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Mammal extinctions are widespread globally, with South Asian species being most threatened. We exam-

ine local extinctions of 25 mammals in India. We use historical records to obtain a set of locations at

which each species was known to have been present at some time in the last 200 years. We then use occu-

pancy estimation models to draw inferences about current presence at these same locations based on field

observations of local experts. We examine predictions about the influence of key factors such as protected

areas, forest cover, elevation, human population density and cultural tolerance on species extinction. For

all 25 species, estimated local extinction probabilities (referenced to a 100 year time frame) range between

0.14 and 0.96. Time elapsed since the historical occurrence record was an important determinant of

extinction probability for 14 species. Protected areas are positively associated with lower extinction of

18 species, although many species occur outside them. We find evidence that higher proportion of

forest cover is associated with lower extinction probabilities for seven species. However, for species that

prefer open habitats (which have experienced intensive land-use change), forest cover alone appears insuf-

ficient to ensure persistence (the complement of extinction). We find that higher altitude is positively

associated with lower extinction for eight species. Human population density is positively associated

with extinction of 13 species. We find that ‘culturally tolerated’ species do exhibit higher persistence.

Overall, large-bodied, rare and habitat specialist mammals tend to have higher extinction probabilities.
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1. INTRODUCTION
Global extinction of species, driven by anthropogenic factors,

is occurring at an unprecedented rate (Pimm et al. 2001;

Cardillo et al. 2006; Isaac et al. 2007; Morrison et al.

2007). Large terrestrial mammals are among the most threa-

tened taxa in the world, with 25 per cent of species facing

extinction and 50 per cent with declining populations

(Channell & Lomolino 2000; Ceballos et al. 2005). Mam-

mals of South Asia are among the most endangered

(Schipper et al. 2008). Conservation success will depend on

identifying vulnerable species and understanding environ-

mental factors that support their persistence, particularly in

human-dominated landscapes such as southern Asia.

We address several key questions relating to mammal

extinctions in India, which is recognized as a mega-

biodiversity country: do protected areas, forested habitats

and higher altitude locations facilitate lower extinction for

most large mammals or only for a few species? Can some

species persist in areas with high human population den-

sities? Which species can or cannot adapt to

human-modified landscapes? How do human cultural atti-

tudes affect species extinctions? Are carnivores more
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vulnerable to local extinction than herbivores? Are livestock

predators and crop-raiders equally vulnerable to extirpation?

How does likelihood of extinction vary with body size, diet

and geographical rarity among mammalian species?

We examine past and present distributions to assess

local extinction vulnerability of 25 Indian mammals.

Widespread hunting and land-use changes (deforestation,

agricultural expansion), together with rapid economic

and demographic growth in the last 100 years, are

believed to have severely impacted these species and

their habitats (Forest Survey of India 2005; Das et al.

2006). We collected 30 000þ records from natural

history, taxidermy and museum observations to identify

a sample of sites at which selected species occurred his-

torically across India. We used recent field observations

from more than 100 acknowledged wildlife experts to

estimate current presence or absence of these species.

We use occupancy modelling (MacKenzie et al. 2002,

2006; MacKenzie & Royle 2005) to integrate these his-

torical and current data, to estimate local extinction of

species in relation to time of historical record, presence

and proportion of protected areas, forest cover, elevation

and social factors (human demography and cultural atti-

tudes), as well as species biology. Modelling local

species extinction relative to such potential covariates

allows us to identify the key variables that have influenced

probabilities of local extinction.
This journal is q 2010 The Royal Society
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Table 1. Estimated local extinction probabilities for large mammals in India. Average estimated extinction probability across

India based on extinction probability estimates for each cell (i), Êi ¼ 1� ĉi : Êi and ĉi are the estimated extinction
and occupancy probabilities for the ith cell. Average extinction across all cells is estimated as �̂E ¼

Pn
i¼1 Êi=n, where n is

the total number of cells with historic records. �̂E100 and �̂E50 refer to the average estimated proportion of cells showing extinction
in the last 100 and 50 years, respectively. The range of estimated probabilities of extinction among all cells is presented in
brackets for each species. (Note: these data will be made available to others interested in species-specific collaborations.)

