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Glossary

HI-LIFE Far-Eastern Himalayan Landscape Initiative

LU Land-use

NPTR National Park and Tiger Reserve

P.t. tigris Panthera tigris tigris

PA Protected area

TCP Tiger Conservation Plan

UoM University of Minnesota

Executive summary

In less than a century, the Bengal tiger, Asia’s largest predator, has been relegated to
fragmented habitats and confined to isolated populations in less than 7% of its historical
range. Free-ranging tigers are in a precarious state, despite large areas dedicated to their
conservation. Tiger populations are plagued by organized poaching, prey depletion, and
natural habitat degradation, extirpations either directly or indirectly precipitated by
anthropogenic activities.

The study area of this report, Namdapha National Park and Tiger Reserve (NPTR),
represents an excellent case study of the abundance of challenges associated with tiger
conservation. This dissertation aims to investigate land-use changes in proximity to the
park using GIS analysis. Subsequently, interdisciplinary literature is analyzed to place the
land-use changes in the context of a DPSIR framework. Finally, both the land-use changes
and their drivers are connected to the tiger population in the study area.

The key findings from this study show that agricultural expansion, human
encroachment, and urbanization form the most prominent threats to tiger populations in
Namdapha NPTR since tigers require large contiguous areas of habitat with limited
anthropogenic disturbance.



1. Introduction

The Bengal tiger (Panthera tigris tigris), Asia’s largest predator, has been regarded as a
prevalent cultural symbol for centuries (Lamichhane & Jha, 2015; Jhala, Qureshi & Nayak,
2020). This flagship species is a conservation icon, serving as the apex predator in the
food chain (Jhala, Qureshi & Nayak, 2020). The Bengal tiger acts as an effective umbrella
species for the conservation of wildlife in the Indian subcontinent and strongly shapes
ecological interactions within ecosystems (Dinerstein et al., 2007; Jhala, Qureshi & Nayak,
2020). The 2018 status report on tigers states that “ensuring the conservation of this top
carnivore guarantees the well-being of forested ecosystems, the biodiversity they
represent as well as water and climate security” (Jhala, Qureshi & Nayak, 2020). This is
in accordance with Sustainable Development Goal (SDG) 15: ‘Life on land’, which
emphasizes the importance of healthy ecosystems and the services they provide (FAO,
2022).

India houses more than 80% of all free-ranging tigers, the largest population across
the global range of tiger species (Jhala, Qureshi & Nayak, 2020; Rastogi et al., 2012).
Despite the debatable nature of the exact number of tigers (Karanth et al., 2011), the
Indian tiger population harbors over 60% of the extant genetic variation of the species
(Mondol, Karanth & Ramakrishnan, 2009; Jhala, Qureshi & Nayak, 2020; Rastogi et al.,
2012). Therefore, India holds the key to tiger conservation from both an ecological and
genetic perspective and offers a unique context in which to comprehend illustrative
challenges associated with the conservation (Rastogi et al., 2012; Jhala, Qureshi & Nayak,
2020). Internationally, India can serve as an outstanding case study that demonstrates
the difficulties facing tiger conservation programs (Rastogi et al., 2012) and shows
commitment to these protection endeavors, exhibited by large monetary contributions
(Walston et al., 2010). The Project Tiger, established in 1973, aims to “harness the
functional role of the tiger and its charisma to garner resources and public support for
conserving representative ecosystems” (Jhala, Qureshi & Nayak, 2020). Under its
stewardship, India increased its tiger reserves from 9 to 50 over the span of a few decades
(Jhala, Qureshi & Nayak, 2020).

Some of these reserves have a higher conservation potential than others. The 2018
status report of The National Tiger Conservation Authority and Wildlife Institute of India
states that the tiger populations in the Northeastern Hills get the highest conservation
rating (see Figure 1) because they are arguably "most likely to share their gene pool with
the most critically endangered subspecies, i.e., P.t. corbetti, that exists in Myanmar”
(Jhala, Qureshi & Nayak, 2020). The Northeastern Hills accommodate three tiger reserves:
Namdapha National Park and Tiger Reserve (NPTR), Kamlang Tiger Reserve, and Dibang
Wildlife Sanctuary, where conservation investments have become of ‘paramount priority’
(Jhala, Qureshi & Nayak, 2020).
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Figure 1: "Conservation priority computed based on population vulnerability, genetic diversity, and distinctiveness for
tiger populations in India". P.CGS is an index for “"population genetic diversity and divergence”. p.Vul represents the
“vulnerability of a population to extinction based on population size”. (Jhala, Qureshi & Nayak, 2020).

This research will regard Namdapha NPTR, which is situated in the Changlang district of
Arunachal Pradesh, as depicted in Figure 2, and covers an area of 2053 km? (Jhala, Qureshi
& Nayak, 2020). It was established in 1983 and is the only Protected Area (PA) in the state
that has the dual status of National Park and Tiger Reserve (Shakya et al., 2021; Lodhi et
al., 2013). The park contains the highest species richness out of all PAs in India (ICIMOD,
2021a; Sarkar et al., 2021) and is globally recognized as a biodiversity hotspot (Jhala,
Qureshi & Nayak, 2020). It is the only park in the world that harbors all four big cats:
tigers, lions, leopards, and jaguars (Cary, 2019; Khorozyan, 2015). In addition, Namdapha
NPTR serves as a confluence zone for two genetically unique P.t. subspecies (Jhala,
Qureshi & Nayak, 2020), which accentuates the conservation priority of this area.

INDIA
ARUNACHAT PRADESH

INDEX

..... - Park Boundary
weet Buffer Zone

@  Study site
— Hiver

Figure 2: Location of Namdapha National Park in Arunachal Pradesh,
Northeast India. (Nath et al., 2005)



Despite formal protection and regional and national conservation support, the tiger has
been classified as endangered on the IUCN Red List for Threatened Species for more than
a decade, and tiger populations continue to dwindle (Dinerstein et al., 2007; Karanth,
2014). The extant tiger populations are relegated to fragmented habitats and confined to
disengaged populations in less than 7% of their historical range (Jhala, Qureshi & Nayak,
2020; Dinerstein et al., 2007). The iconic species is plagued by threats like habitat
destruction, poaching, overexploitation, and inbreeding depression, extirpations either
directly or indirectly precipitated by anthropogenic activities (Dinerstein et al., 2007; Jhala,
Qureshi & Nayak, 2020; Basnet et al., 2019).

