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Abstract – The Indian flying fox, Pteropus medius is a fruit bat that contributes significantly to seed dispersal and pollination 

services. These bats face serious threats from the loss of roosting trees due to urbanization and deforestation. This study aimed 

to assess the roost characteristics of Indian flying foxes and the effects of anthropogenic noise on roost tier selection in an urban 

forest patch. We carried out population surveys of Indian flying foxes in the Sallaghari Forest in Kathmandu Valley, Nepal by 
direct roost count method from July to November 2023. Further, we quantified the intensities of anthropogenic noise at every 

five-meter interval along the transects from the forest edge towards the main forest and recorded the minimum roosting heights 

at each point. Indian flying foxes were found to be roosting on trees belonging to six species. Eucalyptus sp. was the most 

abundant roost tree (50%) in the forest whereas the highest relative abundance of roosting Indian flying foxes was on Populus 

ciliata (40.1%). The regression analysis revealed that tree DBH and height and the combined interaction of height and canopy 

cover significantly increase the abundance of Indian flying foxes. The noise intensity at ground level and roosting height of 

Indian flying foxes showed a significant strong positive relationship indicating their roosting at higher tier under intense noise. 

We recommend measures for reducing anthropogenic noises and conserving large and tall trees to ensure the roosting habitat of 

Indian flying foxes in urban setups. 
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1. INTRODUCTION 
 

The Indian flying fox, Pteropus medius (Megachiroptera: 

Pteropodidae) is one of the biggest fruit bats in the world. 

They are native to the Indian sub-continent and are widely 

dispersed across Southeast and South Asian countries 
including Bangladesh, Bhutan, Maldives, Myanmar, Nepal, 

Pakistan, Sri Lanka, and Tibet Autonomous Region of China 

(Tsang, 2020). Indian flying foxes are frugivorous bats 

feeding on varieties of wild and cultivated fruits and flowers 

and playing a key role in forest rejuvenation because of their 

ability to preserve the seeds in their gut for many hours (Javid 

et al., 2017; Shilton et al., 1999). Their long-distance foraging 

behavior (Tidemann and Nelson, 2004; Epstein et al., 2009) 

plays an imperative role in seed dispersal and pollination 

(Nyhagen et al., 2005). However, due to extensive 

urbanization and clearing of tall trees, they are losing their 

habitats, especially in rapidly urbanizing areas like 

Kathmandu Valley (Ishtiaque et al., 2017; Chauhan et al., 

2021).  

Indian flying fox is a communal species that inhabits large 

day roosts (12–14 hours daily) close to water sources, forests, 

or agricultural lands (Pandian and Suresh, 2021; Tsang, 2020; 

Meade et al., 2021). They prefer to roost on well-exposed 

large trees such as Mangifera indica, Eucalyptus globulus, 
Ficus bengalensis, and Tamarindus indica (Chakravarthy et 

al., 2009; Katuwal et al., 2019), Dalbergia sissoo, 

Cinnamomum camphora, Albizia procera, Cedrela toona, 

Celtis australis, Taxodium mucronatum, Diospyros peregrine, 

Kigelia pinnata, Manilkara hexandra, Pterospermum 

acerifolium and Putranjiva roxburghii (Gulraiz et al., 2015). 

Bats roosting on trees generally favor large and tall trees that 

offer ample surface area for roosting and protection 

(Kalcounis-Rüppell et al., 2005). Roosting plays a central role 
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in the daily lives and survival strategies of the Indian flying 

foxes. It primarily influences their behavior, reproduction, 

and overall population dynamics (Mildenstein et al., 2016). 

Selection of a suitable roost provides bats with the benefits of 

better maternal care, enhanced mating opportunities, and 

improved social interaction. They prefer isolated, elevated, 

and sheltered locations that offer protection from adverse 
weather conditions and predators (Kerth et al., 2003; Kunz et 

al., 2003; Pandian and Suresh, 2021).  

