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Introduction

About the Core Learning Program

Concepts and Tools to Advance Wild Tiger Conservation: A Core Learning Program on Landscape Level Conserva-
tion attempts to provide a comprehensive overview of the current understanding of the main issues related to land-
scape conservation and how it can be fostered among the policy makers and other stakeholders to facilitate better 
land use planning leading to landscape conservation for tigers and other large mammals requiring large areas. We 
assembled relevant materials and case studies to improve understanding and encourage landscape level management 
practice through national level response, as well as transboundary cooperation for the transborder landscapes. 

This Core Learning Program (CLP) serves as a framework to develop planning and implementation strategies best 
suited for individual range countries. The CLP is intended to be a living and evolving document, and regular updates 
will be based on practical cases, recent literature and studies, new tools and technology, and feedback from users to 
ensure that it continues to reflect the most comprehensive tools and relevant experiences in this field.

The Need for This Training

Over the past 150 years the tiger range has collapsed by more than 93%, and the wild tiger population has declined 
to less than 3,500 animals. The precipitous decline is attributed in part to poaching, but also to extensive habitat 
loss and fragmentation. The remaining tigers live as isolated populations confined to protected areas, scattered 
across the vast range, from India to Indonesia and north to the Russian Far East. Many of the protected areas are, 
however, too small to sustain viable populations and the natural ecology and behavior of tigers. In response, con-
servation biologists have proposed a new paradigm for conserving tigers; the creation of conservation landscapes, 
where proximate protected areas can be linked with habitat corridors that can facilitate dispersal movement and 
maintain ecological and genetic connectivity. Managing the tiger populations as larger, connected metapopulations 
can increase the ecological, demographic, and genetic viability of tiger populations, and the probability of long 
term persistence. The purpose of this course is to introduce this new approach and strategy for tiger conservation. 

Target Audience

The primary target groups for this course module on landscape- scale approaches and strategies for tiger conservation, 
management, and population recovery are: 

 1. Policy makers at the level of Secretary to relevant Ministries
 2. Directors and Deputy Directors of the relevant departments responsible for wildlife and forest/habitat con-

servation and land- use planning.
 3. Protected areas managers and managers of state/provincial forests.
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The first group consists of high- level policy makers, such as the Secretaries to the relevant ministries, that include 
national planning and development, but also others responsible for land use issues that could impinge on landscape 
conservation (e.g., hydropower, industry, agriculture, roads, etc.). These sectors are key stakeholders responsible for 
expediting policies related to land uses and land allocation for conservation of large landscapes that are vital for effective 
and long- term tiger conservation. Therefore, they need to understand the urgency for tiger conservation, and why such 
spatial areas are imperative to accommodate the ecology, behavior, and genetics of tigers for successful tiger conservation. 

The second group consists of the high- level staff such as Directors and Deputy Directors of relevant departments 
responsible for wildlife and forest/habitat conservation and land- use planning. This group must understand: a) the 
importance of landscape- scale conservation for tiger recovery, and the need to support and promote such an ap-
proach; b) the importance of collaborating and working with other line agencies in relation to land and resource uses 
in the landscape matrix and corridors; and c) the need to leverage support from policy makers and politicians, and 
become proficient in the subject to be able to have the necessary discourse with the latter.

The third group is the protected areas managers and managers of state forests. This group must understand the 
need for landscape- scale approaches for effective tiger conservation, but also that tiger conservation requires inter-
ventions and interactions with various stakeholders outside the boundaries of protected areas. State forest managers 
must be aware of the focus on wildlife, and not just silviculture practices when managing the forests within their 
jurisdictions. The participants must also be able to engage with local communities and community leaders and raise 
awareness and elicit local stewardship.

Expected Qualifications/Knowledge Base of the Participants

 � Working competence in English unless this CLP is translated into a local language.
 � Basic background in biology to understand fundamentals in ecology and conservation biology.
 � Good understanding of policies and policy gaps related to wildlife conservation, forestry, and land use 

planning.
 � Hold a strategic position to make significant contributions toward landscape- scale tiger conservation initia-

tives in the respective countries. 
 � A commitment to tiger conservation

Course Overview 

Tigers are global icons, personifying wild, natural areas. They are also apex species that play a significant role in struc-
turing the ecosystems they live in. Studies have shown that removal of apex species like the tiger can lead to cascading 
negative impacts including degradation of ecosystem structure and function, which can also affect the natural capital 
and ecosystem services that are critical for survival of humans. This course introduces the participants to a new para-
digm in tiger conservation, including a biological rationale and justification of why such an approach is an imperative 
for tiger conservation. 

Unlike the traditional approach where protected areas were the primary focus of tiger conservation, landscape 
conservation requires that conservation interventions be extended beyond the protected areas boundaries including 
their buffer zones, corridors and the matrix habitat. Such an approach requires engagement of multiple stakeholders, 
various line ministries, agencies, and their extension services responsible for resource and land management, multiple 
donors investing in projects at the landscape level, and private sectors and industries that have economic interests and 
investments in different parts of the landscape. Therefore, successful landscape conservation requires better coordi-
nation and prioritization of land and resource use and allocation. It also requires supporting policies that recognize 
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conservation areas in the landscape as legitimate land- use categories, and prevents conflict between conservation and 
development priorities.

This course content addresses these issues through a modular format for use in two training workshops. The 
course content includes a primer on tiger ecology and natural history, including the biogeography of tigers to show 
the historical and current distribution of tigers. The primer also introduces the concept of tiger ‘eco- types’ vs ‘geno- 
types’ to provide some insights into why tiger ecology and behavior should be an important determinant in prioritiz-
ing tiger conservation in large landscapes, instead of small, isolated protected areas. 

It then provides detailed background regarding tiger conservation landscapes, including the history and evolu-
tion of the concept, examples of how such landscapes are designed for other large species, and how landscapes help to 
conserve tiger ecology, behavior, demographics, and genetic variation. This section provides specific examples of tiger 
conservation success stories where the landscape conservation concept has been applied, and where the concept can 
be applied to achieve the goal of doubling the wild tiger population, i.e., Tx2 by 2022; next year of the tiger in the 
Chinese calendar as agreed by the leaders of all the Tiger Range Countries at the “Tiger Summit” in St. Petersburg, 
Russia, in 2010.

Guidelines and a framework are provided on how to design and manage tiger conservation landscapes in hands-
 on working group sessions. It includes guidelines on how large landscapes should be designed, how to identify cor-
ridors, and importantly emphasizes the need to integrate the conservation areas into national and subnational land 
use plans and planning processes, with several best practice case studies for tiger conservation landscape management.

Finally, several case studies on good landscape conservation practices are presented to guide participants to de-
velop landscape conservation plans and strategies for their respective landscapes. 

Learning Objectives

 � To apprise the relevant stakeholders of the imperative for landscape- scale conservation approaches to tiger 
conservation for population recovery, growth, and long- term persistence of populations.

 � To provide guidelines and knowledge on how to design and manage tiger conservation landscapes.

How to Use This Core Learning Program Manual

The manual is designed for use in two workshops. 
The first workshop will be a one and half day long workshop for senior officials and policy makers in the relevant 

departments in- charge of wildlife conservation and other portfolios related to land use. These participants can range 
from the Secretary to the Ministries, to Directors General and Deputy Directors. Ministers could attend the first half 
of the workshop.

The course content for this workshop is provided in Modules 1 and 2 together with case studies from tiger landscapes.
The course content can be embedded within a larger training workshop such as the Global Executive Leadership 

for Results in Conservation that is being considered by a consortium including the World Bank, academic institu-
tions, and the Smithsonian Institution, or any other relevant high level workshop on conservation. However, it can 
also be a stand- alone workshop that can precede the second workshop.

The key features of this training are:

 � An emphasis on creating the necessary enabling conditions for landscape- scale conservation. 
 � A core message prefaced with an introduction to tiger ecology and biology to provide the background for 

justification of landscape conservation.
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 � The participants are expected to use their knowledge to leverage required policy changes through appropri-
ate political process. 

 � They are also expected to present the necessary policy- related aspects of landscape- scale conservation during 
the in- country landscape planning workshops for lower- level participants. 

The second workshop will be a 3- day long workshop for practitioners; notably the protected areas and forestry/
forest reserve managers, ecologists, etc. The workshop is designed around introductory presentations on tiger bio-
geography, ecology, genetics, population dynamics, and how these biological attributes are linked to landscape- scale 
conservation. The introductory material is followed by working group sessions where participants are required to 
design a landscape scale spatial plan with management guidelines for their respective landscapes.

The course content is provided in Modules 3– 7 and in the case studies. Participants are strongly urged to refer to 
the suggested reading material.

The key features of this training are:

 � An emphasis on developing a preliminary landscape- scale spatial plan for tiger conservation that can be 
subsequently refined when the participants return, and to acquire the knowledge and skills to do it.

 � An understanding and appreciation of the need for a landscape- scale conservation approach to conserve 
tigers and the knowledge to articulate this to other stakeholders and people who can impact or influence 
conservation activities and strategies in the landscape

 � An understanding of the need to engage with multiple stakeholders, including managers in other protected 
areas within the landscape, state forest managers, local communities, private sector, and other government 
sector officials that have influence in land management and land use.
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Workshop 1

Workshop 1 Course Content 

MODULE TOPIC
REQUIRED MATERIAL AND 
EQUIPMENT TIME

Introduction to Workshop

Day 1 – 
Session 1

• Opening ceremony and welcome address
• Program overview and housekeeping logistics
• Participant introductions

• 2 or more wireless microphones
• Microphones on dais
• 2 rapporteurs
• Notecards and pens to record 

 participant responses
• Overall: flip chart and paper, pens, 

tape
• LCD projector and laptop for 

PowerPoint

60 min

Module 1. Why Save Tigers? And How to Conserve Them

Day 1 – 
Session 1

This module is designed to first answer the question, 
“Why conserve tigers?” then provide participants with 
an understanding of tiger biology. The objective is to 
emphasize for policy makers and high level managers 
that landscape- scale conservation is essential for 
successful tiger conservation. 

1. Why save tigers?
2. Tiger ecology and natural history: A primer 

a. Introduce the ecological, behavioral, 
demographic, and genetic characteristic of 
tigers, and how connectivity at landscape 
scales is important to conserve these traits.

b. Emphasize that a population cannot be 
viable unless these traits are conserved. 

3. Introduce the new paradigm of the landscape 
approach to tiger conservation.
a. What is landscape conservation? 

4. Prioritization of tiger conservation landscapes 
for population recovery
a. Where to achieve Tx2: The Global Tiger 

Recovery program goal for 2022 

• LCD projector and laptop for 
PowerPoint

• PowerPoint presentation
• Refer Module 1 in Manual
• 2 wireless microphones
• 2 rapporteurs for Q/A session

Total time:
45 min

Presentation: 
30 min

Q/A: 15 
min
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Module 2. Creating the Enabling Conditions to Integrate and Mainstream Landscape Conservation into 
Land Use Planning and Development

Day 1 – 
Session 2

This module is designed to provide participants 
with knowledge and awareness of the need for: 
creating the necessary enabling conditions related to 
policy; and promoting cross- sector coordination and 
collaboration—including with private sectors and 
industries that have an interest in the landscape, 
and various donors investing in the landscape—and 
integrating and harmonizing landscape conservation 
plans with development plans.

Participants will become aware of the conflicting 
land use needs and plans at landscape scales, but 
also that some land uses are compatible with 
providing connectivity for tiger conservation. They 
will think about innovative financing mechanisms 
to support landscape- scale conservation, including 
channeling revenues to local communities, smart green 
infrastructure, payment for ecosystem services, and 
REDD+.

The module will be followed by a working session 
where participants will develop landscape- contextual 
frameworks for creating enabling conditions.

1. Enabling conditions for tiger conservation 
landscapes
a. Core components of a tiger conservation 

landscape
b. Introduce the need for a cross- sector steering 

or coordinating committee for landscape 
management and monitoring with:
– High- level, cross- sector government- led 

oversight
– Executive authority to strategically 

direct investment and interventions in 
the landscape

– A supporting technical working group
2. Introduce the example from Nepal
3. Policy environment for landscape conservation

a. Corridors have to be legally recognized.

• LCD projector and laptop for 
PowerPoint

• PowerPoint presentation
• Refer Module 2 in Manual
• 2 wireless microphones
• 2 rapporteurs for Q/A session

Total time:
45 min

Presentation: 
30 min

Q/A: 15 
min

b. Policies and regulations to support land 
use regimes and tenure; identify gaps and 
highlight supporting policies.

c. Transboundary collaboration where 
landscapes cross national boundaries.
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4. Mainstreaming conservation areas into land use 
plans and processes 

5. Introduce the need to mainstream conservation 
landscapes into land use planning and 
development processes, including the use of 
smart green infrastructure principles. (A CLP is 
being considered to be ready by end of 2014.)
a. Conservation landscape components have 

legitimate land use functions.
b, Also help to conserve ecosystem services 

that support and sustain development and 
human resource needs.

c. Contribute to reducing climate change 
vulnerability.

d. Avoid land use conflicts, especially between 
conservationists and developers with clear 
demarcation of land use and smart green 
infrastructure principles.

6. Introduce the example from Peninsular 
Malaysia

7. Sustainable financing
a. Creative and innovative financing 

mechanisms
b. Creating economic incentives to local 

communities
c. Smart Green Infrastructure principles
d. PES
e. REDD+

Introduction to working groups and expected 
outputs

• LCD projector and laptop for 
PowerPoint

• PowerPoint presentation

Total time: 
45 min

Group Exercise 1 – Module 2 
Group activity by landscapes to develop a 
structure and composition of a high- level steering 
committee to guide conservation of the respective 
tiger landscapes. The structures will be context- 
specific, based on the bureaucracies and positions 
that should be represented in the different range 
countries.

•  flip chart and paper, pens, tape
• Laptop for each working group

Total time: 
45 min

Group Exercise 2 – Module 2
Design a strategic framework for integrating the 
conservation landscape components into national 
and sub- national land use plans and planning 
processes.

• flip chart and paper, pens, tape
• Laptop for each working group

Total time:
1 hr 15 min
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Group Exercise 3 – Module 2
Identify policies and policy gaps for landscape 
scale conservation and make recommendations for 
changes.

• flip chart and paper, pens, tape
• Laptop for each working group

Total time:
60 min

Group Exercise 4 – Module 2
Develop innovative, sustainable financing 
mechanisms for the landscape, with an action 
framework to implement them.

• flip chart and paper, pens, tape
• Laptop for each working group

Total time:
45 min

Presentations from Working Groups

Day 2 – 
Session 1

Presentations from working groups. Limit 15 min 
for each presentation followed by 10 min questions 
from plenary.

Time allocation and duration of Day 2 should be 
determined based on the numbers of landscapes 
represented in the training workshop.

• LCD projector and laptop for 
PowerPoint

• PowerPoint presentation
• 2 wireless microphones
• 2 rapporteurs for Q/A session

Plenary

Course Evaluation and Wrap- Up

Day 2 –  
Final 
Session

• Provide handout for course evaluation and 
feedback.

• Review
• Vote of thanks and wrap- up.

• Course evaluation questionnaire
• Microphone 

Plenary

Workshop 1 Schedule

DAY – SESSION TIME DAY 1 SESSIONS FORMAT

Day 1 – Session 1 0900–0915 Opening and welcome ceremony Plenary

0915–0930 Program overview and housekeeping logistics Plenary

0930–1000 Participant introduction Plenary

1000–1030 Module 1 Plenary

1000–1045 Q/A on Module 1 Plenary

1045–1100 Coffee Break

Day 1 – Session 2 1100–1130 Module 2 Plenary

1130–1145 Q/A on Module 2 Plenary

1145–1215 Introductions to Module 2 working group sessions 
and expected outputs

Plenary

1215–1230 Q/A on Module 2 working group session outputs 
and expectations

Plenary

1230–1330 Lunch Break
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Day 1 – Session 3 1330–1415 Identify the structure of high- level steering 
committee for landscape conservation and 
introduce the significance of cross- sector 
partnership including private sector and industries

Working Groups: Teams 
representing landscapes

Day 1 – Session 4 1415–1530 Design a strategy framework for integrating the 
conservation landscape components into national 
and sub- national land use plans and planning 
processes—identifying the key sectors and their roles

Working Groups: Teams 
representing landscapes

1530–1600 Tea Break

1600–1700 Identify policies and policy gaps for landscape 
scale conservation and make recommendations for 
changes

Working Groups: Teams 
representing landscapes

1700–1745 Develop innovative, sustainable financing 
 mechanisms for the landscape, with an action 
framework to implement them.

Working Groups: Teams 
representing landscapes

1745–1800 Wrap- up and expectations for next day.

Participants should be encouraged to work during the 
evening hours before or after dinner and  complete their 
assignments and prepare presentation for the next day.

Working Groups: Teams 
representing landscapes

SESSION TIME DAY 2 SESSIONS FORMAT

Day 2 – Session 1 0900–1215 Presentations from working groups. Limit 15 min 
for each presentation followed by 10 min questions 
from plenary.

Time allocation and duration of Day 2 should be 
determined based on the numbers of landscapes 
represented in the training workshop.

Plenary

Day 2 – Final Session 1215–1245 Wrap- up Plenary
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M O D U L E  1

Why Save Tigers? And How to Conserve Them 

Overview

The module introduces basic concepts of tiger biology and ecology and why a landscape- scale approach is required for 
tiger conservation. The module targets higher level officials, from Directors, Deputy Directors to Ministry Secretaries 
and equivalent positions.

Learning Objectives 

 � To provide a basic understanding of tiger ecology and biology
 � To link these characteristics with the need for landscape scale approaches for successful tiger conservation
 � To highlight the core benefits of tiger conservation, including for livelihoods and ecosystem services that 

have economic and social implications
 � To highlight the priority tiger conservation landscapes

Concepts and Content

Tiger Ecology, Behavior, Demographics, and Implications for Conservation and Recovery

 � Tigers are solitary, territorial species; thus, numbers of tigers a given area can support is limited by the 
 territory size

 � Tigers prefer—and require—larger prey species and abundance of a variety of prey species
 � Sub- adult tigers disperse far from natal areas to establish territories
 � Most tiger populations are now confined to protected areas
 � Many protected areas are small and are unable to support large numbers of tigers.
 � Protected areas are also becoming isolated, constraining tiger dispersal
 � Small tiger populations in small, isolated protected areas have a low probability of long- term persistence.
 � Therefore, large landscapes that include multiple protected areas that are linked by habitat corridors is a 

better strategy for tiger conservation.

A Landscape Approach to Tiger Conservation
 � Conservation landscape defined as “a mosaic of habitat types managed at spatial scales necessary to capture 

and sustain viable ecological patterns and processes of conservation targets.” 
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 � For tigers, landscapes include large undisturbed, inviolate core areas that can support viable populations of 
breeding tigers and their prey populations; buffer zones; and habitat corridors that connect the core areas

Co- Benefits of Tiger Conservation Landscapes
 � Tigers are an ideal umbrella species that proxy conservation of other biodiversity in Asia. 
 � Conserving tiger habitats also benefit local communities with forest resources, ecosystem services, and 

 potential for economic revenue from ecotourism, REDD+, PES, etc.
 � There is also a significant aesthetic, cultural, religious, and national pride in conserving tigers

Where to Achieve Tx2: The Global Tiger Recovery Program Goal for 2022
 � In 2010, Heads of the Governments and Leaders of Tiger Range Countries and conservation community 

set a Tx2 goal of doubling the wild tiger population by 2022—the next year of the Tiger in the Chinese 
calendar.

 � National Tiger Recovery Plans (NTRP) identified priority actions and strategies to protect and recover tiger 
populations

 � An analysis identified 20 priority TCLs to achieve the Tx2 goal. 

Course Readings and Handout

Section 1: Tiger Ecology and Natural History: A Primer 35
Tiger Ecology, Behavior, Demographics, and Implications for Conservation and Recovery 37

Section 2: Introducing a New Paradigm: A Landscape Approach to Tiger Conservation 43
Advantages of Landscape Conservation 44
Examples of Conservation Landscapes 46
Why a Landscape Approach to Tiger Conservation? Ecological, Demographic and  

Genetic Justification 52
Evidence of Landscapes in Maintaining Tiger Ecology, Demographics, and Genetic  

Variability 53
Co-Benefits of Tiger Conservation Landscapes 56
Where to Achieve Tx2: The Global Tiger Recovery Program Goal for 2022 57

Handout: Module 1 – Why Save Tigers? And How to Conserve Them
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M O D U L E  2

Creating the Enabling Conditions to Integrate  
and Mainstream Landscape Conservation  
into Land Use Planning and Development 

Overview

This module provides the participants with the knowledge and awareness on the need for: a) creating the necessary 
enabling conditions related to policy; b) engage in and promote cross- sector coordination and collaboration, includ-
ing with private sectors, donors, and industries that have an interest in the landscape; and, c) how to integrate and 
harmonize landscape conservation plans with development plans. Participants will become aware of the conflicting 
land use needs and plans at landscape scales, but also that some land uses are compatible in providing connectivity 
for tiger conservation. They will also think about innovative financing mechanisms to support landscape- scale conser-
vation, including channeling revenues to local community developments, smart green infrastructure, REDD+, and 
payment for ecosystem services. 

The module targets higher level officials, from Deputy Directors, Directors to Ministry Secretaries and equivalent 
positions

The module will be followed by a working session where participants will develop landscape- contextual frame-
works for creating enabling conditions

Learning Objectives

 � To introduce key enabling conditions for landscape approaches to tiger conservation, including:
 { an introduction to the different spatial conservation components of the landscape
 { the need for a cross- sector steering committee for coordinated management in the landscape
 { the need for policies to regulate land- use in the different conservation areas and components
 { the need for transboundary coordination and a mechanism for such collaborations

 � To show why it is imperative to mainstream conservation components into the land- use planning systems 
at central and decentralized levels

 � To discuss the potential for various sustainable financing mechanisms for conservation in the landscape
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Concepts and Content

The Core Components of a Tiger Conservation Landscape

 1. Core refugia: usually the protected areas, where tigers can establish territories. Generally have legal status 
and recognition, but many may not be well managed or protected, or not have clearly defined boundaries 
and therefore susceptible to encroachment or ceded for other purposes. The core refugia should be con-
sidered inviolate, or ‘NO- GO’ areas, well managed and protected, and the boundaries should be clearly 
defined and demarcated so there is no encroachment or subject to conflicting land- uses.

 2. Buffer zones: around core areas, and along the periphery of some corridors. Help to create a soft edge 
and shield that prevents disturbance directly to core areas and conflict in the human use areas outside the 
protected areas. Some buffer zones may be legally recognized as a land use category with prescribed land 
use allowances in some landscapes. All buffer zones should be legally designated with appropriate land use 
policies that govern how they are used.

 3. Corridors: habitat linkages that connect core areas and facilitate tiger dispersal. Need not be completely 
forested, but can be a matrix of natural forests, sustainably used semi- natural lands (e.g., community for-
ests and forest plantations), or even some forms of agriculture that provide temporary suitable cover for 
dispersing tigers and are not regularly harvested (e.g., sugar cane fields)

 4. Stepping- stone refugia: patches of habitat where dispersing tigers can take refuge while dispersing over 
long distances, but may be too small to support a breeding tiger population. These can be forest reserves 
or other intact habitat, and should be included as key components of a tiger landscape and integrated into 
land use plans.

 5. Landscape matrix: all lands outside the conservation areas mentioned above, but fall within the landscape 
boundary. Generally human dominated, varying in intensity of land uses, from large settlements to rural 
village areas

A Cross- Sector Steering or Coordinating Committee for Landscape Management and Monitoring
 � At landscape scales there are multiple land uses and resource demands that have to be managed. Land-

scape conservation management is managing these land- use and land cover types in a strategic and co-
ordinated way to minimize anthropogenic impacts on the conservation areas and wildlife conflict in the 
human- use areas.

 � A cross- sector steering or advisory committee with executive authority to ensure that all conservation and 
development activities in the landscape are coordinated and adhered to a strategic plan. 

 � Where appropriate, mechanisms and forums for transboundary discussions should be established for dialog 
on cross- border conservation issues.

 � The coordination mechanisms in the Terai Arc Landscape, Nepal and in the Central Forest Spine landscape 
in Malaysia are examples of how these mechanisms can be established.

Mainstreaming Conservation Areas into Land Use Plans and Processes
 � Landscape conservation plans have to be mainstreamed into development plans
 � Any development that impacts on the corridors should be assessed for the extent of threats, with appropri-

ate mitigations put in place. 
 � Appropriate policies and land use regulations to legally recognize these landscape conservation components 

and their management regimes are necessary. 
 � Conservation spatial plan should be included in the national and sub- national land use plans. 
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 � The National Physical Plan and planning process in Peninsular Malaysia, Terai Arc Landscape and the 
 Central Indian Landscape are examples where tiger corridors are reconciled with other land uses and 
 development activities.

Sustainable Financing
 � Sustainable financing for protection and managing the conservation areas in the landscape is critical. 
 � Corridors usually do not receive such budget allocations from the government, and financing mechanisms 

are necessary to fund corridor management

Course Readings and Handout

Section 3: How to Design and Manage a Tiger Conservation Landscape 59
A Framework for Managing Tiger Conservation Landscapes 64
Policies and Enabling Conditions 69
Best Practices 70

Section 4: Best-Practice Examples of Landscape Conservation 73

Handout: Module 2 – Creating the Enabling Conditions to Integrate and Mainstream Landscape Conservation 
into Land Use Planning and Development
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Workshop 2

Workshop 2 Course Content 

MODULE TOPIC
REQUIRED MATERIAL 

AND EQUIPMENT TIME

Introduction to Workshop

Day 1—
Session 1

• Opening ceremony and welcome address
• Program overview and housekeeping logistics
• Participant introductions

• 2 or more wireless 
microphones

• Microphones on dais
• 2 rapporteurs
• Notecards and pens 

to record participant 
responses

• Overall: flip chart and 
paper, pens, tape

• LCD projector and 
laptop for PowerPoint

Plenary

60 min

Module 3. Introduction to Tiger Biogeography, Ecology, and Behavior

Day 1 – 
Session 1

Tiger ecology and natural history: A primer. 

This information will be linked to the justification and 
rationale for landscape conservation in Module 5.

1. Tiger evolution and biogeography to introduce where 
tigers first evolved, how they radiated across the range, 
and where they are distributed now. 

2. Tiger subspecies and ecotypes, to provide some 
background to the basis for designation of subspecies, 
some of the controversial aspects of subspecies 
designation, and why ‘ecotypes’ are a better way to 
identify and prioritize populations across the range to 
prioritize populations for conservation.

3. Tiger biology and ecology, to introduce the ecological, 
behavioral, demographic, and genetic characteristic of 
tigers. 

4. Q/A session

• LCD projector and 
laptop for PowerPoint

• PowerPoint presentation
• Refer Module 3 in 

Manual
• 2 wireless microphones
• 2 rapporteurs for Q/A 

session

Total Session: 
60 min 

Presentation:
40 min

Q/A: 20 min
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Module 4. Introduction to Landscape Conservation

Day 1 – 
Session 2

Introducing a new paradigm: A landscape approach to 
tiger conservation. 

This lecture is designed to show how tiger conservation requires 
a landscape approach based on tiger biology introduced in 
Module 4.

1. An introduction to conservation landscapes.
2. Evolution and advantages of landscape approaches to 

conservation.
a. Site- based to landscapes

– Island biogeographic and metapopulation 
theories and links to landscape conservation. 

b. Case studies of landscape conservation.
3. Why adopt a landscape approach to tiger 

conservation? 
a. Tiger ecology and connectivity. 
b. Tiger demographics and connectivity. 
c. Tiger behavior and connectivity.
d. Tiger genetics and connectivity. 

4. Prioritization of tiger conservation landscapes for 
population recovery
a. History of tiger conservation landscapes. 
b. Where to achieve Tx2: the Global Tiger Recovery 

Program goal for 2022. 
5. Q/A session

• LCD projector and 
laptop for PowerPoint

• PowerPoint presentation
• Refer Module 4 in 

Manual
• 2 wireless microphones
• 2 rapporteurs for Q/A 

session

Total Session: 
60 min 

Presentation:
40 min

Q/A: 20 min

Module 5. Enabling Conditions and Policies

Day 1 – 
Session 3

This module will be presented by a participant who 
attended the previous governance training course.

The module is intended to provide practitioners with a greater 
understanding of policies and increased confidence to establish 
discourse with policy makers.

The module will provide the participants an 
understanding of:

1. Various policies and policy gaps, cross- sector policies 
and governance mechanisms that should be considered 
during landscape conservation, including those that 
can contribute to conflicting land use demands 
and land allocation for various purposes, such as 
allocations to people, communities, private sector (for 
business and industry), and for other anthropogenic 
land uses.

• LCD projector and 
laptop for PowerPoint

• PowerPoint presentation
• Refer to Module 5 in 

Manual
• Handout to be prepared 

by presenter
• 2 wireless microphones
• 2 rapporteurs for Q/A 

session

Total Session: 
50 min 

Presentation:
30 min

Q/A: 20 min
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a. Identify the policy gaps and how policy- makers can—
and are—working toward addressing them

b. How to work with cross- sector institutions to 
harmonize landscape- scale land use and integrate 
conservation with development plans.

Module 6. How to Design and Manage Tiger Conservation Landscapes

Day 1 – 
Session 4

This module is designed to introduce participants to spatial 
models that can be used to design the corridors and other 
conservation components (e.g., buffer zones, stepping stone 
refugia) in a landscape. The lecture will be followed by a 
hands- on working session by each landscape team to develop a 
spatial plan for their respective conservation landscapes.

The working group teams will be assisted by GIS analysts.

Participants should be encouraged to ask questions freely 
throughout the working groups, and the facilitators and GIS 
analysts should be thoroughly familiar with the subject.

By the end of the working group sessions the participants 
should have a prototype spatial plan for their respective 
landscapes that can be ground- truthed, adjusted, and used for 
landscape conservation.