Namdapha NPTR also suffers the consequences of anthropogenic pressure.
According to the 2018 status report on tigers and co-predators, Namdapha NPTR has a
tiger density of less than 1 tiger per 100 km?, which is remarkably low when compared to
other PAs in the state (Jhala, Qureshi & Nayak, 2020). This gives rise to concern because
tigers have recently disappeared from what were considered two well-protected
sanctuaries in India: The Sariska and Panna Tiger Reserves (Project Tiger, 2005;
Dinerstein et al., 2007). This incident is illustrative of the problems associated with tiger
conservation; even in areas that are dedicated to conservation, external factors degrade
the tigers’ territory (Rastogi et al., 2012). In a sense, PAs in India can be compared to
conservation islands in a far-reaching sea of hostile habitat (Jhala, Qureshi & Nayak, 2020;
Basnet et al., 2019).

Thus, in a country with an ever-growing population, threats of range contraction and other
unprecedented challenges remain prominent. The gravity of the situation calls for renewed
attention to the conservation of free-ranging tigers in PAs. As aforementioned, Namdapha
NPTR will be the focus of this research. Its vulnerability to active and passive pressures
and persisting low tiger density combined with its high conservation value makes this tiger
reserve an excellent case study. An analysis of land-use changes in the surrounding area
will provide insight into the biotic and abiotic drivers that affect Namdapha’'s tiger
population, both on a temporal and spatial scale.

The aim of this research is threefold: to understand the historical land-use changes
(1900-2015) in the area surrounding Namdapha NPTR; to describe the associated drivers
and analyze their interaction with the land-use changes; and to investigate how these two
aspects have affected the Panthera tigris tigris (P.t. tigris henceforth) population within
the park. To carry out this aim, the following overarching research question is posed:

What is the effect of historical land-use changes (1900-2015) and associated drivers on
the Panthera tigris tigris population in Namdapha National Park and Tiger Reserve?

To break down this overarching question, two sub-questions will organize this research
into comprehendible segments, representing two important aspects of the research aim:
1. What are the major changes in land-use during the period of 1900-2015
surrounding Namdapha National Park and Tiger Reserve?
2. What are the main drivers behind these land-use changes?



2. Theory

This section is concerned with outlining the living conditions of the Bengal tiger. The
survivability of a single specimen depends predominantly on the availability of prey and
accessibility to its natural habitat (Sunquist & Sunquist, 1989; Global Tiger Forum, 2019).
Therefore, diet will be discussed as an essential part of an organism’s ecological niche
(Mukherjee & Sen Sarker, 2013; Lamichhane & Jha, 2015). Subsequently, the predator-
prey and predator-predator interactions will be reviewed, which is fundamental to
understanding the general ecology of a species (Mukherjee & Sen Sarker, 2013;
Lamichhane & Jha, 2015). Thereafter, the natural habitat of the Bengal tiger will be
described. Finally, having established the tiger’s living conditions (with more details in
Appendix A), the existing body of scientific literature will be interrelated in the form of a
conceptual DPSIR framework. This framework is by no means said to encompass all
relevant aspects, but it is meant to visualize the most important ones in a comprehensible
diagram.

Prey selection preferences of large carnivores are relatively poorly understood in the
tropical forests of North-eastern India (Karanth & Sunquist, 1995; Selvan et al., 2013).
Generally, however, tigers prefer large mammalian herbivorous prey species (Mukherjee
& Sen Sarker, 2013; Selvan et al., 2013; Karanth & Sunquist, 1995). Namdapha NPTR
houses many prey species (Namdapha Tiger Reserve, n.d.a), but the distribution of the
tiger seems to be predominantly determined by the availability of large ungulates
(Bhandari, 2014), as they are preferential prey (Hayward & Jedrzejewski, 2012).

In reality, many other considerations and interactions complicate this issue. According to
Mukherjee and Sen Sarker (2013), “... prey selection of tigers in any area is ultimately the
cumulative effect of different ecological, behavioral, and habitat factors which delineates
the availability and vulnerability of prey species at any particular time”. Anthropogenic
disturbances could potentially distort the predator-prey balance, leading to shifts in prey
selection. The predator-prey interaction goes both ways; on one hand, tigers are affected
by prey availability because they are specialized hunters, but on the other hand, tigers
play a pivotal role in shaping the prey communities (Karanth & Sunquist, 1995). The reality
of these interactions is complex, but generally, “direct positive correlations exist between
habitat richness, prey-base diversity/biomass, and tiger density” (Reddy, Srinivasulu &
Rao, 2004). Simply put, the greater habitat richness, the greater the abundance and
diversity of wild prey, and the greater tiger density. Moreover, interspecific competition
does not seem to play a large role in determining tiger density, which seems to be
predominantly determined by prey abundance (Karanth et al., 2004)

The P.t. tigris can reside in varied habitats: grasslands, (sub-)tropical rainforests,
mangroves, and wet or dry deciduous forests, among others (Wild Cats World, 2022). This
subspecies can cope with a wide range of environmental conditions, as long as three
conditions are met: ample prey, cover, and limited human disturbance (Global Tiger



Forum, 2019). Changes in these factors could potentially lead to breeding suppression
(Krishna et al., 2013). To meet all conditions, a large contiguous area of undisturbed
habitat is required (Mallick, 2019). This large range is also needed to raise young and
support the long-term genetic viability of the population (Karanth & Sunquist, 1995; Jhala,
Qureshi & Nayak, 2020). Appendix A provides an extensive overview of several indicators
of habitat suitability in Arunachal Pradesh, as well as a more detailed overview of the
tiger’s diet and interspecific relations.

The overarching conceptual framework that will be utilized in this paper is the Driver-
Pressure-State-Impact-Response (DPSIR) framework. This framework describes a causal
chain from driving forces to responses while interlinking the socio-economic and ecological
system (Gessesew, 2013). This framework facilitates systems thinking to gain a holistic
overview and conceptualizes complex challenges in a simplified manner (Allen, 2022;
Smeets & Weterings, 1999)). The DPSIR framework used in this research deviates slightly
from the conventional DPSIR approach because a sixth component called ‘barriers for
effective management’ is included. The incorporation of this component is inspired by
Mangi, Roberts & Rodwell (2007) and Roura-Pascual et al. (2009). It is included in this
analysis because it emphasizes a practical, social aspect of the problem, which aids in
conceptualizing the broader context of the problem.

