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Seasonal Dietary Patterns and Hunting Strategies of the Indian Panthers (Panthera pardus fusca) in the Aravalli Hills of Southern Rajasthan: A Long-term Scatological Analysis

Abstract: 
For efficient conservation of apex predators of any region in remaining fragmented forest and wildlife areas of that region, it is important to better understand their dietary habits and patterns in relation to seasons, variety of animals, and region (urban, village). Semi-arid landscapes of the Aravalli hills in southern Rajasthan of Indian sub-continent is primarily dominated by Indian Panther (Panthera pardus fusca) an apex carnivore of the region. Present study investigates the dietary habits, dietary composition and hunting behaviour of the Indian Panther in Sisarma Banki Forest (SBF) and Sajjangarh Wildlife Sanctuary (SWS) of Southern Rajasthan during the four years of study time period from November 2014 to October 2018. Through the scatological investigation and analysis of 150 scats (86 - SBF & 64 - SWS) collected between 2014 and 2018, total thirteen distinct prey species were identified through microscopic hair and bone examination (8 - wild and 5 - domestic) which revealed a diverse spectrum for Panther prey-base ranging from small rodents to large ungulates. While rodents remained a consistent and primary dietary staple across most seasons with notable exception of summer, a significant transitional increase toward domestic livestock hunting was observed during the summer and winter months in Panthers dietary proportions. Statistical evidence suggests reliance on domestic animals was significant which accounted about 57.85% of the diet in winter and 63.14% during summer exhibiting profound behavioural plasticity of Panthers with increasing cases of exploiting domestic prey -bases when compared to seasonal wild prey-base fluctuations. All these findings agrees to the fact that due to depleting natural prey-base in their fragmented wild landscapes, Panthers without any alternative choice were forced to remain an ecological generalist driving their increased dependency on domestic livestock, which calls an urgent attention to all stakeholders for immediate action to restore natural prey-base and practical implementation of landscape-level conservation strategies on ground-level to mitigate potential Human-Panther Conflicts (HPC). 
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1. Introduction:

Survival for any apex predator depends heavily on its habitat, spatio-spatio-temporal movement patterns, and the availability of natural prey-base species in natural environment (Krebs, 1978; Bekoff, et al., 1984; Sunquist and Sunquist, 1989; Avinandan et al., 2003; Avinandan et al., 2008 and Sharma, 2019). The Indian Panther (Panthera pardus fusca) are ecological generalist capable of adopting and adapting its dietary pattern to include a wide range of prey-base size and variety, ranging from small-sized mammals and reptiles to large-sized herbivores birds, reptiles and even the decaying flesh of animals on the basis of availability, approach and easy capture priorities may be inside or outside its natural territory preferring minimum efforts and energy expenditure on prey-hunt, at the same time while maintaining its ferocious and solitary behaviour (Grobler and Wilson, 1972; Schaller, 1967; Muckenhirn and Eisenberg, 1973; Hamilton, 1976; 1976; Schaller, 1972; Smith, 1977; Smith, 1978; Bertram, 1982; Smithers, 1983; Bothma and Le Riche, 1984; Mills, 1984; Bothma and Le Riche, 1986; Johnsingh,  1992; Bailey, 1993; Daniel, 1996 and Sharma, 2019). 
In the semi-arid climatic conditions of the Aravalli Hills of southern Rajasthan, understanding food habits is critical for conservation, as prey population dynamics are directly under the control of the predators (Harihar, 2005 and Sharma, 2019). While Indian Panthers prefer small and medium-sized prey to maximize hunt success and save energy with minimum efforts (Johnsingh, 1983; Karanth  andKaranth and  Sunquist,  1995, 1995;  Rabinowitz; Rabinowitz, 1989;  Schaller,  1972;  Sunquist,  1981; Grassman, 1999; and Sharma, 2019) like rodents (Johnson et al., 1993 and Sharma, 2019), they often transition to domestic animals when natural wild prey-base is depleting very quickly and is almost unavailable in their natural fragmented habitats. Complex predator-prey dynamics in the Aravalli Hills of Southern Rajasthan, is now facing huge challenges in the coexistence of Panthers with human populations due to deforestation, increasing mining (Sharma, 2016), and anthropogenic interferences created in its natural habitat. Present research study investigates the scat samples of Indian Panthers (Schaller, 1967); Wilpattu National  Park,  Sri  Lanka  (Eisenberg  and  Lockhart, 1972); Bandipur Tiger Reserve (Johnsingh, 1983); Tamil Nadu (Sathyakumar, 1992); Wolong Reserve, China (Johnson et al., 1993); Nagarhole  Tiger  Reserve  (Karanth  and Sunquist, 1995); Panna Tiger Reserve (Chundawat, 2001); Pauri  Garhwal  District,  Uttaranchal  (Chauhan  and  Goyal, 2001); Pench Tiger  Reserve (Biswas  and  Sankar, 2002); Sanjay  Gandhi  National  Park, Maharashtra (Edgaonkar and Chellam, 2002);   Ranthambore  Tiger  Reserve (Bagchi  et al., 2003); Mudumalai Tiger Reserve (Ramesh et al., 2008) and Sariska Tiger Reserve (Sankar and Johnsingh, 2002; Avinandan et al., 2008; Sankar et al., 2010 and Mondal  et  al.,  2011) and tries to explore and examine how seasonal changes and habitat management is influencing the dietary choices of Panthers in this unique semi-arid landscape. The present study aims to quantify these dietary shifts over a four-year time-period in fragmented hilly landscape of Southern Rajasthan.