Introduction to design and management of a tiger 
conservation landscape

1. Introduction to core components of a tiger 
conservation landscape
a. Guidelines on the size configuration, ‘carrying 

capacity’, and population targets for landscapes.
b. Strategic management and monitoring plans for 

the landscape.
2. Designing a conservation landscape. 

a. Introduce models and approaches for tiger 
conservation landscape design. 

b. Methodology from http://corridordesign.org 
/designing_corridors/
– Introduce model
– Review steps to design the corridor.
– Guidelines to adapt the model for individual 

landscape context.

• LCD projector and 
laptop for PowerPoint

• PowerPoint presentation
• Refer Module 6 in 

manual
• 2 wireless microphones
• 2 rapporteurs for Q/A 

session

Total Session: 
1 hr 10 min 

Presentation:
55 min

Q/A: 15 min

Exercise – Module 6
Group activity to will design a conservation landscape 
using the framework provided by http://corridordesign 
.org/designing_corridors/ (work with GIS analysts)

• Laptop with ArcGIS 
and the corridor 
model (download 
from website) for each 
working group.

1 hr 45 min

http://corridordesign.org/designing_corridors/
http://corridordesign.org/designing_corridors/
http://corridordesign.org/designing_corridors/
http://corridordesign.org/designing_corridors/
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Output will be a prototype landscape conservation plan 
for the respective landscapes that will identify the core 
areas, corridors, buffer zones with appropriate land uses 
that contribute to tiger conservation; e.g., community 
forests, ‘tiger- friendly’ agriculture, restoration areas etc.

Participants have to provide the following data for their 
respective landscapes:

• Land use/land cover (land cover classified by major 
habitat types)

• protected areas
• rivers, streams, lakes and other water bodies
• infrastructure (roads, railroads, industrial zones etc.)
• settlements and human dominated areas

The DEM can be provided.

Participants should confirm availability of these data before 
being registered for the course. Ideally, the data should be 
uploaded to a DropBox account prior to confirmation of their 
registration.

• GIS analysts (ideally 
1/group, but at least 
1/2 groups) available 
as resource persons. 
Suggest that a GIS 
analyst should be 
invited as a participant 
from each landscape to 
work with the respective 
groups

• Relevant data 
compatible with ArcGIS 

• Flash drives for data 
transfer(if needed)

Continue 
on Day 2 
afternoon 
and Day 3 
morning, if 
necessary.

Review Progress of Day 1

Day 2 – 
Session 1

• Review and identify how much progress groups have 
made in the Module 6 exercise and evaluate how much 
more time will be needed. The afternoon of Day 2 and 
morning of Day 3 will be available to complete this 
exercise.

• But begin Day 2 by introducing Module 7, followed by 
a short working group exercise to be completed during 
the morning.

• Microphones
• Laptop and LCD for 

PowerPoint (if needed)

30 min

Module 7. Managing and Monitoring Tiger Conservation Landscapes

Day 2 – 
Session 1

This lecture is designed to introduce participants to principles 
of landscape management, including addressing climate 
change- related threats, and monitoring.

Participants should be urged to read the relevant chapter from 
the CLP and recommended literature to gain more in- depth 
knowledge.

The lecture will be followed by a hands- on working group 
session where they will be required to review and provide 
feedback on the management framework that has been 
developed for the landscape. If none has been developed, the 
participants can develop a management framework and 
structure. The participants will also develop monitoring 
frameworks for the respective landscapes.

• LCD projector and 
laptop for PowerPoint

• PowerPoint presentation
• Refer Module 7 in 

manual
• 2 wireless microphones
• 2 rapporteurs for Q/A 

session

Total session: 
60 min

Presentation: 
40 min

Q/A: 20 min
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Managing Tiger Conservation Landscapes

1. Guidelines for landscape management strategies
a. Engagement of local communities as conservation 

stewards
b. Engagement of cross- sector at the local scale 

including the government, private sector, and 
industries

c. Address threats, including related to encroachment 
or land use conversion, human- tiger conflict and 
climate change

d. Strategies to restore bottlenecks.
2. Guidelines for management structure. 
3. Introduce best practice examples

Monitoring tiger conservation landscapes 

1. Provide guidelines for indicators, including:
a. Habitat change, bottleneck restoration
b. Corridor functionality (tigers using corridors)
c. Human- tiger conflict (refer Human Tiger 

Conflict CLP)

Day 2 – 
Session 1

Exercise – Module 7
Group activity to design and develop:

• Review the structure and strategic framework for 
managing landscape and provide feedback. 

• Monitor framework

• Laptop for each group
• Flipchart paper and 

pens
• Facilitators

2 hr 30 min

Day 2 – 
Session 2

Continue with Module 7 working group exercise.

Groups that finish early can continue to work on Module 
6 group exercise.

Day 2 – 
Sessions 3 
and 4

Groups to continue working on Module 6 exercise 
throughout the rest of the day. 

Day 2 – 
Session 4

Wrap- up. Remind working groups that they have to 
prepare presentations of the outputs from Modules 6 and 
7 for plenary presentations.

Assess progress of groups. If they have finished their 
analyses, the plenary presentations can begin in the morning 
of Day 3. If they require more time to complete the work, 
allocate the morning of Day 3 to continue with group work 
and schedule presentations for the afternoon sessions

Presentations to be limited to 15 minutes with 10 minutes 
for questions, feedback, and discussion.

Time 
allocated for 
presentation 
will be 
determined 
by numbers 
of landscapes 
represented by 
participants
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Review Progress of Day 2 and Presentations

Day 3 – 
Session 1

The schedule for Day 3 will have to remain flexible and 
adaptive. If more time is needed to complete working 
group exercises, dedicate sessions 1 and 2 for this work.

If groups have finished their work, begin presentations.

• LCD projector and 
laptop for presentation

• 2 wireless microphones
• 2 rapporteurs for Q/A 

session

Course Evaluation and Wrap- Up

Day 3 – 
Final Session

• Provide handout for course evaluation and feedback
• Vote of thanks and wrap- up

• Course evaluation 
questionnaire

• Microphone 

Workshop 2 Schedule

SESSION TIME DAY 1 SESSIONS FORMAT

Day 1 – Session 1 0900–0915 Opening and welcome ceremony Plenary

0915–0930 Program overview and housekeeping logistics Plenary

0930–1000 Participant introduction Plenary

1000–1040 Module 3 Plenary

1040–1100 Q/A on Module 3 Plenary

1100–1130 Coffee Break (extended coffee break to allow for participant 
interactions)

Day 1 – Session 2 1130–1210 Module 4 Plenary

1210–1230 Q/A on Module 4 Plenary

1230–1330 Lunch Break

Day 1 – Session 3 1330–1400 Module 5
To be presented by high- level official who attended Policy 
workshop (see modules 1–2)

Plenary

Day 1 – Session 3 1400–1420 Q/A on Module 5 Plenary

Day 1 – Session 4 1420–1515 Module 6 Plenary

1515–1530 Q/A on Module 6

1530–1545 Tea Break

Day 1 – Session 5 1545–1600 Introduction to Session 5. 

Day 1 – Session 5 1600–1745 Participants will design a conservation landscape using the 
framework provided by http://corridordesign.org/designing 
_corridors/ (work with GIS analysts)

Working groups

1745–1800 Wrap- up Day 1

http://corridordesign.org/designing_corridors/
http://corridordesign.org/designing_corridors/
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SESSION TIME DAY 2 SESSIONS FORMAT

Day 2 – Session 1 0900–0915 Review progress of Day 1 Plenary

Day 2 – Session 1 0915–0940 Module 7 Plenary

0940–1000 Q/A Module 7

Day 2 – Session 1 1000–1045 Design:
• A structure and strategy framework for managing 

landscape
• Monitoring framework

Working groups

1045–1100 Coffee Break

Day 2 – Session 2 1100–1230 Continue Module 7 working group sessions.

Groups that finish early can continue to work on the 
Module 6 group exercise

Working groups

1230–1330 Lunch

Day 2 – Sessions 3 
and 4

1230–1530 Groups will continue to work on Module 6 working group 
exercise throughout the rest of the day.

Tea break, 1545–1600

Working groups

Day 2 – Session 4 1530–1800 Wrap- up. Reminder for working groups to prepare 
presentations of outcomes from Modules 6 and 7 for 
next day

Plenary

SESSION TIME DAY 3 SESSIONS FORMAT

Day 3 – Session 1 0900–0930 Review progress of Day 2. Get an indication of how much 
longer it will take for the analyses to be completed. If 
more time is needed dedicate the first half of Day 3 to 
completing the working group analyses. 

If all groups have completed their tasks, begin group 
presentations.

Plenary

Day 3 – Sessions 1 
and 2

0930–1230 Use Sessions 1 and 2 to complete the working group 
analyses.

Begin plenary presentations if all groups have completed 
the analyses. 

Coffee break, 1045–1100

Working groups

1230–1330 Lunch

Day 3 – Sessions 3 
and 4

1330–1715 Group presentations. Continue presentations as necessary 
from previous session.

Begin wrap- up if presentations are completed early

Tea Break, 1545–1600

Plenary
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Day 3 – Session 4 1715–1730 Course evaluation Plenary or 
working groups

Day 3 – Session 4 1730–1800 Wrap- up and vote of thanks Plenary
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M O D U L E  3

Tiger Ecology and Natural History: A Primer

Overview

This module will include an in- depth discourse on tiger biology, including: the evolution and biogeography of tigers, 
and the basis for the distribution of the purported subspecies across the historic and current range; the ecological 
characteristics of tigers in the different habitat types, and why tiger ‘ecotypes’ could be a better way to prioritize popu-
lations; and tiger ecology, behavior, demographics, and genetics, to show why a landscape- scale conservation strategy 
is imperative for long- term tiger conservation. The module targets protected areas managers, state forest managers, 
academics, and other conservation practitioners who would become involved in conservation of tiger landscapes.

Learning Objectives 

 � To provide conservation practitioners with an understanding and in- depth knowledge of:
 { tiger biogeography and the justification of subspecies across the range
 { the concept of tiger ‘ecotypes’, based on the ecology of tigers inhabiting different habitats
 { tiger ecology, behavior, population dynamics, demographics, and genetics as an introduction to justify 

why a landscape- scale strategy for long- term conservation is imperative.

Concepts and Content

Evolution and Biogeography
 � The ancestral tiger evolved over 2 million years ago in east- Asia and spread west across an area from Turkey 

to Indonesia, including the Indian subcontinent, southeastern and northeastern China and the Russian 
Far East

 � Glacial and inter- glacial periods determined the spread and distribution of tigers and their prey. 

Tiger Subspecies
 � Tiger subspecies are based on morphological characteristics; body size, stripe patterns, coat color, and 

s keletal structure
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Tiger Ecotypes
 � Tigers are habitat generalists; and thus range from grasslands, tropical dry forests, tropical rainforests and 

temperate forests in hot arid habitats to deep snow and mangroves to subalpine alpine. 
 � Can represent variation in tiger populations through ecological adaptations of tigers—or ‘ecotypes’—in the 

different ecosystems and major habitat types, instead of the genotypes
 � Ecological role is more relevant for conservation and recovery of tigers

Tiger Ecology, Behavior, Demographics, and Implications for Conservation and Recovery
 � Territoriality and population density

 { solitary, territorial species
 { territory size correlated to prey availability
 { therefore, population density linked to territory size and prey availability

 � Dispersal
 { dispersal from natal areas an important part of tiger life history
 { influences tiger ecology, behavior, demographics, and genetics
 { important role in genetic variability, population dynamics, demographics
 { therefore, important for population recovery and persistence

Course Readings and Handout

Section 1: Tiger Ecology and Natural History: A Primer 35

Handout: Module 3 – Tiger Ecology and Natural History: A Primer
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M O D U L E  4

Introducing a New Paradigm:  
A Landscape Approach to Tiger Conservation

Overview

This module is designed to demonstrate why a landscape- scaled approach to tiger conservation is an imperative for a 
long term conservation of the species. It provides an overview of landscape conservation, and then links tiger ecology 
and biology introduced in Module 3 to the need for large spatial areas for conserving tigers.

Learning Objectives

 � To provide conservation practitioners with background information on:
 { what landscape conservation is
 { why a landscape scale approach to conservation is essential to capture the ecological, behavioral, demo-

graphic, and genetic variability of tigers and their successful conservation
 � To present a portfolio of priority tiger conservation landscapes to achieve the Tx2 goal (i.e., doubling the 

number of wild tigers by 2022—the next year of the tiger in Chinese calendar)

Concepts and Content

What Is a Conservation Landscape? 
 � Defined as a “a mosaic of habitat types managed at spatial scales necessary to capture and sustain viable eco-

logical patterns and processes of conservation targets”
 � For tigers, landscape elements include large undisturbed/inviolate core areas that support viable populations 

of breeding tigers and their prey populations, buffer zones to ameliorate external threats and disturbances 
to core areas, habitat corridors to connect core areas to facilitate dispersal and maintain metapopulation 
structure

Evolution of Landscape Approaches to Conservation 
 � Conservation biology has evolved to emphasize the need for landscapes with interconnected refuges, in-

stead of site- based approaches, for metapopulation management of species. 
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Advantages of Landscape Conservation
 � Increased viability and persistence of populations

 { Ecological, demographic, and genetic connectivity increases the persistence and viability of a population.
 � Support ecological and ecosystem processes and improved functionality

 { Landscapes have better spatial capacities than small sites to capture ecological processes, and greater 
resilience to absorb and survive perturbations and conserve ecosystem services

 � Capture biodiversity (α, β, and µ) 
 { Landscapes also capture more biodiversity than site- scale conservation, including α- , β- , and 

µ- diversity. 

Examples of Conservation Landscapes

Why a Landscape Approach to Tiger Conservation? Ecological, Demographic and Genetic Justification
 � Ecology and connectivity

 { Sub- adult tigers must disperse from natal areas to maintain genetic variability and demographic 
structure.

 { Inability to disperse can cause demographic and reproductive disruptions and eventually population 
declines.

 � Population and connectivity
 { Intraspecific encounters for territory could disrupt reproductive success.
 { Encounters increase in isolated reserves where dispersal is constrained or prevented. 

 � Genetics and connectivity
 { Inbreeding depression can affect isolated tiger populations.
 { A long- term strategy must conserve small populations that are part of the larger metapopulation to 

maintain genetic variability. 

Evidence of Landscapes in Maintaining Tiger Ecology, Demographics, and Genetic Variability
 � Examples and case studies

History of Tiger Conservation Landscapes
 � Tiger Conservation Units to Tiger Conservation Landscapes

Co-Benefits of Tiger Conservation Landscapes

Best-Practice Examples of Landscape Conservation

Where to Achieve Tx2: The Global Tiger Recovery Program Goal for 2022

Course Readings and Handout

Section 2: Introducing a New Paradigm: A Landscape Approach to Tiger Conservation 43

Section 4: Best-Practice Examples of Landscape Conservation 73

Handout: Module 4 – Introducing a New Paradigm: A Landscape Approach to Tiger Conservation
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M O D U L E  5

Enabling Conditions and Policies for  
Tiger Conservation Landscape Management

Overview

This module will provide the participants with the knowledge and awareness on the enabling conditions related to 
a) policy; and b) the need to engage in multi- stakeholder and cross- sector dialog, coordination and collaboration. 
Participants will become aware of the conflicting land use needs and plans at landscape scales, but also that some land 
uses are compatible with providing connectivity for tiger conservation. They will get an understanding of the need to 
engage with local communities that will become important partners and conservation stewards, especially in buffer 
zones and corridors. 

Learning Objective

 � Provide practitioners with a greater understanding of the policies and more confidence in dealing with 
policy makers to establish a discourse

Concepts and Content

 � Core areas, buffer zones, and corridors have to be legally recognized for their functional values and land 
tenure has to be secured with appropriate policies and regulations to underwrite and support land use re-
gimes and tenure 

 � Long- term programs to monitor land management, land cover, and land use changes
 � Tiger and prey populations have to be monitored
 � Stakeholder dialog and coordination
 � Cross- sector, inter- agency coordination and cooperation in land management and resource allocation based 

on a landscape conservation management strategic plan
 � Mainstreaming conservation areas into land-use plans and processes
 � Mechanisms for transboundary collaboration and dialog for transboundary landscapes
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Course Readings and Handout

Section 3: How to Design and Manage a Tiger Conservation Landscape 59
Policies and Enabling Conditions 69
Best Practices 70

Section 4: Best-Practice Examples of Landscape Conservation 73

Handout: Module 5 – Enabling Conditions and Policies for Tiger Conservation Landscape Management
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M O D U L E  6

How to Design and Manage a Tiger Conservation Landscape

Overview

This module is designed to provide hands- on training to participants in designing a conservation landscape, complete 
with core areas, buffer zones, stepping stone refugia, and corridors using spatial modeling. A lecture on theory and 
guidelines will be followed by a hands- on working session by each landscape team to develop a spatial plan for their 
respective conservation landscapes.

The working group teams will be assisted by GIS analysts.

Learning Objectives 

 � To introduce participants to corridor planning and design using spatial modeling and enable them to de-
velop a spatial plan for their respective landscapes

 � To provide guidelines and framework for landscape management

Concepts and Content

 � Designing a tiger conservation landscape is an exercise in land use planning based on targets set by the 
 desired tiger population sizes. 

 � A 5 or 10- year strategic plan, with a supporting business plan should be prepared for coordinated imple-
mentation of conservation and development activities in the landscape

 � Conservation interventions should include a monitoring plan, protection plan, and a conflict mitigation plan.
 � There are several approaches and methods and spatial models that can be used to design conservation 

landscapes and implement interventions. A comprehensive framework for corridor design, including GIS 
 models is available from http://corridordesign.org/designing_corridors/ 

 � However, the parameters and specifics of the actual modeling should consider the landscape context, and 
will depend on the availability of detailed and accurate data, expert knowledge, and maps, and on the 
 extent of habitat fragmentation in the landscape. 

 � Guidelines for plan implementation include, maintaining inviolate core areas, buffer zones to create soft 
edges, corridors for connectivity that can be managed through community stewardship, coordinated 
 engagement of line agencies and donors, mainstreaming conservation into development plans, and a cross- 
sector steering committee for coordination of cross- sector activities.

http://corridordesign.org/designing_corridors/
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Course Readings and Handout

Section 3: How to Design and Manage a Tiger Conservation Landscape 59

Section 4: Best-Practice Examples of Landscape Conservation 73

Handout: Module 6 – How to Design and Manage a Tiger Conservation Landscape
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M O D U L E  7

Monitoring

Overview

This module will provide a brief introduction to monitoring, which will be dealt with more in- depth and detail in 
another Core Learning Program. 

Learning Objective

 � To briefly introduce participants to monitoring strategies and methods

Concepts and Content

 � Field Patrolling and monitoring using SMART for adaptive management and protection.
 � Community- based monitoring, especially in buffer zones and corridors
 � Scientific monitoring through structured surveys using camera traps, grid- based sign surveys, and genetic 

analyses

Course Readings and Handout

Section 3: How to Design and Manage a Tiger Conservation Landscape 59
Monitoring 69

Handout: Module 7 – Monitoring
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SECTION 1

TIGER ECOLOGY AND NATURAL HISTORY: A PRIMER

Evolution and Biogeography

The tiger is believed to have evolved in the region that is now east- Asia, and the historical distribution of the tiger 
range spanned a vast area, from Turkey to Indonesia, across the expanse of the Indian subcontinent, into parts of 
southeastern and northeastern China and the Russian Far East (Figure 1). The earliest known fossils of an ancestral 
tiger are from Hunan Province, in Northern China. This tiger, Panthera tigris palaeosinensis, is believed to have lived 
over 2 million years ago, during the beginning of the Pleistocene era (Kitchener and Yamaguchi 2010). 

Figure 1. Historic and current distribution of tigers.

Source: http://panthera.org
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The Pleistocene was a period of immense geological upheaval. A series of extreme climatic fluctuations, including 
at least four cold, glacial periods when sea water was tied up in ice resulted in a lowering of sea levels. The exposed sea- 
beds created land bridges between continental areas and islands, allowing animals, including tigers, to disperse and fan 
out into new areas. During the intervening warmer periods the glacial ice melted, raising sea levels. The populations 
that had ventured out into new areas were then separated for long periods. During these warm periods of separation 
the habitat was optimal for ungulates such as deer (Cervidae) and wild cattle (Bovidae). They flourished and radiated 
into several species by adapting and occupying ecological niches that opened up for grazing and browsing in different 
forest types, forest edges and grasslands. Tigers followed the ungulates, and became the primary large predator of these 
large ungulates (Sunquist et al. 1999). 

Tiger Subspecies

Given the vast range of climatic extremes, from hot arid habitats to deep snow to the array of habitat types in which 
tigers live, and the different prey species they hunt, it is not surprising that tigers in different parts of the range have 
distinct morphological characteristics. Body size, stripe patterns, coat color, and skeletal structure vary across the 
range (Kitchener 1999). Taxonomists have designated eight subspecies of tigers based on these differences; the Bengal 
tiger (P.t. tigris), Indochinese tiger (P.t. corbetti), Amur tiger (P.t. altaica), Sumatran tiger (P.t. sumatrae), South China 
tiger (P.t. amoyensis), Javan tiger (P.t. sondaica), Bali tiger (P.t. balica), and the Caspian tiger (P.t. virgata). 

In recent years, however, the validity of these subspecies designations based on morphology has been questioned. 
Kitchener and Dugmore (2000) proposed three possible subspecies, the Caspian tiger (P.t. virgata), the Asian main-
land tiger (P.t. tigris), and the Sunda islands of Indonesia and Peninsula Malayan tiger (P.t. sondaica) based on poten-
tial biogeographical separation and isolation during glaciations and inter- glacial periods, habitat parameters, and the 
evolutionary history of tigers. 

But Luo et al. (2004, 2010) again reclassified the extant tigers into at least five, possibly six, subspecies based on genetic 
analyses. These subspecies are the Amur tiger (P.t. altaica), Indochinese tiger (P.t. corbetti), South China tiger (P.t. amoyen-
sis), Sumatran tiger (P.t. sumatrae), and the Indian 
tiger (P.t. tigris), with the Malayan tiger (P.t. jack-
soni) being the sixth possible subspecies. Under this 
classification, the previous Indochinese tiger was 
reclassified as two distinct subspecies—Malayan 
tiger (P.t. jacksoni) and Indochinese tiger (P.t. cor-
betti)—with the former range being divided at the 
Isthmus of Kra, the constriction along the Malayan 
Peninsula that is a known biogeographic barrier for 
many taxonomic groups (Corbett and Hill 1993, 
Hughes et al. 2003). 

The extended debate over putative tiger sub-
species was justified based on the potential for 
reintroductions of tigers into regions from where 
they have become extirpated and translocations 
into places to augment declining populations. 
Keeping track of subspecies would enable genetic 
representation (Kitchener and Dugmore 2000, 
Luo et al. 2004, 2008). 

Figure 2. Conceptual depiction of how a dominant male tiger’s territory (in 
black outline) overlaps with multiple female territories (in orange outline) in a 
habitat matrix.
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Tiger Ecotypes

Tigers are habitat generalists. They live in hot and arid scrub and dry forests of Central India and in the cold, snow- 
bound boreal forests of the Russian Far East. They swim between mangroves islands of the Sundarbans and venture 
above 4,000 m to the tree line in the mountains of Bhutan. They inhabit grasslands, tropical dry forests, tropical 
rainforests and temperate forests (Sunquist et al. 1999). Thus, tigers are ecologically and behaviorally adapted to live 
and hunt varieties of prey species found at different densities in different habitats, which has shaped their ecology, 
behavior, and demographics. 

Therefore, in 1997, scientists from the World Wildlife Fund (WWF), Wildlife Conservation Society (WCS), and 
the Smithsonian Institution proposed a new way of representing the variation in tiger populations across the range in 
a global conservation strategy. This approach emphasized the need to conserve the ecological adaptations of tigers—or 
‘ecotypes’—in the different ecosystems and 8 major habitat types, instead of the genotypes, since the ecological role 
is more relevant for conservation and recovery of tigers (Wikramanayake et al., 1999). 

Tiger Ecology, Behavior, Demographics, and Implications for Conservation and Recovery

Territoriality and Population Density
Tigers are solitary, territorial species. In general, a male tiger’s territory overlaps with the territories of several females, 
usually about two to three. But the female tiger territories remain exclusive and do not overlap much with each other 
(Figure 2). 

Male tigers defend territories for access to 
females and females for food. Therefore, prey 
availability and prey size are important deter-
minants of territory size. Studies show a strong 
positive relationship between abundance of 
large ungulates and tiger densities (Figure 3). 

Tigers prefer larger prey species such as 
sambar (Cervus unicolor), red deer (Cervus ela-
phus), swamp deer (Rucervus duvaucelii), gaur 
(Bos gaurus), and Banteng (Bos javanicus) over 
smaller prey species (Andheria et al. 2007, John-
singh 2009, Karanth and Sunquist 1995, 2008) 
(Figure 4). However, when and where the large 
prey species have been extirpated—as has now 
happened in many parts of the tiger range—ti-
gers can survive on smaller prey species (Kawa-
nishi and Sunquist 2004, Sunquist et al. 1999) 
which can eventually cause populations to de-
cline and even become locally extirpated.

The estimated food requirement for a non- 
reproductive female is about 5–6 kg of meat 
per day for a maintenance diet, which is over 
2,000 kg per year (Sunquist et al. 1999). Tigers 
would need to kill prey—preferably larger prey 

based on the unrealistic assumption of total and simul-

taneous counts of tracks that are identified to individual

animals.

4.1. Tiger population in Taman Negara

Based on density estimates, an attempt was made to

estimate the tiger population in the entire park. Al-

though the sampling sites were not randomly selected,

results suggested that the samples were taken from one

population that occupied the area. In addition, the total

effective trapping area constituted approximately 30% of

lowland to hill forest of Taman Negara. Furthermore,
inventory surveys conducted by the Department of

Wildlife and National Parks in 2001 and 2002 found

sign of tigers in all major tributaries in the park

(DWNP, in litt.). For these reasons, we assume that the

sample population was a good representation of the

population in the lowland to hill forest of Taman Neg-

ara. The highest elevation in all the study sites was 898

m. Therefore the mean density estimate of 1.66� 0.21
tigers/100 km2 was extrapolated to the area below 900

m, which constituted 89.7% of the park. Thus, 90% of

Taman Negara supported an estimated 65 (95% CI: 49–

81) adult tigers. A further attempt was made to include

areas above 900 m and cubs into the total population

estimate. In a primary rainforest of Sumatra, Griffiths

(1994) reported that tiger density in montane forest

above 1700 m was about half of that of lowland forest
below 600 m. A demographic model of wild tiger pop-

ulations suggests that cubs may form �25% of a ‘nor-

mal’ tiger population (Karanth and Stith, 1999).

Assuming that tigers existed above 900 m at a reduced

density of 0.83 tiger/100 km2, and that 25% of the

population consisted of cubs, the entire park could

support 91 (95% CI: 70–112) tigers.

4.2. Tiger density and prey biomass in rainforests

Animal density is a function of habitat productivity,

metabolic needs of the species and size of the area. As

such, home range sizes of breeding tigresses are strongly

correlated with large ungulate prey (Sunquist, 1981).

There is a clear relation between prey biomass and tiger

density across the tiger’s range (Fig. 3; R2 ¼ 0:78,
P < 0:0001). Primary rainforests offer little primary

productivity at ground level, and thus mammalian bio-

mass is dominated by arboreal herbivores (Eisenberg,

1980). Consequently, tropical rainforest is not particu-

larly good habitat for tigers as it does not support a

diversity or abundance of large terrestrial ungulates. The

estimated tiger densities in the primary rainforest of

Malaysia are, as predicted, among the lowest densities
recorded in the entire range (Fig. 3).

There are two other reliable estimates of tiger density

from primary rainforests. Using estimated home-range

size based on camera-trapping data and observations of

tracks, Griffiths (1994) calculated the tiger density in the
primary lowland forest (<600 m) of the Gunung Leuser

National Park (GLNP) in northern Sumatra to be 1.65

tigers/100 km2. Another estimate based on camera-

trapping data using CAPTURE was 1.56� 0.43 tigers/

100 km2 in a lowland forest (<500 m) of Bukit Barisan

Selatan National Park (BBSNP) in southern Sumatra

(O’Brien et al., 2003). The overall mean density estimate

of 1.66� 0.21 tigers/100 km2 of this study is similar to
both of these estimates. It thus seems reasonable to

conclude that a large tract of lowland to hill primary

rainforest supports about 1.6 tigers/100 km2. This con-

forms to another report from Sumatra that tiger densi-

ties in lowland forests are generally 1–3 tigers/100 km2

(Santiapillai and Ramono, 1987). The higher end of this

generalization applies to more productive lowland

mixed grassland–forest and secondary forests rainforest
such as Way Kambas National Park rather than pri-

mary forest. The tiger density in Way Kambas was es-

timated to be 1.6–4.3 tigers/100 km2 (Franklin et al.,

1999).

Based on the average density estimates of large

herbivores, excluding elephants, tapirs, and Sumatran

rhinoceros (Table 2 in O’Brien et al., 2003), we calcu-

lated the estimated prey biomass of the primary rain-
forest of Sumatra’s BBSNP to be 408 kg/km2. This was

comparable to the biomass estimates, excluding the

same three mega-herbivore species, at the three sites in

Taman Negara, which ranged from 266 to 426 kg/km2.

There was no difference in the tiger densities between the

two sites (X 2 ¼ 0:05, df¼ 1, P ¼ 0:82) despite the fact
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Figure 3. The significant relation between prey biomass and adult tiger density 
across tiger range (R2 = 0.78, P < 0.0001). The three empty circles represent the 
data points from this study. Sikhote-Alin (Russia) and Ujung Kulon (Java) have 
graphically overlapping points. Data source: Karanth and Nichols (2000) for Kazi-
ranga, Bandipur, Nagarahole, Kanha, Ranthambhore, Bhadra, and Pench; Sunquist 
(1981), Eisenberg and Seidensticker (1976) for Chitwan; Rabinowitz (1989), Srikosa-
matara (1993) for Huai Kha Khaeng; O’Brien et al. (2003) for Bukit Barisan Selatan: 
Miquelle et al. (1999) for Sikhote-Alin; and Hoogerwerf (1970) for Udjung Kulon.