Within this framework, three threats are considered most prominent to free-
ranging tigers: habitat degradation (range contraction, fragmentation, etc.), prey
depletion, and direct poaching (Lamichhane & Jha, 2015; Ranganathan et al., 2008;
Rastogi et al., 2012; Jhala, Qureshi & Nayak, 2020). Most of the components in this
framework will be related to these prevailing challenges, either directly or indirectly.
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Figure 3: DPSIR-framework

“Driving forces are the factors that cause changes in the system” (Gessesew, 2013). Some
environmental drivers include natural disturbances such as forest fires, climatic conditions,
which are variable and monsoon-influenced, and climate change, which will ultimately
affect the frequency and intensity of the natural disturbances and the climatic conditions
in Arunachal Pradesh (Saikia et al., 2017; Sangomla, 2021). These environmental drivers
do not necessarily exert direct pressure on the tiger population within Namdapha NPTR,
because this subspecies can endure an array of environmental conditions, as mentioned
in section 2.1.3. However, they can play a role by amplifying or subduing the pressures
exerted by socio-economic drivers, via positive or negative feedbacks.

The drivers that exert the most direct pressure on tiger populations are socio-
economic in nature (Rastogi et al., 2012). The ever-growing Indian population with rising
affluence pressures the tigers, their habitat, and prey in many ways (Lamichhane & Jha,
2015; Sunquist, Karanth & Sunquist, 1999; Rastogi et al., 2012). Human activities like
logging, agricultural expansion, and developmental projects adversely impact wildlife and
nature (Lamichhane & Jha, 2015). Increased resource consumption and demand for land
and forestry products expand the human enterprise, resulting in range contraction
(Rastogi et al., 2012). Urbanization further aggravates ecosystem degradation because it



promotes road development, and subsequently increases vulnerability to deforestation and
poaching (Etter et al., 2006; Breuer, Maisels & Fishlock, 2016; Krishna et al., 2013).

A specific increase in demand for tiger parts is driven by the traditional Chinese
medicine market, in which the animal is “ground down and separated into various
medicines” (Raaj, 2009). Throughout Asia, there are stringent laws that ought to protect
tigers and other wildlife from threats like poaching. In reality, however, offenses under
the Wild Life (Protection) Act, 1972, seldom lead to convictions due to insufficient
enforcement and attract minor fines with little to no jail time (Dinerstein et al., 2017)

“Pressures are the human activities that directly affect the system and are generated by
the driving forces” (Gessesew, 2013). These pressures are transformed into natural
processes, which manifest themselves in shifting environmental conditions eventually
affecting the tiger population (Lemmons, 2022). Increasing population pressure combined
with rising affluence and specific demand for forestry and tiger products generates
unsustainable, and often illegal, human activities (Lamichhane & Jha, 2015; Rastogi et al.,
2012). Large infrastructure development projects increase the pressure on the ecosystem
by creating more opportunities for commercial tourism, business, and settlement (Shakya
et al., 2021; Krishna et al., 2013; The Arunachal Times, 2022).

Several ethnic communities reside in the buffer zone of Namdapha NPTR and its
surroundings (The Arunachal Times, 2022), and are fully dependent on the nature reserve
for their livelihood. During the 20t century, the human influx into the park increased with
the migration of native forest dwellers moving from Myanmar to Arunachal Pradesh
(Arunachalam et al., 2004). This creates a challenge since tigers are drastically affected
by anthropogenic disturbances and require a large habitat that is free of human
encumbrances (Rastogi et al., 2012; Arunachalam et al., 2004). Besides this, the local
communities also exert further direct and indirect pressures on the tiger population. For
instance, they have been reported to poach on tiger and prey populations (Rastogi et al.,
2012). Moreover, they keep domestic livestock that ecologically competes with ungulates,
which serve as prey species for tigers, potentially resulting in a dwindled ungulate
population (Rastogi et al., 2012; Damania et al., 2002; Madhusudan, 2005). This, in turn,
affects tiger density. Since the native communities have limited options for their livelihood,
they can be severely impacted if crop or cattle is lost to wild animals. Subsequently, local
communities can retaliate and harm the animals, so both sides suffer in the process
(Rastogi et al., 2012; Madhusudan, 2005). Fortunately, tigers do not show any preference
for livestock if there is ample prey biomass available (Reddy, Srinivasulu & Rao, 2004;
Lamichhane & Jha, 2015; Khorozyan, 2015).

“State is the condition of the system at a specific time” (Gessesew, 2013). In this case,
land-use changes and other anthropogenic disturbances impact the state of the
environment. The habitat richness and quality — and thus the prey-base and tiger density
- suffer the consequences of fragmentation, range contraction, and human encroachment
(Reddy, Srinivasulu & Rao, 2004; Rastogi et al., 2012). These threats are prevailing
because tigers require a large continuous habitat that is free of human encroachment
(Rastogi et al., 2012; Arunachalam et al., 2004; Mallick, 2019), as outlined in section
2.1.3.



“Impacts are consequences of environmental state change in terms of substantial natural
or socio-economic effects which could be either positive or negative” (Allen, 2022). One
of the environmental impacts is that dwindling prey populations affect the prey selection
and distribution of the tiger and exacerbate its vulnerability to poaching (Dinerstein et al.,
2007). The persistently low density of tigers and co-predators within Namdapha NPTR is
worrisome for the biodiversity of the park since top carnivores shape ecological
interactions within the metapopulation framework (Vasudeva et al., 2022; Dinerstein et
al., 2007; Jhala, Qureshi & Nayak, 2020). The combination of biodiversity loss and
increased human encroachment in the park forms a potential threat to the longer-term
resilience of the ecosystem (Oliver et al., 2015), which subsequently causes a plethora of
potential other challenges in the future. Another factor influencing the viability of the tiger
population is related to genetic diversity. Habitat fragmentation sequesters the tiger
population into smaller, isolated populations. This ultimately hinders genetic exchange
between subspecies, increasing the chances of extinction (Khan et al., 2021).