2. Materials and Methods:

The research was conducted in the Aravalli hills of Sisarma Banki Forest (SBF) (20.4 km2) and Sajjangarh Wildlife Sanctuary (SWS) (7.95 km2) in the Udaipur district of Southern Rajasthan, India (Figure1). A total of 150 scat samples (faeces) were collected (86 from SBF and 64 from SWS) between November 2014 and October 2018 across three seasons viz. winter, summer, and monsoon (Table 1). Scats of Indian Panther were categorized by its natural degradation stages into fresh (Figure 2: a), moderately degraded (Figure 2: b.), degraded (Figure 2: c.) and highly-degraded (Figure 2: d.) stages and the prey species were identified through microscopic examination of hair medullary and cuticular patterns (Brunner and Coman, 1974; Putman, 1984; Oli, 1993; Mukherjee et al., 1994; Karanth and Sunquist, 1995; Chauhan and Goyal, 2001; Sujai, 2004; Edgaonkar, 2008 and Kumar, 2011), as well as small bone fragments found in the scat samples, compared against standard references (Corbett, 1989; Harvey, 1989; Bowen, 2000; Zabala and Zuberogoitia, 2003; Tollit   et al., 2004 and Sharma, 2019).

3. Results and Discussions:

Examination of scat samples of Indian Panthers collected from the study areas of SBS and SWS confirmed and detected both natural and domestic prey base. Wild prey-base was represented by wild boar, nilgai, deer, common Indian langur, wild hare, porcupine, mouse, birds, reptiles while domestic prey-base included cattle, goat, sheep, dog, and poultry in its diet. Specifically major wild prey-base for SBF and SWS is shown in Table 2.   
3.1 Scato-analytical results in SBF
On the basis of collected scat samples of Indian Panthers during winter (N=37), summer (N=31) and monsoon (18), Table 3 showed the season -wise number and frequency estimation (in percentage) of the existence of prey species in the Indian Panthers’ diet in SBF during the time period 2014 to 2018. In winter rodents (% F=27.39) were maximum in Indian Panthers diet followed by sheep, and was minimum for dogs followed by reptiles (% F=1.17). Similarly, during summer season, cattle (% F=23.29) showed highest precent frequency followed by rodents with minimum percent frequency occurrence of wild boar followed by reptiles (% F=0.69). Monsoon season in SBF showed maximum percent frequency for rodents (% F=34.93) followed by cattle and a minimum for porcupine (% F=0.56) followed by dog (% F=0.00) which were absent in the estimation.  
3.2 Scato-analytical results in SWS
During the time period from 2014 to 2018 fFor the study area of SWS, on the basis of collected scat samples of Indian Panthers in season winter (N=30), summer (N=23) and monsoon (11), Table 4 showed the season -wise number and frequency estimation (in percentage) of the existence of prey species in the Indian Panthers’ diet. In the case of SWS rodents were in major proportion in Indian Panthers diet in all the seasons - winter (% F=26.21), summer (% F=26.95) and monsoon (% F=30.04) followed by cattle (winter % F=18.98, summer % F=25.76, monsoon % F=16.79).  Wwild boar shows least proportion in Panther’s food in all the seasons (winter % F=0.91, summer % F=0.31, monsoon % F=1.19) followed by reptiles in winter (% F=1.07) and summer (% F=0.34) and porcupine in monsoon season (% F=1.24).

