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ABSTRACT

1. Large carnivores face high extinction risks, often exacerbated by the absence of adequate
information on their ecological requirements, and the high economic and socio-political
commitments that their conservation warrants. Country-scale conservation plans can serve as
effective frameworks to prioritise areas, actions, and conservation investments.

2. We explore conservation tenets of retention, recovery and restoration for the Endangered
dhole Cuon alpinus in India — a global stronghold for the species. Specifically, we: (1)
examine the current status of dholes in India’s states using a recent distribution assessment;
(2) identify areas for directing management interventions — zones to be targeted for

population recovery and for habitat recovery; (3) identify potential areas for range expansion;
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(4) use eco-socio-political criteria to determine state-wise conservation priority scores and
likelihood of conservation action; and (5) conduct an exhaustive review of all published
literature on dholes.

3. Dholes occupy ~49% of potential habitats in 685 of mainland India’s 2342 sub-districts. We
identified 143 sub-districts with potential for dhole population recovery, 145 for habitat
recovery, and 404 for range expansion. Of the 34 mainland states/union territories, 17 were
identified as high priority for dhole conservation. Of these, nine are adequately equipped to
implement management actions to conserve dholes, while eight need to improve capacity
towards increasing likelihood of conservation success.

4. Literature on dholes (from 1874 to 2019; n=237) was dominated by natural history notes,
followed by distribution records and studies of population ecology. A majority of the
reviewed studies were from India (55% of 215 country-specific papers). The number of
studies showed an exponential increase over time: 43% were published in the last decade.

5. Our review of published literature revealed significant knowledge gaps in terms of
quantitative ecological assessments in dhole range-countries. Given this context, our results
provide a comprehensive, multi-dimensional, and administratively feasible road map for
dhole conservation in India, with potential applicability in other dhole range-countries and

also for other threatened species.
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INTRODUCTION

The past decade characterises an era of extensive documentation on global species extinctions
(Szabo et al. 2012, Dirzo et al. 2014, Pimm et al. 2014). Large terrestrial mammal species, owing
to their body sizes, geographic range limits and large home ranges, are often more susceptible to
extinction risks than other taxonomic groups (Ceballos et al. 2005, 2017, Macdonald 2019). The
conservation status of many obligate carnivore species is further exacerbated by their negative

interactions with humans (Treves & Karanth 2003, Ripple et al. 2014). Large carnivores occupy
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an important trophic niche and play a crucial ecological role in regulating biotic community
structure and dynamics (Ford & Goheen 2015). Therefore, range contractions and local
extinctions of species in this guild, as evinced in recent times, can have critical trophic
consequences across ecological systems and landscapes (Elmhagen et al. 2010, Estes et al. 2011,
Wolf & Ripple 2017). These aspects may justify the enormous monetary, human-power and
other resources invested in studying and conserving large carnivores (Brodie 2009, Smith et al.

2012).

The field of conservation biology has long been focused on species with small and declining
populations (Caughley 1994, Bertolino 2017), typified by the current status of most large
carnivores. The core tenets of conservation biology are thus centred around maintaining or
increasing population sizes and ensuring the viability of small or declining populations (Soulé
1987). Within the constraints of ecologically imposed thresholds, Huggett (2005) postulates that
retention, recovery and restoration may broadly be viewed as pivotal actions for conserving these
populations. In the conservation context, this translates to: (1) retention — maintaining extant
populations; (2) recovery — consolidating habitats and/or increasing population size; and (3)
restoration — facilitating range expansion, recolonisation of putative historic range areas, and
connectivity between populations, thus ensuring long-term ecological, demographic, and genetic
viability. As a matter of course, these actions need to be coupled with assessment and reduction
of anthropogenic and non-anthropogenic limiting factors, in tandem with continuous monitoring

of population status and threats (Williams et al. 2002, Burgess et al. 2019).

Countries in the global south, and those in Asia in particular, harbour species that face greater
threats compared to elsewhere in the world. This is primarily due to the cumulative effects of
direct exploitation and changes in land-cover or habitats (Schipper et al. 2008, Godet & Devictor
2018, Davis & Glikman 2020). Country-specific species conservation plans can serve as
effective frameworks for prioritising areas and actions for channelling conservation investments.
Designing such plans requires several steps: first, the global context and relative importance of
the focal range-country must be recognised, so as to identify realistic and logistically feasible
conservation actions. Second, ecological knowledge of the species’ distribution patterns,
population sizes and threats need to be complemented with information on socio-economic and

political attributes (O’Connor et al. 2003, Redpath et al. 2013). Third, spatial scale(s) and
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resolution(s) need be chosen such that priorities and actions can be most effective (Game et al.
2013). Finally, implementing conservation actions relies heavily on political will, performance
and monetary investments, which determine administrative capacity and limitations (Dickman et
al. 2015). Considered together, all these aspects synergistically contribute towards successful

conservation outcomes.