The socio-economic impacts are variable and difficult to predict in the long run.
However, from a short-term perspective, those who exploit the ecosystem benefit
financially. Much of the poaching is organized by sophisticated operators, who exploit both
wildlife and the local communities. Much of the hunting is done by native forest dwellers
with the appropriate knowledge and skillset. However, traders pay them a meager amount
of money and make substantial profits themselves (WPSI, n.d.). Hence, profits can be
gained from exploitation on a short timescale. However, in the long run, the overall
instrumental and intrinsic value of the ecosystem will suffer and even the traders will be
confronted with the adverse impacts associated with this. Besides this, the currently
nature-based ecotourism that focuses on local culture is threatening to be replaced by
commercial tourism due to the development of infrastructure (Shakya et al., 2021), which
might further accelerate ecosystem degradation and interfere with the livelihood of native
forest dwellers.

“"Responses are the efforts made by society as a result of the changes manifested in the
impacts” (Gessesew, 2013). Following the Project Tiger Guidelines, Namdapha NPTR set
up a Tiger Conservation Plan (TCP) in 2014. The park’s objectives are to obtain a viable
tiger and prey population, record biodiversity, promote research and education, and
develop more infrastructure to foster protection and monitoring (Namdapha Tiger Reserve,
n.d.b).

In addition to this regional initiative, the governments of India, Myanmar, and
China have initiated the Far-Eastern Himalayan Landscape Initiative (hereafter: HI-LIFE),
which focuses on biodiversity conservation and improved livelihoods (Basnet et al., 2019;
ICIMOD). Several PAs in the Far-Eastern Himalayan landscape, including Namdapha NPTR,
form a contiguous ecological landscape (depicted in Figure 4), which has potential for
integrated conservation and management (Shakya et al., 2021). HI-LIFE strives to find a
balance between conservation and development. Some of the objectives are sustainable
tourism, collaborative research and monitoring of species and ecosystems, sustainable
resource use, transformed shifting cultivation, green economic opportunities, and a
landscape-level knowledge base (ICIMOD, 2018b). Moreover, the transboundary
collaboration between India and Myanmar has led to the signing of a memorandum of
understanding (MoU) in February 2020, to tackle issues related to illegal wildlife trafficking



and take collective action to facilitate the conservation of tigers and other wildlife (ICIMOD,
2021b).

In addition to the management objectives, Namdapha NPTR outlined specific problems in
achieving them, which include the inaccessible, rugged terrain and lack of decent
infrastructure, growing settlements in the buffer zone and permeation into the core area,
lack of staff and managerial officials, and a lack of political will (Namdapha Tiger Reserve,
n.d.b).

The International Centre for Integrated Mountain Development (ICIMOD, 2021a)
and partners in the Far-Eastern Himalayas have highlighted some additional
transboundary issues that hamper the effectiveness of the conservation efforts: lack of
transboundary monitoring, unregulated trade of wildlife and medicinal plants, and limited
connectivity between conservation sites, which lack in the TCP of Namdapha NPTR. For a
wide-ranging, low-density species like the tiger, a landscape approach to conservation is
essential (Walston, 2010). Furthermore, drivers tend to operate at a larger, transboundary
scale (Basnet et al., 2019). PAs will remain of paramount importance in tiger conservation
efforts but facilitating a landscape that is permeable for tigers should be part of the solution
(Walston, 2010). HI-LIFE is a step in the right direction, but the full potential of landscape
conservation has not yet been realized. Namdapha NPTR namely provides the promising
opportunity to be connected with ecological corridors in Hponkan Razi Wildlife Sanctuary,
Hkakabo Razi National Park, and Gaoligongshan National Nature Reserve (Basnhet et al.,
2019; ICIMOD, 2018a).

Hkakabo Razi Gaoligongshan National
National Park (HKNP) Nature Reserve (GNNR)

Y

Namdapha National Park Hponkan Razi Wildlife
and Tiger Reserve (NNP/NTR)  Sanctuary (HWS)

I

Hukaung Valley Hukaung Valley Bumhpabum
Wildlife Sanctuary Wildlife Sanctuary Wildlife Sanctuary
Extension

Figure 4: The Far Eastern Himalaya Landscape (ICIMOD, 2018b)



3. Methodology

To allow for replicability of the discoveries and to amplify transparency, the following
section will outline the proposed methodological approach of this paper. The approach
consists of two fundamental steps; a qualitative literature review sheds light on the drivers
affecting the tiger populations, and mapping of geospatial data in GIS identifies significant
changes in land use. To properly explain land-use (hereafter: LU) dynamics, an interaction
containing two basic aspects ought to be followed; firstly, major changes in land use should
be identified; secondly, those changes ought to be connected to their drivers (Lambin &
Geist, 2006). Both elements are considered in the methodological approach, in addition to
a third element: placing the LU changes and the associated drivers in the context of the
P.t. tigris population of Namdapha NPTR, which will be outlined in the discussion. This
section will start with an overview of the study area, Namdapha NPTR, after which the
aforementioned two aspects of the approach will be introduced.

This dissertation will cover Namdapha NPTR, which accommodates a wide array of habitat
types (see Appendix B), including the world’s northernmost tropical rainforest, alpine
meadows, subtropical pine and temperate broad-leaved forest, and perennial snow
(Sarker et al., 2021; Jhala, Qureshi & Nayak, 2020; Basnet et al., 2019). The vast habitat
heterogeneity is due to the low latitude and substantial altitudinal differences, ranging
from 200m to 4571m above MSL (Krishna et al., 2013). In Figure 2, the location of
Namdapha NPTR within India and Arunachal Pradesh is depicted. In this figure, a buffer
zone in the northwest corner is also depicted. This area was added to the park later in
1986 because there used to be many human settlements. Part of the inhabitants was
resettled, but the majority of the communities still depend on the park for resources and
even encroach into the park’s core zone (Arunachalam et al., 2004).

The results of the literature review are depicted in both the DPSIR framework and
discussion. To assess the drivers of historical and current LU changes, various publications
pertaining to the effects of LU and associated drivers on tiger populations were compared
with one another to establish patterns and trends. Primary and secondary data were
extracted from peer-reviewed literature, journal articles, books and chapters, grey
literature, and institutional reports from organizational websites, among others. Initially,
Google and Google Scholar were utilized to get an outline of what kind of articles are
available. Broad search terms like ‘tiger population’, and ‘land use changes’ provide a
general overview of peer-reviewed publications. More refined search terms were derived
from the initial search premise to track down additional relevant articles. More narrowly
defined search terms were selected based on this paper’s research question and include
the following keywords: ‘Panthera tigris tigris’, ‘Bengal tiger’, ‘"Namdapha National Park’,
‘Namdapha Tiger Reserve’, ‘demographic pressure’, ‘anthropogenic’, land use driver’,
‘agricultural intensification’, ‘agricultural expansion’, ‘deforestation’, ‘urbanization’, *LUCC’,
‘biodiversity conservation’ and ‘Indian Eastern Himalayas’. Publications were considered if
one or multiple keywords appeared in the title, keywords, or abstract. Combinations of
these keywords were used to find the most pertinent publications. In addition to the search
engines Google and Google Scholar, metadata services like Worldcat, ResearchGate,



PubMed, and Mendeley were utilized. Academic publishers include JSTOR, BioOne,
ScienceDirect, Public Library of Science (PLoS), and Springerlink. Moreover, publications
were derived using the so-called ‘snowball method’, in which sources are located using the
bibliography of relevant articles.

