were conducted in Nepali language, and the interviews typically lasted between 20 
minutes. The interviews were taken one by one to assure independence of the data 
(Lammertink et al., 2003).
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RESULTS AND DISCUSSION

Habitat assessment

By employing a computerised program (google earth) it was found that the nearest 
distance of the roosting trees from the road, human settlement, and agricultural land 
was 7.39m, 10.37m and 41.1m respectively. The nearest pond Rani Pokhari was 35.5m 
away from roosting trees whereas Siddhapokhari was about 569.42m away where we 
found two dead bats hanging down on the electric wires. The distance from the roosting 
trees to the nearest stream and picnic spot were 224.89m and 313.78m respectively.

The flying foxes were observed roosted on Eucalyptus (Eucalyptus spp.) followed by 
Lahare Peepal (Populus spp.) and Khari (Celtis australis). Twenty-eight Eucalyptus 
trees, 12 Lahare Peepal, three Khari, and two of each Kaiyo and Siris were recorded 
as roosting trees in the study area. The highest count was 1,421. Among them 58% 
of the flying foxes were found to be roosted on Eucalyptus, 32% on Lahare Peepal, 
5% on Khari, 3% on Siris and only 2% on Kaiyo tree (fig. 2). Eucalyptus tree had 
the maximum DBH as 2.7m. The maximum height estimated of the roosting trees 
(Eucalyptus and Populus) were 39m each having 58 and 63 roosted bats on them. 
Whereas shortest trees (Eucalyptus and Populus) were of 6m each having 49 and 25 
individuals roosted on them. 

Siris
3% Khari

5%

Eucalyptus
58%

Kaiyo
2%

Lahare peepal
32% Siris

Khari

Eucalyptus

Kaiyo

Lahare peepal

Fig. 2. Roosting trees of flying fox in Sallaghari, Bhaktapur.
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In present study, Eucalyptus was found to be favourite roosting tree of flying fox. It 
might be due to reason that the Eucalyptus tree is highly branched and taller than other 
trees in that area which provide more exposure to sunlight for warming the body. On 
the other hand,  Kaiyo (Grevillea robusta) found to be the less favourable tree in the 
study site. The maximum DBH was found as 2.7m that of Eucalyptus showing that the 
flying fox prefers roosting trees having greater DBH might be due to highly branched 
trees provides more place to roost.  The nearest distance from the roosting tree to the 
road and human settlement shows that the road and human settlement has no effect on 
their roosting sites. The nearest distance from the roosting sites to the water source 
indicates they prefer to roost near the water source. 

Behaviour

Fourteen different behaviours were categorized as recorded from the roosting sites 
from male, female and young individuals. The behaviour of male flying foxes was 
recorded for 430 minutes in 20 days. The resting was the dominant behaviour (31.5%) 
whereas the excretion was the recessive behaviour (1%) performed by male during the 
survey period (fig. 3). Most of the males were found aggressive than the females. They 
feebly prefer eating during the day time as they are the nocturnal creatures.
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Fig. 3 Behaviour of male flying fox in Sallaghari, Bhaktapur.
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The behaviours of females were recorded for 210 minutes in 20 days. The maximum 
behaviour (34.92%) was resting whereas the minimum behaviour (0.32%) performed 
by female was flight during the study period (fig. 4).
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Fig. 4. Behaviour of female flying fox in Sallaghari, Bhaktapur.

The behaviour of young bats were recorded for 130 minutes for 20 days. The maximum 
behaviour (36.76%) was resting whereas the minimum behaviour (1.62%) performed 
by young individuals was chattering during the study period (fig. 5).
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Fig. 5. Behaviour of young flying fox in Sallaghari, Bhaktapur.
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Fig. 6. Comparative behaviour of male, female and young flying foxes during in 
Sallaghari, Bhaktapur.

At Sallaghari, September was found most favorable for the presence of flying fox 
whereas the unfavourable month was found to be February. The behavioural data 
indicates that the most preferred behavior for male, female and young is to rest. 
The highly preferred behavior shows that the resting in day time is due to the active 
participation at night for foraging or for other works as they are nocturnal. At the day 
time they showed less excretion indicating fewer metabolisms during resting. 

Population
There were two roosting sites in the study area. One was near Rani pokhari and 
another was beside the road near the gate of Sainik Awasiya Mahavidhyalaya, 
Bhaktapur. The Maximum population was 1,421 on September 2016 whereas the 
minimum population was 36 on February (fig. 7). Among them the highest numbers 
of bats were counted in the morning as compared in the evening. The calculated chi 
square value was found to be 4067.849 which was greater than tabulated (30.144) at 
df=19 in 5% level of significance. The flock size of  flying foxes during the winter 
and autumn seasons (χ2=4067.849, df=19, p=0.05) was differed significantly.
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Fig. 7. Population fluctuations of flying fox in Sallaghari, Bhaktapur.

Maximum population was recorded in September and minimum in February. So it 
reveals that the population was higher in the spring season in the month of September, 
October and November. The spring season was more favorable for them than other 
season. As they are frugivorous, they would find more fresh fruits in the spring season. 
During data collection maximum number of population was recorded in the morning 
than in evening as they just returned after foraging.

Threats

Total 20 local people including army securities of the study area were selected for 
the interview. Among 20 respondents, 30% agreed with deforestation as the major 
threats to bat, 20% agreed with pollution, 20% agreed with urbanization, 15% agreed 
with electrocution, and 15% agreed with over population of human (fig. 8). Two dead 
individuals were found hanging down on the electric wires due to electrocution. 
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Fig. 8. Responses of surrounding respondents on threats to flying fox in 
Sallaghari, Bhaktapur.

