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Biodiversity resilience in the Central Indian Highlands is
contingent on maintaining and recovering landscape connectivity:
the tiger as a case study
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Abstract Corridors (variably called landscape linkages,

connectors, and gateways) are expanses of a landscape that

facilitate the flow or movement of individuals, genes, and

ecological processes. Protected areas with their buffer zones

and the corridors that connect them are cornerstones of

modern conservation actions to maintain the biodiversity we

have and restore what we have lost. Policy and governance

to guide the establishment and management of protected

areas and supporting buffer zones is well established in the

Central Indian Highlands. A policy and governance struc-

ture to create the context and enabling conditions for corri-

dor maintenance, creation, and recovery is emerging but is

constrained by the reigning land-management paradigm that

separates conservation from development rather than

mainstreaming species and habitat conservation into the

rural development agenda. Well-nourished, healthy human

populations and healthy ecosystems are inextricably linked.

The worsening ecological conditions in the Central Indian

Highlands can trigger the emergence of a common agenda

for an inclusive, caring, and environment-friendly mode of

development. The alternative is the business-as-usual sce-

nario: a continuation of worsening ecological conditions.

Entry points through the biodiversity, agriculture produc-

tion, resource extraction, and economic/social sectors to

enable integrated sustainable landscape management are

identified. These include deepening what it means to suc-

cessfully conserve a species combined with explicit threat

analysis for at-risk tigers and the landscapes that supports

them; landscape scenario modeling to advance

communication by synthesizing diverse forms of research

and articulating and evaluating alternative socio-economic

futures; and the use of the smart green infrastructure process

as an approach to development rather than only as a way to

mitigate environmental damage. Models are presented to

scale up from isolated conservation interventions to col-

lective impact that unites supportive government partners

with individuals, NGOs, and economic interests to achieve

viable long-term relationships in human and natural systems

to value, maintain, and recover landscape connectivity.
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Introduction

The grandeur of the forests and wildlife of the Central Indian

Highlands was described in Indian hunting books (Forsyth

1919; Dunbar Brander 1923). More recently, as the natural

area has been diminished, conservation scientists have

documented the remaining charismatic wildlife populations

(Schaller 1967; Jhala et al. 2011), and environmental his-

torians have traced the ecological changes resulting from

human population growth and wildlife habitat destruction

(Panwar 1987; Rangarajan 1996). Historically, and today,

conservation policies and practice are outpaced by devel-

opment (Thapar 2003). Maintaining biodiversity resilience

in the face of ever-increasing anthropogenic disturbance is

the conservation challenge for the next decades.

Here, I outline some of the ways our rapidly advancing

knowledge and technologies can inform policy and man-

agement to achieve positive conservation outcomes in the

Pench–Kanha Corridor, Satpura–Maikal Landscape, Central
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Indian Highlands, and more broadly, the Central India land-

scape complex (CILC; Fig. 1). We need enhanced frame-

works, platforms, and processes to achieve positive

landscape-scale conservation outcomes, including maintain-

ing biodiversity resilience. There is no tried and true recipe for

scaling up from site-based to landscape-based outcomes. We

progress by doing, measuring, adapting, and doing again.

I focus on the imperiled wild tiger (Panthera tigris) with

the understanding that saving wild tigers means managing

their supporting landscapes at a scale that allows long-term

tiger population persistence. The wild tiger in India is the

face of biodiversity conservation. Learning to manage

sustainable landscapes is a crucial societal challenge

requiring innovative solutions. After clarifying the land-

scapes of interest and some terms and concepts, I provide

the ecological context of worsening ecological conditions

in the highlands, observations on what it means to

successfully conserve a species such as the tiger and its

supporting landscape, describe a vision for a better future,

examine some new tools to create entry points to processes

for sustainable landscape management, present some col-

lective-impact platforms that can serve as models for

increasing biodiversity resilience in the CILC, and provide

ideas on the critical role played by conservation leadership

in implementing and sustaining this process.

Ecological resilience, persistence, and tiger
conservation landscapes

Tiger conservation landscapes in Central India

The concepts of tiger metapopulation dynamics, connec-

tivity in tiger conservation landscapes (TCLs), and long-

Fig. 1 The Central Indian

landscape complex and its

relative location in India shown

in the inset. Satpura–Maikal

landscape is bounded by purple.

State boundaries are shown in

black. Forest cover data in

green are from Hansen et al.

(2013). Protected area

boundaries are in red. K Kanha,

P Pench, S Satpura, M Melghat

tiger reserves are marked (color

figure online)
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term tiger population persistence will be central to evolving

conservation policies that sustain biodiversity resilience. A

metapopulation is ‘‘a group of partially isolated popula-

tions of the same species that undergo local extinctions and

recolonization’’ (Frankham et al. 2010:533). Thus, the

dynamics of metapopulations depends on the effective

dispersal of individuals or groups between habitat patches

in the landscape mosaic.

Different scientific teams have use varying approaches to

defining TCLs. For the purpose of reporting on the status of

tigers and prey, India’s National Tiger Conservation

Authority groups the tiger-occupied forests in India into six

landscape complexes (Jhala et al. 2011). The CILC is boun-

ded by the Aravlli Range, Satpura Range, Chota Nagpur

Plateau, and the Odisha Hills in eight states and is drained by

some of India’s principal rivers including the Chambal,

Damodar, Godavri, Mahanadi, Narmada, Son, and Tapti.