Bats use echolocation for navigation and hunting, emitting 

high-intensity sounds and listening to the echoes bouncing off 

objects (Surlykke et al., 2008). Anthropogenic intrusions, 

such as urban development, traffic, or industrial activities, can 

interfere with these echolocation calls, disrupting the bats' 

ability to effectively navigate and perceive their environment 

(Siemers & Schaub, 2010). The ubiquitous rise in 

anthropogenic noise has led to the variation in noise levels 

across different areas within an urban environment 
(Blumstein et al., 2011). This could have particularly strong 

effects on obligate tree roosting fruit bats. High-intensity 

noises in urban vicinities can mask acoustic communication 

(Pearson and Clarke, 2019) and cause stress to the fruit bats 

triggering an increase in their cortisol level and even a 

spillover of viruses in their excreta (Edson et al., 2015; Walsh 

et al., 2017). Indian flying foxes exhibit a preference for 

roosting at higher heights within trees or structures that 

provide them with a quieter environment for resting and 

communication, away from the din of the city streets (Russo 

et al., 2018). This may cause them to shift their roosting habits 

and plausibly force them to thrive in suboptimal habitats with 

inadequate resources.  

Despite diversified ecological and economic values, Indian 

flying foxes are often least prioritized in conservation and 

management plans due to the lack of knowledge about their 

population status and habitat requirements (Francis, 2008). 

The limited available studies on Indian flying foxes in Nepal 

have been focused on population status and behavior (Koju, 

2008; Manandhar et al., 2017; Katuwal et al., 2019). Roosting 

colonies of Indian flying foxes in several districts of Nepal 

have shown dramatic population declines in recent decades 

due to tree felling and hunting for bushmeat (Katuwal et al., 
2019). Few studies in India (Gulraiz et al., 2015; Kumar and 

Kanaujia, 2017) elucidate the effect of roost characteristics on 

their colony size, however, information regarding the roost 

tier preference of Indian flying foxes in urban setups is still 

scanty. Anthropogenic noise in rapidly urbanizing areas might 

pose behavioral, physiological, reproductive, and survival 

challenges to the fruit bats inhabiting fragmented forest 

patches (Francis and Barber, 2013; Bunkley et al., 2015). 

Animals might tend to avoid such noises by modifying their 

roosting behavior (Ditchkoff et al., 2006). With increasing 

anthropogenic pressure, the noise level in Kathmandu has 

reached beyond the permissible limit of WHO and the 
National Sound Quality Standard of Nepal, 2012 (Chauhan et 

al., 2021). The effects of anthropogenic noise on the roosting 

site selection of Indian flying foxes have not been analyzed 

yet. Bats colonies have been observed in several places of 

Kathmandu Valley such as Godawari, Nagarjun, Pharping, 

Panimuhan, Nagarkot, Chobhar, Sundarijal, Sankhu, 

Bajrabarahi, Kesharmahal, Sallaghari, etc (Thapa et al., 

2010). Sallaghari Forest is one of the potential roosting sites 

for fruit bats. However, the area is currently experiencing a 

great deal of physical transformation which in turn affects the 

bat population. Hence, this study intends to provide 

knowledge on the roosting preference of Indian flying foxes 

and the effect of anthropogenic noise on their roost tier 

selection in Sallaghari, Bhaktapur, Nepal. We hypothesized 

that i) roost characteristics (such as canopy cover, height, etc.) 

influence the colony size of Indian flying foxes (taller trees 
and higher canopy coverage provide a safer roost); and ii) 

anthropogenic noise intensity affects their roosting height 

selection (at higher intensity of noise, they roost on upper 

tier). To test these hypotheses, we identified the population 

status, major roost trees, and roosting habitat characteristics 

of Indian flying foxes in Sallaghari Forest and analyzed the 

roost tier preference in response to anthropogenic noise 

intensity. 

2. MATERIALS AND METHODS 

2.1 Study area  

This study was conducted in the Sallaghari Forest of 

Bhaktapur Municipality in the Kathmandu Valley (Figure 1). 

The precise geographical location of the site is between 27º26' 

to 27º44' northern latitude and 85º21' to 85º32' eastern 

longitude and has an elevation of around 1,332 m above sea 

level (masl). The core forest covers approximately an area of 

0.16 km2. The study area experiences a mild and moderate 

climate with an average annual temperature of 20–25 °C and 
an average annual rainfall of 2596 millimeters (DDC, 2020). 

