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ABSTRACT 

Camera traps were deployed at 180 stations in Khalasuni Wildlife Sanctuary between 14th November 
2021 to 28th April 2022 that provided the effort of 4500 trap-days. Out of the 2,767 photo captures, 1,304 
were mammals belonging to 13 families and 24 large and medium-sized mammals were recorded in the 
study area. Photos of six threatened species categorised under the IUCN Red List were captured, namely 
leopard (Panthera pardus), sloth Bear (Melursus ursinus), Asian elephant (Elephas maximus), gaur 
(Bos gaurus), sambar (Rusa unicolor), and four-horned Antelope (Tetracerus quadricornis). Sambar 
(Rusa unicolour) was found to be the most frequently photographed and four-horned antelope was the 
most widespread species of this sanctuary. Photographic evidence of mammalian species documented 
and the importance of conservation of threatened and vulnerable species in the study area were studied.
The current camera trap survey is expected to help in formulating management strategies for long-term 
conservation of mammalian species in Khalasuni Wildlife Sanctuary.
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INTRODUCTION

Camera trapping has been proved to be 
an effective method in monitoring elusive and 
nocturnal species along with population estimation 
of naturally marked individuals using spatially 
explicit capture-recapture models (Karanth and 
Nichols 1998; Harihar et al. 2014). Camera traps 
have become an important tool for inventorying 
for estimating species diversity at a site (Cutler and 
Swann, 1999; Silveira, Jacomo and Diniz-Filho, 
2003; O’Connell, Nichols and Karanth, 2011). 
Mammals can also act as apex predators, regulating 
the populations and behavior of their prey, which 
can impact the structure and composition of the 

forest community (Ripple et al., 2014). Despite their 
vital role in forest ecosystems, they face a multitude 
of threats that can significantly impact their 
populations. Habitat destruction and fragmentation 
due to human activities such as deforestation, 
mining, and urbanization are some of the most 
significant threats to mammal communities in the 
world (Ripple et al., 2014, 2015; Nayak et al., 2020). 
Camera trapping is an increasingly popular method 
to study wildlife. While there are several types 
of camera traps, all models have the same basic 
principle: a photo (and / or video) camera protected 
by some sort of weather proof housing, coupled to 
a mechanism that allows the camera to be triggered 
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automatically when an animal moves in front of it. 
Since camera traps were first used to estimate the 
density of tiger (Panthera tigris) populations in 
India (Karanth 1995), this methodology has been 
widely used to study a variety of species: leopards 
Panthera pardus (Henschel and Ray 2003; Kostyria 
et al. 2003). Due to increasing anthropogenic 
pressure, half the world’s 5491 known mammalian 
species are declining and a fifth are clearly at the 
verge of extinction (Anon 2016). Although the use 
of relative abundance index (RAI) generated from 
camera trap encounter rates is controversial as it 
gets biased with animal body mass and study design 
(Sollmann et al., 2013), there are examples of a 
linear relationship between RAI and abundance, 
estimation, especially of cryptic species (Gonthier 
et al., 2013; Karantha et al., 1998; Datta et al., 2008; 
Rovero and Marshall, 2008; Rovero and Marshall 
2009; Jenks et al., 2011 and Lahker et al., 2018). 

In Odisha several mammalian studies have 
been reported; (Tiwari et al., 2002) first compiled 
37 species of mammals from Chandaka-Dampara 
Wildlife Sanctuary. In Similipal Biosphere 
Reserve 55 species species, Kotagarh Wildlife 
sanctuary 43 species, Kuldia wildlife Sanctuary 20 
species, Sunabeda Wildlife Sanctuary 22 species, 
Hadgarh Wildlife Sanctuary 19 species Debrigarh 
Wildlife Sanctuary 27 species, Sundargarh 
Forest division 27 species, Nayagarh District 
29 species, Keonjhar Forest Division 25 species 
and Bonai Forest Division 28 species recorded  
(Ramakrishna et al., 2006; Mohapatra et al., 2009; 
Debata and Swain, 2020; Debata et al., 2018;  
Palei et al., 2020; Palei et al., 2021;  
Palei et al., 2023a; Palei et al., 2023b; 
Sarangi et al., 2024; Dhanraj et al., 2025 
and Patra et al., 2025). In this study, we used camera-
trap surveys to study the presence of largeand 
medium-sized mammals on the Khalasuni Wildlife 
Sanctuary, North-Western periphery of Odisha State.

