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Wildlife conservation in the Anthropocene requires bold conservation solutions
including restoration of ecosystems and species. The recovery of large carnivore
populations is a conservation goal which can generate significant benefits in
terms of ecosystem services, ecological functionality, and human well-being.
Tigers Panthera tigris, Asia’'s most iconic species, are currently restricted to less
than 10% of their historic range with recent national extinctions from a number of
countries in mainland Southeast Asia. Tiger recovery through range expansion
requires suitable habitat, a robust prey base, and high levels of institutional
support for conservation. We explored government support for conservation to
produce a ranking of the political opportunities for tiger restoration across
current and former tiger range countries. We used this analysis, in combination
with globally remotely sensed data-sets on human impact, to show that there is
potential for significant tiger range expansion. We identified large expanses of
currently unoccupied, but potentially suitable, habitat in at least 14 countries
including all extant tiger range countries and four countries with extirpated tiger
populations — Cambodia, Lao PDR, Viet Nam, and Kazakhstan. Thirty-two
percent of expansion areas were within 50-km, and 50% within 100-km, of
current tiger populations highlighting that in many landscapes range expansion
could be driven by the natural dispersal of tigers provided connectivity is
maintained or enhanced. The proportion of potential range within existing
protected areas varied between <5% in India, Indonesia, and China, to >60% in
Thailand and Cambodia. As such socially appropriate conservation approaches,
in collaboration with local communities, will be necessary to support tiger
recovery in many areas. We recommend that some of the areas which we
have identified should be highlighted as significant for future tiger conservation
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by tiger range country governments. Whilst the landscapes and sites which we
identify will require detailed ground-truthing, and all tiger reintroductions need
extensive planning and feasibility assessments, safeguarding these areas for
human-carnivore coexistence could provide significant planetary benefits and
support both tiger recovery and Global Sustainable Development Goals.

KEYWORDS

restoration, landscape, tiger conservation, Asia, carnivore, protected area
management, reintroduction

1 Introduction

Wildlife conservation in the Anthropocene requires bold
conservation solutions. Current global conservation efforts have
largely failed, and more ambitious commitments and innovations
are required to stem wildlife declines (Mace et al., 2018; Bhola et al.,
2021). Such innovations need to move beyond protection to the re-
expansion of nature including ecosystem restoration and rewilding
(Svenning, 2020). The UN Decade on Ecosystem Restoration (2021-
2030) is a rallying call for the protection and revival of ecosystems
and highlights that a strong connection exists between recovering
nature and sustainable human development (Perino et al., 2019).
Large carnivores have the potential to be leveraged as symbols for
ecosystem restoration. They are amongst the most charismatic and
ecologically significant animals and require large expanses of
suitably managed habitat (Ripple et al., 2014; Albert et al., 2018).
Restoring, then maintaining, viable wild populations of large
carnivores, can act as a driver to preserve larger, better connected,
and better-quality ecosystems. The majority of the world’s
terrestrial large carnivores are restricted to a fraction of their
historic ranges and restoring carnivore distribution is a
conservation goal which can also generate significant benefits in
terms of ecosystem services, ecological functionality, and human
well-being (Laliberte and Ripple, 2004; Wolf and Ripple, 2018). The
Anthropocene extinction crisis is particularly acute in Asia and is
exemplified by the state of the continent’s most iconic species: tiger
Panthera tigris. Whilst global tiger populations, if not distribution,
are increasing, tigers remain the world’s most threatened large cat.
There are fewer than 5,000 wild tiger individuals and these are
restricted to less than 10% of their historic distribution (Jhala et al.,
2021; Goodrich et al., 2022). Since ~1850, tigers have been lost from
at least 14 countries with three national extirpations, in Viet Nam,
Lao PDR, and Cambodia, having occurred in the past 25 years
(O’Kelly et al., 2012; Goodrich et al., 2015; Johnson et al., 2016). The
successful long-term recovery of tigers requires both securing
current source populations (Walston et al., 2010) and expanding
the species’ occupied range. Under the recently developed ITUCN
Green Status Assessment (Grace et al., 2021) tiger likely meets the
criteria for Critically Depleted. Increasing the species’ distribution,
and the ecological breadth of places where tiger occur and are
functional, is necessary to recover the species globally.
Implementing actions to reverse the centuries-long decline in
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tiger range is an ambitious and politically relevant conservation
goal. Such planning needs to be long-term and could help create
proactive and inspirational conservation goals which move beyond
defending current tiger space and allow tiger populations, and
conservation successes, to expand.

