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Abstract 

Biodiversity assessment plays vital role in biodiversity conservation. This study describes the diversity and 

distribution of bat fauna in arid region of Uttar Pradesh. The study was carried out in seven districts of 

Bundelkhand from 2019 to 2021. A total of six insectivorous bats (R. hardwickii, R. microphyllum, T. 

nudiventris, T. perforatus, S. heathii, M. lyra) and two frugivorous bats (R. leschenaultii, P. medius) found. The 

distribution of T. perforatus was first time reported from Uttar Pradesh. The most abundant species was R. 

microphyllum, followed by R. leschenaultii, R. hardwickii, P. medius, T. perforatus, T. nudiventris, M. lyra and 

S. heathii. The most populous species was R. hardwickii and least populous species was M. lyra and S. heathii. 

Shannon diversity index of Bundelkhand regions was 1.11351 and Evenness index was 0.533549. Jaccard index 

of protected roost was 0.97 and unprotected roost was 1.0. The roosts of all insectivorous and R. leschenaultii 

found in attic and crevices of cave, rocks crevices, monuments and abandoned buildings. Bats prefer roosting in 

permanent structure which possesses single entrance with zero light intensity. Temperature of roost was more 

than 20° C and almost stable. The population of bat in protected area was higher than unprotected. 
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Introduction 

In evolutionary and zoogeographic point of view chiropterans are a marvelous group of mammalian orders [1]. It 

is one of the orders which consist of most distributed species worldwide [2], with over 1300 living species [3]. It 

constitutes over 20% of all mammalian species and second largest group after rodent in term of species richness 
[4]. Earlier chiropterans were divided in to two suborders: Megachiroptera (Fruit Bats) and Microchiroptera 

(laryngeally echolocating bats) but on the basis of molecular and phylogenetic methodologies chiropteran fauna 

were classified in two suborders, Yinpterochiroptera which include megabat (family Pteropodidae) and microbat 

(families Rhinolophidae, Rhinopomatidae and Megadermatidae) while Yangochiroptera includes rest of the 

microbat families [5-6].  

Apart from taxonomic diversity, bats also exhibit great difference in size, the smallest one (Craseonycteris 

thonglongyai) weighing about 2g and a wingspan of 12 – 13cm, while the largest one (Pteropus) weighing up to 

1.5kg and wing span over 2m [7]. They found everywhere except Arctic, Antarctic and certain oceanic islands [4, 

8]. Due to difference of morphology and ecology of bats are suited for different habitats such as the spatially 

complex forest interior or the open areas above the canopy [9-12]. Some bats are solitary while many are colonial 

and colony consists of few to millions of individuals [13].  

Bats are only mammals which easily cross different types of vegetation and landscapes that are physical barriers 

for other mammal species [14-20]. Distribution is mainly affected by the presence and absence of food resource, 

temperature in particular region, apart from this wind velocity and humidity also affected distribution [21]. 

Although bats are most adaptive animals in various kinds of climatic condition but due to various causes roosting 

site and foraging areas are degraded so bat population declining day by day [22]. In tropical countries population 

of bat decreased more rapidly than other [23] and it will be up to 40% in coming decades and causes for declining 

of population of bats are mainly degradation of habitat and related threats [24]. For the conservation planning of a 

species, it is essential to understand the patterns of biodiversity within a landscape [25-26]. Therefore, it is 

necessary to collect more and more information on diversity and region wised distribution. 

Few studies were carried out on diversity and distribution of chiropteran fauna of Uttar Pradesh [27-28], but no 

systematics studies were carried out in Bundelkhand region of Uttar Pradesh. Therefore, we make an attempt to 

understand the diversity and distribution of chiropteran fauna of Bundelkhand region of Uttar Pradesh. 

 

Materials and methods 

Study Area 

The Bundelkhand region comes under the state Uttar Pradesh and Madhya Pradesh, out of which only areas of 

Uttar Pradesh were selected for the study. Bundelkhand region lies between the Indo-Gangetic plain to North and 
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the Vindhya range to South, it is gently sloping upland, distinguished by barren hilly terrain with sparse 

vegetation, although it was historically forested and it contain many historical monuments and caves. The 

Bundelkhand region of Uttar Pradesh region consist seven districts as: Chitrakoot, Banda, Mahoba, Hamirpur, 

Jalaun, Jhansi and Lalitpur that hold 29000 km2. It is a largest arid zone of Uttar Pradesh. The study area shows 

extreme variation in temperature, which goes up to 2°C in Winter while 49°C in Summer. The average rainfall is 

898.94 mm which occur mainly in monsoon season. Out of total area of Bundelkhand 8% land comes under 

forest, 8.2% is non-agriculture land, 3.8% barren land, 0.2% grazing land, 3.9% cultivable wasteland and 5.9% 

waste land.  

Periodical surveys were carried out from February 2019 to August 2021 at residential and non-residential areas 

in all districts along with forest, hill, agriculture land or terrain by visual observation to assess the distribution of 

bats. Bat detector also used for acoustic identification of bats as well as to locate their day roosts sites which 

include abandoned buildings, temples, caves, crevices, and monuments. The location of roost was taken with the 

help of mobile GPS (google earth). Maps of roosting sites were prepared using Arc GIS. Photographs of each 

roost site were taken using Nikon D53 (18–55 mm Nikkor lens). For the species confirmation, bats were 

captured using mist nets as well as hoop nets. Morphological measurements were taken and the bats were 

released at the site of capture, and identified on the basis of the key of Bates and Harrison [29]. The Guideline of 

American Society of Mammalogy was followed for capturing of bats [30].  

 

Data analysis  

The roost sites were divided into two categories: protected roost (Caves, Forts, monuments which comes under 

Archaeological survey of India (ASI), temples) and unprotected roost (Tree, abandoned buildings, private 

buildings). Population of bats was studied by visual observation at the time of emergence by following Easterla 

and Watkins [31], Humphrey and Cope [32], and Swift [33]. The population of roost was accessed by photographic 

count [34]. The Shannon Diversity Index was calculated by following Shannon [35] equation. Jaccard diversity 

Index was calculated using following formula (J) [36]:  

 

J=∑(AXB)/∑{(A2+B2)+(AXB)}.  

 

Where A is the population of bats species in permanent roost, B is the population of bats species in temporary 

roost.  