common name scientific name

total point

records

total

cells (n) average �̂E100 average �̂E50

IUCN Red List

2009

chital Cervus axis 850 322 0.45 (0.40–0.52) 0.45 (0.40–0.52) LR

sambar Cervus unicolor 1350 448 0.34 (0.00–0.91) 0.28 (0.00–0.89) LR
muntjac Muntiacus

muntjak
405 186 0.39 (0.03–0.98) 0.34 (0.03–0.97) LR

mouse deer Moschiola
meminna

95 54 0.81 (0.70–0.92) 0.74 (0.70–0.88) LR

swamp deer Cervus duvaucelii 233 83 0.90 (0.84–0.96) 0.87 (0.83–0.95) VU
blackbuck Antilope cervicapra 694 306 0.33 (0.11–0.94) 0.33 (0.11–0.94) NT
nilgai Boselaphus

tragocamelus
404 217 0.29 (0.03–0.80) 0.27 (0.03–0.80) LC

chinkara Gazella bennetti 359 197 0.58 (0.09–1.00) 0.45 (0.09–0.99) LC
four-horned

antelope
Tetracerus

quadricornis
236 135 0.51 (0.21–0.93) 0.37 (0.21–0.90) VU

Nilgiri tahr Hemitragus
hylocrius

238 29 0.71 (0.71–0.71) 0.71 (0.71–0.71) EN

wild pig Sus scrofa 743 328 0.25 (0.24–0.25) 0.25 (0.24–0.25) LR
gaur Bos gaurus 966 257 0.60 (0.08–0.97) 0.60 (0.07–0.98) VU
wild buffalo Bubalus arnee 403 148 0.66 (0.58–0.67) 0.65 (0.58–0.67) EN
elephant Elephas maximus 736 175 0.43 (0.08–0.92) 0.43 (0.08–0.92) EN
rhino Rhinoceros

unicornis
267 82 0.55 (0.21–0.93) 0.55 (0.21–0.93) EN

black bear Ursus thibetanus 166 50 0.38 (0.07–0.90) 0.38 (0.14–0.69) VU
brown bear Ursus arctos 64 9 0.35 (0.17–0.57) 0.35 (0.17–0.57) VU
sloth bear Melursus ursinus 919 356 0.39 (0.17–0.95) 0.39 (0.08–0.87) VU
hyena Hyaena hyaena 267 175 0.37 (0.34–0.46) 0.36 (0.34–0.45) LR

jackal Canis aureus 373 356 0.14 (0.09–0.33) 0.14 (0.09–0.33) LC
wolf Canis lupus 277 170 0.25 (0.10–0.96) 0.19 (0.10–0.94) LC
wild dog Cuon alpinus 434 165 0.62 (0.05–1.00) 0.62 (0.08–1.00) EN
tiger Panthera tigris 3606 572 0.67 (0.05–1.00) 0.58 (0.05–1.00) EN

leopard Panthera pardus 2708 559 0.36 (0.07–0.77) 0.28 (0.07–0.67) LC
lion Panthera leo 231 64 0.96 (0.55–0.99) 0.80 (0.38–0.92) CE
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2. MATERIAL AND METHODS
(a) Sampling approach, species and data sources

We partitioned India’s geographical area into a grid with 1326

cells (average cell size of 2818 km2, range 2461–3059 km2).

