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Summary

Apex predators hold a special position in ecosystems due to their well known top down effects.
Intra-guild competition is an integral process that affects population dynamics of large carnivores
and may cause trophi ¢ cascades. In India tiger and leopard are two large sympatric felids
undergoing intra-guild competition. The two co-exist by segregating in their spatial, temporal
and dietary niche. Rajaji National Park (RNP) provides an ideal condition to study interaction
amongst large predators. Following human settlements relocation in the past decade, the tiger
“population has recovered in eastern RNP whereas due to lack of connectivity it has declined in
western RNP. Thus, RNP provides a perfect ecological setup to study responses of leopard and
prey in varying tiger density gradient. I assessed prey abundance in RNP using line transect
based distance sampling using software Distance 6.2. Leopard and tiger density were also
estimated by using camera trap pictures on a capture- mark recapture framework using spatially
explicit capture- recapture models. Spatial separation was seen between the two carnivores by
using density surface models. Principal prey, prey selection and their dietary overlap was also
assessed. High abundance of major prey was seen with the density of chital ranging from
23.61£9.21 /sq.km in eastern RNP to 21.77+4.32/sq.km in western RNP and sambar ranging
from 10.61+3.21/sq.km in eastern RNP to 15.65+2.52/sq.km in western RNP. The density
estimates of leopard were 29.01% 4.00/100 sq.km and 25.37 £ 2.63/100 sq.km for the eastern and
western sector respectively. The density estimates of tiger were 3.03%0.95/100 sq.km and
0.28+0.23/100 sq.km (only two tiger) for the eastern and westem sector respectively. Leopard
diet was primarily composed of chital in eastern RNP, in the western sector it was dominated by
sambar. Chital was the principal prey species of tiger in RNP. Spatial separation was seen
between tiger and leopard in both the sectors of the park with leopards clearly avoiding the high
intensity usage areas of tigers. This study has created baseline data for predator and prey in RNP
and would be helpful in managing the park better and for future monitoring.
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larger in size killed more animal in good health when compared to leopards. Such differences

were not found in Mudumalai Tiger Reserve (Ramesh et al. 2010).
Preventing Kleiptoparasitism

Leopard: They take carcass on tree to eat and store to prevent kleiptoparsitism from other
sympatric carnivores like tiger and dhole as they cannot climb trees. Seidensticker (1976) in

Chitwan National Park found that Leopard took half of their kills into trees.

Tiger: Tigers prefer hiding kills in dense cover with the exception of carcasses too heavy to be

dragged like gaur kills which are abandoned in the open (Karanth & Sunquist 2000).

(b) Temporal Segregation

Tiger, leopard and dhole may hunt throughout the day but dhole being different from the cats isa
diurnal hunter (John.éingh 1983; Venkataramaﬁ et al. 1995; Karanth & Sunquist 2000). In Sariska
Tiger Reserve after the tigers got extirpated the leopard was seen most active in the evenings.
After Tiger reintroduction in the Sariska leopard’s activity period shifted to late evening
avoiding the activity period of tiger (i.e. evening). Leopard was found very less active after mid-
night which was the peak activity period of tiger. It shows that temporal segregation is a
mechanism through which these two ecologically similar species avoids competition. The reason
for this temporal variation is the usage of prey resources in different time of the day which
promotes co-existence (Karanth & Sunquist 2000). One species makes way for the competitor
species and shifts it’s time to reduce encounters with it (Mondal et al 2012). However, in
Mudumalai Tiger Reserve no active temporal segregation between tiger and leopard was found
(Ramesh et al 2012).

Temporal segregation has also been seen in other larger carnivore guild. Jaguar and puma have
been known to segregate temporally (Scognamillo et al. 2003; Harmsen et al. 2009). Probably the
smaller bodied puma avoids the jaguar (Harmsen et al. 2009). In Africa the guild members have
evolved to be active in the period which reduces the likelihood of confronting the dominant lion
and that too in limitations of optimal foraging. The subordinate predators are active for a much

lower time than their dominant competitors (Hayward & Slotow 2009).
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1.3 Study Objectives

Considering the gradient of tiger presence across RNP, the present study was
initiated with the following objectives:

I. To assess the abundance of prey in RNP.

IL To determine the abundance and mechanisms of resource partitioning of

tiger and leopard in RNP.