The forest is dominated by Pinus roxburgii, however, 

Eucalyptus sp. Populus ciliata, Grevillea robusta, Celtis 

australis, Cinnamomum camphora, Morus alba, etc. are also 

common in the area. The study site is located within the 

premise of Sainik Aawasiya Mahavidhyalaya of Sallaghari, 

Bhaktapur, and is surrounded by agricultural lands, roads, and 

buildings. 

2.2 Population count 

The population surveys were done from July to November 

2023. Indian flying foxes were counted on each roost using 

the direct roost count method (Kunz et al., 2009). Counts 

were done by enumerating the number of Indian flying foxes 

on individual trees which was considered as a colony (Kunz 

et al., 2009), and then summed across all trees to get the total 

population at a time. A colony was defined as a discrete group 

of Indian flying foxes that formed a social unit on each 

roosting tree at the time of observation and the sum of all 

individuals from all the colonies formed the population (Kunz 

et al., 2009). Only the trees with more than two individuals 

were considered for counting. The Indian flying fox count on 
each tree was done with the consent of two observers’ 

simultaneous estimates. Binoculars (Nikon Monarch M7 

10×42) were used to spot the Indian flying foxes. Counts were 

made during day hours between 11:00–16:00 when most of 

the Indian flying foxes were on rest (Koju and Chalise, 2010; 

Kumar et al., 2019; Htun, 2021). 

2.3 Roost survey 

Different species of roost trees occupied by Indian flying 

foxes were identified and marked. Roost characteristics such 
as Diameter at breast height (DBH), tree height, and canopy 

cover were measured. Circumference of the roosting trees 
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was measured approximately 4.5 feet above the tree base 

using measuring tape and DBH was calculated by dividing 

the tree circumference by 3.141. For the measurement of 

roost heights, a laser rangefinder (REVASRI NK600, 

magnification 6.5×, range 5–600m) was used to find out the 

perpendicular distance from the observer to the base of the 

tree (b) and the angular distance to the tree height (h), and 
then the tree height (p) was calculated using Pythagoras's 

theorem (h2 = p2 + b2). Canopy cover was measured using 

Canopy capture application version: 1.0.2. A sound level 

meter (Mengshen Decibel Meter of the range 30 dB to 130 

dB with an accuracy of ±1.5 dB) was used to record 

intensities of noise along a transect (n = 15, length 20 – 75 m) 

noted at every five-meter interval from the forest-road edge 

towards the main forest. The noise intensity was measured for 

two minutes (repeated at least three times to get a steady 

reading and then averaged) at every spot from morning 8:00 

to 11:00 AM when flying foxes were typically present in the 
roosts. The instrument was held 1.2 meters above the ground 

surface to avoid the degradation of sound from reflection 

(Hanafi et al., 2019). All the variables in the field, except the 

population survey, were collected by a single observer (SH).  

2.4 Data analysis 

Tree species that were identified as roost were numbered 

consecutively and visited twice every week (eight visits per 

month) and the colony of Indian flying fox on the roost was 

recorded on each visit. Counts were avoided during heavily 

rainy days. The total population of Indian flying fox on each 

month was analyzed quantitatively and averaged. The relative 

abundance of each roost tree and the mean relative abundance 

of the Indian flying fox were calculated using the formula: 
Relative  abundance  of  each  roost  tree  species  (%)

=  
number  of  individual  roost  tree  species

total  number  of  all  roost  trees
 ×   100 

 

Relative  abundance  of  Indian  flying  fox  in  each  roost  tree  species  (%)

=
number  of Indian  flying  fox  in  individual  roost  tree  species

total  number  of  Indian  flying  fox  in  all  roost  trees
 ×   100 

Before the statistical analysis, a multicollinearity test was 

done with Variance Inflation Factor (VIF) values after the 

variables were scaled. The VIF values for all the variables 

were < 3, so all the variables were considered for the analysis. 

