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Abstract 

As the human population increases and climate change exacerbates resource scarcity, India’s wildlife faces the 

increasing threat of fragmentation and habitat loss in a human-centric landscape. The wild exists in small semi-

isolated pockets, connected sparsely, if at all, by wildlife corridors. Such wildlife corridors may be the last hope 

for charismatic megafauna such as the Bengal tiger (Panthera tigris tigris). This project assesses the impacts of 

encroachment and land use change on the use of two wildlife dispersal (corridors) connecting Ranthambhore 

National Park (RNP) to other intact forest patches in the larger Ranthambhore Tiger Reserve (RTR) by the tiger 

and other large carnivores. The research objectives are: (1) to quantify land use and land cover change between 

2011 and 2016 in RTR; (2) to assess the effects of this change on the two major wildlife dispersal corridors; and 

(3) to better understand how this affects land cover preference and use by tigers. Field data collection of wildlife 

presence and human encroachment in the two corridors was carried out during May-June 2016, and geospatial 

analysis was used to generate maps for WWF-India, as well as to study the changes in the landscape over the 

five-year period. Major threats to corridors were found to be the expansion of agricultural land, sand mining, 

overgrazing of forest vegetation by livestock, and urban expansion. Agricultural expansion has caused a decline 

in forest and ravine land cover, which are preferred by dispersing carnivores. Most threats were concentrated 

around the northwest corridor, making it a conservation priority. The southeast corridor is also heavily used by 

dispersing tigers as it is mostly characterized by ravines, a preferred habitat type; however, flattening of ravines 

for agricultural expansion and mining brings carnivores into proximity with humans, increasing the potential for 

conflict in the region. Based on these results, we recommend increased protection of the buffer zone of the 

northwest corridor and suggest that remaining efforts be put towards conservation education and stricter 

regulation of land use practices in areas surrounding corridors and intact habitat patches. 

List of Abbreviations 

BRHB – Banas River Habitat Block 
GIS – Geographical Information System 
IUCN – International Union for Conservation of Nature 
KPWLS – Kuno- Palpur Wildlife Sanctuary 
KWLS – Kailadevi Wildlife Sanctuary 
LULC – Land Use Land Cover 
NDVI – Normalised Difference Vegetation Index 
NGO – Non- Governmental Organisation  
RNP – Ranthambhore National Park  
RTR – Ranthambhore Tiger Reserve 
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SCHB – Sewti-Chambal Habitat Block 
SMWLS – Sawai Mansingh Wildlife Sanctuary 
WCS – Wildlife Conservation Society 
WITL – Western India Tiger Landscape 
WWF – World Wildlife Fund for Nature 
 
Introduction 

The leading cause of species loss is habitat loss and the subsequent fragmentation of large tracts of forest land 

(Forman, 1995). Global conservation organizations, such as the World Wildlife Fund for Nature and the Wildlife 

Conservation Society, have examined the major threats to habitat integrity and have various projects in place to 

combat these threats. In the broader sense, conservation efforts largely focus on preserving large tracts of 

habitat and connecting those in a complicated network of corridors that allow for wildlife dispersal between 

major patches. Within India, wildlife habitat exists in isolated small patches in a largely human-populated matrix. 

This lack of connectivity poses a threat to wildlife populations, especially large charismatic species such as the 

tiger that require large territories to survive and reproduce. This is seen in the Western India Tiger Landscape 

(WITL), Rajasthan, India, forming the basis for my research. This stemmed from an internship I did in the 

summer of 2016 with the World Wildlife Fund for Nature – India’s Project Tiger (WWF-India).  

The purpose of this study is to address the pressures from human presence and land use change on wildlife 

dispersal routes connecting major habitat patches within Ranthambhore Tiger Reserve (RTR), a prominent tiger 

reserve made up of Ranthambhore National Park (RNP) and extant wildlife sanctuaries and habitat blocks, to 

one another and to better inform corridor management by WWF-India. The purpose of this report is to create a 

series of useful land cover and wildlife maps that can assist WWF-India in formulating management actions for 

conservation purposes, as well as to provide management next-steps for the tiger dispersal corridors in the 

reserve given encroachment and human activities on the landscape.  

The results are presented as a management guide for the WWF-India WITL office to use in corridor monitoring 

and resource partitioning towards corridor protection. When petitioning for further staff and funds, the office 

must provide data that supports the suggested management intervention. Maps of the landscape, highlighting 

conservation priority zones and wildlife data, are invaluable at such times. Additionally, maps can be used to 

instruct Forest Department staff where to patrol corridors and to identify which villages pose the most threats 

of encroachment. From an ecological perspective, maximizing connectivity for tiger and large carnivore 

movement in the region is key to maintaining a breeding population of keystone species that will help to 

regulate the health of the delicate semi-arid ecosystem that is unique to RTR and the WITL.  
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Wildlife Conservation in India 

India is sixth among twelve megadiverse nations in the world, with approximately 45,000 plant species and 

81,000 wildlife species (Java & Srivastav, 1998). Culturally and ethically, India has an ancient tradition of 

conservation, which is reflected in its constitution, policies, organizations, and laws (Kotwal & Banerjee, 1998). 

As of the late 1990s, India’s forest cover approximated 64.01 million ha (19.47 percent of India’s land area). 

Forests in India are managed by State Forest Departments, for whom the primary objective of management has 

been timber and fuelwood, with non-timber forest produce as a recent development (Kotwal & Banerjee, 1998). 

Attention is focused on a few species that hold high human-use value, without regard for the fact that the 

survival of these species is dependent upon other species in the ecosystem. Major losses in biodiversity can be 

attributed to the overuse and selective cultivation of certain species, as well as habitat loss, fragmentation, and 

pollution (Kotwal & Banerjee, 1998). These losses are seen both at a large scale and at smaller scales, such as 

isolated ecoregions i.e. the WITL.  

The Wildlife Institute of India divided the natural landscapes of India into ten distinct biogeographic zones: Trans 

Himalayan, Himalayan, Indian desert, semi-arid region, Western Ghats, Deccan Plateau, Gangetic plain, 

Northeast India, Islands (Lakshadweep, Andaman and Nicobar), and the Coastal region. While these regions 

represent distinct ecoregions, they are marked by human activity, especially by changes in consumption 

patterns and urbanization. The advent of the Green Revolution in the early 1960s increased agricultural output 

through a heavy dependence on inorganic fertilizers and pesticides. The soil and water pollution resulting from 

this period has further degraded biodiversity throughout India (Java & Srivastav, 1998).  

Given the pressures on natural resources and lands in the 21st Century, conservation efforts in India must be 

reshaped to take into consideration various factors. In a nation with a growing population and an increasing 

livestock population, it is easy to formulate strategies and actions, but difficult to translate these into on-the-

ground action. Wildlife management in India tends to adopt a catch-all sentiment, where a regulation drafted in 

one national park is expected to be applied across all national parks and wildlife reserves in the nation. While a 

lofty goal, this is not feasible, given the range of biodiversity and local pressures across India. For one, the 

carrying capacity of each individual wildlife reserve and ecoregion must be taken into separate account. Present 

land-use policy, the land tenure system, and exploitation of forest resources must be revamped and monitored 

in order to address the needs of wildlife and ecosystems given the current dependence on natural capital (Java 

& Srivastav, 1998). Additionally, the establishment of protected areas is a tried-and-tested method of protecting 

natural forest cover in India. Protected areas serve to educate, benefit, and provide recreation for the people 

who visit and live within their boundaries. Establishing a protected area, however, does not guarantee socio-
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economic development and species conservation. Stakeholder involvement, especially locals living within 

protected area, is key to minimizing resource dependency on the core forest cover in protected areas. This 

requires as much a change in attitude of field staff and wildlife managers as it does cooperation by local villagers 

(GOI, 1992). One method of ensuring local cooperation is the increase in compensatory incentive programs and 

rural development. Alternative livelihoods and land uses are key to the continued protection of wildlife habitat 

in rapidly- developing nations such as India (Java & Srivastav, 1998). However, in a desperate attempt to secure 

habitat for wildlife in a developing nation, the Indian government set aside funding to begin the institution of 

national parks in the country. Stakeholder involvement would later follow, once the groundwork was laid.  

The Institution of National Parks in India 

India has 75 National Parks and 421 sanctuaries covering 140,675 km2 in area, which constitutes 4.2 percent of 

the total geographic area. India holds six RAMSAR sites1 and five World Heritage sites2 (Kotwal & Banerjee, 

1998). Importantly for tiger conservation, India has 23 tiger reserves covering 30,497 km2, where over half of 

India’s wild tiger population resides.   

Since 1978, the Commission of National Parks and Protected Areas (CNPPA) of the IUCN has followed the 

following categories and management objectives for protected areas (Java & Srivastav, 1998): 

Category I Strict Nature Reserve/Wilderness Areas: Protected areas managed   mainly for science or 

wilderness protection. 

Category II National Park: Protected areas managed mainly for ecosystem conservation and 

recreation 

Category III Natural Monument: Protected areas managed mainly for conservation of specific 

natural features. 

Category IV Habitat/Species Management Areas: Protected areas mainly for conservation through 

management intervention.  

Category V Protected Landscape/Seascape: Protected areas managed mainly for 

landscape/seascape conservation and recreation. 

                                                           
1 The RAMSAR Convention on world wetlands is an international treaty on the conservation of wetlands, signed in 1971 
(http://www.ramsar.org)  
2 The World Heritage sites in India are Kaziranga, Sundarbans, Manas, Nandadevi, and Keoladeo National Parks. 

http://www.ramsar.org/
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Category VI Managed Resource Protected Area: Protected areas managed mainly for the sustainable 

use of natural ecosystems.  

In India, management is under way for protected areas in Categories II, IV, V, and VI. Often times, areas 

belonging to Categories I and III occur outside of protected areas and sanctuaries. Within the Indian system, 

National Parks fall under Category II, Wildlife Sanctuaries fall under Category IV, and Biosphere Reserves fall 

under Category VI. Category V are all areas maintained for the protection of catchments of rivers, sea coasts, 

and purely for recreation (Java & Srivastav, 1998).  

Anti-Poaching Efforts and Wildlife Law 

While national parks are meant to be kept inviolate so as to maximize biodiversity and ecological processes, 

wildlife sanctuaries are zones where humans and wildlife frequently intermingle, and therefore wildlife law has 

provided for certain activities and rights of tribes living within sanctuaries in India. The Wildlife Protection Act of 

1972, Section 29 states that: “no persons shall destroy, exploit or remove any wildlife or its habitat within a 

sanctuary except under, and in accordance with the permits granted by the Chief Wildlife Warden, and no such 

permit shall be granted unless the State Government is satisfied that such destruction/ exploitation or removal 

is necessary for the improvement and better management of wildlife therein” (Pahwa, 2011). Additionally, 

according to Section 24(2)(c) of the Wildlife Protection Act of 1972, local people living within the limits of 

wildlife sanctuaries may continue to hold their rights over their land, provided that the rights are compatible 

with the long-term objectives of conservation of the protected area (Pahwa, 2011). While many local traditions 

are sympatric with objectives of wildlife conservation, in many cases, no efforts are taken to educate local 

communities about the ecosystem services provided by forest and wildlife towards long-term sustenance (Java 

& Srivastav, 1998).  

A major impediment to wildlife conservation across India, especially in Rajasthan, is the illegal wildlife trade. It is 

important to note that not all wildlife trade is illegal; numerous species are bought and sold on the market 

legally in the pet, food, ornamental plant, leather, tourist, and medicine trades. There are three types of 

poaching: subsistence poaching, for basic food and survival provisioning; commercial poaching, for monetary 

profit; and trophy poaching (Mathur & Kaushik, 2008). In Rajasthan, certain species are traded for specific goods 

(Table 1). 
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Table 1. Species commonly traded in Rajasthan’s wildlife trade. 

Wildlife Species Reasons Poached or Traded 
Tiger, Leopard, Sloth bear Skin, bones, tissue for oriental medicinal trade 

and fashion trade 
Reptiles: python, cobra, sand boa Street performances, fashion trade 

Monitor lizard (Uromatrix) Skin, used in drums; oils used as aphrodisiacs 
Turtles and crocodilians Food, shoes, purses 

Pheasants: partridges, peacocks Feathers, medicinal value 
Blackbuck, giant squirrel Private collections; zoos; circuses 

Non-human primates Biomedical research 
Cage birds: parakeets, mynahs, ducks, storks, 

waders, partridges, quail, buntings 
Food, pet trade 

Falcons: Lagger, Saker, Peregrine Sports 
Insects: Butterflies, beetles Ornamental 

 

The illegal wildlife trade is injurious to ecosystem health as it targets rare and/or keystone species in the 

landscape. It also disproportionately targets certain species (see above table), such as the Indian pangolin 

(Manis crassicaudata), which is currently extinct in its former range in Rajasthan (The Illegal Wildlife Trade, 

2016). India lost 74 tigers between Jan-Jun 2016, with 30 deaths attributed to poaching and seizure, 26 tigers 

found dead with cause unknown, 12 deaths attributed to intraspecific fighting, and the rest attributed to direct 

or indirect human-wildlife conflict (RNP, 2016).  

 

Figure 1. Wildlife Protection Society of India’s annual tiger poaching statistics (WPSI 2015) 

Poachers in the WITL commonly target tigers, leopards, and sloth bears. During 2014-15, fifteen tigers were 

reported as missing from Ranthambhore, with poaching cited as the most likely cause (Mishra, 2015). 
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Authorities in the park were inadequately equipped to investigate the disappearances. The loss of tigers in RNP 

is a significant blow to the reputation of the park and to the conservation of the species, as RNP is, as previously 

mentioned, a last stronghold for an isolated sub-population of arid-zone tigers (Wright, 2010). Additionally, the 

disproportionate removal of carnivores from the landscape reduces top-down control of species richness and 

diversity in the ecosystem. In Ranthambhore, the carnivore population keeps grazing by wild ungulates to a 

healthy and manageable level; without pressure from tertiary consumers, the plant species richness of RNP 

would be far lower than it is today, allowing for the spread of desertification into the eastern part of Rajasthan 

(Bagchi et al., 2003). Another negative effect of poaching is the spread of invasive species – both floral and 

faunal – through the ecosystem, as has been seen with the exotic species Prosopis juliflora. Invasive species 

crowd out native plants that support the biodiversity of the ecosystem, with far-reaching conservation 

consequences. The illegal wildlife trade is deleterious to ecosystem health and species conservation in India and 

in other developing nations across the world.  

The History of Tiger Conservation in India 

The Royal Bengal tiger (Panthera tigris tigris) is the national animal of India, and the keystone species in India’s 

forests. Indeed, the species flourished throughout the subcontinent for centuries, up until the early 1900s, 

where it is documented that “over 80,000 tigers…were slaughtered in a period of 50 years from 1875 to 1925” 

(Wright, 2010). With the increase in development and national economic growth, both of which are antagonistic 

towards conservation priorities, biodiversity loss was widespread across India. In 1972, the national tiger 

population census only recorded 1,827 tigers. The average rate of decline of tigers in India was 530 tigers per 

annum, with the number of tigers in 1900 recorded at 40,000 individuals (Quili, 1999). In order to combat this 

shocking decline, then Prime Minister of India, Indira Gandhi, and the Government of India launched Project 

Tiger in 1973. The aims of the project are twofold: 

1. To limit factors that leads to reduction of tiger habitats and to mitigate these by suitable management 

actions. Damages to habitat were to be rectified to facilitate the recovery of the natural ecosystem. 