The species evenness index (J`) was calculated using following formula [37]: 

 

J`=H`/log S 

 

Where H` is Shannon diversity index, S is species richness (or total number of species in particular area) 

 

Results 

The two years field survey carried out in seven districts of Bundelkhand region of Uttar Pradesh explored 40 

roost sites. Out of which 35 roosts were occupied by eight species of bats (Figure 1), out of which six species, 

Rhinopoma hardwickii, R. microphyllum, Taphozous nudiventris, T. perforatus, Scotophilus heathii and 

Megaderma lyra were insectivorous (Figure 2-7) and Rousettus leschenaultii (Figure 8) and Pteropus medius 

were frugivorous bats. A total of 133 individuals of seven species were captured and their morphological 

measurements were given in Table 1, P. medius measurement was not taken. The highest number of roosts was 

of R. hardwickii (15) and minimum of S. heathii, T. perforatus and M. lyra (single) observed in the study area 

(Table 2).  

The most abundant species in Bundelkhand region was R. microphyllum (62.73%), followed by R. leschenaultii 

(10.69%), R. hardwickii (8.00%), P. medius (7.25%), T. perforatus (6.90%), T. nudiventris (3.50%), M. lyra 

(0.53%) and S. heathii (0.372%). The most abundant species was R. hardwickii and least abundant species was 

M. lyra and S. heathii (Table 2). The roost characteristic such as temperature, humidity, light intensity, roost area 

and number of entrances of all 35 roost were given in Table 3. Shannon diversity index of Bundelkhand regions 

was 1.113 and Evenness index was 0.533. Jaccard index of protected roost was 0.97 and unprotected roost was 

1.0.
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Table 1: Morphological measurements of bats T. nudiventris, T. perforatus, R. hardwickii, R. microphyllum, S. heathii, M. lyra and R. leschenaultii. Values are given in mean ± SD. 
 

Species/ Parameter 
T. nudiventris (n=29) 

(♂=27, ♀=2) 

T. perforatus (n=7) 

(♂=4, ♀=3) 

R. hardwickii (n=28) 

(♂=20, ♀=8) 

R. microphyllum (n=39) 

(♂=30, ♀=9) 

S. heathii (n=15) 

(♂=10, ♀=5) 

M. lyra (n=9) 

(♂=3, ♀=6) 

R. leschenaultii (n=6) 

(♂=3, ♀=3) 

Body mass (gm) 50.78±9.78 31.07±8.06 20.34±6.22 30.31±3.77 32.00±6.71 52.11±5.28 84.98±6.59 

BH length 93.37±18.16 83.36±7.80 70.56±3.32 77.31±4.31 75.03±8.28 71.89±7.93 101.16±9.24 

Head length 31.17±1.95 27.96±2.04 19.85±4.01 27.10±2.75 21.34±3.40 27.31±5.06 31.73±1.27 

Tail length 20.45±2.49 17.81±2.48 57.92±5.57 53.00±4.10 46.86±6.61 - 12.44±1.48 

Ear length 15.86±3.30 16.58±2.45 13.01±1.56 13.86±1.85 12.58±2.06 31.96±4.38 18.86±2.02 

Tragus 5.30±0.45 5.86±1.08 5.54±0.83 5.36±0.61 7.15±1.01 14.25±1.90 - 

Forearm 69.22±3.00 67.03±4.04 58.13±2.89 68.67±3.23 58.84±2.50 64.06±0.92 79.05±3.26 

5th Metacarpal 42.89±3.05 39.10±2.60 42.25±2.50 45.27±2.95 50.27±4.32 55.43±3.22 51.72±2.33 

First phalanx 14.42±1.87 14.63±1.22 10.66±0.72 11.37±1.42 10.17±1.27 19.35±0.74 25.56±1.82 

Second phalanx 8.88±0.73 8.54±0.61 9.22±0.93 10.07±1.03 8.75±1.59 19.25±1.28 27.59±1.43 

4th Metacarpal 51.90±2.75 49.10±2.89 37.11±2.19 37.90±2.20 52.99±4.54 51.27±1.95 52.72±3.09 

First phalanx 15.77±1.61 14.10±0.85 12.66±0.92 15.15±1.27 15.04±1.48 16.48±0.92 28.15±1.17 

Second phalanx 8.72±0.89 8.38±0.91 10.28±1.49 10.71±1.01 11.83±1.27 22.15±1.66 29.23±2.37 

3rd Metacarpal 61.92±11.46 60.78±3.16 42.54±2.85 47.05±1.64 54.73±3.68 42.65±14.29 54.46±3.31 

First phalanx 26.68±2.08 21.62±1.16 8.86±0.83 9.90±1.28 19.09±1.34 27.80±1.24 33.38±2.39 

Second phalanx 27.50±2.42 23.63±1.32 16.98±1.90 13.61±3.41 16.40±4.96 48.76±3.25 38.31±2.79 

2nd Metacarpal 58.62±2.81 57.12±3.65 41.87±3.96 47.05±1.84 53.29±3.57 57.65±2.79 34.12±0.97 

Wing span (cm) 42.41±3.49 41.96±3.22 31.19±2.29 33.36±1.57 36.05±3.50 40.13±2.36 41.24±2.75 

Hind arm 29.78±2.32 25.67±1.12 29.87±1.62 26.75±2.48 25.92±5.85 53.00±30.60 26.30±3.55 

Thumb length 8.21±0.73 6.03±0.47 7.24±0.51 7.36±0.49 11.82±16.14 12.20±4.21 13.34±1.76 

Foot 11.81±3.48 6.43±0.91 9.71±3.74 12.57±1.32 6.38±1.93 11.65±2.19 19.22±1.83 

No morphometry of P. medius was given as they were not captured. 

 

Table 2: Population of six insectivorous and two frugivorous bat species in different roost sites of Bundelkhand region of Uttar Pradesh. 
 