Source: Kawanishi and Sunquist 2004.
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weighing more than 20 kg—every 6 to 8 days. Over the course of a year, this would translate to about 10% of a prey 
population; i.e. about 50 animals from a population of 500 prey animals. 

Because tigers exclude conspecifics from their territories, the territory size will eventually determine tiger densi-
ties. But territory size primarily depends on prey density. In habitats where prey is scarce, either naturally or because 
of anthropogenic drivers, tiger territories are larger, and densities lower. Studies show that the highest tiger densities 
are usually in savanna grasslands and in the tropical dry and moist deciduous forests where the open canopies encour-
age a more luxurious growth of understory and ground cover vegetation that can support higher ungulate densities 
(Table 1). Examples of these high tiger density habitats are the Terai grasslands along the base of the Himalayas and 
the wooded glades in central India (Seidensticker et al. 1999).

Conversely, tiger densities are lower in tropical moist semi- evergreen and ever green forests with closed canopies, 
where the primary productivity is mostly in the canopy, and not on the ground as the limited sunlight penetration 
does not allow heavy undergrowth (Eisenberg and Thorington 1973). Therefore, the undergrowth cannot support 
large populations of ungulate browsers, thus limiting the tiger population. The Boreal forests of the Russian Far East 
are an extreme example of where prey is scarce. Here, female tiger territories can be as large as 400 km2, compared to 
the 12 to 20 km2 territories of tigers in the Indian subcontinent (Wikramanayake et al. 2011). 

Figure 4. Tiger food habits in different regions to show the preference for larger prey species. 

Source: Sunquist et al. 1999
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Therefore, tiger conservation plans and strategies should consider the capacity of different habitat types to support 
tiger populations based on prey availability and densities, and the tiger territory size. Camera trapping studies in Naga-
rahole National Park, India have been able to identify individual tigers and detect their presence over a long period. 
These studies have shown that about 18% of tigers that occupy an area are non- resident ‘transients’;i.e., animals that are 
unable to establish territories or move through the area in search of territories (Karanth et al. 2006). These animals are 
not considered to be part of the breeding population, but are nevertheless factored into density calculations.

A breeding tigress requires about 50% more meat to support pregnancy and raise young (Sunquist et al. 1999). 
Because the difference between surviving and thriving is important, prey availability should ideally be greater than 
any minimum thresholds (Sunquist 2010). Where prey is adequately available, recovery of tiger populations can be 
achieved relatively quickly. Female tigers can breed when they are 3 years old, and the gestation period is about 3 
months (103 days). The average litter size is about 3 cubs, but in high prey density areas larger litters of 4, or rarely 
even 5 cubs are possible (Figure 5). The inter- birth interval is about 20 months, but if cubs die during the lactation 
period, the inter- birth interval can be as short as 7–8 months (Sunquist et al. 1999, Sunquist 2010). 

Dispersal
Dispersal from natal areas is an important part of tiger life history. It influences tiger ecology, behavior, demograph-
ics, and genetics. Studies from Chitwan National Park, Nepal indicate that sub- adult tigers disperse from their natal 

Table 1. Prey and tiger densities in Asia and the Russian Far East. Source: Sunquist 2010.

  Principal prey density  Adult tigers/100 km 
  (#/km2) and/or or density estimate 
Location Forest Type prey biomass (kg/km2) 100 km2

Taboda, India Moist and dry forest 13.1 3.27
Bhadra, India Moist forest 16.8 / ~1100 kg/km2 3.42
Pench, India Moist forest 63.8 / ~4000 kg/km2 4.94
Melghat, India Dry forest 5.3 6.67
Panna, India Dry forest 30.9 / ~3100 kg/km2 6.94
Pench, India Moist forest 16.2 7.29
Ranthambore, India Dry forest 60.6 / ~4200 kg/km2 11.46
Kanha, India Moist forest 57.3 / ~3900 kg/km2 11.7
Nagarhole, India Moist forest 70 / ~7600 kg/km2 11.92
Bandipur, India Moist and dry forest 35.2 / ~3500 kg/km2 11.97
Kaziranga, India Alluvial grassland 58.1 / ~4200 kg/km2 16.76
Chitwan, Nepal  Alluvial grassland- forest mosaic 59 / ~2600 kg/km2 3.7 

 and upland sal forest
Bardia, Nepal Alluvial grassland- forest mosaic >200 / ~8000 kg/km2 9
Bukit Barisan Selatan,  Lowland tropical rainforest 17.5 / ~400 kg/km2 1.7
Way Kambas, Sumatra  Lowland mixed grassland Not available 1.6–4.3 

 and secondary forest
Taman Negara Lowland tropical rainforest 266–426 kg/km2 1.66
Gunung Leuser, Lowland tropical rainforest Not available 1.65
Nam Et- Phou Louey,  Tropical mixed hill evergreen and Not available 0.2–0.7 
 Lao PDR  deciduous forest
Sikhote- Alin, RFE Mixed hardwood and conifer  ~400 kg/km2 0.3–0.7 
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areas when they are about 19 to 28 months old (Smith 1993). The study showed that males disperse further than 
females; the average dispersal distance for males was 33 km, compared to 10 km for females. One radio- collared male 
tiger travelled over 60 km. In India, a male tiger that was captured from a village (Gama village near Shikaripur, in 
Karnataka State, India) was previously camera- trapped in Bandipur Tiger Reserve, about 280 km away in a straight 
line distance.

Dispersal plays an important role in population recovery. Historical records from tiger hunts organized by the 
Rana Royalty in Nepal show that when tigers were shot out of an area, the populations still recovered very rapidly. For 
instance, during one such hunt in 1935/36, 77 tigers were killed in what is now Chitwan National Park, but just three 
years later another 120 tigers were hunted out from the same area (Smythies 1942). The rapid recovery is attributed to 
tigers recolonizing the vacant area by dispersing from the surrounding landscape after the previous resident tigers were 
killed. But at that time the habitat in the landscape was intact and continuous, with little or no hunting, except by 
the Rana Royalty in the hunting reserves. Today, with habitat being highly limited and fragmented, with decimated 
prey abundance and tiger populations depressed because of poaching, such rapid population recovery would not be 
possible. 

More recently, in 1966 a survey of the Sikhote- Alin State Biosphere Reserve in the Russian Far East revealed the 
presence of only one tiger. But with protection and conservation measures, the population grew to 24–31 animals 
over the next 28 years (Smirnov and Miquelle 1999). The increase was partly attributed to colonization by tigers that 
dispersed into the area from other areas of the landscape, including across a transboundary corridor connecting tiger 

Figure 5. A litter of 4 cubs from Bardia National Park, Nepal. 

Photo Credit: WWF Nepal
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habitat in northeastern China. A relatively healthy tiger population in Northeast China may have assisted in the re-
covery of the Russian Amur tiger population after its low point in 1940 with dispersal of individuals across forested 
sections of the international border. The present scenario, however, is completely opposite where Northeast China has 
very small number of tigers (not more than 20) in a very limited habitat available. Now, the Amur tiger population in 
the Russian Far East is serving as the source for the population recovery in the Northeast China. This kind of dynam-
ics in population recovery is possible as long as the habitats are connected through corridors.

Dispersal also helps to maintain genetic variability. A recent genetic assessment of tigers in India has shown there 
has been a loss of genetic variability because of relatively recent habitat fragmentation and loss of connectivity (Mon-
dol et al. 2013). But another analysis from Central India has shown genetic similarity amongst interacting popula-
tions of tigers in the Satpura- Maikal areas, suggesting that tiger dispersal is important to maintain genetic variability 
within that area, at landscape scales (Sharma et al. 2013). The Satpura- Maikal landscape has changed dramatically 
over a period of 300 years (1700–2000) with a 25- fold increase in urbanization and a 10- fold increase in human 
population. This change has taken place at the expense of tiger habitat, which has declined by almost 80%. The gene 
flow of tigers (Sharma et al. 2013) between the four reserves in this landscape has been reduced significantly, but 
reserves still connected by corridors have a higher rate of gene flow than those which are disconnected. This indicates 
that habitat connectivity directly affects the genetic diversity of the wildlife populations.

A study in Chitwan also showed that fights between sub- adult and resident tigers are common, and wounds on 
dispersal- age animals suggested that dispersal may be facilitated by intra- specific physical encounters between the sub- 
adults and resident animals (Smith 1993). Two males being studied died from wounds suffered due to intra- sexual 
aggression, indicating strong competition for territories among males. If a resident male becomes displaced and the 
territory is taken over by a new male, the new resident male will kill all cubs being weaned by the females within 
its territory, to bring the females back into estrus (Karanth 2003, Sunquist et al. 1999, Sunquist 2010). Studies of 
primates suggest that females at risk from infanticide by immigrant dominant males are under greater physiological 
stress (Beehner et al. 2005). In populations where sub- adults are unable to disperse, competition for territories can 
result in frequent displacement of resident males, which can then result in high rates of infanticide, physiological 
stress, and low recruitment that affect the demographics and population recovery. Thus, dispersal shapes tiger popula-
tion dynamics and demographics. Therefore, intra- specific competition for territories in isolated reserves, combined 
with hard- edged reserve boundaries can create a human- tiger and tiger- tiger conflict situation, affecting population 
recovery. 
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SECTION 2

INTRODUCING A NEW PARADIGM:  
A LANDSCAPE APPROACH TO TIGER CONSERVATION

Over the past 150 years the tiger range has collapsed by more than 93% (Dinerstein et al. 2006). The wild tiger 
population has declined from an estimated 100,000 about a century ago to less than 3,500 animals that now live in 
isolated populations across the range (GTRP 2010). The decline has continued despite considerable investments in 
tiger conservation (Bagley 2010; Christie 2006; Gratwicke et al. 2010). Part of the decline is attributed to increased 
poaching, which has taken place even in the best- protected stronghold reserves (Narain et al. 2005). But a large part 
is also attributed to continued habitat loss, fragmentation, and degradation. Even large sections of protected areas are 
being invaded by exotic invasive species, such as Lantana camara, Parthenium sp, Eupatorium adenophorum, Opuntia 
stricta, Panicum maximum, and Mikania micrantha that exclude native plant species palatable to ungulates; the tiger 
prey species. Many of the protected areas in which tigers are increasingly being confined are too small to sustain large, 
viable populations, and the natural ecology and behavior of tigers. Thus, at the turn of the millennium, conservation 
biologists proposed a new paradigm of conservation landscapes as a way to conserve not just tiger numbers, but also 
its ecological role in natural ecosystems (Wikramanayake et al. 1999).

What Is a Conservation Landscape? 

There is no single definition of a conservation landscape. Ecologists have variously described a ‘landscape’ as “a hetero-
geneous land area composed of a cluster of interacting ecosystems” (Forman and Godron, 1986), “a mosaic of hetero-
geneous land forms, vegetation types, and land uses” (Urban et al., 1987), or simply as “a spatially heterogeneous 
area” (Turner 1989). For conservation, the ecological elements of a landscape should include “the structure, spatial 
configuration, and context of these places, and the ways in which these influence ecological processes and undergo 
change . . .” (Wiens 2008). 

Based on these criteria, we can define a conservation landscape as “a mosaic of habitat types managed at spatial 
scales necessary to capture and sustain viable ecological patterns and processes of conservation targets.” For tigers, the 
landscape elements will include large undisturbed/inviolate core areas that can support viable populations of breeding 
tigers and their prey populations. Buffer zones around the core areas will ameliorate external threats and disturbances. 
Habitat corridors that connect the core areas will facilitate dispersal of sub- adults from natal areas to maintain meta-
population structure and genetic exchange.
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Evolution of Landscape Approaches to Conservation 

Over the past four decades, conservation biology has evolved to emphasize the need for landscapes with intercon-
nected refuges, instead of site- based approaches (McCullough 1996). The evolution has integrated landscape ecology 
(Forman and Godron 1986) with the theory of island biogeography (MacArthur and Wilson 1967) and metapopu-
lation dynamics (Levins 1969) to develop principles of landscape management for biodiversity conservation. Very 
simply, the principles are based on protecting populations in core areas in a landscape connected by habitat corridors 
to facilitate genetic and demographic interactions to maintain metapopulation structure.

For conservation biology, the term metapopulation is simply defined as a collection of ecologically, demographi-
cally, and genetically connected populations (= subpopulations). The concept of a ‘metapopulation’ was first pre-
sented by Levins (1969) to describe a collection of interacting subpopulations, where species movements between 
the subpopulations will increase the persistence of the larger metapopulation through a process of extinctions and 
re- colonization. Under this dynamics, a patch where the subpopulation becomes extirpated could become recolonized 
by immigration from another source population (Figure 6). Therefore, although subpopulations will have relatively 
low persistence because they are susceptible to demographic stochasticity, the metapopulation will persist due to re- 
colonization from other subpopulations. 

Metapopulation theory has been adapted to help design conservation landscapes with permeable matrices that 
facilitate species dispersal between core areas that support breeding subpopulations in a landscape (Wiens 1997). 
The primary determinants of inter- patch movement are the vagility of the species and the permeability of the matrix 
habitat. In a landscape mosaic, with land- use and land cover of various degrees of suitability, the inter- patch move-
ment distances are not a function of the Euclidean distances, but a complex function of species- specific matrix and 
boundary permeabilities, patch size and configuration, inter- patch distances, and resource (water, food, and cover) 
availability in the matrix habitat. Understanding the dynamics of these populations through metapopulation theory 
can help to develop conservation plans for the species and landscape assessment and management (Hanski and Gilpin 
1991, Hanski and Ovaskainen 2000).

Advantages of Landscape Conservation

Increased Viability and Persistence of Populations

Ecological, demographic, and genetic connectivity can increase the persistence and viability of a population. Even 
small populations that appear like a population sink can contribute to the stability and long- term persistence of the 
species in a fragmented landscape through metapopulation dynamics (Stacy et al. 1997, Weins 1997, see Figure 6). 

Even limited migration or exchange of individuals between subpopulations has been shown to maintain genetic 
heterogeneity and genetic variation (Barton and Whitlock 1997). Therefore, a metapopulation can make the effective 
population larger and reduce the risk of inbreeding depression in small, insular populations. 

Support Ecological and Ecosystem Processes and Functions Better
Loss of ecological links can have far- reaching, cascading impacts that can affect entire ecosystems (Estes 2011). Land-
scapes have better spatial thresholds and capacities than small sites to capture these links and processes, and greater 
resilience to absorb and survive perturbations (Turner 1989). Mammalian carnivores are good focal species for land-
scape or regional- scale conservation planning, since their ecological spatial requirements extend to landscape scales 
(Caro and Doherty 1999, Carroll et al. 2001, Sanderson et al. 2002).

Important ecosystem processes and services such as hydrological flows and cycles, pollination, and seed dispersal 
that sustain life on Earth (Figure 7) can be captured and conserved through landscape conservation. The spatial scale 
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of large landscapes can subsume watersheds and the water sources, streams and rivers (or at least large reaches of 
 rivers), and are better positioned to conserve and regulate water flows and quality. 

The diverse habitat matrix of a landscape can also protect source populations of insects that pollinate forest plants 
as well as crops embedded in the matrix. Similarly, the large spatial extent of the landscape and the habitat diversity 
can include birds, mammals (from bats to rodents), and other animals, including insects, that play a significant role 
in pollination, seed dispersal and sustain forest regeneration and crop viability.

Capture Biodiversity (α, β, and µ) 
Landscapes also capture more biodiversity than site- scale conservation. While a site- scaled approach will capture α- 
diversity (the number of species within a single habitat or community), and to a lesser extent, β- diversity (the change 

Figure 6. Conceptual diagram to show how metapopulation structure can increase persistence. In this diagram, the green circles (S1- S4) repre-
sent large, growing, stable populations in a landscape and act as source populations. The blue circles (A– E) represent smaller declining, or sink 
populations, but within colonizing distance of the source populations. The open circles represent sink populations too far for colonizing animals 
to reach from the source populations. 

As source populations grow, individuals will leave the population (the natal area) and disperse to another population site. If they arrive at 
another green circle, they will become integrated into the population and contribute to the gene pool in that population and help it to grow. If 
it disperses into a smaller population represented by the blue circles, there is a probability that it may not persist since the population itself is in 
decline, although survival is not completely ruled out (represented by the dotted arrows). However, if the blue populations are close to source 
populations, or within dispersal corridors, there is a probability of more frequent movement, including through movement during dispersal (circles 
A and B). Thus, even small populations can play a role in maintaining demographic persistence. 

The populations in the open circles will not become recolonized, and will eventually become extinct—unless dispersal corridors can be created 
to facilitate movement from the source population.
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in species composition along an environment gradient or a series of habitat types), a landscape is more suited to cap-
ture β- and also µ- diversity (total species diversity in a landscape or larger area) (Noss 1983). This will be especially 
true in ecosystems such as tropical moist forests that are high in α biodiversity, but are also high in β-  and µ- diversity 
because many species have small range distributions with high species turnover and replacement, and in systems with 
extreme topographic variation that creates habitat clines. The tropical forests of India’s Western Ghats, the Tenasserim 
range along Myanmar and Thailand, and the Annamite range along Vietnam and Laos are examples of the former, 
while the Eastern Himalayan habitats in Bhutan is an example of the latter. 

Examples of Conservation Landscapes

Over the past two decades or so, landscapes conservation to facilitate dispersal through human dominated landscapes 
have been designed for several mammals, from African and Asian elephants (Cushman et al. 2010, Graham et al. 
2009, Johnsingh and Williams 1999, Osborn and Parker 2003, Douglas- Hamilton 2005), bears (Boone and Hunter 

Figure 7. Ecosystem services. Ecosystem services have high economic values and are best conserved at landscape scales because the ecological 
links go beyond small site- scaled conservation areas.
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1996, Graves et al. 2007, Hoctor et al. 2000, Yerena and Torres 1994), cougars (LaRue and Nielson 2008, Sweanor 
2000), snow leopards (Forrest et al. 2012, Mishra et al. 2010), jaguars (Rabinowitz and Zeller 2012, Sanderson et 
al. 2002), wolves (Mladenhoff et al. 1995, Fritts et al. 1994), and Giant pandas (Yin et al. 2006, Xu et al. 2006, 
Loucks et al. 2003, Shen et al. 2008), to smaller mammals (Laurance and Laurance 1999, Nasi et al. 2008). These in-
clude several landscapes that are spatially extensive (http://www.conservationcorridor.org/corridors- in- conservation/
large- scale- corridors/). 

 1. Yellowstone to Yukon Wildlife Corridor
  One of the very early iconic landscape initiatives was the Yellowstone to Yukon wildlife corridor, also 

known as the Y2Y (Figure 8). This 3,200 km long, 1.3 million km2 transboundary landscape conceptual-
ized in 1993 extends across the states of Montana, Idaho, Wyoming, Oregon, and Washington in the 
United States to Alberta and British Columbia provinces and Yukon and Northwest Territories in Canada. 
It is a truly visionary attempt to create a vast conservation landscape for the large wildlife of northern 
America, and has been an inspiration for other conservation landscapes. 

   The region encompassed within the landscape is considered to be one of the most intact ecosystems in 
the world, with healthy populations of the original large native species, especially the grizzly bears, wolves, 
lynx, moose, big horn sheep, mountain goat, caribou, and elk. The landscape is intended to conserve key 
habitat and maintain connectivity for these species, and ensure that the populations remain genetically and 
demographically viable while coexisting with human communities. Habitat corridors are critical to main-
tain connectivity between protected areas, especially for species that migrate long distances.

 2. Great Eastern Range, Australia
  Another extensive landscape was implemented along the eastern coast of Australia. The Great Eastern Ranges 

Initiative is a 3,600 km conservation corridor stretching from Victoria to northern Queensland (Figure 9). 
The Great Eastern Ranges contain Australia’s longest and most intact montane habitats of dissected tablelands 
and escarpments with wide variations in rainfall, temperature, soil types, altitude and latitude. The landscape 
includes the longest adjoining mountain forests and woodland systems in Australia and supports almost two 
thirds of Australia’s threatened species and three fourths of the vegetation communities. It also contains catch-
ments that provide clean water to over 90% of the population of eastern Australia. The initiative is a strategic 
response to increase ecosystem connectivity and mitigate the potential impacts of climate change, invasive 
species, land clearing and other environmental stresses on an area that contains high biodiversity. 

   Below, we present several other examples to illustrate the diversity of methods, processes and scales that 
have been used for conservation landscape planning and implementation, depending on the field condi-
tions and species, to provide landscape- scale habitat connectivity to maintain metapopulation structure in 
fragmenting populations. 

 3.  Landscape management for the Florida Black Bear (Dixon et al. 2006, Hoctor et al. 2000, Larkin et al. 
2004)

   In 1991, the Florida Greenways Program was initiated to design a state- wide landscape with connected 
reserves to conserve the State’s biodiversity. A least- cost pathways analysis in Arc- Info was used to identify 
the areas of ecological and conservation significance, including core areas, corridors, and dispersal nodes 
that can serve as stepping- stone staging areas for wildlife. 

   One focal species used in the analysis was the Florida black bear. The Florida black bear was historically 
distributed throughout Florida and in the southern parts of Georgia, Alabama, and Mississippi, but the 

http://www.conservationcorridor.org/corridors-in-conservation/large-scale-corridors/
http://www.conservationcorridor.org/corridors-in-conservation/large-scale-corridors/
http://www.y2y.net
http://www.greateasternranges.org.au/
http://www.greateasternranges.org.au/
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Figure 8. The Yukon to Yellowstone landscape in north America. The landscape was conceived to provide ecological 
connectivity to conserve and recover populations of large mammals, including Grizzly bear, caribou, elk, and wolves. 

Source: www.y2y.net
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Figure 9. Great Eastern Ranges. The Great Eastern ranges landscape in eastern Australia. 

Source: www.conservationcorridor.org
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population is now fragmented due to habitat loss and overhunting. The bear was listed as a threatened spe-
cies by the State of Florida.

   Black bears require large spatial areas, and are known to disperse hundreds of kilometers from natal 
areas. However, residential and commercial developments now pose obstacles to dispersal. One objective of 
the state- wide landscape planning exercise was to conserve the five largest bear populations in the state and 
identify corridors to facilitate dispersal and manage the subpopulations as a metapopulation. 

   The landscape that was designed consisted of a 93,000 km2 (>57% of the state) network, comprised of 
public conservation lands vested with various federal, state, regional, and local agencies and private pre-
serves (e.g., owned by The Nature Conservancy). Several corridors ranging from 60 to 194 km long with 
varying potentials for facilitating black bear dispersal were identified. Eleven corridor bottlenecks were also 
flagged for management and restoration. 

   In order to test the functionality of the corridors, non- invasive genetic analysis using hair samples was 
carried out on two populations connected by a designated corridor. The results indicated recent dispersal 
of bears and genetic exchange. Some offspring had been sired by recently dispersed males, confirming the 
functionality of the corridor as a conduit for gene flow and dispersal for metapopulation management of 
the sub- populations. 

 4. Corridor restoration to facilitate Wolf movement in Canada (Carroll et al. 2003, Fritts et al. 1994, Shep-
herd and Whittington 2006).

   Wolves (Canis lupus) are highly social animals that form packs of up to about 10 animals, although 
larger packs are not uncommon. Once ubiquitously distributed across the northern temperate regions of 
the world, habitat loss and fragmentation, and persecution has reduced and fragmented wolf populations. 
As large predators, wolves range widely, and need large spatial areas. Several projects have been initiated to 
reintroduce wolves into wilderness areas and to conserve habitat at landscape scales to maintain ecological 
connectivity for metapopulation management. 

   In Canada’s 10,878 km2 Jasper National Park, a project to restore a corridor through a golf course dem-
onstrates how relatively simple interventions can make a corridor functional. The Athabasca Valley in the 
park provides high quality habitat for large carnivores, including wolves, grizzly bears (Ursus arctos), and 
cougars (Felis concolor), as well as several prey species such as elk (Cervus canadensis), mule deer (Odocoileus 
hemionus), and white- tail deer (Odocoileus virginianus). However, the valley also has several human- use 
areas, including a town, roads, and other recreation facilities. The latter includes a golf course that re-
stricted movement of the large carnivore species, and diverted them to an area between the high- human 
activity areas and the steeper mountain areas, which was less optimal habitat for wolves. 

   In 2001, a forested area in the center of the golf course was fenced from the course fairways, the Pro- 
shop and other infrastructure. The fence was brought forward to the edge of the fairway to widen the for-
ested corridor, which ranged from 210 m to 450 m in width. The wooden fence was built to be permeable 
to carnivores, but to prevent elk from entering the fairways to graze. Human activity remained the same 
during the golf season, but winter skiing and other activities were relocated elsewhere. The media was en-
gaged to encourage skiers and hikers to avoid the corridor from mid- October to April.

   Soon after restoration, wolves began to use the forest corridor through the golf course, instead of cir-
cumventing the golf course as before. Thus, restoration of the corridor allowed the wolves to use better, 
low elevation habitat with high prey abundance. The results indicate that wildlife species can adapt quickly 
and use corridors that are restored to improve access, habitat quality, and food. It also shows that such cor-
ridors can traverse human use areas and still remain functional. 
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 5. Designing a conservation strategy to connect Jaguar populations (Rabinowitz and Zeller 2012).
   Th e jaguar (Panthera onca), is the largest felid in the New World. Historically, the jaguar occurred across 

a vast range, from the southern United States to central Argentina, But, by the end of the 20th Century 
the range had shrunk by over 50%, primarily due to habitat loss and fragmentation, persecution for live-
stock depredation, and hunting for its pelt. Genetic studies using mitochondrial DNA have indicated that 
the historical population might have been continuous since there was little evidence to indicate biogeo-
graphic isolation of populations. 

   Because of increasing population isolation, a regional analysis was undertaken to identify potential con-
nectivity, and where conservation interventions could maintain such connectivity as a vital component of 
jaguar conservation. Th e analysis solicited expert inputs to create a dispersal cost surface that was assessed 
with a GIS to identify least- cost pathways connecting 90 known jaguar populations across the range. 
Th e results indicated that about 78% of the historic jaguar range—an area of approximately 14.9 mil-
lion km2—could still be connected to facilitate dispersal through 182 potential corridors ranging from 3 
to 1,607 km in length (see Figure 10). Th is initial assessment has to be verifi ed and refi ned through fi eld 
assessments, but the analysis represents an important step to identify, assess, and implement potential cor-
ridors connecting jaguar sub- populations at a range- wide scale. 

Figure 10. Proposed landscape for Jaguar conservation. 

Source: www.panthera.org
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Why a Landscape Approach to Tiger Conservation?  
Ecological, Demographic and Genetic Justification

Ecology and Connectivity
Sub- adult tigers must disperse from natal areas as part of their natural history, ecology, and behavior. Dispersal also 
helps to maintain the genetic variability of tiger populations and demographic structure. If small protected areas 
are surrounded by inhospitable, unsuitable habitat, dispersing tigers could be killed as they attempt to leave the 
habitat patch and enter adjacent human- use areas where they could come into conflict with people. Alternatively, if 
the sub- adults are unable to disperse, they could come into fatal conflict with resident animals. In fact, violent and 
aggressive behavior with adult resident tigers may force male sub- adults to disperse from the natal areas. A study of 
tiger dispersal in Chitwan by Smith (1993) showed that of 10 radio- collared sub- adult males that were monitored 
during the dispersal stage, only 4 survived to successfully establish territories. One animal was removed from the 
wild and treated for injuries received from another tiger, two others died as a result of wounds during intra- specific 
encounters, and two (possibly three) were poisoned and killed by local people. All four female sub- adults that were 
radio- tracked survived and established territories, but close or adjacent to the natal areas. Successful dispersal may 
not be possible from reserves that are isolated within a matrix of intense anthropogenic land- use. In Chitwan, 
dispersing tigers used degraded forests, but avoided intensely cultivated lands (Smith 1993). Therefore, connect-
ing reserves embedded within a landscape through habitat corridors is essential to facilitate dispersal and maintain 
ecological connectivity. 

Population and Connectivity
Studies show that the land tenure of male tigers lasts about 2–4 years (Karanth 2003, Smith 1993, Sunquist 1981). 
In isolated populations intra- specific encounters for territory could become more frequent if the sub- adult males that 
are born and grown up cannot disperse from the natal area, increasing the likelihood of more frequent displacement 
of resident tigers. When a new male takes over a territory, it systematically kills the cubs of the resident females that 
overlap with its territory to induce the females to come into estrus (Karanth 2003). Frequent turnover in tenure of 
resident breeding males in isolated small populations could therefore result in severe demographic consequences be-
cause recruitment and survivorship of juveniles will decrease. As an example, in Chitwan National Park the death of 
a large reproductive male resulted in an abrupt decrease in the mean reproduction in the park due to infanticide by 
other competing males (Smith et al. 1987). The recruitment of dispersal- age subadults dropped from 2.6 to 1.1 for 
three years. Thus, connectivity to facilitate dispersal is important to maintain population growth and demographic 
structure.

Genetics and Connectivity
Over time, inbreeding depression can affect isolated tiger populations (Keller and Waller 2002). In Nepal where dis-
persal barriers prevent or constrain dispersal, female sub- adults settle close to the natal areas and some males mated 
with related females, greatly increasing inbreeding (Smith and McDougal 1991). 