Increases in tiger range can be driven by both natural range
expansion, through dispersal from current tiger population sources,
as well as planned translocations and reintroductions into parts of
the historic distribution from which tigers have been lost (Chestin
etal, 2017; Gray et al,, 2017). Both of these processes are known to
have driven large carnivore recovery in Europe (Chapron et al,
2014). Natural dispersal of grey wolves Canis lupus from sources in
remote and mountainous strongholds, combined with specific
reintroduction and translocation programs for Eurasian lynx
Lynx lynx and brown bear Ursus arctos, have resulted in
significant range expansion of these carnivores in recent decades
(Boitani and Linnell, 2015). Strong legislative frameworks and
political support for law enforcement, combined with increasing
social tolerance for carnivores and rural depopulation, were
significant drivers of this range expansion across Europe
(Martinez-Abrain et al.,, 2020; Cimatti et al., 2021). Despite their
appeal to many people, often distant from carnivore occupied
landscapes, the conservation and recovery of large carnivores can
be controversial (Hiroyasu et al., 2019; Manfredo et al., 2021;
Vasudeva et al., 2021). Large carnivores can compete with people
for space and resources. Human wildlife conflict, both real and
perceived, can impact attitudes to carnivore recovery globally
(Treves and Karanth, 2003; Miller et al., 2016). Most successful
examples of carnivore range recovery occur in countries and
landscapes with strong governmental policies facilitating and
resourcing conservation and with support from local
communities (Chapron et al., 2014). Similarly, landscapes with
increasing tiger populations are often characterised by high levels
of law enforcement, good management of species and their habitats,
high community support, and local economies and jobs created
around wildlife (e.g. tourism) (Dudley et al., 2020; Jhala et al., 2021).
However, when assessing where the conditions for tiger recovery
are present, less attention has been paid to the enabling political
conditions which may support tiger conservation.

We explored issues linked to government support for
conservation to produce a ranking of the political opportunities
for tiger restoration across 30 current and former tiger range
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countries. We used this analysis, in combination with globally
remotely sensed data-sets on human impact, to identify possible
opportunities for tiger range expansion across Asia. We compared
opportunities for tiger range expansion with current conservation
priorities and focuses, measured through overlap with government
protected areas and Key Biodiversity Areas (KBAs; Eken et al,
2004). Identifying range expansion opportunities and constraints is
important to guide the future tiger conservation agenda and to
proactively identify spaces for possible future tiger conservation.
Landscapes and sites with opportunities for tiger range expansion
are likely to require conservation interventions at all levels from
national government to local communities. Protecting such future
tiger space, in collaboration with local stakeholders, will ensure
conservationists remain ahead of the curve on global tiger recovery.

2 Materials and methods

We mapped the historic range of tiger through identifying
terrestrial ecoregions from which tiger were reported based on
georeferenced historic tiger records, indicative of a breeding
population, from between ~1750 and 2020. This historic resident
breeding distribution (henceforth historic distribution) covered
11,792,218-km* in 30 countries (Figure 1). We mapped the
current tiger distribution (henceforth current distribution) based
on ‘Extant’ areas within the 2015 TUCN Red List assessment of tiger
(Goodrich et al., 2015) which we modified to account for recently
documented extirpations (Johnson et al., 2016; Suttidate et al.,
2021). This current tiger distribution covered 673,737 km?® in 10
countries (Figure 1; SI Table 1). Multiple factors influence
distribution of tigers including habitat structure and, notably,
prey abundance (Wolf & Ripple, 2016; Harihar et al, 2018).
However, carnivore distribution may also be influenced by
human pressures and behaviour which could be manifested in,
for example, levels of retaliatory killing of tigers or elevated hunting
pressures on prey species. We hypothesised that current (and
future) tiger distribution is strongly influenced by human
pressures and that the relationship between human pressure and
probability of tiger presence differs between regions due to political,
cultural, and ecological factors (Karanth et al, 2009; Sanderson
etal, 2010). We used the global Human Modification Index (HMI)
to establish the relationship between human impact and current
tiger presence. HMI is a global 1-km® resolution raster data-set
indicating the impact of human activity and comprising data on
human settlement, agriculture, transportation, mining and energy
production, and electrical infrastructure (Kennedy et al., 2019). We
calculated the mean (plus-minus Standard Deviation) HMI score of
polygons within current tiger distribution in each of the ten
countries in which tiger currently occur and within each of three
continental regions (South Asia; Southeast Asia; East-Central-
West Asia).