2. To ensure a viable breeding population of tigers for economic, scientific, cultural, aesthetic, and 

ecological values (Panwar, 1987). 

Project Tiger is administered by the National Tiger Conservation Authority, with a field director responsible for 

each reserve and a steering committee headed by a director. The project covers several habitats, including: 

Shivalik- Terai Conservation Unit; Northeast Conservation Unit; Sundarbans Conservation Unit; Western Ghats 



9 
 

Conservation Unit; Eastern Ghats Conservation Unit; Central India Conservation Unit; and the Sariska 

Conservation Unit (Project Tiger, 2016). Creation of the reserves followed the “core-buffer” strategy: 

• Core area: Core areas are free of all human activities and have the same legal status as a national park 

or a wildlife sanctuary. Human disturbances (including lopping, felling, gathering of forest produce, 

grazing, or camping) are strictly prohibited. 

• Buffer areas: Buffer zones are subject to “conservation-oriented land use practices”. They are composed 

of both forest- and non-forest land. The purpose of the buffer is to both provide supplemental habitat 

for spillover wildlife populations from the core region and to provide co-development opportunities to 

surrounding communities for relieving their impacts on core habitat (Panwar, 1987). 

From an original nine reserves covering an area of 9,115 km2, the number of reserves increased to 15 by the late 

1980s, covering a total area of 24,700 km2. By 1997, 23 tiger reserves were established in India with a total area 

of 33,000 km2; however, simultaneously, India underwent a series of large-scale development projects, of which 

dams and mines affect ecosystems on a wide scale (Project Tiger, 2016). There are currently 47 recognized 

Project Tiger reserves in India (Appendix A1). 

The creation of tiger reserves has faced objections and public pushback due to the development pressures faced 

by many villages in and around tiger reserves and wildlife sanctuaries. While most village relocations from core 

areas has been voluntary and compensated, these relocations have also created livelihood changes for much of 

the rural population competing with wildlife for a finite natural resource pool (Kotwal & Banerjee, 1998).  

Impediments to Tiger Conservation 

India has taken several steps to improve the survival chances of the wild tiger, but various hindrances to 

conservation efforts still remain prevalent. The fact is, the tiger cannot be preserved in isolation. As a keystone 

species, the survival of the tiger depends upon the preservation of the entire ecosystem in which it is sustained, 

and the health of the forest depends upon the presence of the tiger in turn (Thapar, 2006). A lack of political 

willpower, corruption, the rush for economic development, and a burgeoning urban migration has generated 

further tensions between conservationists and the rest of the Indian population. Below are a few major 

impediments to tiger conservation in 21st Century India. 

Habitat Fragmentation: Losing Connectivity between Valuable Patches 

Habitat fragmentation is one of the major threats to maintaining a genetically-diverse and healthy 

metapopulation of tigers across their home range. Tigers are highly territorial carnivores with an 
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average female home range size of 16.9 km2 (Woodroffe & Ginsberg, 1998). They are also wide-ranging, 

with young tigers dispersing large distances after maturation. Male tigers disperse larger distances than 

do females, crossing between protected areas and establishing new territories that overlap with those 

of several females (Wikramanayake et al., 2004). As Ranthambhore is already one of the smallest Project 

Tiger reserves, preservation of core habitat is critical to maintaining a viable tiger population.  

Encroachment 

Another impediment to wildlife conservation that is perhaps unique to the Indian scene are the 

presence and rights of scheduled tribes and traditional forest dwellers in their native lands. Nearly 250 

million people are estimated to live in and around forests in the country, with a tribal population of 

around 100 million. These people are listed as Scheduled Tribes, defined as historically- disadvantaged 

indigenous people in India (Govt. of India, 2012). The Parliament of India, in December 2006, passed the 

Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of Forest Rights) Act, which 

recognizes and vests the forest rights and occupation in forest land in tribes that dwell in and utilize 

forest land and have done so for generations. To obtain rights under this law, tribal communities must 

satisfy the following conditions: 1) they must primarily reside in forests or on forest lands as defined by 

the Indian Forest Act; 2) they depend upon forests and forest land for livelihood; and 3) the above 

conditions have been true for a minimum of 75 years. Alternatively, tribal communities must prove that 

they are members of a Scheduled Tribe, from Section 2c of the Act, and that they are residing in an area 

where the specific tribe is scheduled to occur, from Section 4(1). Section 4(2) of the Act describes a 

procedure for resettlement of locals from areas if necessary for wildlife conservation; the relocation 

must be proven to be scientifically necessary and the only alternative. Additionally, the local community 

under question must consent to the resettlement. Finally, resettlement must provide both 

compensation and a secure livelihood (Govt. of India, 2007). Primary opposition to this Act comes from 

wildlife conservationists, who fear that this law will make it impossible to create spaces free of human 

presence for the purposes of wildlife conservation, especially with regards to tiger, elephant, and rhino 

conservation schemes (Thapar, 2007). Under the Indian Forest Act, the definition of a forest was never 

defined with conservation or ecological measures in mind; government forests were designated without 

recording livelihoods and persons in those regions. Hence, 60 percent of national parks in India today 

have unresolved land ownership and usage rights issues with local tribes living within park boundaries 

(Govt. of India, 2007). Additionally, when forests are converted into government property, this opens 

the door for more ‘useful’ claims to that property than conservation.  
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Sawai Madhopur district has a Scheduled Caste and Tribe population of 20.9 percent and 21.4 percent 

respectively, with a majority of the district’s population listed as rural (Census of India, 2011).  Given the 

importance of RNP for tiger conservation in western India, scheduled tribes frequently encounter 

hostility regarding their daily use of forest lands. Additionally, the presence of humans in the forest 

poses a threat to the integrity of forest lands, yet all conservation decisions must consider the rights of 

these communities that depend upon the forest for livelihoods and have done so for decades. 

Additionally, the study area and RNP are not devoid of human influence; more than 50 villages are 

located within the Banas-Sewti-Chambal Habitat Block and village lands occupy potential wildlife habitat 

in the buffer zone of RNP and KWLS (Appendix A2). The number of villages surrounding a national park 

or protected area determines the amount of agricultural land and privately-owned land in the region, 

which has conservation implications.  

Missing Connections: A Lack of Data on Habitat Metrics 

In developing nations, a variety of socioeconomic issues causes fewer resources to be set aside for the 

advancement of knowledge of ecology or wildlife. In states such as Rajasthan, Haryana, and Bihar, in 

India, where annual income and education levels are low and gender inequality is high, NGOs focused on 

development tend to do better than do those focusing on conservation. However, Rajasthan, with its 

unique habitats and rare species, has a dire need for more data on habitat and threats to local 

ecosystems. WWF-India has various programmes set up across the state that address eco-development 

alongside wildlife conservation; however, a lack of staff, especially field biologists and ecologists, leads 

to a lack of data to use in drafting management plans. Without a scientific foundation, management 

plans cannot be implemented. Combating this lack of data will be key to improving ecosystem 

management in developing nations such as India, where a host of other issues are competing with 

conservation for public awareness and funding.  

Lost in Translation: The Inability to Connect Science to Management Actions 

Wildlife science, unlike many other disciplines, faces a stark divide between science and management in 

a field that cannot afford to separate the two. Wildlife biologists and ecologists are highly 

knowledgeable about their focal species and the ecosystems within which they work; however, 

managers from non-scientific backgrounds head many conservation NGOs and government 

organisations operating in these regions. While these organisations hire biologists and ecologists to 

conduct the research behind the management objectives, it is imperative that managers have a better 
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understanding of the ecosystems they manage. Continuing the divide between data and tangible action 

creates gaps in management plans or shortsighted objectives that fail to address the interconnected 

needs of different trophic levels in the ecosystem. If conservation in India is to expand in the future, it is 

important that scientists focus on using known data to advise management actions. Data collection, 

however vital to proper and timely management, is useless unless it can be incorporated into tangible 

goals and these goals are translated into actions.  

An Introduction to Wildlife Corridors 

A landscape is composed of three individual components: patches, matrix, and corridors. Patches are habitat 

types embedded in the more widespread matrix (Anderson & Jenkins, 2006; Forman, 1995). The matrix can 

either be original or modified habitat types. Corridors connect habitat patches and/or original habitats and are 

structurally unique in the landscape, both through shape and purpose (Anderson & Jenkins, 2006). In an 

unfragmented, fully-functioning landscape, organisms, nutrients, and energy are conducted through the 

landscape either through linear or nonlinear features. In fragmented landscapes, landscape ecologists envision 

corridors as key to restoring and enhancing the conduit function in altered landscapes (Anderson & Jenkins, 

2006).   

Scientific literature has grouped corridors into five broad categories based on form and function (Anderson & 

Jenkins, 2006): 

1. Habitat Corridors: A habitat corridor is a linear strip of habitat that connects two larger patches of the 

same habitat type. The purpose of such corridors is to enhance the protection of and to increase the 

area of rare habitats by linking small-scale protected areas.  

2. Ecological Corridors: An ecological corridor is designed primarily to restore or maintain ecological 

services in the landscape, such as the restoration of water quality. This term is often used synonymously 

with the term “biodiversity corridor” or “biological corridor” (see below). 

3. Biological Corridor (Biodiversity Corridor): Biodiversity corridors are large-scale landscape linkages, such 

as the Mesoamerican Biological Corridor (Miller, Change, & Johnson, 2001) or the Terai Arc connectivity 

project for Asian elephants in Northeastern India and Nepal (Government of Nepal, 2015).  

4. Movement Corridor (Dispersal Corridor, Wildlife Corridor): Dispersal corridors are designed to promote 

the movement/migration of specific species or groups of species. Some dispersal corridors consist of 

anthropogenic linkage features, such as underpasses or bridges designed for movement around and 

over roads and other blockages in an increasingly-human mosaic of landscape patches. The dimensions 
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of such corridors varies from narrow linear connections between two patches to large landscape extents 

that network multiple patches.  

5. Corridor Networks: These are systems of corridors that braid through highly-degraded or hostile 

landscapes. Europe and India both have a growing need for corridor networks given population 

encroachment on the natural landscape.  

Another broader categorization of corridors divides them into linear or landscape corridors (Anderson & Jenkins, 

2006). A brief description of both are included below: 

1. Linear Corridors: These corridors provide a single, continuous linkage between two or more larger 

habitat blocks. They are created to maintain or restore target species’ populations, facilitate the 

movement of short-ranged species, to link habitat fragments, and to expand local ecosystem services. 

(Ex: Atlantic forest corridors for golden lion tamarins in Brazil)  

2. Landscape Corridors: These corridors provide a network of connections between a mosaic of ecosystems 

that extend over a large area. Their purpose is often to maintain or restore an entire ecosystem, to allow 

for the movement of far-ranging migratory species, to link habitat or ecosystem mosaics, and to allow 

for large-scale restoration of ecosystem services. (i.e. Yellowstone to Yukon Corridor in Canada and the 

USA)  

Linear corridors are more appropriate on small scales and in relatively- disturbed landscapes, while landscape 

corridors are appropriate in less-disturbed landscapes where it is possible to maintain connectivity over large 

areas. Linear habitats are highly vulnerable to disturbance or edge effects from the surrounding matrix. In order 

to minimize the additions of edge habitat to the landscape, the ideal corridor must have an interior strip 

sheltered from edge effects. Certain edge effects can also reduce corridor conservation value, including 

(Anderson & Jenkins, 2006): 

• Increased microclimatic extremities; 

• Greater susceptibility to disturbances, such as fire 

• Higher abundance of common, disturbance-tolerant species; 

• Release of predators or herbivores, thus destabilizing food webs; and 

• Increased exploitation of habitat by humans 

The more different the corridor habitat and the matrix habitat, the more severe the edge effects will be. The 

sensitivity of target species to disturbance will determine the impacts of edge effects on species’ use of dispersal 
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corridors within a landscape (Anderson & Jenkins, 2006). Additionally, there are recognized benefits derived 

from increasing landscape connectivity (Table 2).  

Table 2. Ecological benefits and ecosystem services provided by increasing landscape connectivity through 
corridors (Forman, 1995; Bennett, 1999). 

Benefits of Increasing Landscape Connectivity 

Biological Diversity Agriculture, Forestry Water Resources Recreation, Aesthetics 

• Maintenance of 
species richness 

and diversity 
• Recolonization after 

local extinctions 
• Colonization of new 

or recovered 
habitat 

• Enhancement of 
gene flow 

• Pathway for 
seasonal migration 

• Windbreaks for 
crops, pasture, 

livestock 
• Reduction of soil 

erosion by wind and 
water 

• Source of forest 
products (timber, 

firewood, non-
timber forest 

products) 

• Maintenance of 
groundwater levels 

and quality 
• Flood regulation 

and mitigation 

• Wildlife observation 
• Environmental 

education 
• Hiking, camping 

 

The ecosystem services derived from connected, high-functioning landscapes provide much of the support for 

corridor construction. While some of these services, especially those categorized under Biological Diversity, do 

not directly impact people, corridors provide numerous benefits to human settlements and populations on the 

edges of forest habitat (Anderson & Jenkins, 2006). With the rise of the eco-tourism industry, there is scope for 

further development of ecosystem services related to improving habitat quality and increasing network 

connectivity for wildlife dispersal.  

Use of Corridors by Wildlife 

Empirical studies focus exclusively on the population responses of wildlife within corridors, but do not compare 

these responses with those of wildlife living in the surrounding matrix. Many studies have thus far focused on 

small species and local-scale movements; the use of corridors by megafauna such as elephants, tigers, and lions 

has been largely ignored in ecology, although these species have the highest need for landscape connectivity 

(Simberloff et al., 1992). Wildlife responses to corridors are highly species- and scale-dependent. Habitat 

generalists (i.e. white-tailed deer, chital) can exploit large tracts of a landscape and utilize both corridors and 

disturbed matrix equally. However, understory species are less disturbance-tolerant, with more specific niche 

requirements. A species’ response to corridor use is also highly scale-dependent. The Asian elephant (Elphas 
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maximus) migrates over large distances, crossing state boundaries and following ancestral trails that are heavily 

fragmented and in near proximity to human settlement. Large-scale networks of corridors that follow historical 

migration paths as closely as possible are key in reducing human-elephant conflict and ensuring continued gene 

flow between elephant populations (World Land Trust, 2015). This need for large-scale corridor networks is seen 

in tiger conservation as well.  

Designing Dispersal Corridors 

Creating wildlife corridors requires investment of time and resources, accompanied by the uncertainty of the 

corridor’s usefulness in facilitating species’ movement and genetic flow. Various studies have reached a 

consensus on the criteria that must be considered when building corridors, covered in this section. 

1. Criteria and Objectives  

Corridors should be designed with multiple objectives in mind. Selecting land for corridor delineation is 

also important. WWF-Bhutan rated land for suitability according to specific criteria (World Wildlife Fund- 

Bhutan, n.d.), including:  

• Abundance of target wildlife or their prey (focal species); 

• Width of the narrowest constriction (corridor width); 

• Movement of key wildlife species (connectivity); 

• Condition of habitat canopy and undergrowth (habitat quality); 

• Levels of human disturbance (habitat quality); and 

• Occurrence of forest fires and terrain slope (landscape features, quality) 

Using this scoring guide, corridors in Bhutan are at least 1-3 km wide with intact forest canopy, minimal 

human disturbance, and flat to moderately- steep terrain. Evidence of wildlife movement is also a key 

criterion (World Wildlife Fund- Bhutan, n.d.). Scientists, in order to minimize potential negative impacts 

and to maximize biological value, have also generated some general design guidelines (Harris & Scheck, 

1991; Noss, 1993; Thorne, 1993).  