Leopard and tiger are sympatric carnivores co-existing in many parts of their distribution range.
Tiger being larger in size dominates the leopard. The study aims to answer few key questions
about the leopard response in spatial and dietary resource utilization in varying gradient of tiger

density in RNP.

1.4 Key Questions

(1) Is there any difference in the densities of major prey species in the tiger occupied and non-
tiger occupied habitat?
(2) Is there any difference in the densities of leopard in the tiger occupied and non- tiger

occupied habitat?
(3) What is the space use pattern of leopard in tiger occupied and non- tiger occupied habitat?
(4) What is the diet of leopard in the tiger occupied and non- tiger occupied habitat?

Sub-question

(3.1) Is there any dietary overlap among leopard and tiger in eastern RNP?
Sub-question

(3.2) What is the principal and most utilized prey species of leopard and tiger in tiger

occupied and non- tiger occupied habitat?
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Table 6. Best three models with their minimum AIC and corresponding leopard densities

in Eastern and Western Sector of Rajaji National Park

4.2.2. Density estimate of Tiger

The model g0 ~1 o ~I (null) was ranked as the most appropriate model for estimating tiger

density based on its minimum AIC. The sample size was very small and thus to get precise

estimates the detection function parameters were borrowed from the two tigresses of we

RNP by doing multi-session analysi
RNP and western RNP. The detection functions were kep

heterogeneity models g0 ~lo~h2 and g0

hungry. For the model g0 ~1o~1 the densi

0.28 +0.23 /100 sq.km (since only two tigresses left in

Western sector respectively. The best two models bases on their AIC values ar

stern

s. Each session was regarded as a sampling area 1.€. eastern

t common for both the sessions. The

~h2c~h2 failed as heterogeneity models are data

in the (Table 7) along with the associated details:-
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4.3.1. Principal Prey of Leopard

Prey No. % Site
Chital (Axis axis) 38 38.38
Sambar (Rusa unicolor) 23 23.23
Cattle 5 5.05
Leopard Nilgai (Boselaphus 2 2.02
(Panthera tragocamelus)
pardus) Wild Pig (Sus scrofa) 1 1.01 Eastern RNP
(n=7 4) Primate [Terai Grey Langur | 11 11.11
(Semnopithecus
hector),Rhesus Macaque
(Macaca mulatta))
Rodent 18 18.18
Bird 1 1.01

Table 8. Number of prey items and proportion (%) of different prey species in leopard diet

as derived from scat data from Eastern RNP.
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Principal Prey of Leopard in ERNP - Chital is the principal prey of leopard and constituted
51.02 % of leopard diet. Sambar on the second place formed 29.33% of leopard’s diet. On the
whole the large prey formed 39.67% of leopard’s diet whereas the medium sized prey
contributes 52.74% to leopard. Small sized prey forms only 7.55% of leopafd diet (see Table 9).

Principal Prey of Leopard in WRNP - Sambar is the principal prey of leopard forming 44.90%
of total biomass consumed. Chital on the second formed 39.04% part of leopard’s diet. Larger
body sized prey formed 54.75% of total biomass consumed. Medium body sized prey formed
40.26% and small body sized animals formed 4.88% of total biomass consumed (see table 11).

4.3.2. Principal Prey of Tiger

Prey No. % Site
Chital (Axis axis) 22 43.13
Sambar (Rusa unicolor) 17 33.33
Tiger (n=41) Cattle 3 5.88
Nilgai (Boselaphus 4 7.84 Whole
tragocamelus) RNP
Primate [Langur 2 3.92
(Semnopithecus .
hector),Rhesus Macaque
(Macaca niulatta)]
Rodent 3 15.88 J

Table 12. Number of prey items and proportion (%) of different prey species in tiger diet

(percent occurrence) as derived from scat data from Rajaji National Park.
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5. DISCUSSION