MATERIALS AND METHODS

Study area

The Khalasuni Wildlife Sanctuary is 
located between latitude of 210-15' to 210-25' N 
and longitude of 84015' to 84035' E (Fig. 1). The 

sanctuary covers 116 sq km and it is dominated by 
moist peninsular low-level Sal Forest, Northern 
moist mixed deciduous forest, moist peninsular 
valley sal forest, dry peninsular sal forest, northern 
dry mixed deciduous and dry bamboo breaks 
(Champion and Seth’s 1968). Due to good rainfall 
in the Sanctuary area, moist peninsular high-level 
Sal and moist mixed deciduous forests are noticed, 
along with extensive bamboo forests. The sanctuary 
shares its boundaries with which covers forest areas 
of Deogarh Forest Division, Rairakhol, Sambalpur 
South Forest Division and Bamra Wildlife Division. 
The mean daily temperatures of winter range from 
5˚C to 20˚C and that of summers range from 30˚C 
to 49.5˚C. There are three distinct seasons that is 
summer (March to June), rainy (July to October) 
and winter (November to February). The rainfall of 
the Sanctuary and the nearby areas varies from 698 
mm to 1962 mm. 

Fig. 1. Location map with camera trap installation in 
Khalasuni Wildlife Sanctuary, Sambalpur, Odisha

Methodology 

Camera trap surveys were conducted in the 
sanctuary in four phases from 14th November to 
21st December 2021: first phase with 45 camera 
trap stations, 26th December 2021 to 25th January 
2022 second phase with 45 camera trap stations 
and 29th January to 13th March 2022 third phase 
with 45 camera trap stations and fourth phase 15th 
Mar to 28th April 2022 with 45 camera trap stations 
(Table 1). Finally,180 motion sensor camera traps 
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(Cuddeback Model C1) in Grid wise were set up 
in the sanctuary. Authors used 2X2 km2 grids to 
guide camera placement hole ranges. Camera traps 
were predominantly set along forest roads, game 
trails and footpaths. All camera traps were strapped 
to trees approximately 45 cm above ground. At 
each location, a pair of traps on either side of the 
path facing each other was set up to photograph 
simultaneously both flanks of the animal passing 
between the cameras. Each location consists one 
pair camera trap and sets to operate 24 hour with 
programmed to delay sequential photographs by 30 
second delay time for capturing 25 days, yielding 
a total of 4500 trap nights. Each camera traps were 
checked at least once a week for battery level, 
positioning and to replace memory (SD) cards. 
Each and every photograph was manually checked 
to identify the species. Total sampling effort was 

calculated as the sum of the effective days across 
all stations that each camera was functioning  
(Boitani and Powell, 2012). The photos were 
separated by at least 30 minutes as independent events  
(Ohashi et al., 2013; Guo et al. 2017). Data on 
large and medium sized mammals, birds, reptiles, 
human traffic and livestock including date time, 
year and behaviour were collated from camera 
trap photographs. Data on large and medium sized 
mammals, human traffic and livestock including 
date time, year and behaviour were collected from 
camera trap photographs. Relative abundance index 
(RAI) was calculated as RAI = (A/N) X100

Where A is the total number of independent 
detections of a species by all cameras and N is the 
total number of camera trap days by all the cameras 
throughout the study area following Jenks et al., 2011.

Table 1. Summary of camera trap sampling in Khalasuni Wildlife Sanctuary from November 2021 to May 2022

Sampling Period Sampling days No. of camera stations Trap nights (effort) Total photo captured

14th Nov 21 to 
21st Dec 2021

25
45 1125 5476

26th Dec 21 to 
25th Jan 2022

25
45 1125 4426

29th Jan 22 to  
13th Mar 2022

25
45 1125 2569

15th Mar 22 to 
28thApr 2022

25
45 1125 5169

Total 180 4500 17640

RESULTS AND DISCUSSION

During a sampling period of 4500 trap-nights 
using 180 camera traps, a total of 24 species of 
wild mammals, belonging 14 families in 6 orders, 
were in the study area (Table 2). Carnivora was the 
most diverse order with 13 species, followed by 
artiodactyla with 6 species, primates with two, and 
all other orders with a single species each (Table 
2; Fig. 2). Of the 24 species recorded, 7 were 
Threatened (two ‘Endangered’, four ‘Vulnerable’), 