• Only link patches that were formerly connected and contain naturally- contiguous habitat types; 

this helps avoid introduction of invasive species 

• Minimize connection of disturbed patches to higher-quality habitat 

• Identify and preserve existing natural corridors such as dispersal routes or riparian zones 
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• Place corridors along altitudinal and latitudinal gradients to maximize biodiversity and account 

for climate change 

• Avoid large stretches (>2 km) without nodes and build redundant connections via networks and 

alternative connections 

It is important to recognize that corridors and other landscape elements are dynamic and that future 

adjustments to corridor design may be necessary in order to maintain connectivity. It is also important 

to understand the regional context within which the corridors will operate; in the Terai Arc Landscape of 

Northeastern India, elephant conservation takes place in a maze of tea plantations and individual 

plantations. Corridors become vital for avoiding the wrath of tea farmers and individual support is 

difficult to come across in the region, within which elephants are viewed as no better than common 

pests (World Land Trust, 2015). Challenges to corridor implementation are both technical and non-

technical, and there is no set rulebook to follow in designing corridors on the ground. In landscapes with 

a lot of human pressure, a bottom-up approach of community eco-development and involvement may 

be better, whereas top-down implementation works well in regions already used to government 

involvement (Anderson & Jenkins, 2006).  

The advent of technology has been invaluable in improving the accuracy and reach of corridor analysis 

and delineation in larger landscapes. Software programmes such as R-Studio, various toolboxes in 

ArcGIS, and Circuitscape, to name a few, combined with the aforementioned design principles, allow for 

increasingly accurate corridor analyses in wildlife conservation (CorridorDesign, 2007-2013). However, in 

heavily- fragmented landscapes, such as that of eastern Rajasthan, corridor delineation can be as simple 

as studying a map of the landscape and assessing the available forest patches for wildlife movement in 

an otherwise human-manipulated matrix.  

2. Species-Specific vs. Multiple-Use Corridors 

When designing corridors, it is important to decide whether the corridor will be primarily used by a 

certain species or by multiple species. If the corridor is designed to serve a focal species, an in-depth 

understanding of that species’ basic ecology and life- history traits is vital. Biologists and ecologists often 

design corridors to meet the needs of large carnivores or other far-ranging, endangered species, 

understanding that this will protect other species as well. Scientists may consider one of three focal 

species when designing corridors: 
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• Keystone Species: A keystone species has a strong impact on its ecosystem. Removing this 

species will be detrimental to ecosystem processes and may trigger the decline of other species 

in the ecosystem. Large carnivores are often keystone predators within the landscapes they 

inhabit.  

• Flagship Species: A flagship species is a charismatic animal that easily generates public support 

for conservation (i.e. the giant panda, the tiger).  

• Umbrella Species: An umbrella species requires resources and habitats that support a variety of 

other species and/or ecosystems. Conservation efforts aimed at preserving umbrella species 

often have far-reaching conservation benefits. These species usually have: large area needs; 

specific habitat requirements; well-understood life histories; and good chances of population 

stability and/or reintroduction to the area prioritized for conservation (i.e. the grizzly bear in the 

Yellowstone to Yukon Corridor).  

In the case of the WITL, the tiger serves as all three of the above focal species types. Conservation of the 

tiger allows for top-down control of herbivore populations in the reserve, thus allowing the understory 

of the forest to remain healthy. The tiger is also a globally- recognized face, quick to gain support and 

sympathy both within and out of India, making it an ideal flagship species for conservation. Moreover, 

tigers serve as umbrella species within the larger ecosystem due to their large habitat requirements, 

their influence on sympatric carnivores as well as herbivores in the ecosystem, and their potential for 

reintroduction, as was seen in Sariska Tiger Reserve.  

Study Area: Ranthambhore Tiger Reserve, Rajasthan, India 

RTR spans 1334 km2 in the semi-arid region of eastern Rajasthan, spanning the districts of Sawai Madhopur (sub-

districts Sawai Madhopur and Khandar) and Karauli. It is one of the major components of the WITL (Fig. 2). The 

core area of the reserve is RNP (392 km2) (Fig. 3). There are 332 villages within five km of the reserve boundary 

with > 150,000 people and their livestock in the landscape (Singh et al. 2015). The national park itself alters 

between dry deciduous forests and open meadows, with three lakes and a popular tourist site, Ranthambhore 

Fort. The ecoregion is Kathiarbar-Gir dry deciduous forest ( (Singh & Shrivastava, 2007). The buffer zone of RTR is 

composed of Kailadevi Wildlife Sanctuary (KWLS) in the district of Karauli, Sawai Mansingh Wildlife Sanctuary 

(SMWLS) and the Qualji closed area in Sawai Madhopur district, and portions of Indragarh, in Bundi district 

(Shah et al., 2015). Another important patch in the RTR buffer zone is the Sewti-Chambal Habitat Block (SCHB), 
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which is a primary linkage patch between RNP, KWLS, and Kuno-Palpur Wildlife Sanctuary (KPWLS) (Fig. 4), in 

the neighbouring state of Madhya Pradesh (Shah et al., 2015).  

 

Figure 2. The Western India Tiger Landscape spanning Rajasthan and Madhya Pradesh in north-western India. The Chambal 
River is the political border between the states. Map prepared by Sailaja Nayak of WWF-India WITL (2015).  
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Figure 3. Ranthambhore National Park political (A) and physical (B), with inset map (C) displaying park location within India. 
The two states, Rajasthan (yellow) and Madhya Pradesh (pink) are also displayed in C.  
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Figure 4. True-color satellite image of Kuno- Palpur Wildlife Sanctuary (A) and land cover land use map of the same (B), with 
inset map of sanctuary location within India.   

The Banas River and several villages separate Kailadevi Wildlife Sanctuary from RNP. Connectivity between RNP 

and KWLS is key to maintain the Kuno-Sheopur linkage3, which, along with RNP, would allow for long-term 

dispersal and survival of arid-zone tigers in the WITL. Within RTR, the Ranthambhore-Kailadevi-Kuno Corridor 

holds importance for tiger dispersal between RNP and KPWLS (Shah et al., 2015). The corridor has two major 

linkage pathways: 

a. Banas River Habitat Block (BRHB) connecting RNP-KWLS: This habitat block connects RNP with KWLS 

across the Banas River. The corridor is approximately 30 km2 in area, and has had at least six tiger 

migrations over the past decade (Shah et al., 2015). The most prominent geographic feature in the BRHB 

                                                           
3 Kuno-Sheopur refers to the wildlife dispersal route between Kuno-Palpur Wildlife Sanctuary and Sheopur Territorial Forest 
in Madhya Pradesh. Both Kuno and Sheopur are part of the WITL.  
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is ravines, making it critical tiger habitat. Other common land cover classes seen here are agricultural 

land and sand/bare ground. Minimal forest cover exists, and that which exists is sparse thorn scrub 

forest comprised of Anogeissus pendula. Most of the BRHB is revenue land4, which poses a threat to the 

protection of this land parcel (Fig. 5).  

 
Figure 5. Banas River Habitat Block between RNP and KWLS. The corridor crosses the Banas River. Image classified 
by P.Ranganathan, WWF-India  
 

b. Sewti-Chambal Habitat Block (SCHB) connecting SCHB-KWLS: The SCHB is a heavily fragmented portion 

of KWLS, but one that holds tremendous potential for increasing tiger dispersal if properly managed. It 

connects to KWLS through the ravines of Baler and the Chambal. The land cover is primarily ravines 

created by the confluence of the Banas and Chambal rivers (Fig. 6).  

                                                           
4 Revenue land is, in India, agricultural land that may not be used for industrial or residential purposes (Phalan, Onial, 
Balmford, & Green, 2011) 
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Figure 6. Land use land cover map of Sewti-Chambal Habitat Block (Western India Tiger Landscape).  

All of the land in the WITL are historically tiger territory; however, habitat loss, fragmentation, and poaching 

have restricted tiger populations primarily to RTR, with a smaller reintroduced population in Sariska Tiger 

Reserve to the north of RNP (Shah et al., 2015; Rodgers & Panwar, 1988). Preservation of remaining tiger habitat 

is key if reintroduction and successful genetic drift are to continue in the WITL.  

The Work by WWF-India Western India Tiger Landscape in Rajasthan 

Rajasthan has 4.70 percent of its land under forest cover, of which 26.7 percent is restricted to the districts 

Sawai Madhopur and Alwar. These two districts are well-known for the only two tiger reserves in the state – 

Ranthambhore and Sariska, respectively. As these two reserves form the only arid zone meta-population of 

tigers in India, the conservation of forest land and wildlife in these reserves is paramount. WWF-India has been 

an established presence in Ranthambhore since the Ranthambhore Eco-Development Project in the 1990s. The 

pressure to develop a large forest network connecting various protected areas in the region led to the 
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establishment of the WITL in 2012 by WWF-India. The vision of the WITL is “to improve the protection, 

management, and connectivity through functional corridors, resulting in the dispersal of tigers and other 

species, ensuring the demographic and genetic viability of the last remaining western population of tigers in 

India” (World Wildlife Fund for Nature-India, 2015). Interventions by WWF-India in the WITL include: capacity 

building of staff, including those hired by the Rajasthan Forest Department; assessing the functionality of wildlife 

corridors, to which this project contributed heavily; and the monitoring of dispersing tigers between tiger 

reserves (World Wildlife Fund for Nature-India, 2015).  

Ecology of Ranthambhore Tiger Reserve 

To better grasp the management needs of RTR, it is necessary to understand the ecology of the reserve. RTR is 

home to a wide variety of flora and fauna, in part due to its favourable geomorphology and its geographical 

location between the Aravallis and the Thar Desert. Species diversity and richness are both high within RTR, with 

top-down pressures allowing for floral species richness (Alam et al., 2011). Species interactions allow for 

continued genetic diversity both within and between species, and also determine species’ presence in the 

corridors and species densities found within these corridors.  

Wildlife 

Major large carnivores in RTR include the Bengal tiger (Panthera tigris tigris), Indian leopard (Panthera 

pardus fusca), sloth bear (Melursus ursinus), Indian wolf (Canis lupus pallipes), and the striped hyena 

(Hyaena hyaena). Smaller mesopredators include the Golden Jackal (Canis aureus), caracal (Caracal 

caracal), jungle cat (Felis chaus), desert cat (Felis silvestris), honey badger (Mellivora capensis), and two 

species of mongoose (Herpestes smithii, Herpestes edwardsii). Major prey species include: sambar (Rusa 

unicolor); nilgai, or blue bull (Boselaphus tragocamelus); chital, or spotted deer (Axis axis); chinkara, or 

Indian gazelle (Gazella bennettii); wild boar (Sus scrofa); and black-naped hare (Lepus negricolli). 

Livestock is a common occurrence within the park and its buffer zone. Common livestock in RTR include 

buffalo, cattle, and goats (Shah et al., 2015).  

Ranthambhore is best known for its arid-zone tigers, a genetically- distinct subgroup of the Royal Bengal 

tiger found throughout India and parts of Southeast Asia. Geographical separation is likely the cause of 

this genetic divergence (Singh et al., 2014a). Within Rajasthan, tigers are limited to the eastern portion 

of the state in the dry deciduous and the Aravallis and the Vindhyas border this thorn- scrub landscape 

(Singh, 2011). The tiger is a large, solitary carnivore that relies primarily upon the stalk-and-rush 

technique of prey acquisition. A bulk of the tiger’s diet is made up of wild pigs and large deer, such as 
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sambar. Tigers can take prey much larger than themselves, including the gaur, or Indian bison (Bos 

gaurus), and the Indian water buffalo (Bubalus bubalis) (Sunquist et al., 1999). The preferred prey size 

class is around the same weight as the tiger itself. Per research by Hayward et al. 2012, significantly-

preferred prey are sambar and wild boar, with significantly-avoided species being chital, chinkara, nilgai, 

macaque, langur, and peafowl (Hayward et al., 2012). Tigers generally require >5 kg meat daily to 

maintain body condition (Sunquist, 1981). Within RNP, the principal prey density (#/km2) is 60.6 and the 

corresponding adult tiger density (#/100 km2) is 11.46, one of the highest in India (Karanth et al., 2010). 

Studies have shown a strong positive relationship between prey abundance and tiger densities (Karanth 

& Nichols, 2000). It is also noteworthy that the tiger is a habitat generalist and can be found along forest 

edges, though it preferentially occupies dense forest near year-round water sources (Wikramanayake et 

al., 2004). The other big cat species in RTR, the Indian leopard, is also a crepuscular hunter, but is 

primarily arboreal, preferring to take its kills up into trees to avoid conflict with co-predators. The 

leopard is smaller than the tiger but inhabits the same range, though tigers are known to use roads and 

human trails more often than do leopards (Sankar & Johnsingh, 2002). Both cats are sensitive to edge 

effects (Ngoprasert et al., 2007). This smaller cat will hunt in areas providing sufficient cover despite 

lower prey densities when sympatric with the tiger (Stein et al., 2016). In arid and semi-arid 

environments, where prey density is low, the leopard holds a large home range, limited only by the 

presence of sympatric carnivores. More so than the tiger, the leopard is likely to hunt livestock when 

faced with a depleted prey base (Stein et al., 2016; Athreya et al., 2013).  

The striped hyena and Indian wolf also occupy the semi-arid thorn-scrub forests of RTR, and all four 

species frequently use ravines for dispersal between isolated habitat patches in the landscape. Wolves 

hunt in packs of ten to twelve individuals, and typically take down large bovids and cervids, such as the 

sambar, chital, nilgai, and chinkara. They are commonly found close to water sources but occupy a large 

territory. They have also been documented in the Thar Desert (Sharma et al., 2002). The hyena 

preferentially occurs in open and light thorn scrub habitats in arid to semi-arid climes, but avoid true 

deserts such as the Thar (AbiSaid & Dloniak, 2015). The potential for human-wildlife conflict is high with 

both hyenas and wolves, as they exist outside the boundaries of formally- protected areas in semi-

pastoral to agriculture-intensive land (Krithivasan et al., 2009). Hyenas are not migratory species; they 

maintain their home ranges throughout their life span (AbiSaid & Dloniak, 2015). The hyena is primarily 

a scavenger, and its population depends heavily upon the presence of large carnivores, such as tigers, 

leopards, and wolves, which make large kills that hyenas can scavenge upon. Perhaps one of the boldest 

species in RTR, the striped hyena is unafraid of people and is often found scavenging in and around 
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human settlements, although the species is traditionally crepuscular. The sloth bear, too, is commonly- 

found in RTR. Indeed, India holds 90 percent of remaining sloth bear habitat today (Dharaiya et al., 

2016). A species much sought-after by poachers, the sloth bear is highly aggressive and only has one 

natural predator – the tiger. Currently, not much is known about habitat preferences of the sloth bear, 

though they have been recorded in thorn- scrub forest as well as denser moist- evergreen forests. 

During the dry season, they are recorded to prefer alluvial grasslands, such as those at the edges of RNP 

by the Banas River channel and in KWLS (Garshelis et al., 2016).  

Major prey species of the tiger are the nilgai, chinkara, chital, and sambar. The former two are classified 

as bovids, and preferentially use areas with greener trees. Bovids are more tolerant of livestock grazing, 

degradation yielding less grass cover, and can occupy a scrub-woodland habitat (Bagchi et al., 2003). 