To evaluate the quality and credibility of the information sources, a set of selection
criteria was utilized to act as guidance. The selection criteria are the following: (1) how
relevant is the information to the research question? (2) what are the author’s credentials?
(3) when was the information published? (4) is the information verifiable? (5) primary or
secondary source? (6) is the information presented clearly? (Adapted from Mandalios,
2013).

To assess significant changes in land use over time, geospatial raster data was analyzed
using a Geographic Information System (GIS) analysis. This analysis provides synoptic
information on LU change due to its ability to assess both temporal and spatial components
(Parth & Arijit, 2010). The data was processed using the Environmental Systems Research
Institute’s (ESRI’s) ArcGIS application Arcmap (version 10.8.1), which is a free, open
software that is particularly helpful in geospatial data analysis and visualization. The
spatial range of the GIS analysis is not limited to the study area, Namdapha NPTR, but
also includes the surrounding area of Arunachal Pradesh and part of Myanmar. Hence, LU
changes are analyzed in a wider, transboundary landscape because their drivers and
impacts also operate on larger scales.

The History Database of the Global Environment (HYDE, version 3.2.000) serves as the
primary tool in this assessment. HYDE is “an internally consistent combination of updated
historical population estimates and enhanced allocation algorithms with weighting maps
for land use which are time-dependent” (Klein Goldewijk et al., 2017). The dataset covers
a period of 10,000 BCE to 2015 CE (Klein Goldewijk et al., 2017), but in accordance with
the research question this dissertation focuses on the period 1900-2015. HYDE is a useful
tool for long time series and trends, so it serves as a baseline in this analysis to establish
the state of the system in 1900 and compare this with the state in 2015. There are two
main categories: cropland and grazing lands. For this analysis, a selection was made
regarding the LU types and population categories, based on their relevance and proximity
to Namdapha NPTR. Regarding the land use types, grazing lands were excluded from the
analysis because the agricultural sector in Arunachal Pradesh is dominated by cropland
(Lodrick, 2019), see also Appendix C for further substantiation. The data files used for this
analysis are “cropland1900AD"” and “cropland2015AD"”. For the population estimates, only
the population density (“popd_1900AD” and “popd_2015AD") is included, because it
provides the best insights into the interactions with the selected land types and allows for
a broad comparison of settlement intensity and migration patterns across a spatial scale
(US Census Bureau, 2021).

Moreover, to accommodate the relatively small spatial and temporal range of this
research, two additional datasets were used: “Land Use 1900” (University of Minnesota,
2017a) and “Land Use 2000” (University of Minnesota, 2017a). These datasets contain
seven land types: agriculture, inhabited and uninhabited forest, inhabited and uninhabited
barren land, urban, and rangeland. The data from both datasets is sourced from NASA



Socioeconomic Data and Applications Center (Sedac) and retrieved via ArcGIS Online. The
nominal data in these datasets can provide a qualitative, synoptic overview of the patterns
and trends associated with LU change and provide information regarding the conversion
of certain land types. It also includes natural vegetation types, which is a useful addition
to the anthropogenically transformed land types that are described in the HYDE database.

DATASET TYPE OF DATA DESCRIPTION OF DATA

HYDE (3.2) Raster, Ratio The History Database of the Global
Environment provides geospatial
information about historical land types
and population estimates on a
continuous time series with a spatial
resolution of 10km.

Land Use 1900 | Raster, Nominal This dataset is from the University of
Minnesota (UoM) and contains global
land use as of 1900. It includes the
following categories: agriculture,
inhabited and uninhabited forest,
inhabited and uninhabited barren land,
urban, and rangeland

Land Use 2000 | Raster, Nominal This dataset is from the University of
Minnesota (UoM) and contains global
land use as of 2000. It includes the
following categories: agriculture,
inhabited and uninhabited forest,
inhabited and uninhabited barren land,
urban, and rangeland

Table 1: Collected data

The HYDE database was analyzed separately from the two UoM datasets. For the HYDE
database, a geographical coordinate system (GCS_WGS_1984) was defined, and data was
manually classified by altering the class breaks. In addition to the HYDE datafiles, ‘Indian
Admin Boundary’ was used to trace the border of Arunachal Pradesh, and Wildlife Protected
Areas in India was used to trace Namdapha NPTR. These shapefiles are depicted in all
maps to clarify the spatial distribution of the different LU types. Hence, the UoM and HYDE
maps became comparable for qualitative analysis, which was conducted with the naked
eye.



4. Results

This section will outline the findings of the GIS analysis. Trends and patterns are described,
and further interpretation of the data will be reviewed in the discussion section. Firstly, an
elevation map will show the major altitudinal zones, which will be subsequently compared
with the general LU maps that were created using the UoM datasets. From the HYDE
dataset, cropland and population density will be highlighted (see also Appendix D).

Figure 5 depicts the elevation model of Northeast India with three major
subdivisions. The division is as follows: [1] Arunachal Pradesh forest zone; [2]
Brahmaputra river basin in the neighboring state Assam; and [3] forest zone in the
northeastern hills (Pawar et al., 2007). Both the UoM and HYDE maps show distributions
that correlate with the elevation map.
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Figure 5: Digital Elevation Model (DEM) of Northeast India with major
subdivisions (Pawar et al., 2007).

4.1. Land use analysis

Figure 6 shows that in 1900, several zones can be distinguished. The north is dominated
by rangeland, with some agriculture and barren land. There is a large tract of forest in
Arunachal Pradesh (subregion 1 of the elevation map), with a strip of agricultural land in
the Brahmaputra river valley (subregion 2).