Many tiger populations within protected areas are now close to the ‘minimum viable size’, below which inbreed-
ing, loss of genetic variability, and random ecological and demographic events can pose serious threats to their survival 
(Smith et al. 1987). Because of the likelihood of genetic variability erosion and possibility of extinction in small popu-
lations, a long- term strategy must conserve small populations that are part of the larger metapopulation to maintain 
genetic variability (Linkie et al. 2006). 
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Evidence for Landscapes in Maintaining Tiger Ecology,  
Demographics, and Genetic Variability

Population Recovery
Evidence for the need for landscapes to maintain the various attributes of tiger biology is mounting. In Nepal, protec-
tion and patrolling of protected areas effectively ceased during a period of civil conflict during which poachers had 
easy access to the protected areas, especially into Sukla Phanta Wildlife Reserve and Bardia National Park (Figure 11) 
which had growing tiger populations and two founder populations of the Greater one- horned rhinoceros (Rhinoceros 
unicornis). In 2007, a tiger census in Sukla Phanta and Bardia estimated the tiger population in these protected areas 
at 27 and 32–40 adults, respectively (Government of Nepal 2010). But a subsequent census just 3 years later showed 
that the population in Sukla Phanta had crashed to 8 adults, and to 18 in Bardia. Despite this precipitous decline, 
neither population was extirpated. Both Sukla Phanta and Bardia are linked to tiger reserves in India (Dudhwa Tiger 
Reserve and Katarniaghat Wildlife Sanctuary, respectively) through habitat corridors that have been restored and 

Figure 11. The Terai Arc Landscape showing the protected areas and habitat linkages (A). Tiger populations in Sukla Phanta and Bardia 
survived heavy poaching during a period of civil unrest due to tigers dispersing from reserves in India through the corridors. Figure B 
shows the location of Nagarahole in relation to other reserves and habitat connectivity. The tiger population in Nagarahole underwent a 
threefold fluctuation with turnover of individuals over a 10 year period of intense monitoring. Adapted from: Wikramanayake et al. 2011.
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managed for tiger dispersal under the Terai Arc Landscape Program (Wikramanayake et al. 2004). Tigers have been 
confirmed from both corridors, and it is likely that the tiger populations in both Sukla Phanta and Bardia were being 
replenished by tigers that were dispersing from the Indian reserves through these corridors.

Tigers had been almost extirpated in the Russian Far East by the 1940s (Miquelle et al. 2010). With protection 
and conservation measures, the population recovered to a near saturation level of about 400 adults. But some of the 
population growth is believed to be due to dispersal of tigers from northeastern China, where large numbers of tigers 
remained at the time (Figure 12). In an ironic twist, recently, however, the habitat corridors across the Sino- Russia 
border have allowed tigers from the recovered population in the Russian Far East to disperse back into the Changbais-
han Mountains of northeastern China from where they had been extirpated in the 1990s.

Analysis of camera- trap data collected between 1991 and 2000 in India’s Nagarahole National Park indicated 
that tiger densities varied from 7.3 to 21.7 tigers/100 km2 with frequent turnover of individuals, which could be 
identified from photographs (Karanth et al. 2006). Turnover was attributed to both mortality and dispersal from 
and into the park. Nagarahole is embedded within a landscape across the Nilgiri range in the Western Ghats and 

Figure 12. Distribution of Amur tigers in the Russian Far East (RFE) and NE China. Tigers from northeastern China are believed 
to have recolonized and helped to recover the populations in the RFE. More recently, tigers from the RFE have begun to 
 disperse and re- establish the population in NE China, from where they had been extirpated. 

Source: Tiana et al. 2011.
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connected to other reserves by habitat used by tigers (Figure 11). The population resilience and persistence in 
Nagarahole (and other reserves in the landscape) is likely maintained by metapopulation dynamics associated with 
landscape connectivity. Nagarahole is embedded within a relatively intact landscape of nearly 5,000 km2 and sup-
ports at least 300 tigers. Extirpation in one area of the landscape gets rapidly recolonized by immigrant tigers from 
another part of the landscape. 

A contrasting example from Sariska and Panna, two tiger reserves in India, shows how lack of connectivity can 
prevent tiger population recovery through natural recolonization. Tigers were extirpated by poachers from Sariska 
and Panna in 2005 and 2009, respectively (Gopal et al. 2010). Both reserves are isolated from other tiger core areas. 
The Indian government had to physically transport tigers at great expense to reestablish populations in these reserves; 
five tigers were brought to Panna (one by helicopter and four by road) and eight tigers were brought to Sariska (four 
by helicopter and four by road). 

Evidence from India’s Terai Arc Landscape also shows that loss of connectivity from source populations has 
resulted in population declines of tigers in the isolated habitat patches verging on extirpation (Harihar and Pandav 
2012). But an area of habitat that was restored through a voluntary relocation of isolated settlements in the Chilla 
Range of Rajaji National Park was quickly recolonized by tigers that dispersed from Corbett National Park indicating 
that corridors can aid dispersal and population recovery when habitat is made available.

Genetic Integrity
The Satpura- Maikal landscape of Central India remained largely undisturbed and forested until ~150 years ago. But 
by the late 19th century, the flat alluvial areas along the Narmada River basin was deforested and converted to agri-
culture. The highland forests along the Satpura and Vindhyachal hill ranges however, remained intact and maintained 
connectivity among the forest patches occupied by tigers. The results of the genetic analysis by Sharma et al. (2012, 
2013) show that pairs of tiger reserves that are linked by forest corridors (Kanha–Pench and Satpura–Melghat) have 
low population- level genetic differences than reserve pairs that are further apart and lack forest corridors (Kanha–
Satpura, Kanha–Melghat, Pench–Satpura, and Pench–Melghat), suggesting that tiger dispersal through forested cor-
ridors that connect tiger reserves have helped to maintain gene flow and prevent genetic subdivision in the landscape. 
The study provides evidence to justify the need for large landscapes with breeding subpopulations interconnected 
with dispersal corridors to maintain genetic variability and prevent genetic subdivision. 

History of Tiger Conservation Landscapes

In 1997, conservation scientists from the WWF and WCS, with support from the Save the Tiger Fund identified 169 
Tiger Conservation Units (TCUs) across the entire extant tiger range, except the Russian Far East (Wikramanayake et 
al. 1999). A TCU was defined as ‘a block or a cluster of blocks of existing habitats that contain, or have the potential 
to contain, interacting populations of tigers’. These landscape scale habitat units represented a paradigm shift in the 
approach to tiger conservation; instead of focusing on individual protected areas—which were rapidly becoming iso-
lated due to habitat loss in the surrounding matrix—the TCUs broadened the scope to include the larger landscape 
and focus on metapopulations. Another key feature of the TCU approach was to recognize the importance of the 
ecological role and adaptation of tigers to different habitat types, rather than genotypes, and to ensure representation 
of these ecotypes, habitat types, and biomes in the portfolio of prioritized landscapes. 

As a result of this analysis there were several initiatives to establish tiger conservation landscapes, including the 
Terai Arc Landscape across southern Nepal and northwestern India, Satpura- Maikal Landscape in central India, 
Western Ghats of India, Tri- border area of Laos, Cambodia and Vietnam, Bukit- Barisan Selatan range in Sumatra, 
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and the Western Forest Complex of Thailand and Burma. A landscape- scale approach was also initiated in the Russian 
Far East based on a separate analysis, but catalyzed by the TCU approach (Miquelle et al. 1999). Bhutan had already 
declared a system of protected areas linked by biological corridors, known as the Bhutan Biological Conservation 
Complex, and these corridors were modified to accommodate tigers after a tiger survey in the mountains detected 
breeding tigers at over 4,000 m in elevation. 

In 2006, almost a decade after the TCU analysis, a review and retrospective of the landscapes was undertaken by 
WWF, WCS, and the Smithsonian Institution, with funds from the NFWF’s Save the Tiger Fund. The output from 
this analysis was a revised portfolio of priority landscapes, renamed Tiger Conservation Landscapes (TCLs), consist-
ing of 76 TCLs, 491 Survey Landscapes, and 34 Restoration Landscapes (Dinerstein et al. 2006). A TCL was defined 
as “an area with sufficient habitat for at least five tigers, and where tigers have been confirmed to occur in the last 10 
years.” Twenty of these TCLs were deemed to be of global priority. 

Simple overlays of the TCLs with the previous TCUs indicated a ~40% habitat loss in the preceding decade. 
Some of the discrepancy was attributed to an improved understanding of where tigers live, better range- wide datasets 
on land cover and human impact, a higher resolution of the analysis relative to the previous analysis, and the revised 
methodology (Dinerstein et al. 2006). Nevertheless, a change of this magnitude was considered to represent a signifi-
cant decrease in available habitat. 

A further analysis of the TCLs showed that if the status quo of conservation effort was maintained there would 
be continued loss and fragmentation of tiger habitat in the priority TCLs and the number of Class I TCLs would 
drop from 16 to 6 with a 43% loss of habitat area (Wikramanayake et al. 2010a). However, better conservation 
and management of the priority TCLs with restoration of degraded habitat linkages to facilitate and enable tiger 
dispersal could increase the TCL area by over 60%, and almost double the median size of the Class I TCLs because 
of amalgamation of adjacent, but currently discontinuous TCLs. In total, these Class I TCLs alone could potentially 
increase the tiger range from <7% to >10%. Nine of these TCLs are also transboundary, requiring cross border 
collaborations. 

In 2008, the Wildlife Conservation Society and the Panthera Foundation took the landscape approach to a higher 
level by proposing a 8,050 km long ‘genetic corridor’ that would connect areas of Bhutan, northeast India, Myanmar, 
Thailand and Malaysia, with potential connectivity to Laos, Cambodia and Vietnam (Wildlife Conservation Society 
2008). The proposed corridor would comprise of a landscape matrix of forests as well as agricultural areas, ranches, 
and other multi- use landscapes in a configuration that would allow tigers to travel between wilderness areas. Despite 
some initial publicity, the idea was not pursued further.

Co- Benefits of Tiger Conservation Landscapes

Umbrella species are those species, which when conserved, will also ensure conservation of many other species and 
ecosystem processes (Caro 2003, Caro and Doherty 1999). The tiger is an ideal umbrella species for other biodiversity 
in Asia. Because of its large area requirements and wide range of habitat types, conservation interventions for tigers 
will also include many other species, including large species like rhino, elephants, gaur, banteng, bear, wild dog, and 
various large ungulates. 

Representation of diverse ecotypes of tiger across its wide range in Asia and the Russian Far East include a wide 
range of habitat types and their biodiversity, from tropical dry and moist forests to montane temperate and boreal 
forests. The size of tiger territories also tend to be greater in more species- rich tropical semi- evergreen to evergreen 
moist forests than in the relatively more homogeneous dry forests of Asia. Thus, tiger conservation in the former will 
require larger spatial areas, which will include more µ- diversity of these moist forests, having high species turnover. 
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Conserving tiger habitats will also provide local communities with much- needed forest resources and land tenure 
security when corridors and buffer zones are managed with community stewardship. These natural habitats will also 
protect and support sustained provision of critical ecological services, such as sustained water supply, clean air, refuges 
for crop pollinators, and disease- free environments. Permitted but regulated hunting of smaller wildlife species and 
fishing in streams and rivers also provides access to protein. Nature based tourism can provide additional revenues.

Forest conservation and restoration can make tiger conservation landscapes eligible for REDD+ and other carbon 
funds that can be channeled to local community stewards and to national programs.

There is also a significant element of aesthetic, cultural, and national pride in conserving this iconic species. Tiger 
is featured in key religions of the region, including Buddhism and Hinduism. 

Where to Achieve Tx2: The Global Tiger Recovery Program Goal for 2022

In 2008, a coalition of conservation organizations with the World Bank, the Global Environment Facility, and the 
Smithsonian Institution established the Global Tiger Initiative (GTI, http://globaltigerinitiative.org), to spearhead 
a global campaign to support tiger conservation. The GTI subsequentlly broadened its scope and membership to 
include ”an alliance of governments, international agencies, civil society, and the private sector united to save wild 
tigers from extinction.”

The GTI was able to catalyze a process of discussion and dialog among the tiger range countries and major con-
servation organizations to develop a Global Tiger Recovery Program (GTRP), with the goal of doubling the wild tiger 
population in 12 years; the period was chosen symbolically to represent the period from the 2010 Year of the Tiger to 
the 2022 next Year of the Tiger in the Chinese calendar. 

Figure 13. The priority landscapes to achieve Tx2. 
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National Tiger Recovery Plans (NTRP) prepared by the range countries that contributed to the overall GTRP 
identify priority actions and strategies that are necessary to protect and recover tiger populations in the protected 
areas, and for conserving the landscapes to maintain connectivity between the core areas. 

The GTRP was endorsed by the governments of the tiger range countries in a historic “Tiger Summit” in St 
Petersburg, Russia, in November 2010 through the St. Petersburg Declaration on Tiger Conservation. The St. Peters-
burg Declaration also recognized the important ecological role of tigers as an umbrella species for conservation of 
other biodiversity and the co- benefits from tiger habitat conservation toward maintaining vital ecosystem services for 
human well- being and to underpin the economic development ambitions and goals of the range countries.

An analysis undertaken to assess the feasibility of this ambitious goal and identify where it can be achieved 
showed that the protected area systems within the 20 priority TCLs can potentially support a total population of more 
than 9,900 tigers if managed and protected to recover tigers to capacity (Wikramanayake et al. 2011; Figure 13). The 
20 TCLs have 69 reserves and reserve complexes comprising of adjacent reserves that are large enough to support 
more than5 breeding female tigers. Eight of the reserves and complexes are large enough to support more than 100 
breeding female tigers, while 27 are capable of supporting more than 25 breeding females. Forty- two other reserves 
can support between 6 and 25 breeding female tigers. Thus, by focusing on these 20 TCLs and ensuring that the core 
areas are protected and interconnected within the respective landscapes, the goal of doubling the wild tiger population 
can be achieved, and even exceeded. 
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SECTION 3

HOW TO DESIGN AND MANAGE A TIGER CONSERVATION LANDSCAPE

Designing a tiger conservation landscape is essentially an exercise in land use planning based on targets set by the 
desired tiger population sizes. In highly fragmented landscapes, the options to set targets may be limited to the 
subpopulations that can be supported in the existing protected areas. In the latter case the best options may be bet-
ter protection to prevent poaching of tigers and prey and habitat management to increase tiger populations. But in 
landscapes where the matrix habitat is still intact and establishing additional core areas are still possible, the targets for 
population numbers and population recovery can be more ambitious. The land use plan will represent one layer in the 
national and sub- national land use plans. Since there will be conflicting demands for lands and land uses, the plan will 
inevitably have to be reconciled with other land uses, and the end output will be a compromise plan. The National 
Physical Plan and spatial planning process in Peninsular Malaysia is a good example of how this process should occur. 
The processes described in the Terai Arc Landscape and the Central Indian Landscape are other examples where tiger 
corridors are reconciled with other land uses and development activities.

After the core areas that can support the desired targets for tiger numbers are identified, they have to be linked via 
habitat corridors to manage their tiger populations as a metapopulation. The important corridors should be clearly 
identified and prioritized, with appropriate strategies for management. GIS models, informed by expert opinion, 
literature surveys, and ground surveys can be used to identify the corridors. The corridors should be endorsed by the 
government’s land use planning authorities, and local stakeholders. Once approved, any development that impacts 
on the corridors should be assessed for the extent of threats and mitigations should be ensured. The Smart Green 
Infrastructure Planning tool (Quintero et al. 2010) can be used to assess the impacts.

A 5 or 10- year strategic plan, with a supporting business plan should be prepared. Because preparing a landscape 
plan with corridors will include trade- offs and compromises with various other land use demands from other sectors 
and stakeholders, a process of consultation with the relevant stakeholders is necessary. Support for the plan should 
be gained from both central and local levels, and should employ a top- down as well as a bottom- up approach; the 
former being important for policy support and cross- sector coordination and the latter for local community buy- in. 

Monitoring plans have to be developed to monitor habitat in core areas and corridors, tiger dispersal and use of 
corridors, and the genetic status of tiger populations. A protection plan has to be developed to ensure that tigers, prey, 
and other key wildlife species are well protected within the protected areas and have safe passage through the corri-
dors. The protection plan should make use of the latest available methods and technological advances, as appropriate. 

As tigers begin to use corridors and buffer zones, human- tiger conflict will become inevitable. Therefore, a proac-
tive plan to mitigate human- tiger conflict will have to be developed and implemented before the conflict escalates and 
exceeds tolerance thresholds (see CLP on Human- Tiger Conflict). 
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A Framework for Landscape Design

There are several approaches and methods that can be used to design conservation landscapes and implement inter-
ventions. A comprehensive framework for corridor design, including GIS models is available from http://corridor 
design.org/designing_corridors/ 

A detailed step- by- step of the process is provided in http://corridordesign.org/dl/docs/ConceptualStepsFor 
DesigningCorridors.pdf. 

However, specifics of the actual modeling, such as the models and parameters applied can vary and landscape 
contextual depending on the availability of detailed and accurate data, expert knowledge, maps, and on the extent of 
habitat fragmentation in the landscape. But the process will consist of the following basic steps:

 1. Identify the potential target population size, based on an estimate of the capacity of the habitat to support 
tigers. This ‘carrying capacity’ will be a rough estimate based on the tiger territory sizes for different habitat 
types that have been calculated based from field studies. To do this, identify the core areas that are available 
or can be created, and estimate the number of tigers that can be conserved within these core areas, based 
on the major habitat types represented in the core areas. The densities provided in Table 2 can be used as 
a guide to estimate the target population size of tigers, with the number of breeding females estimated at 
about a third of the total number of adults. For example, a 200 km2 core area in Tropical broadleaf ever-
green forests can support 6 adult tigers at capacity. 

 2. If possible, or necessary to increase the target population, identify the extent of habitat needed to support 
additional populations and identify required core areas. In landscapes with highly fragmented habitat, the 
options may be limited to existing protected areas.

 3. Conduct GIS analyses to clearly identify the corridors that link the core areas. In some landscapes, it may 
be necessary to prioritize among the most suitable corridors, especially if there is conflict or competition 
for land use and allocation for other purposes. However, it is best to have redundant corridors when and 
where possible. 

   There are several GIS models that have been used to identify corridors. Examples include least- cost 
pathways and cost- distance models that can be applied in Arc- GIS. Circuitscape is another model that has 
been used to identify landscape connectivity, but is best used to identify pinch points, or bottleneck areas 

Table 2. Potential densities of adult tigers (tigers/100 km2) assigned to biomes or major habitat types. Estimates are 
derived and compiled from various field studies. Source: Wikramanayake et al. 2011.

Biome/Major Habitat Type Potential density Potential breeding femal density

Rainforests/Tropical evergreen forests 3 1
Dry deciduous forests 10 3.3
Subtropical pine forests 1 0.3
Broadleaf temperate forests 1 0.3
Alluvial savanna/grassland 15 5
Mongolian steepe/open woodland 0.6 0.2
Amur steppe 0.6 0.2
Thorn scrub/woodland 10 3.3
Mangrove 3 1

http://corridordesign.org/designing_corridors/
http://corridordesign.org/designing_corridors/
http://corridordesign.org/dl/docs/ConceptualStepsForDesigningCorridors.pdf
http://corridordesign.org/dl/docs/ConceptualStepsForDesigningCorridors.pdf
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and thus complements the cost- distance or least- cost pathways analyses (http://www.circuitscape.org 
/home). A corridor model that can be used as an extension in ArcGIS can be downloaded from http:// 
corridordesign.org. But this model may also require contextual adaptation in each landscape in terms of 
the parameters used to run the model. The case studies below demonstrate the different approaches and 
methods that can be used to identify corridors.

 4. Use the model output to identify core areas that are not linked by habitat corridors and determine if there 
is potential for linking them through corridor restoration. This will require expert opinion and field veri-
fication. Similarly, identify bottlenecks along corridors that should be restored and made more functional. 
Bottlenecks in important corridors should be prioritized for immediate conservation intervention. 

 5. Identify strategies for corridor restoration and management. Local community- based management and 
cross- sector coordination is imperative for corridor management at landscape scales. Local communities 
should be encouraged to grow corridor crops such as sugar cane (S.officinarum), chikoo (Manilkara  zapota), 
cashew (Anacordium occidentale), castor (Ricinus communis) that can also provide access and cover to dis-
persing tigers. However, the configuration of these agricultural areas within the corridor should be planned 
to allow some conduits of natural habitats (secondary scrub or grasslands) for tiger passage. It is best to 
take advantage of existing forest management and conservation strategies since there could already be en-
abling policies that regulate management and resource use. Also, it is more likely that local communities 
and government mechanisms have accepted existing strategies and they will be easier to implement. How-
ever, strategies that have been successfully used in other landscapes can also be introduced, if appropriate, 
as technology and knowledge exchange, especially if they will be more effective and efficient. Various agro-
forestry systems that can sustain biodiversity while providing local communities with valued forest prod-
ucts have been successful strategies for corridor management and conservation in several landscapes in the 
region (Imron et al. 2011, Wikramanayake et al. 2010b) (see case studies below). 

 6. Identify the immediate threats to tigers and develop strategies to mitigate them. Poaching is a widespread 
threat that requires immediate attention. As tiger conservation becomes successful and tigers begin to 
use corridors, the potential for human- tiger conflict will grow (see CLP on Human- Tiger Conflict). It is 
important to address this conflict before it becomes a significant issue. Therefore, proactive interventions 
are necessary from the beginning. The threat analysis should also include an assessment of ongoing and 
pipeline development pressures. The Smart Green Infrastructure Planner is a tool to mitigate threats from 
development, especially infrastructure (Quintero et al. 2010). The Smart Infrastructure planning tool 
can be downloaded from http://worldwildlife.org/publications/smart- infrastructure- planner- beta. This 
GIS- based model overlays infrastructure plans on habitat spatial plans and identifies the impacts from the 
development footprints. Decisions can then be taken if the planned infrastructure should be relocated else-
where, or the impacts can be minimized through engineering designs and other environmental and social 
safeguards.

 7. Identify potential climate related threats to integrate climate vulnerability into the long term conservation 
plans and build climate resilience into corridor design and landscape management by conducting cli-
mate change vulnerability assessments. Landscape planners should consider ‘climate corridors’ that follow 
 climate gradients (Beier 2012). 

 8. Finally, the corridors, buffer zones, and core areasshould be integrated into national and decentralized 
(i.e., district, state, and provincial level) land- use plans and planning databases so that the functional 
values of these conservation areas are considered in development planning processes. This step is critical 
because very often forest lands are identified as ‘undeveloped’ lands that can be converted or acquired for 
development or other land uses (e.g., plantations) during land- use planning and land allocation. Thus, the 

http://www.circuitscape.org/home
http://www.circuitscape.org/home
http://corridordesign.org
http://corridordesign.org
http://worldwildlife.org/publications/smart-infrastructure-planner-beta
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allocation of forest corridors for other development- related uses has to be pre- empted during the planning 
process; restoration and regaining corridors after they are assigned for other uses is a much more difficult 
task. The National Physical Plan for Peninsular Malaysia is a good example of how the biological corridors, 
including an important tiger conservation landscape have been integrated into cross- sector land use plans, 
from the local to central levels (see Box 1).
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Box 1. Integrating Tiger Conservation into the National Physical Plan for Peninsular Malaysia

The land use planning process in Peninsular Malaysia is a good example of how landscape conservation should be 
integrated into development plans. The administration system of Malaysia is three- tiered, consisting of the federal 
government, the state governments (there are 11 States in Peninsular Malaysia), and local authorities (city, municipal, 
and district councils). The five- year development plans (i.e., Malaysia Plan) and physical (spatial) plans (National Physi-
cal Plan) are prepared at the federal levels. These plans are then integrated into the State (Five- Year) and Structure 
Plans that serve as the framework for development planning at the local level.

The Federal Department of Town and Country Planning (TCPD) is responsible for preparing the National Physical Plan 
(NPP) for Peninsular Malaysia. Four regional project offices assist in the preparation of State Structure Plans, District 
Local Plans and Special Area Plans. The Structure Plans are drafted by each state. Regional Plans are prepared where 
projects span interstate boundaries. 

The TCPD advises the Housing and Local Government Minister in the federal government and the National Physical 
Planning Council chaired by the Prime Minister. At the state level, the respective state directors advise the State Plan-
ning Committees chaired by the Chief Ministers, while at the local level, the TCPD advises local planning authorities 
in the planning process to prepare mandatory development plans. The TCPD is also the primary custodian of land 
use information.

The 1976 Town and Country Planning Act (revised in 2001) provides legal basis for the NPP. The first NPP was approved 
in 2005 and covers the period from 2006 to 2020, but the plan is reviewed every five years in conjunction with Malay-
sia’s Five- Year Plan.

The NPP is developed through a collaborative process between the federal government and the states with the 
objective “to create an efficient, equitable and sustainable national spatial framework to guide the overall develop-
ment of the country towards achieving a high- income and developed nation status by 2020”. The NPP includes poli-
cies and measures formulated to include matters regarding climate change, protection of biodiversity, and green and 
new technology.

There are 8 thematic areas that are addressed in the NPP, of which Theme 6 is ‘Conserving Natural Resources, Biodi-
versity, and the Environment’. This theme addresses the need to integrate environmentally sensitive areas in planning 
and management of land use and natural resources. It calls for clear demarcation of the boundaries of all Environ-
mentally Sensitive Areas, including in the State and Structure Plans, with suitable buffer zones.
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A Framework for Managing Tiger Conservation Landscapes

After the landscape plan is developed, it has to be implemented. This framework provides guidelines on how to 
implement conservation interventions and the institutional structures and policies that are necessary to manage the 
landscape’s conservation areas. These guidelines and recommendations are based on best practices from tiger land-
scapes and other conservation landscapes. However, it should be noted that these are meant to be guidelines, and that 
the specific management structures, policies, and conservation strategies would be contextual and landscape- specific. 

 1. The core areas that support breeding populations are usually protected areas that must remain inviolate 
from development and other intense human land- use. They have to be well protected through effective 
and regular patrolling and monitoring. The high demand for tiger parts and products has placed tiger pop-
ulations in most protected areas under siege from poaching. Tigers have even been extirpated from some of 
India’s well- known Tiger Reserves. Most protected areas are national assets. The respective governments are 
the custodians of these assets on behalf of the people of each country. Government designated departments 
are responsible for administering and managing these protected areas. 

 2. Buffer zones around protected areas (or inside protected areas in the case of enclave settlements), help to 
ameliorate the intrusion of external human impacts into the core area, while also minimizing human- tiger 
conflict along the protected area boundary. All protected areas with breeding tigers should have buffer 
zones where human activity is limited and regulated, and only sustainable natural resource extraction is 
permitted. Formal recognition of buffer zones is essential to avoid land conversion and development and 
regulate use and activity within them. Buffer zone management plans should be prepared and jointly 
implemented by the local stakeholders and park authorities. 

 3. Engage local communities as conservation stewards of corridors, and of the wildlife using the corridors (see 
CLP on Community Engagement). Typically, poor, rural communities across the tiger range are heavily 
dependent on forest products for their everyday lives and livelihoods. The corridors will invariably be part 
of this forest estate, but in some cases existing land management regulations may prevent usufruct access of 

The NPP has identified the Central Forest Spine (CFS), the forested landscape along the central hill range of Peninsular 
Malaysia as the “backbone of the Environmentally Sensitive Area network”, and requires it to be managed to maintain 
ecological connectivity, with minimal loss, conversion, or fragmentation of the forests. This landscape has been iden-
tified as the primary tiger landscape in Peninsular Malaysia, with a target of up to 1000 wild tigers surviving by 2020. 

Thus, through the NPP, the CFS Master Plan, the National Tiger Conservation Action Plan, and the Guidelines for 
Managing Biodiversity in the Landscape are considered in all land use and land management interventions and plan-
ning and any proposed development must be assessed against the NPP and include and incorporate smart green 
infrastructure design as deemed necessary. Highways have already invested in viaducts to maintain ecological con-
nectivity and allow species movements between habitat blocks, indicating the effectiveness of the NPP. Malaysia is 
now in the process of developing 3 of the 37 proposed CFS ecological corridors with an estimated budget of RM 170 
million (US$57 million) focused around priority tiger habitats. 

From: Elagupillay, S. T., and A. Ali. 2012. “Challenges in Designing Smart Green Infrastructure for Wildlife Crossing.” In 
NRE (ed. in publication). Cross Sector Executive Leadership Forum on Mainstreaming Tiger Habitats, 19- 24 February 
2012, Kuala Lumpur. 
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the forests to local people. There is also a likelihood that some forests could be allocated for other land uses 
that could result in forest conversion. Therefore, designating these forests as wildlife corridors could have 
positive outcomes for the livelihoods and resource availability for local communities since corridors are 
not meant to be core areas that support breeding tigers, but pathways to facilitate safe passage for dispers-
ing tigers. Thus, conservation of these forests for tiger dispersal can be compatible with low- intensity use 
by people for sustainable natural resource extraction. In Nepal, functional corridors are managed through 
community forestry, while in Indonesia’s Tesso Nilo National Park agroforestry has been a successful strat-
egy (Imron et al. 2011). 

   Providing the local communities with usufruct and management rights can elicit local stewardship for 
forest conservation in the corridors. But, while it is in the interest of the local communities to maintain 
and manage forests, it may not be in their best interest to have tigers in these forests because of the poten-
tial danger when using the forests. Therefore, interventions are necessary to: a) make clear links between 
access to forest resources and wildlife conservation; b) reduce and mitigate potential conflict and raise 
tolerance levels to the presence of tigers; and, c) encourage community stewardship of tigers through eco-
nomic incentives and ethical appeals. The first can be achieved through behavioral changes of local people 
when in the forest. Increased vigilance and going out to collect forest products in groups and later in the 
day when tigers are less active to reduce potential encounters are possible strategies. Technological inter-
ventions such as virtual fences linked to low- cost, affordable ‘track- tags’ or wireless sensor network that can 
help to detect tiger presence are tools currently under development that can be used to warn people of the 
presence of tigers in the vicinity. Trained volunteer units can be established for an early warning system 
in the locality with clear guidelines and contacts with the emergency response team of experts in case of 
persistent conflict tiger situation. Tolerance of tigers in forests can be increased by providing additional 
economic incentives through tiger and other wildlife- based tourism or PES schemes, including the Wild-
life Premium Mechanism that can potentially provide value addition to forest conservation (Dinerstein et 
al. 2013). Corporates, including multinationals, should be engaged in these strategies to contribute to con-
servation of both tigers and tiger habitats. Not all strategies will be suitable or work in every corridor. The 
strategies employed and developed should be innovative and context specific to suit different areas. 

