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AND LITERATURE REVIEW Ungulates are the hoofed mammals represented largely by one of its even-toed
families, the cervidae or the deer. Deer exhibit a wide spectrum of body sizes and feeding habits, and inhabit a
broad range of habitats, generally attaining a high abundance wherever they are found. However, pervasive
report of their populations dwindling almost everywhere, especially in the tropics, owing to reasons such as
habitat loss, illegal hunting and habitat degradation, excites serious concern and thereby necessitates long-
term scientific monitoring of the populations, supported by a thorough understanding of their biology and
ecology, which is largely lacking in India. In a country like India, where deer is legally protected from being
hunted or harvested periodically as trophy or as meat, with the exception of a small number of tribal
communities hunting them for food, monitoring and conservation of deer populations is aimed primarily
towards the broad scale management of the ecosystem they inhabit, as, they play pivotal ecological roles such

as indicator of the ecosystem’s health by serving as a crucial link in the food web and through their
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SUMMARY

Monitoring and conservation of the ungulate population carry paramount importance
in the conservation of the habitat as well as the carnivores of an area. Corbett Tiger
Reserve (CTR), which harbors the single largest tiger population in the world,

inevitably entails the need for such initiatives. In addition to the annual monitoring of

CTR's prey popul ati on dresaslusian $patigl disgilautiom i n g

along with the population structure is critical for the long-term conservation of the
ungulate population. My study attempts to address a few such issues and builds a

foundation for further research and management.

To address the first objective which was to estimate the abundance of ungulates
in different habitats of CTR, | have used line transect-based distance sampling
approach to estimate the density of four major ungulate species (chital, sambar deer,
barking deer, and wild pig) of CTR in ~520 sg. km of the Corbett National Park (CNP)
region. Density was estimated using 156 spatial transects replicated 1 to 4 times over
four sampling years. Both year-wise and pooled (weighted average of four years)
density estimates were highest for chital followed by sambar. Barking deer had the
lowest density. Chital density has remained stable over the years. Post-stratifying the
densities of the four ungulates by three major habitat types of CNP (grassland, sal-
dominated, and mixed deciduous) exhibited the highest density of chital in the
grassland and lowest in the sal-dominated forest. Sambar density on the other hand
was highest in the mixed deciduous and lowest in the grassland. Barking deer also

exhibited a similar trend of habitat-wise density.

Additionally, I used the density surface modelling approach to model the line
transect-based spatial observations with remotely sensed ecologically significant
covariates in order to obtain a fine-resolution understanding of dispersion and the
relationship of the ungulates with different significant environmental correlates in the
study area. Chital abundance was highest (approx. 60771) in CNP. Chital abundance
decreased with higher Normalized Differential VVegetation Index (NDVI) and Digital
Elevation Model (DEM) values. However, both sambar (abundance ~ 6797) and

barking deer (abundance ~ 4730) abundance increased with an increase in NDVI value
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showing a preference for dense forest type. The lower number of wild pig observations
on transects rendered the modelling insignificant for the species.

A significant part of my thesis was focused on the objective of evaluating the
precision and cost-effectiveness of three different density estimation techniques. The
diverse ungulate assemblage and complex terrain of CNP provided an excellent
environment to conduct this experiment. The evaluation was done in two parts, 1) a
cost-effective comparison of the line transect-based distance sampling, and the
relatively recent camera trap-based Random Encounter Model (REM) on four ungulate
species, the chital, sambar deer, barking deer, and wild pig in a 100 sg. km area of
CNP and, 2) using chital as an individually identifiable study subject, | assessed the
efficacy between capture-mark-recapture (CMR) technique, REM and line transect
based distance sampling. The first evaluation yielded similar density estimates of
chital, barking deer, and wild pig by both methods, while REM estimated a
significantly lower density of sambar than distance sampling. Distance sampling
produced more precise estimates than REM. REM turned out to be both economically
costly (initially) and required more data processing time than distance sampling.
However, Rrizablveress andoeasy implementation gave it a sampling
advantage over distance sampling in an area like Corbett Tiger Reserve. The second
evaluation of techniques was done in four sampling blocks of varied sizes. All three
techniques produced comparable chital density estimates in three blocks, except for
one where REM produced a significantly lower chital density than CMR and distance
sampling. However, the average density estimate of all four blocks was comparable
across three techniques. CMR produced the most precise density estimate while REM
yielded the least precise estimate. Such comparison of techniques will prove valuable
for both managers and researchers in formulating future studies based on the trade-off

between available logistics and statistical rigour.