Figure 7 shows that in 2000, the same division is noticeable. However, shifts have
occurred in the distribution and extent of the land use types. A large share of barren land
has been replaced by rangeland, agriculture, or forest, and concurrently some extent of
the rangeland has been converted to agricultural land. Especially the conversion of barren
to agricultural land is striking, since barren land is usually classified as having a natural
vegetation status that is scarce and scattered (FAO, 2001; Guler, Yomralioglu & Reis,
2006) or even unculturable (Narain, n.d.), while agricultural land is classified as land where
vegetative cover is extensive and predominantly anthropogenic of origin (FAO, 2001; and
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Figure 7: Land use in Arunachal Pradesh (2000). Created with ArcMap, from UoM dataset.



Gller, Yomrahloglu & Reis, 2006). One possible explanation for this is reviewed in section
5.2. Other noticeable transitions are that of uninhabited to inhabited barren land and forest
and the development of urban area. In addition, there is an expansion of agricultural area
at the expense of forest in the lower elevations. Lastly, an interesting phenomenon
distinguishes the land use trends of India and Myanmar: almost all uninhabited forest in
India has disappeared, while that of Myanmar has slightly expanded.

Generally, there is expansion and intensification of cropland, which is in line with the trend
in the UoM maps. One major difference between the graphs is the absence of a significant
amount of cropland to the north of Arunachal Pradesh, while agricultural land is present
in the UoM maps. In Appendix C3 it becomes clear that the agriculture in this area is in
the form of grazing lands, as opposed to cropland. Evidently, there is a correlation with
elevation since cropland is almost exclusively present at lower elevations. In Appendix D
the UoM and HYDE maps are put side to side for comparison.

Figures 10 and 11 display the population density in Arunachal Pradesh in 1900 and 2015.
These maps show similar patterns to the maps that are previously discussed in this
chapter, namely concentration in the Brahmaputra that intensifies throughout the century.
Once again, there seems to be a correlation with the elevation pattern of the area. When
comparing these figures with Figures 6 and 7, it is striking that the transition from
uninhabited to inhabited barren land on the northernmost border of Arunachal Pradesh is
not reflected in the population figure. Moreover, when comparing those same four figures,
the areas with the greatest population growth in Figure 11 do not necessarily parallel the
areas of urban development in Figure 7. However, some scattered communities can be
distinguished at higher elevations, similar to where cropland has expanded.
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5. Discussion

This section provides the interpretation of key LU changes and subsequently the impacts
on the Bengal tiger population. Additionally, the limitations of this research are outlined,
as well as implications and recommendations.

Following the methodological approach, this chapter will be structured in two sections.
First, major LU changes (1900-2015) will be linked to their drivers. Then, the effect of
these two elements will be used to analyze their impact on the P.t. tigris population in
Namdapha NPTR.

This section will address and explain major LU trends in Arunachal Pradesh. The results
section has revealed clear similarities between the maps from UoM and HYDE and the
elevation map depicted in Figure 5. Agriculture, specifically settled rain-fed cropland (see
Appendix C1/C2), develops in the river valley area just outside of Arunachal Pradesh,
because this valley is situated on ancient alluvial sediments, which are very suitable for
crop cultivation (Lodrick, 2019; Das & Lodrick, 2020). Agricultural suitability, alongside
other factors such as accessibility to fresh water and opportunities for transportation,
explains why the expansion and intensification of croplands and population density go
hand in hand.

In most cases, agricultural expansion is correlated to an increasing food demand
associated with population growth and rising affluence (Amarendra & Narayanan, 2015).
However, population-driven cropland expansion is only slightly relevant in this case.
Despite the abundance of natural resources in the Far-Eastern Himalayas, most of the
farmers, especially those that reside on the hillside, practice agriculture on a subsistence
level because they lack decent infrastructure and facilities (Kumar et al., 2021). Moreover,
farmers are constrained by increasing vulnerability to natural disasters in this fragile
ecosystem, which is ravaged by landslides and erosion during the monsoon season (Kumar
et al., 2021; Rao & Pant, 2001). The extant natural disturbances are likely to be amplified
by environmental drivers in the future, as mentioned in section 2.2, facilitating an even
greater demand for land.

As can be seen in the UoM maps (Figures 6 and 7), urban areas establish near
agricultural areas, which is a common settlement pattern (Ramankutty, Foley & Olejniczak,
2002). Rangeland and forest give way to urbanization and agriculture, which compete
from a LU perspective (Amarendra & Narayanan, 2015). As a result, agricultural lands are
pushed towards more marginalized areas (Ramankutty, Foley & Olejniczak, 2002), in this
case those under greater inclinations where tigers and prey reside. Despite the
vulnerability of the hillside, shifting cultivation is generally practiced at higher elevations.
This practice, also known as jhum, is an inherently unsustainable practice whereby natural
vegetation is burned to clear the land, which is then cultivated for several years and later
abandoned (Lodrick, 2019). This gives rise to further encroachment of pristine forest.

Despite the agricultural expansion and human encroachment, large tracts of natural
forest remain (Basnet et al., 2019), as depicted in the UoM maps (Figures X and X).
Logging and forestry used to make up a signification portion of the gross state product of
Arunachal Pradesh, but since 1970 production has dropped, largely due to environmental



legislation (Lodrick, 2019). Environmental laws possibly also explain the preservation of
uninhabited forest in Myanmar. However, the extent and coherence of this forest area are
under threat from illegal logging and development projects, driven by increasing
demographic pressure.

Two of the established trends put significant pressure on the P.t. tigris population in
Namdapha NPTR: human encroachment and agricultural expansion. Both trends relate to
the three most apparent threats highlighted in the DPSIR framework: direct poaching,
prey depletion, and habitat degradation. Increasing demographic pressure and
urbanization induced a pushing effect of anthropogenic influences toward Namdapha NPTR
for land and food, resulting in encroachment in different areas of the park. The forest
dwellers hunt and trap tigers and their prey (deer, wild boar, sambar, gaur) for bushmeat
and hide. Moreover, the virgin forest is cleared for settlements, (shifting) agriculture, and
resource extraction (Arunachalam et al., 2004; The Arunachal Times, 2022), causing
fragmentation and range contraction. According to Reddy, Srinivasulu, and Rao (2004),
“direct positive correlations exist between habitat richness, prey-base diversity/biomass,
and tiger density”. Hence, reduced habitat quality causes a lower prey density, which leads
to a persistently small tiger population in Namdapha NPTR. The extant tiger population
becomes even more vulnerable because of a subsequent shift in prey selection (Dinerstein
et al., 2007) and the direct and indirect impacts of tiger and prey poaching, respectively.

