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Summary:

Understanding the mechanisms governing distribution and abundance of organisms have been a
key challenge for ecological studies. Large carnivores which act as surrogate for assessing
ecosystem conditions are often used as focal species (indicator, umbrella, flagship or keystone) in
conservation strategies and their monitoring serves to assess the status of the ecosystem as a whole.
Asiatic lions (Panthera leo persica) serve as the umbrella and flagship for the Gir ecosystem.
Current monitoring techniques use either total counts or capture-mark-recapture (CMR) based on
whisker patterns to arrive at population estimates. However, neither provides a spatial context to
density which is vital for lion management. Herein I use CMR on individually identified lions in
a spatially explicit sampling design and analysis to infer spatial densities of lions in Western Gir.
I sampled 29 grids of 25 km? by 10 visits (occasions) to each grid to search and identify individual
lions. The search resulted in 360 lion sightings of 67 adult individual lions (28 males and 39
females). The best model selected based on AIC has a constant detection probability (g0) between
the genders but with males having higher movement than female lions (sigma) (i.e. model Density
~g0-1; sigma~sex). Overall adult lion density in Western Gir was 8.78 (SE 1.10) per 100 km?, with
males having 3.12 (SE 0.60) per 100 km?and females having a density of 5.66 (SE 0.92) per 100
km?. I subsequently analysed my lion sighting data using SECR polygon search method. To
understand the factors that likely govern lion distribution I assessed the prey base by DISTANCE
sampling on 38 line transects with two transects in each lion search grid. I modelled spatial lion
density as a function a) wild prey, b) human disturbance, c) habitat features (water, elevation,

vegetation) and d) tourism hot spots (attractants to lions) using general linear models.

Spatial lion density was not correlated with either chital or sambar distribution but was highly

correlated with tourism *‘hot spots”, water availability and elevation. My results show the positive
 influence tourism management practice shows on lion distribution and density. This artificially
inflated density can have serious impacts on local prey populations as well as social organization

of lions in Western Gir.




1. Introduction

Understanding the mechanisms governing distribution and abundance of organism have been the
key challenge of ecological studies since decades (Krebs 1994).Various factors like accessibility
to an area (dispersal), resource selection (behaviour), presence of other species and other physico-
chemical factors plays an important role, whose complex interactions drives the distribution and
abundance of an organism in the ecosystem (Krebs 1994). As well as anthropogenic activities are
found to have immense influence in these ecological processes. Shifts in biotic community
dynamics through the loss of native species, introduction of novel species or artificially enhanced
populations of native generalists, habitat alteration and overexploitation of natural resources are
some of the well-known examples of anthropogenic induced alteration of natural system (Smith et
al 2015). Likewise behaviour-mediated interactions like artificial feeding of wild animal etc. are
found to have substantial impacts on animal distribution and density than purely numerical
mechanisms. These behavioural responses are considered to be cryptic but they are powerful
driving forces of ecological changes (Blumstein and Fernandez, 2004). On the other hand, a
species of high trophic status whose activities exert a disproportionate influence on the pattern of
species diversity in a community, plays a very important role in local community diversity,
distribution and abundance (Paine 1966, Davic 2003) due to its top-down effect on succeeding
species and competition. This effect is largely related to its biomass dominance within a functional
group (Davic 2003). So, the number of individuals of a keystone species holds a strong reflection
of the ecosystem's health and functionality, which in terms expresses as the density, abundance,

and distribution of the species in that ecosystem.

Large carnivores on the other hand are widely recognized to be sensitive to human disturbances
owing to slow life cycles, large space requirements, direct persecution by humans and subsequent
avoidance of human-dominated areas, often resulting in their decline or extirpation. Carnivores’
sensitivity to human density appears to vary between regions as well as between species
(Woodroffe, 2000) which might be caused by phenotypic variation among carnivores, people’s
willingness to tolerate predators, as well as cultural ethics and livelihood practices. For example,
Cheetahs were tolerated or even prized in India until the arrival of British colonists, who not only
hunted them, but introduced local noblemen to the sport (Divyabahnusinh, 1995). Such cultural
differences were also apparent in other parts of the world, in 19th century Cape Province, lions

persisted some 30 years longer in black homelands than in white dominated areas, despite higher
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human densities (Skead, 1987). Therefore top predators act as useful surrogates for assessing
ecosystem conditions (Gittleman 1996), and often used as focal species (indicator, umbrella,
flagship or keystone) in conservation strategies aiming at a broad objective of conserving the
whole ecosystem. Regular and systematic monitoring of these top carnivores keeps a check on the

overall status of its ecosystem.