Here, we focus on the Endangered Asiatic wild dog or dhole Cuon alpinus (Kamler et al. 2015),
and present ecologically and socio-politically informed strategies for retention, recovery,
restoration, and thereby, conservation of populations, closely linked to administration and policy
in India. Our specific objectives were to: (1) examine current status of dholes in each state, based
on a recent distribution assessment that incorporated ecological, biogeographic and
anthropogenic factors; (2) identify sites (administrative sub-districts) for targeting interventions,
i.e., areas where populations may need to be recovered, and areas warranting expansion of
habitats; (3) gauge the potential for range expansion in areas beyond current dhole distribution
limits; (4) evaluate state-wise dhole conservation priority score versus conservation likelihood
score using ecological, social and political criteria, based on open data-sources and government
records; and (5) provide an analysis of the current state of knowledge through a review of all

published literature on dholes, identify research gaps and suggest future directions.

METHODS

Study species

Dholes are among the most threatened large carnivores in the world. The social, pack-living wild
canids are found in 11 countries in south and southeast Asia; India harbours the largest
population (Kamler et al. 2015). Some estimates suggest that dholes have undergone drastic
range contractions of about 82% from their historic geographic range, and have a current global
population of around 1000-2000 adult, mature individuals (Kamler et al. 2015, Wolf & Ripple
2017). Within India alone, dholes have lost ~60% of their former range in the last century
(Karanth et al. 2010), showing persistent patterns of local extinctions (Srivathsa et al. 2019a).
Historically widespread in the country, dholes were treated as ‘vermin’ and bounty-hunted
through most of the 20th century (Kamler et al. 2015). Dholes now persist in small, presumably
declining populations, mostly restricted to forest habitats (Sillero-Zubiri et al. 2004, Karanth et
al. 2009, Punjabi et al. 2017, Srivathsa et al. 2019a, b); production agroforests abutting forested
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Protected Areas provide secondary habitats for the species (Kumara et al. 2004, Srivathsa et al.
2014, Gangadharan et al. 2016). Dholes are sensitive to anthropogenic disturbance; studies show
strong negative associations between dholes and domestic cattle abundance or activity in forested
areas at multiple spatial scales (Srivathsa et al. 2014, Punjabi et al. 2017, Srivathsa et al. 2019a,
b, 2020a). Most dhole metapopulations in India are clustered in three landscapes: the Western
Ghats, Central India and Northeast India (Fig. 1). These metapopulations are generally structured
such that source populations occur within Protected Areas and the surrounding unprotected
forest—agroforest matrix perhaps serves as sinks (see Srivathsa et al. 2014, Punjabi et al. 2017,

Srivathsa et al.2019a, 2020a).

Current status in Indian states

We used the countrywide sub-district level probabilities of dhole occupancy (Srivathsa et al.
2020a) as a basis to gauge the current status of their populations in India’s states and Union
Territories (collectively referred to as ‘states’). Spatial patterns of dhole distribution based on the
occupancy probabilities are shown in Fig. 1. Using these probabilities, we generated four metrics
for each state: (1) percentage of area occupied by dholes within the extent of their key habitats,
i.e. forests and agroforests, in the state; (2) dhole-occupied area in the state as a percentage of
total area occupied throughout India; (3) number of Protected Areas with potential source
populations — these are wildlife reserves where estimated occupancy was greater than the median
occupancy probability in the country; and (4) percentage of dhole-occupied areas under
protection as National Parks or Wildlife Sanctuaries. Given that there are no quantitative
estimates of dhole abundance based on robust statistical methods for any part of their range, we
assumed that the four metrics together (summed as ‘status score’ for each state) would serve as
reasonable surrogates, indicative of their population status and the relative importance of each

state for dholes.

Potential areas for recovery

We recognise two key actions for dhole conservation that necessitate proactive management
interventions: (1) population recovery (PR) in sub-districts where dholes currently subsist at sub-
optimal numbers despite the availability of adequate habitat; and (2) habitat recovery (HR) in
sub-districts where populations may be faring well but the extent of suitable habitat is relatively

small or restricted. Again, because true population estimates for dholes are not available, we use
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spatial probabilities of occupancy as a proxy for dhole abundance (the two are potentially
correlated at larger spatial scales; see Guisan et al. 2013). We identified sub-districts that qualify
for PR and HR using the following approach. First, we generated a correlative scatter plot with
sub-district-level occupancy probabilities against forest cover (km?) in each sub-district
(Appendix S1). We parsed the data into four subsets based on median values of occupancy
probability and forest cover extent. Here, we were interested in two subsets: PR sub-districts,
where local occupancy was lower than the overall median occupancy (countrywide) but the
associated forest cover extent was higher than the overall median value of forest cover
(countrywide, within dhole range); and HR sub-districts, where local occupancy was higher than
the overall median occupancy but local forest cover was lower than the overall median value of
forest cover (Appendix S1). We then assigned priority scores to PR sub-districts based on
decreasing order of occupancy probabilities, i.e. areas where occupancy was furthest from the
median received the lowest scores. Similarly, scores for HR sub-districts were assigned based on
decreasing order of forest cover extent, i.e. areas with lower forest cover were assigned lower
scores. Our rationale was that sub-districts with PR or HR values closer to the median would
require relatively lower management efforts to achieve a net gain in population or habitat

recovery, and therefore should receive higher priority for dhole conservation efforts.