2 ‘Near Threatened’ and 15 ‘Least Concern’ on 
the IUCN Red List (IUCN 2023) as reflected 
in Table 1. According to the Indian Wildlife 
ProtectionAmendment Act (2022), 19 species 
were listed in Schedule I, and 2 in Schedule II and 
3 schedule III category (Table 2). According to 
RAI, the most abundant mammal in the study area 
was sambar (RAI=4.69), followed by wild boar 
(1.96), Indian gaur (RAI=1.73), Asian elephant 
(RAI=1.64), hanuman langur (Semnopithecus 
entellus) [RAI=1.20] and sloth bear; (RAI=1.02).
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A B

Fig. 2. Camera trap images of threatened mammals recorded in the study area of Khalasuni Wildlife Sanctuary, 
Odisha: a- Leopard (Panthera pardus); b- Rusty spotted cat (Prionailurus rubiginosus; c- Indian grey wolf (Canis 
lupus); d- Sloth bear (Melursus ursinus); e- Asian elephant (Elephas maximus); f- Gaur (Bos gaurus); g- Sambar 
(Rusa unicolor); h- Four-horned antelope (Tetracerus quadricornis)
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Table 2. Comparative Relative Abundance Index (RAI) of different wildlife species and others based on camera trap 
photographs in Khalasuni Wildlife Sanctuary during the field-work with their current IUCN status

Sl. 
No Common name Order Family Scientific names WPA 

status
IUCN 
status

Total 
photo 

captured
RAI

1 Leopard Carnivora Felidae Panthera pardus I VU 64 1.42
2 Jungle cat Carnivora Felidae Felis chaus I LC 32 0.71

3 Rusty spotted cat Carnivora Felidae Prionailurus 
rubiginosus I NT 8 0.18

4 Indian grey wolf Carnivora Canidae Canis lupus I LC 12 0.27
5 Golden jackal Carnivora Canidae Canis aureus I LC 32 0.71
6 Striped hyeana Carnivora Canidae Hyaena hyaena I NT 8 0.18
7 Indian fox Carnivora Canidae Vulpes bengalensis I LC 9 0.20
8 Sloth bear Carnivora Ursidae Melursus ursinus I VU 46 1.02
9 Ratel Carnivora Mustelidae Mellivora capensis I LC 26 0.58
10 Small Indian civet Carnivora Viverridae Viverricula indica I LC 10 0.22

11 Common palm civet Carnivora Viverridae Paradoxurus 
hemaphroditus I LC 15 0.33

12 Grey mongoose Carnivora Herpestidae Herpestes edwardsii I LC 13 0.29
13 Ruddy mongoose Carnivora Herpestidae Herpestes smithii I LC 6 0.13
14 Asian elephant Proboscidae Elephantidae Elephas maximus I EN 74 1.64
15 Indian gaur Artiodactyla Bovidae Bos Gaurus I VU 48 1.07
16 Sambar Artiodactyla Cervidae Rusa unicolor I VU 105 2.33

17 Four-horned 
antelope Artiodactyla Bovidae Tetracerous 

quadricornis I EN 40 0.89

18 Barking deer Artiodactyla Cervidae Muntiacus muntjak I LC 28 0.62
19 Mouse deer Artiodactyla Tragulina Tragulus moschiola I LC 12 0.27
20 Wild boar Artiodactyla Suidae Sus scrofa III LC 45 1.00

21 Indian crested 
porcupine Rodentia Hystricidae Hystrix indica I LC 26 0.58

22 Rhesus macaque Primates Cercopithecidae Macaca mulatta II LC 47 1.04
23 Hanuman langur Primates Cercopithecidae Semnopithecus entellus II LC 54 1.20
24 Indian hare Lagomorpha  Leporidae Lepus nigricollis III LC 28 0.62

RAI- Relative Abundance Index, IUCN- International Union for Conservation of Nature, EN- Endangered, VU- 
Vulnerable, NT- Near threatened, LC- Least concern, IWPA- Indian Wildlife Protection Act (2022).

The camera trapping study revealed the 
presence of high diversity of terrestrial mammals, 
as evident from a comparison with camera 
trap studies in other nearby forest landscapes, 
e.g. 24 mammals over 6413 trap nights in 187 
camera trap stations in Similipal Tiger Reserve  
(Palei et al. 2016), 20 mammals over 916 trap-
nights in 65 camera trap stations in Kuldiha 
wildlife sanctuary (Debata and Swain 2018), and 