   Awareness programs to appeal to community consciousness to become part of the urgent movement to 
conserve this endangered and a global icon of biodiversity can also be an effective strategy when combined 
with economic incentives. In Nepal’s Khata corridor, for instance, the community- led anti- poaching teams 
very effectively protected rhinos and tigers in their forests although they did not receive direct economic 
benefits from their presence. However, the Terai Arc Landscape program: a) created awareness and interest 
among the local communities of the urgent need to conserve tigers because of their globally endangered 
status; b) promoted several opportunities for alternative income generation, community- based coopera-
tives, and micro commercial enterprises, such as fruit juice production and essential oil production from 
forest products; c) initiated informal education, empowerment of women’s groups and a basic health care 
service at the community centers, especially for women and children; and d) facilitated the handing over 
the management responsibility of degraded state forests to local communities under Nepal’s community 
forestry program. These activities engaged the local communities in conservation of the Terai Arc Land-
scape as community stewards.

 4. Engage donors, private sector, investment and development partners to implement the landscape conserva-
tion strategic plan. The plan should identify conservation priorities, threats, opportunities, and strategies 
with a corresponding business plan that identifies the necessary investments for the interventions. This 
plan should be used as a touchstone by all donors, conservation and development partners who intervene 
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and invest in the landscape. A high level, cross- sector government- led oversight or coordinating commit-
tee supported by a technical working group should be the custodian of the strategic plan for the landscape, 
and will be responsible for directing and guiding corridor management. The committee should have the 
executive authority to strategically direct investment based on the recommendations of the plan, and avoid 
ad hoc, conflicting, or redundant investments and interventions in the landscape. The cross- sector com-
mittees established to administer and manage conservation interventions in the Terai Arc Landscape are a 
good model for landscape management (see Box 2).

 5. The landscape conservation plans have to be mainstreamed into development plans so that the core areas, 
buffer zones and corridors are integrated and included in cross- sector development plans. Appropriate 
policies and land use regulations are necessary to legally recognize these landscape components and their 
management regimes. All development plans should recognize the important ecological functions of the 
corridors and take appropriate steps to ensure their integrity. Policy makers and development sectors 
should be educated and made aware that conversion and loss of natural forests and other ecosystems that 
support ecosystem services can jeopardize their economic investments and goals. For example; clearing 
the forests on either side of a highway that winds through sloped terrain can result in landslides as the 
hill slopes begin to erode and become destabilized. Thus, the roads built at great economic cost can be 
destroyed. In addition to the economic losses from the destruction of the road, there will also be socio- 
economic losses due to breakdown of transportation and social connectivity. Therefore, the integration of 
clearly defined conservation and development land use plans, backed by policies, will facilitate better stake-
holder and investment coordination, reduce conflicts in land- use and land allocation for conservation and 
development, and safeguard economic development investments. Tools such as the Smart Infrastructure 
Planner can be used to assess the impacts on the conservation components of the landscapes, and Smart 
Green Infrastructure designs can be used to minimize the impacts during and after the building phases. 

   In India, the National Wildlife Action Plan (2002–2016) stipulates that “Areas outside the protected areas 
network are often vital ecological corridor links and must be protected to prevent isolation of fragments of bio-
diversity which will not survive in the long run. Land and water use policies will need to accept the imperative 
of strictly protecting ecologically fragile habitats and regulating use elsewhere.” It also recommends that “All 
areas around Protected Areas and wildlife corridors to be declared as ecologically fragile under the Environment 
(Protection) Act, 1986.” The Act gives power to the Central Government, through the Union Ministry of 
Environment and Forests, to take all measures that are necessary for protecting and improving the qual-
ity of the environment in these eco- sensitive zones (ESZs). The measure includes decisions and actions to 
prevent, restrict, or allow with appropriate safeguards any industries, operations, or processes that could be 
detrimental to environment quality, including impacts to biodiversity. The decisions are taken on the basis 
of recommendations from surveys and inventories of the ESZs. 

   The Act also requires that the physical boundaries of the ESZs are clearly delineated on topographic 
maps, with precise descriptions of the boundaries. Inventories of: the existing legal status of the rights, 
entitlements, privileges and obligations of the local communities; biodiversity values, including bio- 
geographical representation, species richness and diversity, and geomorphological characteristics; the 
resource base indicating the economic potential and livelihood implication for the people residing in and 
around the proposed ESZ; and of the activities to be regulated and/or prohibited in the proposed ESZ 
have to be made. This Act thus clearly articulates the need to identify the conservation areas, including 
corridors and buffer zones, and provides a policy framework for regulating land use within these lands. 

   The Government of Bhutan has also recently developed a framework of policy recommendations 
that recognizes the system of corridors in the Bhutan Biological Conservation Complex as units of the 
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protected areas system that are essential to conserve populations of focal species and facilitate gene flow 
(Beier 2010). When regulated, the government will be obliged to prepare management plans for the cor-
ridors, with the responsibility for management and monitoring resting with the Territorial Divisions. 

   However, there may be instances where oil, minerals, coal and other economically valuable deposits make 
it very difficult to make a strong case for conservation of a corridor if it impedes national development pri-
orities. In such cases negotiations to establish alternative corridors can be negotiated with the stakeholders, 
which could include both government and the private sector. The negotiations should include credible EIAs 
with mitigations to minimize environmental impacts, financial support to manage the alternate corridors, 
and agreement to restore the mined area back to natural habitat and re- establish the corridor when mining 
operations are completed. Since tigers and prey species can live in secondary and early succession forests, the 
corridors could become rapidly functional. The mining companies could also be prevailed upon to maintain 
the areas that are not being mined to be protected as refugia for tigers and other wildlife. 

 6. Tigers are a conservation dependent species and will require continued conservation intervention and 
engagement. Since short- term project- based interventions are inadequate for long term conservation, sus-
tainable funding solutions are necessary. Wildlife tourism, conservation offsets from infrastructure in land-
scapes, Payments for Environmental Services (PES), conservation trust funds, REDD+, WPM, and other 
carbon- based funds are potential strategies that can be considered and implemented. Many of these solu-
tions are still in the conceptual stage and will require thoughtful and innovative approaches to implement.
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Box 2. Management Structure for the Terai Arc Landscape (TAL), Nepal

A cross- sector Terai Arc Landscape Coordination Committee (TAL CC) was formed to coordinate implementation of 
conservation and development activities in the TAL. Implementation would be guided by a 10- year TAL strategic plan 
that identified threats, opportunities, and strategies. The coordination committee would operate under the auspices 
of the National Biodiversity Coordination Committee that implements the Nepal Biodiversity Strategy; thus make use 
of an already existing mechanism. 

The TAL CC had high- level government representation to facilitate mainstreaming the TAL priorities with govern-
ment programs and priorities. The committee was thus chaired by the Secretary of the Ministry of Forests and Soil 
Conservation (MFSC), with the Chief of Foreign Aid Coordination Division of the MFSC as Member Secretary. Other 
members of the committee included high- level representation from several relevant ministries, donors, implementa-
tion organizations, NGOs and the private sector. 

The cross- sector representation at high levels of government in the TAL CC was to facilitate the following:

 y Better coordination among the relevant government agencies and the District Forest Coordination Com-
mittees (multi stakeholder platforms for community- based forest management) in national and district level 
land use planning, especially for development and land reform and resettlement initiatives, and prevent 
encroachment and ad hoc settlement in state forest lands. At the local level, the TAL CC was able to coor-
dinate between the Department of Forests (DoF), the Survey Department and the Ministry of Land Reform 
and Management to improve planning and implementation of resettlement schemes and land allocation.

 y Coordination through multi- stakeholders platforms among the National Planning Commission, Ministry 
of Agriculture and Cooperatives, Ministry of Local Development, Department of Forests, Department of 
National Parks and Wildlife Conservation (DNPWC), Department of Agriculture, Department of Livestock 
Services. At the local level, coordination among corresponding district offices, NGOs and CBOs.

 y To reduce the impact of infrastructure and other development, and ensure implementation of EIAs and 
smart green infrastructure designs during project planning. 

 y Establish a multi- level coordination mechanism for policy and program implementation among forestry, 
soil conservation, livestock, agriculture, and water resource sectors for a holistic approach to conservation.

 y Better cross- sector project and program coordination, fund- raising, finance management, and perfor-
mance monitoring at the landscape level. For instance, at the inception of the TAL program, there were 11 
bilateral and multi- lateral agencies working in TAL districts with investments of more than 38 million dol-
lars for sustainable development, natural resource management and biodiversity conservation. The TAL CC 
had the mandate to coordinate these programs and projects to direct them to priority areas in a strategic 
way, as identified in the TAL Strategic Plan.

A TAL Working Group (TAL WG) was then formed under the TAL CC with an executive mandate to implement the 
strategic plan, share lessons learnt, and to ensure cross- sector collaboration. The TAL WG was chaired by the Chief 
of the Planning and Human Resource Development Division, MFSC, with WWF’s Terai Program Director as Member 
Secretary. The TAL WG was represented by the MFSC, DoF, DNPWC, DSCWM, and project managers from implementa-
tion organizations.
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Policies and Enabling Conditions

There are several essential enabling conditions that are necessary to ensure effective and efficient management of tiger 
conservation landscapes.

 � Core areas, buffer zones, and corridors must be legally recognized for their functional values and land 
 tenure security. Appropriate policies and regulations have to underwrite and support land use regimes and 
tenure. 

 � There must be long- term programs to monitor land management, land cover, and land use changes. The 
monitoring should be done at multiple levels; from landscape to site based where protected areas and 
 corridors under restoration are monitored. While landscape scale monitoring can be done using satellite 
imagery, corridor restoration, site- scale habitat change, and land management in specific corridors should 
be monitored using ground surveys. UAVs (unmanned aerial vehicles) equipped with cameras can be used 
to capture photographs along a pre- programmed flight track to cover specific areas that require monitor-
ing, and other methods. UAVs can be especially useful to monitor annual or short term changes to vegeta-
tion composition that cannot be detected by satellite imagery as well as monitoring of illegal activities to a 
 certain extent. 

 � Tiger and prey populations have to be monitored, at least every 3–5 years. Camera traps and fecal genetic 
surveys are now widely used to estimate tiger populations. 

 � There must be cross- sector, inter- agency coordination and cooperation in land management and resource 
allocation. The landscape conservation management strategic plan is essential to serve as a touchstone for 
all stakeholders engaged in the landscape. Policy makers should arrange regular meetings (at least annually) 
with conservation directors and landscape planners to discuss policy gaps, and how existing policies should 
be strengthened. The policy makers and national planning agencies should be represented in the landscape 
conservation steering groups.

 � Where landscapes cross national boundaries, there must be mechanisms for transboundary collaboration 
and dialog. The landscape design—location of transboundary areas and corridors—must account for trans-
boundary linkages and there must be compatible and complementary conservation interventions on both 
sides of the national boundaries. 

Monitoring

Field Patrolling and Monitoring
Field patrolling has evolved considerably over the years. The current, most advanced model offered is SMART patrol-
ling (see http://smartconservationsoftware.org/). SMART (Spatial Monitoring and Reporting Tool), is designed to 
measure, evaluate and improve the effectiveness of wildlife law enforcement patrols as well as monitoring of response 
to management interventions. The information collected during the patrols can be fed- back to improve site- based 
conservation activities and strategic planning. 

SMART is designed to provide law- enforcement patrol teams better techniques, skills, and knowledge to over-
come the increasingly sophisticated strategies used by poachers. It employs a combination of software, best practices, 
and capacity building to empower protected areas staff to protect wildlife and improve protected areas management. 

SMART is designed to be cost- effective, adaptive, and intuitive, but has the capability of more advanced analysis 
and reporting functions than other monitoring technologies now in use. It is open source and non- proprietary, but 

http://smartconservationsoftware.org/
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will be supported by a long- term business plan, including provision for continued development and modification to 
meet the evolving needs of users. It will also be possible to translate SMART into relevant languages of the end- users.

Community- Based Monitoring
Community- based monitoring can be an effective strategy to get local community groups engaged in conserva-
tion, especially in corridors and buffer zones, as shown in Nepal, India, Indonesia, and Malaysia. In the Terai Arc 
Landscape, for instance, local community forest user groups in corridors have formed anti- poaching and monitoring 
teams that have effectively protected tigers and rhinoceros from poaching when poaching was rife in protected areas. 
Examples of community engagement in monitoring and protection are also present in other, non- tiger conservation 
areas, such as the snow leopard monitoring teams in the Himalaya and community engagement in rhino protection 
in Ujon Kulong. 

Structured Surveys
Scientific monitoring is essential to track the population parameters, such as population size, growth rates, demo-
graphics, habitat occupancy and use, and genetics. Camera trap and grid- based surveys at landscape scales have been 
used to determine habitat occupancy and estimate population size, especially to assess progress toward the global 
goal of doubling the tiger numbers. There are several Spatially Explicit Capture- Recapture models available, such 
as DENSITY (Efford et al. 2004) and SPACECAP (Gopalaswamy et al. 2012) to analyze these data (Karanth et al. 
2006, Royle et al. 2009). 

Genetic studies using fecal DNA have been now widely used to determine the genetic variability of tiger popula-
tions (Luo et al. 2004, 2008, Maldonado et al. 2009, Sharma et al. 2013). These studies have also helped to determine 
the impacts and consequences of population isolation on the genetic variability of tigers and functionality of corridors. 

Best Practices

 1. Declare core areas that support breeding populations (usually protected areas) that must remain inviolate 
from development and other intense human land- use. They have to be well protected through effective 
and regular patrolling and monitoring. As custodians, the designated government departments are respon-
sible for administering and managing these national assets. 

 2. Buffer zones around protected areas (or inside protected areas in the case of enclave settlements), help to 
ameliorate the intrusion of external human impacts into the core area, while also minimize human- tiger 
conflict along the protected area boundary. All protected areas with breeding tigers must have buffer zones 
where human activities are limited and regulated with only sustainable natural resource extraction permit-
ted. Formal recognition of buffer zones is essential to avoid land conversion and development and regulate 
use and activity within them. Buffer zone management plans should be prepared and jointly implemented 
by the local stakeholders and park authorities. 

 3. Engage local communities (CLP on Community Engagement) as conservation stewards of corridors and 
of the wildlife species using the corridors. Typically, poor, rural communities across the tiger range are 
heavily dependent on forest resources for their everyday lives and livelihoods, and the corridors will invari-
ably be part of this forest estate. Emphasize that corridors are not meant to be core areas; thus conservation 
of these forests for tiger dispersal are usually compatible with low- intensity use by people for sustainable 
natural resource extraction. 

 4. Providing local communities with usufruct and management rights can elicit local stewardship for for-
est conservation in the corridors. But, it may not be in their best interest to have tigers in these forests 
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because of the potential danger when using the forests. Therefore, interventions are necessary to: a) pro-
vide economic incentives, and b) reduce and mitigate potential conflict (CLP on Human- Tiger Conflict 
Management). 

 5. Engage all relevant donors, investment and development partners in the landscape to adhere to landscape 
conservation strategic plan. The plan should identify conservation priorities, threats, opportunities, and 
strategies with a corresponding business plan that identifies necessary investments for interventions. 

 6. Establish a high level, cross- sector government- led oversight or coordinating committee supported by a 
technical working group as the custodian of the strategic plan. The committee should have the executive 
authority to strategically direct investment based on the recommendations of the plan, and avoid ad hoc, 
conflicting, or redundant investments and interventions in the landscape. 

 7. Mainstream the landscape conservation plans into development plans so that the core areas, buffer zones 
and corridors are integrated and included in cross- sector development plans. Appropriate policies and 
land use regulations are necessary to legally recognize these landscape components and their management 
regimes. All development plans should recognize the importance of ecological functions of corridors and 
ensure their integrity. 

 8. Develop a good landscape monitoring plan.
 9. Sustainable funding solutions are necessary. Wildlife tourism, conservation offsets from infrastructure in 

landscapes, Payments for Environmental Services (PES), conservation trust funds, REDD+, WPM, and 
other carbon- based funds are potential strategies that can be considered and implemented. Many of these 
solutions are still in the conceptual stage and require thoughtful and innovative approaches to implement.
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SECTION 4

BEST- PRACTICE EXAMPLES OF LANDSCAPE CONSERVATION

The Terai Arc Landscape

The Terai habitat along the base of the Himalaya supports some of the highest densities of wild tigers, and several 
other large, endangered wildlife species, like the Greater one- horned rhinoceros, Asian elephants, gaur, sloth bear, 
leopard, wild dog, swamp deer, and wild water buffalo. Some of the earliest scientific tiger research was conducted in 
the Terai in Nepal. 

The Terai is characterized primarily by savanna grasslands, with patches of evergreen and deciduous forest in a 
dynamic state of vegetation growth and succession. Annual monsoonal floods of the large rivers that cascade down 
from the mountains deposit silt across the flood plains, setting back succession and maintaining early seral- stages of 
grasslands that are ideal habitats for a diverse assemblage of ungulates, the primary tiger prey. Post- flood regenera-
tion of the grasslands is rapid, and the inundated areas return to tall grasslands by the end of the monsoon through 
a complex succession of grassland communities. The habitat suitability and palatability of the grasses decrease as the 
post- monsoon recovery progresses and the communities shift from the short grasslands to taller, mature grasses. The 
early, short grasses dominated by Saccharum sps. are considered the best food for wild ungulates.

Over the past 60 years or so, the Terai region has undergone immense change. The intact and continuous 
grassland- savanna and forests with sparsely distributed hamlets of indigenous Tharu communities, is now highly 
fragmented and heavily modified into a human- dominated landscape. People from the mountains and from the 
drier southern areas have migrated into the productive Terai. The eradication of debilitating malaria catalyzed the 
in- migration, and the human population grew to over 500 people per km2 in India and about half that density in 
Nepal. Road networks, vast areas of agriculture, canals, large cities, towns, and expanding settlements have now cre-
ated dispersal barriers to tigers and other landscape wildlife species, restricting their movement and confining them 
to rapidly isolating protected areas. 

Because of the importance of tiger population in the Terai and historical distribution of many other large and 
endangered wildlife species, the Terai Arc Landscape project was conceived and initiated with a tiger conservation goal 
of connecting 12 protected areas between Nepal’s Chitwan- Parsa protected areas complex (Bagmati River in the east) 
and India’s Rajaji- Corbett complex (Yamuna River in the west) (Figure 14). This landscape was considered to have 
the potential for metapopulation management of tigers, by maintaining—and restoring where necessary—habitat 
linkages between clusters of protected areas. 

An initial reconnaissance survey was undertaken in the year 2000 to ground- truth satellite imagery, assess the 
potential for habitat connectivity, and to discuss and gauge the potential support for the project with a range of 
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stakeholders. The stakeholders included government officials at the central and local level, members and leaders of 
local communities who would eventually live next to tigers, and park staff and managers who would help with field 
implementation. Since there was a positive response for support and encouragement to proceed, a GIS- based cost- 
distance model was done on ArcView to identify the potential corridors between protected areas. The output from the 
modelling indicated the presence of several potential corridors, but also several areas that were highlighted as corridor 
bottlenecks (Figure 15). These bottlenecks were then prioritized for urgent interventions to improve connectivity 
through habitat restoration in order to prevent complete severance. 

Recommendations for corridor restoration were made in two separate strategic plans for the TAL region in Nepal 
and India. These plans presented strategies that addressed species and ecosystem conservation, sustainable forest 
management for tiger conservation, the need for conservation of the Churia watershed to sustain ecosystem services, 
sustainable development to provide livelihoods for local communities, policy and advocacy changes necessary for 
landscape management, and the institutions and coordination mechanisms necessary for efficient implementation. 

In Nepal, for example, recommendations were made to hand over the degraded forests in the bottleneck areas to 
local communities to manage as community forests, with forest department supervision and oversight. Community 
forest management practice have been successfully tested and used before in Nepal to restore and reforest degraded 
state lands in the Terai and elsewhere in Nepal. Community forestry gave local communities management and usu-
fruct rights, and thus a sense of ownership and stewardship responsibility. In the bottleneck areas, a condition in the 
management plan was that restoration would be through natural regeneration, with minimal plantation to avoid af-
forestation into monoculture plantations. 

Other conservation interventions included alternative income generation through forest- based products that 
benefited community user groups while encouraging forest conservation, and promotion of alternative energy (e.g., 

Figure 14. The Terai Arc Landscape showing the protected areas that harbor breeding tiger populations.
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biogas) to reduce fuelwood consumption. Conservation awareness programs were conducted to highlight the status 
and plight of tiger and other endangered species, and to emphasize the role played by the local communities in con-
serving and protecting globally iconic species. 

In five years since implementation first began, wildlife species started using the corridors that were being re-
stored. Presence of tigers, as well as rhinos and elephants was confirmed from the corridors that connected reserves in 
Nepal and India; camera trap surveys confirmed tiger movement across the borders between the two protected areas. 
Rhinoceros from Nepal’s Bardia National Park are using the Khata corridor to move to India’s Katarniaghat Wildlife 
Reserve.

Restoration of several critical corridors in India, however, did not progress much until later, even though they 
had been highlighted early as priorities. A corridor bottleneck across the Gola River that was identified early dur-
ing the TAL planning phase (Johnsingh et a.l 2004) did not receive the priority attention it needed, and is now 
practically severed due to infrastructure expansion splitting the TAL. Early action could have helped to secure this 
corridor. 

Other ongoing, unsustainable activities still persist, and have to be addressed. Unregulated boulder- mining in 
many of the river systems in both India and Nepal is severing critical river crossing points along the corridors by wid-
ening river beds and drawing new human settlements. Mining creates significant disturbance, and also degrades the 
riparian habitat, and thus connectivity. Large numbers of people construct fragile plastic shelters and live in the river 
bed even in winter. They are forced to extract firewood from the riparian forests, increasing the threats to the corridor.

Several specific setbacks have occurred reversing early successes. In Nepal, the Basanta forest corridor (a trans-
boundary corridor that connects the Churia forests with Dudhwa National Park in India) is now heavily encroached, 

Figure 15. Potential habitat connectivity in the Terai Arc Landscape based on the cost- distance model.
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placing this important corridor under threat despite early successes, when community forests were handed over to 
local user groups for management and to secure the perimeter of this important corridor. At that time, there was 
confirmed presence of a tigress with cubs. However, instead of continued engagement, conservation attention was 
diverted to other corridors that were not initially prioritized (including a narrow and highly vulnerable riparian area 
along the western bank of the Karnali River) before trust, conservation awareness, and a good governance structure 
was assured in the Basanta forest. As a result there was widespread encroachment, even into community forests. 

It is now evident that some of the encroachment is caused by lack of inter- ministerial coordination and commu-
nication, especially between the Forest Department and the Survey Department. The latter is responsible for identify-
ing land for resettling the landless and displaced people, and lands for resettlement have been identified even within 
community forests that had already been handed over to local user groups. As a result, the land- tenure security that 
community forestry was supposed to provide was also lost, resulting in conflict for land, and for conservation and loss 
of connectivity. The TAL Coordination Committee with high- level representation (see Box 2) that was established 
during the initial phase became non- functional. This committee was mandated to ensure cross- sector coordination, 
and had it been functional, there would have been better coordination in land allocation, thus preventing conflict.

Although controversial, voluntary resettlement through equitable land transfer programs was another successful 
strategy in the TAL, especially when initiated by local villagers willing to shift from remote and vulnerable locations 
to areas with better access to population and service centers. Two examples from the TAL are worth noting. In 2002, 
pastoralists in the Indian part of the TAL were voluntarily resettled out of the 148 km2 Chilla Range of Rajaji National 
Park to the Chidiyapur Range of Hardwar Forest Division. The resettlement program cost was just US$ 360/house-
hold. After the resettlement, the ungulate population in the Chilla Range restored, and the tiger population quickly 
recovered from 0 to 5/100 km2 by 2007, including breeding females. The source population for this recovery was 
believed to be the Corbett Tiger Reserve, about 40 km to the east. Tigers were moving between Chilla and Corbett 
along Rajaji- Corbett corridor via Lansdowne Forest Division (Johnsingh et al. 2010) earlier, but due to disturbances 
caused by the numerous gujjar (tribal pastoralists) settlements breeding ceased. However, tigers rapidly recolonized 
and began breeding in Chilla Range successfully after the voluntary relocation of settlements and subsequent restora-
tion of habitat. 

The Ganga River bisects Rajaji National Park. Several townships (Haridwar and Rishikesh) and infrastructure (in-
cluding an army camp, and a pharmaceutical factory) along the river represent a dispersal barrier for tigers, preventing 
movement between the eastern and western extents of the park. Surveys have shown that despite the re- colonization 
of the eastern part of Rajaji following the voluntary relocation of pastoralists, tigers have not been able to effectively 
recolonize the western extent, across from the Ganga River, despite good habitat with prey abundance because of no 
connectivity and extensive human activities along the Chilla- Motichur corridor (Johnsingh et al. 2004). Establish-
ment of this corridor, started 30 years ago, is still a work in progress: flyovers are being built along the highway and the 
settlers from the Tehri dam living in the corridor area are being resettled. Once the corridor becomes functional tigers 
from the eastern bank of Ganges (Chilla forests) can repopulate the 2,000 km2 habitat west of river Ganges. Recent 
camera trap study recorded two tigress in the West Rajaji NP (Motichur Range, west of Ganges River) down from 3 
in the recent past (Bivash Pandav, Wildlife Institute of India, personal communication). Although Chilla Range of 
Rajaji (east of Ganges River) has become a source tiger population, not a single tiger has moved to Motichur Range 
crossing the Ganges River. Subadult tigers have been recorded moving to the north of Chilla Range to Ghauri Range 
of Rajaji NP and to the south to Sampur Range of Haridwar Division but have not been successful in establishing a 
territory because of heavy disturbances from gujjars and ultimately get poisoned. The Motichur Range, West Rajaji 
NP always had tiger population perhaps being replenished from Corbett- Rajaji, however, it is declining because of 
no connectivity and complete isolation. About 450 km2 out of 570 km2 habitat in the West Rajaji is free of human 
habitation and with relatively high prey abundance and the habitat can support a good number of tigers. There was 
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also a consideration to bring 10 tigers in the West Rajaji from Corbett over a period of 10 years. However, it has not 
gone much further because of the complications in declaring Rajaji NP as a Tiger Reserve (Pandav, pers. Comm.).

The other example is from Nepal, where an enclave (Padampur) of about 14,000 villagers in eastern Chitwan Na-
tional Park was voluntarily relocated to a new site closer to a large township, Narayanghat, along the park boundary. 
Following the resettlement, the vacated enclave area reverted to lush grasslands, and was soon inhabited by ungulates, 
including rhinoceros, and tigers.

Restoration of degraded lands along the boundary of Chitwan National Park have also created new habitat for 
many wildlife species, including tigers and rhinos through community forestry. These buffer zone lands now generate 
substantial income to local forest user groups through a lucrative ecotourism program, which further encourages local 
stewardship and support for wildlife conservation. This also provides necessary forest resources to the local communi-
ties. However, habitat restoration in the buffer zone has also increased human- wildlife conflict. Therefore, conserva-
tion and habitat restoration for tigers also have to include pro- active conflict mitigation interventions. 

Over the past decade the TAL activities in both Nepal and India have created a landscape for metapopulation 
management of tigers, elephants, rhinos, and other species. Surveys have shown that tiger population is increasing, 
tigers are using corridors, and there is some evidence to indicate that population recovery in some protected areas 
(e.g., Suklaphanta WR, Bardia NP, Rajaji NP) could be due to in- migration of tigers from other source populations. 
Even Territorial Forest Divisions such as Pilibhit Forest Division (recently declared as a tiger reserve) adjoining to Kis-
hanpur WS and Suklaphanta WR, and Ramnagar Forest Division and Lansdowne Forest division adjoining Corbett 
Tiger Reserve have tiger densities that are comparable to protected areas. These successes and success indicators show 
that TAL is clearly a priority landscape to double the wild tiger population. 

Important lessons for landscape conservation from the Terai Arc Landscape:

 � Engage local communities in conservation and make them conservation stewards of the corridors and 
 buffer zones. By providing local communities with management and usufruct rights to forests from which 
they derived economic benefits, the communities become conservation stewards, and will help to protect 
tigers and other large wildlife species. In Nepal, the forest user groups also formed community- based anti- 
poaching teams, underlining their commitment to conservation. In the Khata corridor in Nepal, for in-
stance, tigers and rhinoceros were protected from poaching by the local communities even when they were 
being heavily poached from the protected areas. Keys to success in the Khata were: being able to identify 
dedicated community leaders who subsequently became conservation leaders; a good, transparent gover-
nance structure for the community forest system; and continued engagement and awareness- raising until 
trust of the community members ere gained. A nascent community- run wildlife tourism program with 
home- stays is now emerging in the Khata corridor and in the buffer zone in Chitwan, providing additional 
incentives for conservation. Lessons from the Basanta forest shows that there is a need to identify commu-
nity leaders with a commitment to conservation, install a stable and transparent governance system, and to 
be active and engaged until there is a clear indication of community- stewardship. However, there has to be 
constant vigilance for emerging threats as well. Upgrading and widening of two roads that run parallel to, 
and on both sides of the international boundary between India and Nepal now threaten to sever the Khata 
and Basanta corridors. Steps are now underway to convince the authorities to include overpasses where 
the roads pass through the corridors. This is a good example of the need to engage in cross- sector dialog, 
to share land use and development plans; in this case, no action was taken to discuss the impacts of the 
road during the planning stages, when better mitigation measures could have been included. There is also 
a proposal to build an east- west railway line crossing through prime habitats of Chitwan, Bardia National 
Parks, and all the corridors in between. This has already drawn intensive controversy in the general public 
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in Nepal and internationally. These proposed infrastructure developments have to be weighed in from the 
conservation perspectives and available alternative options to make an appropriate decision to ensure pres-
ervation of decades of sustainable conservation efforts that is supporting the local and national economies.