At this grid cell size, it was feasible for us to get experts to

give us their information on species detections on a country-

wide scale for multiple species. We obtained geographical

location records for mammal species across this region from

hunting, taxidermy and museum records. Historic records of

species presence were compiled from 50þ museums, libraries

and taxidermy firms, British imperial and district gazetteers,

hunting journals (150þ) and all issues of Journal of Bombay

Natural History Society (from 1885–2006) and Indian

Forester (1875–2006). Most records were from the years

1860–2000, with few records between the years 1760 and

1860. Overall, we collected 30 000þ records for more than

100 mammal species in India. These historic records provided

geographical locations where species had been either observed

or hunted. This reconstruction is partial because we can make

no statement about historic species occurrence in locations for

which there are no records. We selected 25 large mammal

species with 64–3606 reliable location records (table 1). We

pooled the individual location records for each species to rel-

evant grid cells, to establish its historic presence (table 1 and
Proc. R. Soc. B (2010)
figure 1). Estimation of current species status (locally extinct

or not) for sites of historic occurrence allows us to estimate

local extinction for individual species as the fraction of cells

in which the species is currently absent.

We define occupancy, ci, as the probability that site i is

occupied by the species of interest (MacKenzie et al. 2002,

2006). We focus only on grid cells across India for which

we have historic records of species occurrence (figure 1).

We then estimate the probability that a historically occupied

site is still occupied in 2006. Because of this conditioning on

cells of historic occurrence, the occupancy parameter is

equivalent to the complement of local extinction probability

(see the electronic supplementary material for more detailed

explanation of extinction probability), i.e. Êi ¼ 1� ĉi , where

‘^’ denotes estimates, and Ei is local extinction probability or

the probability that grid cell i, known to have been occupied

by the focal species in the past, is no longer occupied at pre-

sent. This parameter, Ei, can also be viewed as the expected

fraction of cells occupied by the focal species in the past that

is still occupied by the species.

To determine current (2006) species presence or absence

in any grid cell, we surveyed more than 100 ecologists, natur-

alists and knowledgeable conservation practitioners across

India. We used field observations from multiple experts

http://rspb.royalsocietypublishing.org/
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Figure 1. Geographical distribution of historic records used to estimate local probability of extinction for tiger (Panthera tigris)
in India. Green dots are museum, natural history and hunting records (3606 total) pooled into grey cells, and red lines

demarcate State boundaries in India.
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(2–37 per cell) to estimate current probability of extinction for

those grid cells with historic records. Specifically, we asked the

local experts if they had detected the focal species or not

during the previous year. By emphasizing that all reports of

presence from these experts had to represent certainty based

on direct evidence, we sought to eliminate problems of false

presences. We clarified to the experts that we were not going

to interpret reports of non-detection to mean absence of the

species, but that a reported detection would indeed be inter-

preted as presence of the species. Multiple detection and

non-detection records from individual experts provided us

the replicate samples required for estimation of detection

probabilities and extinction (MacKenzie et al. 2002, 2006).

Detection probability is defined as the probability that a

species is detected by an expert, given that the species is actu-

ally present in the grid cell. Our approach deals with the

critical problem of imperfect detections as well as accommo-

dates unequal sampling effort resulting from varying

numbers of experts reporting data from surveyed cells.

(b) Modelling of species occupancy and extinction

using covariates

We model occupancy and detection probabilities as functions

of covariates using logit link functions (MacKenzie et al.

2002, 2006). We incorporate environmental and social cov-

ariates to simultaneously model detection probabilities and

estimate occupancy during the year (MacKenzie et al.

2006). We used the maximum-likelihood approach to fit a

range of plausible occupancy models (50–115) for each

species. These models represent different ecological hypoth-

eses about the factors influencing local probability of

extinction for each species (tables S1 and S2 in the electronic

supplementary material). We fit various models to the data,

and calculated model weights using Akaike’s information cri-

terion (AIC) (Burnham & Anderson 2002, 2004; tables S1
Proc. R. Soc. B (2010)
and S2 in the electronic supplementary material). We used

model averaging to derive weighted averages of occupancy

if there were multiple models with substantial weights. We

averaged the occupancy estimates themselves, rather than

estimated coefficients associated with covariates. The AIC

weights were re-scaled to sum to 1 for all models used in

the model averaging, and represent the relative appropriate-

ness of a given model relative to others in the model set.

These data were analysed using program PRESENCE

(v. 2.0, Hines 2006).