Potential areas for range expansion

The literature on restoration of terrestrial mammals (or rewilding) is riddled with myriad
combinations of ecological, geographic, phylogenetic and taxonomic considerations for
determining focal areas and actions (e.g., Svenning et al. 2016, Monsarrat et al. 2019). Although
it would be desirable to have dholes recolonise all areas within their historical range, loss of
habitat, persistent changes in land use, decline in prey populations, increasing human populations
and associated impacts, and the population or distribution dynamics of the species itself, limit the
locations and extent where range expansion is realistically plausible. Given this background, we
identified potential areas at the sub-district level for dhole range expansion in India through a
stepwise approach. First, we selected sub-districts that: (1) had at least 100 km? forest cover,
assuming this would be a minimum threshold for at least one pack of dholes to become
established (see Srivathsa et al. 2017); and (2) were within 300 km of any of the Protected Areas
with source populations. While there is no documented evidence of long-distance dispersal by

dholes, we assumed 300 km to be a reasonable upper limit, considering the species’ body size,
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home range size and ecological constraints (Bowman et al. 2002, Santini et al. 2013, Whitmee &
Orme 2013). We then removed sub-districts that were not contiguous with current dhole range,
since these areas, even if they were recolonised, are unlikely to sustain viable populations in the
long term. Next, we ranked the remaining sub-districts based on five criteria: habitat extent
(forests and agroforests; km?), extent of Protected Areas, Euclidean distance to nearest Protected
Area with source populations, projected human population density for the year 2020, and density
of cattle (data descriptions and sources are in Appendix S2). Values for the latter three were
converted to inverse-form to account for a negative effect. We then standardised the individual
criteria (z-transformation) and summed across the five categories to arrive at a final range
expansion potential score for each sub-district; a larger value thus indicated higher potential for

dhole range expansion.

State-wise priority and likelihood of conservation action

To calculate a dhole conservation priority score for each state, we included: (1) the status score,
as explained above under ‘Current status in Indian states’; (2) state-wise recovery potential score,
calculated as a sum of PR and HR scores, along with inverse-transformed values for projected
human population density for 2020 and density of cattle (as constraints for sub-districts within
current dhole range) and (3) state-wise range expansion potential score, calculated as the sum of
sub-district-wise values outside current dhole-range, as described in the previous section. The
final dhole conservation priority score for each state was the weighted sum of z-transformed
values of these three scores (‘conservation priority score’ and ‘combined weighted priority score’
henceforth used interchangeably). We weighted the three metrics such that current status was
twice as important as recovery potential, which in turn was twice as important as range
expansion potential (i.e. the scores were weighted as 1, 0.5 and 0.25). We did so positing that
maintaining the current status of dhole populations should take precedence over any additional
recovery efforts; using the same rationale, range expansion would be the most ambitious
criterion, and therefore, of lower priority than the former two. All metrics described above are

presented in Appendix S3.

Gauging the likelihood of conservation action can be complex, and this likelihood is difficult to
quantify. We used a set of metrics (see Dickman et al. 2015) that we believed would be

conducive to approximate state-level capacity to undertake conservation efforts.
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(1) Gross Domestic Product (GDP) — we assumed that a state’s economic status is closely linked
to its administrative efficacy in implementing conservation action. We used GDP (%) for each
state, averaged over annual values from 2015 to 2018, as an indicator for economic status.

(2) Poverty — corollary to the GDP, poverty levels can be indicative of locations where states
ought to prioritise and invest in infrastructure development, economic growth and human
welfare. We used average poverty headcount (% of total population) for each state from
government census records. Values were inverse-transformed to account for a negative effect.

(3) State budget for forest and wildlife sectors — the states’ average budgetary spending in forest

and wildlife sectors from 2015 to 2018, calculated as average percentage of annual state budgets.

(4) Federal budget — besides state-level budgets, states receive additional federal funds for
management of Tiger Reserves; these reserves represent a substantial proportion of PAs with
dhole source populations. We included federal support sanctioned to individual states’ Tiger
Reserves, calculated as total funds received from 2015 to 2018.

(5) Infrastructure — rejection rate of forest clearance requests, measured as the percentage of
infrastructure project proposals rejected (against all proposals approved/approved in
principle/rejected; 2014-2019) by the states. We considered higher rejection rates to imply
greater propensity of states to prioritise and value forest or wildlife conservation (data
descriptions and details are in Appendix S2).

We calculated conservation likelihood scores as the sum of z-transformed values of the five
metrics listed above. Finally, we compared state-wise conservation priority scores against the
corresponding conservation likelihood scores to gauge their administrative capacity for

effectively implementing dhole conservation efforts.