Generalized linear mixed modeling (GLMM) with Poisson 

distribution was conducted to examine the effect of roost 

characteristics on the colony size of Indian flying foxes. 
Backward elimination was conducted to choose a suitable 

model. We considered variables DBH, tree height, and 

canopy cover, height: DBH, and height: canopy cover are 

fixed effects, and tree type was considered as random effects. 

Linear regression analysis was performed to analyze the 

relation between noise intensity and roost height selection. 

All the statistical analyses were done in R statistical tool 

v.4.2.1 using the ‘lme4, ggplot2, sjplot, ggeffects packages (R 

Core Team, 2023). The QGIS version 3.24.0 (QGIS 

Development Team, 2024) was used to create a map of the 

study area (Figure 1).  

 

 

Figure 1. Map of the study area showing Sallaghari Forest in Bhaktapur, Nepal 

 

 



© 2024 The Author(s). Ecocycles © European Ecocycles Society, ISSN 2416-2140                                                      Volume 10, Issue 1 (2024) 

 

108 

 

3. RESULTS  

The population size of Indian flying foxes in Sallaghari Forest 

differed among the study months (1,289 ± 199, n = 5). The 

highest number of individuals was observed in October 

(1,525 individuals) whereas the least was observed in July 
(1,020 individuals) (Figure 2). The population size of the 

Indian flying fox consistently increased from July reaching 

peak population in October whereas it started dropping with 

the onset of November (1,250). 

 

Figure 2. Average population of Indian flying foxes in 

Sallaghari Forest in different study months. The red 

dotted line indicates the monthly trend of the population 

 

A total of 40 trees belonging to six species were used as roost 

trees by Indian flying foxes in the Sallaghari Forest (Table 1). 

Eucalyptus sp. was found to be the most abundant roost tree 
species accounting for a total of 50% (n = 20) of all roost trees 

whereas Populus ciliata exhibited the second most profuse 

species with the relative abundance of 18% (n = 7). The 

colony size of the Indian flying fox revealed the highest 

relative abundance in Populus ciliata (40.1%), followed by 

Eucalyptus sp. (26.8%). This indicates that Populus ciliata 

and Eucalyptus sp. are mostly preferred roost trees by Indian 

flying foxes compared to other roost tree species (Table 1). 

 

The average DBH, tree height and canopy cover of the roost 

trees were found to be 57.67 ± 17.11 cm, 17.76 ± 7.77 m and 

78.38 ± 12.3%, respectively. The average DBH ranged from 

a maximum of 62.5 cm (Populus ciliata) to a minimum of 

34.9 cm (Salix sp.). The average height of the roosting trees 

varied between 8.8 m (Salix sp.)  and 21.9 m (Eucalyptus sp.). 

The average canopy cover ranged from a minimum of 43% 
(Salix sp.) to a maximum of 85.1% (Populus ciliata) 

(Supplementary figures S1-S3). The tree DBH and height 

showed a significant positive effect outcome with the same 

estimate of 0.944 (both p < 2×10-16) on the colony size of the 

Indian flying fox (Table 2, Figure 3). However, the interaction 

between tree DBH and height (Estimate = -0.165, p = 

0.00055) was significant and negative, indicating that the 

combined effect of increasing both DBH and height together 

was lesser than the sum of their individual effects (Figure 4). 

On the other hand, the interaction between tree height and 

canopy cover (Estimate = 0.186, p = 0.00013) was positive 
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Table 1. Roost trees used by Indian flying fox in Sallaghari Forest showing the relative abundance of roost trees and 

roosting colonies 

Roost tree species 

Average 

DBH (cm) 

Average 

height 

(m) 

Average 

CC (%) 
RA of roost 

trees (%) 

RA of colonies 

(%) 

Eucalyptus sp. 59.6 21.9 79.9 50 26.8 

Populus ciliata 62.5 12.4 85.1 18 40.1 

Grevillea robusta 59.3 15.3 82 10 9.6  

Celtis australis 55.5 11.7 80.5 10 8.9 

Persea sp. 57.3 25.3 81 5 12.1 

Salix sp. 34.9 8.8 43 8 2.6 

Note: CC- canopy cover, DBH- diameter on breast height, RA- relative abundance 

 

 

 
Figure 3. Relationship of Indian flying fox colony size 

with (A) tree DBH and (B) tree height 
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and significant, suggesting that the effect of height on the 

outcome variable was amplified when the canopy cover was 

higher (Table 2).  