In addition to density and spatial distribution of ungulate abundance, my
research also reports a few important population demographic parameters and body
conditions of the key prey species of tiger in CNP, the chital. To meet this objective, I
have used camera trap-based captures of chital from two different sampling areas of

CNP, which significantly varied by tiger density, thereby possibly establishing the

Xiii



effect of predation on prey population structure and health status. Population structure
was characterised by the adult male-to-female ratio and fawn-to-adult female ratio
identified from the photographs. Population composition was evaluated by measuring
the percentage contribution of each age-sex class to the total population. In order to
deal with the possibility of camera traps capturing the same animal multiple times, |
used the single sampling with replacement approach to estimate the ratio and variance
of adult female to male and fawn to adult female. The overall number of females per
male for CNP was 1.66 (£ 0.06) and the number of fawns per female for CNP was 0.25
(0.01). Comparing areas of high and low tiger density it was observed that chital body
condition was poorer in areas with high tiger density.

Overall, my thesis highlights how remote camera traps can be extensively
applied to simultaneously address several ecologically important aspects of species
population in a comparatively invasive and cost-efficient way. | believe, my study in
an area like CNP, provides a robust scientific premise and highlights the challenges of
addressing some significant conservation aspects of the ungulate prey population,
albeit with few shortcomings, which will aid largely in the future management of
species as well as ecosystems
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CHAPTER 1 INTRODUCTION AND LITERATURE REVIEW

Ungulates are hoofed mammals represented largely by one of its even-toed families,
the Cervidae or the deer. Deer exhibit a wide spectrum of body sizes and feeding
habits. They inhabit a broad range of habitats, generally attaining a high abundance
wherever they are found. However, pervasive reports of their populations dwindling
almost everywhere, especially in the tropics excite serious concern and thereby
necessitate long-term scientific monitoring. Such monitoring should be supported by
a thorough understanding of their biology and ecology, which is largely lacking in
India. Habitat loss, illegal hunting and habitat degradation have played the most
important role in the dwindling ungulate population. In a country like India, where
deer are legally protected from being hunted or harvested periodically as a trophy or
as meat, monitoring and conservation of deer populations are aimed primarily towards
the broad-scale management of the ecosystem they inhabit. Deer play pivotal
ecological roles such as indicatorsof t he ecosystem’”s h
link in the food web and through their interactions with different local environmental
parameters. Deer are not only incredibly elegant and majestic, but their population
dynamics, behaviour and integral role in the environment make them species of great
aesthetic and conservation value. Moreover, with the gradually increased inclusion of
wildlife as a core component of environmental assessment for infrastructure
development, it is also imperative to monitor large mammals such as deer, particularly

for outside protected areas where deer are often reported in substantial numbers.

Studying ungulates in an ecosystem is generally driven by the inquisitiveness

to examine how they interact with habitats and predators in the area. In the simplest
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food chain of an ecosystem their position makes them one of the most critical
organisms in maintaining the ecosystem integrity. For, their abundance can regulate or
limit, the producers via herbivory, the consumers as their resource, and the
conspecifics as competitors, therefore driving the important ecosystem processes, such
as the bottom-up and the top-down control mechanisms. However, despite such an
ecological value ungulates have remained largely underrepresented in scientific
investigations about their population biology in India (Jathanna et al., 2006; Johnsingh,
1983; Karanth & Sunquist, 1992; Khan et al., 1996; Kumar, 2010). Lack of
information particularly from the part of the Terai landscape of the country, which
harbours a huge variety of habitats, large herbivores and carnivores (Bisht et al., 2019;
Jhala & Qureshi, 2015), is a matter of conservation concern. Ecological knowledge of
ungulates from this important landscape however is limited to few significant studies
from Nepal (Dinerstein, 1980; Seidensticker, 1976; Shrestha, 2004; Wegge et al.,
2009). Hence, to fill this knowledge gap about ungulate dynamics | have primarily
focussed on addressing their population abundance and distribution in relation to local
habitat and various environmental correlates and predators in Corbett Tiger Reserve. |
believe the study will significantly contribute both from an ecological and

management aspect.

Conceivably, the most fundamental objective of any wildlife population
monitoring is to obtain a reliable understanding of population abundance over time
and space. Abundance is one of the most significant metrics which aids in detecting
spatio-t e mpor al patterns of wvariation i
as its distribution, or, fluctuations in any demographic parameter (Skalski et al., 2005).