Roost location 
Bat species 

R. hardwickii R. microphyllum T. nudiventris T. perforatus M. lyra S. heathii R. leschenaultii P. medius 

Baradari, Majhgawan, Hamirpur 45 - - - - - - - 

Cave, Belatal, Mahoba 21 - - - - - - - 

Boundary of Badal mahal, Belatal, Mahoba 11 - - - - - - - 

Badal mahal, Belatal, Mahoba 20 - - - - - - - 

Mahal, Sarila, Hamirpur - - - - 93 - - - 

Surya Mandir, Mahoba 12 - - - - - - - 

Dark cave, Mahoba 27 - - - - - - - 
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Senapat Mahal, Kulpahar, Mahoba 22 - - - - - - - 

Chakravarti fort, Kulpahar, Mahoba - - 
 

1205 - - 832 - 

Barua Sagar Fort, Jhansi 35 - 110 
   

320 - 

Jhansi Fort, Jhansi Site- 1 185 - 
  

- - 
 

- 

Jhansi Fort, Jhansi Site- 2 - 
 

104 - - - - - 

Jhansi Fort, Jhansi Site- 3 323 - - - - - - - 

Jhansi Fort, Jhansi Site- 4 - 5075 - - - - - - 

Jhansi Fort, Jhansi Site- 5 540 - - - - - - - 

Jhansi Fort, Jhansi Site- 6 - 1140 - - - - - - 

Jaggamanpur Fort, Jalaun - 1260 - - - - - - 

Bhuragarh, Fort, Banda - 3480 - - - - - - 

Kalinjar Fort, Banda 83 - 15 - - - - - 

Gupt Godavari Cave, Chitrakoot 6 - - - - - - - 

Chaurasi Gumband, Kalpi, Jalaun - - - - - 65 - - 

Joran Fort, Mahoba - - 310 - - - - - 

Supa Cave, Mahoba - - 40 - - - - - 

Fort (Talbehat) Lalitpur 35 - 17 - - - - - 

Jarai Ka Math, Barua Sagar, Jhansi - - 16 - - - - - 

Terminalia arjuna, Belatal, Mahoba - - - - - - - 300 

Eucalypteus obliqua, Belatal, Mahoba - - - - - - - 276 

Azadirachta indica, Rath, Hamirpur - - - - - - - 460 

Ficus benghalensis, Mahoba - - - - - - - 230 

Garhi, Malehta, Hamirpur 33 - - - - - 715 - 

 

Table 3: Roost location and characteristic of six insectivorous (R. hardwickii, R. microphyllum, T. nudiventris, T. perforatus, S. heathii and M. lyra) and two frugivorous bats (R. 

leschenaultii and P. medius). Table 3. Roost location and characteristic of six insectivorous (R. hardwickii, R. microphyllum, T. nudiventris, T. perforatus, S. heathii and M. lyra) and 

two frugivorous bats (R. leschenaultii and P. medius). 

 

Roost location 

Roost area 

(square 

Feet) 

Temp (ºC) 

(Mean ± SD) 

Humidity (%) 

(Mean ± SD) 

Roost height 

above the ground 

(Feet) 

Light 

intensity 

(Lux) 

No. of 

entrance 

Entrance 

height (Feet) 

Entrance 

width (Feet) 
Threats 

Baradari, Majhgawan, Hamirpur 36 30.86±5.60 61.20±20.03 9 0 1 5 2 
Renovation and bat 

hunting 

Cave, Belatal, Mahoba 18 24.27±6.18 59.25±24.90 18 0 2 12 1 Bat hunting 

Boundary of Badal mahal, Belatal, Mahoba 12 25.50±6.24 63.00±21.60 8 0 1 4 2 
Treasure hunt and bat 

hunting 

Badal mahal, Belatal, Mahoba 54 31.17±11.30 59.75±23.47 18 8 3 8 3 
Ruined building and 

bat hunting 
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Mahal, Sarila, Hamirpur 324 29.25±2.21 61.25±23.76 14 0 1 6 2 Renovation 

Rahila Sagar Sun Temple, Mahoba 25 27.00±6.98 62.00±22.94 18 0 1 5 3 Tourism 

Dark cave, Mahoba 36 29.25±6.39 64.75±19.60 21 0 1 18 3 Bat hunting 

Senapati Mahal, Kulpahar, Mahoba 189 29.50±8.34 62.50±24.63 18 5 2 6 3 
Treasure hunt, bat 

hunting and Tourism 

Chakravarty Samrat fort, Kulpahar, Mahoba (T. 

Perforatus) 
254 27.00±3.82 74.25±19.18 20 0 1 5 3 

Renovation and bat 

hunting 

Chakravarty Samrat fort, Kulpahar, Mahoba 

(R. leschenaultii) 
108 27.24±3.46 74.25±18.96 20 0 1 5 3 

Renovation and bat 

hunting 

Barua Sagar fort, Jhansi (T. Nudiventris, R. 

leschenaultii) 
162 27.85±4.96 64.75±24.30 24 2 2 7 3 Tourism 

Barua Sagar fort, Jhansi (R. hardwickii) 72 27.00±3.00 69.00±23.25 9 0 1 3 2 Tourism 

Jhansi fort, Jhansi Site- 1 201 28.62±1.51 66.2±24.99 24 0 1 6 2 
Tourism and 

development work 

Jhansi fort, Jhansi Site- 2 201 28.62±1.51 66.2±24.99 24 0 1 6 2 ʺ 

Jhansi fort, Jhansi Site- 3 201 28.62±1.51 66.2±24.99 24 0 1 6 2 ʺ 

Jhansi fort, Jhansi Site- 4 160 28.62±1.51 66.2±24.99 18 0 1 6 2 ʺ 

Jhansi fort, Jhansi Site- 5 201 28.62±1.51 66.2±24.99 24 0 1 6 2 ʺ 

Jhansi fort, Jhansi Site- 6 574 28.62±1.51 66.2±24.99 12 0  4 2 ʺ 

Jaggamanpur fort, Jalaun 216 25.85±7.63 68±19.20 24 0 1 7 3 Tourism 

Bhuragarh, fort, Banda 48 29.42±7.76 69.00±19.65 8 0 1 4 2 
Treasure hunt, bat 

hunting and Tourism 

Kalinjar fort, Banda (R. hardwickii) 150 27.88±6.21 64.40±19.96 18 0 1 8 3 Tourism 

Kalinjar fort, Banda (T. nudiventris) 20 27.95±7.91 64.75±18.60 16 2 2 10 3 Tourism 

Gupt Godavari cave, Chitrakoot - 27.30±0.60 80.66±13.05 - - - - - Tourism 

Chaurasi Gumband, Kalpi, Jalaun 56 24.10±6.87 57.25±14.22 24 0  16 8 Tourism 

Garhi Joran, Mahoba 144 28.12±3.06 70±16.02 21 0 1 5 2 
Treasure hunt and 

Tourism 

Supa cave, Mahoba - 26.00±2.58 62±17.79  0 - - - Hunting of bat 

Fort (Talbehat) Lalitpur (R. hardwickii) 25 27.02±3.88 71.50±20.72 25 0 1 5 2 
Treasure hunt and 