Populus sp., Celtis sp., Salix sp., Persea sp., Grevillea sp., 

and Eucalyptus sp. have positive random effects, with 

estimates centered around 5.2, 1.23, 0.61, 0.39, 0.83, and 

0.86, respectively (Supplementary Figure S4). These values 

suggest that these species exhibit relatively high to moderate 

positive deviations from the overall model predictions. 

Compared to the other species, Populus sp. exhibits a distinct 

response that stands out significantly. This implies that 

Populus sp. provides a particularly favorable environment or 

conditions that lead to larger colonies. On the other hand, 

Persea sp. trees have the smallest impact on colony size, with 

an effect size of 0.39, suggesting that the colonies in these 

trees tend to be the smallest. 

The noise intensity in the Sallaghari Forest ranged from a 

minimum of 52.4 dB to a maximum of 89.3 dB. The highest 

intensity of noise (89.3 dB) was recorded at the forest edge 

towards the road. At the point of the highest noise intensity, 

the lowermost roosting height of Indian flying foxes from the 

ground was 23.9 m. The minimum roosting height of the 

Indian flying foxes was 8.8 m in an area with the least noise 

intensity (52.4 dB). Linear regression analysis showed a 

Table 2. Summary of GLMM explaining the effect of the roost characteristics on colony size of Indian flying foxes 

 Estimate Std. Error z value Pr (>|z|) 

Intercept 2.97964 0.34673 8.594 2×10-16 *** 

DBH 0.94449 0.09239 10.223 2×10-16 *** 

Height 0.94449 0.09239 10.223 2×10-16 *** 

DBH: Height -0.16493 0.04771 -3.457 0.00055 *** 

Height: Canopy cover 0.18588 0.04852 3.831 0.00013 *** 

 

 

 
Figure 4. Effects of roost tree characteristics on the colony size of Indian flying fox. (A) the combined impact of tree 

height range (low: 7.59-15.64, medium: 15.64-23.69 and high: 23.69-31.74) and DBH with the colony size; (B) the 

combined impact of canopy cover percentage range (low:35-53.33%, medium: 53.33-71.67% and high:71.67-90%) 

and tree height with colony size 
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significant strong positive relationship between noise 

intensity and roosting height of Indian flying foxes in the 

study area (r = 0.915, p < 0.0001) (Figure 5). This indicates 

that the Indian flying foxes prefer roosting at higher trees 

when the noise intensity increases.  

 

Figure 5. Relationship between anthropogenic noise 

intensity and roosting height, the grey area shows the 

95% highest posterior density 

 

4. DISCUSSION 

 

4.1 Roost characteristics of Indian flying foxes 

This study surveyed the population status of the Indian flying 

foxes in the Sallaghari Forest of Bhaktapur in Kathmandu 

Valley and assessed their roosting characteristics from July to 

November 2023. The highest count of Indian flying foxes 

(1,525 individuals) was in October. An increased population 

size of Indian flying foxes was observed from July to October 
whereas their number decreased with the onset of November 

as the temperature started to drop. This implies the probable 

local migration of flying foxes toward or away from the roost. 