19 mammals over 2049 trap-nights in 60, camera 
trap stations in Hadgarh wildlife sanctuary, Odisha, 
India (Palei et al. 2022). 18 mammals over 750 
trap night; in 25 camera trap station in Northern 
Reserve Forest, Athmallik Forest Division (Palei et 
al. 2024); 25 mammals over 6329 trap night in 165 
camera trap station in Badrama Wildlife Sanctuary 
(Palei et al., 2022); 27 mammals over 3150 trap 
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night in 123 camera trap station in Debrigarh 
wildlife sanctuary (Palei et al., 2023); 27 mammals 
over 3134 trap night in 81 camera trap station in 
Sundargarh Forest Division (Palei et al., 2023);  
29 mammals over 2850 trap night in 122 
camera trap station in Nayagarh Forest Division  
(Sarangi et al., 2024); 25 mammals over 3214 trap 
night in 53 camera trap station in Keonjhar Forest 
Division (Dhanraj et al., 2025). Here 24 mammals 
over 4500 trap night in 180 camera trap station in 
Khalasuni wildlife sanctuary were reported.

The study confirmed that out of the 24 
mammalian species recorded during the camera 
trap survey, carnivore species were the most 
common at each study site followed by herbivores.
Sambar was the most frequently detected species. 
The species is considered common in India because 
of adaptability nature (Menon, 2014). The elephant 
is a large-bodied herbivore that occurs throughout 
the sanctuary. Other species like gaurs, sambars, 
Mouse deer Moschiola indica, northern muntjaks 
and wild boars are widely distributed in the 
entire Khalasuni Wildlife sanctuary. The Indian 
grey wolf is confined to the sanctuary and photo 
captured in one location whereas the golden jackal 
shows patchy distribution, and is not recorded 
in the southern part of the sanctuary, though it is 
occasionally seen in the central and the northern 
part of the sanctuary. As per camera trap record 
there is no photo capture of (chitals Axis axis), in the 
sanctuary. The common palm civet (Paradoxurus 
hermaphroditus), the small Indian civet 
(Viverricula indica), the grey mongoose (Herpestes 
edwardsii) are widely distributed in the sanctuary, 
while the ruddy mongoose (Herpestes smithii) is 
confined to the limited area of the sanctuary. The 
sight records of the jungle cats (Felis chaus), and 
rusty spotted cats (Prionailurus rubiginosus) are 
available from limited area of the sanctuary. The 
honey badger (Mellivora capensis) is known only 
from a few locations of the sanctuary. Sloth bear 
was the second most detected species may be due to 
their high population size contrary to other studies  

(Palei et al. 2016; Debata and Swain 2018;  
Palei et al. 2022). Indian Gaur is common in our 
study area and has the high detection rate, contrary 
to other studies conducted in nearby localities 
(Palei et al., 2016; Debata and Swain 2018;  
Palei et al., 2018, 2023; Palei et al., 2019) Odisha, 
India. Two individuals of Indian grey wolf were 
recorded during the survey offering the first 
photographic evidence of the Indian grey wolf 
outside protected areas of Odisha. This record 
increases knowledge on the distribution of the 
species. More extensive surveys are needed 
to understand the distribution and population 
dynamics of Indian grey wolf in the area. We 
provide photographic evidence of Indian grey 
wolves and highlight the importance of Odisha 
forest for species conservation. Photographic 
evidences of Indian grey wolf (Canis lupus pallipes). 
The species was considered rare in the state of 
Odisha (Debata and Palei 2020). This survey 
provides crucial evidence to inform and support 
conservation efforts within the Khalasuni wildlife 
sanctuary and neighbouring regions. To improve 
species detection, we recommend that future camera 
trapping campaigns cover a broader elevational 
range and a wider variety of microhabitats. In 
addition, evaluating livestock depredation by 
leopards and developing compensation strategies 
for herders are essential steps towards the long-
term conservation of this species. Finally, we urge 
that the area’s protection status be upgraded. 

ACKNOWLEDGEMENT

The Authors are thankful to the Principal 
Chief Conservator of Forest (Wildlife) & Chief 
Wildlife Warden, Government of Odisha for 
extending necessary permission to carry out the 
research in Khalasuni Wildlife Sanctuary, including 
his keen interest, support and advice. Also, thanks 
to Divisional Forest Officers, Bamra Wildlife 
Division, for timely guidance and support in data 
collection of the study area. Authors are also 
thankful to the Forest Range Officer, Khalasuni 
Wildlife Range and his field staff for their valuable 



186 e-planet 23 (2): 180-188MALLIK et al. 

support in accompanying various field trips and 
provided valuable information. Authors are also 
thankful to the Foresters and Forest Guards who 
helped during the field work. 

REFERENCES
Abade, L., Cusack, J., Moll, R.J., Strampelli, P., Dickman, 

A.J., Macdonald, D.W. et al. 2018. Spatial variation in 
leopard (Panthera pardus) site use across a gradient of 
anthropogenic pressure in Tanzania’s Ruaha landscape. 
PLoS ONE, 13 (10): 1–17. https:// doi.org/10.1371/
journal.pone.0204370.