Further anthropogenic disturbances aggravate the hostility of the environment for
tigers and their prey, partly due to large development projects and associated LU changes.
Arunachal Pradesh’s rugged terrain used to make for limited accessibility, but connectivity
in the state is increasing, partly as a response to urbanization (Lodrick, 2019). The large
tracts of intact forest in Arunachal Pradesh are threatened by projects such as the 157 km
Maio-Vijoynagar Road that passes through Namdapha NPTR. This road, which was
constructed in 1972 and widened in 2011, exacerbates the three most prominent
challenges for tigers: habitat degradation, prey depletion, and direct poaching. Roads can
cause habitat fragmentation and loss of canopy, thereby reducing habitat quality and gene
flow (Kirshna et al., 2013; Carter et al., 2022). According to Carter et al (2022), even
small linear openings, such as a road, can be enough to significantly reduce population
connectivity, posing a threat to the long-term viability of the population. Moreover,
clearing hillside vegetation increases vulnerability to erosion and landslides, which affects
the overall health of the ecosystem. Road development can also distort faunal behavioral
patterns due to traffic noise and lights, such as breeding and migration, and lead to roadkill
(Krishna et al., 2013). Additionally, prey depletion is apparent near infrastructure, and
new roads portend increased human encroachment. As a result, there is easier access to
illegal activities, such as logging and poaching, and human settlement (The Arunachal
Times, 2022; Krishna et al., 2013; Carter et al., 2022). Human access to remote areas in
combination with an increased demand for tiger products greatly intensifies hunting
pressure.

However, the road helps in patrolling and monitoring the PA, thus curbing
encroachment and illegal activities (The Arunachal Times, 2022), and is included in
Namdapha NPTR’s TCP (see section 2.2). Moreover, it might aid in the development of the
local communities that reside on the PA’s fringes (Krishna et al., 2013). Therefore, a trade-
off exists between socio-economic and environmental interests.



In conclusion, Namdapha NPTR is facing multiple threats of agricultural expansion,
habitat fragmentation, encroachments, development projects, poaching, large-scale
resource extraction, and LU change, all of which have impacts that will potentially be
amplified by environmental drivers. However, it is important to note that LU changes rarely
follow standard ecological theories because they are often directly influenced by human
activities (Roy & Roy, 2010), so the exact implications for the P.t. tigris population might
be difficult to predict and susceptible to change.

Although nearly all publications and datasets in this research are peer-reviewed, the data
might be subject to some uncertainty or bias. For the GIS analysis, potential sources of
error are labeling, formatting, generalizing, or digitizing. Moreover, the use of historical
data is often affiliated with more uncertainty than current, measurable data. Specifically
for Arunachal Pradesh, the illegal logging and inaccessibility due to rugged terrain might
reduce the accuracy of the data, which potentially influenced the findings. Furthermore,
both the HYDE and UoM datasets have a relatively low resolution, which limits the amount
of detail in this study. The data is generalized over coarse grains, which does not give an
accurate representation of the reality on a human scale. In addition, HYDE is intended for
analysis over long time series. Nevertheless, these datasets can provide insight into the
distribution of different LU types and the changes that occur over a span of 100 years,
which makes them suitable for this kind of research.

A specific limitation of the UoM dataset is that each grid is only labeled as a certain
LU type, without insight into the intensity. Hence, the created maps provide an overview
of the distribution of different land types, but, for example, they do not provide information
about a potential intensification of agriculture or thinning out of forestland, complicating
data interpretation. This is partly compensated for with the HYDE dataset, which shows
the intensity of cropland, among others. For this research, however, distribution and
general trends over time are most important. Another limitation associated with the UoM
datasets regards the classification of different LU types. The datasets, being sourced from
ArcGIS, do not specify definitions of the LU classifications, which also complicates the
interpretation of the data. For example, part of the barren land in 1900 has been
transformed into agriculture in 2000. However, this same trend is not reflected in the
HYDE cropland map. One possible explanation for this is that there are classification
differences between the datasets, meaning that land classified as barren in UoM might
contain some elements needed for agriculture. However, the class definitions were not
mentioned with the rest of the metadata.

In general, research ought to be as objective as possible, but total objectivity is
often difficult to achieve, especially in qualitative research. This does not only apply to this
thesis, but also the publications used in this research, despite being peer-reviewed and
carefully selected using the criteria mentioned in section 3.2. In this thesis, personal bias
could have affected the interpretation of the findings or the demarcation of this thesis
scope, for example. Subjectivity could also have been involved in the labeling of different
processes in the DPSIR framework since the different components are quite broadly
defined. For example, this research has classified *human activities’ as a pressure, while
others might classify it as a driver. Nevertheless, DPSIR remains a useful tool for
communicating science, partly because of its simplicity. This simplicity, however, is also
subject to some criticism. Svarstad et al. (2008) state that this framework lacks complexity
and does not properly exhibit cause-consequence relationships. According to them, this



results in a bias towards the physical, human-induced side of the problem, while the social
dimension is less pronounced and non-human drivers are ignored. To capture more of the
social issues, ‘Barriers to effective management’ was added as a component in the DPSIR
framework.

By linking interdisciplinary literature, an overview was created of the most prominent
challenges facing tiger conservation in Namdapha NPTR. As mentioned in the introduction,
this study area provides a unique context in which to investigate conservation implications,
because it is a biodiversity hotspot, which is situated in a fragile landscape with great
conservation value and yet faces a plethora of challenges. This research can be seen as a
valuable addition to the existing body of literature, by providing an overview of the
predator’s ecology, and connecting this with regional LU changes and the associated chain
of causal links.

The importance of tiger conservation lies in the interconnectedness of this top
predator with the functionality of the ecosystem. Therefore, researching the cause-effect
relationships of anthropogenic pressure on umbrella species such as the tiger can prove
useful for lower taxa as well. This is especially relevant in fragile landscapes such as the
Far Eastern Himalaya, where maintaining balance is of utmost importance to increase
resilience and safeguard essential ecosystem services.

The findings of this research can provide useful insights for administrating both
short-term solutions within the existing managerial regime and formulating long-term
trajectories on a transboundary scale. However, there are still major gaps in our
understanding of such a landscape approach.