There are 22 tiger reserves and more than 40 other protected

areas in this landscape complex where tiger were known to

occur in 2010 (Jhala et al. 2011). The CILC encompasses six

different ecoregions in the tropical and subtropical dry

broadleaf forest biome, with areas in the tropical and sub-

tropical moist forest biome. An ecoregion is ‘‘… a relatively

large area of land or water that contains a geographically

distinct set of natural communities that share a majority of

their species, ecological dynamics, and environmental con-

ditions, and function together as a conservation unit at global

and regional scales’’ (Wikramanayake et al. 2002:17).

Within this vast area, about 600 tigers occupied

38,056 km2 out of a total of 338,375 km2, or 11 %, in

2010; tigers were distributed among 23 populations and

were grouped into seven hypothesized tiger metapopula-

tions, with three classified as fully functional ones that

‘‘…have a long-term future provided they remain con-

nected through corridors’’ (Jhala et al. 2011:xi), and four in

landscapes that have the potential to harbor tiger

metapopulations if fragile and or stepping stone connec-

tivity is maintained, or better, is functionally restored

(Jhala et al. 2011:55). The methods of grouping these

population into metapopulations was through least-cost and

least-resistance corridor pathways aligned on high-resolu-

tion satellite images and not through spatial genetic anal-

ysis or the analysis of tiger gene flow.

Sixteen tiger metapopulations were hypothesized to

occur in the same landscape space in an earlier taxonomy

of TCLs (Sanderson et al. 2010) where a TCL ‘‘…is a

block or cluster of blocks of potential effective habitat

within 4 km of each other, meeting a minimum, habitat-

specific size threshold, where tigers have been confirmed to

occur during the last 10 years and are not known to have

been extirpated since the last observation.’’ Each TCL was

postulated to be a distinct tiger metapopulation and not

connected through dispersal events and gene flow with

other TCLs (Sanderson et al. 2010:149). These criteria for

grouping forest blocks in TCLs were based on an earlier

radio-telemetry study of tiger dispersal behavior and dis-

tances moved (Smith 1993).

The 160 km, 2200 km2 Kanha–Pench corridor connecting

the Kanha and Pench tiger reserves is the approximate geo-

graphic center of the CILC (Jena et al. 2011; Rathore et al.

2012). The Central Indian Highlands, which includes the

Kanha–Pench corridor, was classified as a distinct biogeo-

graphic province within the Deccan Peninsula (Rogers and

Panwar 1988), and encompasses the Satpura and Vindhya

ranges, parallel east–west chains of hills. The 45,000 km2

Satpura–Maikal Landscape, which encompasses the Kanha,

Pench, Melghat, and Satpura tiger reserves and connecting

corridors within the Central Indian Highlands, forms the

upper catchment of the Narmada and Tapti rivers and was the

study site for the tiger landscape genetic assessment made by

Sharma et al. (2013a, b) discussed below.

In efforts to define tiger metapopulations, the challenge

is in quantifying connectivity and the degree of movement

tigers have in a landscape mosaic. The process of quanti-

fying connectivity for analysis, and then for practical

application to create conditions that permit connectivity

maintenance and recovery at the landscape scale is the

central challenge for designing conservation actions that

will result long-term tiger population persistence (Jhala

et al. 2011; Wikramanayake et al. 2011; Qureshi et al.

2014). There are two components to connectivity: the

structural arrangements of different habitats in the land-

scape and the behavioral or functional response, and

movements of individual tigers in response to the physical

structure of the landscape (Crooks and Sanjayan 2006).

‘‘Corridors (variably called landscape linkages, connectors,

gateways, etc.) are the most popular means to achieve

connectivity’’ (Noss and Daly 2006:588). Functional con-

nectivity has been measured by tracking individual animals

through camera-trap grids (Singh et al. 2013); with radio-

telemetry (Smith 1993) as radio-collared tigers move

through the landscape mosaic; through estimating tiger

habitat occupancy over broad forest tracts (Jhala et al.

2011) or a more focused effort in a target forested corridor

(Jena et al. 2011); and by measuring effective dispersal

(migrants) and gene flow, which has only recently been

done in this landscape and is summarized below. The

challenge with all four approaches is to accurately measure

and align the landscape or habitat structure with the tiger’s

functional response to that structure.

Tiger-prey dynamics, reproducing female territory

size, and tiger density

The space required by individual breeding tigers is set by

prey abundance. In the absence of human-induced
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mortality, prey density and distribution, rather than habitat

vegetation parameters, explain tiger density (Karanth et al.

2004; Miquelle et al. 2010). Tiger prey densities vary

across different forest types because the production of the

available food for ungulates varies in different forest types

(Eisenberg and Seidensticker 1976). Measured tiger den-

sities vary from 0.5 (tigers older than 1 year)/100 km2 in

the temperate forest of the Russian Far East and Southeast

Asian tropical rain forests to more than 20/100 km2 in the

prey-rich floodplain savannahs and riverine forest of Nepal

and India (summarized in Seidensticker 2010). Tiger den-

sities in CILC vary from 1 to 16 tigers (over 1 year old)/

100 km2, and within the principal tiger reserves considered

here, Kanha had 6 tigers/100 km2, Pench 4 tigers/100 km2,

and Satpura and Melghat each about 2 tigers/100 km2 in

2010 (Yumnam et al. 2014).