Ahmed, T., Bargali, H.S., Verma, N. and Khan, A. 2021. 
Mammals outside protected areas: Status and response 
to anthropogenic disturbance in Western Terai-Arc 
Landscape. Proc. Zool. Soc. https://doi.org/10.1007/
s12595-020-00360-4.

Augugliaro, C., Christe, P., Janchivlamdan, C., Baymanday, 
H. and Zimmermann, F. 2020. Patterns of human 
interaction with snow leopard and co-predators in 
the Mongolian western Altai: Current issues and 
perspectives. Glob. Ecol. Conserv., 24: e01378. https://
doi.org/10.1016/j.gecco.2020.e01378.

Blake, J.G., Mosquera, D., Loiselle, B.A., Swing, K. and 
Romo, D. 2017. Long-term variation in abundance 
of terrestrial mammals and birds in eastern Ecuador 
as measured by photographic rates and occupancy 
estimates. J. Mammal., 98 (4): 1168–1178. https://doi.
org/10.1093/jmammal/gyx046.

Berger, K.M., Gese, E.M. and Berger, J. 2008. Indirect 
effects and traditional trophic cascades: A test involving 
wolves, coyotes and pronghorn. Ecology, 89: 818–828.

Boitani, L. and Powell, R.A. 2012. Carnivore ecology 
and conservation: A handbook of techniques. Oxford 
University Press.

Chakraborty, P., Borah, J., Bora, P.J., Dey, S., Sharma, T., 
Lalthanpuia, and Rongphar, S. 2021. Camera trap-
based monitoring of a wildlife corridor in Assam, India. 
Trop. Ecol. 62(2): 186–196. https://doi.org/10.1007/
s42965-020-00138-x

Champion, H.G. and Seth, S.K. 1968. A revised study of the 
forest types of India. Government of India, New Delhi. 
pp. 404.

Cutler, T.L. and Swann, D.E. 1999. Using remote 
photography in wildlife ecology: A review. Wildl. Soc. 
Bull., 27: 571–581.

Dhanraj, D.D., Palei, N.C., Palei, H.S. and Mishra, A.K. 
2025. Insights into tiger dispersal along the Similipal–
Satkosia Tiger Corridor in Odisha, India. Cat News, 82 
(Spring): 1–5.

Dhanraj, H.D., Palei, N.C., Palei, H.S. and Mishra, A.K. 
2025. Lenses on the linkage: Camera trapping unveils 
high mammalian diversity in a wildlife corridor in 
Odisha, India. Biodiversity. https://doi.org/10.1080/14
888386.2025.2531342.

Dhanraj, H.D., Palei, N.C., Palei, H.S. and Mishra, A.K. 
2025. Photographic record of Indian grey wolf (Canis 
lupus pallipes) in Keonjhar Forest Division, Odisha, 
India. Cheetal, 61(2): 47–52.

Datta, A., Anand, M.O. and Naniwadekar, R. 2008. 
Empty forest: Large carnivore and prey abundance 
in Namdapha National Park, north-east India. Biol. 
Conserv., 141: 1429–1435.

Dorji, S., Rajaratnam, R., and Vernes, K. 2019. Mammal 
richness and diversity in Bhutan. Biodivers. Conserv. 
28(12): 3277–3297. https://doi.org/10.1007/s10531-
019-01821-9

Dutta, T., Sharma, S., and DeFries, R. 2018. Targeting 
restoration sites to improve connectivity in a tiger 
landscape. PeerJ 6: e5587. https://doi.org/10.7717/
peerj.5587

Dutta, T., Sharma, S., McRae, B.H., Roy, P.S., and DeFries, 
R. 2016. Mapping habitat connectivity for tigers in 
central India. Reg. Environ. Change 16: 53–67. https://
doi.org/10.1007/s10113-015-0877-z

Das, U.K., Samantaray, R.K. and Singh, R.K. 2016. Study 
of ecology of leopard (Panthera pardus) in Lakhari 
Valley Wildlife Sanctuary, Odisha, India. e-planet, 14 
(1): 33–39.

Debata, S. and Swain, K.K. 2018. Estimating mammalian 
diversity and relative abundance using camera traps 
in a tropical deciduous forest of Kuldiha Wildlife 
Sanctuary, eastern India. Mammal Study, 43: 45–53.

