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This is the third round of the country level
assessment of Tigers, Co-predators and Prey,
using the refined methodology. As a country
having the maximum number of tigers and
their source area, India also has the unique
distinction of embarking on this refined
methodology across all forested habitats and
tiger States within the country. The state of the
art technology has been put to use, involving
remotely sensed data, geographical
information system and camera traps, besides
extensive ground survey. The latest computer
application have been used for obtaining the
results.

This science based monitoring and assessment
would further strengthen our efforts to
conserve our national animal.

I compliment the tiger States, National Tiger
Conservation Authority, Wildlife Institute of
India and collaborators outside the goverment
system for this commendable effort.

Prakash Javadekar

Minister of State (Independent Charge)
Environment, Forests & Climate Change
Government of India
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Mathods

The countrywide assessment of tiger status uses a double sampling
approach to estimate the distribution and abundance of tigers in India.
The first component of the double sampling consists of ground surveys
(Phase 1) of all potential tiger occupied forests in 18 States (Table 1)
wherein the ground survey data is collected by the State Forest
Department personnel:

* From scat Dna
#From Camera trap and scat DNA
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Trail surveys for ccupancy of habitat patches by tigers and and from recent remotely sensed data (Phase 2)
otherpredators following variables

Line transects to estimate prey abundance a) landscape characteristics,

Sampling plots onthe line transects to assess b)  human "foot-print", and

a) habitat characteristics, ¢) habitatattributes

b) humanimpactsand were usedtomodel tiger abundance and occupancy.

¢) preydungdensity.

Table 1: Country wide effort for ground
surveys and camera trap sampling.
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Abundance Analysis: Camera traps were placed in 9735 locations at 51 sites for mark recapture analysis (Tablel, Figi). Tiger
photographs obtained from camera traps were digitized and analyzed using the program Extract-Compare, a pattern recognition
program specially developed to individually identify tigers from their striped coat pattern. We used likelihood based spatially
explicit capture-recapture (SECR) joint likelihood model to estimate tiger abundance. Tiger sign abundance, habitat
characteristics, prey availability and human footprint variables obtained from the ground surveys and remotely sensed data
were used within SECR as covariates to model tiger density in program R. Covariate based abundance models were developed for
each landscape to estimate abundance withintigeroccupied forests.

Genetic Sampling: At sites where it was not possible to undertake camera trapping due to very low tiger numbers or unfavourable
law and order conditions, scat samples of carnivores were collected to estimate minimum number of tigers through genetic
analysis.DNA was extracted from samples and then first screened for species identification using a tiger specific cytochrome-b
marker that amplifies a 162 base pair fragment. Tiger positive samples were confirmed after samples were run along with a
positive and negative control. Tiger positive samples were subsequently identified to individual tigers using a panel of 11
microsatellite markers. To minimize scoring errors, we repeated each marker multiple times and accepted an allele score only if it
was amplified inminimum of three replicates. To test the reliability of our individual identification, we calculated the cumulative
probability of identity of our marker panel, which is indicative of the power of the selected markers to differentiate between
individuals in a population. Scoring of alleles were performed using software Geneious, further, to test the reliability of
individual identification, we calculated the cumulative probability of identity of marker panel using GIMLET program. After
accounting forscoring errors and the power of markers, individuals in each population were identified.

Maximum Entropy Models (MaxEnt): In the states of Mizoram and Arunachal Pradesh except Pakke Tiger Resreve, we could not
sample area with appropriate mark recapture method due to logistic constraints. In these states we used confirmed tiger
presence locations from tiger scat (confirmed by DNA profile) and opportunistic camera trap photos to model suitable tiger
habitat using program MaxEnt. Minimal tiger density obtained from individually identified tigers within small intensively
searched areas was usedto provide a crude estimate of tiger numbers in these states.