4. Conclusion:

Scat sample investigation for the estimation and analysis of Indian Panthers diet in the study areas of SBF and SWS from 2014 to 2018 time periods revealed variety of animals both wild as well as domestic in its prey-base. Further investigation showed that rodents were maximum in Indian Panthers diet in all the seasons except summer season when cattle were in majority, in this region of Aravalli Hills of Southern Rajasthan. Present study concludes that except monsoon season, dietary pattern of Indian Panthers comprise of more domestic animals (winter = 57.85% and summer = 63.14%) as compared to wild animals (winter = 52.06% and summer = 47.54%) which is almost similar to the studies and observations on the dietary habits of Panthers globally by Grobler and Wilson, 1972; Johnsingh et al., 1993;  Chauhan and Goyal, 2001; Edgaonkar and Chellam, 2002; Sankar and Johnsingh, 2002; Henschel et al., 2005; Arivazhagan et al., 2007; Shah et al., 2009; Akrim et al., 2018; Luca and Mpunga, 2018; and Sharma, 2019. The present study also concludes that the Indian Panthers in the Aravalli’s acts as a highly adaptive generalist and its presence in human-habituation shows its increasing reliance and dependency on domestic prey-base enforcing these wild apex carnivores to leave its natural fragmented forest patches and wildlife sanctuaries due to lack or unavailability of natural-prey-base in their natural environment, giving rise to more and increasing occurrences of Human-Panther Conflicts (HPC) (Sharma and Chishty, 2018 and Sharma and Chishty, 2019), adversely affecting both humans and Indian Panthers, causing major losses to the animal at all the times (Sharma and Chishty, 2016; Sharma and Chishty, 2018; Sharma and Chishty, 2019 and Sharma, 2019). High frequency of domestic prey-base in the diet of Indian Panthers indicates its significant interface with human settlements. Restoring and replenishing the natural wild prey-base of Indian Panthers (such as nilgai, sambar, wild-hare, wild boar etc.) is an immediate and essential call to restrict the movement of Indian Panthers to its fragmented forest areas and wildlife sanctuaries which will potentially reduce the instances of HPC and simultaneously realizing and achieving the goals and targeted aims of wildlife conservation (Sharma and Chishty, 2019) including this apex-carnivore in the study areas of SBF and SWS.
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Table 1:	Season -wise and year -wise number of India-Panthers scat collected from SBF & SWS during 2014 - 2018
	Season
	
Timeline

	Total

	
	November 2014 to 
October 2015
	November 2015 to 
October 2016
	November 2016 to 
October 2017
	November 2017 to 
October 2018
	

	
	SBF
	SWS
	SBF
	SWS
	SBF
	SWS
	SBF
	SWS
	SBF
	SWS

	Winter
	7
	7
	10
	9
	9
	7
	11
	7
	37
	30

	Summer 
	9
	8
	8
	8
	5
	3
	9
	4
	31
	23

	Monsoon
	5
	4
	5
	2
	2
	1
	6
	4
	18
	11

	Total
	21
	19
	23
	19
	16
	11
	26
	15
	86
	64




Table 2:	Wild prey base of Indian-Panthers in SBF & SWS during 2014 - 2018
	Study Area
	Legal Status
	Area
(in sq km)
	Major Wild Prey Species

	Sisarma Banki Forest
(SBF)
	Reserve Forest
	20.4
	Wild boar, Nilgai, Sambar, Wild hare, Peafowl, Mongoose, Small Indian civet

	Sajjangarh Wildlife Sanctuary
(SWS)
	Wildlife
Sanctuary
	 7.95
	Spotted deer, Sambar, Nilgai, Wild hare, Peafowl,




Table 3:	Season -wise estimated number and percent frequency occurrence of prey species in the diet of SBF Indian Panthers during scat sample investigation from 2014 to 2018
	Prey Species
 