Superstitious belief and misconception of the local people to the flying fox, these 
species are under the negligence of local people despite these are the friends of farmer. 
The lacking of the roosting trees due to habitat destruction and electrocution are the 
major threats to the bats of Sallaghari, Bhaktapur.

Sallaghari is considered as one of the best habitat for bats in Bhaktapur (Koju, 2008). Study 
area has Ranipokhari (pond) inside and traversed road to core city (Koju and Chalise, 
2010). Sallaghari is also not far from human habitat. Animals live near human resident 
areas to remain secure from larger carnivores and also to obtain food easily (Chalise, 2003).

The present study showed that P. giganteus were found only on five tree species. The 
numbers of roosting tree are decreasing due to the deforestation and construction of 
building in the study area.  The nearest distance from the roosting trees to the road and 
human settlements show that the current road and human settlements have no effect on their 
roosting sites. The nearest distance from the roosting sites to the water source indicates 
they prefer to roost near the water source. In previous studies, Pteropus population was 
recorded roosting in multiple tree species (Chakravarthy & Yeshwanth, 2008; Bhatnagar 
& Salvi, 2011; Senthilkumar & Marimuthu, 2012; Dey et al., 2013; Timalsina & Ghimire, 
2010). Koju & Chalise (2010) found that P. giganteus roosted in six species of trees in 
Sallaghari, Bhaktapur in which three were new tree species than earlier i.e. Persea spp., 
Lindera spp. and G. robusta. They roosted in five species of trees around Kesharmahal 
(Timalsina & Ghimire, 2010; Koju & Chalise, 2010). Similarly, P. giganteus were found 
to be roosted in seven tree species in Sallaghari (Manandhar, 2015).

Koju & Chalise (2010) recorded P. giganteus roosting in Mulberry (Morusalba), Lahare 
Peepal (Populus spp.), Camphor (Cinnamomum camphora), Khari (Celtis australis), 
Chir Pine (Pinus roxburghii) and Eucalyptus (Eucalyptus species) in Sallaghari, 
Bhaktapur. Manandhar (2015) recorded Chir Pine (P. roxburghii) as dominant species 
and Eucalyptus as the major roosting tree in Sallaghari. The present study showed that 
large population of P. giganteus observed to be roosted in Eucalyptus spp. in Sallaghari 
and pollen and nectar of Eucalyptus blossoms as their favorable food. Also, maximum 
number of individuals found in Eucalyptus may be because of more trees of this species.
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According to this study, flying foxes were found spending most of the day time for rest 
and sleeping. Koju & Chalise (2010) observed that P. giganteus spent more time in rest, 
groom, flap and wing spread among which the highest rank activity was resting in mid-
day. Sleeping behaviour was the most frequent (>50%) followed by groom, wing spread 
and wing flap. Besides these, movement in tree, nursing, mate, fight and flight were less 
frequent behaviours (<5%) in Sallaghari and Keshar Mahal (Manandhar, 2015).

Population of P. giganteus was 1,428 found in September 2006 (Koju & Chalise, 2010), 
1,324 in November 2006 (Acharya, 2008) and 1, 550 in October 2014 (Manandhar, 
2015) whereas during this study, population was 1,421 in September 2016.  It reveals 
that the population of the flying foxes increase in September and October may be due 
to the favorable weather, temperature and presence of flowers and nectar rich fruiting 
trees like G. robusta (Manandhar, 2015) resembling this study. Koju & Chalise (2010) 
found no flying foxes in January 2006. Manandhar (2015) found 264 in January 
but during the present study, 36 individuals were observed in February 2016. This 
minimum number might be due to unavailability of food in this season and might be 
they migrate to low land in search of food. The higher number in the morning than 
in the evening was also recorded as they returned from foraging in the early morning 
while started to fly with the approaching dusk.

There are many threats to flying foxes. 
One of the threats is Nepalese people 
commonly treat them as ghosts, witches, 
disease transmitters and dangerous 
animals and blame them for the cutting of 
soft horns and ears of domestic animals 
like cow, buffalo and goat (Thapa et al., 
2012). Chepang people kill the flying fox 
during the flowering of the Butter tree 
(Diploknena butyracea) also called Chiuri 
in Nepali language and serve as the source 

of meat (Limbu & Thapa, 2011). According to Thapa et al., (2012), Newar 
community of Kathmandu valley used to kill flying fox to make bat oil that was used 
as medicine or as ear-drops to expel an ear bug, as a topical baldness cure and as an 

Plate 1. Dead  bat hanging down on electric 
wire nearSiddhapokhari
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anti-paralytic. In addition, electrocution is also one of the major threats prevailing in 
Sallaghari (Rajchal, 2006). More than ten dead flying foxes are found every year due 
to electric shock and was the highest threat in the locality. Only one household 
consumed the fallen flying foxes for food and medicine (Manandhar, 2015).We also 
found two bats died due to electric shock during our field period (Plate 1). Therefore, 
besides medical use electrocution is the major cause of their number decline.

Habitat alteration and the environmental factors also have a devastating effect on 
tree-roosting populations (O’Brien, 2011). Therefore, the present study reveals that 
Sallaghari is almost inside the urban vicinity. Human disturbances and unprotected 
electric wires are the major threats of the flying fox population in Sallaghari. Hence, 
proper management of their habitat for the conservation is urgently needed. Regular 
monitoring on the status of P. giganteus should be continued in Sallaghari. The 
area should be announced as flying fox conservation area so that further researches, 
taxonomical study, plantation of fruit trees, and community outreach programs can 
be carried out to make people aware and to protect the species from local extinction. 
Electrocution and persecution by humans are the major causes of accidental death 
every year. So, in order to conserve and save this species, afforestation work, along 
with an awareness program in surrounding should be started.
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