Within each country in which tiger currently occur we
identified polygons of area greater than 500 km?’, equivalent to
the size of the smaller Tiger Conservation Landscapes identified by
Sanderson et al. (2010), across the historic distribution with a mean
HMI score below, and within one standard deviation either side of,
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the mean score for occupied tiger polygons within each country. For
the 20 countries within the historic distribution that do not have
current tiger populations we identified polygons of greater than
3,000 km? with HMI below, and within one standard deviation
either side of, the mean score for the continental region (i.e. for
Cambodia the score for Southeast Asia). We used this larger
threshold size within former tiger range countries due to the
likely need for large landscapes for new reintroductions (c.f.
natural range expansion). In China we applied this 3,000 km?
threshold for all habitat blocks outside the Amur Heilong
Ecoregion except when within 100-km of current tiger distribution.

In addition to the direct human impact, indicated by the HMI
score, the appropriateness of countries and landscapes for large
carnivore recovery may be dependent upon a supportive political
environment. We scored each of the 30 countries which comprised
the historic tiger distribution based on perceived political support
for conservation. Data we used provided information on general
support to biodiversity conservation and specific information on
planning for carnivore conservation. We collated data on domestic
conservation funding (Waldron et al., 2013), protected area ranger
density (Appleton et al., 2022), and, national governance
(Kaufmann et al., 2011): all factors which may correlate with the
probability of successful large carnivore conservation. Details of
these data-sets are provided in Supplemental Materials. We
weighted each of the above factors (domestic conservation
funding, protected area ranger density, and governance) equally
and ranked each country (high-medium-low; scored 3-2-1 points
respectively) based on the relative mean score for each metric. For
each country we summed the points for the three metrics. We also
searched the literature and our personal knowledge to identify
whether large carnivore reintroductions or translocations have
been implemented in each country (Stepkovitch et al., 2022). Any
country with a large carnivore reintroduction project was given an
additional three points; any countries with tiger or other large
carnivore reintroduction or translocations specifically in National
Action Plans were given an additional 1.5 points. Based on this
ranking the 30 countries comprising the historic tiger distribution
were divided into three classes (high-intermediate-low) dependent
on political support for large carnivore conservation.

To identify possible landscapes for tiger range expansion we
combined the HMI polygons with the political support scores. For
countries identified as likely highly supportive of large carnivore
conservation all polygons with a mean HMI value smaller (i.e. less
human impact) than the mean plus one standard deviation of
occupied tiger polygons for the respective country or continental
region (for countries from which tiger have been extirpated) were
selected. For countries with intermediate levels of political support
all polygons with HMI values less than the mean value for occupied
tiger landscapes were selected, and for those with low support all
polygons with HMI less than the mean value minus one standard
deviation were selected. To identify overlap between current
conservation priorities and possible tiger range expansion areas
we compared range expansion polygons with current protected area
coverage from the World Database of Protected Areas and the
locations of KBAs (Eken et al., 2004). We compared land-cover
between the current tiger distribution and predicted expansion
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areas based on the European Space Agency GlobCover data-set
which has a 300-m resolution (Arino et al, 2012). We broadly
classified land-cover as forested, human-modified, or other land-
cover (SI Table 2). To identify predicted range expansion areas in
which natural dispersal of tigers might be possible we extracted all
range expansion areas within 50, 100, 250, and 500-km buffers of
current tiger distribution.

3 Results

Our mapped current tiger distribution covers ~674,000 km* in
ten countries (SI Table 1; Figure 1). This represents 5.7% of the
historic tiger distribution (Figure 1). The mean Human
Modification Index (HMI) within current tiger distribution varied
among the ten extant tiger range countries (SI Table 1; Figure 2) and
was highest in India, Bangladesh, and Nepal and lowest in Russia
and Myanmar. The HMI of the current tiger distribution was higher
in South Asia than in Southeast and East Asia, and higher in
Southeast Asia than East Asia (SI Table 1). Almost three-quarters of
current tiger distribution was classified as forest (SI Table 1). Lowest
forest cover of current tiger distribution was in Nepal and India,
where 40 and 55% of current tiger distribution respectively, was in
human modified habitats (SI Table 1).