 � Restored corridors function to replenish small populations and contribute to metapopulation structure in 
the landscapes. In the TAL, tigers have begun to use corridors (both in India and Nepal) relatively soon 
after corridor restoration began. Conversely, tiger re- colonization of suitable habitat has been constrained 
where corridor bottlenecks persist, as indicated in Rajaji National Park.

 � Act early on priority interventions and be vigilant for threats. In Nepal, the corridor bottlenecks were 
 prioritized for urgent interventions, and success was achieved soon thereafter. However, in India, some 
corridor bottlenecks were almost severed because interventions were delayed. While the Gola corridor was 
saved through court litigation, the fate of the Chilla Motichur corridor is still undecided. A court order 
there also initiated the construction of three flyovers along the highways, however, they still have to work 
out the mitigation measures along the railway line. The major challenge in Motichur Range of the Rajaji 
NP is to reduce the human pressure.

 � Identify additional core areas as necessary. The declaration of Nandhour Wildlife Sanctuary and Pawalgarh 
Conservation Reserve, upgradation of the Pilibhit Forest Division including the Lagga Bagga Forest Block 
adjoining to Suklaphanta Wildlife Sanctuary to a Tiger Reserve, and the declaration of Banke National 
park in Nepal are promising steps to increase core habitat for breeding tigers in the TAL. There is a consid-
eration to extend Corbett Tiger Reserve to cover part of the Ramnagar Forest Division considering breed-
ing tiger population. There is also a proposition to reorganize ranges of the Lansdowne Forest Division 
to restore the contiguous habitat between Corbett and Rajaji Tiger Reserves. If this reorganization of the 
Lansdowne Forest Division happens then both Rajaji and Corbett will share a common boundary (Pandav, 
pers. comm.). 

 � Pursue voluntary resettlement. Despite the controversy surrounding resettlement proposals, the fact is that 
people in many remote and isolated settlements face hardships. Many are therefore, willing to move into 
alternative areas under equitable or improved socio- economic conditions and opportunities. Many com-
munities are also now threatened by climate change impacts, and are vulnerable to natural disasters (floods, 
droughts) and climate- induced diseases and stress. However, these people have few options and opportuni-
ties to relocate without a socio- economic safety net or help.

The literature listed below are recommended as further reading for more detailed information about the Terai Arc 
Landscape.
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Central Indian Landscape (CIL)

Milind Pariwakam, Wildlife Conservation Trust, India

The Central Indian Landscape (CIL), as defined by the National Tiger Conservation Authority (NTCA) and the 
Wildlife Institute of India (WII), is spread over the eight Indian states of Rajasthan, Madhya Pradesh, Jharkhand, 
Chhattisgarh, Odisha, Andhra Pradesh, Telangana, and Maharashtra (Figure 16). The above definition of the land-
scape takes into account that the landscape would have been contiguous in the recent past and therefore the tigers in 
it likely form a common gene pool. 

With 22 tiger reserves and approximately 43 other protected areas, with tiger presence, the CIL is the second larg-
est tiger landscape in India and harbors about 600 tigers, representing about 35% of the country’s tiger population. 
Of the original nine tiger reserves that constituted Project Tiger during its inception, five tiger reserves (Ranthamb-
hore, Kanha, Melghat, Simlipal and Palamau) were in the CIL. Even now, some of the largest wilderness areas in the 
country are located in the CIL. 

The extant forests of the CIL are located in a variety of topography of hill ranges and plateaus. The Satpura Hill 
Range, Vindhya Range, Kaimur Range and the Aravallis are located in this landscape. Apart from its contribution in 
maintaining wild tiger populations, the forested hills of the CIL play an unparalleled role in forming a watershed for 
many major rivers that irrigate large tracts of agricultural lands and supply potable water to several large towns and 
cities. Principal among these rivers, which draw their water sources from numerous smaller tributaries originating in 
tiger habitat, are the Chambal, Godavari, Narmada, Tapi, Son, Mahanadi and the Damodar.

The landscape also contains a great diversity of flora and the distribution of two major timber species of the coun-
try, Sal (Shorea robusta) and Teak (Tectona grandis). Most of the forests in the CIL are tropical dry deciduous forests 
with small sections of tropical moist deciduous forest in the eastern region and tropical thorn forests in the western part.

Notable among other highly endangered fauna of this landscape are Asiatic Wild Buffalo (Bubalus arnee) in 
Udanti- Sitanadi and Indravati Tiger Reserves in Chhattisgarh and adjoining forests of the state of Maharashtra. The 
only population of the hard ground Barasingha (Cervus duvauceli branderi) in the world is found in Kanha Tiger 
Reserve. Among other large mammals, the landscape supports four species of canids, seven cat species, six species of 
Bovids and four species of cervids (chital, sambar, barasinha and barking deer). The landscape also supports one of 
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the most endangered species of owls, the Forest Owlet (Athene blewetti) in Melghat Tiger Reserve. The eastern parts of 
the landscape, in the state of Orissa and Jharkhand also harbor populations of the Asian elephant (Elephas maximus). 
Two biosphere reserves, Simlipal and Pachmarhi are also part of the CIL. 

The eastern part of the CIL harbors vast reserves of economically important minerals such as coal, iron ore, bauxite 
and manganese ore and the region is home to some of the biggest mining ventures in the country. Ironically, the min-
eral rich parts of the landscape are heavily forested and economically backward. A combination of such reasons has also 
ensured that some of the largest sub- sections of the landscape such as the Palamau- Koderma area, Nawegaon- Indravati- 
Papikonda, Simlipal and Nagarjunasagar (now Nagarjunasagar is free from extremism) are affected by left wing extremism. 

A Tiger Metapopulation in the Central Indian Landscape
There are 23 separate tiger populations in the CIL. Available tiger habitat in the CIL is 338,378 km2 out of which 
38,056 km2 (10.8%) is occupied by tigers. Of the 23 populations, 8 consist of over 30 adults each (Table 3), while 
the rest are all smaller populations. Four of the tiger populations (Sariska, Panna, Ranthambhore and Nagarjunasagar) 
are isolated from others. Between the two national level tiger estimations in the year 2006 and 2010, the CIL has seen 
stable tiger populations but large scale declines in habitat occupancy (Table 4).

Figure 16. The Central Indian Landscape region showing the core areas and sub- units.
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The NTCA estimates that a tiger population of 80–100 tigers (with 20 females of breeding age) is required to be 
genetically viable on its own. Under these criteria, none of the tiger populations in the CIL are genetically viable as 
isolated populations (Table 3). Therefore, immigration and emigration of adult tigers from other populations within 
the landscape is a must, and the long term survival of tigers in the CIL is highly dependent on the connectivity of 
these populations through a network of intervening forest corridors forming a metapopulation. This metapopulation 
will consist of several source populations (relatively well managed protected areas most of which are tiger reserves) 
and sink populations (small sanctuaries, non- protected areas and poorly protected tiger reserves). Recent evidence 
from a large scale study combining genetics and GIS examined connectivity in the CIL indicates that there is still tiger 
dispersal between different sub- units in the landscape (Figure 17). 

Importance of Landscape Management as a Conservation Solution
The tiger populations in CIL face numerous threats, including the possibility of local extinctions from extinction vor-
tices that small populations are faced with. Recent genetic studies of the health of tiger populations in India indicate 
the loss of genetic variants and the increased genetic differentiation among Indian tiger populations. 

Ranganathan et al. (2008) point out a middle path where conservation of the core source sites to increase tiger 
numbers along with preserving connectivity to allow dispersal of tigers is probably the way forward. The NTCA is 
working on the same concept. 

Table 3. Major tiger sub- populations in Central Indian Landscape (with >30 tigers).

Major sub- populations  Tiger population 
(tiger reserve + adjoining areas)   (brackets indicate upper and lower range for the population estimate)

Kanha 60 (45–75)
Pench 65 (53–78)
Tadoba–Chandrapur 69 (66–74)
Bandhavgarh 59 (47–71)
Srisailam 60 (53–66)
Satpura 43 (42–46)
Melghat 35 (30–39)
Ranthambhore 31 (30–32)

Table 4. Statewise estimates of tiger populations and occupancy in Central Indian Landscape (from Jhala et al. 2010).

 Tiger Population Occupancy (km2)

State 2006 2010 Indicator 2006 2010 Indicator

Andhra 95 72 Decrease 14126 4495 Decrease
Chhattisgarh 26 26 Stable 3609 3514 Stable
Madhya Pradesh 300 257 Decrease 15614 13833 Decrease
Maharashtra 103 168 Increase 4273 11960 Increase
Odisha 45 32 Decrease 9144 3398 Decrease
Rajasthan 32 36 Increase 356 637 Increase
Jharkhand 0 10 NA 1488 1180 Decrease
Total CIL 601 601 Stable 50616 41027 Decrease
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The landscape concept with connectivity offered by corridors is also important from the perspective of other 
carnivores such as wild dogs and wolves which also disperse over large distances and for herbivore prey species of the 
tiger such as gaur, which are under threat of local extinction, e.g., Bandhavgarh where the small gaur population had 
gone extinct and had to be reintroduced from Kanha.

Figure 17. Potential sub- populations that contribute towards metapopulation structure in the Central Indian Landscape.



L A N D S C A P E  L E V E L  C O N S E R V A T I O N  83

Project Tiger, the landmark tiger conservation program launched in the early 1970s also envisaged a landscape- 
scale population management strategy from the beginning. Its objective was “to ensure the maintenance of a viable 
population of tiger in India and to preserve, for all times, such areas as part of our national heritage for the benefit, education 
and enjoyment of future generations.” The Project Tiger further envisaged “the best method of protection of tiger is to have 
large areas of at least 2,000 km2, with similar contiguous areas so that a viable population of about 300 tigers in each such 
area can be maintained.” Also, the task force was conscious that “maintaining a genetically viable population of tigers 
would require larger areas than the reserves and their contiguous forests provided. The members strongly ruled against any 
operation to hold tiger populations at artificially high levels by using methods like habitat modification or artificial breeding. 
They believed, instead, that the reserves would provide a breeding nucleus from which surplus animals could disperse into 
surrounding habitats.”

Policy and Legal Aspects Impacting Landscape Management
Under Indian law, the Wildlife (Protection) Act, 1972 (WLPA) is the main legislation that affords protection to 
tiger reserves. Until the Sariska debacle, tiger reserves were not recognized under law. The national parks and wild-
life sanctuaries which made up tiger reserves were, however, protected under the law. The WLPA protected the land 
comprising the underlying protected areas against poaching, illegal felling and conversion of forests. The National 
Board of Wildlife, a body recognized by the WLPA oversees wildlife conservation and more importantly approves or 
disapproves diversion of land use for development projects by de- notifying protected areas. 

After tigers were extirpated from Sariska, the 2006 amendment to the WLPA was strengthened to recognize tiger 
reserves as a special category of protected area with enhanced penalties for offenses committed in tiger reserves. A 
dedicated core and a buffer zone were officially recognized. This allowed for the declaration of the core zone as critical 
tiger habitat, thus allowing for voluntary relocation of villages from the core zone which helped reduce anthropogenic 
pressure on the tiger’s core habitat and also provided better socio- economic opportunities to people. The buffer zone, 
which acts to ameliorate external impacts to the core area, has certain rights allocated to people for non- commercial 
purposes. Destructive activities such as poaching, illegal felling of trees and destruction of habitat are, however, not 
allowed in the buffer zone. 

The 2006 amendment of the WLPA also created the National Tiger Conservation Authority (NTCA) as the suc-
cessor to the Project Tiger Directorate and gave it a certain degree of autonomy and, much more importantly, legal 
powers. Section 38(3) of the WLPA lists the powers and duties of the NTCA, which also includes protection of tiger 
corridors. It says “ensure that the tiger reserves and areas linking one protected area or tiger reserve with another tiger reserve 
are not diverted for ecologically unsustainable uses, except in public interest and with the approval of the National Board of 
Wildlife and on the advice of the Tiger Conservation Authority.” 

The WLPA also provides for the preparation of a Tiger Conservation Plan (TCP). One of the objectives of the 
TCP is to ensure “ecologically compatible land uses in the tiger reserve and areas linking one protected area or tiger reserve 
with another for addressing the livelihood concerns of local people, so as to provide dispersal habitats and corridors for spill 
over population of wild animals from the designated core areas of tiger reserves or from tiger breeding habitats within other 
protected areas.”

The Environment (Protection) Act, 1986 also allows for the declaration of an eco- sensitive zone (ESZ) up to, but 
limiting itself to, a distance of 10 kilometers from a protected area. Guidelines under the Act prohibit the develop-
ment of certain types of infrastructure that can damage the environment. 

The Indian Forest Act, 1927 protects forests from illegal acts such as unauthorized felling and setting fire to the 
forests. The Forest (Conservation) Act, 1980 protects the forests from unauthorized diversion of forest land for non- 
forest purposes. A body called the Forest Advisory Committee oversees proposals for diversion of forest land and gives 
permissions based upon the rules and guidelines under the Act. 
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The National Green Tribunal Act, 2010 (28) allows for disputes regarding forest land diversions and even allows 
for cases to be filed for restitution of the environment in cases where damage to the environment is proved.

Under the various legal acts listed above there are a host of guidelines that have important consequences for 
landscape management; e.g., guidelines on linear developments such as power lines, railways, roads and highway 
and irrigation canals recognizing that such development projects need little land but end up fragmenting forests and 
spur further adverse land use changes in a strip along the linear development (Raman 2011). The guidelines advocate 
measures to avoid, mitigate, or compensate for such linear developments. The NTCA and other bodies regularly ap-
point special technical committees that advises on specific issues such as management of extremist- affected reserves, 
coal mining etc. 

Positive Developments on the Landscape Management Front
After the Sariska extirpation and the 2006 amendments to the WLPA, 8 new tiger reserves have been declared 
within the Central Indian Landscape. Udanti- Sitanadi, Satkosia, Achanakmar, Sanjay, Kawal, , Mukundara Hills, 
Navegaon- Nagzira, and Bor have been declared as Tiger Reserves adding over 9,000 km2 more to the tiger reserve 
network within the CIL. In 2012, in Maharashtra, declaration of 6 new sanctuaries, New Nagzira, New Nawegaon, 
Koka, Umred Karhandla, New Bor, and Extended New Bor as wildlife sanctuaries has enhanced the stepping stone 
connectivity for tigers in a crucial area that connects Sub- Units 5, 6 and 7 in the CIL (Figure 17). 

Voluntary relocation of villages has been expedited, which helps in consolidating the core zones of tiger reserves 
and improving the security of the breeding population of wild tigers. Timely allocation of the voluntary relocation 
package has catalyzed the removal of three large villages from the core of Melghat Tiger Reserve, five villages from 
Navegaon National Park, one village from Tipeshwar Wildlife Sanctuary and two villages from the core of Tadoba- 
Andhari Tiger Reserve. The Government of Maharashtra has also offered a relocation package to adult but unmarried 
daughters, instead of the only the male head of the family and his adult sons. 

The NTCA has tried to set up regional offices in the CIL to improve co- ordination with the state governments 
and monitoring of tiger habitat. Buffer zones for 20 of the 22 tiger reserves have been officially demarcated and noti-
fied under the law, a process long delayed. Tiger reserves are drawing up their respective Tiger Conservation Plans in 
accordance with the law. Management Evaluation Effectiveness studies have also been commissioned by the NTCA 
to assess the management of tiger reserves.

Multiple ecological studies have been conducted to learn more about tiger behavior, ecology, and genetics in the 
landscape. The first statistically sound studies to estimate tiger densities using capture recapture techniques were done 
by Karanth et al. (2004) in 7 tiger reserves in the CIL. Ranganathan et al. (2008) used a landscape scale tiger density 
based model to assess whether management of current reserves is adequate to ensure the survival of tiger populations. 
Tiger abundance/densities and distributions were initiated by NTCA and the Wildlife Institute of India. A number 
of researchers have also tried to identify corridors and bottlenecks in central India. One of the first studies to use GIS 
techniques to identify corridors in the CIL was by Parihar et al. (1986). Ravan et al. (2005) used habitat suitability 
models to identify corridor between Kanha and Achanakmar. Joshi (2010) used a combination of genetics and GIS 
to identify gene flow and least cost paths respectively across the CIL. His study found evidence of tiger gene flow in 
the recent past (under two generations; a maximum of 20 years) from Satpura to Pench; Pench to Kanha; Nagzira to 
Kanha; Nagzira to Nawegaon and most surprisingly Kanha to Nagarjunasagar, a distance over 700 km. Sharma et al. 
(2013) also used genetic studies to prove connectivity between source populations in the Satpura- Maikal area of the 
CIL. Reddy et al. (2012) also used similar methods to prove connectivity between Ranthambhore and Madhav NP in 
Madhya Pradesh. Rathore et al. (2012) also used least cost paths with measures of anthropogenic pressure to identify 
several corridor pathways between Kanha and Pench and weak link areas where forest cover and habitat were sub- 
optimal for tigers to disperse through. The Wildlife Trust of India (WTI) has also recently completed an occupancy 
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survey in the Tadoba- Nawegaon area (Joshi, A. Pers. Comm). The Wildlife Conservation Trust has found evidence of 
tiger dispersal from Melghat to Tadoba via Bor using genetic study at a finer scale, thus validating the functionality 
of corridor N- 10 (Figure 17).

Two studies on the potential threats of fragmentation of habitats and corridors posed by large infrastructure 
development projects and forest land diversion have also been done in the CIL. Vattakaven (2010) studied the impli-
cations of a proposed railway line and its potential impacts on the Kanha Pench corridor. Greenpeace came up with 
two very comprehensive analyses of the fragmentation and habitat loss threats posed by coal mining. Fernandes and 
Herman (2011) analyzed the effect of coal mining on the Tadoba Andhari Tiger Reserve. It was followed up by a very 
comprehensive GIS based study that used geo- spatial information on tiger corridors and coal mines collected under 
the right to information law and identified tiger habitat and corridors threatened currently and in future. However, 
no significant studies on dispersal of tigers have been conducted so far. 

The Forest Department of Madhya Pradesh has initiated pioneering work on the Kanha-Pench Corridor to 
strengthen identified weak links in various studies. The Forest Department has even appointed a special officer to 
oversee both tiger reserves and the intervening 7 territorial divisions. They are trying to integrate tiger conservation 
objectives into the working plans of the intervening territorial divisions with major job responsibility of logging tim-
ber for commercial purposes. NGOs such as WWF which has been working with a landscape focus in the Satpura 
Maikal landscape are also involved with this activity. WWF has also done preliminary surveys of the Pench-Satpura 
corridor and some preliminary recommendations have identified areas for restoration. 

Challenges and Issues for Landscape Conservation
Lack of Management effectiveness or understanding of 
landscape conservation by managers: An assessment of the 
management effectiveness of tiger reserves in the CIL 
by the NTCA found that there was no landscape- scale 
focus. While the TCP took up a landscape approach and 
was mandated by law, the corridors were only on paper. 
Declaration of eco- sensitive zones (ESZs) have not been 
implemented, likely due to poor understanding of the 
restrictions and benefits of eco- sensitive zones and by bu-
reaucratic apathy. Deadlines set by the Supreme Court in 
this matter have been extended many times. Interference 
from local politicians to exclude certain areas in which 
they have vested developmental interests is a major prob-
lem. Corruption in cases involving pending proposals 
for forest land diversion is rampant. Proposals for forest 
land diversion and EIA reports have only cursory com-
ments from forest officials when detailed comments are 
required by the law. Ignorance, lack of knowledge, bu-
reaucratic apathy and connivance with the development 
agencies are the possible reasons in most cases. In some 
cases mitigation measures are recommended by the au-
thorities but the Forest Department and the Ministry of 
Environment and Forests lack the necessary manpower 
to monitor conditions. Conditions aimed at mitigation 

Mining: The following extract from Fernandes, 
2012 sums up the situation regarding the threat to 
tiger corridors and gene flow due to proposed min-
ing projects in 13 coalfields that fall within the area 
of the Central Indian tiger Landscape.

1. The destruction of over 10,000 km2 of standing 
forest, of which over 7,390 km2 is dense forest

2. In the 13 coalfields combined, over 3,540 km2 lies 
within the 10 km. buffer of a protected area. 

3. Over 1,860 km2 area within these 13 coalfields 
showed tiger presence.

4. Connecting corridors between several of the 
major protected areas in CIL will be either severed 
or heavily disturbed by coal mining or related 
infrastructure. 

Fernandes, 2012 further indicate that upto 14 of 
the corridors will be affected. This has large scale 
implications for the source populations of as many 
as 9 of the 16 tiger reserves in this area, all of which 
have tiger populations (<100) that cannot survive 
without immigration. In short, the proposed min-
ing will destroy the CIL into 8–10 un- connected 
fragments. 



86  C O N C E P T S  A N D  T O O L S  T O  A D V A N C E  W I L D  T I G E R  C O N S E R V A T I O N

of impacts or compensation are routinely violated in many cases. Lack of transparency in the decision making pro-
cess is common, with reports not being released in the public domain until sought under the Right to Information 
Act, a tedious and time consuming process. There are numerous examples in the media that criticize the slow pace 
of clearances from the Ministry of Environment and Forests and the lack of permissions for forest land diversion for 
development projects. A look at the statistics, however, reveals that 99.9% of all the proposals tabled before the Forest 
Advisory Committee were cleared. 

Infrastructure and Resource Extraction 
Mining and road development poses severe threats to forest conversion, degradation and fragmentation. There are 13 
large coal mining projects planned in the CIL, which will result in the loss of over a million ha of forests. Over 350,000 
ha fall within the buffer zones of protected areas. Large, 4–6 lane highways are planned through the CIL, which will 
fragment vital corridors unless safeguards such as overpasses are built into the engineering design of the roads. 

Impacts of infrastructure development projects are 
assessed on a piece meal basis. Often multiple projects 
affect a single protected area or corridor. The cumulative 
impacts of these are ignored as there is no provision in 
the law to assess these. The lack of Cumulative Impact 
Assessments and Strategic Environmental Assessments 
that take into account future/ prospective developments 
are absent leading to unplanned and rampant develop-
ment fragmenting habitats and corridors.

Roads: A good road network offering fast ad safe 
transportation is essential for economic growth. India 
is expanding its national highways from the existing 7 
meter width single carriageway system to an upgraded 
4–6 lane divided carriageway with side barriers whose 
total width will be over 100 meters. The potential of 
these, wide highways with fast traffic, to fragment tiger 
corridors have been vastly under- estimated and un- 
recognized by the planners.

Guidelines for forest land diversion prevent work 
from starting in patches and seeking clearances at the last 
moment after a lot of public money has been invested, 
effectively presenting the authorities with a fait accompli 
situation, forcing them to accede to demands for forest 
land diversion are frequently violated. 

Guidelines on linear developments that threaten 
landscapes with fragmentation are still in draft form and 
not accepted by the Ministry of Environment and For-
ests, which reflects on their commitment levels. Other 
types of linear developments proposed in the CIL are 
railway lines and natural gas pipelines. 

Lack of interstate co- operation: Reviewers of the ef-
fectiveness of management plans of tiger reserves had 

National Highway 6: The National Highway 6 has 
already severed the corridor from Bor to Melghat 
and Pench (see Figure 17; and corridors numbered 
N11 and N12). Bor has been expanded recently 
with the declaration of New Bor WLS to serve as 
a better stepping stone for tigers dispersing from 
Tadoba to Pench and Melghat. Bor is also now pro-
posed to be a tiger reserve. But no action has been 
taken against this damage to the environment by 
any official or non- governmental agency. 

Further, the highways authority also built a sec-
tion of the highway that severed the corridor (see 
Figure 17 corridors numbered C17 and C22) from 
Kanha to Indravati effectively cutting the vast Cen-
tral Indian Landscape into two parts (one south of 
the highway and the other north of the highway 
which goes east to west). What is worse is that 
these corridors were severed in spite of the full 
knowledge of their functionality. An adjacent sec-
tion of the highway has been stopped due to litiga-
tion initiated by an NGO, the Wildlife Trust of India. 
Mitigation plans have been drawn up by the WII 
on the request of the NTCA, but there is no guar-
antee that the highways authority will restore the 
damage caused to the corridor between Kanha and 
Indravati. The fact that this happened with the full 
knowledge of the NTCA and the state governments 
of Maharashtra, Madhya Pradesh and Chhattisgarh 
reflects a lack of co- ordination between the respec-
tive state governments and a lack of co- ordination 
between the NTCA and the state governments. The 
highway will also severe the corridors connecting 
Palkot to Simlipal (N1 in Figure 17) and the corridor 
from Sunabeda to Barnawapara. 
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advocated state level tiger conservation plans as the 
managers of individual tiger reserves often do not have 
jurisdiction over other forest divisions that form the in-
tervening corridors. Some corridors pass from one state 
to another and require cross border co- operation which 
can only be regulated by the autonomous NTCA.

Important lessons for landscape conservation from 
the Central Indian Landscape:

 �  The CIL has been the focus of much research on 
tiger population estimates and demographics, genet-
ics, and ecology that provides strong evidence to 
support metapopulation management in the context 
of landscape approaches to tiger conservation, where 
ecological connectivity is critical for long term tiger 
conservation. This research has helped to develop 
supporting policies and guiding frameworks for 
landscape conservation, and underscores the impor-
tance of scientific studies. 

 � The CIL also highlights the value of pursuing 
 voluntary resettlement to improve and create additional tiger habitat. It also shows that voluntary resettle-
ment with appropriate compensation can be a win- win situation that benefits local communities—many of 
who live in marginal areas and are willing to relocate to  better areas—and tiger conservation.

 � The CIL also demonstrates that while critical supporting policies, laws, and other guiding frameworks 
are in place, there also has to be an understanding of what landscape conservation is and what it takes to 
implement landscape- scale conservation interventions is also essential. Managers lack the perspective of 
large- scale conservation, and therefore, despite enabling conditions, have maintained focus on site- level 
conservation.

 � The CIL also shows that there has to be a strong political will and support. Corruption, conflicting interests 
for land- use and resource extraction have ignored even Supreme Court orders. Jurisdictional differences and 
lack of collaboration has impeded effective implementation of landscape scale conservation in this land-
scape that transcends local political boundaries.

The literature listed below are recommended as further reading for more detailed information about the Central 
Indian Landscape.

Athreya, V., R. Navya, M. Odden, J. D. Linnell, and K. U. Karanth. 2012. A Report on Monitoring of the Collared Tigress in Brah-
mapuri Forest Division, Maharashtra. Report submitted to the Office of the Chief Wildlife Warden, Maharashtra, Centre for 
Wildlife Studies, Bangalore.

Banks D., N. Desai, J. Gosling, T. Joseph, O. Majumdar, N. Mole, M. Rice, B. Wright, and V. Wu. 2006. Skinning the Cat: 
Crime and Politics of the Big Cat Skin Trade. Environmental Investigation Agency, U.K. and Wildlife Protection Society of 
India, New Delhi.

Bhushan, C., and M. Z. Hazra. 2008. Rich Lands, Poor People. Is Sustainable Mining Possible? New Delhi: Center for Science and 
Environment. 

National Highway 7: The National Highways 
Authority also started work on the expansion of 
National Highway 7 in complete violation of guide-
lines that prevent work from starting on any section 
of the project till all forest clearances for diversion 
are in place. The construction in the corridor area 
threatens to severe the Kanha-Pench corridor (See 
Figure 17; C6 and C7), effectively bifurcating one 
of the best landscape Sub- units in the country, the 
Kanha-Pench Sub- Unit. Continued investments on 
the highway expansion have brought the authori-
ties to a fait accompli situation into agreeing for miti-
gation measures proposed by the NTCA- WII instead 
of completely diverting the highway (a perfectly fea-
sible option) as recommended by other authorities. 
Lack of transparency by the NTCA in not putting up 
the recommendations of a committee appointed by 
it to look into the matter is another serious issue giv-
ing credence to the doubts that planners have fallen 
for the blackmail weapon.
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Recovery of the Amur Tiger Population in the Russian Far East  
and Northeast China through Transboundary Conservation

S. Aramilev, WWF Russia 
C. Zhang, WWF China

The Amur tiger (Panthera tigris altaica) inhabits the Russian Far East and the Heilongjiang and Jilin provinces of 
Northeast China. The region’s climate consists of harsh winters that last well over 100 days with deep snow cover (up 
to 1m) with freezing temperatures (below –45°C in places), but mild summers with a continental climate in the north 
and monsoon in the south. Other species of note in this habitat include Amur leopard, Amur forest cat, lynx, wolf, 
yellow throated weasel, Himalayan black bear, brown bear, and sable.

Amur Tiger Habitat
The climatic conditions largely determine the forest types, which range from spruce- fir taiga and birch forests in the 
north to Korean pine- Manchurian fir- broadleaved temperate forests in the south. In Northeast China the vegetation 
is primarily deciduous, mixed forest patches comprised of Korean pine- dominated coniferous forests, Mongolian oak 
forests, small areas of sub- alpine stone Birch forests (Betula ermanii), peat bogs, meadows and natural shrub- lands 
(Figure 18). Plantations, croplands and orchards form an anthropogenic land use matrix.

Figure 18. Habitat connectivity in the Russian Far East Tiger Conservation Landscape.

Source: Miquelle et al. 2010.
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The warm growing season is short—usually lasting less than 100 days—limiting the food availability for the un-
gulates. Therefore, prey populations are sparse and at low densities. Ungulate survival during winter is strongly depen-
dent on the crop of Korean pine nuts, Mongolian oak, Manchurian walnut, hazel, and evergreen shoots of horsetail 
fern and bicolor lespedeza bush, especially during the snowy winters at an interval of 10–12 years when snow cover is 
more than 40 cm for a long period of time. Because of the low prey density, tigers in the Russian Far East landscape 
have territories that far exceed the territory sizes of tigers elsewhere. The main prey species include sika deer, red deer, 
roe deer, elk, and wild boar. 