We focus on a set of environmental and social covariates

that we hypothesize to be important determinants of local

species extinction probabilities, and thus represent hypoth-

eses of conservation and ecological interest (table S1 in the

electronic supplementary material). Covariates in each cell

that we selected included time elapsed (time between the

year of the historic record and 2006), presence and pro-

portion of wildlife protected areas, proportion of forest

cover, elevation and probable human influences (population

density and cultural attitudes towards the species).

Information on protected areas is from the World Database

on Protected Areas (WDPA 2003, 2007, 2009). We created

two measures: (i) presence or absence of a protected area in a

cell and (ii) proportion of the cell occupied by a protected

area (table S1 in the electronic supplementary material). We

refined and improved the WDPA data using topographic

maps, expert opinions, remote sensing and prior knowledge

(Joshi et al. 2006; Roy et al. 2006). Proportion of cell covered

by a protected area has five categories (0, 1–25, 26–50,

51–75 and 76–100%) numbered 1–5. We determine pres-

ence–absence of forest cover from Global Land Cover

Facility 2000 (Bartholomé & Belward 2005). Elevation data

from CGIAR-CSI SRTM 100 m Digital are used to calculate

average elevation in every grid cell (CGIAR 2004). Elevation

data were transformed to range between 0 and 10. We

http://rspb.royalsocietypublishing.org/
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developed two covariates to represent human influence on

species persistence. Human population density data are derived

from the LandScan Global Population Database (Dobson et al.

2000) and log transformed. We use prior knowledge of human

hunting patterns, diets and cultural tolerance–reverence for

species in different regions across India (Rangarajan 2001;

Madhusudan & Karanth 2002; Mishra et al. 2006; Datta

2007; K. K. Karanth & K. U. Karanth 2008, personal obser-

vations), to develop a ‘human cultural tolerance’ variable.

This variable divided Indian states into three groups, from

‘most tolerant’ to ‘least tolerant’. For the human cultural toler-

ance variable, we classify the western states of Rajasthan and

Gujarat as most tolerant (categorical variable value¼ 1), the

seven northeastern hill states, Chhattisgarh and Jharkhand as

least tolerant (variable value¼ 3) and all other states as inter-

mediate (variable value¼ 2) in tolerance (Karanth et al. 2009).

For every historic record, we calculate the number of years

elapsed between the collection year and 2006. We chose to

randomly select one year if records were available for mul-

tiple years in a grid cell. We generally expected a positive

relationship between time elapsed and the probability that a

species was now extinct. If all local extinctions were perma-

nent, we would expect a simple positive relationship

between extinction probability and elapsed time. For

example, assume the simple case of time-invariant annual

extinction probability (E ¼ Pr (locally extinct in year t þ 1 j
present in year t)). In this case, we could compute the

expected probability of extinction for any number of years,

T, as Pr (local extinction in T years) ¼ 1 2 (1 2 E)T. Local

extinctions are not always permanent, and probabilities of

extinction for any grid cell will depend on rates of both

local extinction and re-colonization, and on temporal vari-

ation in these parameters. As the available data do not

permit estimation of time-specific rates of local extinction

or colonization, we assessed the influence of elapsed time,

using linear logistic models. Negative estimates of b for

elapsed time occurred occasionally, but such estimates are

not logically possible, so these models were not considered

as candidates for model selection and model averaging.

Our approach yields estimates of occupancy, ĉi (equival-

ent to the complement of a local extinction probability), for

each cell i, with at least one record of historic species occur-

rence. As the historic records were collected at different

points in time, and because we expect time of the historic

record to be relevant to persistence for at least some species,

we use coefficient values from top-ranked models to calculate

local extinction probabilities at two specific reference times

(t ¼ 50 and 100 years ago) for every cell. This standardizes

estimates and allows meaningful comparison of grid cells

across India, regardless of the year of the historic record.