3.1 Political support indicators

Domestic conservation funding across the 30 current and
former tiger range countries varied between 0 (10 countries) and
82 million USD/year (South Korea) with a mean of 13.7 million
USD/year for the period for which data was available i.e. 2001-2008
(Waldron et al., 2013). Five of the 30 countries, including two
extant tiger range countries, had 2019 governance scores above the
global average (South Korea, Bhutan, Georgia, Malaysia,
Mongolia). North Korea, and six former range states in Central
and West Asia, had the lowest governance scores. Protected Area
ranger densities varied considerably from >20 individuals per 100-
km? to <1 per 100-km” in 8 countries (Appleton et al, 2022). We
found evidence of implemented large carnivore reintroductions in
five countries and formal plans for reintroductions (for tiger or
other large carnivore) in an additional seven countries. Scoring for
each country for domestic conservation funding, governance,
ranger densities, and carnivore reintroductions are given in SI
Table 3. Overall, we scored three countries (India, Thailand, and
South Korea) as having strongly supportive political environments
for large carnivore conservation and recovery. Ten countries were
identified as having likely weak supportive political environments
for large carnivore conservation. These were seven countries in the
former range of Caspian tiger in Central Asia, North Korea, and
two countries in Southeast Asia with recently extirpated (Lao PDR)
or currently very low (Myanmar) populations of tiger. The
remaining 18 countries were identified as having intermediate
levels of political support for large carnivore conservation and
recovery (SI Table 3).
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3.2 Mapping areas for tiger
range expansion

The HMI values we used to identify areas for possible tiger
range expansion varied from 0.52 in India, to <0.01 for the six
former tiger range countries with low levels of political support for
conservation in Central and West Asia (SI Table 4). Using these
thresholds, we identified 1,293,921-km? within 176 blocks of habitat
(x 7.346-km?; range 500 — 502,007—km2) across the historic tiger
distribution that is potentially suitable for range expansion
(Figure 1). These areas (henceforth ‘expansion areas’) occurred
across 14 countries (Table 1) including all extant tiger range
countries (92.7% of predicted expansion area) and four countries
with extirpated tiger populations - Cambodia, Lao PDR, Viet Nam,
and Kazakhstan. The countries with the largest extent of expansion
areas were India (612,718-km?), China (201,656-km?), and Russia
(137,684-km?). These countries comprised >70% of all expansion
areas. No expansion areas were identified from 16 countries within
the historic tiger distribution including North and South Korea and
the majority of countries in central and western Asia. In total 32% of
expansion areas were within 50-km of current tiger distribution and
50% were within 100-km. Four countries (Indonesia, Bangladesh,
Malaysia, and Bhutan) had >50% of their expansion areas within
50-km of current tiger distribution (Table 1; SI Table 5).

The proportion of expansion areas within existing protected
areas varied between <5% in India, Indonesia, and China to 64% in
Thailand and 78% in Cambodia (Table 1). Overall, 188,066-km? of
expansion areas (14%) were within protected areas. Overlap
between protected areas and range expansion areas was low in
the four extant tiger range countries in South Asia (4.7%) and
highest in mainland Southeast Asian (30%). Just under 14% of
range expansion areas overlapped KBAs (SI Table 4). Overlap with
KBAs was highest in Lao PDR and Myanmar (>60%) and lowest in
Indonesia (4.8%) and Russia (3.4%). More than 500,000-km?
(41.5%) of range expansion area was in human modified habitat
including large areas of low intensity agricultural and forest mosaics
in India (SI Table 6). In Malaysia and Indonesia almost half of
expansion area was in human modified habitats. In 8 of 14
countries, including all Southeast Asian countries apart from
Malaysia and Indonesia, >90% of range expansion areas were in
forest (SI Table 6).