About 20% of large mammal species in India are likely to face extinction in near future, while
several species have already disappeared from more than 90% of their original range (Madhusudan
and Mishra 2003). Fear of extinction is more to large predators as they require larger inviolate
space with intact prey communities and are more prone to conflicts with humans (Woodroffe,
2000). As a result they becomes the first species to disappear from a landscape often with strong
cascading effect on ecosystem structure and functionality (Estes et al 2011). Negative interactions
between carnivores and humans have strong influence on local carnivore population and it also
acts as a limiting factor for carnivore meta-population viability as well as a cause of anti-wildlife
conservation sentiment (Sillero-Zubiri and Laurenson, 2001). Areas adjacent to protected areas
often experience high human-carnivore conflict and carnivore killing, aéting as significant
population sinks (Loveridge et a/ 2010; Balme ez a/ 2010). So it is vital to develop effective large

carnivore conservation strategies both within and beyond the boundaries of protected areas.

The cause of the majestic Asiatic lions is not an exception to these cultural shift and human
offensiveness. Once Asiatic lions had a wide range through the northern Indo-gangetic basin in
North and Central India (Fenton 1908; Pocock 1930; Dalvi 1969). But due to intense hunting and
habitat degradation (Kinnear 1920; Fenton 1924) their number and range declined towards. the
early ninetinth century and conftned within the Gir forest of Gujarat with about 50 individuals left
in the wild. With the timely and stringent protection by the Rulers of Junagadh and subsequently
by the State-run forest department, Gir lions have revived to about 411 individuals in the wild and
dispersed into a large tract of about 22,000 km? agro-pastoral landscape adjoining the Gir forests
(Gir Forest Department 2015). Globally, lions occupied a range in Africa of over 22,211, 900 km?
which has been currently reduced to less than 3,802,873 km?® - a reduction of 83% (Ray et al.
2005). Simultaneously, lion numbers declined from little less than 100,000 in 1990 (Nowell and
Jackson 1996) to a current estimates of continent-wide numbers ranging from 23,000 (Bauer and

Van Der Merwe 2004) to 39,000 (Chardonnet 2002).
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Habitat heterogeneity and landscape features have strong influence over herbivore biomass and
hence on lion density non-linearly (Ogutu and Dublin 2004, Hayward et al. 2007). Recent study
on leopards (Panther pardus fusca) in Sariska Tiger reserve showed that probability of occurrence
of this large carnivore is higher in habitats with moderate cover, high wild prey base and

availability of water resources (Mondal et al. 2012).

Anthropogenic pressure on carnivores are always found detrimental (Ogada et al. 2003; Inskip,
Zimmerman 2009), however, recent studies in Gir landscape have found positive influence on lion
density and distribution (Banerjee and Jhala 2012). The semi nomadic pastoral community
“Maldharis” living inside the protected area, due to their tolerance and strong ethical beliefs on
nature lives a win-win life with Asiatic lions for centuries. This co-existence is only possible
because of the timely and efficient compensation scheme of the forest department along with the
tolerance of the Maldhari people (Banerjee and Jhala 2012) as well as the surrounding inhabitants
of the lion habitat. Nevertheless the situation is not same in other parts of the country with large
carnivore existence. In Namibia, large predators, such as lions (Panthera leoy and spotted hyenas
(Crocuta crocuta) have been extirpated from the farmlands to reduce livestock depredation but
leaving leopards and cheetahs (Acinonyx jubatus) as such, which acts as the functional top
predators in those areas (Marker & Dickman, 2005). But, in Gir forest of Gujarat, the semi nomadic
forest dwelling pastoral community “Maldharis” are found to have occurred peacefully with both
Asiatic lions, leopards since decades (Banerjee et al. 2012). Human cultural ethics and traditional
practices exerts remarkable impacts on the distribution and abundance of carnivores and other
wildlife. Therefore timely and systematic monitoring of these large carnivores are very essential

to keep a check on the functionality of the ecosystem.
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2.2. Population estimation of lion