Tourism 

Fort (Talbehat)Lalitpur (T. nudiventris) 130 27.66±3.78 68.33±24.02 24 2 1 7 3 
Treasure hunt and 

Tourism 

Jarai Ka Math, Barua Sagar, Jhansi 64 28.37±3.68 67.73±23.23 18 2 1 8 3 
Tourism and 

development work 

Terminalia arjuna, Belatal, Mahoba - 29.65±8.59 61.23±24.86 - - - - - Local people 

Eucalypteus obliqua, Belatal, Mahoba - 29.65±8.59 61.23±24.86      Local people 

Azadirachta indica, Rath, Hamirpur - 30.00±8.20 60.75±24.85      Local people 
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Ficus benghalensis, Mahoba - 32.50±8.73 59.75±23.51      Local people 

Garhi, Malehta, Hamirpur (R. hardwickii) 63 29.38±7.3 66.25±21.23 12 0 1 6 2 
Renovation and 

hunting 

Garhi, Malehta, Hamirpur (R. leschenaultii) 168 30.25±7.41 62±21.21 12 2 1 6 2 
Renovation and 

hunting 

Jhansi Fort: Site 1: In front of Kadak Bijli Toap R. hardwickii roost, Site 2 and 3: Adjacent to Kadak Bijali Toap T. nudiventris and R. microphyllum roost, Site 4: Below the Gulam 

Gauskhan cemetery, R hardwickii roost, Site 5: In front of Panch Mahal, R. hardwickii roost, Site 6: In Panch Mahal, R. hardwickii roost. 

 

 
 

Fig 1: Distribution of six insectivorous and two frugivorous species of bats in Bundelkhand region of Uttar Pradesh, India. 
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Fig 2-8: Six individuals of insectivorous bats 2, R. hardwickii; 3, R. microphyllum; 4, T. nudiventris; 5, T. 

perforatus; 6, S. heathii; 7, M. lyra; and one frugivorous bat 8, R. leschenaultii were recorded from Bundelkhand 

region of Uttar Pradesh. 

 

Description of Roost Sites  

Majhgawan 

A monument known as Baradari situated in center of Majhgawan village of Hamirpur district and the property is 

belong to a king’s family (Manvendar Singh). The monument is well maintained and protected. Rhinopoma 

hardwickii found roosting in this monument. There are ten rooms, out of which only one room was occupied by 

bats. Room is square in shape with only one entrance and the height of roost was 9 feet from the ground. The 

bats were occupied the woody attic of roof.  

 

Garhi, Malehta 

Grahi is situated in Malehta village of Hamirpur district. There were three buildings in Garhi, out of which one 

building was used for residential purpose and one building was ruined and third one was small temple. 

Rhinopoma hardwickii and R. leschenaultii were found roosting in attic of building which was used for 

residential purpose and in temple. There was open field in front of roost and behind the building small bushy 

area available. The shape of roost was rectangle and roof is made of wooden with single entrance. The height of 

roost was 12 feet from the ground and height and width of entrance was six feet and two feet respectively. 

 

Belatal 

A total of four roosts of R. hardwickii and P. medius were found in Belatal village of Mahoba districts. 

Rhinopoma hardwickii were found roosting in Badal Mahal fort and cave while P. medius roosting in tree of 

Termina arjuna and Eucalyptus sp. 

Fort is situated outside of village and there is a big pond attached to boundary of fort. Roosts in Badal Mahal fort 

square in shape, most part of fort were ruined and most of the rooms were without roof. Only 4-5 individuals of 

R. hardwickii were found roosting on roof of the fort and there was direct sun light penetration in the roost due to 
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damage of roost roof. Whereas cave was situated in center of village and surrounded by human colony and two 

entrances in cave roost. R. hardwickii found roosting in upper side crevices of cave. 

Pteropus medius roosting near to human colony and below the tree, land uses to make cow dung cake by local 

villagers. Bats prefer only dense canopy and long height tree. One side of roost a local road is passed and another 

side agriculture field occurs. 

 

Sarila 

Sarila mahal belongs to queen Sarila, which is located in center of tehsil Sarila of Hamirpur district. In mahal 

there was a large hall with many pillars. In the roof of hall there were horizontal wooden pillar, in which M. lyra 

roosting. Roost was rectangle in shape and there was only one entrance in roost and height and width of entrance 

was 6 and 2 feet respectively. The bats are roosting in many groups on the wooden pillars of roof. There was a 

water filled large pit behind the mahal.  

 

Rath: Rath is a tehsil of Hamirpur district, which is center of Bundelkhand. There was orchard of neem, 

eucalyptus and banyan tree in PWD office. Pteropus medius were found roosting in neem tree. Three big cement 

tank presents below of the roost that’s used from storing and melting of road making material (dammar). An 

open field is present on one side of roost and other side a small agriculture land. In front of the roost a road 

present.  

 

Mahoba 

Two permanent roost, Dark cave and Rahila Sagar Sun Temple and one tree roosts were found in Mahoba 

district. Rhinopoma hardwickii were found roosting in Dark cave and Rahila Sagar Sun Temple, while P. medius 

were roosting in Banyan tree.  

The height of roost from ground was 21 feet, only one entrance was in the roost and height and width of entrance 

was 18 and 3 feet respectively. Rhinopoma hardwickkii were roosting on top of the cave. The height of roost 

from ground was18 feet, only one entrance also here and height, width of roost was 5 and 3 feet respectively. 

 

Kulpahar 

Kulpahar is a town area of Mahoba district. In Kulpahar two sites were found where three species of bat were 

roosting. Senapati Mahal situated at center of Kulpahar, it is a three-story building. The height of roost is 18 feet 

from ground. There were two entrances in the roost and every entrance size was 6 feet in height and 3 feet in 

width. Rhinopoma hardwickii were found roosting here. Bird also nesting everywhere in fort roof. Human 

activity is also common inside the fort. 

Chakravarty Samrat fort is located on boundary of town and adjacent the boundary of fort, there was a big pond. 

A total of eight rooms were in the fort, out of which four rooms used for residential purpose by a human family. 