4 Discussion

We demonstrate that there is potential for significant tiger range
expansion across the species’ historic distribution with large
expanses of currently unoccupied, but potentially suitable habitat,
remaining in 14 countries. Whilst the global tiger population may
be increasing from a nadir in the first decade of the 21st century, the
species’ range contraction continues (Goodrich et al,, 2022). Tigers
currently occupy ~675,000 km?, less than 6% of their indigenous
range, and in the majority of the ten extant tiger range countries this
distribution continues to shrink. Incorporating area-based
conservation targets into global tiger recovery efforts may present
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FIGURE 1

Historic and current tiger distribution and range expansion areas. Historic tiger distribution (as described in the text), current tiger distribution from
Goodrich et al. (2015) amended per text. Tiger range expansion (1,293,921-km?) per our analysis.

an opportunity to reverse this decline whilst also ensuring
conservation efforts focus on some of the most important
conservation wildernesses in Asia. Our expansion areas for tigers
cover more than 1,290,000-km? in 14 countries. Safeguarding these
areas for human-carnivore coexistence, through targeted
conservation and land-use management interventions, could
provide significant planetary benefits and support the global
Sustainable Development Goals (Perino et al., 2019). We
recommend that a proportion of the areas which we have
identified be highlighted as significant for tiger recovery by tiger
range country governments. By identifying these opportunities
awareness can be raised regarding possibilities for tiger
restoration and the landscapes where more detailed feasibility

Human Modification Index

3 x> > < 2
& &L_, 2 X >
A NS

FIGURE 2
Mean (+ Standard Deviation) Human Modification Index (HMI) scores
for current tiger distribution in each extant tiger range country.
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assessments may be required can be highlighted. Securing and
increasing the protection of such areas is required to sustain tiger
recovery in the long-term. Such an approach clearly fits the
philosophy of the United Nations Decade for Ecosystem
Restoration and may be aligned with the global vision of 30x30: a
global commitment to protect 30% of the world’s terrestrial and
marine ecosystems as part of the 2030 Agenda for Sustainable
Development (Dreiss et al., 2022). A wide range of policies, laws and
regulations related to land use, forestry and natural resource
management, including land tenure regulations, agricultural,
forestry, environmental, rural development and climate change
policies, would be needed to for integration of range expansion
areas with protected area systems (Delries et al., 2010).

The expansion areas which we have identified are not a
prescriptive blueprint for tiger recovery, reintroductions, or
translocations. Instead, we hope that they represent some of the
opportunities for future range expansion provided that the
landscapes are protected, prey are sufficiently abundant, and
threats are mitigated. Many of the sites identified may be worse
on the ground than predicted - particularly in terms of tiger prey
density, levels of effective land-use management, and community
support. There is a need for country and landscape-specific ground-
truthing of the expansion areas and global analyses cannot replace
the need for detailed site-based assessments. Such studies, using
more up-to-date and accurate information on the current
distribution and status of tigers, will refine our analysis. Such
country specific assessments are critical with regard to
understanding habitat quality and tiger prey densities: important
factors for tiger recovery but which cannot be obtained through
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TABLE 1 Range expansion area (km?) per country plus the number of discrete blocks of habitat and the percentage of expansion area within 50-km
and 100-km of current tiger distribution, the percentage within Protected Areas, and the percentage classified as Forest (S| Table 2).

Country Area (km?)  Number of blocks % within 50-km % within 100-km % within Protected Areas = % Forest
India 612,718 93 442 71.5 4.6 25.1
China 201,656 26 1.9 73 31! 63.8
Russia 137,684 10 27.8 34.6 16.2 96.7
Indonesia 114,792 12 72.5 90.5 3.6 432
Thailand 94,965 19 9.3 243 63.9 92.9
Cambodia 70,868 2 0.0 0 783 90.0
Myanmar 23,688 2 26.8 65.9 17.2 97.0
Vietnam 14,501 2 0.0 0 18.6 95.2
Kazakhstan 8,617 3 0.0 0 30 0.1
Bangladesh 7,050 1 55.1 88.6 8.1 97.9
Laos 3,000 1 0.0 0 9.2 99.5
Malaysia 2,116 2 100.0 100 5.9 59.3
Nepal 1,524 2 35.2 352 289 87.4
Bhutan 742 1 100.0 100 18.5 99.4

1. Protected area coverage for China excludes the Northeast Tiger and Leopard National Park which is not yet included within the World Database of Protected Areas (www.protectedplanet.net).