Debata, S. and Swain, K.K. 2020. Mammalian fauna in 
an urban influenced zone of Chandaka–Dampara 
Wildlife Sanctuary, Odisha, India. J. Threat. Taxa, 
12 (8): 15767–15775. https:// doi.org/ 10.11609 /jott. 
5549.12.8.15767-15775.

Feng, R., Lü, X., Xiao, W., Feng, J., Sun, Y., Guan, Y., and 
Wang, T. 2021. Effects of free-ranging livestock on 
sympatric herbivores. Landscape Ecol. 36(5): 1441–
1457. https://doi.org/10.1007/s10980-021-01226-6

Greenspan, E., Montgomery, C., Stokes, D., K’lu, S.S., 
Moo, S.S.B., Anile, S. and Nielsen, C.K. 2023. 
Occupancy, density and activity patterns of a Critically 
Endangered leopard population on the Kawthoolei–
Thailand border. Popul. Ecol. 64: 1–16.



December 2025 187MAMMAL FAUNA OF KHALASUNI WL SANCTUARY, INDIA

Gonthier, D.J. and Castañeda, F.E. 2013. Large- and 
medium-sized mammal survey using camera traps in 
the Sikre River in the Río Plátano Biosphere Reserve, 
Honduras. Trop. Conserv. Sci. 6(4): 584–591.

Guo, W., Cao, G. and Quan, R.-C. 2017. Population 
dynamics and space use of wild boar in a tropical forest, 
Southwest China. Glob. Ecol. Conserv. 11: 115–124.

Harihar, A., Pandav, B. and MacMillan, D.C. 2014. 
Identifying realistic recovery targets and conservation 
actions for tigers in a human-dominated landscape. 
Divers. Distrib., 20 (5): 567–578. 

Henschel, P. and Ray, J. 2003. Leopards in African 
rainforests: survey and monitoring techniques. WCS 
Global Carnivore Program, Wildlife Conservation 
Society, New York.

IUCN 2017. The IUCN Red List of Threatened Species. 
Version 2017-3. <www.iucnredlist.org>. Downloaded 
on 20 June 2020.

Jhala, Y.V., Qureshi, Q. and Nayak, A.K. (eds) 2020. 
Status of tigers, co-predators and prey in India, 2018. 
National Tiger Conservation Authority, Government 
of India, New Delhi, and Wildlife Institute of India, 
Dehradun, pp. 1–390.

Jenks, K.E., Chanteap, P., Damrongchainarong, K., 
Cutter, P., Redford, T., Lynam, A.J., Howard, J. and 
Leimgruber, P. 2011. Using relative abundance indices 
from camera-trapping to test wildlife conservation 
hypotheses—an example from Khao Yai National 
Park, Thailand. Trop. Conserv. Sci.,  4: pp. 113–131.

Karanth, K.U., Srivathsa, A., Vasudev, D., Puri, M., 
Parameshwaran, R. and Samba Kumar, N. 2017. 
Spatio-temporal interactions facilitate large carnivore 
sympatry across a resource gradient. Proc. R. Soc. B. 
284(1848); https://doi.org/10.1098/rspb.2016.1860.

Karanth, K.U. and Nichols, J.D. 1998. Estimation of tiger 
densities in India using photographic captures and 
recaptures. Ecology 79: 2852–2862.

Karanth, K.U. 1995. Estimating tiger Panthera tigris 
populations from camera-trap data using capture–
recapture models. Biol. Conserv., 71: 333–336.

Kostyria, A.V., Skorodelov, A.S., Miquelle, D.G., Aramilev, 
V.V. and McCullough, D. 2003. Results of camera 
trap survey of far eastern leopard population in 
southwest Primorski Krai, winter 2002–2003. Wildlife 
Conservation Society and Institute for Sustainable 
Natural Resource Use, Vladivostok, Russia.

Lahkar, D., Ahmed, M.F., Begum, R.H., Das, S.K., Lahkar, 
B.P., Sarma, H.K. and Harihar, A. 2018. Camera-

trapping survey to assess diversity, distribution and 
photographic capture rate of terrestrial mammals in 
the aftermath of the ethnopolitical conflict in Manas 
National Park, Assam, India. J. Threat. Taxa 10(8): 
12008–12017;http://doi.org/10.11609/jott.4039.

Mallik, P.S., Sarangi, K., Khora, S.K., Palei, N.C. and 
Rath, B.P. 2024. Photographic evidence of melanistic 
leopard in Baisipalli Wildlife Sanctuary, India.  
Cat News 80, Summer 2024.