The largest obligate meat-eaters living in Asian wild-

lands, tigers kill prey ranging in mass from 20 kg to more

than 1000 kg as encountered, but selectively seek and kill

large-bodied ungulate prey—large deer (Cervus spp., Axis

spp. Rucervus spp., Rusa sp.), wild cattle (Bos spp.,

Bubalus sp.), and wild pigs (Sus sp.)—thereby gaining

access to a major percentage of potential prey biomass that

is contributed by relatively few individuals (Seidensticker

et al. 2010; Hayward and Jedrzejewski 2012). Adult tigers

need to kill one large prey animal about once a week

(Karanth et al. 2004), but the energy needs of a tigress

raising cubs over the reproduction period more than double

this requirement (Miller et al. 2014). Tigers are estimated

to remove about 10 % of the standing crop of prey biomass

annually (Sunquist 1981).

The acquisition of an exclusive territory is necessary for

successful breeding in both sexes of tiger, and for females

to rear cubs. The home range of a reproducing female is

defended against other reproducing females and is over-

lapped by a breeding male’s territory; a territorial male can

overlap 1–7 breeding female territories (summarized in

Seidensticker 2010). The territory size of reproducing

females is the base measure of carrying capacity for tigers.

When the population density of breeding females is less

than that set by prey availability, because of poaching or

other mortality, females expand their territory size to

include more prey than are energetically essential. As

female numbers increase, a young adult female tiger dis-

places her mother from her territory, takes part of the

mother’s territory, displaces an adjacent female from her

territory, or displaces a female further afield. This phy-

lopatric land-tenure dynamic results in clusters of related

females living in adjacent territories (Goodrich et al. 2010;

D. Smith and C. McDougal personal communication,

December 2014). Territory size of eight breeding females

radio-tracked in two Indian protected areas in seasonal dry

tropical forest ranged from 17 to 27 km2 (Simcharoen et al.

2014). With this measured variation in tiger density in the

same biome, presumably supporting about equal prey

biomasses, we have an estimated range of what breeding

female tiger carrying capacity could be in the CILC pro-

tected areas, but we have yet to partition the impact of any

minimum area social tolerance among breeding females,

and of poaching, other human disturbances, and prey

abundance and distribution that shape breeding tiger den-

sities in the CILC protected areas.

Adult female tiger survival and tiger population

persistence

Tiger-prey dynamics is the energy availability-exchange

dimension of the conservation picture, and the most

apparent. But the conditions that enable a population’s

persistence over time, with its genetic, demographic, and

spatial components, are the covert dynamic, much less

amenable to quantification, and therefore, the most con-

tentious when seeking political support for sustainable

long-term tiger population persistence. We do know that

small tiger populations, \30, are fragile, unstable, and

vulnerable to extinction, and will crash with only a 2 % kill

rate, so even a modest amount of poaching will induce

extinction. Larger populations, *80, can withstand a 10 %

kill rate (Darmania et al. 2008).

Adult female survival is a key factor in tiger population

persistence. Further work on this stochastic demographic

dimension of tiger population persistence demonstrated

that a viable population with adult breeding female survival

of 0.85 would require 83 breeding females to be sustainable

and even at this size the population will decline when more

than 15 % of the breeding adult females die each year

(Chapron et al. 2008). Adult males are not a limiting factor

in large felid populations, as long as there are some, but

when the territorial structure of the adult males is disrupted

by poaching events, incoming males replacing poached

resident males kill cubs to increase mating opportunities

(known as sexually selected infanticide) (Kenney et al.

1995), which is additive in reducing cub production, pop-

ulation growth, and population persistence.

A challenging dimension of tiger population persistence

has been estimating the impact of inbreeding depression

and genetic drift and measuring gene flow in tiger popu-

lations living in large landscapes with fragmented habitat

mosaics. Understandably, this has been the most difficult

dimension to convey to policy makers and those managing

infrastructure development for resource extraction. Thirty

years of scientific work and modeling ‘‘…collectively

shows that thousands (not hundreds) of individuals are

required for a population to have acceptable probability of

riding-out environmental fluctuations and catastrophic

events, and ensuing the continuation of evolutionary
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processes’’ (Traill et al. 2010:28). While true, that high

number is off-putting and a nonstarter in conservation

policy discussions regarding alpha predators and many

other at-risk species. All the tiger populations in the CILC

were each estimated to total 75 individuals or fewer (Jhala

et al. 2011).

The diploid lethal equivalents, which are detrimental

alleles that would cause death if homozygous, are unknown

in wild tiger populations. By using published levels of

lethal equivalents in mammals, because there is no evi-

dence that tigers are not as susceptible to inbreeding

depression as other mammals, Kenney et al. (2014) simu-

lated inbreeding depression in small (12 breeding females),

medium (24 breeding females), and large populations (48

breeding females). For the smallest population, even four

dispersing tigers coming into the population per generation

(7 years) did not increase population viability and yielded a

likelihood of extinction of more than 90 % within 30 years.

Medium-sized populations will reach a serious threat of

extinction within 75 years. Medium- and small-sized tiger

populations are the norm in the CILC tiger reserves. No

tiger reserve populations in the CILC are large enough to

have 48 breeding females, the largest population consid-

ered by Kenney et al. (2014). The risk of inbreeding

depression decreases the more breeding females there are

in the population. Thus, both the demographic and genetic

dimensions of long-term tiger population persistence

require a land management program that connects popu-

lations to allow greater gene flow between subpopulations

to mitigate further inbreeding depression and increase tiger

populations resilience (Jhala et al. 2011; Wikramanayake

et al. 2011; Kenney et al. 2014).