Two rooms were occupied by R. leschenaultii while T. perforatus roosting in only one room. There was a store 

room of cow fodder below the roost. The roost is circle in shape and height of roost from ground was 20 feet. 

The shape of roost where T. perforatus roosting is tomb shaped and many crevices are present on roof of roost 

which used by bats for roosting. The shape of R. leschenaultii roost was tunnel shaped, bat occupied the attic of 

roof and height of the roost above the ground was 20 feet. There was a single entrance in every roost, height and 

width of every entrance was 5 and 3 feet respectively.  

 

Barua Sagar 

Barua Sagar fort is situated in Barua Sagar town area of Jhansi district. The fort is six story building which is 

protected by ASI. There were three rooms in the ground floor, all rooms connected to each other. Two rooms 

were large and rectangle in shape, in which one room occupied, was by T. nudiventris and R. leschenaultii where 

light penetration was zero. There was a tunnel connected to small room at the entrance of the roost, where R. 

hardwickii were roosting. There were two entrances in the roost, and the height of front and backside entrances 

were thee and seven feet respectively. 

 

Jarai Ka Math 

A temple is situated on Jhansi Road, which is known as Jarai Ka Math and it comes under ASI. The roost was 

square in shape and there was only one entrance in the roost. The height and width of entrance was eight and 

three feet respectively. Taphozous nudiventris were occupied the attic of temple. 

 

Jhansi Fort 

The fort is named on the queen of Jhansi which is situated in city of Jhansi. Total six roosts were found in the 

fort, that occupied by three species of bat as: T. nudiventris, R. microphyllum and R. hardwickii. The fort is under 

the protection of ASI and tourist place. In front of Kadal Bijli Toap, two roosts, one is known as Baradari which 

was occupied by R. hardwickii and in right side one roost which was occupied by T. nuduventris. Third one roost 

was situated in right side of the Kadak Bijli Toap, that occupied by R. microphyllum. There was an underground 

room in front of Gulam Gaus Khan Cemetery, which was occupied by the R. hardwickii. The 5th one roost was in 

Panch Mahal which was occupied by R. hardwickii. Sixth roost was just below of jumping spot and R. 

hardwickii were roosted there.  
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All roosts were circle in shape and only one entrance possess except of Panch Mahal and in front of Gulam Gaus 

Khan Cemetery. The roof of roost was tomb in shape. There were two rooms in Panch Mahal which is rectangle 

in shape and roof was also rectangle. The roost in front of Gaus Khan Cemetery is tunnel shaped. There were 

many entrances in Panch Mahal while only one entrance was Gulam Gaus Khan roost. 

 

Jaggamanpur Fort 

Jaggamanpur Fort is a private property and situated in Jaggamanpur village of Jalaun district. In fort a school is 

ongoing. There were three rooms in ground floor of fort, out of which one was occupied by R. microphyllum. In 

front of fort an open ground is available and back side of fort is surrounded by forest. Roost was rectangle in 

shape, it possesses only single entrance, height and width of entrance was 7 and 3 feet respectively. Roost made 

up of brick stone with many crevices in roof. Rhinopoma microphyllum roosting on attic of room where light 

penetration was zero.  

 

Bhuragarh Fort 

It is situated at the bank of the Ken River. In Banda district under the protection of ASI. Most part of the fort is 

damage, only one building was in good condition that occupied by Saints and converted it in to temples. 

Rhinopoma microphyllum roosting on wall of roof, in that’s building which also used by Saints. Front of the fort 

facing a railway track, back side of fort is surrounded by river and small forest. Roost rectangle in shape and 

consist of single entrance for entry. There is Hawan kund in front of roost entrance for offering prayers to God in 

front of fire which produces huge amounts of fumes and noise. 

 

Kalinjar Fort 

Fort is located on an isolated rocky hill at the end of the Vindhya Range in Banda district. Most of building of 

fort were destroyed and falling. Rhinopoma hardwickii roosting attic of King Aman Singh Palace, which used by 

ASI staff. The roost consists of single entrance, some light comes in the roost. Taphozous nudiventris were 

roosting in crevices and attic of room of Queen Palace, the palace is rectangle in shape. It possesses two 

entrances which were in same size and shape, height and width of entrances are 10 and 3 feet respectively. The 

tourist activity is frequent in this palace.  

 

Gupt Godavari Cave 

Cave is situated over 1000 feet on a mountain and located at the base of a mount at a distance of 12 Km to the 

south-west of Chitrakoot in Madhya Pradesh. Rhinopoma hardwickii roosting over a hanging rock locally called 

Khat-khata Chor. Another cave is present attached to the roost in which stream of water flowing below the roost 

and halogen light is pasted over the rocks. It is a tourist place and thousands of peoples visiting every day.  

 

Chaurashi Gumbad, Kalpi 

The monument is situated on Kanpur, Jhansi national highway. It is a cemetery of Lodhi Sah which situated in 

Kalpi town of Jalaun district. The monument is protected by ASI. Three sides of monument were surrounded by 

agriculture land. Monument made up of brick, rectangle in shape and open from all sides. There were deep 

crevices in the roof of monument in which Scotophillus heathi were roosting. The local peoples are coming for 

worshiping of Lodhi Sah. Height of roost above the ground is 24 feet.  

 

Joran Palace 

It is situated in Joran village of Mahoba district which locally called Garhi. There were 7 to 8 rooms, most of 

which roof were damage. There was a one room with well-maintained roof that connected with a tunnel shaped 

hall. Taphozous nudiventris were roosting in only this room. In front of palace a small water canal is flowing and 

a large rocky area which is protected by forest department. All other sides of palace surrounded by agriculture 

field and forest. The roof of room was tomb shaped while of hall was in tunnel shaped. Local people using as a 

store room for cow dung cake and for caging of cattle. There was single entrance for entry inside the roost.  

 

Cave Supa 

Cave is located on boundary of village Supa of Mahoba district which attached with a monument. The 90 percent 

of monument is damage, left over part converted in to temple. The roost of T. nudiventris found in between two 

mountains and approximately 150 feet deep and bats were roosting on surface of rock and top of cave. All other 

sides are surrounded by agriculture field and forest. The caves open towards agriculture field.  