The population size of large carnivores is a good indicator of varying ecological factors, but
estimating the population size of large terrestrial carnivores are often difficult aqd depends on the
recognition of individuals and groups (Schaller 1961; Whyte and Dearlove 1977). Owing to their
low density and wide ranging cryptic nature, assessments often demands extreme high resources
and time requirements (Garshelis 1992). Nevertheless, several approaches have been tried for
estimating large carnivore numbers. These include:
1. Total counts without correcting for detection bias (Choudhury 1970; Panwar 1980; Fuller
1989; Gore et al. 1993; Smallwood and Fitzbugh 1995),
2. Indices for ;elative abundance (Knowlton and Tzilkowski 1979; Palomares et al. 1996;
Stander 1998; Houser et al. 2009; Funston et al. 2010),
3. Indirect methods of scaling and predicting (Carbone and Gittleman 2002; Karanth et al.
2004; Hayward et al. 2007) and
4. Modem approaches to abundance estimation incorporating detection probabilities (Karanth
1995; Karanth and Nichols 1998; Jhala et al. 2004; Kelly et al. 2008; Mondol et al. 2009;
Sharma et al. 2010).

Techniques used to date for abundance estimation of lions includes:

thal count without correcting for detection bias.

Playback surveys (Ogutu and Dublin 1998; Mills et al. 2001; Ogutu et al. 2005)
Faecal DNA sampling (Tende et al. 2010) and

Helicopter surveys (Packer 2006).

I o L o

Mark recapture (Smuts 1976; Jhala et al. 1999, 2004; Ogutu et al. 2006; Banerjee et al.

2010) through individual lion identification by vibrissae pattern (Pennycuick and Rudnai
1970).

The methods for estimating endangered carnivores need to be practical and cost effective. Total
count gives a fair idea about the population but associated with huge observability bias. But, in
large areas this method might incorporate higher biases. Playback survey are also based on total
count of lions gathered around the call stations and found to have limitations as a sampling
technique (Whitman, 2006) because it is found that: (i) females are less responsive than males, (ii)

response is very sensitive to the distance of the speaker from the lions and (iii) location of the
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speaker within the pride’s territory has direct effect on their response (Brink 2012).Faecal DNA
sampling could give more reliable estimates if direct counting is combined with DNA-based
individual identification. But this is an expensive method and possibility of errors is very high
considering the quality of DNA extracted from scat and precautions followed for the
analysis.Similarly, helicopter surveys are expensive and cannot be applicable for lion population
estimation in the Gir landscape (Banerjee et al. 2010), due to the heterogeneity of the habitat and
intact dry deciduous forest cover.Population estimation by mark recapture framework is very
widely accepted and gives more reliable estimate than the above. It is used for many carnivores
around the world including lions (Smuts 1976; Jhala et al. 1999, 2004; Ogutu et al. 2006; Banerjee
et al. 2010).

Since 1963, the Gujarat Forest Department has censuses lions about every five years by a labour-
intensive method using live baits for three days, until 1995 when this met with social and ethical
opposition (Singh 2007). But the total count of lions obtained by the management using buffalo
baits was lower than the mark-recapture population estimate (Singh 1997; Jhala et al. 1999). This
suggests that total count of lion were likely underestimates and associated with biases of
observability that varies, in turn, with vegetation cover, activity schedule, body size, group size
and population size of the vertebrates (Seber 1982). Theréfore the combination of individual
identification by standardized protocols based on vibrissae patterns and permanent natural
markings (Jhala et al. 1999, 2004), in a capture-recapture framework (Pollock et al. 1990) if done
during the exercise of total counts, would estimate the lion population in a more robust manner

(Banerjee et al. 2012).

Use of vibrissae pattern to individually identify lions (Pennycuik and Rudnai 1970) has been
utilised for the monitoring of Asiatic lions in Gir protected area (Jhala et al. 1999, 2004) along
with specialised monitoring with GPS and radio tagged animals to understand their ranging
pattern, resource utilisation and demographic structure (Banerjee thesis 2013; Banerjee, Jhala and
Pathak 2010). Coupling with these studies emphasising management importance,tracing the
responses of the population as a whole towards different ecological factors would give enormous
input into their ecology and effective conservation practices for the management authorities, as
well as development of a robust study design for such study would be worth meaningful for the

study of other such species too.
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2.3 Mark-recapture