Gene flow in Central Indian tigers

Neither the TCL taxonomies hypothesized by Sanderson

et al. (2010) nor the tiger metapopulations postulated by

the National Tiger Conservation Authority (Jhala et al.

2011) in the CILC were based on an actual analysis of tiger

genetic structure and gene flow in the landscape complex.

It has only recently become possible to study genetic

structure and gene flow through noninvasive means by

extracting genomic DNA from fecal samples systemati-

cally collected throughout the landscape complex. Three

such studies that do this are now available (Sharma et al.

2013a, b; Joshi et al. 2013; Yumnam et al. 2014) in the

CILC. Although the studies are not directly comparable

because of differences in the regions in the landscape

covered and different microsatellite markers employed, the

results provide direction for policy makers and practition-

ers seeking to maintain and recover landscape connectivity

and thereby increase biodiversity resilience in the Central

Indian Highlands and in the larger CILC.

A long-term study of tiger dispersal behavior in the

Nepal Terai revealed how dispersing radio-collared tigers

shunned agricultural open areas and areas of high human

activities (Smith 1993). The authors of these recent genetic

studies were surprised by the extent to which tigers

exchange genetic material through functional corridors.

‘‘The tiger population in central India still exists as a

metapopulation with gene flow occurring between most

populations clusters in contemporary times’’ (Yumnam

et al. 2014:23). Tigers were dispersing through more sub-

optimal habitat than experts believed probable. There also

were no bottlenecks detected in the central and southern

protected areas in the CILC although there appear to be

bottlenecks with little or no gene flow among northwestern

and northern protected areas and those in the center and

south. The most functional corridor for the exchange of

genetic material was between the Kanha and Pench tiger

reserves which are connected through a forested corridor

(Sharma et al. 2013a, b, Yumnam et al. 2014). However,

there has been a 47–70 % reduction in effective dispersal

events (first- and second-generation migrants) between the

Kanha–Pench source populations and the other tiger

reserves such as Kanha–Melghat, Kanha–Satpura, and

Pench–Melghat which are connected by agricultural areas

and degraded forest corridors. Aside from the Kanha–

Pench connection, other tiger reserves still connected

through forest corridors—Satpura–Melghat, Satpura–

Pench—showed no significant change in gene flow

(Sharma et al. 2013b).

How genetically connected are tigers in other regions of

the CILC to tigers living in the Central Indian Highlands? I

noted above the genetic disconnect between the north and

northwest tiger reserves and those centrally located. Posi-

tioned at the southern edge of the CILC, the Nagarju-

nasagar–Srisailam tiger reserves have been off limits to

scientists until very recently because of insurgent activities,

but apparently not off limits to effective tiger dispersal

events with one tiger moving over 600 km to Kanha and

Pench (Joshi et al. 2013). Tigers and their genes are not

constrained by the boundaries of protected areas in the

CILC, but the tigers living here have a fragile existence

because of low numbers and tenuous, at-risk connections

between populations; long-term tiger population persis-

tence requires the maintenance and enhancement of con-

nectivity so they are managed as a metapopulation.

Ecological conditions in the Central Indian
highlands are worsening

The iconic wildlife living in these highlands is under

intensifying stress from many factors within and around the

region’s protected areas. This stress stems largely from
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India’s need for energy and other natural resources to

support its expanding economy and feed a growing human

population (Mukerjee 2014). How these pressures on lands

and resources are managed will determine the fate of the

tiger and its supporting highland landscape, which is a

global and national treasure.

Descriptions in English of the people, forests, and

wildlife of the highlands are relatively recent, dating

from James Forsyth’s 1862–1864 tour (Forsyth 1919).

Carefully read, Forsyth documents a remarkable land-

scape transformation then befalling one of India’s wildest

frontiers. Sharma et al. (2013a, b) found the historical

echoes of habitat fragmentation in this landscape

imbedded in the current tiger population’s genes. Tigers

entered this landscape ten millennia ago; population

subdivision began about one millennia ago; and began

accelerating 200 years ago. Over the last 300 years, the

highlands lost 78 % of forest cover to agriculture and

urbanization. In the past few decades, the rate at which

the human footprint expanded is unparalleled (Sharma

et al. 2013b). Yet, this is a global priority TCL (Diner-

stein et al. 2007).

More than 40 % of India’s wild tigers live in the CILC

and the population numbers have been stable since 2006,

though habitat occupancy decreased by 20 % between

2006 and 2010 (Jhala et al. 2011). Using a high-resolution

monthly forest clearing database from 2000 to 2005 in the

Indian TCLs described above (Sanderson et al. 2010),

Dasgupta et al. (2014) found a trend change rate for forest

clearing of -0.25 %/month. They noted, however, that

formal protections in Indian TCLs significantly reduced

forest clearing. Anup Joshi (personal communication, May

15, 2015) found a nearly 500 km2 loss of forest cover

between 2001 and 2013 from the 16 TCLs in the CILC

using the World Resources Institute Global Forest Watch

tool (Hansen et al. 2013).

The intense struggle to free tigers and other wildlife

from the extinction vortex in the highlands began by

banning organized sport hunting and establishing protected

areas in the early 1970s with Project Tiger (Task Force,

Indian Board for Wild Life 1972; Panwar 1987). The

economic model that the frontier is unending and to be

exploited extends deep into human history (Richards

2003). But now, in this last vestige of wild India, eco-

nomic wants are crashing against the reality of a closed

frontier, exposing the myth of the unending frontier on

which the current and planned economic and resource

extraction model is based. A misinformed enforcement of

the unending frontier resource extraction model will upend

the habitat connectivity linkage network on which the

long-term persistence of large mammals in the highlands

depends and will become an important biodiversity policy

failure.