 

Talbehat Fort 

The Fort has massive structures and situated on the bank of massive Mansarovar Lake in Talbehat town of 

Lalitpur districts. Most part of the monuments were damaged and local tourist also damaging fort in search of 

treasure. There was a square shape room on top of the fort, attic and wall of room occupied by R. hardwickii. 

Most of the bat roost on a rounded hole in center of roof in winter. There was also a rectangle shape room with 

many crevices a on the roof below the fort toward lake that occupied by T. nudiventris. The monuments made up 

of bricks, beside that’s three temples also situated in the fort.  
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Discussion 

A total of eight species of bats, six were insectivorous and two frugivorous bats were recorded in this study. The 

Shannon diversity index of Bundelkhand region indicates that the diversity of bats was moderate in Bundelkhand 

region. The survey indicates that these bat species were unevenly distributed across the Bundelkhand region 

(Evenness index 0.53); it may be due to degree of protection. 

A total of 15 roosts sites occupied by R. hardwickii, in fort, historical monument, old temple, house and cave. 

Earlier study also reported that this species preferred roosting in abounded building, cave, where light intensity 

was zero and humidity was high [38-39], old, ruins, abandoned and undisturbed building [40]. According to Purohit 

and Senacha [41], Benda et al. [39] they lived mostly in small colony while the results of present study indicate that 

they live from small colony to thousands of individuals depend upon degree of protection and area of roost. Male 

and female roost together and shared the roost with T. nudiventris and R. microphyllum that supported by earlier 

study [41]. A peculiar pattern was observed that they prefer roosting mainly where water source was available 

nearby the roost.  

All four roost sites of R. microphyllum were found in historical monuments, cave and the roost sites were 

surrounded by mountain and forest. Although, the number of roosts was less, but the population size was very 

high. The striking feature of R. microphyllum roost is temperature, which was around 20°C and the temperature 

inside the roost did not much fluctuate with ambient temperature. They mostly prefer roosting at attic of the 

interior part of the monuments fort and cave, with zero light penetration. According to Elangovan et al., [42] R. 

micophyllum roosted in monument, cave and fort; and they consist of large colony size.  

Two species of Taphozous genus were recorded from eight sites in the study area, out of which seven roosts 

were occupied by T. nudiventris and single roost by T. perforatus. Taphozous nudiventris colony consist of few 

individuals to hundred individuals while T. perforatus in thousands. The colony of both species consist of more 

male than female. Both species roosting in hilly region where rocky outcrops, caves and crevices found. Water 

source is present adjacent to roost of both species. They prefer roosting outside the human colony, and roost 

surround by forest and agriculture land [43]. Shehab et al., [44] reported T. nudiventris from fortress city of 

Halabiyyeh where they were roosting in fissure which was present between stone block, ancient building and 

ruins building. T. perforatus roosting in tunnel in which many chamber or crevices are found [38], in deep fissure 
[45]. Roosts of T. perforatus possess single entrance, and height of the roost from ground is more than 20 feet. 

They prefer roosting in those rooms where light intensity was zero lux but, in some roosts, it goes up to 2 lux, 

while temperature not less than 20°C. Taphozous nudiventris share roost with both insectivorous (R. hardwickii, 

R. microphyllum) and fruigivorous (R. leschenaultii) bats while T. perforatus with R. leschenaultii.  

Single roost consist 65 individuals S. heathii found in crevices of monuments and in winter they go in deep of 

crevices to avoid cold. Earlier study reported that’s S. heathi roosting in abandoned buildings, trunk and fronds 

of tree, and in tree holes [46].  

Single roost consists 93 individuals of M. lyra found in abandoned and ruined building. The roof of roost was 

made of wooden with single entrance. Prakash [38] reported that’s M. lyra roosts in tunnel and fort where light 

intensity was zero while Brosset [49] in temple, old building, and caves. The temperature of roost was also stable 

not goes below 20°C, Habersetzer [48] also reported that’s M. lyra roost with stable temperature and high 

humidity. Water source also available near by the roost [38, 49]. There was no visibility inside the roost.  

A total of three roosts of P. medius recorded on Terminalia arjuna, Eucalypteus sp., Ficus benghalensis, 

Azadirachta indica plants, which indicate that T. medius prefer mainly long tree with dense canopy and bushy 

area. Earlier study reported that P. medius roosts on long tree with dense canopy like Ficus [38, 49-51]. They roost 

on top of the tree in summer while in winter move down side the tree to avoid to heat of sun. According to 

Markus and Blackshaw [52] Black Flying Fox (Pteropus Alecto) exposing towards sun in top of the tree in cooler 

time and lower branches of tree in hotter period. We found that’s they live in medium to large size colony. They 

hunted by local people for bush meat and extraction of oil. Dey et al. [50] reported from West Bengal that P. 

medius was hunted by outsider nomads for meat and traditional medicines. Pteropus medius mostly roosts 

outside of human colony where many dense trees are found and water source or food source are present nearby 

the roost. According to Granek [53] and Gulraiz et al. [54] P. medius roosting on wider or dense canopy tree 

because it is benefitted for spacious roosting area which decrease competition among the bat for space, for 

reproduction and sheltering.  

Rousettus leschenaultii medium sized fruit eating bat, which were roosting in fort, monument which was almost 

abandoned and ruined. They prefer roosting where height of the roost is more than 14 feet and possess only 

single entrance. Earlier study on R. leschenaultii reported that they lived in cave, undisturbed building, wells and 

farm house and harbor large colony size [55-58], while our results show medium size colony. They share roost with 

T. nudiventris and T. perforatus and colony size of R. leschenaultii consist hundred to thousand individuals. 

Rousettus leschenaultii prefer roosting where water source is present nearby roost. 

 

Conclusion  

This is the first and detailed study on diversity and distribution of chiropteran faun of Bundelkhnad region of 

Uttar Pradesh. The T. perforatus first time reported from Uttar Pradesh. Eight species recorded from the study 

sites, out of which species of genus Rhinopma, and Taphozous were only found in Bundelkhnad region. The 

result of current study reveals that’s the all above mention eight species except P. medius, roost in caves, rock, 

crevices and attic of monument, abandoned and ruined buildings in the day time. Most of the roost found outside 
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of human colony, where water source available nearby roost. Bats preferred to roost in permanent structure 

which possesses single entrance with zero light intensity. Bats were roosting in attic and crevices of building, 

monuments and cave where height of roost above the ground was more than 14 feet. Temperature of roost was 

more than 20° C and almost stable. Those roosts where temperature fluctuates with environment, bats vacate the 

roost in winter and return back when temperature becomes normal. Insectivorous bats control populations of 

agricultural pests and reduce the need to use pesticides while frugivorous bats serve as pollinators and seed 

dispersers of many plants. The population of bat decreased more rapidly due to degradation of roosting site and 

foraging areas due to unawareness of their role in common people. For the conservation of these bats species, it 

is necessary to conserve their habitats and foraging area.  