The migratory pattern of highly mobile species like the Indian 

flying fox is poorly explored (Roberts et al., 2012) and 

knowledge of their behavior and ecology during migration is 

scarce (Mickleburgh et al., 2002). Indian flying foxes mostly 

depend on varieties of foods present nearby roost and travel a 

long distance in search of food (Tiwari et al., 2019). The 

availability or lack of food supplies might determine their 

migration (Acharya, 2006; Koju, 2008; Mishra et al., 2019). 
The roost tree species in the Sallaghari Forest included 

Eucalyptus sp., Populus ciliata, Grevillea robusta, Celtis 

australis, Persea sp. and Salix sp. Vendan & 

Balasubramanian (2011) observed tress like Albizia lebbek, 

Artocarpus integrifolia, Eucalyptus globulus, Eugenia 

jambolana, Ficus benjamina, Ficus glomerata, Tamarindus 

indica, Azadirachta indica, Mangifera indica, Polyalthia 

longifolia, Dilonex regia, etc. served as roosts for Indian 

flying fox in Tamilnadu, India. Tamarindus indica, Ficus 

religiosa and Madhuca latifolia were identified as the most 

preferred roosting trees in Tamilnadu (Pandian and Suresh, 

2021). The preference for different roost trees reveals the 
occupancy of diverse tree species by Indian flying foxes 

(Koju, 2008; Chakravarthy et al., 2009; Ali, 2010; Dey et al., 

2013; Kumar & Kanaujia, 2017; Mishra et al., 2019).  

Eucalyptus sp. was the most abundant roost tree in the study 

area with 20 individual trees (50%) of the species being used 

as roosts by the bats. Populus ciliata exhibited the highest 

value for relative abundance of Indian flying fox followed by 

Eucalyptus sp. Preference for Populus ciliata over other 

roosting trees might be because Populus trees often contain 

natural crevices or loose barks that secure their environment 

and are highly branched with suitable spacing that makes 

them desirable roosting sites for Indian flying foxes. Also, tall 
and large Eucalyptus trees provide ample space for the Indian 

flying foxes to get more sunlight for basking. Mishra et al. 

(2019) observed that Terminalia arjuna was the most favored 

species for roosting whereas Bombax ceiba and Cassia fistula 

were the least favored roost trees in Delhi, India. Thapa 

(2008) observed Dalbergia sissoo, Mangifera indica and 

Bombax ceiba as the major roosting trees in the eastern 

lowland of Nepal whereas Senthilkumar  and Marimuthu 

(2012) found Ficus benghalensis, Terminalia indica and 

Bassia latifolia as dominant roost trees in southern India. 

These varied preferences in different areas indicate that rather 
than the plant species, the traits of available trees such as their 

height, canopy cover, etc. determine the roost preference of 

Indian flying foxes.  

The colony size of Indian flying foxes roosting in a particular 

tree is influenced by roost tree characteristics such as roost 

height, DBH, and canopy coverage. Fruit bats prefer roosting 

in trees with greater DBH, height and canopy coverage 

(Kumar & Kanaujia, 2017). In the present study, DBH and the 

height of the roost trees collectively influenced the population 

size of Indian flying foxes. Numerous studies suggest that 

Indian flying foxes prefer to roost in trees with increased 

DBH and greater height that can accommodate huge colony 
sizes and provide protection (Gumal, 2004; Vyas & 

Upadhyay, 2014; Sharma & Rai, 2020; Madala et al., 2022). 

However, the findings of this study contradict Gulraiz et al. 

(2015) in which flying foxes preferred to roost on trees with 

small diameters. Pandian & Suresh (2021) observed that tree 

height does not necessarily influence the roost preference of 

Indian flying foxes. The GLMM indicated tree DBH and 

height as the significant roost characteristic imparting the 

major role in determining the colony size. This implies that 

the colony size increases with the increase in tree DBH and 

height of roost trees. However, the combined effect of 
increasing both DBH and height together is less than the sum 

of individual effects. Trees with a larger DBH are often 

durable and resistant to wind, rain and drought (Kumar & 

Elangovan, 2019). Trees having greater height are often found 

to have higher DBH (Metzger, 1893) that doesn’t mean they 

largely signify the result. Tall trees with well-exposed greater 

canopy areas support the Indian flying foxes in flights during 

take-off and landing and serve as a protective refuge from 

threats.  