A vision for the sustainable future of the Central
Indian Highlands

The sustainable future of the Central Indian Highlands is

grounded in thinking big to mainstream species and habitat

conservation into the rural development agenda. Think of

the highlands of Central India as what they are and can be

as a biodiversity haven with verdant forests and meadows,

and providing wood and other forest products for healthy

people, clean and abundant water, subcontinent–scale

habitat corridors, and a globally important source of

renewable energy and carbon storage. Well-nourished,

healthy human populations and healthy ecosystems are

inextricably linked (Laurance et al. 2014).

The ecological resilience of the Central Indian Highlands

appears to be stretched very thin, feasibly near a tipping point.

Ecological resilience is the capacity of an ecosystem to tol-

erate disturbance without switching to a qualitative different

state that is controlled by a different set of processes; engi-

neering resilience is the time taken to return to a pre-distur-

bance state (Standish et al. 2014). A policy and governance

structure to create the context and enabling conditions for

corridor maintenance, creation, and recovery is emerging

(Table 1) but is constrained by the reigning land-management

paradigm that separates conservation from development

rather than mainstreaming species and habitat conservation

into the rural development agenda. The worsening ecological

conditions in the Central Indian Highlands can trigger the

emergence of a common agenda for an inclusive, caring, and

environment-friendly mode of development. The alternative

is the status quo: a continuation of worsening conditions in

connectivity linkages and biodiversity resilience.

Seeking entry points for integrated landscape
management to mainstream species and habitat
conservation into the rural development agenda

A way forward to bring conservation into the rural devel-

opment agenda is the development of an integrated mul-

tidisciplinary perspective. Best practices in sustainable

landscape-scale management are emerging in India, but

vested economic, especially resource extraction, models

resist their implementation. Among the ten principles for a

landscape approach to reconciling agriculture, conserva-

tion, and other competing land uses is finding a common

point of entry in the conversation (Sayer et al. 2013).

What is required to successfully conserve the tiger?

A traditional entry point for enabling conservation collab-

oration between scientists and management at both the site

and landscape level is an explicit threat analysis for the at-
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risk-species and the landscapes that support them. The best

indicator of a landscape’s health can be read in the status of

the alpha carnivores that live there. ‘‘There is now a sub-

stantial body of research demonstrating that, alongside

climate change, eliminating large carnivores is one of most

significant anthropogenic impacts on nature’’ (Ripple et al.

2014:1241). The crucial societal challenge is devising

creative new ways to maintain viable populations of large

mammals in the face of threats posed by alternative land

uses.

Safeguarding wildlife and forests is a process that will

have to continue to invent itself to flourish. There is a ten-

dency to view threats as static but the suite of threats

emerges and changes as economic and ecological contexts

change. Stopping organized sport hunting and commercial

traffic in tiger skins was paramount when Project Tiger was

launched (Task Force, Indian Board for Wild Life 1972).

The destruction, modification, or curtailment of tiger habitat

and range and loss of connectivity was not seen as critical as

it is today. Disease was not then seen as critical, but it is an

emerging threat (Gilbert et al. 2014). As the relentless

killing of tigers has continued, there is a growing consensus

that existing safeguards for wildlife are insufficient. The

law on the ground is in many places very different from the

law on the statute books. Policy and enforcement tools to

enhance protective efficiency are vital (Darmania et al.

2008). We have a deeper understanding of what can and

especially cannot be expected of small protected areas alone

in supporting long-term population resilience, as discussed

above. The essential need to maintain metapopulations to

increase resilience of conservation-dependent species was

known from theory (Wikramanayake et al. 2011), but only

in the last decade have we had the tools to measure a spe-

cies’ gene flow and barriers to gene flow across large

landscapes as outlined above (Sharma et al. 2013a, b).

Conservation biologists are deepening what it means to

successfully conserve a species and the three ‘‘Rs’’—rep-

resentation, resilience, and redundancy—are paramount

(Redford et al. 2011). A successfully conserved species

will be self-sustaining demographically and ecologically;

be genetically robust; have healthy populations; have rep-

resentative populations distributed across the historical

range; have replicate populations within each ecological

setting; and be resilient across the range. Protected areas

are the cornerstone of efforts to conserve biodiversity. But

my colleagues and I found that with present trends and the

business-as-usual scenario, we can expect a 43 % loss of

the most suitable tiger areas range-wide by 2020 through

agriculture expansion and urbanization (Wikramanayake

et al. 2010). We did not include habitat loss to mining and

supporting infrastructure in our study, but if included, this

would significantly add to the loss of tiger habitat. The

business-as-usual scenario is not even a viable holding

action. The tiger’s future is tied to effective protection,

enhanced habitat connectivity, and habitat restoration.

Corridor identification mapped in the Status of Tigers Co-

predators and Prey in India, 2010 (Jhala et al. 2011) and

further elucidated by Qureshi et al. (2014), Yumnam et al.

(2014), and Dutta et al. (2015b) is a conservation milestone

and entry point into the landscape management paradigm

essential for long-term persistence of the tiger and other at-

risk wildlife in the CILC.