Occupancy Analysis : Data from replicate ground surveys (phase 1) were transferred to 10 x 10 km grids in a geographic
information system. Occupancy of a grid by tigers was then modelled to address imperfect detection of tiger signs from spatially
replicated surveys. This analysis helps in understanding spatial extent of tiger populations, and habitat connectivity between
tiger populations.
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Figure 2. Spatial coverage of sampling units for tiger sign, ungulates encounters, habitat characteristics and human impacts. Sites
where tigersigns were recorded is shown inred and provides an overview of tiger distributionin India.
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The total number of tigers (>1.5 years of age) estimated in India in 2014 was 2226 (1945 to 2491)

* From camera trap data and scat DNA

Table 2 : Estimated tiger numbers and area occupied
by tigers in 2014 for landscapes and States compared
with estimates for 2006 and 2010.
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The state of Uttarakhand has shown a remarkable increase in population and occupancy.
Bihartoo has recorded a substantial improvement in tiger population. In Uttar Pradesh,
Pilibhit Tiger Reserve and adjoining Uttarakhand have improved, while tiger status has
showed aslight decline or remained unchanged in Uttar Pradesh terai. (Table 2, Fig 3).
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Fig 4. Tiger

occupancy in the
Shivalik Gangetic
Plains Landscape

There are two significant populations in Uttar Pradesh i.e. Pilibhit &
Dudhwa Tiger Reserves. Estimate of Suhelwa tiger population is
likely anoverestimate.

This landscape has recorded impressive gain in tiger occupancy of
about 10,107 sq.km, most of which is contributed by Uttarakhand
(Fig 4). Corbett Tiger Reserve has substantially contributed in
recovery of tiger population in this landscape. It is crucial to
maintain the corridor connectivity which in many areas Is in
precarious condition. Itisequally importantto have connectivity of
Tiger Resreves of Uttar Pradesh and Bihar with forests in Nepal as in
the many places it is not possible to have connectivities restored in
Indian part. Any development such as border roads on either sides
should be done with adoption of green infrastructure to avoid
fragmentation. High human density, intensive agriculture, boulder
mining and other developmental activities pose a challenge to tiger
conservation. The tiger population west of Ganga in Uttarakhand
has rapidly declined, with Dholkhand tiger population in Rajaji
National Park on verge of local extinction. Urgent plan and
attention is needed to reintroduce tigers in western part of Rajaj
national park. It is also crucial to develop plans to deal
human-tiger conflict inthis landscape.
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Tigeroccupies 41974 sq km area with 688(596-780) individuals in this landscape. Increase was registered inand
around tiger reserves where existing habitat contiguity has permitted dispersing tigers to establish territories and
reproduce (Fig 5 & Fig 6) . Notable improvements are observed in the state of Madhya Pradesh, while tiger
populations of Maharashtra and Rajasthan have marginally increased. However northern Andhra Pradesh, most
parts of Odisha andJharkhand continue to lose tiger habitat and tiger abundance has declined (Fig. 5).
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Chhattisgarh has shown an increase, but this is due to a commendable effort in surveying parts of Indravati Tiger Reserve which
was assessed for the first time in 12 years by sign surveys and genetic sampling. This landscape has four significant populations
namely Kanha-Pench, Tadoba-Navegaon-Nagzira, Bandhavgarh& Nagarjunasagar. All these populations have crucial corridor
connectivity for gene flow but face challenges due to developmental projects like road widening and mining. itis vital and urgent
to secure these corridors by adopting better mitigation measures. Simlipal harbours unique population of black tigers and faces
challenges due to immense human pressure. This population requires urgent attention as it has shown decline. The places where
tiger population can be augmented are Sanjay Dubri, Guru Ghasidas, Palamau, Satkosia and Udanti-Sitanadi Tiger Reserves.
Sahyadri-Sindhudurg part of Western Ghats in Maharashtra is showing encouraging trends in tiger occupancy and is contiguous
with Goa and Karnataka. Madhya Pradesh has done commendable work in relocating villages to restore habitat as well as
providing special attention to the existing corridors. Madhya Pradesh has also successfully experimented with translocation of

large herbivoreslike gaurand barasingha. Due to fragmented nature of Central Indian Landscape corridors are key to the future of
tigersurvival.

Fig 6. Tiger occupancy in the
Central Indian & Eastern
Ghats Landscape Complex
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Tiger population and occupancy has shown a substantial increase within this landscape. (Table 2, Fig. 7). The
landscape has recorded occupancy of tigersin 32511 sq. km (Fig. 8.). States of Karnataka, Kerala and Tamil Nadu
have all registered anincrease in tiger abundance. Goa now has a persistent tiger presence with about 3-5 tigers.
The Nagarhole-Bandipur-Mudumalai-Wayanad-BRT-5atyamangalam complex holds the world's single largest
tiger population currently estimated at over 585 tigers and largest tiger occupied landscape block (12,814 km’) in
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the country. The other important populations are Parambikulam, Periyar
and Bhadra Tiger Reserves.In Western Ghats Landscape. Western Ghats
terrain provides excellent connectivity and tigers have spread over most
of the landscape. The Sahyadri Tiger Reserve has 7 tigers (based on scat
DNA) which s although part of Westren Ghats Landscape is accounted foy,

in Maharasthra (Central Indian
Landscape). The Connectivity between
populations are threatened by
infrastructure development,
plantations and industrialization and
require ecologically sensitive
developmental planning. Karnataka
has done exemplary work in the
relocation of villages from tiger
reserves which has improved tiger
habitat.