4.2 Effects of anthropogenic noise on roosting height 

The urban environment is often filled with anthropogenic 

noises arising from a multitude of sources. Traffic is a 

significant contributor to noise pollution (Bonsen et al., 2015) 

in urban areas. Noise pollution can disrupt the ability of 

Indian flying foxes to communicate, navigate, and locate 

prey, which can have negative impacts on their feeding habits, 

mating behavior, and overall survival (Bunkley & Barber, 

2015; Lara-Nuñez et al., 2022). Noise frequency often 

overlaps with the sound frequencies of prey in urban settings 

which usually affects the foraging skill of some species like 
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bats (Page and Bernal, 2020; Domer et al., 2021). To 

compensate for such effects bats may exhibit the preference 

to roost on upper tree tiers where the noise levels become 

comparatively lower and ease them with better 

communication and protection. The present study revealed 

that the lowermost roosting height of flying foxes was found 

to be 23.9 m at the edge of the forest close to the main road 
where traffic noise was dominant (89.3 dB) whereas the 

minimum roosting height was found to be 8.8 m at an area 

where the lowest noise intensity (52.4 dB) was recorded. A 

strong positive relationship between noise intensity and the 

roosting height of Indian flying foxes was revealed in the 

study area. This indicates that the roosting height of flying 

foxes ascends with the increase in noise intensity in their 

surroundings. The result suggests that the fruit bats in 

Sallaghari tend to avoid anthropogenic noise by roosting at 

higher heights on trees where noise levels become lower. 

Schaub et al. (2008) also observed that bats tend to avoid 
roosting in noisy areas. The Sallaghari area has been one of 

the peaceful habitats for Indian flying foxes as they have lived 

in comparatively peaceful and non-intruded environments for 

a long time. However, human encroachment has increased 

significantly in the area within these few years (Manandhar et 

al., 2017; Prajapati et al., 2020). Koju (2008) reported the 

presence of Indian flying fox colonies on either side of roads, 

but currently, they seem to have avoided roosting near the 

road. Only a few Indian flying foxes were found roosting in 

the southern part of the road where they were observed 

hanging comparatively at upper heights. Russo & Ancillotto 

(2015) mentioned that the Indian flying fox population may 
decline in areas with intense noise pollution, like busy roads 

or industrial zones. 

Sallaghari Forest is one of the persistent habitats of Indian 

flying foxes in Kathmandu Valley. Thus, the conservation and 

management of large and tall trees that provide favorable 

roosting environments to the tree-dwelling fruit bats are of 

primary concern. Also, there is an urgent need to establish 

routine monitoring of the population and roosting habits of 

Indian flying foxes. Moreover, future studies should focus on 

the impact of anthropogenic noise on roosting behavior and a 

multitude of physiological aspects (communication, stress, 
reproduction, viral shedding, etc.) of Indian flying foxes. This 

endeavor will ensure the conservation of the species as well 

as attenuate the negative impacts of urbanization on them. 

Hence, we endorse the urban afforestation practice that will 

benefit the Indian flying fox and other species thriving in 

urban habitats. 

 

5. CONCLUSIONS  

This study provides insightful information on the population 
status, roost characteristics and roost tier selection of Indian 

flying foxes along noise gradient in Sallaghari Forest, 

Bhaktapur, Nepal. It is acknowledged that the study was 

conducted in a single forest patch in the Kathmandu Valley 

for two seasons only. A better understanding of roosting 

characteristics would have been obtained if multiple forest 

patches were surveyed year-round. We recommend a 

comprehensive survey of Indian flying foxes in potential 

habitats within the Kathmandu Valley covering all the 

seasons. Indian flying foxes were found to be roosting in tall 

trees including Populus ciliata, Eucalyptus sp., Persea sp., 

etc. and their colony sizes showed positive associations with 

the DBH, height, and canopy cover of the roosting trees. 

Results revealed a significant positive relationship between 

noise intensity and the roosting height of Indian flying foxes 

indicating avoidance of the anthropogenic noise. Therefore, 

anthropogenic noise mitigation strategies such as a 

declaration of ‘no horn zone’ along the adjacent road, 
roadside plantation, community awareness on fruit bats 

conservation, legal protection for roosting trees, etc. are 

recommended in the roosting habitats of the Indian flying 

foxes. This study signified the essence of conserving large 

and tall trees to promote the roosting habitat of Indian flying 

foxes.  
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