Nilgai evolved in arid environments characterized by scrub vegetation, and chinkara are related to 

African gazelles, thus adapted to open environments. The cervids – sambar and chital – require a higher 

shrub density and more grass cover. They tend to remain closer to water points and are intolerant of 

livestock grazing. Sambar evolved in forested environments, while chital are adapted to both forest 

edges and ecotones. These distinct habitat requirements create preferential prey zones that overlap 

with predator territory in RTR. Prey density strongly governs predator presence in wildlife reserves 

across India, with a higher density of large prey such as sambar and nilgai determining densities of large 

carnivores such as the tiger (Bagchi et al., 2003). Indeed, the sambar is most strongly correlated with 

tiger presence and densities in RTR; this deer has a diet less specialized than the other three ungulate 

species and a marked preference for undulating territory, making it a common species found in ravines. 

They mostly use Anogeissus-dominated forest and strongly avoid scrubland and agricultural land 

(Chatterjee et al., 2014). Habitat preferences of these species govern the interactions between wildlife 

and humans in RTR’s fragmented forests, as well as in the buffer zone of RNP and dispersal corridors.  

Vegetation 

The vegetation of RTR is highly varied. Forest type is largely dry deciduous scrub forest (Champion & 

Seth, 1968). Plateaus are generally grassland, while seasonal streams are surrounded by dense dhak 

(Butea monosperma) forests. The dhak is capable of withstanding long periods of drought and is one of 

the few flowering plants that adds color to the dry summer landscape (WWF-India, 2016). The three 

major lakes within RNP – Padam Talav, Mallik Talav, and Raj Bagh – are lined by banyan trees (Ficus 

benghalensis) and pipal trees (Ficus religiosa). Perhaps the most common species in the Aravallis is the 

dhok (Anogeissus pendula), which is a short scrubby tree that grows despite poor, shallow soil 



26 
 

conditions and can grow easily on rocky surfaces. Anogeissus pendula is the major component of the 

typical thorn-scrub forest that comprises RTR; RTR is the single largest expanse of dry deciduous A. 

pendula forest left intact in India (Alam et al., 2011). Other species include: the babul (Accasia nilotica), 

gurjan (Lannea coromandelica), gum (Sterculia urens), khajur (Phoenix sylvestris), and khair (Accasia 

catechu). The khair is deemed very valuable across India due to the edible properties of its bark (Flora 

and Fauna, 2016). The SCHB and the BRHB are strongly dominated by Prosopis juliflora and Prosopis 

cineraria (locally known as khejri) (Shah et al., 2015).   

Geomorphology 

The intrusion of the Vindhya hill system has shaped the terrain of Ranthambhore to be mostly rugged 

and hilly, partially due to the Great Boundary Fault (Fig. 7). The highest point of RTR is Gazella Peak at 

507 m above sea level. The lowest altitude is still quite high at 244 m above sea level, at Bodal. The hills 

primarily display sandstone bedding with igneous deposits (Roy & Jakhar, 2002). Multiple smaller 

seasonal streams feed into the Banas, a seasonal river that, in turn, flows into the Chambal (Alam et al., 

2011).  The Chambal is one of India’s major rivers, originating in the Vindhyas and forming the state 

border between Madhya Pradesh and Rajasthan. It travels 885 km until it joins the Yamuna River, which 

in turn empties into the Ganga. The Chambal is distinctive for its ravine system proximal to its 

confluence with the Banas. Additionally, the river is home to the National Chambal Sanctuary, a 425 km-

long stretch of the river where the endangered gharial (Gavelis gangeticus) and mugger, or marsh 

crocodile (Crocodylus palustrus) are protected in large numbers (World Water Database, n.d.).  
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Figure 7. Elevation map of the study area (Banas-Sewti-Chambal Habitat Block) within Ranthambhore Tiger Reserve. 
DEM downloaded from LP-DAAC ASTER collection. 

Threats to Conservation in the Reserve 

While RNP itself is relatively threat-free, the buffer zone around the park faces various issues stemming from 

encroachment and forest resource-use livelihoods. Population growth and changes in population density around 

RNP poses threats to wildlife in and around the park. The population of Sawai Madhopur district has steadily 

increased over the past century, with exponential growth from 2001 to 2011 (Fig. 8) (Census of India, 2011).  In 

2001, the population density in the state of Rajasthan was 165 persons per km2; in 2015, this density increased 

to 201 persons per km2 (Census of India, 2011).  
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Figure 8. Graph of the decadal change in the population of Sawai Madhopur district from 1900-2011 

(Census of India, 2011). 

Grazing pressure is yet another threat in the RNP buffer zone and in KWLS. Poor management of village grazing 

lands and regular livestock browsing in forest land has created a depleted grassland habitat, putting resource 

stress on wild ungulates in the region (Shah et al., 2015). Continuous herder movement from western Rajasthan 

into the Aravalli hills, especially during the dry summer months, exacerbates pressure on the natural forest 

ecology of RTR. Overgrazing suppresses natural understory regeneration and allows for invasive species 

proliferation (Shah et al., 2015).  

Mining has been a major threat to ecosystem integrity in RTR. The BRHB has traditionally seen an increase in 

limestone, boulder, and sand mining over the past five years. A lack of documentation and enforcement capacity 

has allowed the number of mines to increase exponentially in the region (Ministry of MSME- Development 

Institute, n.d.). Mining can cause further habitat fragmentation around the habitat blocks in RTR, which are 

already pressured from grazing and population growth in bordering villages.  

The flattening of ravines also poses a threat to the ecology of RTR, especially to dispersing wildlife. Ravines are 

the preferred landform used by tigers dispersing from RNP to KWLS and from SCHB to KWLS and to KPWLS in 

Madhya Pradesh. Leopards and wolves have been recorded using ravines for migration as well, although these 

species have smaller home ranges and population densities within RTR than do tigers. Ravines are a unique 

geographical feature to RTR and occur along both the Banas and the Chambal. In 2015, the government of 
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Madhya Pradesh drafted a plan to convert 700 km2 from forest and ravine cover to agricultural land. Of this 

land, 180 km2 are to be leveled (Shah et al., 2015).  

Additionally, cultural and religious events within RNP, at Ranthambhore Fort, causes additional stresses upon 

wildlife and forest ecology. During the winter season, there is heavy foot traffic through KWLS, with nearly 

200,000 visitors visiting the Kailadevi temple during the winter annual fair (Shah et al., 2015). Combined with the 

pressure of nomadic herders, tourism ventures, and villagers commuting through RNP, the stresses to the 

ecosystem from human interventions are numerous.  

Methods 

Thus far, we have discussed the conservation needs, present conditions, and elements to designing corridors in 

RTR. This next section describes the research I conducted on the land use change and land cover of the wildlife 

corridors in order to assess their viability as dispersal routes, as well as the conservation value and threats to 

both corridors in question. The methods used include mapping land cover change between 2011 and 2016, 

locating and mapping wildlife presence and use of the dispersal corridors, and calculating the use patterns of 

land cover by tigers in RTR.  

Management Objective  

Ranthambhore’s wildlife corridors face heavy human encroachment, creating spaces for human-wildlife conflict 

and the degradation of a highly-sensitive ecosystem. The WWF-India WITL team has a vested interest in 

maintaining connectivity for the movement of large carnivore species between RNP and neighboring habitat 

blocks. While tiger movement has been a management priority thus far, the use of these dispersal routes by 

other wildlife has not been a focus of the organization. Tigers, as apex predators in this harsh landscape, are a 

flagship species for the park, especially considering the tourism industry revolving around tiger sightings in RNP.  

Since 2012, the WITL office has focused on building a comprehensive database of land cover, wildlife presence, 

and threats in the region; conclusive and useful data was lacking at the time of my internship. A lack of maps of 

the landscape and of land use patterns made management decisions difficult to support; this need was the 

foundation of my project. The specific question I sought to answer was: how does land use change and human 

encroachment affect carnivore use of wildlife corridors in RTR. My methods focused on the following objectives: 

1. To map land use land cover (LULC) change from 2011 to 2016 in both the study area and the specific 

dispersal corridors with regards to human encroachment; 
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2. To conduct a rapid yet comprehensive assessment of wildlife presence in dispersal corridors in the study 

area with the aims of: 

a. Recording preferred and most used land cover types; and 

b. Assessing predator and prey presence in corridors and noting which species are using corridors 

for movement; and 

3. To analyse human threats to corridor integrity, and how these threats may affect wildlife using these 

corridors, especially large carnivores that preferentially require undisturbed land.  

Field Methods 

In order to understand land use changes in the study area, we needed to build data to use in ground- truthing 

satellite imagery analysis. This was done through field surveys. The two primary purposes of the fieldwork were: 

to document wildlife presence in the study area; and to map land use patterns in the landscape. Based on 

preliminary maps of the region, the dispersal corridors were easy to recognize; the next step was in assessing 

whether wildlife actively used these corridors to migrate between RNP, KWLS, and SCHB. Ground- truthing of 

agricultural extents and human interference (mining, extraction, expansion of settlements, etc.) was used to 

indicate regions of land use change in the five-year period. Fieldwork was carried out between May 30, 2016 

and June 15, 2016 with the help of trained observers affiliated with WWF-India and the Forest Department of 

Rajasthan.  

1. Wildlife Presence  

Wildlife presence was documented by transect walk surveys and rapid assessments of the corridors. Routes 

were developed from a reconnaissance survey one week prior to field work. Surveys were conducted twice a 

day for three weeks. Prior to walking survey routes, a beginning and an end node were selected and plotted 

on Google Earth; these nodes were meant to cover the corridors lengthwise. Routes were plotted based on 

connectivity service between the habitat blocks (Fig. 9). They were also based on the likelihood of wildlife 

using these routes under the assumption that wildlife are avoiding agricultural land and villages when 

migrating. The surveys specifically avoided revenue land as the focus was on the corridors connecting the 

habitats, not on the matrix. Routes were randomly generated between the two nodes, two surveyors 

walking a single route. One surveyor took GPS coordinates and the other was the scribe; both surveyors 

actively looked for wildlife signs. Surveyors followed wildlife trails through the landscape, not man-made 

routes. Morning surveys were approximately ten kilometres in length and carried out between five and 

eleven a.m. Evening surveys varied from five to eight kilometres in length and were carried out between 
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four and eight p.m. While surveying, both surveyors noted all signs of wildlife presence encountered on the 

routes, including: direct sightings, pugmarks and hoofmarks, scat and pellets, scrapes and rakes, calls, drag 

marks, and kill sites. Camera trap data on corridor wildlife was used for nocturnal species’ documentation 

and to identify the specific tigers using different corridors.  

2. Land Use Land Cover Ground Data 

The surveys also covered land use and land cover ground data in the study site. First, we used a GPS to map 

the boundaries of individual agricultural fields found along the corridors. Agricultural boundaries and village 

boundaries were recorded at intervals of 100 ft. Anthropogenic pressures such as mining, lopping, felling, 

flattening of ravines, extraction, expansion of settlements, burning, poaching or wildlife trapping, and 

expansion of agricultural fields were noted and GPS coordinates were recorded. These boundaries and land 

use ground- truthed data were plotted on Google Earth to verify the accuracy of land parcel extents.  

Figure 9. Wildlife rapid assessment routes walked during field surveys, May-June 2016, based on wildlife dispersal 
routes mapped. 
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Land Use Change Analysis  

The wildlife presence data, coordinates of agricultural lands, and human interference data were brought back to 

the project office and imported into Excel for further use in mapping the routes traveled. The mapping software 

used was ArcGIS® by ESRI. First, wildlife data was added into ArcMap® as XY data using latitude and longitude 

coordinates, and exported to shapefile format. Village locations, based on ground and Google Earth data, were 

similarly mapped. Satellite imagery of the study area was obtained from the United States Geological Society 

(USGS) Landsat imagery archive. I downloaded the Landsat 4/5 TM imagery package for May 2011 and Landsat 8 

OLI/TIRS imagery for May 2016 based on the dates covered by each satellite (Table 3).  

Table 3. Comparing and contrasting the bands and wavelengths of each band in Landsat 4/5 TM and Landsat 8 OLI/TIRS, the 
two satellites used in this research. 

Band Number Wavelength (micrometers) 

 Landsat 4/5 Thematic Mapper (TM) 
1985-2013 (decommissioned) 

Landsat 8 OLI/TIRS 
2013-present 

1 0.45-0.52 (blue) 0.43-0.45 (ultra blue) 

2 0.52-0.60 (green) 0.45-0.51 (blue) 

3 0.63-0.69 (red) 0.53-0.59 (green) 

4 0.76-0.90 (Near Infrared) (NIR) 0.64-0.67 (red) 

5 1.55-1.75 (Shortwave Infrared) (SWIR) 0.85-0.88 (NIR) 

6 10.40-12.50 (thermal) 1.57-1.65 (SWIR 1) 

7 2.08-2.35 (SWIR 2) 2.11-2.29 (SWIR 2) 

8 ----------- 0.50-0.68 (panchromatic) 

9 ----------- 1.36-1.38 (cirrus) 

10 ----------- 10.60-11.19 (Thermal Infrared) (TIRS) 

11 ------------ 11.50-12.51 (TIRS) 

 

May imagery was selected as it overlaps with the period when fieldwork was carried out and, since May falls in 

the pre-monsoon season, the imagery is free of cloud cover. The satellite imagery was displayed using 

multispectral bands5 to enhance visualisation. Using a remote sensing software, ENVI version 5.1, I performed 

atmospheric and geometric corrections on the imagery and mosaicked the separate tiles together using the 

Mosaic tool in the same software. I used Multispectral bands for both 2011 and 2016 mapping. The 

multispectral band is a pre-stacked image created from layering all individual bands atop one another. The next 

                                                           
5 Multispectral imagery is a part of the Landsat imagery download package provided by USGS Earth Explorer. 
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step was to perform a Supervised Classification on the imagery using ENVI. A Supervised Classification has three 

main steps: select training areas; generate a signature file; and classify the data. Using the Image Classification 

toolbar (Spatial Analyst toolbox of ArcGIS 10.4.1), I first manually drew polygons that best represented different 

land cover classes, based on ground data and Google Earth imagery from 2016. These same Regions of Interest 

(ROIs) were then applied to the 2011 imagery since I used multispectral imagery instead of individual bands, 

thus correcting for differences in band wavelengths between the sensors (Table 3). I created additional ROIs 

using pixels that fell in different land cover classes, as pixels are more accurate than polygons. The classes that I 

created ROIs for were: vegetation, water, bare rock, bare soil, sand, and cropland. I chose to exclude an ROI for 

the urban class because pixels in this class and pixels in the sand class were equally bright in the sensor given the 

semi-arid nature of the site and the sensitivity of the sensors. After checking that all the classes had distinct 

spectral signatures, I generated a signature file for each polygon and ran a Maximum Likelihood Classification 

with ten classes, where each cell is assigned to the class to which it has the highest probability of being a 

member, on the data (ESRI, 2016). The resulting ten classes had three unclassified and/or inaccurate classes that 

I manually reclassified and combined in ENVI. The final imagery was sorted into seven land cover classes: 

unclassified, vegetation, water, bare rock, bare soil, sand, and cropland. I went back and manually reclassified 

pixels that were inaccurately classified, excluding urban classes given that any feature that might be classified as 

urban was actually a village hutment. Instead, I used ancillary village location data as a separate component of 

my maps and added them in separately. I chose to reclassify the imagery in ENVI 5.1 instead of in ArcGIS® 

because switching between the two programs caused inaccuracies in pixel values during an earlier run. The final 

step in land cover analysis was to generate an accuracy assessment of the supervised classification to determine 

the deviation of the classified image from the actual ground data that I had obtained from fieldwork. To do so, I 

generated a confusion matrix using the ground truth ROIs. A confusion matrix is used to calculate how many 

pixels were incorrectly classified into the land cover classes and how much of this error is attributed to the user 

and how much is due to the lack of sensitivity of either the data or the sensor (Harris Geospatial Solutions, 

2017). This process was used on both May 2011 and May 2016 imagery. Additionally, I downloaded ASTER 

Global DEM 2.0 (2001) from LP-DAAC archives and used it to create an elevation gradient map of the landscape 

to better highlight landforms, especially ravines. The DEM was already created by LP-DAAC; I selected a colour 

ramp that would best highlight the gradient.  