Multi-species large mammalian systems particularly necessitate such attention
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because conservation and management of such system is often difficult and generally
contributes towards the preservation of the entire ecosystem. Beside abundance, it is
also important to monitor the demography and behaviour of such species. These
parameters help us i n pr e wallastitd raspgnsedo
different management interventions in case of unexpected events such as poaching or
developmental activities. They also assist us to understand the interaction of the
species with different environmental variables. This study was conceptualized to
address some of these aforementioned crucial ecological processes in one of the most
significant ecosystems of the country, the Terai ecosystem. The study deals with an
ungulate assemblage, with a focus on a particularly important ungulate species of the
Indian sub-continent the spotted deer or chital (Axis axis), at a background of predation
(with the tiger as the primary predator). Through this study, we compare different
techniques, which involve direct as well as remote camera trap-based observation
methods to estimate the abundance of a diverse range of ungulates. | believe the study
will contribute significantly to addressing a range of ungulate ecology and behaviour
and aid in formulating management decisions in the study area as well as in areas of

similar habitat and environment.

In this introductory chapter | will first try to emphasize on the several
significant roles of deer in the environment and ecosystems, moving gradually to
review our understanding of how predator can affect prey population status and health.
Following which, | elaborate on traditional and recent techniques of assessing deer
population, and, finally concentrating on the importance of spotted deer/chital, the
subject species I had chosen to study these components, albeit within a limited period

of time.
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Second chapter will give a detailed perspective of the study area, stating its
historical importance, its physiography, its flora and fauna and its conservation value

in terms of ecology and management within the larger landscape.

In the third chapter, | will focus exclusively on estimating density of four
species of ungulates in relation to different habitats. The chapter also highlights the
spatial distribution pattern of the species in the landscape under different

environmental correlates using spatial analysis.

Fourth chapter builds a comparison between two well-established abundance
estimation technique and a relatively recent technique by measuring their efficacy and
cost-effectiveness in estimating density of a) different ungulate species, and, b) spotted

deer as an individually identifiable species.

In the fifth chapter I attempt to understand the population dynamics of spotted
deer, focussing mainly on age-sex ratio, fawn-female ratio and individual health
condition (as a surrogate of population performance) under a gradient of predation

risk.

Together these chapters will address the following objectives;

1. To estimate the abundance of ungulates (chital, sambar, barking deer and wild
pig) in different habitats in Corbett National Park (CNP).

2. Evaluate the cost-effectiveness of three density estimation techniques for
estimating the density of ungulates.

3. To access the effect of predation on demography and nutritional health of the

chital population in CNP.
Why monitoring deer population is important?

Role in environment and ecosystem



Deer generally exhibit a generalist feeding style with a broad range of plant species
within their dietary regime (Freeland & Janzen, 1974). They occupy several habitats
of an area, which often encompass the habitat needs of other associated animal and
plant species, and therefore in turn invariably serves as an ecological indicator of the
ecosystem (Hanley, 1996). Owing to the convenience of studying deer than any other
threatened species, which mostly remain undetected, deer often act as more important
indicator in an area to understand conservation and management interventions
whenever required (Hanley, 1996). Being the primary consumer in an ecosystem, they
also function as a link between the lower (the producers) and the higher (secondary
and tertiary consumers) trophic levels of a food chain. They play a vital role in
ecosystem nutrient cycling and energy flux (Pletscher et al., 1989) and is often
considered as potential initiators of interaction chains (Pringle et al., 2007). Deer might
influence vegetation community and forest dynamics in various ways, such as, directly
through grazing and browsing (Adler et al., 2001; Chase et al., 2000) both positively
and negatively (due to overabundance), or indirectly through seed dispersal (Danell et
al., 2006; Paine, 2000). Cote et al., 2004 has presented an extensive account of how
deer overabundance had affected human health, forestry and agriculture. How it can
alter interaction between plants, affect the local population of insects, birds and
mammals, and, how it can impact the ecosystem processes and overall community

structure.

Apart from the aforementioned roles, another very significant ecological role
of deer, is as driver of trophic cascades by functioning as prey for the mammalian
carnivores inhabiting the ecosystem. Plant-herbivore interaction has drawn the major

attention for studying trophic cascades, due to the effect herbivores can have on plants
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affecting both the strength and scale of cascades (Polis et al., 2000). However, it is the
predator and its interaction with the prey which mediates the trophic cascade
eventually (Terborgh & Estes, 2010). Instances, where uncontrolled herbivory have
resulted following the removal of an apex predator in a simple three-trophic-level
cascades (Terborgh & Estes, 2010), are such pieces of evidence. A c