remotely sensed data-sets. We hope that country specific
assessments will be used to develop global goals for tiger range
expansion which could be formalized as part of the revision of the
Global Tiger Recovery Program (GTRP) for the next 12-years.
We demonstrate that the relationship between human activity,
identified through the Human Modification Index (HMI), and the
presence of tigers differs significantly between countries and
regions. This relationship is likely driven by levels of
anthropogenic mortality to tigers and tiger prey which in turn is
linked to levels of tolerance for living with large mammals (both
carnivores and ungulates) as well as the degree of enforcement of
legal protection. The HMI of occupied tiger areas was higher in
South Asia, particularly within India, Bangladesh and Nepal, than
across the rest of the current tiger distribution. Understanding the
political, cultural, and ecological mechanisms by which tigers are
able to coexist with different intensities of human activity is
essential for global tiger recovery. Combining HMI with political
support scores adds an extra nuance to our identification of where
future tiger conservation opportunities may exist. Whilst Asian
countries have been identified generally as underperformers in
megafauna conservation (Lindsey et al., 2017) there is significant
variation in terms of conservation success, and political support for
conservation, across the continent. This is exemplified across tiger
range countries with more than half of the world’s remaining wild
tiger within a single country, India, which comprises less than 15%
of the species’ historic distribution (Jhala et al., 2021). We suggest
there is value in incorporating measures of political support for
conservation in any global analysis of conservation opportunities.
Increasing both political and social carrying capacity for large
carnivores is likely to expand the available area for tiger recovery
globally and will be vital to the success of any range expansion goals.
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We identified three of the thirty indigenous tiger range countries
as being highly supportive for large carnivore conservation: India,
Thailand, and South Korea. These conclusions are validated by some
independent information such as India’s success in tiger conservation
(Jhala et al,, 2021) and that Thailand supports the most significant tiger
population in mainland Southeast Asia (Duangchantrasiri et al., 2016).
We believe both Thailand and India have significant opportunities for
tiger range expansion. South Korea has successfully reintroduced
Asiatic black bears Ursus thibetanus (Andersen et al., 2022) but our
analysis did not indicate opportunities for range expansion due to the
country’s high HMI in comparison with the regional (i.e. Northeast
Asia) threshold. However, opportunities for big cat conservation may
exist in the Korean peninsula (Jo and Baccus, 2016) and we
recommend including South Korea within the family of tiger range
countries. Two Southeast Asian countries were classified as having a
poor political environment for large carnivore conservation: Lao PDR
and Myanmar. Lao PDR is the most recent country to have lost its tiger
population and is regularly highlighted as a country of concern for the
global illegal wildlife trade (van Uhm and Wong, 2021). Tiger
populations in Myanmar have significantly declined in the past 20-
30 years and currently ~20 individuals remain in the transboundary
Dawna Tenasserim and Upper Chindwin Landscapes (Goodrich et al.,
2022). Whilst both Lao PDR and Myanmar remain extensively
forested, with low HMI, the opportunities for proactive tiger
conservation and range expansion are limited by the current
political realities.

In South and Southeast Asia, the majority of range expansion
areas were within 100-km of current tiger distribution: significantly
less than the documented straight-line dispersal distance of tigers
(Smith, 1993; Singh et al., 2013; Hussain et al., 2022). Natural
dispersal into many of these areas may be possible provided that the
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landscape matrix allows tiger movement through both reducing
anthropogenic mortality and physical barriers to dispersal.
Expansion areas close to current tiger distribution may be the
future frontiers of tiger dispersal and colonisation. As such they
need to be the focus of conservation and land-use planning and
community sensitisation to prepare for possible future tigers. To
drive such tiger recovery, the protection of source populations must
remain a priority for tiger conservation (Walston et al., 2010). In
South Asia the majority of range expansion areas are outside
protected areas and, particularly in India, comprise mosaics of
low intensity agricultural cultivation and forest. There is increasing
recognition of the critical role in which non-protected areas and
indigenously managed land play for conservation (Garnett et al,
2018). Community-led studies are needed to understand the impact
of possible tiger expansion into all areas, but particularly those
outside of protected areas, and to develop supportive conservation
strategies that incorporate the needs and perspectives of local
communities. Such studies would need to be conducted largely at
a site level, given the variation of social carrying capacity between
sites, and will need to capture the heterogeneity that exists within
communities and thus examine how range expansion can impact
different groups. Using a rights-based approach to build partnership
with local communities is of vital importance to ensure
conservation investments are effective and that conservation
actions benefit the local people who most often bear the highest
costs (Carter et al., 2014; Hanson et al., 2019). Appropriate area-
based conservation mechanisms, in collaboration with local
communities, may be appropriate to secure many of these areas
for tiger range expansion. Such an approach is likely to be aligned
with the global vision of 30x30 and accelerate active contributions
towards multiple targets of the Post-2020 Global Biodiversity
Framework (GBF).