Using the land classifications for 2011 and 2016, I calculated the change in each land cover type in: (1) the entire 

study area, and (2) in each individual wildlife dispersal corridor. I graphed the changes in each land cover class 

using Zonal Histogram in ArcGIS and also calculated the percentage of each corridor occupied by each land cover 

class. This data was later used to quantify land cover types most used by tigers and other dispersing wildlife. I 
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isolated the two corridors and separately calculated the percentage of each corridor’s land area falling in each 

land cover class. To do so, I created change maps highlighting changes in vegetation and cropland, in line with 

the assumption that these two classes would be most different in the five-year period. I isolated the vegetation 

class and the cropland class into separate layers in ArcGIS for each year and each corridor, and then subtracted 

the extent from 2011 from that in 2016. The products were two four-panel graphs highlighting land cover 

change in each corridor along with vegetation and cropland change in each corridor. Note that these land cover 

statistics cannot be directly compared statistically between years because they are based on images classified 

separately.  

I used a Normalized Difference Vegetation Index (NDVI) to evaluate the change in vegetation cover over the five-

year span. Research has long supported the use of the NDVI for vegetation monitoring and as a proxy for forest 

cover (Gandhi et al., 2015). In this study, NDVI values were used to correlate prey species’ densities with 

vegetation cover across RTR, as well as correlations between NDVI data and land cover in the reserve. NDVI 

values vary based on the absorption of red incoming radiation by plant chlorophyll and the reflectance of near 

infrared (NIR) light from water-filled leaf cells (Gandhi et al., 2015). First, the NDVI raster was created for the 

two years (2011, 2016) individually by using the following equations: 

Landsat 8 OLI/TIRS: NDVI = (Band 5- Band 4)/ (Band 5+ Band 4) 

Landsat 4/5: NDVI = (Band 4- Band 3)/ (Band 4+ Band 3) 

The satellite bands were pulled from multispectral imagery6 for both years and analysis was performed using the 

Image Analysis toolbar in ArcGIS®. All imagery was pre- and post-processed for geometric and atmospheric 

corrections prior to downloading. The output NDVI indices for both years were reclassified using the Reclassify 

tool in ArcGIS® to range between -1 and 1, where a negative NDVI implies less chlorophyll (“greenness”) and a 

positive NDVI implies more chlorophyll; the NDVI thus acts as a proxy for vegetation cover. An increase in 

negative NDVI on water features could be caused by an increase of water contaminants such as suspended 

solids or chlorophyll (Pettorelli, 2013). Greener and denser vegetation has a low red-light reflectance and a high 

NIR reflectance and thus a high NDVI. The opposite is true of sparse vegetation or regions of non-

vegetation/bare ground (Gandhi et al., 2015). The NDVI can also help in assessing crop health between years or 

growing seasons; however, given that this study was completed in May, which is not within the growing season 

in Rajasthan, the NDVI was not considered particularly useful in assessing the spread of agricultural lands over 

the landscape or in assessing the health of croplands. Maps can be found in the appendix (Appendix B)  

                                                           
6 Multispectral imagery is a part of the Landsat imagery download package that is provided by USGS Earth Explorer  
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Human Encroachment on Wildlife Dispersal Corridors 

The next portion of the analysis studied human encroachment on the known wildlife dispersal corridors. First, 

Google Earth imagery was used to trace and map the boundaries of agricultural land and urban agglomerations. 

As Google Earth imagery is collected and updated every 16 days, this was a useful way of obtaining the most 

recent data on land use and land cover. The boundaries were plotted in ArcGIS from CSV format into XY point 

data. Ground- truthed locations of mining and other intrusive activities were also added to this layer. Using the 

Draw toolbar in ArcGIS, I created polygons isolating agricultural land extents from other land cover types based 

on field and Google Earth data, and used the Area function in the layer attribute table to calculate the area of 

agricultural land in 2011 and in 2016 in the study area based on the number of pixels in each polygon and the 

pixel size, which was listed in the Source information of the shapefile. This was useful in seeing how human 

agricultural expansion has progressed in the five- year study period. Data on land ownership was also obtained 

from the Khandar tehsil office, and maps of land ownership were used to verify public (Forest Department- 

owned) and private (village- owned) land delineation (Unnamed, 2016).  

Given that the focal species for conservation is the tiger, I then looked closer at how tigers and other carnivores 

were interacting with different land cover classes in the wildlife dispersal corridors. Given that I only had wildlife 

presence data for the corridors, I chose to exclude the rest of the study area, which is mainly human-occupied, 

from this part of the analysis. I overlaid tiger, leopard, and wolf presence on the map of land cover for 20167 and 

calculated the frequency of each species’ occurrence in the different land cover types. To analyse the statistical 

significance of the use of different land cover types by different species, I performed a Chi-squared Goodness of 

Fit test using STATA statistical software (StataCorp., 2015).  

Results 

Wildlife Presence 

The original reconnaissance survey led the team to believe that the RNP-KWLS corridor and the SCHB-KWLS 

corridor were most used by dispersing wildlife given both preliminary wildlife signs in the corridors and the 

matrix between the patches. The corridor between RNP and SCHB was heavily cultivated, making it less suitable 

for wildlife movement while avoiding human-wildlife conflict. Extensive surveys along wildlife dispersal routes 

indicates that most wildlife movement occurs between RNP and KWLS in the northwestern region of the study 

area (Fig. 10), with heavy tiger dispersal in particular occurring between KWLS and SCHB along the Chambal (Fig. 

                                                           
7 I could not perform this part of the analysis on 2011 imagery given that we did not have wildlife presence data for 2011 
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11). The presence of ravines in the latter allows for greater ease of movement without detection, conditions 

favoured by the tiger. Additionally, the striped hyena, Indian leopard, and nilgai were found predominantly in 

ravine ecosystems, classified as bare rock in the satellite imagery. Chinkara were found occasionally, and mostly 

occurred at higher-altitude plateaus near Bhavpur and Khidarpur Jatan, as well as in the region surrounding 

Khandar and Padra Nizamat. Generalist species such as the golden jackal were found throughout the habitat 

block. Indian wolves were also documented along the study block, with concentrated presence in the SCHB and 

in the corridor between RNP and KWLS to the northeast. Tiger, leopard, and wolf presence was particularly 

restricted to the RNP-KWLS corridor, with considerable wolf and tiger presence in the SCHB-KWLS corridor as 

well (Fig. 11).   

 

Figure 10. Predator (golden) and prey (purple) species’ locations during rapid assessment surveys in study site. Background 
imagery is from the multispectral band of Landsat 8 OLI/TIRS satellite from May 2016 (USGS Earth Explorer). 
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Figure 11. Tiger (Panthera tigris), leopard (Panthera pardus fusca), and Indian wolf (Canis lupus pallipes) presence in the 
study area. Data collected May-June 2016. Background imagery: Multispectral Landsat 8 OLI/TIRS from May 2016 (USGS 

Earth Explorer). 

Indian Wolf movement was mostly noted in the ravines of the SCHB, with limited documentation in the other 

corridor. Tiger movement was predominantly in the northwestern corridor between RNP and KWLS (see Fig. 4), 

although camera traps in the study site also recorded tiger presence in the SCHB patch and the SCHB-KWLS 

corridor. Presence of tigers was noted along the Kailadevi lower border in the Baler range as well (Fig. 12). 
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Figure 12. Tiger (Panthera tigris) presence documented using field surveys and camera trapping during May-June 2016. 
Background imagery: Multispectral Landsat 8 OLI/TIRS from May 2016 (USGS Earth Explorer). 

Camera traps placed between Kathara Sanwas and Banipura also picked up the movement of two tigers in the 

dry canals at the base of the Qila Khandar8 hill, which could prompt human-tiger conflict if natural prey base is 

limited in the territory. Additionally, the base of Qila Khandar is densely populated and livestock grazing is 

rampant in the foothills. Pugmarks and scat of the same male tiger were found on the route between Talawara 

and Sanwata on multiple occasions during the study period, implying that the cats hold large territories when 

space and prey allow for increased strongholds.  

In order to place tiger movement in the context of that of other wildlife, carnivore presence points were 

documented for the landscape (Fig. 13).  

                                                           
8 Qila Khandar is the local name for Khandar Fort 
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Figure 13. Predator (tiger, leopard, wolf, hyena, jackal, sloth bear) presence in the Banas-Sewti-Chambal Habitat Block 
(study area) for May-June 2016. Background imagery: Multispectral Landsat 8 OLI/TIRS from May 2016 (U.S. Geological 

Survey and the U.S. Department of the Interior, 2015). 

A majority of carnivore sightings occurred in the three habitat patches as well as in RNP-KWLS and SCHB-KWLS 

corridors. Ravines appear to be a preferential land cover type for carnivore movement across the landscape. 

Agricultural land saw much less carnivore presence in general; however, our routes did not cover the entire 

extent of cropland, preventing any definite conclusions on that front. However, based on past wildlife presence 

data, this observation seems accurate.  
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Land Use Change 

Since 2011, there has been an increase in the extent of agricultural revenue lands across the entire study area, 

with especial growth in the north encroaching on the Baler Forest Range and KWLS. In 2011, the extent of 

agricultural land is more concentrated to the region between the Banas and the Chambal (Fig. 14) while in 2016, 

agricultural land extends into the corridor regions between the three habitat patches (Fig. 15).  

 

Figure 14. Land cover in the Banas-Sewti-Chambal Habitat Block during May 2011 as classified from satellite imagery. 
Sensor: Landsat 7 TM (USGS Earth Explorer). Villages are in black, with major villages labelled. 

Most vegetation is restricted to the boundaries of RNP as well as the fringes of KWLS. Cropland makes up a large 

portion of the study site, as does bare soil. Regions of bare soil encompassed both villages and fallow land, 

which would be farmed alternatively with active cropland (pale green in the classified map). The Banas River is 

dry and sandy, which is not unusual given the pre-monsoon time of year. Major urban centres are Khandar and 
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Baler, both of which are fair-sized small towns with populations of 12,273 persons and 4,586 persons 

respectively (Census of India, 2011) and larger than the surrounding villages. There is limited sand occurrence 

outside of the riverbeds and occasional patches in and around agricultural land in the center of the study area. I 

performed an accuracy assessment to evaluate how well my classification matched with what the actual land 

cover was, based on ground data, and the results can be seen in the table below (Table 4). 

Table 4. Accuracy assessment results with producer and user accuracy for the May 2011 classified land cover image. 

 Producer Accuracy User Accuracy 
Class Pixels Percent Pixels Percent 

Vegetation 841/860 97.79 841/862 97.56 
Water 1085/1085 100 1085/1085 100 

Bare Rock 877/889 98.65 877/892 98.32 
Bare Soil 1512/1690 89.47 1512/1776 85.14 

Sand 1290/1302 99.08 1290/1293 99.77 
Cropland 2771/3021 91.72 2771/2939 94.28 

 

A high user accuracy implies that a majority of the pixels you classified correspond to the actual ground cover, as 

based on the ROIs used as inputs for the supervised classification. A high producer accuracy implies that a 

majority of the pixels that should be classified in a certain land cover class were properly classified in that class. 

This speaks to the accuracy of the classification used in this analysis. The overall accuracy is 94.68 percent and 

the Kappa Coefficient is 0.9328. The table below displays the sorting of pixels in the imagery into the different 

classes based on the ground-truthed ROIs (Table 5).  

Table 5. Accuracy of pixel sorting into different land cover classes as compared to ROIs. 

Class Vegetation Water Bare Rock Sand Bare Soil Cropland Total 
Vegetation 97.79 0.00 1.01 0.00 0.24 0.26 9.74 

Water 0.00 100.00 0.00 0.00 0.00 0.00 12.26 
Bare Rock 1.28 0.00 98.65 0.00 0.24 0.00 10.08 

Sand 0.00 0.00 0.00 99.08 0.18 0.00 14.62 
Bare Soil 0.81 0.00 0.34 0.92 89.47 8.01 20.07 
Cropland 0.12 0.00 0.00 0.00 9.88 91.72 33.22 

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
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Figure 15.  Land cover classified using ENVI from Landsat 8 OLI/TIRS satellite imagery from May 2016 (U.S. Geological 
Survey and the U.S. Department of the Interior, 2015). Villages are in black, with major villages labelled. 

The amount of sand mining has increased in and along the Banas River channel, noted by observation during 

fieldwork as well as in the slight broadening of the sand in the Banas River in 2016 as compared to the 2011 

image. This is further seen in Figure 18, where current (September) boundaries of land cover and features, such 

as the Banas and the Chambal rivers, are overlaid upon the land cover map for 2016. Vegetation cover has 

experienced an overall decline in the five-year period, with vegetation along the Banas and in the SCHB 

displaying the most drastic retreat. The SCHB also displays a decrease in the extent of ravines near the Chambal 

River, indication of flattening of ravines for mining or conversion to agricultural land. Ground- truthing of human 

activities, most notably mining and flattening of ravines, in the region was used to supplement satellite imagery 

analysis. Ground measurements show that active flattening of ravines is occurring around Rodawad and 

Kachnari in the SCHB and extending five kilometers towards the banks of the Chambal. Similar signs of flattening 
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occur in the portion of the SCHB by the confluence of the Banas and the Chambal. The classification accuracy 

assessment for the 2016 imagery is seen below (Table 6). 

Table 6. Accuracy assessment results with producer and user accuracy for May 2016 classified land cover image. 

 Producer Accuracy User Accuracy 
Class Pixels Percent Pixels Percent 

Vegetation 859/860 99.88 859/865 99.31 
Water 1081/1085 99.63 1081/1081 100.00 

Bare Rock 889/889 100.00 889/889 100.00 
Sand 1298/1302 99.69 1298/1298 100.00 

Bare Soil 1687/1693 99.65 1687/1707 98.873 
Cropland 3006/3021 99.50 3006/3010 99.87 

 

Once again, the producer and user accuracies are almost 100 percent, implying that the classified image closely 

matches with the actual ground data on land cover. This speaks well of the classification and the analyses done 

using the classified imagery. The overall accuracy is 99.66 percent with a Kappa Coefficient of 0.9957.  

Table 7. Accuracy of pixel sorting into different land cover classes as compared to ROIs. 

Class Vegetation Water Bare Rock Sand Bare Soil Cropland Total 
Vegetation 99.88 0.37 0.00 0.00 0.12 0.00 9.77 

Water 0.00 99.63 0.00 0.00 0.00 0.00 12.77 
Bare Rock 0.00 0.00 100.00 0.00 0.00 0.00 10.05 

Sand 0.00 0.00 0.00 99.69 0.00 0.00 14.67 
Bare Soil 0.12 0.00 0.00 0.31 99.65 0.50 19.29 
Cropland 0.00 0.00 0.00 0.00 0.24 99.50 34.01 

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
 

The matrix above shows the partitioning of the pixels in the image into the six land cover classes based on the 

ROIs. This classification was slightly more accurate than the 2011 classification as the land cover ROIs were from 

2016 and therefore correlated better with the satellite imagery.  
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Given that the regions of interest for this study were the two dispersal corridors, I mapped land cover in each 

corridor for 2011 and 2016 and also mapped the change in vegetation and cropland for each corridor separately 

for the two years (Fig. 16, Fig. 17).  