Landscape scenarios to advance the conservation

dialogue

An emerging tool to create new entry points are landscape

scenarios to advance our communications. For example,

Harvard Forest scientists have advocated a vision for the

New England Landscape of the USA. Their Wildlands and

Table 1 Policy tools available to support improving biodiversity resilience by maintaining and recovering landscape connectivity in the Central

Indian Highlands

Legal platforms Purposes

Indian Forest Act, 1927 Protects forests from illegal activities, including unauthorized felling and fires

Forest (Conservation) Act, 1986 Protects forest from unauthorized diversion of forest land for non-forest purposes

Environmental (Protection) Act, 1986 Demark ecological sensitive zones; take all measures necessary for protecting and improving the

environment and to prevent and control environmental pollution

National Forest Policy Act, 1988 Targets actions to bringing 33 % of India’s landmass under forest and tree cover

Wildlife (Protection Act), 1973, as

amended in 2006

Established the legal authority to declare Tiger Reserves with dedicated core areas and buffer zones

Established legality of the concept of critical tiger habitat

Provided for establishing the preparation and implementation of tiger conservation plans to ensure

ecologically compatible land-uses to address concerns of livelihoods of local people and provide

dispersal habitats and corridors

Ensure tiger reserves and areas linking one protected area or tiger reserve with another tiger reserve are

not diverted for ecologically unsustainable uses

Establish community reserves to be jointly managed with local stakeholders and communities
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Woodlands vision (Foster et al. 2010) calls for retaining

70 % of the region in forest lands; striking a balance

between active forest management and preservation;

addressing the growing instability of the forest base that

supports human livelihoods and regional biodiversity; and

leaving room for doubling the amount of developed lands.

This is a shared vision for New England’s future among

private landowners, communities, regional organizations,

and state and national collaborators. The model they are

creating informs how we can meet our challenges in the

Central Indian Highlands.

With this vision in hand, the Harvard Forest scientists

moved on to a series of scenario studies, which is a pow-

erful approach to synthesizing diverse forms of research,

articulating and evaluating alternative socioecological

futures, and encouraging perceptive thinking in this era of

unprecedented global change (Thompson et al. 2012). The

details are not necessary here, but the shift to process-

oriented activities is. The communication entry point is

achieved through multiple collaborative scenarios that

respond to different views of the future proposed by non-

scientists, usually community and government leaders.

These scenarios do not attempt to predict the future, but

they enable us to see and evaluate some of the many

consequences of different approaches to using and caring

for the land. They present contrasting views of the future

that are simulated using cutting-edge models. Scenario

studies are especially valuable as socioecological change

approaches ‘‘tipping points’’, as I believe we are

approaching for some critical ecological process in the

highlands, where the need to anticipate and mitigate future

change is acute.

Smart green (wildlife friendly) infrastructure

The smart green infrastructure (SGI) process is also an

entry point, but not an alternative, in the sustainable

landscape conversation. In Central India, coal mining and

thermal power plants, widening of highways, gauge con-

version of railroad lines, and teak monoculture are major

contributors to habitat fragmentation leading to biodiver-

sity loss and creating precarious conditions for tigers and

sloth bears (Melursus ursinus; Dutta et al. 2015a). Dutta

et al. (2015b) mapped nearly 50 ‘‘pinch points’’ where rail

lines and highways bisect connectivity linkages in the 35

habitat linkages among 16 primary protected areas. It is

always tragic when a tiger is killed by poachers. I was

particularly saddened when I read the paper on the fate of a

dispersing tiger from the Ranthambhore Tiger Reserve.

After dispersing an airline distance of 147.3 km through

what to a tiger is a barren and hostile landscape, an adult

male was hit by a train and killed on the tracks bisecting

the Mukandra Hills-Dara National Park (Singh et al. 2013).

Tigers lost some good dispersal genes there.

Knowing the challenges to maintaining habitat connec-

tivity posed by infrastructure, the SGI concept was intro-

duced by the Global Tiger Initiative Secretariat at the

Kathmandu Global Tiger Workshop in 2009. SGI is

infrastructure that avoids tiger habitats, minimizes and

mitigates adverse impacts through tiger-friendly design,

and compensates for any remaining damage to have a net

positive impact. SGI is based on best practices globally

(Quintero et al. 2010). SGI emphasizes the importance of

regional strategic environmental assessments as well as

environmental assessments. SGI emphasizes avoidance

policies and land-use planning in priority TCLs. The con-

cept of ‘‘no-go’’ areas based on global priority, presence of

tiger populations, growing threats, high biodiversity value,

and genetic variation are identified where stringent infras-

tructure policies need to be applied.

Engineering and building the actual tiger-friendly

infrastructure is the final stage in the SGI process. Long

before reaching this stage, vertical and horizontal integra-

tion in the strategic environmental planning process has to

be rooted in legislation as an approach to sustainable

development rather than only to mitigate damage, or even,

as an end in itself. Deciding where to site an infrastructure

project is based on a comprehensive planning flow chart

that includes specific planning steps and mitigation hier-

archy requirements. If governments apply tiger-friendly

policies but cannot mitigate impacts adequately, they

should stop the project in priority landscapes and perform

alternative analysis. An example of applying SGI princi-

ples is the corridor-connecting the Main Spine and the

Taman Negara landscapes in Peninsular Malaysia (Quin-

tero et al. 2010).