 

Acknowledgement  

We thank the Archeological Survey of India for the permitting us in the monuments and Mr. Sanjay Kumar 

Bharti M. Sc. Student during field work. This work was supported by Science Engineering Research Board, New 

Delhi [EEQ/ 2018/000104]. 

 

References  

1. Wilson DE, Reeder DM. Mammal Species of the World. 3rd ed. Johns Hopkins University Press, Baltimore, 

MD, 2005.  

2. Eick GN, Jacobs DS, Matthee CA. A nuclear DNA phylogenetic perspective on the evolution of 

echolocation and historical biogeography of extant bats (Chiroptera). Molecular Biology and 

Evolution,2005:22(9):1869-1886.  

3. Burgin CJ, Colella JP, Kahn PL, Upham NS. How many species of mammals are there? Journal of 

Mammalogy,2018:99(1):1-14.  

4. Simmons NB. Order Chiroptera, In: Wilson and Reeder editors. Mammal Species of the World: A 

Taxonomic and Geographic Reference. Johns Hopkins University Press: Baltimore, MD, USA, 2005a, 312-

529. 

5. Springer MS, Teeling EC, Madsen O, Stanhope MJ, de Jong WW. Integrated fossil and molecular data 

reconstruct bat echolocation. Proceedings of the National Academy of Sciences of the United States of 

America,2001:98:6241-6246.  

6. Teeling EC, Springer MS, Madsen O, Bates P, O’Brien SJ, Murphy WJA molecular phylogeny for bats 

illuminates’ biogeography and the fossil record. Science,2005:307:580-584.  

7. Arita HT, Fenton MB. Flight and echolocation in the ecology and evolution of bats. Trends in Ecology & 

Evolution,1997:12:53-58.  

8. Simmons NB. Chiroptera. In: Rose and Archibald editors. The Rise of Placental Mammals. Johns Hopkins 

University Press, Baltimore, 2005b, 159-174. 

9. Norberg UM, Rayner JMV. Ecological morphology and flight in bats (Mammalia; Chiroptera): Wing 

adaptations, flight performance, foraging strategy and echolocation. Philosophical Transactions of the Royal 

Society London,1987:316:335-427. 

10. Fenton MB. Echolocation: its impact on the behaviour and ecology of bats. Ecoscience,1994:1:21-30.  

11. Fenton MB, Portfors CV, Rautenbach IL, Waterman JM. Compromises: sound frequencies used in 

echolocation by aerial-feeding bats. Canadian Journal of Zoology,1998:76:1174-1182.  

12. Bernard E. Vertical stratification of bat communities in primary forests of central Amazon, Brazil. Journal 

of Tropcal Ecololgy,2001:17:115-126.  

13. Kunz TH. Roosting ecology. In: Kunz TH, editors. Ecology of Bats. Plenum New York, 1982, 151-200.  

14. Fleming TH. The short-tailed fruit bat: a study in plant-animal interactions. Journal of 

Mammalogy,1988:70(3):681-682.  

15. Clark BS, Leslie DM, Carter TS. Foraging activity of adult female big-eared bats (Plecotus townsendii) in 

summer. Journal of Mammolgy,1993:74:422-427.  

16. Jong J, Ahlen I. Factor affecting the distribution pattern in upland, Central Sweden. 

Ecography,1991:14(2):92-96.  

17. Fenton MB. Science and conservation of bats. Journal Mammalogy,1997:78:1-14.  

18. Robinson MF, Stebbings RE. Home range and habitat use by the serotine bat, Eptesicus serotinus, in 

England. Journal of Zoology,1997:243:117-136.  

19. Kalko EKV, Friemel D, Handley CO, Schnitzler HU. Roosting and foraging behavior of two Neotropical 

gleaning bats, Tonatia silvicola and Trachops cirrhosus (Phyllostomidae). Biotropica,1999:31:344-353.  

20. Law BS, Lean M. Common blossom bats (Syconycteris australis) as pollinators in fragmented Australian 

tropical rainforest. Biological Conservation,1999:91:201-212.  

21. Jong J. de. Habitat use, home range and activity pattern of the northern bat, Eptesicus nilssoni, in a 

hemiboreal forest. Mammalia,1994:58:535548.  

22. Mickleburgh SP, Hutson AM, Racey PA. A review of the global conservationstatus of bats. 

Oryx,2002:36:18-34.  

23. Kingston T. Research priorities for bat conservation in Southeast Asia: a consensus approach. Biodiversity 

and Conservation,2010:19:471-484.  



International Journal of Entomology Research   www.entomologyjournals.com 

28 

24. Lane DJW, Kingston T, Lee BPH. Dramatic decline in bat species richness in Singapore, with implications 

for Southeast Asia. Biological Conservation,2006:131:584-593.  

25. Moreno CE, Halffter G. Spatial and temporal analysis of α, β and γ diversities of bats in a fragmented 

landscape. Biodiversity and Conservation,2001:10:367-382.  

26. Paliwal A, Mathur VB. Predicting potential distribution of Gaur (Bosgaurus) in Tadoba-Andhari Tiger 

Reserve, Central India. Journal of Life Sciences,2012:6:1041-1049. 

27. Elangovan V, Kumar M. Diversity, roost selection and ecological importance of the bats of Uttar Pradesh. 

international day for biological diversity biodiversity for sustainable development, 2015, 44-50. 

28. Chaturvedi S, Singh S, Tiwari AK. Acoustic & morphology-based identification of microchiropteran species 

in Chitrakoot district, Uttar Pradesh, India. Int. journal of zoological studies,2018:3:352-357. 

29. Bates PJJ, Harrison DL. Bats of the Indian Subcontinent. Harrison Zoological Museum Publication, 

Sevenoaks, Kent, UK, 1997, 258.  

30. Sikes RS, William LG. and the Animal Care and Use Committee of the American Society of Mammalogists. 

Guidelines of the American Society of Mammalogists for the use of wild mammals in research. Journal of 

Mammalogy,2011:92(1):235-253.  