For expansion areas that are isolated from current tiger
distribution, reintroductions can be considered. Large carnivore
reintroductions are an increasingly widespread, and increasingly
successful, conservation tool. Tiger reintroductions using wild
captured or rehabilitated tigers, have been successful in a number
of tiger range countries including India and Russia (Goodrich et al.,
2015; Sarkar et al., 2016). Three landscapes which we identified - Ili-
Balkhash in Kazakhstan, the Cardamom Rainforest and the Eastern
Plains Landscapes in Cambodia - are the focus of current tiger
reintroduction plans (Chestin et al., 2017; Gray et al., 2017). Those
in Kazakhstan, where initial tiger releases are planned for 2025, are
the most advanced. Tiger conservation efforts in China, the country
with the second largest expansion area and where the vast majority
of expansion areas are >100-km away from current tiger
distribution, are also likely to greatly benefit from reintroduction.
Such reintroductions could complement the ongoing recover of
tiger populations and habitat within China (Qi et al.,, 2021). The
possibility of using captive tigers for reintroduction and
translocations within China to support range expansion should be
explored particularly given evidence of inbreeding within wild
populations (Ning et al., 2022). However captive tigers for
rewilding must be obtained from reputable, conservation breeding
programs, in no way implicated in illegal tiger trade. Gray et al.
(2017) developed a framework for assessing broad scale site
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feasibility for tiger reintroductions. We recommend such analysis
be conducted within any proposed reintroduction landscape.
Effective protected area management, community support, and
sufficient prey numbers are essential. In landscapes where tigers
have become extinct, developing coexistence and monitoring tools
with extant carnivore species such as leopards Panthera pardus and
clouded leopards Neofelis spp., could pave the way to easing political
support for eventual tiger reintroductions or natural recolonisation.

Across much of the tiger’s historic distribution the density of
tiger prey species is significantly depleted due to both legal and
illegal hunting. Half of the mammalian prey species of tiger are
threatened with extinction, and roughly 80% have decreasing
population trends (Wolf and Ripple, 2018). This lack of prey is a
major constraint to tiger recovery (Harihar et al., 2018; Steinmetz
et al,, 2021). The impact of prey declines on the feasibility of tiger
recovery is illustrated in Cambodia’s Eastern Plains Landscape
where robust monitoring has demonstrated ongoing reduction in
the densities of key tiger prey species (Groenenberg et al., 2020).
This has delayed plans for reintroduction. In Kazakhstan increasing
prey densities, through habitat manipulation and active
reintroductions of prey, is a conservation focus in readying Ili-
Balkhash for the return of tigers. Prey restoration in Kazakhstan
includes reintroduction of Bukhara deer Cervus hanglu bactrianus
as part of a multi-country conservation initiative which has seen
recovery of the subspecies from as low as 350 individuals to over
3,500 in the past 20 years (Pereladova et al, 2020). In many
expansion areas the opportunities for tiger recovery could benefit
wider species conservation. In both Cambodia and Kazakhstan,
plans for tiger reintroduction led to the creation of new protected
areas (Souter et al., 2016; Chestin et al., 2017), and in both countries
the tiger is being used as a flagship conservation initiative to support
wider investment in biodiversity protection. Moreover, if they reach
ecologically effective densities, tiger populations may themselves
support conservation of other species, although more research into
potential trophic cascades is needed (Ripple et al., 2014).