Current state of knowledge

Formulating science-based conservation plans for species can benefit from a detailed
understanding of the current state of knowledge, identifying research gaps, and accordingly,
determining future directions (e.g., Mori et al. 2018). We searched for peer-reviewed scientific
articles, books, book chapters, natural history notes and grey literature through Google Scholar
(www.scholar.google.com) and ISI Web of Science (www.webofknowledge.com) using
keywords ‘dhole’, ‘Asiatic wild dog’ and ‘Cuon alpinus’, without constraining the results to
study location, region, country, or year. We reviewed references in field guides and books on

natural history to locate older articles that may not have been digitally archived. We also used a

Page 8 of 32



Page 9 of 32

255
256
257
258
259
260
261
262
263

264

265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285

Mammal Review

This is a preprint version of this article. The final published version may differ. Please contact library@wcs.org for more information.

snowball-sampling approach (Handcock & Gile 2011), using references within the located
articles to find additional literature pertaining to dholes. We processed information from the
literature thus obtained to examine global patterns in study locations, temporal trends in the
number of studies, numbers of ex-situ and in-situ studies, and major thematic areas (viz.,
distribution/population ecology, descriptive natural history, behaviour/interactions, diet, human—
dhole interactions/conservation/management, evolution/phylogeny/genetics,
physiology/morphology, disease, and taxonomy/classification/description). Studies, articles or
book chapters with only a passing mention of the species and providing little additional

information were excluded from our review.

RESULTS

Dholes are currently found in 685 of 2342 sub-districts and 23 of 34 states in mainland India.
They occupy around 249606 km? of forest and agroforest areas, which accounts for ~49% of
potential habitats within their putative range. The distribution data we use were derived from the
most recent country-wide assessment, which incorporated ecological, biogeographic and
anthropogenic factors (prey species, habitat availability, extent of Protected Areas, rainfall,
terrain ruggedness, cattle densities and human densities; see Srivathsa et al. 2020a). With respect
to the current status of dholes, the states of Karnataka, Chhattisgarh, Arunachal Pradesh and
Maharashtra ranked the highest (Table 1). We identified 143 sub-districts for PR and 145 sub-
districts for HR (Fig. 2a). Assuming that cattle density and human population density are key
limiting factors for PR and HR, respectively, we present these alongside the map with scores for
PR and HR potential (Fig. 2b). Following the stepwise criteria described above, 404 sub-districts
qualified with potential for range expansion (Fig. 2¢). With respect to conservation priority
scores at the state level, Arunachal Pradesh, Madhya Pradesh, Maharashtra and Karnataka had
the highest ranks. State-level maps for current status, recovery potential score, range expansion
potential score and combined weighted priority score are presented in Fig. 3. State-level

conservation likelihood scores are listed in Table 2 and visually depicted in Fig. 3.

Conservation priority scores (including current status scores, recovery potential scores and range
expansion potential scores) and conservation likelihood scores are in Table 3. We used a
quadrant-based approach to evaluate state-wise dhole conservation priority scores versus

conservation likelihood scores (sensu Dickman et al. 2015). Nine states with high conservation
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priority scores also had high conservation likelihood scores (Fig. 4, upper-right quadrant). Eight
states that qualified as high priority had low conservation likelihood scores (Fig. 4, upper-left
quadrant). Here, the state of Arunachal Pradesh had the highest overall conservation priority
score, but scored much lower in terms of conservation likelihood score, suggesting that the state
government here should increase its investment in conserving dholes substantially. Six states had
relatively high conservation likelihood scores, but rank low for conservation priority score. Here,
efforts to revive and conserve dhole populations, if implemented carefully, are likely to be most

effective in the state of Tripura.

Our literature searches returned a total of 237 items pertaining to dholes published from 1874 to
2019, consisting of journal articles (90%), books/book chapters (3.3%), theses (3.3%) and
reports (3.3%). A majority of the country-specific studies (55% of 215) were from India (Fig. 5).
There was an exponential increase in the number of studies over time: articles published after
2010 accounted for 43% of all the studies reviewed. Almost all recent studies had overlapping
themes, with distribution/population ecology being the most common, followed by natural
history and behaviour/interaction assessments. Studies examining diseases, and those assessing
taxonomy/classification had the least number of records (Fig. 5). In-situ assessments (87% of
188 studies) far outnumbered ex-situ assessments, and 62% of the 237 studies reviewed had the
dhole as the focal species, while 12% were multi-species assessments, with dhole as one of the

focal species. The full list of studies and associated details is in Appendix S4.

DISCUSSION

Recognising the importance of spatial scale in prioritising conservation and management, our
study separately elucidates sub-district-level actions required and state-level capacity for and
likelihood of conserving dholes in India. The approach we use also demonstrates the utility and
potential of combining ecological information with open-source data and publicly available
government records to formulate conservation plans for relatively under-studied yet imperilled

species under a unified framework.
We found that the states of Maharashtra, Madhya Pradesh and Karnataka ranked an order of

magnitude higher than the others in terms of conservation priority, and are also adequately

equipped to maintain the status quo, consolidate forest habitats, and allow dhole populations to

10
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recover (by increasing prey densities and reducing pressures from forest-grazing cattle). On the
other hand, Arunachal Pradesh, Chhattisgarh, Odisha, Telangana and Goa will need to increase
financial investments while also reducing the ease of granting forest clearances for infrastructure
projects (Fig. 4) if they are to conserve the species. Securing habitat corridors to allow
colonisation through natural dispersal or by means of assisted migration (IUCN 2013) will be
required to enable dhole range expansion beyond the current range. For instance, improving
habitat conditions and prey densities in the Eastern Ghats would strengthen the link between the
Western Ghats and Central Indian dhole metapopulations (see Fig. 1). Although this would be an
ambitious and expensive undertaking, the approach is likely to enhance genetic fitness (e.g.,
Hagen et al. 2015), increase viability of extant sub-populations, and thereby benefit the overall

dhole population in India — a global stronghold for the species.

