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INTRODUCTION
The Indian flying fox, Pteropus giganteus (Brunnich 

1782), is common and widely distributed across India, 
Pakistan, Nepal, Bangladesh, Bhutan, China, Maldives, 
Myanmar and Sri Lanka (Molur et al. 2008). Individuals of P. 
giganteus live gregariously in well-exposed large trees, and 
camp size ranges from a few hundred to many thousands 
(Eby 1991, Parry-Jones & Augee 1992, Markus & Blackshaw 
2002). Day roosts offer a site for courtship, social activity 
and mother-infant interaction (Markus & Blackshaw 2002). 
These exchanges among individuals influence group social 
structure and mating systems (Kunz & Lumsden 2003). 

Marimuthu (1988) reported that P. giganteus is 
considered as sacred species within a few villages across 
southern and northern India. Flying foxes are eco-enhancers 
that effectively improve the ecosystem by seed dispersal and 
pollination services (Fujita & Tuttle 1991). They play a vital 
role in seed dispersal by retaining viable seeds in their guts 
during different foraging flights and defecate while returning 
to their diurnal roosts (Shilton et al. 1999). However, they 
face a number of anthropogenic threats, of which hunting 
for bushmeat and felling of roost trees are the major 
contributors (Neupane et al. 2016).  
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ABSTRACT
Tree characteristics are critical in determining roost quality for bats. Roosts are vital 
for the survival, social interaction, reproduction of a species, however optimum roost 
characteristics are poorly understood for several pteropodid species. In this study we 
aimed to improve our understanding of roost selection by the gregarious roosting 
species, the Indian flying fox, Pteropus giganteus. 72 colonies of P. giganteus were 
studied to assess the impact of roost traits such as diameter at breast height (dbh), 
tree height and canopy spread and non-roost dependent factors such as distance 
of roost from adjacent roads, water bodies and human settlements. The impact of 
relative grove size was also investigated.  The characteristics of roost trees were 
compared with non-roost trees in order to quantify roost preference and selection. 
We identified the average colony size as 497.3 ± 270.0 individuals in Uttar Pradesh. At 
least 435 trees were used as roosts, which belonged to 22 tree species. The selection 
of roost trees was highly influenced by tree dbh, followed by canopy spread and 
tree height (r = 0.214). Most of non-roost dependent factors (i.e. distance of roosts 
from adjacent roads, human settlements and waterbodies) did not influence roost 
selection, however grove size and the number of potential roost trees was positively 
correlated with colony size. Thus, this study indicates protecting large trees and large 
groves would benefit the conservation of P. giganteus.

Roost selection is a subset of habitat selection which 
influences the survival and reproduction of animals. As tree-
roosting bats, P. giganteus spend about half of their lifespan 
at their day roosts, and the selection of roost trees plays a vital 
role in their survival. Roost sites are critical for population 
persistence, offspring development, social interaction and 
reproduction (Kerth et al. 2003). The selection of roost 
trees is determined on the desirability of specific tree 
characteristics. Kalcounis-Ruppell et al. (2005) found that 
tree-roosting bats choose tall trees with a large diameter at 
breast height (dbh). Very little information is known on the 
habitat characteristics, selection and utilization by Acerodon 
jubatus, Pteropus livingstonii, P. vampyrus lanensis and P. 
giganteus (Granek 2002, Mildenstein et al. 2005, Hahn et al. 
2014, Gulraiz et al. 2015), and no species-specific information 
is available for P. giganteus. Therefore, we have tried to 
elucidate the relationship between roost tree characteristics 
and roost selection of P. giganteus. We predict roost tree 
characteristics significantly influence roost selection and 
also that optimum tree characteristics accommodate higher 
densities of bats than suboptimal roosts. 