	Season

	
	Winter
	Summer
	Monsoon

	
	Number of 
Panther Scats
analyzed to find prey species
	Percent Frequency 
of Prey Species occurrence 
in Panther’s diet
	Number of 
Panther Scats
analyzed to find prey species
	Percent Frequency 
of Prey Species occurrence 
in Panther’s diet
	Number of 
Panther Scats
analyzed to find prey species
	Percent Frequency 
of Prey Species occurrence 
in Panther’s diet

	
	N=37
	(%F)
	N=31
	(%F)
	N=18
	(%F)

	Rodents
	11
	27.39
	4
	23.23
	7
	34.93

	Nil-gai
	10
	6.1
	21
	4.3
	5
	7.9

	Hare
	3
	3.05
	8
	2.98
	4
	3.12

	Wild pig
	4
	2.09
	3
	0.81
	2
	2.33

	Porcupine
	5
	1.81
	6
	1.45
	2
	0.56

	Birds
	7
	7.22
	15
	7.75
	9
	6.63

	Langur
	19
	3.23
	7
	6.33
	11
	2.47

	Reptiles
	7
	1.17
	7
	0.69
	8
	3.11

	Cattle
	1
	17.19
	3
	23.29
	8
	19.93

	Buffalo
	2
	3.31
	9
	4.36
	11
	5.93

	Sheep
	15
	17.76
	17
	14.21
	9
	12.11

	Goat
	2
	15.77
	7
	19.88
	13
	9.54

	Dog
	1
	1.39
	1
	1.4
	0
	0

	Vegetation
	3
	2.43
	0
	0
	2
	2.79



Table 4:	Season -wise estimated number and percent frequency occurrence of prey species in the diet of SWS Indian Panthers during scat sample investigation from 2014 to 2018
	Prey Species

	Season

	
	Winter
	Summer
	Monsoon

	
	Number of 
Panther Scats
analyzed to find prey species
	Percent Frequency 
of Prey Species occurrence 
in Panther’s diet
	Number of 
Panther Scats
analyzed to find prey species
	Percent Frequency 
of Prey Species occurrence 
in Panther’s diet
	Number of 
Panther Scats
analyzed to find prey species
	Percent Frequency 
of Prey Species occurrence 
in Panther’s diet

	
	N=30
	(%F)
	N=23
	(%F)
	N=11
	(%F)

	Rodents
	18
	26.21
	10
	26.95
	4
	30.04

	Nil-gai
	19
	2.5
	12
	6.1
	11
	1.47

	Hare
	1
	3.05
	5
	2.98
	3
	3.12

	Wild pig
	21
	0.91
	5
	0.31
	10
	1.19

	Porcupine
	2
	2.54
	4
	1.97
	7
	1.24

	Birds
	3
	9.48
	2
	15.34
	8
	12.64

	Langur
	12
	5.43
	21
	7.54
	5
	4.65

	Reptiles
	5
	1.07
	9
	0.34
	6
	2.87

	Cattle
	2
	18.98
	1
	25.76
	1
	16.79

	Buffalo
	25
	4.6
	19
	5.89
	4
	7.59

	Sheep
	17
	7.13
	18
	5.32
	10
	8.45

	Goat
	1
	18.46
	2
	17.52
	3
	4.66

	Dog
	1
	4.31
	2
	1.9
	2
	5.34

	Vegetation
	13
	2.85
	0
	0
	9
	1.22



Figure 1:	Location of the study areas of SBF and SWF in Udaipur, Rajasthan, India
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Figure 2:	Stages of natural degradation of Panther scat in the study areas of SBF and SWS from 2014 to 2018 - a. Fresh Panther scats, b. Moderately degraded Panther scats and c. Degraded Panther scats.
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	a. Fresh Panther scats 			b. Moderately degraded Panther scats 
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c. Degraded Panther scats			d. Highly- Degraded Panther scats



image3.jpeg
Figure: 4.6




image4.jpeg
Figure: 4.8




image5.jpeg
Figure: 4.7




image1.jpeg
LOCATION OF THE STUDY AREA

il i s it vl il b ok toilins il vl il il e

INDIA

o avm mes wen wem e

Figure: 3.1





image2.jpeg
Figure: 4.4