Despite the academic debates on trade-offs between conserving species diversity versus
conserving single species with declining populations (Arthur et al. 2004, Wilson et al. 2019),
most management approaches still focus on single-species conservation. This is perhaps because
actions focused on single species can be more clearly defined, and the outcomes may be
measured in more tangible terms (Young et al. 2014, Burgess et al. 2019). Conserving a single
large carnivore species could, however, have undesirable consequences for humans, protected
prey species, or other protected co-predators (Marshall et al. 2016; Nattrass et al. 2020).
Negative human—dhole interactions, arising largely due to livestock depredation, are prevalent
mostly in the north-eastern states of India. This is potentially explained by low densities of large
wild prey, high economic value of livestock, and a socio-cultural legacy of negative perceptions
towards dholes in north-east India (Lyngdoh et al. 2014, Srivathsa et al. 2020b). Further, wildlife
managers in parts of India generally believe that dholes negatively impact populations of the
tiger Panthera tigris (a protected and politically important carnivore), and thereby view the dhole
as a problem species. This notion has been challenged by recent studies that show how tigers and
dholes can co-exist, provided there are adequate densities of medium-sized to large prey
(Karanth et al. 2017). We assert that managers of individual Protected Areas and state Forest

Departments should address these nuances while formulating management plans for dholes.

The literature pertaining to return-on-investment approaches in the conservation milieu is vast

and prolific (e.g., Naidoo et al. 2006, Murdoch et al. 2007, 2010, Boyd et al. 2015). Returns are

11



349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379

Mammal Review Page 12 of 32

This is a preprint version of this article. The final published version may differ. Please contact library@wcs.org for more information.

important considerations given the general scarcity of conservation funds and the wide mismatch
between places where funding is required versus places where funds are channelled (see Larson
et al. 2016). In our assessment, we used relative costs (cattle densities; see Srivathsa et al. 2019a,
2020a) rather than absolute costs representing efforts required to recover dhole populations. We
used human population density to represent a range of land acquisition costs, opportunity costs,
and transfer costs, among others (see Boyd et al. 2015). We did so because India is socio-
economically hyperdiverse, with highly variable laws and policies, enforcement costs,
landholding sizes, land-dependence levels, and land-purchase costs. These aspects may be
explicated through local-scale assessments, where it would be more apposite to determine
absolute values of returns on investments. We also note that our evaluation was limited to
federal- and state-sponsored financial investments. We could not account for the role of non-
governmental institutions that bring additional resources through research, conservation action,
and litigation funding (Evans et al. 2019), which may marginally alter the dhole conservation

capacity—likelihood relationship examined in this study.

A primary limitation of our assessment is that we rely on dhole distribution estimates as a
surrogate for population sizes at the sub-district scale. Besides the dearth of statistically robust,
quantitative studies about dhole population sizes, our review of dhole literature (1874-2019) also
revealed persistent inadequacy of information on movement and dispersal ecology, precluding us
from undertaking formal spatial prioritisation analyses that rely on target-based optimisations
(sensu Moilanen 2014). Another caveat of our assessment is that information similar to what was
used in this study is not available for Nepal, Bhutan, China and Myanmar — dhole range-
countries that share borders with India. Our range expansion potential score, which includes data
on the distance to the nearest source population, may need revisions for some areas in the
northern and north-eastern states, when such information becomes available. These caveats
provide opportunities for directing future research efforts. Along the same line, we found that a
substantial proportion of studies we reviewed were either descriptive natural history notes or
distribution (presence) records. In addition to the knowledge gaps mentioned above, dhole
conservation would benefit from prioritising future work on examining ecological limits imposed
by density dependence, potential and functional connectivity between populations in critical

landscapes, long-term demographic effects of socially dominant competitors such as the tiger
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(see Steinmetz et al. 2013, Karanth et al. 2017), disease dynamics linked to population cycles,

and negative interactions with free-ranging dogs (see Srivathsa et al. 2019b).

CONCLUSION

Dholes have benefited from conservation efforts aimed at the protection of tigers, due to the high
degree of overlap in their geographic ranges (Goodrich et al. 2015, Kamler et al. 2015).
Unfortunately, the tiger-centric conservation model currently practiced in India may not be
optimal for dhole conservation in the long term (e.g., see Kumar et al. 2019), because it does not
account for or address many dhole-specific threats and issues discussed in this study. India does
not have a conservation plan tailored for dholes, nor does the species — to the best of our
knowledge — have targeted management actions in any Protected Area’s management plan.
Dholes are legally protected under the provisions of Schedule II of India’s Wild Life (Protection)
Act; but this translates to reactive measures (in cases involving persecution or poaching), and not
proactive actions. In light of these aspects, we strongly argue for greater scientific focus and
conservation monitoring of the dhole — the only Endangered large carnivore in India besides the
tiger (Goodrich et al. 2015, Kamler et al. 2015). The findings presented here may be used to
create a strategic road map for dhole conservation in India, and also serve as a template for
planning conservation and management of dhole populations in other range-countries.
Furthermore, as systematic conservation planning for several threatened species in tropical
countries is vitiated by similar levels of data-deficiency (Wilson et al. 2016), we believe our
approach may be adapted and implemented as a preliminary step for formulating management