MATERIALS AND METHODS
This study was carried out between August 2012 and 

December 2015 in rural, semi-urban and urban areas of 
Uttar Pradesh, India (Fig. 1). The temperature and relative 
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humidity of Uttar Pradesh range from -1 °C to 47 °C, and 20 % 
to 85 %, respectively. A list of the 72 colonies of P. giganteus 
observed in the study is provided with their corresponding 
GPS locations in Table 1. Characteristics of roosting and non-
roosting trees were measured following Leverett & Bertolette 
(2015). The diameter at breast height (dbh) was measured 
at approximately chest height or 4.5 feet above tree base. 
The dbh was obtained by dividing the circumference of tree 
by 3.141. The average of the widest span and the width of 
the crown at 90 degrees off is considered as canopy spread 
and was measured following the American forests champion 
trees measuring guidelines handbook (2014). 

Tree height was measured by using the ‘stick method’, 
in which the observer held a ruler vertically at arm’s length 
and moved forward or backward from the tree until part 
of the ruler from the top of hand covers the tree. The 
distance between the eye and top of the observer’s hand 
was measured (a) and the length of ruler above the hand 
was measured (b). Thereafter, the distance between the 
observer and the base of tree was measured using a tape (A). 
The following formula was used to compute the tree height 
(B) from the values of (a), (b), (A): Tree height (B) . This 
method incurred no financial burden and convenient in the 
field. 

In addition, unoccupied large and tall trees with a wide 
canopy (dbh > 39.7 cm, tree height > 10.1 m, and canopy 
spread > 12.7 m) located in the vicinity of roost trees were 
considered as non-roost trees. A specific group of trees 
was considered as grove. The non-roost dependent factors 
such as distance of roost from the adjacent roads, human 
settlements and waterbodies were also recorded using an 
odometer. Colony sizes were estimated by visual counts at 
the roost, following Kunz (1988) and Barlow (1999). A group 
of bats roosting in one or more trees at a specific place and 
time was considered a “colony” and the sum of individuals 
of all colonies was considered the “population”. Utmost 
care was taken whilst counting the bats at the roost and the 

counting was conducted during midday when most of the 
bats were resting. 

The tree characteristics of roost and non-roost trees 
were compared using an unpaired ‘t’ test. Multiple 
regression analysis was performed with the colony size as 
the dependent factor and roost tree characteristics (such as 
dbh, tree height and canopy spread) as independent factors 
using KyPlot, Version 2.0. Similarly, the effect of non-roost 
tree dependent factors such as distances to adjacent road, 
human settlement, and water source on colony size was 
analyzed using a multiple regression.  The mean values are 
given with ± SD throughout the text. 

RESULTS
A total of 72 colonies comprising 35,808 individuals were 

observed in twenty districts of Uttar Pradesh, India (Table 1). 
A total of 435 trees belonging to 22 species and 16 genera 
were used by P. giganteus as roost trees (Fig. 2). Pteropus 
giganteus occupied preferably wide-canopy trees (71.4% 
trees) such as F. benghalensis, F. racemosa, F. religiosa, F. 
virens, M. indica, S. cumini, B. latifolia, D. sissoo, D. regia and 
A. indica, while they occupied narrow-canopy trees in lower 
proportion (28.6% trees) like T. arjuna and P. longifolia.

Colony size ranged from 106 to 1250 individuals with 
an average of 497.3 ± 270. The mean number of roost 
trees used by a colony was 6.0 ± 2.6 and varied according 
to tree characteristics and grove size. P. giganteus seldom 
roosts in a lone tree, instead the colonies were observed in 
groves with a large number of trees. The average number 
of trees observed in a grove was 28.4 ± 20.5. The larger 
groves offered more roost trees to P. giganteus than the 
smaller groves (r = 0.600, Fig. 3c), and colony size increased 
with number of roost trees (r = 0.831, Fig. 3a). Thus, the 
colony size of P. giganteus was influenced by grove size 
(r = 0.629, Fig. 3b). The average distance of roosts from 
adjacent roads, waterbodies and human settlements were 
272 ± 240 m, 158 ± 183 m, and 302 ± 182 m, respectively. 
The multiple regression analysis showed a positive effect 
of grove size (r = 0.516) and number of roost trees (r = 
0.831) on colony size, however, there was no influence of 
the distance from human settlements (r = 0.073), road (r = 
0.080) and waterbodies (r = -0.003) on colony size. The roost 
tree dependent characteristics such as dbh, tree height and 
canopy spread varied among tree species. The average dbh, 
tree height and canopy spread of roost trees were 60.6 ± 
16.4 cm, 15.4 ± 2.7 m and 21.7 ± 6.4 m, respectively. The 
results of multiple regression showed that the selection of 
roost tree was influenced by the tree dbh (r = 0.883; Fig. 4a), 
height (r = 0.214; Fig. 4b) and canopy spread (r = 0.669; Fig. 
4c). Further, the tree characteristics between roosting and 
non-roosting trees such as dbh (t = 7.73; P < 0.001; df = 119), 
tree height (t = 8.29; P < 0.001; df = 119) and canopy spread 
(t = 4.57, P < 0.001, df = 119) differed significantly. 