Observing animals in the wilderness at first hand is one of the most rewarding aspects of being a
wildlife biologist or a natural resource manager (Keys et al. 2008). Unfortunately, wildlife
sightings are too few and far between to address modern scientific and conservation issues. For
these purposes we need large data sets documenting the pattern of their density and abundance.
Recent developments in the field of scientific monitoring and survey methodologies have gained
considerable success in survey designs. Among other wildlife survey tools and techniques, use of
remote detectors as a mean to sample cryptic and rare species have gained much familiarity and
considered reliable. Amongst capture—recapture is the primary indirect method and has a central
place in the ecological toolkit (Efford & Fewster 2012). New technology that exploits natural
marks, individual variation in microsatellite DNA or individual pelage patterns captured on
automatic cameras, has removed the need for physical capture in many situations, so capture—
recapture methods are now applied to a greater range of species than ever before (Efford & Fewster
2012). As a method for estimating abundance, some of the earliest work that relates to the use of
camera trapping (proximit); detector) data in capture-recapture framework originate from Karanth
(1995) and Karanth and Nichols (1998, 2000) . In camera trapping studies, cameras are often
situated along trails or at baited stations, and individual animals are photographed and
subsequently identified either manually by a person sitting behind a computer, or using specialized
identification softwares. Than the generated data are processed with different models and

analytical platforms.

Capture-recapture methods have been used to estimate the size of animal populations for many
years, about 335 years ago the first software package for analysis of this kind of data, CAPTURE
(Otis et al 1978) was developed. Though useful the approach is often considered bias. Rigorous
sampling of animal populations to estimate or index density raises the problem of incomplete
detection (Burnham, 1981; MacKenzie & Kendall, 2002; Pollock et al., 2002; Rosenstock et al.,
2002; Thompson, 2002). Detection probability generally has been described by a single parameter

p. An estimate of p may be used to obtain a population estimate N from a count C




(Lincoln-Peterson closed population estimation).

N=C/p

If detections relate to a known area a then population density may be calculated as:
D=N/a

But the area in most of the cases is unknown and according to the above assumptions the sampling
area should be closed, but this is not ideal in the real field situations. Rare, secretive and highly
mobile species with small number and movement on and off study sites exerts these problems in
defining the effective area occupied. Traditionally Y2 MMDM method was used to add a buffer
around minimum convex polygon (MCP) of animal capture locations. Half MMDM was not
reliable and spatial methods to ascertain probable area occupied by captured population solved the

ambiguity of defining effective sampling area (Efford 2004).
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2.4 Introduction to Spatially Explicit Capture Recapture (SECR)

Most capture-recapture studies are inherently spatial in nature, with capture probabilities
depending on the location of traps relative to animals (Borcher 2010). The need for a spatial
component in models arises from the fact that animals located closer to traps are more likely to be
captured and animals sufficiently far from the traps will certainly not be captured (Borcher 2010,
Borcher & Efford 2012). Spatially explicit capture-recapture models were first proposed by
Murray Efford in 2004 based on inverse prediction. Spatially explicit capture—recapture (SECR)
is a set of methods for modelling animal capture-recapture data collected with an array of
‘detectors’ (Efford 2015). The methods are developed primarily to estimate population density,
but they are also advantageous over non-spatial methods in terms of estimating population size
(Efford and Fewster 2013). SECR methods overcome edge effects that are problematic in
conventional capture-recapture estimation of animal populations (Otis et al. 1978). In SECR
detectors may be live-capture traps, with animals uniquely tagged, sticky traps or snags that
passively sample hair, from which individuals are distinguished by their microsatellite DNA, or
cameras that take photographs from which individuals are recognized by their natural marks.
Advanced developments have also extended the concept of detector to area (polygons) or transects

that are searched for animals or their sign.

In SECR, the spatial detection histories are fitted with a spatial model of the population and a
spatial model of the detection process. Therefore the resulting estimates of population density are
unbiased by edge effects and incomplete detection (Efford 2014). Inverse prediction (IP SECR)
and maximum likelihood (ML SECR) are alternative methods for fitting the spatial detection
model (Efford 2004, Borchers and Efford 2008). Of these, the maximum likelihood appr(;ach is
considered to be more flexible, with a caveat for data from single-catch traps (Efford 2004, 2015,
Borchers and Efford 2008). Data augmentation and Markov chain Monte Carlo (MCMC) methods
have also been used for SECR (Royle and Young 2008, Royle et al. 2009, Singh et al. 2010, Royle
and Gardner 2011), but this approach is much slower than ML SECR (Efford 2015). In general
SECR models, population density D is considered as the intensity of a Poisson spatial point process
for home range centers, which are assumed to be fixed. The process may be homogeneous (D
constant) or inhomogeneous (expected value D(X) where / is a vector of parameters for a model

relating density to location, X, specified by a vector of coordinates x, y). The data comprise a set
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probability of being captured or recaptured depends on the overlap of its home range with the trap
array (Efford 2004; Royle et al. 2009). In traditional practices of photographic capture-recapture
techniques the species must be identifiable to the individual level (Rich et al. 2014).