frameworks for such species.
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Table 1. State-wise information on dhole populations in India. Occupied area is calculated as the product of sub-district level occupancy probabilities

with extent of habitat in the corresponding sub-district, summed for each state. Percentage occupied is the percentage of potential habitat within each
state that is occupied by dholes; percentage in India is the dhole-occupied area in each state as a percentage of the total dhole-occupied area in India;

percentage protected refers to the percentage of dhole-occupied areas that are included in National Parks or Wildlife Sanctuaries. Source population

PAs are counts of Protected Areas where estimated dhole occupancy is higher than the median. S=state; UT=Union Territory.

Name of state Category Occupied area Percentage Percentage Percentage Source
(km?) occupied in India protected population PAs

Andhra Pradesh S 11456 46.41 4.59 76.87 7
Arunachal Pradesh S 34418 55.24 13.79 30.49 11
Assam S 7593 25.87 3.04 64.95 2
Bihar S 755 10.57 0.30 100.00 0
Chandigarh UT 0 0.00 0.00 0.00 0
Chhattisgarh S 32353 58.56 12.96 23.24 14
Dadra—Nagar Haveli UT 0 0.00 0.00 0.00 0
Daman—Diu UT 0 0.00 0.00 0.00 0
Goa S 890 76.39 0.36 86.95 5
Gujarat S 0 0.00 0.00 0.00 0
Haryana S 0 0.00 0.00 0.00 0
Himachal Pradesh S 0 0.00 0.00 0.00 0
Jammu Kashmir* S 0 0.00 0.00 0.00 0
Jharkhand S 9045 36.14 3.62 40.45 3
Karnataka S 21406 55.57 8.58 46.15 21
Kerala S 9623 66.95 3.86 29.59 20
Madhya Pradesh S 25224 29.02 10.11 31.93 13
Mabharashtra S 21491 42.09 8.61 26.96 21
Manipur S 4704 41.35 1.88 3.81 1
Meghalaya S 4194 31.41 1.68 20.63 1
Mizoram S 5011 52.18 2.01 12.94 6
Nagaland S 3959 51.41 1.59 6.24 1
NCT of Delhi uUT 0 0.00 0.00 0.00 0
Odisha S 29501 49.81 11.82 21.24 9
Puducherry uUT 0 0.00 0.00 0.00 0
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Punjab S 0 0.00
Rajasthan S 0 0.00
Sikkim S 994 33.20
Tamil Nadu S 6917 36.33
Telangana S 11399 57.30
Tripura S 779 16.00
Uttar Pradesh S 1475 11.55
Uttarakhand S 4695 22.64
West Bengal S 1725 7.93

0.00
0.00
0.40
2.77
4.57
0.31
0.59
1.88
0.69

0.00
0.00
100.00
77.22
65.57
39.92
100.00
100.00
65.09

—
—_—

O =

*Jammu Kashmir was a state during the time of analysis; it is currently split into Union Territories
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Table 2. State-wise information on attributes used for calculating conservation likelihood scores. Average GDP corresponds to the mean of annual

values from 2015 to 2018. Average poverty (%) data were extracted from government census records at the district level and processed to arrive at
state-level averages. FW Budget is the state’s average budgetary spending in forest and wildlife sectors (expressed as a proportion of annual state

budgets 2015-2018). Tiger Reserve (TR) funds are federal funds sanctioned to individual states’ TRs, calculated as total funds received from 2015 to
2018. Forest Clearance (FC) rejection rate is the proportion of infrastructure project proposals rejected against all proposals (approved/approved in

principle/rejected; 2014-2019). S=state; UT=Union Territory.

Name Category Average GDP (%) Average poverty FW budget (%) TR funds (USD) FC rejection rate
(%) (o)
Andhra Pradesh S 4.58 21.96 0.30 1,028,739 7.43
Arunachal Pradesh S 0.13 29.38 0.84 2,271,146 0.00
Assam S 1.67 42.26 1.00 7,829,764 0.00
Bihar S 2.77 52.41 0.30 1,886,062 0.00
Chandigarh UT 0.22 16.84 0.00 0 0.00
Chhattisgarh S 1.67 36.46 1.10 3,493,415 2.78
Dadra—Nagar Haveli uT 0.00 46.61 0.00 0 0.00
Daman—Diu UT 0.00 23.52 0.00 0 0.00
Goa S 0.41 6.73 0.13 0 0.00
Gujarat S 7.59 25.64 0.60 0 0.00
Haryana S 3.64 15.58 0.57 0 0.21
Himachal Pradesh S 0.83 10.05 1.30 0 1.57
Jammu Kashmir* S 0.83 8.04 1.27 0 0.00
Jharkhand S 1.56 48.12 0.90 1,060,249 11.11
Karnataka S 7.83 22.81 1.07 10,068,888 6.02
Kerala S 4.12 10.79 0.57 2,706,334 11.11
Madhya Pradesh S 4.16 46.90 1.83 38,176,486 0.00
Maharashtra S 14.28 24.54 0.77 27,719,346 2.37
Manipur S 0.14 46.61 1.37 0 0.00
Meghalaya S 0.18 17.62 1.53 0 0.00
Mizoram S 0.11 32.04 1.40 1,052,013 0.00
Nagaland S 0.14 16.50 0.67 0 0.00
NCT of Delhi UT 4.03 18.86 0.20 0 0.00
Odisha S 2.51 49.98 0.83 4,576,708 291
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UJ(/JUJ(/JC/JUJC/)UJE