We used model averaging (2–10 top-ranked models, model

weights scaled accordingly) for all species. We estimated

local extinction (Ê) as (1� ĉi). These values reflect the prob-

ability that in 2006, a species was locally extinct in a given

cell i that was occupied by the species at some previous

time. Local extinction probability is calculated under each

model for each species by cell combination using the esti-

mated b-coefficients and cell covariate values. To calculate

local extinction probability for species and cells with multiple

supported models, we model-averaged the local extinction

probability estimates. These cell-specific estimates are aver-

aged across cells to determine overall species extinction

probabilities �̂Ej ¼
Pn

i¼1ð1� ĉiÞ=n, where �̂E is an estimate

of the proportion of cells experiencing a local extinction
Proc. R. Soc. B (2010)
over the last j years ( j ¼ 50 or 100), ĉi is the estimated occu-

pancy probability (scaled to j years) for the ith cell in 2006,

and n is the number of cells with historic records.

(c) A priori predictions

We confronted several a priori hypotheses with our data. We

expected that the presence of a wildlife protected area in a

cell, as well as a higher proportion of the cell being thus pro-

tected, would result in lower extinction probabilities for most

species (Redford 1992; Newmark 1996; Brashares et al.

2001; Parks & Harcourt 2002). We expected higher pro-

portion of forest cover in a cell to be associated with lower

extinction probabilities for 13 species that are associated

with forested habitats (chital, sambar, muntjac, mouse

deer, Nilgiri tahr, gaur, elephant, black bear, brown bear,

sloth bear, wild dog, tiger and leopard). We predicted

higher extinction probabilities for grassland and open forest

species (rhino, wild buffalo, blackbuck, nilgai, chinkara,

four-horned antelope, hyena and wolf) because of earlier

and more intensive conversion of such habitats to agriculture

historically (Dunbar-Brander 1923; Stebbing 1923;

Champion 1934). We expected lower extinction probabilities

in montane high-elevation habitats for three species (black

bear, brown bear and Nilgiri tahr) because of the relative

inaccessibility and the lower probabilities of agricultural

conversion (Stebbing 1923).

We expected higher extinction probabilities to be associ-

ated with higher human population density (Sanderson

et al. 2003; Cardillo et al. 2004) for all large mammals,

except five species that were either adaptable to human-

dominated landscapes (wild pig, jackal) or culturally toler-

ated (blackbuck, chinkara and nilgai). We expected these

three culturally tolerated species to have lower extinction

probabilities, even in areas with high human population den-

sities (Madhusudan & Karanth 2002; Brashares 2003;

Corlett 2007; Datta 2007). We expected large-bodied herbi-

vores (elephant, wild buffalo, rhino and gaur), and large

carnivores (brown bear, tiger and lion) to be more vulnerable

to extinction because they compete directly for space and

nutritional needs with human societies or were historically

hunted for trophies and bounties (Dunbar-Brander 1923;

Champion 1934; Rangarajan 2001). We expected adaptable

habitat generalist species (leopard, jackal, wild pig) to be

less vulnerable to local extinction, compared with habitat

specialists (Nilgiri tahr, brown bear, rhino and swamp

deer). We also predicted lower extinction probabilities for

herbivores compared with carnivores, and higher extinction

probabilities for crop-raiding and livestock-killing species

(Woodroffe & Ginsberg 1998). We expected restricted-

range endemic species to be more vulnerable compared

with widely distributed ones (Ceballos et al. 2005; Morrison

et al. 2007; Schipper et al. 2008).
3. RESULTS
(a) Extinction and elapsed time

Our local extinction probability estimates for mammals

across a 100-year time-frame range between 0.14 and

0.96 (table 1). We expected extinction probability to gen-

erally increase with elapsed historical time (the interval

between historic recorded year of occurrence and 2006).