Scaling-up of best practices for sustaining large,
ecologically sensitive landscapes

In the Indian Constitution, ‘‘…the State shall endeavor to

protect and improve the environment and safeguard the

forests and wild life of the country’’. This is a goal, not a

given. Conservationists have relied on public sympathy

toward broad conservation objectives to sustain India’s

wild nature, but with India’s accelerated urbanization and

economic growth, the future of the little that is left of

India’s wild nature remains principally in the hands of

those who directly exploit natural resources for subsistence

and commerce. Safeguarding vulnerable and fragile wild-

life and landscapes demands a continual updating of

India’s conservation narrative by incorporating new

knowledge and enlarging the narrative’s context to include
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emerging threats. One entry point into policies and actions

to sustaining large, ecologically sensitive landscapes with a

significant natural component is to look for best practices

in sustaining other such landscapes and transfer knowledge

and implementation processes through communications.

Multiple approaches to landscape management with part-

nerships between state agencies and civil society are

evolving as a best practice for sustainable landscape

management in several countries, including India.

India’s Western Ghats

In India, in the Western Ghats, after extensive consultation

and review, the Western Ghats Ecology Expert Panel,

convened by the Government of India’s Ministry of Envi-

ronment, Forests and Climate Change, in 2011, proposed

that the entire Western Ghats be designated an ecologically

sensitive area and zoned based on threats and level of risks.

The Expert Panel recommended that the Western Ghats be

managed by a new entity: the Western Ghats Ecology

Authority. The drama is being played out with the vested

economic model having the upper hand, for now (Padma

2013). But this is a ground-breaking innovation and the

long-term path proposed for a sustainable Western Ghats

can serve as a model in the Central Indian Highlands.

The crucial elements in the Western Ghats example that

can inform similar efforts in the highlands are (1) a shared

agenda for the long-term welfare of the wildlife and people

who live there; (2) partnerships that make management

possible; (3) a management plan based on sustaining this

ecologically sensitive landscape; (4) sufficient funding; and

(5) legal enforcement. Integrating efforts among national

and state ministries, and nongovernmental organization

requires conservation leaders with significant training in

building adaptive governance and management programs,

fostering cooperation, and improving communications

(Black et al. 2011; Bocetti et al. 2012).

The Western Ghats example is one of an emerging

paradigm for integrated landscape management and

investment in order to transcend business-as-usual. A

recent review identified more than 250 financial institutions

that are supporting multi-objective investment within

landscape contexts (Shames et al. 2014). In Africa for

example, 87 integrated landscape management initiatives

are being implemented in 33 countries (Van Brouwer-

shaven 2014).

Scaling-up from isolated interventions to collective

impacts at landscape scales

The Global Tiger Recovery Program (GTRP) is a model

for scaling-up from isolated interventions to collective

impact (GTI 2011; Seidensticker 2010). The challenge of

evolving frameworks to scale up from isolated interven-

tions to larger scales is common to many endeavors where

we seek to improve our quality of life and the lives of those

species with which we share this planet (Kania and Kramer

2011). Our societal challenges to create enhanced frame-

works, platforms, and processes to achieve positive land-

scape-scale conservation outcomes are of the same class

and as diverse as those facing education reform and agri-

culture intensification, for example.

Saving and restoring tigers in this human-dominated

world is conservation action that demands mutually rein-

forcing bottom-up and top-down cooperation. The Global

Tiger Initiative Secretariat (GTI) escorted GTRP imple-

mentation by employing a collective-impact conservation

paradigm that united high-level political support and sup-

portive government partners with NGOs, individuals, and

economic interests who understand and value the tiger’s

ecological and long-term survival requirements (GTI

2011). Collective impact overarches isolated interventions

by individual organizations and isolated government

departments, with the goal of long-term tiger population

persistence and the sustainability of the tiger and the bio-

diverse landscapes that sustain tigers.

Conditions for collective success are a common

agenda—Tx2 (double the number of wild tigers by 2022),

shared measurement system, mutually reinforcing activi-

ties, continuous communications, a backbone support

organization, and funding for collective best practice

impacts. Collective-impact conservation builds on partner-

ships, in which trust is based on science-based verification.

Science-based verification requires continuous communi-

cation among scientists, practitioners, constituents, and

community leaders. Collective-impact conservation cannot

be imposed from above; it is ultimately driven by local

interests, skills, traditions, wants, and needs. New knowl-

edge and innovative sensible solutions are conceived when

diverse stakeholders with different interests, knowledge,

and skills come together to share experience, learn from one

another, and participate in decision-making processes.

Collaboration and dialogue facilitate a deeper shared

understanding of the challenges and reduce potential for

conflict and redundancies. Collective-impact conservation

is the platform to achieve viable, long-term relationships in

human and natural systems. This global model can be

effectively applied regionally to each of the major conser-

vation landscapes in India identified by the National Tiger

Conservation Authority.

Priority actions on which to build a collective-

engagement platform

Building a collective-engagement conservation platform

for the Kanha–Pench Corridor specifically, and the Central
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Indian Highlands generally, begins with prioritization of

activities. I suggest the following activities could focus a

collective-engagement platform. However, after consulta-

tions, the prioritization of actions will need to be respon-

sive to expressed needs from stakeholders because bottom-

up self-organization is a critical element in a successful

process. An entry point is to build on the groundbreaking

work of Jena et al. (2011) and Rathore et al. (2012) to

access existing opportunities to maintain landscape con-

nectivity in the Kanha–Pench Corridor. Continue to refine

the work of Qureshi et al. (2014) and Dutta et al. (2015b)

for identifying dispersal corridors and ‘‘pinch points’’ that

threaten connectivity in the entire CILC by conducting

similar assessments of opportunities for connections among

other protected areas. Continue to monitor all corridor use

by tigers and their prey using habitat occupancy method-

ology and continue to monitor tiger, leopard, and sloth bear

gene flow. Study the actual movement behavior of tigers in

response to the habitat mosaic and structures in corridors.