wn

0.19
2.82
4.95
0.14
8.57
4.32
0.26
8.19
1.29
5.80
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4.98
13.04
28.47
24.14
25.17
20.28

8.25
41.96
18.92
32.73

0.00
0.17
0.80
3.93
0.40
0.19
1.10
0.33
1.80
0.47

0

0
3,600,299

0
8,135,968

693,790

0
3,733,829
4,289,302
2,254,074

0.00
0.54
0.59
0.00
4.00
0.00
14.29
0.00
1.44
0.00

* Jammu Kashmir was a state during the time of analysis; it is currently split into Union Territories
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Table 3. State-wise (z-transformed) current status score, recovery potential score, range expansion potential score, conservation priority score

(combined weighted priority score) and conservation likelihood scores. Details on calculations of these scores are presented in the Methods section.

S=state; UT=Union Territory.

Name Category Current status Recovery Range expansion Conservation Conservation
score potential score potential score priority score likelihood score

Andhra Pradesh S 2.73 -0.36 2.29 3.12 0.69
Arunachal Pradesh S 4.66 10.48 -2.86 9.18 -2.06
Assam S 0.40 -0.37 1.37 0.56 -0.94
Bihar S -0.23 -1.38 -1.09 -1.19 -2.39
Chandigarh UT -3.52 -1.67 -2.86 -5.07 -2.81
Chhattisgarh S 4.85 1.83 0.66 5.93 -0.52
Dadra—Nagar Haveli uUT -3.52 -1.67 -1.37 -4.70 -3.80
Daman—Diu UT -3.52 -1.67 -2.86 -5.07 -3.29
Goa S 291 -0.92 -2.86 1.74 -0.43
Gujarat S -3.52 -1.67 2.00 -3.86 -0.30
Haryana S -3.52 -1.67 -0.51 -4.49 -0.86
Himachal Pradesh S -3.37 -1.67 12.76 -1.01 0.47
Jammu Kashmir* S -3.52 -1.67 -2.86 -5.07 0.61
Jharkhand S 0.44 0.25 -0.76 0.38 0.96
Karnataka S 5.38 1.53 1.74 6.58 3.39
Kerala S 4.09 0.09 -2.86 3.42 3.24
Madhya Pradesh S 3.03 5.39 5.77 7.16 4.65
Mabharashtra S 4.30 3.66 3.42 6.98 6.09
Manipur S -1.10 0.33 7.28 0.88 -1.95
Meghalaya S -1.09 -0.52 -2.86 -2.07 -0.87
Mizoram S 0.40 1.24 -2.86 0.31 -1.55
Nagaland S -0.69 -0.79 -2.86 -1.80 -1.93
NCT of Delhi UT -3.52 -1.67 -2.86 -5.07 -1.55
Odisha S 3.39 1.45 -2.86 3.39 -0.62
Puducherry uT -3.52 -1.67 -2.86 -5.07 0.61
Punjab S -3.52 -1.67 -0.75 -4.55 -1.25
Rajasthan S -3.52 -1.67 2.52 -3.73 -0.31
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Sikkim
Tamil Nadu
Telangana
Tripura

Uttar Pradesh
Uttarakhand
West Bengal S

N unwn nn »n

0.89
2.50
2.71
-1.52
-0.12
1.27
-0.60
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0.28
0.45
-0.49
-1.38
-1.18
-0.16
-1.06

-2.86
2.06
-2.86
4.50
0.13
-2.86
0.92

0.31
3.24
1.74
-1.08
-0.67
0.48
-0.90

1.90
1.85
-1.48
3.99
-0.37
0.65
-0.93

*Jammu Kashmir was a state during the time of analysis; currently it is split into Union Territories
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Figure legends

Fig. 1. Spatial probability of dhole occupancy mapped at the sub-district scale in India, adapted from Srivathsa et al. (2020a). Occupancy
probabilities range from 0.03 to 0.96. Inset boxes are maps of landscapes where the three main dhole metapopulations occur, showing
dhole habitats and source population Protected Areas (PAs): Western Ghats, Central India and Northeast India.

Fig. 2. (a) Sub-district-level scores for dhole population recovery ‘PR’ potential and habitat recovery ‘HR’ potential. Darker shades
indicate higher scores. (b) Human population density and cattle density at the sub-district level, representing the key limiting factors for
HR and PR potential, respectively. Darker shades indicate higher densities. (¢) Sub-district level scores for dhole range expansion
potential, beyond current dhole distribution limits. Darker shades indicate higher scores.