The region has a relatively low human population density in comparison with the regions inhabited by other tiger 
subspecies. The Russian side of the range has less than 3.5 million people spread across almost 180,000 km2 of tiger 
habitat. About 100,000 people are legally engaged in hunting. Agricultural activity is concentrated in the Prikhankay-
skaya Plain, adjacent to Lake Khanka, but this activity is contained and does not lead to habitat reduction. Within the 
tiger’s range the local population conducts only limited livestock farming, using river valleys for grazing. 

Population Status and Conservation History of the Amur Tiger in the Transboundary Region of the RFE and NE China
At the beginning of the 19th Century the tiger was considered a common predatory pest species. It was regularly 
hunted in the Russian Far East. Intensive elimination of tigers for commercial purposes with the simultaneous reduc-
tion and deterioration of their habitat due to commercial logging and the development of taiga areas for industrial 
and agricultural purposes led to a sharp reduction in the number of tigers. By the 1930s, the Amur tiger was at the 
brink of extinction, with the wild population estimated at just 20–30 individuals. Efforts by Russian scientists and 
rangers to conserve and recover tiger populations helped to outlaw hunting of tigers. A ban on capturing tiger cubs 
was also imposed. Tiger areas were closed to foreign citizens. With these interventions, tiger numbers began to gradu-
ally increase. By the end of the 1980s, the tiger population exceeded 250 individuals, and continued to increase.

But in the early 1990s the tiger numbers began to decline again, co- incidentally with the collapse of the Soviet 
Union and reopening of the borders. Economic difficulties and a weakening of state control allowed illegal hunting 
of tigers to increase dramatically, fuelled by the large demand for tiger body parts and derivatives in China and other 
Pacific Rim countries. Cognizant of the emerging threats, the government, and scientific and public organizations in 
Russia developed a “Strategy for Amur Tiger Conservation in Russia,” which was approved by the Minister of Envi-
ronment and Natural Resources of the Russian Federation in 1996. This long- term strategy recognized the need to 
preserve forest ecosystems, that play a major role in increasing the Amur tiger population, and to implement sustain-
able forest management practices, such as maintaining traditional resource use, identifying the most valuable forest 
areas and excluding them from exploitation. It also called for an urgent need to expand the network of protected areas 
in the Amur tiger range by 20% of the total range to provide sufficient protection for the existing tiger population 
in the area. The strategy also recognized the need to prevent overhunting of the ungulate populations so tigers would 
have adequate prey, especially since hunters tend to extract the mature adults, removing the reproductive core of the 
ungulate populations.

The implementation of this strategy reversed the decline of the tiger population. Since 2000, the Amur tiger range 
began to extend to the north and west. Tigers returned to the peripheral parts of the range on the left bank of the Amur 
River, including the Lesser Khingan range and the territory to its north and northwest, up to the Zeiskoye Reservoir. 
Visits of up to 2–3 tigers to Amurskaya and Evreiskaya Provinces became an annual event. The last Amur tiger census, 
conducted in 2005, estimated the population at 428–502 individuals (including 97–109 tiger cubs), with 71–77 indi-
viduals in Khabarovskii Province and 357–425 individuals in Primorskii Province. Tigers from the southwestern part 
of the Primorskii Province dispersed and settled in the neighboring Chinese provinces of Jilin and Heilongjiang (Figure 
18). Therefore, recovery of tigers in the historically occupied tiger habitat in Northeast China became a very real pos-
sibility and conservation interventions in China were initiated to create a transboundary landscape for the Amur tiger.
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Historically, the largest tracts and most productive tiger habitat for tigers in China were in the northeastern part 
of the country. But the development programs in the northeast, starting in the late 19th Century with dramatic 
increases in the 1940s, led to extensive habitat loss and intensive hunting. By the 1990s, less than 20 tigers were re-
ported in northeast China. However, there still are vast tracts of forests throughout the eastern Jilin and Heilongjiang 
provinces that represent good tiger habitat for tigers dispersing from the adjacent habitats in Russia.

But, by 2008, the situation with the Amur tiger population in Russia had changed again. The range had con-
tracted in lightly forested plains due to intensive agricultural development. The separation of population groups in 
the Sikhote- Alin and East Manchurian mountains had increased, with the threat of complete isolation from each 
other. According to the annual monitoring data carried out on a territory covering less than 20% of the range, there 
was a downward trend in tiger numbers. Changing socio- economic conditions in Russia contributed to an increase in 
poaching of tigers and their prey. It was clear that additional measures were necessary to ensure long term conserva-
tion and survival of the Amur tiger. 

Consequently, a new edition of the “Strategy of Amur tiger conservation in the Russian Federation” was prepared 
and a related Action Plan was developed and approved by decree of the Ministry of Natural Resources and Environ-
ment of the Russian Federation. This Strategy focused on the expansion of a set of measures for effective protection 
of the Amur tiger, its habitat and prey base; a broader conservation focus to reduce the degradation of the Amur tiger 
habitat through the introduction of best practices, optimization of forest use and hunting; stronger punishment (both 
administrative and criminal) for cases of poaching, illegal hunting, possession and trafficking of tiger and its deriva-
tives; creating incentives for local economic development that ensured the safety of the tiger; and optimization of the 
system of Amur tiger monitoring.

Through implementation of the revised strategy some positive results have been achieved in a relatively short 
period of time. In 2010, a complete ban was imposed on logging Korean pine, the key food source for ungulates. In 
2012, the “Land of Leopard” National Park was established with total area of 2,620 km2 and in 2013 its buffer zone 
was established with an area of 820 km2. In 2012, the 727 km2 “Sredneussuriskii” Wildlife Refuge was created on the 
Strelnikov Mountain Range, which forms an ecological corridor linking the main part of the global population of 
Amur tigers in the Sikhote- Alin Mountain Range with a group of tigers in the Wandanshan Mountain Range in Hei-
longjiang Province of China. Moreover, total federal funding for protected areas within the tiger range also increased. 
In addition, the conservation projects in the Bikin River Valley in the framework of the Russian- German Climate 
Initiative play a great role for the conservation of tiger. 

China also took several actions to increase protected habitat for tiger conservation. Experts from WWF, WCS, 
Northeast Normal University, KORA, and the University of Montana helped to identify potential tiger habitat, 
determine where sufficiently large blocks of habitat could retain populations of tigers, identified where connectivity 
between patches of habitat exists or could be created to link populations. Priority areas were identified for urgent ac-
tion for tiger recovery in Northeast China. Through this exercise, nine priority Tiger Management Zones (TMZ) with 
protected areas were identified for Changbai Mountains TCL. 

In the Changbai Mountains, a tiger conservation nature reserve network was established, and steps were taken to 
upgrade the Wangqing and Dalonglong nature reserves from provincial level reserves to national level reserves. The 
Heilongjiang Provincial Forestry Department (HPFD) has been facilitating the extension and upgrade of Niaoqing-
shan and Hunchun nature reserves. The General Administration of Heilongjiang Forestry Industry is addressing the 
procedures for establishing a 100,000 ha protected area in the Wanda Mountains by incorporating the Dongfang-
hong tiger nature reserve with the national Amur Bee nature reserve and the Dongfanghong forest area.

In order to formalize the arrangements for Sino- Russian transboundary cooperation on Amur tiger and Far East-
ern leopard conservation and habitat protection, an agreement for transboundary collaboration and coordination was 
signed following joint work by Russian and Chinese experts. The General Administration of Heilongjiang Forestry 
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Industry (GAHFI) and the Russian Primorsky Provincial Nature Resource and Hunting Bureau signed a MOU for 
tiger conservation in June 2013 in Harbin. Cross visits have been arranged for delegates from relevant organizations 
to visit each country’s tiger conservation areas and understand the conservation initiatives undertaken. 

Overall, the conservation efforts in the landscape indicate how transboundary coordination can help to recover 
tiger populations. It is also a good example of metapopulation dynamics of the linked tiger populations in the land-
scape. When tiger populations in the RFE were being depleted in the early part of the 19th Century, dispersal from 
China helped to recover populations following strong- willed actions and interventions from the Russian govern-
ment. Ironically, when tigers in the RFE began to recover, the tiger populations in China were in decline, but the 
transboundary connectivity that allows cross border dispersal is helping tiger populations to recover in China. Both 
countries have now realized the importance of maintaining this connectivity with collaboration to create protected 
habitat and cross- border corridors to maintain a viable population of this endangered tiger.

Important lessons for landscape conservation from Amur tiger conservation:

 � This is a good example where transboundary landscape conservation supports tiger recovery in both coun-
tries. First, when tigers were almost extirpated in Russia, dispersal from China helped to recover the popu-
lation. Subsequently, when populations in China began to decline, cross border dispersal from Russia is 
helping tiger populations in China recover.

 � It is also a good example of how metapopulation dynamics operate in linked tiger populations across the 
landscape.

 � Cross border collaboration has helped to create a conservation landscape with transboundary protected 
areas linked with habitat corridors.

 � Directing local people, including indigenous people, from poaching tigers and their prey and logging 
toward harvesting fur species (sable), collecting pine nuts and other non- timber forest products for liveli-
hoods has eased poaching pressure in tigers, and helped populations to recover. 

 � Creating a system to resolve and minimize conflicts based on real time response groups, whose task is to 
work with local communities to prevent conflict situations has helped to stop retaliatory killing of tigers. 
This has been successfully achieved in a vast landscape. 

 � Conservation of forest stands by banning logging of high- value tree species (oak, Korean pine) that provide 
forage for ungulates and delineating specially protected forest areas that are key for the preservation of un-
gulates and tigers, especially in adverse winter period has helped tiger recovery.

The literature listed below are recommended as further reading for more detailed information about the Amur 
tiger in Russia.
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Central Forest Spine: A Landscape- Level Initiative to Re- Establish  
Ecological Connectivity in Peninsular Malaysia

G. Balamurugan, ERE Consulting Group, Malaysia 
S. Elagupillay, DWNP, Peninsular Malaysia

Malaysia is a mega- biodiversity country , with over 13,000 species of plants, about 306 species of wild mammals, more 
than 742 species of birds, 567 species of reptiles, 242 species of amphibians and more than 449 species of freshwater fish. 
Malaysia is also one of the 13 tiger range countries, harbouring the Malayan Tiger (Panthera tigris jacksoni) subspecies. 

The forest in Peninsular Malaysia covers about 45% of the land mass. But roads, railway lines, settlements and 
agricultural land (both subsistence and industrial plantations of oil palm and rubber) have dissected the forest land-
scape, fragmenting the primary forests that harbour important biodiversity and disrupting important ecological pro-
cesses. This trend is most predominant in the lowland mixed dipterocarp forest along the coasts (especially along the 
western and southern coastal plains), where the pace has been particularly rapid over the past 50 years. Important 
protected areas are being isolated from one another, threatening the integrity of the gene pools within endangered 
species populations. Legal hunting of sambar is permitted, which takes away the crucial prey of tiger although a six-
year hunting moratorium has been in place since 2009. 

The Central Forest Spine (CFS) initiative was launched by the Government of Malaysia to overcome the prob-
lem of forest fragmentation in Peninsular Malaysia. Initiated by the government and planned and implemented 
through partnerships with various stakeholders, the CFS is an ambitious plan that seeks to re- establish ecological 
connectivity. It includes the forest area within the four major forest complexes; i.e., 1) Banjaran Titiwangsa-Banjaran 
Bintang- Banjaran Nakawan, 2) Taman Negara-Banjaran Timur, 3) South East Pahang, Chini and Bera Wetlands, and 
4) Endau Rompin Park-Kluang Wildlife Reserves.

This case study describes the rationale behind the CFS initiative, how the ecological linkages were identified and 
prioritized and the institutional framework for its implementation, challenges and progress made.

The Origin of the Central Forest Spine Initiative
Ecological connectivity received a major boost with the first National Physical Plan (NPP1), which was officially 
endorsed in 2005. The NPP1, prepared by the Town & Country Planning Department (TCPD), identified forest 
fragmentation as a ‘major threat to the conservation and maintenance of biodiversity’ and recognized that ‘conserving for-
est lands would be integral to optimizing the use of land in the country’ and that ‘the multifunctional role of the forest lands 
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should be enhanced through the recognition of the central forest spine and programs to create linkages and corridors to the 
more isolated reserves’. In essence, NPP1 recognized that connecting these fragmented forests is important to secure 
mutual co-existence and benefit for development and conservation. 

The decision to involve the TCPD goes back to the mid- 1990s when Malaysia was developing the Protected Area 
(PA) Master Plan that assessed the status of existing PAs gazetted since 1903 and the actions that the Department of 
Wildlife and National Parks (DWNP) and other stakeholders could take to enhance the designation of new PAs and 
the management of PAs. One of the recommendations of the PA Master Plan is to use the land use planning mecha-
nisms at federal, state and district levels to secure the PAs and also to identify and establish buffer zones and corridors 
for PAs that are increasingly becoming islands of forests. With the assistance of TCPD, a case study was made for 
establishing corridors between Taman Negara NP and Krau WR (EPU- DANCED- DWNP 1996). This experience 
subsequently led the TCPD to enhance its capacity to also look into mapping conservation areas into land use plan-
ning. This attempt ultimately enabled TCPD to take up the task at a national scale and this was eventually reflected 
into the NPP and the CFS Master Plan. 

It is crucial to recognize the importance of the NPP being the impetus for the CFS. The NPP is the highest level 
spatial plan (Figure 19) and is empowered by the Town & Country Planning Act 1976 (TCPA). The NPP is prepared 
in tandem with the Five Year Malaysia Plan and is the product of numerous negotiations and consultations with other 
federal agencies and all state governments. 

Figure 19. National Development Planning Framework.
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It is also pertinent to explain the national development planning process in Malaysia, which extends to all three tiers 
of the Government. At the national level, development planning is guided by the Five- Year Malaysia Plans (FYMP), 
the National Physical Plan (NPP) and other sectoral national policies that are passed by the Cabinet. They address the 
strategic issues of national importance and provide the overall framework for subsequent drawing up of the other more 
detailed Development Plans. Contextually, development planning in the country operates within the stated goals out-
lined in Vision 2020 and the Third Outline Perspective Plan (Figure 19). At the state level, the Regional and/or State 
Development plans guide development and other sectoral policies that are formulated from time to time by the respec-
tive state governments. Local level physical planning is carried out and regulated through the statutory development 
plans, in the form of Local Plans and Special Area Plans, prepared by the local planning authorities. 

The National Physical Plan
The NPP sets the spatial framework for land utilization in Peninsular Malaysia, seeking to balance economic develop-
ment with social justice and environmental protection, and sits at the center of several planning process (Figure 20). 
The NPP1 was endorsed by the National Physical Planning Council (NPPC) that is comprised of all the state Chief 
Ministers and is chaired by the Prime Minister. This high level endorsement gives the NPP substantial influence in 
determining the next level of programs and plans. The second tier (state level) and third tier (district level) plans are 
required to adhere to the directions and guidelines set by the NPP.1

In fact the implementation of the NPP and its 20+ strategies, including the CFS Master Plan, is monitored by 
the NPPC. The Ministry of Natural Resources and Environment (NRE) is a member of this council and reports on 
the progress of the CFS Master Plan. Among the quantifiable index used to measure the implementation of the CFS 
Master Plan is the number of ecological corridors developed.

Since the CFS Master Plan is directly under the jurisdiction of NRE and its agencies, namely the Forestry Depart-
ment and DWNP, the NRE has established a CFS National Steering Committee (NSC) and CFS Technical Com-
mittees. The CFS National Steering Committee is headed by the NRE Secretary General and convenes at least once 
a year, while the CFS Technical Committee headed by the Director General of the Forestry Department has met 4 
times in 2013 to discuss ways to secure the ecological corridors and then report to the CFS NSC for endorsement. 
Several state governments have also established their own State CFS Technical committee to deliberate land and for-
estry related issues. 

It is also important to note here that the NPP, although prepared by the TCPD, gives a great amount of emphasis 
on environmental conservation. The NPP1 has made it clear that the “green heart” of Peninsular Malaysia, which 
encompasses the largest patches of contiguous forests in Peninsular Malaysia and includes most of the critical habitats 
for plants and animals, is crucial for the sustainable development of the country. This area was aptly named the Cen-
tral Forest Spine. The NPP and CFS Master Plan are also consistent with the National Policy on Biological Diversity, 
the Common Vision on Biodiversity and the National Tiger Conservation Action Plan. Both policy documents call 
for the protection of habitats and management at the landscape level.

Recognizing the importance of the CFS, particularly to secure connectivity of the fragmented forests, the Malay-
sian government, again through the TCPD, embarked on a master plan study in 2008. The Master plan took a far-
sighted objective of re-establishing, maintaining and enhancing connectivity between the most significant/important 
remaining areas of forests in Peninsular Malaysia. Once established, this “Central Forest Spine” was envisaged to form 

1. The NPP2, approved in August 2010, has already incorporated the 37 ecological linkages while several State Structure Plans and District 
Local Plans have also incorporated the priority linkages into the respective land use plans.
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a physically and functionally unbroken link of forests from Johor in the south to forest complexes in the northern 
states of Peninsula Malaysia.

The overall vision for the CFS is: “to establish a viable and contiguous or connected conservation area comprising 
both forest and non- forest areas that will be maintained as the green lung of the environmentally sensitive area network in 
Peninsular Malaysia” 

The CFS Master Plan also acknowledged the complexity of the task at hand. To achieve this vision, the strategy 
necessitates the involvement of all stakeholders, including the local communities, businesses, voluntary organization 
and government. The NPPC endorsed the CFS Master Plan and also decreed that the Ministry of Natural Resources 
and Environment, through the Department of Forestry, will be responsible for implementing the CFS Master plan. 

Since land and forest are under the direct jurisdiction of the state governments in Malaysia, the challenge is get-
ting the endorsement from the various state governments to the federal led land use plans including the NPP and the 
CFS. In the case of the CFS Master Plan the TCPD obtained the endorsement from the NPPC while the Ministry 
of Natural Resources and Environment (NRE) together with the Ministry of Housing and Local Government (since 
TCPD is under this Ministry) prepared a joint memorandum to the Federal Cabinet which, in addition to the en-
dorsement, also approved a RM60 million (~ US$ 20 million) to implement the ecological linkage at Gerik Perak 
linking Belum State Park with Temengor Forest Reserve. 

Identification and Prioritization of the Eco Linkages
The identification and prioritization of the ecological linkages was a challenging process. Lack of comprehensive data, 
absence of precedents, institutional quagmire and stakeholders’ unfamiliarity meant that the process was hazy at the 
beginning. However the master plan project proceeded and as stakeholders became familiar with the issues, the final 
outcome became clear.

Figure 20. Policy framework—National Physical Plan and the CFS Master Plan.
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The steps involved in the identification and prioritization of the linkages were as follows:

 1. Using GIS, all the forest islands were identified and mapped (Figure 21). Forest islands are defined as any 
piece of forest that is not linked to any other forests. The separation could be roads, railways line, agricul-
ture land or settlements. Over 6,000 forest islands were delineated. 

  

 

 Figure 21. Forest islands in Peninsular Malaysia ranked according to importance for linkage.
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 2. The importance of the forest islands was classified using a scoring system. GIS was used to generate forest 
island prioritization by utilizing key environmental characteristics that comprise species habitat. Important 
environmental variables to support this process are:

 � Forest Type/Elevation
 � Forest Size
 � Forest Category
 � Physical attributes (e.g. rivers, valleys and ridges) 
 � Wildlife related data e.g. wildlife sightings, road kills (wherever available).
 � Existing and planned land use

 3. The linkages were identified based on the following priorities:
 � Link the forest complexes/most important forest islands 
 � Link the forest islands within complexes
 � Link the forest complexes and outlying (lower scoring) islands

 4. The locations of the linkages were then narrowed down using information such as road kills, human- 
wildlife conflicts data and importance of forest biodiversity value. The Tiger Action Plan was a crucial 
document that helped in prioritizing the linkages. Numerous meetings were held with biodiversity experts. 

In addition, transboundary linkages are identified where it is important to maintain connectivity with existing 
contiguous forests in southern Thailand and pursue greater cooperation with the Thai government in the manage-
ment and conservation of these areas.2

In fact as early as 1991 ASEAN Environment Ministers adopted a policy statement to establish several trans-
boundary PAs. Malaysia led by DWNP had identified 3 PAs, including Belum, as potential tranboundary PA at the 
Malaysia–Thailand borders. Following this ASEAN level agreement Thailand and Malaysia have designated 4 major 
PAs at the borders with Taleban NP, Thailand adjoining Perlis State park in Malaysia and Hala- Bala Wildlife Reserve, 
Thailand bordering Belum State Park, Malaysia. However, both countries are still discussing a transboundary designa-
tion mechanism. Once designated the concept of the CFS in Malaysia could easily be extended into Thailand. 

After the linkages were identified, they were classified as either Primary or Secondary Linkages (Figure 22), where 
a Primary Linkage is a linear corridor connecting high- ranked forest islands through unbroken stretches of forested 
habitats. In most cases, major interventions such as acquisition of private land, reforestation, construction of viaducts 
along highways etc. would be required to establish these corridors. Secondary Linkages are stepping stones, rather 
than continuous forests, and included river corridors, matrices of agricultural lands, etc. 

Challenges and Progress
There were multiple challenges in formulating the CFS Master Plan and there are numerous challenges in implement-
ing it. 

During the CFS Master Plan formulation stage, the main challenges were:

 � CFS Ecological linkages are more than about wildlife. The DWNP was one of the early beneficiaries of the 
CFS master plan since it had to deal with increasing human wildlife conflicts, especially at forest fringes. 
Since 2000, the DWNP received over 1,000 elephant related conflicts and attended to over 25 tapir road 

2. Several conservation groups have been actively advocating the establishing transboundary protected areas involving the Royal Belum 
State Park and the Temengor Forest Reserves with the Hala-Bala Wildlife Sanctuary and the Bang Lang National Park in southern Thailand.
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kills. In fact as the CFS master Plan was being developed the DWNP was already in discussion with the 
Public Works Department (PWD) and the Economic Planning Unit (EPU) of the PM’s Department to 
implement two corridors around the Taman Negara National Park (TNNP). As a result, the DWNP was 
able to get an additional RM30 million in 2007 to build 3 viaducts at the CFS1 PL7 Sg Ketiar Ecological 
Corridor (EC) on a new highway 10 km north of Taman Negara NP. Following this, the DWNP managed 
to convince the PWD and EPU to invest an additional RM80 million in 2010 and as a result 3 viaducts 
are being built along an upgraded highway west of TNNP. Although, the movement of large mammals 

Figure 22. Priority ecological linkages of the Central Forest Spine in Peninsular Malaysia.
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could be easily used to leverage such large investments, other criteria such as maintenance of ecosystem ser-
vices and processes should also be justifiable reasons. 

 � Understanding and appreciation of the need for corridors and connectivity. The level of understanding and 
 appreciation of ecological corridors was very low among stakeholders. The Master plan team was frequently 
inundated with queries about ecological corridors and why valuable land was being reserved for wild ani-
mals. Other than the professionals in the forestry and wildlife sectors, most stakeholders were either neutral 
or opposed to the corridors. Repeated explanations and briefings were necessary to convince them. 

 � Lack of precedence as an example. Large scale landscape level plans to re- establish connectivity have never 
been done in Malaysia before and there were very few examples elsewhere. There was struggle at the begin-
ning to determine what corridors should look like, what criteria to use for identifying ecological corridors, 
methodologies to be used and who the right stakeholders to consult were. There was a general lack of data. 
And there was always the lingering question of whether ecological corridors are actually effective.

 � Question of ‘turf ’. The fact that the TCPD, a land use planning agency, was developing a master plan for 
ecological linkages was also questioned. Many stakeholders could not understand why the TCPD was get-
ting involved in “wildlife affairs.” The department had to explain frequently that exercise was within its 
jurisdiction and supported by the NPP.

After the CFS Master Plan was approved by the NPPC, the Ministry of Natural Resources and Environment, 
through the Department of Forestry, was charged with its implementation. The main challenges are:

 � Inadequate buy in. There is not yet a complete buy in of the CFS Master plan by all stakeholder groups. 
State governments are particularly concerned that valuable land could be locked up for good at the expense 
of states’ coffers. In Malaysia, state governments have full jurisdiction over land matters and income derived 
from land (e.g. minerals, forests) is crucial to the state governments’. Stakeholders from the agriculture 
sector remain to be convinced and several agriculture schemes threaten to encroach into the CFS priority 
areas. In some areas, forests have been cleared for timber plantations. A lot more work remains to be done 
to educate and engage with all stakeholder groups.

 � Funding. Funding for biodiversity conservation has always been scarce and the CFS Master plan is no ex-
ception. The Cabinet in 2011 approved RM60 million to establish one of the primary linkages, CFS 1 PL2 
Gerik Ecological Corridor. The Drainage and Irrigation Department, an engineering agency under NRE, 
has been tasked to undertake the engineering work of designing and constructing the viaduct while the 
Forestry Department and the DWNP have been tasked to undertake biological monitoring. As a result, the 
Federal government has invested almost RM 170 million in 3 ecological corridors while more funds have to 
be sourced for the development of the remaining 33 ecological corridors, some of which can be very chal-
lenging due to diverse land ownership and the lack of funds to purchase private alienated lands

 � Securing the land. Many of the priority ecological linkages are on state land (land belonging to state gov-
ernments) and private land. These lands are vulnerable to conversion for economic activities that generate 
revenue to the State government. With respect to state land, the challenge is to convince the respective state 
governments to gazette these lands as forest reserves and this will take time. As for the private land, the 
challenge is even greater—all options (land swap, outright acquisition) are expensive.

 � Jurisdiction. The establishment of the ecological linkages requires the involvement of various government 
agencies with jurisdiction over forests, land, wildlife, spatial planning, infrastructure, and finance. Coordi-
nation has not been easy as priorities of the agencies are obviously different. The necessity to engage with 
non- government stakeholder groups such as local communities and private sectors complicates the matter.
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 � Capacity. There is limited capacity among various stakeholder groups to implement and manage such large 
number of ecological linkages. Given the newness of the concept in Malaysia and the fact that only a few 
corridors have been successfully established, skills and experience is obviously limited in the country. The 
series of viaducts along the Simpang Pulai- Kuala Berang road is a good example of the learning process. 
Originally only the viaducts were first built and it was expected that animals would start using them. After 
much monitoring, it was learnt that other enablers such as fencing and enrichment planting were necessary 
to direct the animals to the viaducts. Capacity building is crucial in the years to come.

Despite these challenges, there has been progress.

 � CFS1- PL1: Tanum FR (Greater Taman Negara)—Sg Yu FR (Main Range). The PWD is investing RM 
80 million (USD 26.7 mill) to construct 3 viaducts to allow passage for wildlife. This linkage is the main 
connection between Taman Negara (National Park) and the Main Range of Peninsular Malaysia and is 
particularly important for the movement of tigers. The support by the PWD in committing large sums of 
money to construct the viaducts is laudable. This is largely due to PWD’s own environmental policy (it is 
ISO14001 certified), recommendations made in the environmental impact assessments done for the roads 
as well as advocacy by conservation groups.

 � CFS1- PL2: Temengor FR (Main Range)—Belum State Park (Main Range). The Perak State Government 
has gazetted almost 2,000 km2 of land in this linkage as forest reserve, providing the much needed land 
tenure security. Another engineering agency under NRE, Drainage and Irrigation Department (DID), is 
constructing viaducts to allow passage for wildlife, especially elephants. In the meantime, continuous moni-
toring since 2012 by the DWNP at 60 km2 corridor area around the viaduct and along the highway indi-
cates tigers, gaur, and elephants using the corridor area actively. 

 � CFS1- PL7: Taman Negara—Tembat FR (Greater Taman Negara). The PWD constructed a series of via-
ducts costing RM 30 million along the Simpang Pulai- Kuala Berang road to enable animals to cross be-
tween forests fragmented by the highway. About 1,500 km2 of land around the viaducts have been gazetted 
as forest reserves. Recent surveys have demonstrated that these viaducts are being used by a variety of ani-
mals including sun bear, tapir, barking deer, clouded leopard and elephant.

 � Recently, UNDP- GEF approved a USD 10 million grant to strengthen the national and local institutional 
frameworks for CFS and corridor development and management, law enforcement and the implementa-
tion of the NTCAP. Another GEF funded project “Enhancing the effectiveness and financial stainability of 
protected areas in Malaysia” (US$5.6 million) will also be examining financing issues related to enhancing 
the management of the 3 priority tiger habitats within the CFS Master Plan, namely Belum-Temengor 
 Forest Landscape (3,546 km2), Endau-Rompin Forest Landscape (3,641 km2), and Greater Taman  Negara 
Forest Landscape (15,000 km2).

 � The Second National Physical Plan (NPP2), which was prepared after the CFS Master plan, incorporated 
the 37 ecological linkages into its strategic plan. This has provided much- needed directions for the lower 
level statutory plans. Several State Structure Plans and District Local Plans have also incorporated the prior-
ity linkages into the land use plans.

 � The private sector has shown a keen interest to support activities related to the CFS. The Sime Darby 
Foundation, for example, is supporting a large elephant conservation program that is generating significant 
amount of data on elephant movement at the CFS1- PL2 area, providing researchers useful information to 
plan conservation activities. 
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 � As a result of the CFS, interest on wildlife corridors has perked up in other parts of the country. The Sabah 
Parks commissioned a Master Plan to establish ecological linkage between two of its most important pro-
tected areas, namely the Kinabalu Park and Crocker Range Park. Code- named Kinabalu ECOLINC, the 
master plan was developed with significant amount of engagement with the local communities. The Sabah 
State Government has also announced plans to link other protected areas in the state including the Tabin 
Wildlife Reserve. At the macro scale, Malaysia, Indonesia, and Brunei have committed in the development 
of a contiguous green belt across their common borders with the Heart of Borneo.