 

Fig. 1 - Map of Uttar Pradesh, India. The districts which harbour 
Pteropus giganteus are marked with asterisks. More details are 
given in Table 1. 
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Fig. 3 - Relation between the colony size of Pteropus giganteus and 
A) number of roost trees, B) grove size and C) relation between 
grove size and number of roost trees.

Fig. 2 - 22 tree species used by Pteropus giganteus as roost trees 
in Uttar Pradesh. 
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DISCUSSION
The results of the study showed that roost selection by P. 

giganteus was influenced by tree characteristics such as dbh, 
height and canopy spread as well as grove size and the ratio of 
suitable roost trees in the grove. Colony size was also linked 
to the number of roost trees and grove size. The positive 
correlation between grove size and colony size suggests that 
P. giganteus prefer to roost in larger groves, providing better 
protection for their survival and reproduction (Granek 2002, 
Gulraiz et al. 2015). Although there was substantial variation 
in the dbh, canopy spread, and height of roost trees, our 
study indicates these characteristics were important in 
determining the colony size of P. giganteus. Our results 
support previous findings that bats rely on larger trees for 
roosting (Vyas & Upadhyay 2014, Elangovan & Kumar 2015). 
It shows that larger groves should be retained to provide 
roosting habitat for large colonies. 

Our findings probably reflect that trees with a large dbh 
are long-lasting and resist heavy rain, wind and drought, and 

trees with a wide canopy spread offer ample surface area 
for roosting. Further, tall trees offer protection, for instance 
from human persecution. The larger trees in groves also 
provide many advantages to the bats like shadow during 
hot days and suitable conditions for reproduction (Pierson & 
Rainey 1992, Granek 2002, Gulraiz et al. 2015). The selection 
of wider canopy roost trees may also benefit the flying foxes 
with spacious roosting areas, less competition and facility 
for reproduction. The large and tall trees offer aerodynamic 
benefits such as easy take-off and landing to flying foxes 
(Granek 2002, Gulraiz et al. 2015). 

 The non-roost dependent factors such as distance 
of roost from adjacent roads, waterbodies, and human 
habitations have not significantly influenced the species, 
while P. livingstonii and P. alecto preferred to roost adjacent 
to waterbodies that facilitate humid environment and 
thermal sensitivity (Palmer & Woinarski 1999, Granek 2002). 

Whilst these results identify the protection of large trees 
as a priority in protecting these species, more investigations 
on habitat selection considering their roosting, reproductive 
and feeding requirements need to be carried out in order 
to improve our understanding and refine our perception on 
conservation. Future studies may also investigate their role 
as a keystone species.

The results of this study suggest that P. giganteus 
selects tall roost trees with a wide canopy which may be 
important for the survival, social interactions, protection 
and reproduction of this species. P. giganteus is an active 
pollinator and seed dispersing agent for a number of tree 
species. Therefore, habitat destruction by tree felling may 
severely affect the survival of P. giganteus and in turn, impact 
the ecological services they provide. Hence, we recommend 
the protection of larger trees such as F. benghalensis, 
F. racemosa, F. religiosa, F. virens, M. indica, S. cumini, B. 
latifolia, D. sissoo, D. regia, A. indica and Eucalyptus sp., 
particularly the protection of groves of large trees, is 
incorporated within conservation strategies for the species. 
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