31. Easterla DA, Watkins L. Nursery colonies of evening bats (Nycticeius humeralis) in north-western Missouri 

and south-western lowa. Transactions of the Missouri Academy of Science,1970:4:110-117. 

32. Humphrey SR, Cope JB. Population ecology of the little brown bat, Myotis lucifugus, in Indian and north-

central Kentucky. Special Publications American Society of Mammalogists,1976:4:1-79. 

33. Swift SM. Activity pattern of Pipistrelle bats (Pipistrellus pipistrellus) in north-east Scotland. Journal of 

Zoology,1980:190:285-295.  

34. Thomas DW, Laval RK. Survey and census method. In: Kunz TH, editors. Ecological and behavioural 

method for study of bats. Smithsonian institution press, Washington DC, 1988, 77-89. 

35. Shannon CE. A mathematical theory of communication. The Bell System Technical 

Journal,1948:27(3):379-423.  

36. Real R, Vargas JM. The Probabilistic Basis of Jaccard's Index of Similarity. Systematic 

Biology,1996:45(3):380-385. 

37. De Jong TM. A Comparison of Three Diversity Indices Based on Their Components of Richness and 

Evenness. OIKOS Copenhagen,1975:26:222-227.  

38. Prakash I. Die Saugetiere der Rajasthan—Wustein Indien. Nature,1961:91:443-448. 

39. Benda P, Andreas VH, Reiter MA, Uhrin M. Two new species of bats (Chiroptera) for the fauna of Libya: 

Rhinopoma hardwickii and Pipistrellus rueppellii MYOTIS,2004:41-42:109-124. 

40. Javid A, Mahmood-ul-Hassan M, Nadeem MS, Rana N, Khan N. First record of the lesser mouse-tailed bat 

Rhinopoma hardwickii (Rhinopomatidae: Chiroptera) from Southern Punjab, Pakistan. Journal of Animal 

and Plant Science,2012:22(2):278-282. 

41. Purohit AK, Senacha KR. Distribution of bats in and around Jaisalmer of the Great Indian Desert, India. 

Vespertilio,2004:8:99-104. 

42. Elangovan V, Mathur V, Kumar M, Priya YS. Diversity and Conservation of Chiropteran Fauna. In: 

Sivaperuman C., Venkataraman K. (eds) Indian Hotspots. Springer, Singapore, 2018, 57-87.  

43. Happold M. Taphozous nudiventris Naked-rumped tomb bat. In: Happold M, Happold DCD, editors. 

Mammals of Africa. Volume IV: Hedgehogs, shrews and bats Bloomsbury Publishing, London, UK, 2013, 

434-435.  

44. Shehab A, Daoud A, Kock D, Amr Z. Small mammals recovered from owl pellets from Syria (Mammalia: 

Chiroptera, Rodentia). Zoology in the Middle East,2004:33:27-42.  

45. Mahmood-ul-Hassan M, Javid A, Nadeem MS, Ashraf S. An extralimital record of the Egyptian tomb bat 

Taphozous perforatus from Pakistan. Mammalia,2012:76:227-229.  

46. Misra PK, Singh A, Elangovan V. Diversity of Guanophilic Fungi of the Greater Asiatic Yellow 

Bat,Scotophilus heathii Trends in Biosciences,2016:9(1):09-13. 

47. Brosset A. Bats of central and Western India. Journal of the Bombay Natural History Society,1962:59:608-

613. 

48. Habersetzer J. Ethoökologische Untersuchungen an echoortenden Fledermäusen Südindiens. Ph.D. Thesis, 

University of Frankfurt, Germany, 1983, 245. 

49. Goveas SW, Miranda EC, Seena S, Sridhar KR. Observations on guano and bolus of Indian Flying Fox, 

Pteropus giganteus. Current Science,2006:90(2):160-162. 

50. Dey S, Roy US, Chattopadhyay S. Distribution and abundance of three populations of Indian Flying Fox 

(Pteropus giganteus) from purulia district of West Bengal, India. Taprobanica,2013:5(1):60-66.  

51. Kumar J, Kanaujia A. Distribution and population status of Fruit-bat (Pteropus giganteus) in district 

Lakhimpur-Kheri, Uttar Pradesh, India. G - Journal of Environmental Science and 

Technology,2015:3(3):23-28.  

52. Markus N, Blackshaw JK. Behaviour of the black flying fox Pteropus alecto:1. An ethogram of behaviour, 

and preliminary characterization of mother-infant interactions. Acta Chiropterologica,2002:4(2):137-152.  

53. Granek E. Conservation of Pteropus livingstonii based on roost site habitat characteristics on Anjouan and 

Moheli, Comoros Islands. Biological Conservation,2002:108(1):93-100.  



International Journal of Entomology Research   www.entomologyjournals.com 

29 

54. Gulraiz TL, Javid A, Mahmood-ul-hassan M, Maqbool A, Ashraf S, Hussain M et al. Roost characteristics 

and habitat preferences of Indian flying fox (Pteropus giganteus) in urban areas of Lahore, Pakistan. 

Turkish Journal of Zoology,2015:39:388-394.  

55. Yadav P, Deoshatwar A, Shete A, Tandale B, Patil D, Dalal S et al. Serosurvey of Malsoor virus among 

Rousettus leschenaulti bat & human population residing nearby Robber’s cave, Mahabaleshwar, 

Maharashtra, India, Indian Journal of Medical Research,2016:146:545-547. 

56. Kumar M, Priya YS, Mathur V, Elangovan V. Roost selection and roosting ecology of fulvous fruit bat, 

Rousettus leschenaulti (Pteropodidae). International Journal of Advanced Biological Research,2015:5(1):62-

68. 

57. Sharma B, Subedi A, Baniya S, Ghimire P, Bist BS, Chhetri BBK et al. A Preliminary Assessment of the 

Caves and Bats in Kaligandaki Canyon, Western, Nepal. Journal of Bat Research & 

Conservation,2020:13(1):74-87.  

58. Shahbaz M, Javid A, Mahmood-ul-Hassan M, Ashraf M, Hussain SM, Azmat H. Morphometrics of Blyth’s 

horseshoe bat Rhinolophus ledipus Blyth, 1844. Pakistan Journal of Zoology,2014:46:1800-1803. 