Conclusion
The Central Forest Spine is an unprecedented large, ambitious and complex initiative to protect biodiversity in 
Malaysia. Because it is anchored in the National Physical Plan which is a major economic / land use policy rather 
in a sectoral/biodiversity document, the initiative has received greater level of endorsement and support from other 
stakeholder groups. Anchoring such a large initiative in a statutory plan is vital because such plans dictate the lower 
level plans, lending credence to the CFS even at the local level. As for tiger conservation, the CFS initiative has incor-
porated the tiger landscapes and the 3 core tiger habitats. Therefore, the long-term security of tiger habitats is assured 
and awaiting the restoration of the ecological corridors.

Many challenges and hurdles have to be overcome before the entire CFS Master plan can be fully implemented. 
At the same time, progress is being made. The support by the Public Works Department in constructing viaducts has 
been crucial. The TCPD is continuing to mainstream the CFS Master plan into the various statutory plans while the 
Ministry of Natural Resources and Environment Malaysia is finding ways to develop the ecological corridors through 
the Forestry Department and DWNP. Capacity amongst various stakeholder groups is being slowly built and aware-
ness programs have been initiated. Without a doubt, the entire implementation will take a long time but the wheel 
has been set in motion.
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Glossary

Agroforestry—A system of land use in which trees or shrubs are grown among or around crops or on pastureland, as a 
means of preserving or enhancing the productivity of the land. The system can increase the diversity of tree and 
plant species, and can mimic a forest in structure.

Anthropogenic drivers—The causes of change that originates, or are due to human activity.
ArcGIS—A geographical information systems software developed by the ESRI Corporation.
Asynchronous—Not occurring at the same time or in the same part of a cycle.
Biogeographical separation—A gap or separation in the distribution of a species due to geographical reasons. For instance, 

the distribution could be disrupted because of a mountain range or river system that presents a physical barrier.
Boreal forests—Forests to the north of the temperate zone.
Bottlenecks—A constriction or narrow area in a habitat corridor. 
Browsers—Herbivorous animals that feed on plants and leaves that are above the ground. The herbivores that feed on 

grasses and herbs at ground level are grazers. 
Camera trapping—Use of cameras that are triggered automatically when a beam of light or other sensor is disrupted 

by an animal. Now commonly used to ‘trap’ or take pictures of wildlife.
Carrying capacity—The maximum number of individuals that a given environment or habitat area can support with-

out degradation.
Climate resilience—The ability of a system to withstand and recover from climate- related hazards.
Climate vulnerability—The exposure of habitats or species populations to climate change impacts and hazards related 

to climate change.
Conspecifics—Individuals of the same species.
Core areas—An area of habitat that provides a safe, protected area for a population. 
Corridor—Habitat that connects two core areas and provides safe passage for individuals to move from one core area 

to another.
Demographic stochasticity—The variability in population growth rates due to random differences among individuals 

in survival and reproduction.
Demographics—The quantifiable statistics of a population, such as age groups, gender, recruitment and survivorship 

of young.
Density- dependent—Population status and growth rates or ecological drivers that are regulated by the density of the 

population.
Ecosystem processes—The ecological links and interactions in an ecosystem that structure and drive ecosystem function. 

These can include competition for resources, hydrologic cycles, carbon cycles, pollination, etc.
Ecosystem services—Ecosystem processes that provide natural services to support human populations and systems; e.g., 

provision of sustainable water, clean air, crop pollination, etc.
Estrus—Related to the reproductive physiological state of females when they are ovulating and ready for mating.
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Euclidean distances—Straight line distance between two points.
Extant—Living as opposed to extinct.
Genetic variability—A measure of the differences in genotypes among individuals in a population.
Genotypes—The genetic makeup of a cell, an organism, or an individual.
Gestation period—The period during which the fetus grows within a mother; i.e., the period between fertilization and 

birth.
GIS—Geographical Information System. A software tool to overlay spatial data for comparison and analysis.
Glaciations—A long cold period of time (usually lasting thousands of years) when the planet was mostly covered in ice. 
Infanticide—Intentional killing of infants.
Intra- sexual aggression—Aggressive behavior between individuals of the same sex.
Inviolate—Keep intact and undisturbed. 
Landscape mosaic—A landscape with a variety and mix of different habitat patches and non- habitat patches of land 

use and land cover.
Matrix habitat—The land cover and land use between the ecological habitat (core areas, corridors, buffer zones) in 

the landscape.
Metapopulation dynamics—The demographic and ecological drivers of metapopulation change and function.
Natal areas—Area or habitat patch in which an individual was born.
Permeability—The degree to which the habitat will allow an animal to move through. More intact and continuous 

suitable habitat will be more permeable than highly fragmented areas.
Pleistocene—Thee geological period that lasted from about 2,588,000 to 11,700 years ago, spanning the world’s more 

recent glacial periods
Primary productivity—Production of biomass from photosynthesis. Basically, growth of plants. 
Refuges—Areas where animals can be safe from poaching; usually well protected areas.
Remote- sensing technology—Technology that allows gathering of information from far; e.g., satellite images that will 

help to assess the quality and distribution of forests or habitat types.
Spatial information—Information related to physical space. Usually can be mapped.
Subspecies—A biological classification that ranks below a species. The differences between subspecies are usually less 

distinct than the differences between species. The characteristics attributed to subspecies generally have evolved 
as a result of geographical distribution or isolation.

Taxonomists—Experts in the field of classification of organisms
Territorial species—Species that hold and defend a territory. 
Territory—A space that an animal will occupy and defend. The difference between a territory and a home range is 

basically that a territory is defended, whereas a home range is not defended.
Theory of island biogeography—A theory developed by ecologists Robert MacArthur and E.O. Wilson in the 1960s to 

predict the number of species that would exist on newly created islands based on immigrations and extinctions 
and distance from the source populations. It has now been applied in conservation biology to explain species rich-
ness in isolated and isolating protected areas, and for reserve design in human- altered landscapes. 

Transients—Non- resident individuals that are passing through.
Undergrowth—The vegetation layer that grows close to the forest floor.
Ungulate—A diverse group of hoofed mammals that include most of the tiger prey species.
Vagility—The degree to which an animal will move, migrate, or disperse through a landscape. Highly vagile species 

will move across long distances.
Viable populations—Populations that will persist or survive over long periods and retain their ecological, behavioral, 

demographic, and genetic characteristics.
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Short Answers to FAQ from Practictioners

1. How to get information in advance of infrastructure projects so development agencies and environmentalists can sit 
together and work out solutions in advance? (One of the major hurdles is the lack of information on future plans of 
infrastructure development projects. Most such projects apply for forest clearance in the end (i.e., after securing other 
permissions. More often than not, one is left with no alternative except litigation. Then environmentalists get the blame 
for being impediments in growth and development.)

 � There are two critical needs here. First, a landscape spatial plan that clearly identifies the core areas (usually 
the protected areas) and their buffer zones, and the corridors that link these core areas is necessary for each 
landscape. The spatial plan has to be integrated into national and sub- national land- use planning processes 
so that the conservation areas are taken into account as having a defined function during development 
planning and land allocation for development. 
 Second, a cross- sector coordination committee that includes the conservation, agrarian, and develop-
ment or land- use planning sectors is important. Any development projects in the landscape that require 
land allocation will be brought to the notice of this committee, which will request a technical evaluation of 
the impacts of the proposed projects. Based on the recommendations, the projects will be approved (with 
or without mitigations) or disapproved (if the impacts are harmful and cannot be mitigated, or if they im-
pinge on core areas). The following documents provide more detail about how to assess, mitigate, and inte-
grate development and conservation: 

 { Quintero J. D., R. Roca, M. A. Mathur, and X. Shi. 2010 Smart Green Infrastructure in Tiger Range 
Countries : A Multi- Level Approach. World Bank Report/GTI. 

 { Quintero J., R. R. Morgan, A. Mathur. 2010. Smart Green Infrastructure in Tiger Range Countries:  
A Multi- Level Approach. Downloadable from: http://www.globaltigerinitiative.org/download/GTI 
-Smart-Green-Infrastructure-Technical-Paper.pdf (accessed May 2013).

 � When the core areas, buffer zones and (especially) the corridors are clearly identified, delineated, and in-
tegrated into sectoral land- use plans, conflict between conservationists and development sectors can be re-
duced since there will be no ambiguity in where land is allocated for conservation and where development 
can take place. 

 � We recommend a system that combines the national and sub- national land- use planning system that is 
presented in the Peninsular Malaysia case study with the cross- sector steering committee that was initially 
created for the Terai Arc Landscape as a mechanism for the tiger landscapes to coordinate, evaluate and take 
decisions on reconciling development and conservation.
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2. What can we do to ensure transparency and stakeholder participation in spatial plan development? (Corruption (or 
lack of transparency) behind spatial planning in tiger conservation landscapes is a major challenge for maintaining 
landscape integrity in Sumatra. A block of forest is worth a lot of money if cleared for its timber and then converted to 
an exotic plantation (mainly oil palm and acacia) or opened for gold mining. So, you can imagine how much a big and 
unscrupulous business would be willing to pay an official for the change in status of such a forest block.)

 � While a block of forest is worth a lot of money to unscrupulous businessmen and dishonest politicians, 
the intact forests are also worth a lot of money to the larger community of stakeholders that benefit from 
the ecosystem services and other non- timber forest products these forests provide. If the larger community 
of beneficiaries is included in the landscape planning process and made aware of the need to conserve the 
forests for their immediate and long term and benefits, including their livelihoods and lives there can be a 
more powerful constituency and electoral lobby for forest conservation, rather than allow a few people to 
benefit from them.

 � The conservation areas also have to be backed by strong policy, laws and regulations that help to protect 
and conserve them, and prevent them from being converted to other land uses.

3. Is tiger more important than humans? Why tigers should get priority to development that is helpful for the economic 
improvement of the local community? 

 � It should not become a question of whether tigers are more important than people. The question—and 
issue—that has to be addressed is how people and tigers can both live in relative co- existence in the landscape 
and benefit from each other’s presence. And this can happen through an integrated conservation and develop-
ment approach. Here, conservation of tiger habitat will actually sustain the ecosystem services that are vital 
to support and sustain development initiatives. Without these ecosystem services the development aimed at 
improving the economic well- being of local (and national) communities will collapse and not last. As just one 
example to illustrate this, infrastructure such as roads and bridges that provide connectivity for communities 
will get damaged and destroyed by landslides and floods if the forests in the surrounding slopes are removed. 

 � But with that in mind, we should also remember that the tiger is an ultimate beautiful product of evolution 
that we have a responsibility to protect. A landscape that has lost its tigers will lose much of its aesthetic 
and romance.

4. What should be the minimum width of a corridor to maintain connectivity in tiger landscape?

 � The wider the better! As a rule of thumb, conservation landscape planners advise to make corridors twice 
the width of the average home range of the focal species. In landscapes with intact habitat it may be possi-
ble to delineate wide corridors, whereas in landscapes where the habitat is highly converted or fragmented, 
the options may be more limited, and corridors may have to be narrower. Note that there have been some 
instances where tigers have been known to travel far through highly fragmented landscapes; therefore, 
sometimes even very narrow corridors can still allow dispersal. For instance, tigers (and other large wildlife 
species) have crossed roads through culverts and under short- span bridges. But this is also probably more 
infrequent than use of wider corridors. 
 A practical rule of thumb would be to strive for a minimum width of about 1 km, but wider where pos-
sible. A narrow corridor with a stream or other waterway will be a much more viable corridor than one 
without. Where the width is narrower and creates a bottleneck because of habitat loss and degradation, 
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attempt to restore habitat to widen the corridor. Also, assess how far the prevailing disturbance levels 
 extend into forested areas and delineate corridors that are wider than that distance to ensure minimal 
 disturbances in the core area of the corridor. 

5. What is the best way to restore landscape contiguity if there are large gaps some with degraded lands or private lands, 
settlements, and infrastructure?

 � Degraded lands can be restored back to forests, or even semi- forested areas through agro- forestry, community 
forestry, under REDD+, etc. The restoration strategy could be based on whatever forest restoration and man-
agement approach is acceptable or is practiced in that landscape or country. If the lands are privately owned, 
negotiations can be made with the owners to retain or restore wildlife friendly corridor areas through their 
properties that will provide cover and protection for dispersing tigers. If owners request compensation, strate-
gies such as the wildlife premiums or direct payments to cover opportunity costs may have to be provided (see 
section on “A Framework for Managing Tiger Conservation Landscapes” for details). Also encourage people to 
grow corridor crops to make corridor management compatible with agriculture and horticulture.

 � Wide gaps due to large settlements are more problematic, although voluntary resettlement programs could 
be a solution if it is acceptable to the communities. Voluntary resettlement will have to include relocating 
the people into areas that provide equal or better access to livelihoods, market access, and other social safe-
guards, etc. that are acceptable to the people.

 � Infrastructure can be modified, or in the case of planned infrastructure, ‘green’ engineering solutions can 
be incorporated into the designs to permit wildlife corridors to remain or become functional. For instance, 
overpasses and viaducts can be incorporated into roads to enable wildlife to cross unhindered. Simple 
changes to the habitat and infrastructure designs can permit wildlife movements, as shown in the example 
of wolves in Canada’s Jasper National Park. More details on Smart Green Infrastructure planning are avail-
able from Quintero J. D., R. Roca, M. A. Mathur, and X. Shi. 2010 Smart Green Infrastructure in Tiger 
Range Countries : A Multi- Level Approach. World Bank Report/GTI. http://www.globaltigerinitiative.org 
/download/GTI-Smart-Green-Infrastructure-Technical-Paper.pdf (accessed April 20 2012).

6. Many people perceive tiger conservation or protection only in protected areas. How can local community be encouraged 
to value live tigers and other large predators and not to kill them to benefit from their parts and products? How they 
can be encouraged to play an important role in conservation of these species by supporting landscape conservation? Also, 
how can they be prepared for having tigers and other large mammals in their neighborhood and their potential threats 
to their livelihoods? 

 � You have to gain the trust of the local communities and show them how they can contribute to, and partic-
ipate in a global cause to save an endangered, iconic species. In many cases people are willing to participate. 
Awareness programs go a long way toward building this stewardship and pride. However, it is also impor-
tant to take proactive steps to keep conflict below thresholds of intolerance. Livelihood improvement proj-
ects and other economic benefits linked to tiger conservation that cover opportunity costs can also reinforce 
the support from local communities.

7. How to delineate a landscape and what is the optimum size for better management?

 � The process of delineating and managing the landscape has been described in Part 3 of the document. 

http://www.globaltigerinitiative.org/download/GTI-Smart-Green-Infrastructure-Technical-Paper.pdf%20accessed%20April%2020%202012
http://www.globaltigerinitiative.org/download/GTI-Smart-Green-Infrastructure-Technical-Paper.pdf%20accessed%20April%2020%202012
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 � The optimum size of the landscape should be based on several factors, including the size of the tiger popu-
lation that has been identified as a target, productivity of the habitat for ungulates which determines the 
‘carrying capacity’ of the habitat, the number of protected areas (= core areas) and their size, the potential 
for connectivity, the pressures from competing land uses, and the available resources for management and 
protection. The details of how these variables interact, and the process for how they are integrated into 
planning is provided in Part 3 of the text.

8. Is there a science or knowledge base on Tiger Conservation Landscape available? What is the trend in changes in TCLs?

 � Yes. The following documents present the details of the TCL analysis.
 { Dinerstein et al. 2006, Setting Priorities for the Conservation and Recovery of Wild Tigers: 2005–2015. A 

User’s Guide.
 { Sanderson et al. 2006, Setting Priorities for the Conservation and Recovery of Wild Tigers: 2005–2015. 

The Technical Assessment. 
 � The trends in change of tiger landscapes over the decade before the analysis have been documented in the 

reports. However, the projected changes to TCLs based on three scenarios of conservation interventions 
have also been presented in the following:

 { Wikramanayake et al. 2010. Roads to recovery or catastrophic loss: How will the next decade end for 
wild tiger conservation. In Tigers of the World (2nd edition): The Science, Politics, and Conservation 
of Panthera tigris. R. Tilson and P. Nyhus, eds., 493–506. Elsevier/Academic Press. 

 � Details are also provided in the section on the “History of Tiger Conservation Landscapes.”

9. How to regulate resource use accessibility in the TCL to save them from over exploitation and further degradation?

 � There has to be a strategic plan for the landscape and management plans (based on the landscape strategic 
plan) for the corridor forests that define how the natural/forest resources will be used in detail. Every village 
in the wildlife habitat should be encouraged to grow its own fodder and firewood. A portion of the Gov-
ernment forest can also be set aside for this program. Monitoring systems to ensure that the management 
plans are implemented and followed and that resources are not overexploited are required. 

10. How to get the forest managers outside the PAs equally interested in tiger conservation landscape? As of now, their 
management mandate is completely different and conservation is not their priority. Also, they don’t have the resources, 
man- power, and knowledge in conservation like the PA managers.

 � Awareness and capacity building programs will be necessary to engage forest managers outside PAs in tiger 
conservation. Conservation must be included in their job descriptions. Resources should be provided for 
tiger (and other endangered wildlife) monitoring and protection. Where appropriate, community members 
can be included in these activities for joint state- community stewardship of the corridor forests. Engage-
ment of wider stakeholders including the government line agencies should be a major component of a na-
tional strategic conservation plan that includes land use plan for landscape conservation.

11. How to resolve the jurisdictional issues between countries, states, agencies and other stakeholders, and divisions within 
the same department (e.g., territorial division and tiger reserve under the forest department) that have different interests 
and management objectives in support of landscape conservation? Usually, landscape expands across international bor-
ders, states and management jurisdictions of different agencies. How to get a sincere policy intervention that is essential 
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to resolve the jurisdictional issues of forest land (e.g., between PAs under the wildlife wing, territorial division, and forest 
development corporation in landscape) and cooperation at inter- department and intra- department levels? How can an 
integrated landscape level land- use planning can be achieved to save metapopulations of tiger?

 � With respect to the intercross- sectoral coordination: This is why the cross- sector coordination committee 
chaired by a high- level ministerial official and facilitated through a Secretariat is very important for each 
landscape. This committee will be responsible for coordinating among the different line agencies. This com-
mittee has to be guided by a strategic landscape conservation plan that provides a guiding framework for 
integrated conservation management.

 � With respect to the transboundary coordination: Consider initiating a bilateral MoU on landscape conservation 
between the governments that transpires into regular transboundary meetings at the policy level as well as at the 
field level to discuss progress, future work plans, and other issues that require joint action or cooperation. 

12. What is the procedure to bring different partners and stakeholders together for the landscape conservation?

 � Building trust. Engaging all partners and stakeholders in the planning process for conservation. Developing 
a forum for dialog. 

13. How to facilitate positive communication and interactions between forest department officials and local community? 
Their interaction has largely been stopping the local people in resource extraction 

 � First, there has to be some awareness and training on outreach to engage with local communities for forest 
department officials. Then, there has to be regular meetings and dialog with the local community groups 
that bring compromise in conflicting interests, if any. Forest Department should help the local communi-
ties to grow fodder and firewood on their land, grow fish in the pond and in all possible ways should help 
them. They have to earn their good will by helping them in all possible means. Winning the trust from 
local communities might take consistent efforts from the Forest Department for a significant period of time 
but it is worth the investment for sustainable and long term conservation.

14. How to relate the contribution of local initiative to the landscape level conservation?

 � While conservation planning happens at the landscape level, and is guided through a landscape- scale frame-
work, much of the implementation will obviously take place through local- level interventions. Therefore, 
the local- level interventions must relate to the landscape- scale plans. The landscape- scale strategic plan will 
become the touchstone for all conservation interventions in the landscape, whether implemented at a site 
or larger- scale (e.g., corridor, watershed). Moreover, development of landscape conservation plan has to be 
done in close consultation of the communities on the ground. Series of meetings and workshops with com-
munities will also help improve their understanding. Ultimately, it is the local community that determines 
the success and failure of the landscape plan at the implementation level.

15. What is the best way to initiate trans- boundary cooperation for landscape conservation?

 � Through transboundary forums for dialog at the field level and at the higher level.
 � Initiate bilateral MoU between governments for collaboration in landscape conservation
 � Set up regular trans- boundary meetings to share progress and other information for collaboration.
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16. What is the role of corridor/connectivity in landscape conservation?

 � The role of corridors and connectivity is to permit tigers and other larger mammals to disperse from their 
natal areas and establish territories elsewhere and maintain the gene flow among metapopulation in the 
landscape. The corridors therefore help to maintain the ecological, behavioral, and genetic integrity of tigers 
and tiger populations. By connecting populations to create a metapopulation structure, the corridors also 
increase the likelihood of longer term survival and demographic persistence of tigers. Corridors also help 
reduce human- tiger conflicts compared to the hard edged boundary of a protected area with tigers.

17. What are the fundamental differences between ecological, biological, forest and wildlife corridors?

 � Fundamentally, ecological and biological corridors are meant to facilitate the flow of ecological processes 
that include species dispersal and migrations, and processes such as hydrological flows, fruit dispersal, pol-
lination etc., whereas wildlife corridors are meant to facilitate movement of specific wildlife species for 
which the corridors are designed. Forest corridors refer to corridors consisting of forest habitat (as opposed 
to other land cover or land use.

18. How can we ensure an intact tiger landscape when the world is so hungry for economic development and extractive 
industries like mining, quarrying, infrastructure development like roads, railway, pipelines, dams, and industrial plan-
tations get priority to conservation?

 � First, as ecological and environmental stewards of this planet, humans have an obligation to protect nature, 
which includes other species. Many of these species are endangered because of the way the human species 
has been misusing the earth’s limited resources. 

 � Second, consider tigers as the ‘canary in the coal mine’. The landscapes that support tigers also sustain and 
provide vital ecosystem services and natural resources that support people, their livelihoods, and economic 
well- being. Thus people will not become just hungry, but will starve if these forests and forest resources 
are depleted through over- exploitation. The sustainability of economic development, investments in infra-
structure, and overall health of the society are eventually dependent on the ecosystem services (sustainable 
and clean water, clean air, stable and fertile soils, pollination, flood and landslide control, etc.) provided by 
natural ecosystems. If these ecosystem services are lost, the economic investments will also be lost. You can 
equate the ecosystem services to a firm foundation when building a house; without a good foundation the 
house will not be stable. As conservationist, Marjorie Stoneman Douglas, an American journalist famous 
for her steadfast defense of Florida’s Everglades Ecosystem, has been paraphrased: Saving the tiger is a test. 
If we pass, we get to keep the planet.

19.  How can we ensure co- existence of human society and wildlife for a long- term conservation? In general, local  farmers 
have a negative perception against conservation as they perceive human Wildlife Conflict a threat to their life and prop-
erty. In long run, this kind of negative attitude would be antagonistic to the conservation of wildlife. 

 � Most of the people in the local community do see value of the forest and wildlife in the ecosystem and the 
services they get to sustain their livelihood. Very often, if conflict can be reduced, farmers and other local 
community members will tolerate wildlife, including tigers, in and around their areas. It is even possible to 
build a sense of pride among these communities if they know they are contributing to a global cause to save 
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an endangered, iconic species with global appeal. Awareness programs go a long way toward building this 
stewardship and pride. However, it is important to take proactive steps to keep conflict below thresholds 
of intolerance. Livelihood improvement projects and other economic benefits linked to tiger conservation 
that can cover opportunity costs can also reinforce the support from local communities. We need to foster 
a situation where people see the live animals more valuable to their livelihood and be supportive to their 
conservation.

20. Landscape conservation is to ensure safe movement of tigers and other landscape species and foster co- existence. How can 
their safety ensured once they are outside the protected areas in the human dominated landscape?

 � The tigers (and other focal species) that use corridors will also require protection, just as they are protected 
within protected areas. In corridor areas that consist of community managed forests, protection can be pro-
vided by community- based anti- poaching units. Such units have worked successfully in some landscapes in 
Nepal and Indonesia, for example. 

21. How male and female tigers contribute to their own population structures and recovery?

 � Male and female tigers contribute to population structure and recovery in several ways, as noted in the 
section on “how tiger biology necessitates landscape- scale approaches to conservation.” For instance, male 
tigers that displace resident males from its territory will kill all cubs sired by the previous male to bring the 
females that overlap with its territory back into estrus. If this happens too often in an isolated, small popu-
lation it can set back population growth and recovery. Similarly, sub- adult tigers are forced to disperse out 
of the natal areas, usually the sub- adult males move further away than the females. If these males are unable 
to disperse, from isolated reserves, they will be removed from the gene pool. More information is provided 
in the text in the section on tiger ecology, behavior and genetics and how they relate to landscape scale 
conservation.

22. How, when and why a male or female tiger start dispersing?

 � Sub- adult tigers disperse when they are about 19 to 28 months old. 
 � Dispersal is an important part of tiger life history, and influences tiger ecology, behavior, demographics, 

and genetic variability. Dispersal plays an important role in population recovery. Please refer to the section 
on dispersal for more detail.

23. How can we ensure a corridor that is functional allowing natural dispersal of animals? 

 � By managing corridor habitat—including restoration where necessary—to provide cover and prey species. 
Protecting tigers (and prey) from poaching. Minimizing disturbance. Corridors should also be monitored 
for use by tigers. Also note that the corridors have to connect core areas.

24. Do corridors play a role of a chute or do they also function as a temporary habitat for dispersing tigers?

 � Some corridors, like the Kanha- Pench corridor, can support resident tigers but the main intended role of 
corridors should be to facilitate dispersal and not for a breeding habitat.
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25. How to make planners and managers identify critical corridor?

 � First the managers and planners have to understand that the nature of tiger ecology demands that corridors 
and landscape- scale conservation approaches are needed for long- term conservation of tigers. Conservation 
community has to proactively educate and engage stakeholders from other agencies, business, and indus-
tries in support of conservation. When they are convinced of this, they have to understand the process that 
is required to identify the corridors, and develop management strategies. The planners and managers also 
have to be involved in the corridor identification at the planning stages and have ownership of the plan. 
Please see the case study from Malaysia. But all this will depend on whether there is enough natural habitat 
to connect core areas and create a corridor. 

26. How can we ensure protection of dispersing tigers in the landscape and corridors to facilitate genetic diversity of the 
population?

 � Adequate protection should be given to tigers using corridors so they can disperse into other protected 
areas, establish territories, and mate with animals in the new areas. This will allow the tigers to ‘outbreed’, 
and retain genetic diversity. 

 � Narrow corridors in particular are vulnerable and likely become poacher’s trap or an ecological trap associ-
ated with edge effects such as invasive species, disease, predation, etc.

 � Support from the local community should be fostered or a community structure can be created for the protection 
of the wildlife in the corridor or dispersing individual. Income generation activities or other economic benefits 
linked to the corridor to support the local livelihood or to support the local volunteer organization would be very 
helpful for the continuity of the local support

 � Necessary management system should be in place to address the potential human- wildlife conflict around the cor-
ridor either through the trained community volunteer group or forest administration

27. How do we identify bottlenecks and what are the management interventions with safety parameters for dispersing wild-
life species in the landscape? 

 � Bottlenecks are areas of corridors where connectivity is tenuous, either because the corridor is narrow, or 
the habitat is not very suitable. You can identify these bottlenecks by mapping the corridors and the land- 
use within them, followed by ground verification. Once the bottlenecks are identified they can be restored 
through appropriate habitat restoration programs and land management approaches. The strategies for res-
toration will depend on what will be available and be acceptable to the respective governments, communi-
ties, and other stakeholders. Tigers using the corridors should also be protected from poaching.

28. In Feb 2014 DFO Datia and Panna Team tracked a Ranthambore tiger that travelled more than 600–700km with 
photographic evidence. And a male Panna Tiger (Panna- 211) reached LalitipurUttar pradesh)/ Sagar (Madhya 
Pradesh) junction just another 60–70 km away from this Ranthambore tiger. Another Panna male tiger (Panna- 112) 
moved in the north- eastern corridor and came back safely to Panna and is living here for the last 8 months or so and is 
pairing with T4. These are some relevant facts that I wish to bring to your knowledge.

 � This information shows that tigers disperse over long distances, at times, using very narrow ‘corridors’ that 
wind their way through human- dominated areas. It also shows that tigers require landscape- scale conservation. 
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29. How do we maintain the periodic information on movement of tiger and its prey species in the landscape? This will 
help us identify by weak connectivity areas and the reason for this. This is the kind of baseline information needed for 
landscape management. How the conservation managers can be made proactive in sharing this information to other 
stakeholders particularly the development agencies about the importance of some corridors/habitat for a better planning 
to avoid or adopt necessary mitigation measures, if we have such baseline data?

 � Monitoring. Surveys for indirect tiger sign will provide information on whether, when, and where tigers 
are using the corridors. When signs are found, camera trapping can help to identify individual tigers that 
can then be matched to other tigers camera trapped in the protected areas that are linked by the corridor. 
Non- invasive fecal genetic studies can also be used to identify individuals that use corridors, and how they 
contribute to the gene pool in the core areas. The study on black bears (shown as a case study in the text) 
shows how such studies confirmed that corridors facilitated bear movement. Recent genetic study on tigers 
and leopards in central Indian landscape confirms their dispersal between reserves through the existing cor-
ridors in the landscape.

 � The managers must be convinced that information that confirms the use of corridors by tigers is essential to 
prove to development agencies that corridors serve a critical conservation function.

30. Why do we need to consider landscape management for tiger conservation?

 � Because tiger ecology and behavior demands landscape scale approaches. The information we have on tigers 
clearly show that tigers cannot be conserved effectively and in the long term in small isolated protected 
areas. See the section, ‘Why a landscape approach to tiger conservation? Ecological, demographic and 
 genetic justification’ for more details.

31. What is the difference between landscape management and corridor management? 

 � Landscape management has to do with managing the entire landscape, which includes the protected areas, 
buffer zones, corridors, and the matrix areas in- between, and to manage the functionality of the entire 
landscape. Corridor management refers to management of the corridors; to make them functional. 
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