In fact, elapsed time was present in the top-ranked

models (positive relationship with local extinction prob-

ability) for nine species (table 2; e.g. muntjac, mouse
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Figure 2. Predicted local extinction probability for tiger referenced to (a) 50 years and (b) 100 years. The bluish cells indicate
lower estimated extinction probabilities and the redder cells indicate higher estimated extinction probabilities for tigers in India.
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deer, blackbuck, four-horned antelope, elephant, wolf,

tiger (figure 2a,b), leopard and lion) and in lower

ranked models with some effect on local extinctions for

five additional species.
(b) Protected areas, forest cover and elevation

Protected areas (in terms of either presence or the pro-

portion of cell covered) were negatively associated with

extinction probability for 18 mammal species. For 13

species, b-parameter estimates were negative in their

top-ranked models, and for five other species

b-parameters were negative in additionally supported
Proc. R. Soc. B (2010)
models (table 2; table S2 in the electronic supplementary

material). Our prediction that protected areas facilitate

lower extinction was thus strongly supported by results

for 18 species (especially for large carnivores and

forest-dwelling mammals).

We expected the presence of forest cover to negatively

influence extinction of 13 species. For three of these

species, we find negative b-coefficients in the top

model, and for four species we find negative b-coefficients

in additional supported models (table 2; table S2 in the

electronic supplementary material). Our predictions

were thus partially supported, with forest cover associated

with lower extinction of seven species. However, absence

http://rspb.royalsocietypublishing.org/
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of such evidence (table 2) suggests that forest cover may

not be an important determinant of extinction for other

species.

We find negative estimates of b-coefficients for the

elevation covariate in the top-ranked model for five

species (one bear for which we predicted this relationship

and four more species), and negative b-coefficient esti-

mates for three other species in additionally supported

models (table 2; table S2 in the electronic supplementary

material). Our predictions about the importance of high

elevation habitats facilitating lower extinction were sup-

ported for brown bear, but not for Nilgiri tahr and

black bear (all these species are restricted to higher

elevations). This apparent inconsistency may be due to

either the absence of lower elevation historic records

for this species (i.e. there was little variation in the

elevation covariate) or use of average elevation values

for relatively large grid cells used. Overall, higher

elevation appears to facilitate lower extinction

probabilities in eight species.
(c) Human population density and cultural

tolerance

As expected, human population density was positively

associated with local species extinction probabilities. For

seven species, estimated b-coefficients were positive in

their top-ranked models, and for six other species

b-coefficients were positive in additional supported

models (table 2; table S2 in the electronic supplementary

material). Our expectation of higher extinction probabil-

ities at higher human population densities was thus

supported for 13 of the 25 species. We also correctly pre-

dicted three adaptable species for which human density

was not a relevant covariate affecting extinction (wild

pig, jackal, blackbuck). However, similar predictions for

chinkara and nilgai were not supported. Overall, we find

that human population density does negatively affect

species persistence, but some herbivores can persist at

higher human densities.

Human cultural tolerance, a feature somewhat unique

to southern Asia, did appear to negatively influence local

species extinction probabilities. The ‘tolerance covariate’

was coded 1 for tolerant cells, 2 for intermediate cells

and 3 for intolerant cells (actually reflected intolerance).

For five species, estimated b-coefficients were positive in

top-ranked models (table 2; table S2 in the electronic

supplementary material) and for two other species esti-

mated b-coefficients were positive in additional models.

Thus, our predictions were supported for culturally toler-

ated species (nilgai, chinkara and blackbuck particularly

in Western India), and extended to other species (four-

horned antelope, jackal, wild pig, rhino and swamp deer).

We expected large-bodied mammals to be more vul-

nerable to extinction, which was supported for many

species except for elephants, which are culturally tolerated

(table 1). However, we also find evidence of higher extinc-

tion probabilities for mouse deer and Nilgiri tahr, which

are smaller species that occur at inherently low ecological

densities. Contrary to our predictions, local extinction

probabilities for herbivores (0.25–0.90) and carnivores

(0.14–0.96; table 1) were similar. Habitat generalists

(leopard, jackal, wild pig) had lower probabilities of

extinction than habitat specialists (Nilgiri tahr, brown
Proc. R. Soc. B (2010)
bear, rhino and swamp deer), supporting our predictions.

More specifically, however, culturally tolerated or forest

dwelling herbivores, as well as adaptable generalist carni-

vores, had lower extinction probability estimates (table 1).
4. DISCUSSION
Determining factors that reduce species extinction prob-

abilities is critical to successful conservation efforts.