The tropical forests are known for their high prey densities (Karanth et al. 2004). My result
corroborates this where both the sectors of RNP had high ungulate densities. The ungulate
density is comparable and is not significantly different in either sector of the park. It reflects that
both areas have a good potential to sustain reasonably high carnivore densities. This fact got
further augmented by the large carnivore density estimates from my study. Leopard densities
were very high with no significant difference in eastern and western sector (i.e. tiger occupied
and non- tiger occupied areas). However, tiger density was moderate in eastern RNP but very
low i.e. 0.28 £0.23 /100 km? in western sector. This drastic difference in tiger density is due to
the lack of functional connectivity between the two sectors of the park. Overall predator density
is much higher in the eastern sector of the park. It seems that the tiger at a density of 3.03+0.95
/100 km? in the eastern sector are not enough to exert enough pressure on leopard which may
reduce the absolute abundance of co-predator. The very small sigma value i.e. 0.73 km (an index
of home range measures) for 85 % individuals indicate that leopards are moving in very small
space to fulfill their basic resource needs like food, shelter and mate and thus the area is densely
packed. Whereas, on the other hand the sigma value for tiger is 2.70 km i.e. almost four times of

that leopard and it indicates that tiger are moving in much larger area to satisfy their needs for

similar resources.

The major resource for large carnivores like tiger and leopard are food, cover, water, denning
sites and mates. It is well known that the top-down effect increases with declining resources,
which increases competition between sympatric species (Polis et al. 1989). For the above
condition to meet the resource crunch should be for both the species and not just one of them. If
this is the cése then one of them will struggle to gain an excess to the resources while the other
one will increase its abundance by exploiting the available resources. The intensity of this release
depends upon the availability of resource (Elmhagen & Rushton 2007). In this very case of RNP
the larger bodied tiger is exploring larger areas to meet it resource requirements but the leopard
due to its behavioral plasticity, life history parameters and catholic diet seems to be exploiting

the resource very well and thus co-existing with the tiger and becoming abundant (Hayward et al.

2006).
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Apart from exploitative competition it is basically the encounter rate which leads to the
competition in sympatric carnivore guild. These encounters may result in spatial and temporal
segregation between the two species. High densities of the dominant predator may lead to higher
encounter rates between them and the subordinate predators which may force the inferior one to
avoid the sites (Ramesh et al. 2012). However, all the encounters between the two predators are
not lethal but it is also a fact that the intensity of lethal encounters also increases with the
increase in number of encounters. Since, the density of tiger (ie. the dominant predator) is not
high in RNP the frequency of interactions between the tiger and leopards are low and thus this
led to increase in the abundance of leopard. The encounter rates and number of lethal encounters
will increase when there is an increase in the density of apex-predator or the co-predator
respectively. The difference in either situation is that when the density of the top-predator
increases the number of lethal encounters increase thereby reducing co-predator density (Polis &
Holt 1992; Laurenson 1995; Lindstro™m et al. 1995). When the density of co-predator increases,
the number of lethal encounters increases again but they might not be enough to bring a drastic
change in the abundance of co-predator. Even if these interactions reduce the abundance of co-
predator, it will lead to a decline in the encounter rates and the co-predator like leopard may
flourish again due to its life history parameters. Along with this, the local ecological settings also

play a key role in shaping up the predator community (Harihar et al. 2011).

Ecological impact of large carnivores is noticeable even at low densities (Wallach et al. 2010).
The scale at which this will impact may change from place to place. Tiger with its larger body
size dominates over leopard (Karanth & Sunquist 1995). Fatal interactions are infrequent in this
community (Harihar et al. 2011) but the fear of being killed persuade the animal to avoid habitats
where the larger predator is active (Lima & Dill 1990). In the case of my study in RNP it has
been observed that although the tiger being the top carnivore in RNP is in moderate density in
eastern sector and only two individuals in the western sector but they do have an influence on co-
predator (i.e. leopard). The tigers even after being present in low density make the leopard to
avoid its intensive use area at very fine scale. Leopard avoided the sites being used by tiger at
very fine scale thereby again reducing the chances of lethal encounters between the two. This has
helped leopard in successfully co-existing with tiger. Even the area used by the two tigress in
Western sector was less utilized by the leopard. This opens up a new window for the successful

_— : ; :
O-existence of leopard in presence of tigers. The interesting thing being that even low densities
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are going to respond towards it
it.
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