Fig. 3. State-level scores for current dhole status, potential for population/habitat recovery, potential for range expansion, combined
weighted priority (or conservation priority), and conservation likelihood scores. Darker shades indicate higher values.

Fig. 4. Left panel: quadrant plot showing the relationship between state-wise dhole conservation priority scores and conservation
likelihood scores. Vertical and horizontal lines represent corresponding median values. State codes: AP— Andhra Pradesh, AR—
Arunachal Pradesh, AS— Assam, BH— Bihar, CG— Chhattisgarh, GA— Goa, GJ— Gujarat, HR— Haryana, HP— Himachal Pradesh, JK—
Jammu Kashmir, JH— Jharkhand, KA— Karnataka, KL— Kerala, MP— Madhya Pradesh, MH— Maharashtra, MN— Manipur, ML—
Meghalaya, MZ— Mizoram, NL— Nagaland, OR— Odisha, PB— Punjab, RJ— Rajasthan, SK— Sikkim, TN— Tamil Nadu, TS— Telangana,
TR-— Tripura, UP—Uttar Pradesh, UK— Uttarakhand, WB— West Bengal. Unnamed grey dots are Union Territories. Right panel: map of
Indian states with colours representing the respective quadrant in which they appear in the left panel.

Fig. 5. Top left: country-wise numbers of studies pertaining to dholes (published from 1874 to 2019). Ex-situ studies conducted outside
current or recent dhole range countries have been excluded from the map. Top right: temporal trends in dhole studies, shown as
percentages of total studies (n=237) conducted every two decades. The last two decades are divided into 10-year intervals for ease of
depiction. Bottom left: illustrative word cloud with major thematic areas in reviewed studies. Darker shades indicate themes that are
repeated more often. Bottom right: percentage of ex-situ and in-situ studies (n=188).
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SUPPORTING INFORMATION
Additional supporting information may be found in the online version of this article at the publisher’s website.

Appendix S1. Dhole occupancy probabilities plotted against forest cover extent in the 2342 sub-districts in India. Black lines represent
median values. Based on their position on the plot, sub-districts are identified as suitable targets for population recovery (PR) or habitat
recovery (HR). In PR sub-districts, local occupancy was lower than the overall median occupancy but the associated forest cover extent
was higher than the overall median value of forest cover (countrywide, within dhole range); in HR sub-districts, local occupancy was
higher than the overall median occupancy but local forest cover was lower than the overall median.

Appendix S2. Data category descriptions and sources.

Appendix S3. State-wise scores for current status, recovery potential and range expansion potential.

Appendix S4. Full list of literature (n=237) reviewed for this study.
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Figure 1. Spatial probability of dhole occupancy mapped at the sub-district scale in India, adapted from
Srivathsa et al. (2020a). Occupancy probabilities range from 0.03 to 0.96. Inset boxes are maps of
landscapes where the three main dhole metapopulations occur, showing dhole habitats and source

population Protected Areas (PAs): Western Ghats, Central India and Northeast India.
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Figure 2. (a) Sub-district-level scores for dhole population recovery ‘PR’ potential and habitat recovery ‘HR’
potential. Darker shades indicate higher scores. (b) Human population density and cattle density at the sub-
district level, representing the key limiting factors for HR and PR potential, respectively. Darker shades
indicate higher densities. (c) Sub-district level scores for dhole range expansion potential, beyond current
dhole distribution limits. Darker shades indicate higher scores.
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Figure 3. State-level scores for current dhole status, potential for population/habitat recovery, potential for
range expansion, combined weighted priority (or conservation priority), and conservation likelihood scores.
Darker shades indicate higher values.
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Figure 4. Left panel: quadrant plot showing the relationship between state-wise dhole conservation priority
scores and conservation likelihood scores. Vertical and horizontal lines represent corresponding median
values. State codes: AP- Andhra Pradesh, AR- Arunachal Pradesh, AS- Assam, BH- Bihar, CG-
Chhattisgarh, GA- Goa, GJ- Gujarat, HR- Haryana, HP- Himachal Pradesh, JK- Jammu Kashmir, JH-
Jharkhand, KA- Karnataka, KL- Kerala, MP- Madhya Pradesh, MH- Maharashtra, MN- Manipur, ML-
Meghalaya, MZ- Mizoram, NL- Nagaland, OR- Odisha, PB- Punjab, RJ- Rajasthan, SK- Sikkim, TN- Tamil
Nadu, TS- Telangana, TR- Tripura, UP-Uttar Pradesh, UK- Uttarakhand, WB- West Bengal. Unnamed grey
dots are Union Territories. Right panel: map of Indian states with colours representing the respective
quadrant in which they appear in the left panel.
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Figure 5. Top left: country-wise numbers of studies pertaining to dholes (published from 1874 to 2019). Ex-
situ studies conducted outside current or recent dhole range countries have been excluded from the map.
Top right: temporal trends in dhole studies, shown as percentages of total studies (n=237) conducted every
two decades. The last two decades are divided into 10-year intervals for ease of depiction. Bottom left:
illustrative word cloud with major thematic areas in reviewed studies. Darker shades indicate themes that
are repeated more often. Bottom right: percentage of ex-situ and in-situ studies (n=188).
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