However, most studies of animal distribution and occur-

rence use methods that do not distinguish true species

absence from simple non-detection during surveys. This

failure to deal with non-detection underestimates true

occupancy, overestimates local extinction and confounds

the analyses of spatial covariate data (MacKenzie et al.

2002, 2006) to determine the impact of various environ-

mental and social factors on species extinctions. We

combine historic records of past occurrence with current

field observations of local wildlife experts to examine

extinction patterns for 25 mammals in India. By applying

occupancy modelling, we dealt with the issue of imperfect

detection, while addressing a priori hypotheses about

determinants of local extinction probabilities.

As predicted, the covariate related to elapsed time was

important for extinction probabilities of 14 species. Most

importantly, all 25 species had relatively high estimated

probabilities of local extinction (referenced to 100

years), ranging between 0.14 and 0.96. Our results pro-

vide evidence that establishment of protected areas is

critically important for low extinction probabilities of at

least 18 species. Therefore, species whose current habitat

mostly lies outside existing protected areas (mouse deer,

blackbuck, nilgai, chinkara, four-horned antelope, sloth

bear, jackal, wolf, wild pig), and species for which only

a tiny part of their historic range is now in protected

areas (swamp deer, wild buffalo, gaur, elephant, Nilgiri

tahr, rhino, black bear, lion, wild dog, tiger), will require

establishment of new protected areas to ensure their

future persistence. We found that forest cover is negatively

associated with extinction probabilities of seven species,

but this factor alone is not sufficient to ensure persistence

of many species. High elevation was negatively associated

with extinction probabilities of eight species. Human

population density positively influenced local extinction

of 13 species, although human cultural tolerance was

associated with lower extinction probabilities for seven

species. Exceptions to these inferences about cultural tol-

erance were rare localized endemics (Nilgiri tahr, swamp

deer, lion), widely distributed but low-density species

(mouse deer), generalist species that adapt to human-

dominated landscapes to some extent (wild pig, jackal,

wolf, leopard), and culturally tolerated or protected

species (blackbuck, nilgai, chinkara). These human cul-

tural factors appear to affect local extinction of both

carnivores and herbivores. Overall, most large-bodied ani-

mals, habitat specialists and rare species had higher

extinction probabilities. It is important to note that our

analysis of covariate effects on local species extinction

probabilities was conducted at a relatively large spatial

scale (cell size of 2800 km2). As human–wildlife conflicts,

ecological impacts and conservation interventions often

occur at a finer spatial scale, we might expect stronger

relationships to exist at these finer scales.

http://rspb.royalsocietypublishing.org/
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5. CONCLUSION
Overall, all 25 large mammal species we studied showed

substantial probabilities of local (cell level) extinction

over the past century. We provide evidence that protected

nature reserve areas are critical for reducing the local

extinction probabilities of most Indian large mammals.

India’s current fragmented network of relatively small

protected areas (average size less than 300 km2) does

have high carrying capacities for large mammals (Karanth

et al. 2004). However, given the overall patterns of species

extinction estimated in this study, creation of new pro-

tected areas and interconnection of existing protected

areas will be required through conservation policy and

management if many of these mammals are to persist

into the future. Our results must be considered in the

context of rapid ongoing changes in land use, climate,

human demography, cultures and economic growth that

are currently occurring in India and southern Asia. Con-

servation policies must integrate all these factors to ensure

the survival of India’s large mammals into the future.

Our results have implications beyond conservation, for

wider land-use and development policies currently being

pursued in India. Regional development plans can incor-

porate reported occupancy patterns of large mammals by

carefully considering the ecological and social processes

that led to these patterns. We believe, in the context of

India’s rapid economic growth (7 per cent per year) and

increasing aspirations of its growing human population,

adverse impacts of many proposed development projects

such as dams, mines, highways and industries can be miti-

gated substantially by integrating our results to prevent

imminent contraction and fragmentation of ranges of

many vulnerable mammals.
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