Melo, E.R.A., Gadelha, J.R., da Silva, M.N.D., da Silva Jr, 
A.P. and Pontes, A.R.M. 2015. Diversity, abundance 
and the impact of hunting on large mammals in two 
contrasting forest sites in northern Amazon. Wildlife 
Biol. 21: 234–245.

Menon, V. 2014. Indian mammals – a field guide. Gurgaon: 
Hachette Book Publishing India Pvt. Ltd., pp. 1–528.

Mirase, P.D., Palei, N.C., Rath, B.P. and Mishra, A.K. 
2025. Compendium on wildlife in Sundargarh Forest 
Division, Odisha: a camera trap approach, pp. 1–100.

Morelle, K. and Lejeune, P. 2015. Seasonal variations 
of wild boar Sus scrofa distribution in agricultural 
landscapes: a species distribution modelling approach. 
Eur. J. Wildl. Res. 61(1): 45–56; https://doi.org/10.1007/
s10344-014-0872-6.

Nayak, S. 2016. Wildlife Management Plan of Debrigarh 
Wildlife Sanctuary, pp. 1–162.

O’Connell, A.F., Nichols, J.D. and Karanth, K.U. 2011. 
Camera traps in animal ecology: methods and 
analyses. New York: Springer-Verlag.

Ohashi, H., Saito, M., Horie, R., Tsunoda, H. and Ishii, H. 
2013. Differences in the activity pattern of the wild 
boar Sus scrofa related to human disturbance. Eur. J. 
Wildl. Res. 59: 167–177.

Palei, H.S., Sahu, H.K. and Nayak, A.K. 2016. Ungulate 
densities and biomass in the tropical moist deciduous 
forest of Similipal Tiger Reserve, India. Natl. Acad. 
Sci. Lett. 39(4): 255–258.

Palei, N.C. and Rath, B.P. 2017. Wildlife Odisha 2017. 
Sandeep Tripathi (Ed.). Wildlife Organization, Forest 
& Environment Department, Government of Odisha, 
pp. 37–48.

Palei, H.S., Das, U.P. and Debata, S. 2018a. The vulnerable 
fishing cat Prionailurus viverrinus in Odisha, eastern 
India: status and conservation implications. Zool. Ecol. 
28(2): 69–74.

Palei, H.S., Palei, N.C., Rath, B.P. and Mishra, A.K. 2019a. 
Records of the globally threatened rusty-spotted cat in 
Odisha, India. Nat. Conserv. Res. 4(3): 112–116.



188 e-planet 23 (2): 180-188MALLIK et al. 

Palei, H.S., Pradhan, T., Sahu, H.K. and Nayak, A.K. 2015. 
Estimating mammalian abundance using camera 
traps in the tropical forest of Similipal Tiger Reserve, 
Odisha, India. Proc. Zool. Soc. 69: 181–188.

Palei, N.C., Rath, B.P., Palei, H.S. and Mishra, A.K. 2018. 
Occurrence of melanistic leopard in Odisha, eastern 
India. Cat News 68: 07–08.

Palei, N.C., Rath, B.P., Palei, H.S. and Arun, Mishra, K. 
2019. Records of the globally threatened rusty-spotted 
cat in Odisha, India. Nat. Conserv. Res. 4(3): 112–116.

Palei, N.C., Rath, B.P., Palei, H.S. and Arun, Mishra, K. 
2019. Photographic evidences of Indian grey wolf 
(Canis lupus pallipes) in Sundergarh Forest Division, 
Odisha, India. e-planet 17(2): 152–156.

Palei, N.C., Rath, B.P. and Singh, K. 2020. Mammalian 
diversity of Sunabeda Wildlife Sanctuary, Odisha, India: 
a camera trap perspective. e-planet 18(2): 145–157.

Palei, N.C., Rath, B.P., Palei, H.S. and Acharya, B.P. 2020. 
Population status and activity pattern of smooth-coated 
otter (Lutrogale perspicillata) in Bhitarkanika National 
Park, Odisha, Eastern India. IUCN Otter Spec. Group 
Bull. 37(4): 205-211. 

Palei, N.C., Rath, B.P., Kumar, S. and Palei, H.S. 2021. 
Occurrence and activity pattern of endangered dhole 
(Cuon alpinus) in Debrigarh Wildlife Sanctuary, 
Odisha, India. Proc. Zool. Soc.; https://doi.org/10.1007/
s12595-021-00391-5.