Given their large home-ranges the conservation of carnivores can
compete for space with economic development, including extractive
industries and infrastructure. Many areas of low human impact
globally are targeted for exploitation particularly for minerals and
fossil fuels. Grantham et al. (2021) found that nearly a fifth of Intact
Forest Landscapes in the tropics are currently designated as some form
of extractive concession. We found similar patterns across our
expansion areas many of which are impacted by infrastructure and
extractive industries (SI Table 7). Roads are known to impact large
carnivores (Quintana et al., 2022) due to wildlife-vehicle collisions,
habitat loss and fragmentation, and increased access leading to
increased poaching of tiger and prey including through snaring
(Gray et al,, 2018). As such road expansion has been identified as a
threat to tiger conservation (Carter et al., 2020). Roads occurred within
the vast majority of blocks of range expansion within highest densities
of roads in South Asia and Indonesia (SI Table 7). Minimising threats
from roads for both expanding and reintroduced tiger populations will
be important and, in some cases, there may be a need for the diversion
or closure of existing roads. Extractive industries, for both minerals
and fossil fuels, are impacting approximately 15% of the blocks of
range expansion (SI Table 7). This impact is not evenly distributed
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across countries with expansion areas in mainland Southeast Asia
(Cambodia, Lao PDR, Myanmar), particularly impacted. Efforts to
invest in range expansion of tigers will need to consider the full added
value of large carnivore recovery including social and environmental
services provided by a restored and protected ecosystem. Key aspects
of this would be around economic viability and sustainability and
critically the economic benefits to local communities in the area. Co-
benefits could include but are not limited to carbon storage and
sequestration, watershed management, job creation, and ecosystem
resilience (WWF, 2017). The research and articulation of these co-
benefits will be vital to securing and increasing political and social
support for range expansion efforts.

As with all global conservation analysis our results are impacted
by the quality of the data used. Neither our current or historic tiger
distributions will be completely accurate. The current tiger
distribution from Goodrich et al. (2015) is relatively dated and,
particularly in South Asia, a number of our predicted expansion
areas may now support tiger - albeit at relatively low densities. For
example, the most recent national India tiger census detected a
minimum of two tigers within Cauvery Wildlife Sanctuary in
Karnataka, which forms part of a large block of our expansion
habitat (Jhala et al., 2019). Conversely, not all of the historic tiger
distribution may form habitat or ecosystems which are suitable for
tigers even at low levels of human activity. It is likely that some of
the expansion areas may not be currently suitable for tigers as a
result of major landscape level transformations or other socio-
cultural changes. However, predicted increases in urbanisation,
under a number of future development trajectories, may reduce
HMI in key landscapes and increase opportunities for future tiger
range expansion (Sanderson et al.,, 2019).

The St Petersburg Tiger Summit in 2010 and the range-wide
endorsement of the Tx2 Goal have revolutionised tiger conservation
and spurred unprecedented conservation efforts and investments
(Jhala et al., 2021). These led to tiger population increases in many
landscapes. However, tiger population increases have not been
mirrored by increases in tiger distribution with a 17% loss of area
occupied by tigers between 2001 and 2020 (Goodrich et al., 2022).
Globally we have more tigers but in fewer landscapes and fewer
ecosystems than at the beginning of the 21st century. In many sites
currently occupied by tigers there are considerable opportunities to
increase tiger numbers (Harihar et al., 2018) through improved site
management (Dudley et al., 2020) and increasing the density of prey
species (Phumanee et al, 2020). In Southeast Asia, where tiger
numbers continue to decline, effective anti-poaching and
community engagement are also critical (Linkie et al., 2015).
Securing a viable and ecologically representative future for tigers
requires both securing current populations (Walston et al., 2010)
and expanding the occupied range. Effective management of current
tiger populations is essential for driving natural dispersal of tigers
into new areas particularly within South and East Asia (Qi et al,
2021). However, we argue there is also a need for proactive planning
for future tiger range expansion. This should include both places
into which tigers may naturally disperse and those which may be
suitable for future reintroduction. Tiger reintroductions can
galvanise conservation efforts and help protect additional habitat
and support the expansion of Protected Areas and Other Effective
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Conservation Measures (OECMs). We identify some of the
opportunities for tiger range expansion across the species’ historic
distribution and recommend that some of these areas be included
within a tiger range expansion target which should be developed
and endorsed by tiger range countries. Focusing conservation
efforts on some of these places could prepare for the return of the
tiger whilst also securing critical conservation landscapes and
benefiting both people and wildlife.
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