This is essential knowledge needed to construct a viable

connectivity policy framework for strengthening biodiver-

sity resilience in the Central Indian Highlands.

Employ the principles of the SGI to address blockages to

wildlife movement into and through corridors. Dutta et al.

(2015b) found that 35 linkages between 16 protected areas

in the central Indian landscape were intersected by major

roads in 35 places and by railroads in 43 locations. To be

effective, the planning process has to move from a project-

by-project-based approach to regional strategic assessment

with the goal and value of maintaining habitat connectivity.

To move the biodiversity resilience agenda forward,

academics can work with planners and community and

government leaders to develop multiple collaborative sce-

narios that respond to different views of the future, par-

ticularly in maintaining biodiversity resilience and in basic

sustainable resource conservation, such as future water

supplies to the larger region, feasible and sustainable.

Multiple collaborative scenarios will be an essential tool to

enable government authorities to define and refine gover-

nance authority and incentives for wildlife corridors.

Trust is essential and can be facilitated by developing a

coordinated response to immediately mitigate and resolve

predator-livestock issues in the Central Indian Highlands

protected areas, buffer zones, and corridors (Karanth et al.

2012). Just as important is to be proactive and identify risk

zones (Miller 2014). It is neither fair nor sustainable for

local farmers and herders to bear the brunt of the costs of

wildlife-related losses. The Kanha and Pench tiger

reserves, buffer zones, and corridor are an ideal zone to

pilot the wildlife premium mechanism (Dinerstein et al.

2013) as a way to compensate for losses from wildlife and

partner with local herders and farmers for a biodiverse and

sustainable Central Indian Highlands.

Effective conservation leadership

Today we are standing on the shoulders of giants, of con-

servation leaders who have gone before. Elements of

leadership and conservation effectiveness are being dis-

tilled in order to move beyond command-and-control to

systems thinking (Black et al. 2011). Learning just how the

ecological systems of the highlands of central India func-

tion is an essential step. Conservation leaders need to share

a clear, long-term vision; be willing to engage in hands-on

management; be able and willing to switch between

thinking in the big picture and in details; and be willing to

encourage learning, improvement, and receptiveness to

alternative solutions. We can think of those who have

joined the fight to save the last wild tigers as Visionar-

ies[ as Change-Agents[ as Caretakers[ as Undertak-

ers. We can be visionaries but the slide from caretaker to

undertaker can be remarkably quick as we witnessed with

the loss of the Bali tiger, Caspian tiger, Javan tiger, South

China tiger, and the Southeast Asian tigers in Vietnam,

Laos, and Cambodia. Here in India, in the Sariska and

Panna tiger reserves, conservationists successfully reversed

the process from being undertakers to becoming visionaries

and agents of tiger recovery. This is a great shift in

thinking, a shift for the tiger’s future in India and

throughout its range. It is transformational in the young

field of conservation biology. But this approach is not a

substitute for maintaining and restoring habitat connectiv-

ity. Translocation of tigers into established, high-density

tiger social land-tenure systems as a way to maintain gene

flow can led to tiger deaths as my colleagues and I learned

when we translocated a conflict tiger into the Sundarbans

Tiger Reserve 40 years ago (Seidensticker et al. 1976).

Conclusions

No protected area alone in the CILC is large enough to sup-

port an isolated tiger population in the long-term. The per-

sistence of tiger populations, and biodiversity resilience

generally, is contingent on maintaining and recovering con-

nectivity through corridors linking protected areas over the

entire CILC. Modeling suggests a short time line for tiger

survival in isolated reserves because those isolated popula-

tions are expected to blink out because of inbreeding

depression or from other stochastic events, such as over-

whelming poaching episodes. The good news is that three

empirical studies replicate the finding that there still is sig-

nificant gene flow among tigers through the protected area

and informal corridor systems in the Central IndianHighlands

and through much of the CILC as a whole. However, the

fabric of the corridor system is stretched thin with the tiger
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populations in the northern protected areas in the CILC now

disconnected from those protected areas in the center and

southern reaches, and there has been a 47–70 % reduction in

effective dispersal between the main source populations—the

Kanha and Pench tiger reserves—and other tiger reserves in

the south. Tiger habitat occupancy decreased by 20 %

between 2006 and 2010 in the CILC. There are nearly 50

pinch points in the habitat linkages in where tiger movement

is restricted because of highway, rail lines, mining, human

habitation, and other factors and many more are planned in

Central India with little or no consideration as to how this

infrastructure will impact the persistence of tiger populations

and biodiversity resilience. India has important policy tools to

support biodiversity resilience bymaintaining and recovering

landscape connectivity, but their implementation is con-

strained by the reigning land-management paradigm that

separates conservation from development rather than main-

streaming species and habitat conservation into the rural

development agenda. I suggest the greatest need moving

forward is to scale up from isolated conservation interven-

tions to collective impacts that unite supportive government

partners with individuals, NGOs, and economic interests to

achieve viable long-term relationships in human and natural

systems to value, maintain, and recover landscape connec-

tivity. Our goal is the long-term persistence of tigers and other

wildlife and the sustainability of this biodiverse landscape.

The other option is the unthinkable—a Central Indian High-

lands without tigers. Thatwould be as inconceivable as a clear

night sky without stars.
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