Palei, N.C., Rath, B.P., Satpathy, A.K., Acharya, S.N. 
and Mohalik, R.K. 2021. Ecological studies on wild 
carnivores and herbivores through camera trap in 
Hadgarh Wildlife Sanctuary, Odisha, India. e-planet 
19(2): 187–195.

Palei, N.C., Rath, B.P. and Mallik, P.S. 2022. Mammalian 
diversity of Badrama Wildlife Sanctuary, Bamra, 
Odisha, India. Cheetal 59(2): 13–22.

Palei, N.C., Rath, B.P., Satpathy, A.K., Acharya, S.N. and 
Mohalik, R.K. 2022. Camera trap record of rusty-
spotted cat in Hadgarh Wildlife Sanctuary, Odisha, 
India. Cat News, 75. 

Palei, N.C., Rath, B.P., Mallik, P.S., Acharya, S.N. and 
Sarangi, K. 2023. Occurrence of rusty-spotted cat 
in Badrama Wildlife Sanctuary, Odisha, India.  
Cat News 77. .

Palei, N.C., Rath, B.P. and Nayak, S. 2023. Mammalian 
diversity of Debrigarh Wildlife Sanctuary, Odisha, 
India. J. Threat. Taxa 15(4): 23005–23015; https://doi.
org/10.11609/jott.7337.15.4.23005-23015.

Palei, N.C., Rath, B.P., Patra, L.K. and Ghosh, B. 2023. 
First photographic records of smooth-coated otter 

(Lutrogale perspicillata) in Jharsuguda Forest 
Division, Odisha, India. IUCN Otter Spec. Group Bull.  
40(3): 177-183. 

Palei, N.C., Rath, B.P., Palei, H.S. and Mishra, A.K. 2023. 
Camera trap surveys reveal a wildlife haven: mammal 
communities in a tropical forest adjacent to a coal 
mining landscape in India. J. Threat. Taxa 15(8): 
23653–23661.

Palei, N.C., Rath, B.P. and Pati, J.D. 2023. Occurrence 
and activity pattern of leopard cat (Prionailurus 
bengalensis) in Bhitarkanika Wildlife Sanctuary, 
Odisha, India. e-planet 21(2): 176–182.

Palei, N.C., Rath, B.P., Mallik, P.S., Acharya, S.N. and 
Sarangi, K. 2023. First photographic record of Indian 
grey wolf Canis lupus pallipes from Badrama Wildlife 
Sanctuary, Odisha, eastern India. Indian For. 149(10): 
1068–1072.

Palei, N.C., Dhanraj, D.D., Palei, H.S. and Mishra, A.K. 
2025. First photographic record of melanistic jungle 
cat in Odisha, eastern India. Cat News 84: 1–2.

Samantara, S., Palei, N.C., Rath, B.P. and Acharya, S.N. 
2024. A camera trap study in northern Reserve Forest, 
Athmallik Forest Division, Angul, Odisha, India. 
e-planet, 22 (1): 96–105. 

Patra, L.K., Jena, S.K., Palei, N.C., Rath, B.P. and Mishra, 
A.K. 2025. Camera trap survey in mammalian diversity 
hotspot in Bonai Forest Division, north-western 
Odisha, India. Indian Forester, 151 (10): 935–945. 
https://doi.org/10.36808/if/2025/v151i10/170514.

Sarangi, K., Mallik, P.S., Palei, N.C. and Rath, B.P. 2024. 
Mammalian fauna of Nayagarh district, Odisha, India. 
pp. 1–120.

Sarangi, K., Mallik, P.S., Palei, N.C. and Rath, B.P. 2025. 
Photographic record of melanistic leopard in Nayagarh 
Forest Division, Odisha, India. Cheetal, 62(1). 47–53.

Puls, S., Teichman, K.J., Jansen, C., O’Riain, M.J. and 
Cristescu, B. 2021. Activity patterns of leopards 
(Panthera pardus) and temporal overlap with their 
prey in an arid depredation hotspot of southern Africa. 
J. Arid Environ. 187: 104430.

Ramesh, T., Kalle, R., Sankar, K. and Qureshi, Q. 2012. 
Factors affecting habitat patch use by sloth bears in 
Mudumalai Tiger Reserve, Western Ghats, India. 
Ursus 23(1): 78–85.

Singh, P. and Macdonald, D.W. 2017. Populations and 
activity patterns of clouded leopards and marbled cats 
in Dampa Tiger Reserve, India. J. Mammal., 98 (5): 
1453–1462. https://doi.org/10.1093/jmammal/gyx104.

Srinivasulu, C. 2018. South Asian mammals: an updated 
checklist and their scientific names. CRC Press.