Figure 16. Four-panel map of the corridor between Ranthambhore National Park and Kailadevi Wildlife Sanctuary from 
2011 to 2016, highlighting changes in vegetation and cropland cover. 

The top two panels highlight land cover in the RNP-KWLS corridor in 2011 (top-left) and in 2016 (top-right). 

There is an increase in bare rock in the lower RNP side of the corridor, which may be related to an extended 

drought in 2016 prior to May. The lower-left panel displays changes in vegetation in the corridor, while the 

lower-right panel shows parallel changes in cropland cover in the corridor. It appears that there has been an 

overall decrease in vegetation in the corridor between 2011 and 2016 (red), and a simultaneous increase in 

cropland, although in the northern side of the corridor (KWLS) rather than in RNP. To quantify these changes, 

Table 8a displays the changes in land cover in the RNP-KWLS corridor in area (HA) and as a percentage of the 

total area of the corridor.  

RNP-KWLS Corridor 2011 LULC RNP-KWLS Corridor 2016 LULC 

RNP-KWLS Vegetation Change RNP-KWLS Cropland Change 
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Table 8a. Land Cover Change in RNP-KWLS Corridor 2011-2016 

 

Vegetation and bare soil are the two classes that prominently decreased in the five-year period, with vegetation 

declining comparatively drastically from 0.235 percent of the corridor in 2011 to 0.032 percent of the corridor in 

2016. Cropland, bare rock, and sand increased in area and percentage of total area of the corridor in the same 

period, as was also seen in Figure 16. Small changes in the amount of area classified as water are due to slight 

variations in river flow and depth, with sandbars and more exposed banks seen more frequently in 2016 than in 

2011 given prior drought conditions in 2016.  

To better compare the conditions and encroachment in the two corridors, Figure 17 highlights changes in the 

SCHB-KWLS corridor in a four-panel map. The upper panels show the land cover change, while the lower panels 

display the changes in vegetation and cropland.  

Land Cover Type 2011 Total Area (HA) 2011 % Total Area 2016 Total Area (HA) 2016 % Total Area
Vegetation 2198.61 0.235 302.13 0.032

Water 3.33 0.000 0.00 0.000
Bare Rock 3090.51 0.330 4798.89 0.513

Sand 203.85 0.022 232.92 0.025
Bare Soil 2922.21 0.312 1446.30 0.154
Cropland 943.02 0.101 2581.29 0.276

Total 9361.53 9361.53

RNP-KWLS Corridor Land Use Land Cover (LULC) Change 2011-2016
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Figure 17. Four-panel map of the corridor between Sewti-Chambal and Kailadevi Wildlife Sanctuary in 2011 and 2016, 
highlighting changes in vegetation and cropland extent. 

The lower panels in Figure 17 highlight two important changes in the SCHB-KWLS corridor: the decrease in 

vegetation, as seen in red in the left-hand map; and the increase in newly-active cropland, as seen in gold in the 

right-hand map. These two changes often work in tandem, with an increase in farmed land leading to a decrease 

in natural vegetation. A large portion of the corridor is newly-active cropland, which has implications for human 

interference within both the SCHB habitat patch and the corridor linking it to KWLS. Table 8b quantifies the 

change in the corridor over the five-year period to better understand the magnitude of this change. 

 

 

 

SCHB-KWLS Corridor 2011 LULC SCHB-KWLS Corridor 2016 LULC 

SCHB-KWLS Vegetation Change SCHB-KWLS Cropland Change 
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Table 8b. Land cover change in SCHB-KWLS corridor 2011-2016 

 

While the decrease in vegetation cover here is less prominent than that in the RNP-KWLS corridor, the decrease 

in bare soil is large in magnitude, from 6303.78 ha in 2011 to 1305.90 ha in 2016. In contrast, cropland once 

again increased drastically, more so than in the RNP-KWLS corridor. The area of bare rock also increased, which 

is interesting given the many cases of ravine flattening that the field teams encountered during data collection. 

However, a decline in vegetation and exposure of the bare rock below may account for some of the increase in 

the bare rock class.  

Human Encroachment on Wildlife Dispersal Corridors 

In the past five years, there has been an increase in the intensity of agriculture as well as in population of the 

villages in the study area. This trend is seen across rural India, particularly in the states of Rajasthan, Gujarat, 

and Maharashtra (Karanth & DeFries, 2010). As forest land is increasingly converted to cropland, tigers and 

other large fauna are forced to come into contact with human populations, creating conflict and escalating 

tensions against the conservation movement in India.  

 

Land Cover Type 2011 Total Area (HA) 2011 % Total Area 2016 Total Area (HA) 2016 % Total Area
Vegetation 1769.85 0.096 848.70 0.046

Water 398.34 0.022 369.18 0.020
Bare Rock (Ravines) 8638.38 0.468 9890.91 0.535

Sand 1.53 0.000 0.72 0.000
Bare Soil 6303.78 0.341 1305.90 0.071
Cropland 1360.17 0.074 6056.64 0.328

Total 18472.05 18472.05

SCHB-KWLS Corridor Land Use Land Cover (LULC) Change 2011-2016
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Figure 18. Tiger presence data overlaid on land cover (2016). Privately-owned village land is highlighted, as are the 
boundaries of the SCHB (black) and RNP (purple). Government and NGO jurisdiction in privately-owned land is difficult, 

given land tenureship laws of Rajasthan (Pahwa, 2011). 

Village land in the study area is mostly private-revenue agricultural land, although the extent shown in the map 

also includes urban agglomerations (villages, small towns) and all land belonging to these agglomeration units. 

Both corridors held concentrated numbers of tigers (Fig. 18) and other wildlife. Wildlife presence was also noted 

along the boundary of urban and agricultural land between Bajoli and Kanarda, which is in the Baler Range of 

RNP. In determining the level of interaction between humans and tigers in the RTR landscape, I first graphed the 

land cover in the region and their occupancy by tigers as proportions to allow for comparison (Fig. 19). 
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Figure 19. Land cover occupancy by tigers in the Banas-Sewti-Chambal Habitat Block. 

Within the corridors, tigers were most often found on bare rock, which is directly relevant to the high 

percentage of bare rock cover in the corridors, especially the SCHB-KWLS corridor. I took the analysis a step 

further by running a Chi-squared goodness-of-fit test on the data of tiger occupancy of different land cover types 

against the proportions of the six land cover types in the study area. The Chi-squared test statistic was 87.693 

with five degrees of freedom, yielding a p-value of 2.2e-16. Therefore, the correlation between tiger occurrence 

on different land cover types and the amount of land falling in each class is highly significant. Tigers appear to 

use vegetation and bare rock in larger proportions than these land cover classes occur in the study area, while 

they utilize bare soil and cropland relatively less than these classes appear in the landscape.  

Discussion 

Next, I placed the results of my study in the greater context of corridor viability and preservation in 

Ranthambhore. Given that tigers appear to have land cover preferences in the corridors, I analyzed how human 

encroachment would affect the conservation efforts surrounding these corridors and whether a new set of 

management actions would be required to successfully maintain the dispersal routes for tigers.  
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Corridors Facing the Most Threats 

The RNP-KWLS corridor transverses the dry channel of the Banas River by Sanwata and Talra on the RNP side of 

the river and Bhavpur on the KWLS side of the river (see Fig. 5). The SCHB-KWLS corridor is composed of ravines 

leading from the SCHB to KWLS via Rodawad, Bagora, Kuredi, and Maharajpura (see Fig. 6). The corridor 

between SCHB and Kuno-Palpur was not included in this study due to a lack of resources and time for fieldwork 

in that portion of the WITL. Pressures on both corridors are primarily due to the expansion of agriculture in the 

reserve buffer zone. Both corridors have high incidence of tiger movement, seen both during field surveys and 

using camera trap data. Different threats affect these corridors. RNP-KWLS has a high rate of sand mining, given 

that it crosses a stretch of the Banas River, and three villages in the corridor – Sanwata, Talra, and Talawara – 

have a history of intolerance towards tigers and towards the Forest Department of Rajasthan. Agricultural 

expansion is also seen in this corridor, particularly along the riverbanks. This corridor is particularly useful in 

dispersing RNP’s growing population of tigers into KWLS and Sariska Tiger Reserve to the north. The SCHB-KWLS 

corridor faces a different series of threats. The flattening of ravines is the largest disturbance to the corridor, 

with a marked decline in ravine cover here as well as field observations of ravine blasting. The SCHB patch is an 

important connection between KPWLS, RNP, and KWLS. Connectivity between RTR and KPWLS will allow for 

further gene flow and reduce inbreeding in arid-zone tigers, allowing for persistence of the sub-species. A high 

density of tigers has been recorded in the patch, and these tigers primarily disperse towards KWLS using the 

SCHB-KWLS corridor. Tigers only occupy 344 km2 of forest in the 1,394 km2 reserve, making the population 

susceptible to stochastic changes in genetics and population size (Singh et al., 2015).  

Threats to Corridors in the Banas-Sewti-Chambal Habitat Block 

Given changes in vegetation and land use practices in the study area between May 2011 and May 2016, it 

appears that human activities such as sand mining and expansion of agricultural fields are occurring at a greater 

concentration near the northeaster corridor linking RNP and KWLS. This corridor has documented cases of 

frequent tiger movement over the past five years as well as various traces of the big cat during the most recent 

2016 field study by the WWF- India WITL Project Office, Sawai Madhopur, Rajasthan (see Fig. 5). Additionally, 

the number of sandbars in the Banas River channel, and the extent of sand deposits on the banks of the channel, 

have increased over the five- year period, a part of which can be attributed to riverbed sand mining, 

desertification from concentrated and intensive farming without proper crop rotation cycles, and land 

conversion from forest into fields (Phalan et al., 2011). Riverbed sand mining in Rajasthan has been an increasing 

issue when coupled with illegal mineral mining also found in this state. Significant changes to mineral mining 

procedures in Rajasthan have changed since the National Mineral Policy was initiated in 2008; this was followed 
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by the Rajasthan Mineral Policy in 2011 (Rajasthan Department of Mines, 2015). In 2012, the State Government 

created specific rules for river/stream bed mining to address the growing issue (Rajasthan Department of Mines, 

2015). Given the growth in the construction industry and trends in the past few years, we expect to continue to 

see a growth in illegal mining activities in the study site as the Banas riverbed – a rock-based bed – provides 

opportunities for both sand and mineral/sandstone mining (Ministry of MSME- Development Institute, n.d.). 

This information can be used to advise conservation action plans in the region and to identify the corridors 

under the most threat from human activity. However, as many as 25,000 illegal mines in the state are facing 

closure by the State Government as they have been denied environmental clearances as of June 2016 (Sharmal, 

2016). This may lead to an overall decline in illegal mining activities in the state over time, which will reduce the 

desertification impacts mining poses to the landscape in this semi-arid ecosystem.  

Agricultural expansion is another major threat to corridors in the study site. Approximately 65 percent of 

Rajasthan’s population was dependent on agriculture and related activities for their livelihoods, according to the 

2011 India Census (Census of India, 2011; Jodha et al., 2012). 13.27 percent of the country’s available land is 

used for agriculture in Rajasthan; crops are primarily rainfed and climate and soil patterns vary drastically across 

the state. Sawai Madhopur district falls in the warmer and humid belt, in the flood-prone eastern plain, where 

soil conditions are alluvial and prone to water logging (Swain et al., 2012). Primary crops are pearl millet, 

clusterbean, groundnut, wheat, barley, mustard, and gram (Swain et al., 2012). Unlike a majority of the state, 

which depends on precipitation for agriculture, Sawai Madhopur district has access to Rajasthan’s only perennial 

river, the Chambal, making agriculture a year-round possibility for the rural population of the district (Swain et 

al., 2012; Shah et al., 2015). Rainfall is sparse and irregular, even during the monsoon season (July-September), 

making irrigation provision and efficient water management two of the major challenges for policy makers and 

farmers alike (Phalan et al., 2011). Cropping intensity has faced a slight decline from 2008, when it was 129.9 

percent, to 2010, where it was 128.1 percent; however, overall cultivated area in Sawai Madhopur district has 

increased by seven percent from 1990 to 2010 (Swain et al., 2012). Despite water scarcity and a disagreeable 

climate, Rajasthan has increased its agriculture and livestock herding sectors considerably. This adds pressure to 

forest lands and wildlife corridors as villages in sensitive buffer zones expand the extent of their cropland. 

Additionally, livestock are frequently found within the corridors and RNP buffer zone, which both increases 

chances of livestock depredation and also adds grazing pressure to the sensitive ecosystem of the park and its 

buffer (Shah et al., 2015). Field observations indicated that livestock damages to the RTR ecosystem are ongoing, 

and primary livestock found in the corridors were goats, buffalo, and cattle.  The pressure of land use change 

has made its imprint on the RTR landscape. These activities apply negative pressure on forests in the buffer zone 

around RNP, creating stress for the wildlife population in the region. Cultivation of large sectors of forested land 
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leads to isolated habitat patches, inhibiting gene flow and wildlife dispersal (Joshi et al., 2013; Athreya et al., 

2013; Johnsingh et al., 1990; Singh et al., 2011). 

Management Suggestions for WWF-India WITL  

The WITL faces a multitude of stressors that must be factored into management plans. A major impediment thus 

far has been a lack of staff members. This, put together with a lack of forest department staff available for patrol 

throughout the landscape, creates gaps in the ability to increase active management of the reserve. This section 

addresses the major needs of RTR, many of which extend across the WITL, and tangible actions that the WWF-

India WITL team can take to proactively manage this delicate ecosystem.   

The Management Value of Protecting Corridors 

Wildlife corridors provide important dispersal pathways for wildlife, and provide a buffer region at the edge of 

protected habitat. In a country like India where population growth rates have not yet declined, the pressures on 

wildlife reserves continues to increase each year, causing increased cases of human-wildlife conflict (Singh et al., 

2015). Well-known examples of this include human-elephant conflict in Northeast India (Johnsingh et al., 1990) 

and human-leopard conflict in the Junnar district of Maharashtra (Athreya et al., 2013). Tigers, as a species with 

a large home territory, frequently come into contact with humans, especially in the increasingly human-

dominated landscapes surrounding national parks and biological reserves (Singh et al., 2014a; Singh et al., 

2014b). While RNP is a protected area and thus human-tiger conflict within the park boundaries is limited, the 

spatial extent of protected land is not sufficient to prevent this big cat from coming into contact with humans 

(Dinerstein et al., 2007; Singh et al., 2015). Additionally, land use practices and a lack of native ungulates in the 

buffer zone around the park have led to tigers preying heavily on village livestock, often antagonizing villagers 

and sparking retaliatory killings (Singh et al., 2011). In one study affiliated with the Wildlife Institute of India, it 

was noted that tigers prefer to kill prey with an average mass >82 kg, such as sambar and gaur. Livestock with a 

mass of 150 to 300 kg, such as cattle and domestic buffalo, contributed 71.9% of recorded tiger kills in 

comparison to smaller ungulates such as calves, sheep, and goats (Bagchi et al., 2003; Singh et al., 2015). As 

larger livestock are worth more to herders, this escalates conflict between humans and tigers in the buffer zone 

of RNP (Singh et al., 2015). Attacks on livestock and humans were reported to be highest during the summer 

months and pre-monsoon period, decreasing considerably in frequency post-monsoon and in the winter (Singh 

et al., 2015). Most attacks occurred within villages (53.4%), followed by agricultural fields (44.5%) and in forests 

(1.9%), indicating that tigers will supplement a lack of wild prey with domestic livestock when necessary and will 

even enter human settlements to do so (Singh et al., 2015). Increased livestock vigilance and restoration of 
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commonly-used tiger dispersal routes along the buffer of the park together can help in reducing conflict by 

decreasing the potential for contact.   