Using the anthropogenic biomes in HYDE and DPSIR-framework, this research has focused
primarily on the role of humans in the dwindling tiger populations in Namdapha NPTR.
Future research could try to capture more complexity regarding non-human drivers,
possibly by adopting another conceptual framework. This research also argues for more
integration between science and management, especially with regard to transboundary
issues. There are promising initiatives in the Eastern Himalaya Landscape, like HI-LIFE,
but future research ought to work towards the functionality of such initiatives because in
poaching and many other transnational problems the practical dimension is lacking.
Therefore, the barriers to effective management could be further studied to better frame
the socio-political context of the problem. To devise a better conservation policy, the
options of traditional knowledge inclusion and involvement of local communities in
decision-making should be explored. Lastly, an interesting addition to the extant literature
would be to have a deeper look into the temporal dimension of tiger conservation and
investigate the time lags associated specifically with drivers of tiger decimation.



Concluding remarks

This dissertation aimed to assess the effect of land-use changes (1900-2015) and
associated drivers on the P.t. tigris population in Namdapha NPTR. It is important to note
that the tiger requires a large contiguous habitat with ample prey and cover and limited
human disturbance. Tiger density seems to be primarily determined by prey diversity
which, in turn, is influenced by habitat quality. According to the results of the GIS analysis,
forest and rangeland give way to agricultural and urban area, hence reducing habitat
quality. Further human encroachment, driven by population growth and increasing
demand for food and land, aggravates the disturbance regime in the park. Urbanization
incentivizes connectivity within Arunachal Pradesh, leading to deforestation for resource
extraction and settlements, and increasing the tiger’s vulnerability to poaching. Moreover,
demographic pressure induces a pushing effect of agricultural land into previously
undisturbed, marginalized areas, where tigers and their prey reside. The most prominent
threats for tigers can thus be subdivided into three major challenges: natural habitat
degradation, prey depletion, and direct poaching.

The unique context of Namdapha NPTR has shown that PAs are fundamental for
restoring tiger populations. However, proper transboundary management is required to
ensure a tiger permeable landscape. Without this, PAs would be like conservation islands
in a vast sea of hostile habitat, hence increasing vulnerability and forming a threat to the
long-term viability of this flagship species.
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Appendices

Diet

No specific ecological analysis about the tigers in Namdapha NPTR was located via the
search engines used in the methodological approach. Therefore, alternative literature
about the living conditions of the P.t. tigris was consulted to provide a general overview
that will aid this research. The publications used for this section give estimates based on
scat analysis. They cover study areas that resemble the conditions in Namdapha NPTR,
namely PAs within the Eastern Himalayas or North-eastern India with comparable prey
species composition. Moreover, additional literature is used to substantiate the
statements. Namdapha NPTR houses species that are repeatedly mentioned in the selected
publications as significant contributions to the tiger’s diet, including sambar (Rusa
unicolor), barking deer (Munticus muntjak), gaur (Bos gaurus), and wild boar (Sus scrofa)
(Namdapha Tiger Reserve, n.d.a; Mukherjee & Sen Sarker, 2013; Selvan et al., 2013;
Reddy, Srinivasulu, Rao, 2004; Karanth & Sunquist, 1995). The figure below displays the
prey preferences for tigers in Pakke Tiger Reserve, which is located in the same area as
NNPTR, Arunachal Pradesh in the Eastern Himalaya, and resembles Namdapha NPTR with
regard to key mammalian species.
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Figure A1: "Comparison of expected observed and expected proportion of
prey in tiger scats" (Selvan et al., 2013)

Interspecific competition
Besides the aforementioned predator-prey interactions, interspecific predator-predator

interactions should also be shortly mentioned. Co-existence of sympatric carnivores is
facilitated by niche differentiation, for example in the selective predation of different
species, body size and age classes of their prey (Karanth & Sunquist, 1995; Johnsingh,
1992; Selvan et al., 2013). In addition, tigers are socially dominant over sympatric
carnivores. Therefore, interspecific tiger density seems to be predominantly determined
by prey abundance rather than interspecific competition (Karanth et al., 2004).

Habitat
Global Tiger Forum (2019) mentions several factors that foster tiger presence in
Arunachal Pradesh:



- Moderate Elevation Complexity
- Moderate Forest Cover

- Gentle Slope

- High Drainage Density

- Low Human Footprint

- Low Temperature Condition

- Moderate Dry Condition

To visualize this, several graphs show the current status of each of these factors:

NOTE: these graphs are directly derived from the Global Tiger Forum report (2019).
Tiger presence was measured using camera trap analysis, in which Namdapha NPTR was
not included.
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Figure B: Land cover in Namdapha NPTR (Lodhi et al., 2013)

Appendix C

As mentioned in the methodological approach, HYDE contains two main categories:
cropland and grazing lands. The former includes a distinction between irrigated and rain-
fed crops (other than rice) and irrigated and rain-fed rice. The latter distinguishes between
more intensively used pasture and less intensively used converted or natural rangelands.
The historical population estimates are represented as total, rural, and urban population,
and in the form of population density and built-up area (Klein Goldewijk et al., 2017).
Grazing lands are excluded from the analysis because the agricultural sector in Arunachal
Pradesh is dominated by cropland (Lodrick, 2019), specifically the cultivation of rain-fed
crops (see Figure C1). A large variety of livestock is reared in the area (Lodrick, 2019),
but there are little spatial implications of its significance to Namdapha NPTR since most of

the grazing lands are north to Arunachal Pradesh (see Figure C2).
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Figure C1: Rain-fed crops, other than rice, in Arunachal Pradesh (1900). Created with ArcMap, using HYDE dataset.
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Figure C2: Rain-fed crops, other than rice, in Arunachal Pradesh (2015). Created with ArcMap, using HYDE dataset.
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Figure C3: Grazing lands in Arunachal Pradesh (2015). Created with ArcMap, using HYDE dataset.
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There is some inconsistency: in the UoM maps, agricultural land seems to retreat from
Namdapha NPTR as time passes, while the cropland from the HYDE data seems to stay
relatively the same. There are many possible explanations for this, including errors in data
or classification differences, as discussed in the limitations section (5.2). Another
explanation would be that the agricultural land is replaced by urban area, because these
two LU types are usually in competition with each other. Moreover, development of urban
area can lead to loss of fertility in nearby cropland (Mandal et al., 2020), which can also
partly explain the retreat of agriculture witnessed in the UoM graphs.
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