- 2.5.2 Spatially explicit capture recapture

Spatially explicit capture-recapture (SECR) models (Efford 2004; Borchers and Efford 2008;

Royle et al. 2009) were developed to address these limitations of traditional capture—recapture
techniques (Rich et al. 2014). SECR modelling is a set of methods for modelling animal capture--
recapture data collected with an array of ‘detectors’ (Efford 2014) with reference to specific

geographical locations. A hierarchy of models is used in secr to estimate spatial density of animals.

The probability of detection is modelled as a function of the distance between camera-trap

locations and an animal’s activity centre, and density is estimated using a point process model
(Efford 2004; Royle et al. 2009) based on their activity centre (Russel et al. 2014). The actual
location of activity centres is unknown, but the spatial coordinates of the traps where individual

animals were photographed provide some information about this location (Borchers and Efford

2008; Royle et al. 2009). In practical terms, SECR methods are also advantageous over non-spatial
methods because their less dependencies on the spatial setup of the camera stations (Noss et al.
2012; Sollmann ef al. 2012) and incorporate different spatial sampling design. Thus, with SECR
modeling, a standardized trapping design can be used to estimate the density of a single species or
multiple, sympatric species (O’Brien and Kinnaird 2011) along with different environmental
covariates. SECR models, however, still require that all photographed animals be uniquely
identifiable. In SECR, a spatial model of the population and a spatial model of the detection process
are fitted to the spatial detection histories. The resulting estimates of population density are
unbiased by edge effects and incomplete detection (Efford, 2014, 2015). Therefore SECR methods
overcome edge effects that are biased in terms of effective trapping area in conventional capture
recapture estimation of animal populations (Otis et al. 1978). Different kinds of detectors can be
used which may be live traps, sticky traps for hair sample, from which individuals are distinguished
by their microsatellite DNA, or camera traps, where individuals are recognise based on their unique
natural patterns of their body. Resent development in secr have extended the concept of detectors

to area (polygons) or transects that are searched for animals or their sign (Efford 2014, Thompson
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et al. 2012, Russel et al. 2012). Which has now become possible to study animals which were
otherwise not possible with conventional sampling designs of mark recapture platforms.

The primary data required for SECR are (i) the locations of the detectors, and (ii) detections of
known individuals on sampling occasions (i.e. their detection histories). In SECR, the basic
population parameter is density (D), rather than population size (N). The detection process is
represented by a mathematical function that describes an animal's declining probability of being
detected as its home range centre gets further from a detector. A simple detection function has the
parameters g0 (intercept) and o (spatial scale). The model is used to obtain estimates of D, g0 and

o. Population size N may be estimated as a derived parameter.

1.5.3 The effective sampling area problem

In conventional mark-recapture studies density is derived by converting the abundance with
reference to the effective trapping area generated post hoc by using available data on animal
movements that account for movements on and off the trapping array (Thompson et al. 2012).
Which is generally added as a buffer half of the home range size or half the mean maximum
distance moved, if the movement data is available (Karanth and Nichols 1998). But size of the
sampling area from where the animals are being captured is generally unknown in most of the
conventional sampling framework (Royle et al. 2009; O'Brien and Kinnaird 2011, Rich et al.
2014). Therefore the density estimation is ad hoc (Wilson and Anderson 1985; Karanth and
Nichols 1998; Parmenter et al. 2003), as well as the scale to define the width of that buffer vary;
thus, the reliable definition of the effective trapping area is generally uncertain (Borchers and
Efford 2008; O’Brien and Kinnaird 2011) and density estimates are somewhat arbitrary (Rich et
al. 2014). But incorporating spatial point process models into capture-recapture frameworks using
SECR analytical platform can directly estimate density by combining the location data provided

by trap or capture coordinates with individual encounter histories (Thompson et al. 2012).
2.5.4 State and observation models

SECR combines a state model and an observation model (Efford 2015). The state model describes

the distribution of animal home ranges in the landscape, and the observation model (a spatial
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2.7 Polygon search method