Protecting forested lands for the tiger and other large charismatic species also provides ecological sanctuary for 

species lower down on the trophic chain. Often times, smaller, less-charismatic species – yet equally important 

in functional ecology – cannot garner enough support from conservationists to set aside protected areas for 

their needs. However, in setting aside entire tracts of forest as tiger reserves or protected areas, these lesser-

known species are able to thrive and increase their stronghold, thereby increasing the ecological benefits of 

tiger reserve forests past just saving tiger populations from the brink of extinction. These other species – both 

flora and fauna – help to increase ecosystem health and often provide indirect benefits such as river restoration, 

water purification, decreased presence of invasive species in the ecosystem, and greater biodiversity, thereby 

improving the overall health of the ecosystem (Joshi et al., 2013). While humans do not always directly 

experience these benefits, the indirect benefits generated by tiger forests can be invaluable. Given issues of 

water pollution faced by millions across the nation, restoring and preserving buffer zones and ecologically-

biodiverse regions can have enormous ecosystem service returns (Joshi et al., 2013). Therefore, preserving 

wildlife corridors and ecologically-sensitive buffer zones around RNP have effects on wildlife and the greater 

ecosystem that far exceed simply providing travel routes for migrating large fauna.  

Community Implications of Conserving Wildlife Corridors from RTR to KWLS 

Conserving wildlife corridors not only benefits wildlife using those corridors for dispersal, but also the locals who 

rely upon various ecosystem services provided by the forest for survival. Tree felling and lopping, activities that 

were noted during field data collection, provides fuel and income to villages bordering the jungle. One hundred 

percent of wood for fuel by facilities associated with RTR buy locally produced wood (Karanth and DeFries, 

2010). Additionally, 83 percent of employees at Ranthambhore in 2008 were locals to Sawai Madhopur and 

surrounding villages (Karanth and DeFries, 2010), a figure that has faced a slight increase in the past years. Many 

staying facilities (hotels, hostels) in and around the national park purchase local produce and poultry, providing 

steady income to locals during the tourist season, which lasts nine months in the year (Karanth and DeFries, 

2010). Overall, RNP has seen an increase in ecotourism, which directly benefits the people living in and around 

the national park. Continuing to preserve the forest and its buffer zones will add value to wildlife tourism as well 

as provide security to the livelihoods of people in the buffer zone. Given the harsh climate in Sawai Madhopur 

district and the ability of most farmers to only grow one water-dependent crop a year (Karanth and DeFries, 

2010; Swain et al., 2012). However, an increase in ecotourism has a negative facet – the increase in the number 

of facilities associated with tourism and recreation, many of which are now expanding into the ecologically 
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sensitive buffer zone around RTR (Karanth and DeFries, 2010). Given the nature of buffer zones and their value 

for wildlife and for the people relying on the forest as a source of livelihood, degradation of wildlife edge 

habitat, and corridors, must be regulated by the Forest Department, especially around the northeast corridor 

between RNP and KWLS. Additionally, ravine flattening and sand mining along the Chambal River and in the 

SCHB-KWLS corridor must be restricted in order to preserve dispersal routes for wildlife and allow for 

connectivity between these two crucial habitat patches.  

Next Steps: Corridor Prioritization 

The results of this analysis point towards the northeastern corridor leading from RNP and KWLS as the priority 

for conservation given that the highest pressures of land use change are seen in that region, especially in the 

northern stretches of the Banas river channel. Additionally, the State Government must continue to impose 

restrictions on sand and mineral mining in the study region, while subsequently providing additional revenue 

opportunities for locals who rely on these semi-invasive techniques as a major source of income. Suggestions 

include broadening up the opportunities within the ecotourism industry, and increasing the availability of basic 

needs, such as clean water, sanitary living conditions, and electricity, to villages around RNP. Improving the 

access to basic needs for locals will reduce their dependence on unsustainable resource extraction and land use 

changes that threaten ecosystem integrity. While less encroachment has been documented along the SCHB-

KWLS corridor along the eastern edge of the study site, increased vigilance is highly recommended as a 

preventative approach to conservation.  

Conclusions 

While conservation in Western countries may appear more publicly successful than those efforts in India, we 

need to remember that not only is India facing a larger population, but we are also in a different stage of 

socioeconomic development than Western nations and thus must address conservation through different 

techniques than those commonly employed in developed nations. Additionally, India has a large human 

population sharing space with large carnivores and elephants, leading to increased human-wildlife conflict that 

is also more severe in outcome than those cases reported in the United States of America or Europe. Therefore, 

by addressing the needs of wildlife by protecting these vital dispersal routes, we must retain the sensitivity to 

understand how the livelihoods of locals may be affected by such schemes and strive to provide support for 

both parties. In the end, conserving the delicate system in and around RTR will bolster ecosystem health in the 

surrounding regions, providing better ecosystem services and quality of life for those whose livelihoods are 

intertwined with that of Ranthambhore Tiger Reserve.   



55 
 

Acknowledgements 

I would like to extend my thanks to those who made this project possible. Special thanks go to field assistants 

Ummed Kumar Tanwer, Akhtar Hussain, Mukesh Sharma, Man Singh, and Javed Ali for their long hours and hard 

work in data collection, field transportation, and camera trapping. Many thanks to WITL field biologist Sailaja 

Nayak for her work in training me in field protocol and for directing field data collection. Thanks also go to Mr. 

Rajulal Gurjur, Project Officer, and Mr. Sunny Shah, Landscape Coordinator of WITL, for their advice, guidance, 

and assistance throughout this project. From Duke University, Durham, NC, I would like to thank Dr. Dean Urban 

for his advice throughout the process, as well as Dr. Jennifer Swenson and Mr. John Fay for their assistance with 

remote sensing and ArcGIS analyses. All satellite data was acquired from the U.S. Geological Survey and the Land 

Processes Distributed Active Archive Center (LP DAAC) by NASA.  

  



56 
 

Literature Cited 
 

(2011). Retrieved from Census of India: http://censusofindia.gov.in 

AbiSaid, M., & Dloniak, S. M. (2015). Hyaena hyaena. The IUCN Red List of Threatened Species 2015. 
doi:e.T10274A45195080 

Alam, A., Sharma, V., & Sharma, S. C. (2011). Bryoflora of Ranthambhore Tiger Reserve, Rajasthan (India). 
Archive for Bryology, 106. 

Anderson, A. B., & Jenkins, C. N. (2006). Applying Nature's Design: Corridors as a Strategy for Biodiversity 
Conservation. New York: Columbia University Press. 

Athreya, V., Odden, M., Linnell, J. D., Krishnaswamy, J., & Karanth, U. (2013). Big cats in our backyards: 
Persistence of large carnivores in a human-dominated landscape in India. PLoS One, 8(3). 
doi:10.1371/journal.pone.0057872 

Bagchi, S., Goyal, S. P., & Sankar, K. (2003). Prey abundance and prey selection by tigers in a semiarid, dry 
deciduous forest in western India. Journal of Zoology, 285-290. 

Bennett, A. (1999). Linkages in the Landscape: The Role of Corridors and Connectivity in Wildlife Conservation. 
Gland, Switzerland: World Conservation Union (IUCN). 

Champion, H. G., & Seth, S. K. (1968). A Revised survey of the Forest Types of India. New Delhi: Government of 
India Press. 

Chatterjee, D., Sankar, K., Qureshi, Q., Malik, P. K., & Nigam, P. (2014). Ranging pattern and habitat use of 
Sambar (Rusa unicolor) in Sariska Tiger Reserve, Rajasthan, Western India. Dehradun, Uttarakhand: 
IUCN Deer Specialist Group. 

CorridorDesign. (2007-2013). Modeling habitat patches with GIS. Retrieved from Corridor Design: 
http://corridordesign.org/designing_corridors/habitat_modeling/modeling_patches 

Dharaiya, N., Bargali, H. S., & Sharp, T. (2016). Melursus ursinus. Retrieved from The IUCN Red List of Threatened 
Species 2016: http://www.iucnredlist.org/details/13143/0 

Dinerstein, E., Loucks, C., Wickramanayake, E., Ginsberg, J., & Sanderson, E. (2007). The fate of wild tigers. 
Bioscience, 508-514. 

Flora and Fauna. (2016). Retrieved from Ranthambhore National Park: 
http://www.ranthambhorenationalpark.in/FloraAndFauna.aspx 

Forman, R. T. (1995). Land Mosaics: The Ecology of Landscapes and Regions. Cambridge: Cambridge University 
Press. 

Gandhi, G. M., Parthiban, S., Thummalu, N., & Christy, A. (2015). NDVI: Vegetation change detection using 
remote sensing and GIS - A case study of Vellore District. Procedia Computer Science, 1199-1210. 

Garshelis, D. L., Joshi, A. R., Smith, J. L., & Rice, C. G. (2016). Sloth Bear Conservation Action Plan. IUCN. 



57 
 

GOI. (1992). Tradition, Concerns & Efforts in India. New Delhi: Ministry of Environment and Forests, Govt. of 
India. 

GOI. (2016). Project Tiger. Retrieved from National Tiger Conservation Authority/Project Tiger: 
http://projecttiger.nic.in/content/107_1_Background.aspx 

Government of Nepal, M. o. (2015). Strategy and Arction Plan 2015-2015: Terai Arc Landscape, Nepal. 
Kathmandu, Nepal: Ministry of Forest and Soil Conservation. 

Govt. of India. (2007, January 2). The Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of 
Forest Rights) Act, 2006. New Delhi, Delhi, India. 

Govt. of India. (2012, September 13). Scheduled Caste Welfare - List of Scheduled Castes. Retrieved from 
Ministry of Social Justice and Empowerment: 
https://web.archive.org/web/20120913050030/http://socialjustice.nic.in:80/sclist.php 

Harris Geospatial Solutions. (2017). Calculate Confusion Matrices. Retrieved from Post Classification Tools in 
ENVI: https://www.harrisgeospatial.com/docs/CalculatingConfusionMatrices.html 

Harris, L. D., & Scheck, J. (1991). From implications to applications: The dispersal corridor principal applied to the 
conservation of biodiversity. In D. A. Saunders, & R. J. Hobbs, Nature Conservation 2: The Role of 
Corridors (pp. 189-220). New South Wales, Australia: Surrey Beaty. 

Hayward, M. W., Jedrzejewski, W., & Jedrzewska, B. (2012). Prey preferences of the tiger, Panthera tigris. 
Journal of Zoology, 221-231. 

Java, R. L., & Srivastav, A. (1998). Biodiversity Conservation Strategies for the 21st Century. In P. C. Kotwal, & S. 
Banerjee, Biodiversity Conservation in Managed Forests and Protected Areas (pp. 18-20). Bikaner, India: 
AgroBotanica Publishers and Distributors. 

Jodha, N. S., Singh, N. P., & Bantilan, M. C. (2012). Enhancing farmers' adaptation to climate change in arid and 
semi-arid agriculture of India: evidences from indigenous practices: developing internatioanl public 
goods from development-oriented projects. Patancheru, Andhra Pradesh, India: International Crops 
Research Institute for Semi-Arid Tropics. 

Johnsingh, A. J., Prasad, S. N., & Goyal, S. P. (1990). Conservation status of the Chila-Motichur corridor for 
elephant movement in Rajaji National Parks Area, India. Biological Conservation, 125-138. 

Joshi, A., Vaidyanathan, S., Mondol, S., Edgaonkar, A., & Ramakrishnan, U. (2013). Connectivity of tiger 
(Panthera tigris) populations in the human-dominated forest mosaic of central India. PLoS One, 8(11). 

Karanth, K. U., & DeFries, R. (2010). Nature-based tourism in Indian protected areas: New challenges for park 
management. Conservation Letters. 

Karanth, K. U., & Nichols, J. D. (2000). Ecological status and conservation of tigers in India. Wildlife Conservation 
Society. Bangalore: Centre for Wildlife Studies. 

Karanth, K. U., Nichols, J. D., & Kumar, N. S. (2010). Tigers and their prey: predicting carnivore densities from 
prey abundance. In R. Tilson, & P. J. Nyhus, Tigers of the world: The science, politics, and conservation of 
Panthera tigris (pp. 27-28). New York: Academic Press. 



58 
 

Kotwal, P. C., & Banerjee, S. (1998). Biodiversity Conservation in Forests and Protected Areas: Practical Problems 
and Prospects. In P. C. Kotwal, & S. Banerjee, Biodiversity Conservation in Managed Forests and 
Protected Areas (pp. 1-10). Bikaner, India: AgroBotanica. 

Krithivasan, R., Athreya, A., & Odden, M. (2009). Human-wolf conflict in human-dominated landscapes of 
Ahmednagar district, Maharashtra, and potential mitigation measures. Unpublished. 

Mathur, P., & Kaushik, P. (2008). The Wildlife Trade: A Serious Threat to Biodiversity. In L. Verma, S. Vasishtha, A. 
Verma, & A. Verma (Ed.), Conserving Biodiversity of Rajasthan (pp. 113-119). Udaipur, Rajasthan: 
Himanshu Publications. 

Miller, K., Change, E., & Johnson, N. (2001). Defining common ground for the Mesoamerican Biological Corridor. 
Washington D.C.: World Resources Institute. 

Ministry of MSME- Development Institute. (n.d.). Brief Industrial Profile of Sawai Madhopur district. New Delhi: 
Government of India. Retrieved from http://dcmsme.gov.in/dips/DIPR_Sawai%20Madhopur.pdf 

Mishra, S. (2015, March 27). The case of 15 missing tigers: Ranthambore National Park authorities believe 
poaching could be the reason. Daily Mail India. Retrieved February 23, 2017, from 
www.dailymail.co.uk/indiahome/indianews/article-3015458/15-Ranthambore-tigers-vanish-Park-
authorities-believe-poaching-reason.html 

Ngoprasert, D., Lynam, A. J., & Gale, G. A. (2007). Human disturbance affects habitat use and behaviour of 
Asiatic leopard Panthera pardus in Kaeng Krachen National Park, Thailand. Oryx. 

Noss, R. F. (1993). Wildlife Corridors. In D. S. Smith, & P. C. Hellmund, Ecology of Greenways: Design and 
Function of Linear Conservation Areas (pp. 43-68). Minneapolis: University of Minnesota Press. 

Pahwa, S. (2011). Forest and Wildlife Laws. New Delhi: Global India Publications Pvt. Ltd. . 

Panwar, H. S. (1987). Project Tiger: The reserves, the tigers, and their future. In R. L. Tilson, & U. S. Sel, Tigers of 
the world: the biology, biopolitics, management, and conservation of an endangered species (pp. 110-
117). Park Ridge, N.J.: Noyes Publications. 

Pettorelli, N. (2013). The Normalized Difference Vegetation Index. Oxford: Oxford University Press. 

Phalan, B., Onial, M., Balmford, A., & Green, R. E. (2011). Reconciling food production and biodiversity 
conservation. Science, 1289-1291. 

Quili, S. M. (1999). Analysis of tiger conservation in Project Tiger reserves . Zoos' Print Journal, 3-12. 

Rajasthan, G. o. (2015). Draft Mineral Policy. Department of Mines and Geology (Rajasthan), Government of 
India. Retrieved from 
http://www.indiaenvironmentaportal.org.in/files/file/Draft%20Mineral%20Policy%202015.pdf 

RNP. (2016, July 01). 74 tiger deaths in India in first half of 2016: Is poaching the only reason? Sawai Madhopur, 
Rajasthan, India. Retrieved from www.ranthamborenationalpark.com/blog/tiger-deaths-in-india-in-first-
half-of-2016/ 

Rodgers, W. A., & Panwar, H. S. (1988). Planning a protected area network in India. Dehradun: Wildlife Institute 
of India. 



59 
 

Roy, A. B., & Jakhar, S. R. (2002). Geology of Rajasthan (Northwest India) Precambrian to Recent. Jodhpur: 
Scientific Publishers (India). 

Sankar, K., & Johnsingh, A. J. (2002). Food habits of tiger (Panthera tigris) and leopard (Panthera pardus) in 
Sariska Tiger Reserve, Rajasthan. Mammalia, 285-289. 

Shah, S., Nayak, S., Gurjar, R., & Borah, J. (2015). Beyond the Realms of Ranthambhore: The Last Abode for Arid 
Zone Tigers. Delhi, India: WWF-India. 

Sharma, S., Sharma, S. K., & Sharma, S. (2002). Notes on mammalian fauna of Rajasthan. Zoos' Print Journal, 
1085-1088. 

Sharmal, S. (2016, June 16). 25,000 mines in Rajasthan sans environmental clearances, face gloomy future. 
Times of India: Jaipur. Retrieved from http://timesofindia.indiatimes.com/city/jaipur/25000-mines-in-
Rajasthan-sans-environmental-clearances-face-gloomy-future/articleshow/52772492.cms 

Simberloff, D., Farr, J. A., Cox, J., & Mehlman, D. W. (1992). Movement corridors: Conservation bargains or poor 
investments? Conservation Biology, 6, 493-504. 

Singh, R. (2011). Assessment of tiger population status and habitat suitability using non-invasive and geospatial 
tools at landscape level in Ranthambhore National Park. Hardwar, India: Gurukula Kangri Vishvvidhyala. 

Singh, R., Krausman, P. R., & Goyal, S. P. (2014a). First parturition of tigers (Panthera tigris) in a semi-arid 
habitat, western India. European Journal of Wildlife Research, 383-386. 

Singh, R., Nigam, P., Goyal, S. P., Joshi, B. D., Sharma, S., & Shekhawat, R. S. (2011). Survival of dispersal 
orphaned cubs of tiger (Panthera tigris tigris) in fragmented habitat of Ranthambhore Tiger Reserve in 
India. Indian Forester, 1171-1176. 

Singh, R., Nigam, P., Qureshi, Q., Kalyanasundaram, S., Krausman, P. R., Prakash, S., & Goyal, S. P. (2015). 
Characterizing human-tiger conflict in and around Ranthambhore Tiger Reserve, western India. 
European Journal of Wildlife Research, 255-261. 

Singh, R., Qureshi, Q., Sankar, K., Krausman, P. R., & Goyal, S. P. (2014b). Population and habitat characteristics 
of the caracal in a semi-arid landscape, western India. Journal of Arid Environments, 92-95. 

Singh, V., & Shrivastava, A. (2007). Biodiversity of Ranthambhore Tiger Reserve, Rajasthan. Jodhpur: Scientific 
Publishers. 

StataCorp. (2015). Stata Statistical Software: Release 13. College Station, TX: StataCorp LP. 

Stein, A. B., Athreya, V., Gerngross, P., Balme, G., Henschel, P., Karanth, U., . . . Ghoddousi, A. (2016). Panthera 
pardus. The IUCN Red List of Threatened Species 2016. doi:e.T15954A102421779 

Sunquist, M. (1981). Social organization of tigers (Panthera tigris) in Royal Chitwan National Park, Nepal. 
Smithsonian Contributions to Zoology. 

Sunquist, M. E., Karanth, K. U., & Sunquist, F. (1999). Ecology, behaviour and resilience of the tiger and its 
conservation needs. In R. L. Tilson, & P. J. Nyhus, Tigers of the world: the science, politics and 
conservation of Panthera tigris. New York: Academic Press. 



60 
 

Swain, M., Kalamkar, S. S., & Ojha, M. (2012). State of Rajasthan Agriculture. Vallabh Vidyanagar, Anand District, 
Gujarat: Agro-Economic Research Centre, Sardar Patel University. 

Thapar, V. (2006). The Last Tiger: Struggling for Survival. New Delhi: Oxford University Press. 

Thapar, V. (2007, December 23). Conflict will go up by 10000 per cent. Daily News and Analysis. 

The Illegal Wildlife Trade. (2016). Retrieved from World Wildlife Fund: www.worldwildlife.org/threats/illegal-
wildlife-trade 

Thorne, J. (1993). Landscape Ecology: A foundation for greenway design. In D. F. Smith, & P. C. Hellmund, 
Ecology of Greenways: Design and Function of Linear Conservation Areas (pp. 23-42). Minneapolis: 
University of Minnesota Press. 

U.S. Geological Survey and the U.S. Department of the Interior. (2015). Landsat 8 Data Products. Retrieved from 
U.S. Geological Survey Earth Explorer: landsat.usgs.gov/landsat8.php 

Unnamed, K. A. (2016, June 10). Khasra maps of Khandar sub-district. (P. Ranganathan, Interviewer) 

Wikramanayake, E., McKnight, M., Dinerstein, E., Joshi, A., Gurung, B., & Smith, D. (2004). Designing a 
conservation landscape for tigers in human-dominated environments. Conservation Biology, 18(3), 839-
844. 

Woodroffe, R., & Ginsberg, J. R. (1998, June 26). Edge effects and the extinction of populations inside protected 
areas. Science. 

World Land Trust. (2015). Indian Elephant Corridors Appeal. Retrieved from World Land Trust: Projects: 
http://www.worldlandtrust.org/projects/India 

World Water Database. (n.d.). Chambal River. Retrieved from World Water Database: 
http://www.waterdatabase.com/rivers/chambal-river/ 

World Wildlife Fund- Bhutan. (n.d.). Corridors for Wildlife. Retrieved from http://www.wwfbhutan.org/bt/ 

World Wildlife Fund for Nature-India. (2015). About Western Indian tiger landscape. Retrieved from WWF-India: 
www.wwfindia.org/about_wwf/critical_regions/western_indian_tiger_landscape/about/ 

Wright, B. (2010). Will the tiger survive in India? In R. Tilson, & P. J. Nyhus, Tigers of the World: The Science, 
Politics, and Conservation of Panthera tigris (pp. 88-99). London: Elsevier Inc. 

WWF-India. (2016). Ranthambore Tiger Reserve. Retrieved from WWF-India: 
http://www.wwfindia.org/about_wwf/critical_regions/national_parks_tiger_reserves/ranthambore_tig
er_reserve/ 

 

 

  



61 
 

 

 

 

 

 

 

 

 

Appendices 
  



62 
 

Appendix A: Table of Project Tiger reserves in India and Table of Villages in RTR 

Appendix A1: List of Project Tiger reserves in India 

SI No. Tiger Reserve Core Area (km2) Area of buffer (km2) Year of Creation State 

1 Bandipur 872.24 584.06 1973-1974 Karnataka 

2 Corbett 821.99 466.32 1973-1974 Uttar Pradesh 

3 Kanha 917.43 1,134.36 1973-1974 Madhya Pradesh 

4 Manas 840.04 2,310.88 1973-1974 Assam 

5 Melghat 1,500.49 1,268.03 1973-1974 Maharashtra 

6 Palamu 414.08 715.85 1973-1974 Bihar 

7 Ranthambhore 1,113.36 297.93 1973-1974 Rajasthan 

8 Similipal 1,194.75 1,555.25 1973-1974 Odisha 

9 Sundarbans 1,699.62 885.27 1973-1974 West Bengal 

10 Periyar 881.00 44.00 1978-1979 Kerala 

11 Sariska 881.11 332.23 1978-1979 Rajasthan 

12 Buxa 390.58 367.32 1982-1983 West Bengal 

13 Indravati 1,258.37 1,540.70 1982-1983 Madhya Pradesh 

14 Nagarjunasagar 2,595.72 700.59 1982-1983 Andhra Pradesh 

15 Namdapha 1,807.82 245.00 1982-1983 Arunachal Pradesh 

16 Dudhwa 1,093.79 1,107.98 1987-1988 Uttar Pradesh 

17 Kalakad 895.00 706.54 1988-1989 Tamil Nadu 

18 Valmiki 598.45 300.93 1989-1990 Bihar 

19 Pench 257.26 483.96 1992-1993 Madhya Pradesh 

20 Tadoba-Andhari 625.82 1,101.77 1993-1994 Maharashtra 

21 Bandhavgarh 716.90 820.04 1993-1994 Madhya Pradesh 

22 Panna 576.13 1,021.97 1994-1995 Madhya Pradesh 

23 Dumpha 500.00 488.00 1994-1995 Mizoram 

24 Pakke 683.45 515.00 2002 Arunachal Pradesh 

25 Nameri 200.00 144.00 1998 Assam 

26 Satpura-Maikal 1,339.26 794.04 1999-2000 Madhya Pradesh 

27 Anamalai 958.59 521.28 2008 Tamil Nadu 

28 Udanti-Sitanadi 851.09 991.45 n.d. Chattisgarh 

29 Satkosia 523.61 440.26 2007 Odisha 

30 Kaziranga 625.58 548.00 2006 Assam 
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31 Achanakmar 626.20 287.82 2009 Chattisgarh 

32 Dandeli-Anshi 814.80 282.63 2007 Karnataka 

33 Mudumalai 321.00 367.59 2007 Tamil Nadu 

34 Nagarahole 643.35 562.41 1999 Karnataka 

35 Parambikulam 390.89 252.77 2010 Kerala 

36 Sahyadri 600.12 565.45 2008 Maharashtra 

37 Biligiri Ranganatha 359.10 215.72 2011 Karnataka 

38 Kawal 893.23 1,125.89 2012 Telangana 

39 Sathyamangalam 793.49 614.91 2013 Tamil Nadu 

40 Mukandra Hills 417.17 342.82 2004 Rajasthan 

41 Nawegaon-Nagzira 653.67 -- n.d. Maharashtra 

42 Amrabad 2,166.37 445.02 n.d. Telangana 

43 Pilibhit 602.80 127.45 2008 Uttar Pradesh 

44 Bor 138.12 -- 2014 Maharashtra 

45 Rajaji 819.54 255.63 2015 Uttarakhand 

46 Orang 79.28 413.18 n.d. Assam 

47 Kamlang 671.00 112.00 n.d. Arunachal Pradesh 

 

Appendix A2: Population Data of Villages Surveyed in RTR 

Code Village Name Latitude Longitude 2001 

Population 

2011 

Population 

077817 Akhegarh 25.990394 76.691751 1000 1112 

077811 Bagora 26.014353 76.811566 500 587 

077804 Bahrawada Kalan 26.020941 76.727732 3147 3558 

077771 Bajoli 26.097779 76.681808 1797 2496 

077768 Baler 26.074868 76.761303 3577 4586 

077797 Bangarda Khurd 26.069836 76.706241 375 543 

077826 Banipura 26.022887 76.623602 196 153 

077790 Banpur 26.051649 76.605105 52 77 

077822 Barnawada 26.003012 76.65865 909 1198 

077886 Barwas 25.916776 76.727815 1095 1176 

077762 Berai 26.121213 76.745344 480 464 

077769 Beerpur 26.048587 76.742425 1479 1751 
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077775 Bhaopur 26.141187 76.647202 453 263 

_____ Bholanpur 26.020445 76.690573 426 490 

077767 Bichpuri Mishran 26.084465 76.690589 251 408 

077026 Bilwasa 26.057142 76.866592 new since 2012 

077027 Chacheri 26.078772 76.880205 419 no data 

077764 Chiroji Khera 26.062807 76.818804 new since 2012 

077824 Dabich 26.03773 76.658762 908 603 

077819 Gokulpur 25.979804 76.690512 325 418 

077789 Goth Bihari 26.035442 76.603698 1192 1510 

077763 Isarda 26.094414 76.794499 492 649 

077813 Jakhoda 26.010374 76.771439 545 644 

077808 Kabeerpur 26.013863 76.74253 523 797 

077814 Kachnari 25.976272 76.777109 87 151 

077025 Kanarda 26.083573 76.837512 1154 1420 

077806 Karauli 25.99595 76.678812 893 758 

077816 Kareera Kalan 25.985287 76.735187 403 560 

077815 Kareera Khurd 25.991226 76.748283 801 968 

077831 Khandar 26.0066 76.6037 No data 12273 

077759 Khidarpur Jatan 26.163169 76.635637 1130 1393 

077759 Khidarpur Jadoo 26.050761 76.797129 1218 1695 

077807 Kishangarh Chhahara 26.001215 76.730772 545 599 

076756 Kosra 26.036124 76.762789 1137 2687 

077802 Kudana 26.025277 76.678784 631 802 

077765 Kuredi 26.04217 76.831898 1673 2018 

077805 Kutalpur 26.003253 76.69038 189 259 

077855 Kyarda Kalan 26.051524 76.713736 1737 2239 

077028 Maharajpura 26.102834 76.876458 268 346 

077883 Mamrot 25.971165 76.71913 new since 2012 

077770 Moroj 26.079249 76.727949 1417 1780 

077835 Mukandpura 25.967281 76.621087 396 505 

077773 Naypur 26.08677 76.655765 1165 1568 

077778 Padra Nizamat 25.994276 76.597943 298 116 

077793 Peeleri 26.062048 76.670105 827 615 

077801 Peeplet 26.044087 76.6906 976 1245 
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077827 Qila Khandar 26.021846 76.60866 0 0 

077829 Rawara 25.994553 76.598242 822 no data 

077813 Rodawad 25.991566 76.785847 1751 2120 

077791 Sanwas 26.046103 76.623974 455 605 

077774 Sanwata 26.106208 76.646871 1306 1825 

____ Seegor Khurd 25.98251 76.71384 285 409 

077887 Sewti Kalan 25.932063 76.742476 387 493 

077888 Singan Kachh 25.956042 76.774225 new since 2012 

_____ Singor Kalan 25.982015 76.714386 no data 1846 

077792 Talawara 26.070469 76.635549 2079 2706 

077776 Talra 26.11465 76.61219 671 833 
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Appendix B: Normalized Difference Vegetation Index results for 2011 and 2016 

 

The above figure shows the NDVI ranges for the study area during May 2011. Analyzed imagery was downloaded 

from USGS Earth Explorer Landsat Archive (Landsat 7 TM) and NDVI analyses were run using ENVI and ArcMap 

10.4.1. This can be compared with the figure below, displaying NDVI values for the same study area in May 

2016.  
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The figure below displays the change in vegetation brightness from 2011 to 2016 using the Change Detection 

function in ENVI. Green regions show an increase in vegetation over the five year period, while the red regions 

are those experiencing a decline in vegetation cover from 2011 to 2016.  
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