The “polygon’ detector type is used for data that need searches of one or more areas (polygons).
This area search differ from other modes of detection in that each detection may have different
coordinates, and the coordinates are random rather than fixed by the field design (Efford 2014).
The method may be used with individually identifiable cues (e.g., faeces) as well as for direct
observations of individuals (Thompson et al 2012, Russell et al 2012, Efford 2014). Importance
of these kind of detection is that both the trap and individuals are mobile i.e. the detector would be
the person or any other means which actively searches for the individuals within the sampling
grids, therefore the geographical location of the detected individuals are independent of any fixed
trap array and represents the actual sites of encounter in each detection. Hence, unlike the
conventional detection history, instead of trap id, the “capture file” would bear the actual
geographical locations of the individuals represented within each of the grid cells. Whereas the
“trap file” would consist the geographical coordinates ofthe polygon vertices representing each of
the search'polygons. This particular sampling méthodology is considered somewhat complex but
biologically more realistic (Royale 2014).

Polygons may be independent (detector type ‘polygon’) or exclusive (detector type ‘polygonX’).
Exclusivity is a specific type of dependence in which an animal may be detected at no more than
one polygon on each occasion (Efford 2014, 2015). Efford has given the technical background of
fitting polygon search data in models of spatially explicit capture-recapture by maximum
likelihood.

These models are useful in situations where the locations of individuals, say ui for individuals 7
and sample occasions k, are observed directly by searching space (often delineated by a polygon)
in some fashion, rather than fixed trap locations. The search encounter models are slightly more
complicated, and more biologically realistic (Royal 2014). In arrays of fixed trap locations, the
movement process is completely confounded with the encounter process because the potential
observation locations are prescribed a priori, and independent of any underlying movement

process.
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4.1.3 Population structure of Asiatic lions:

Average group size : 2.84 (SE 0.33)
Typical group size 2.06

Average Adult group size 2.20 (SE 0.26)
Average Female group size 3.6 (SE 0.61)
Average Male group size 2.14 (SE 0.33)
% of male 36.36%

% female 40.90%
%cubs | 22.72%

Sightings of 31 unique groups consisting of 88 lions (including cubs) were obtained, each of which
were given unique id for field and analytical verifications. There were 15 groups of single and
coalition male and16 groups of female in 725 sq km of the study area. Average group size including
all gender and age classes is found to be 2.84 (SE 0.33). Adult group size excluding the cubs is
2.20 (SE 0.26); average female group size is 3.6 (SE 0.61) and average male group size is 2.14
(SE 0.33). Typical group size of all lions was 2.06 while male typical group size was 1.68 and

female typical group size was 2.26.

Age wise contribution of different age class individuals to the population have shownan increasing
pattern of population of Asiatic lions with a recruitment group of size 68.18% of the total

population. There were few old animals 7.96%. Among most of the sex classes % contribution of

females were found higher than the males.
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4.2 Herbivore abundance:

Herbivore abundance was estimates by line transect distance sampling method (Buckland et al.
2001). Transects were laid with the same structural design, that was used for lion abundance
estimation. Each of the grids were laid two transects, irrespective and habitat or terrain, so as to
cover all the habitats and terrain falling within the sampling grids. Only morning hours were
selected for walking transects, to avoid detection bias of some species due to differential temporal

activity pattern. Total 111.93 km of effort was put to sample 38 spatial transect, which were around
2.5 to 4 km in length.

Detections of herbivores were noted down on datasheet during the walk. Which were later on
analysed using software, Distance 6.02. There were detections of chital and sambar >20 times
fulfilling the minimum detection requirement for distance (Backland 2001). There were 100
detections of Chital (4xix axix) and it is found to be the most abundant prey in the region with a
detection probability of 0.75 (SE 0.04), density 57.77 (SE 16.39) per sq km, with a chi square P
value of 0.94. Comparatively sambar had less detection, around 25 and density 3.48 (SE 28.78),
with a chissquare P value 0.98. Nilgai had only 4 detections and density is 1.02 (SE 50.26) with a
chi square P value 0.92. Peafowl had 24 detections and density is 7.80 (SE 34.93) with a chi square
value of 0.63. Other pre species lrad very less detection to get a reliable estimate from the analysis.

A detailed table of abundance estimate has been attached below.

Using density surface modelling a density surface map of the two major prey of lions has been
plotted against the densities of lions. And a generalised linear modelling of different environmental

covariates along with the density surface of major prey has been done to see the most contributing

factors governing the spatial density of lions.





























































