Fig 8. Tiger occupancy
inthe Western Ghats
Landscape Complex

Tiger Detected in 2000, 2010 & 2014

Tiger Detected only in 2014

Tiger Reserve

Tiger not Detected in 2014 /2010 - 14
Not Sampled in 2014

State Boundary
International Boundary
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Tiger population status has shown improvement in the State of Assam with Kaziranga having the maximum number of tigers in the
landscape(Table 2, Fig. 10 & fig. 11). Evidence of tiger occurrence in the Karbi-Anglong (Assam), Dibang valley and Namdapha
Tiger Reserve (Arunachal Pradesh) are encouraging. On the basis of genetic sampling minimum 5 tigers were recorded in Dibang
valley and 4 tigers in Namdapha, Tiger Reserve, based on this count within search area density was estimated to be 0.77(SE 0.1)
tiger/100 sq km. Extrapolating this density to tiger habitat estimated by MaxEnt gave a potential tiger population of about 17 in

Reserve
International Boundary
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Namdapha and Dibang landscape block. Kaziranga landscape (2773 sq km) holds 163 tigers and
is one of the most important conservation unit not only for tigers but also for one horned
rhinoceros, barasingha, wild buffalo, pygmy hog and Bengal florican. This area is connected
with Karbi-Anglong in south, Nameriin the north and Orang on its west. Kaziranga gets flooded
every year by Brahmaputra and Karbi hills provide an important refuge. It is crucial to manage
traffic on the highway passing through Kaziranga by using green infrastructure and modern
technology. Namdapha has remained a low density area, while Dibang has recently recorded
breeding females. Two tigers were identified in Buxa on the basis of scat based DNA. Our research
team has found no tiger sign in Buxa. The Buxa tiger population is declining and needs special
attention. The other important populations in this landscape are Pakke in Arunachal Pradesh,
Nameri and Manas in Assam, all these populations are low density areas and are potential sites
needing support and assistance for better conservation.

Fig 10. Tiger
occupancy in the
North Eastern Hills
and Brahmaputra
Flood Plains

Tiger Detected in 2000, :

Tiger Detected only in 2014
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Swaelashans

Tiger population in the Sundarbans has remained stable and is estimated to be about 76 (62 to 96) tigers (Fig. 9).
Major part of the Sundarbans has now been camera trapped. The Indian Sundarbans are contiguous with the
Bangladesh, together they form animportant population of high conservation significance. Both countries have
toensure that the tiger habitat connectivity will be secured forlong term survival of these unique tigers.

Fig 11. Tiger population in
Sundarbans and tiger densit

Sundarbans
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CORGHIBINS

An unprecedented effort of camera trapping and field surveys
across tiger occupied habitats was undertaken for this
assessment . This effort has resulted in the photo-capture of
1686 individual tigers, constituting over 75% of the total
estimated population of 2226 tigers. Currently 921,164 sq km
of forest has been occupied by tiger, recording an11% increase
in occupancy. Tiger populations have increased in several
states. Notable amongst these are the states of Uttrakhand,
Karnataka, Tamil Nadu, Kerala and Madhya Pradesh. There are
6 populations which are sufficiently large enough to hold a self
sustaining population, these are, Nagarhole-Bandipur-
Wayanad-Mudumalai-BRT-S5tyamangalam, Corbett-
Dudhwa, Kanha-Pench, Tadoba-Navegaon-Nagzira,
Kaziranga-Pakke and Sunderbans. However all populations
depend on intervening corridors and surrounding reserve
forests for continued survival.

It is now clear from three cycles of country wide assessment
that tiger populations, indicative of intact functioning
ecosystems, respond well to reduction in human pressures,
protection, prey availability and habitat restoration. Strong
political will, commitment to conservation by wildlife
managers and improved protection have paid dividends.

Areas where there is a potential to further increase tiger
populations are Sanjay-Guru Ghasidas landscape shared by
Madhya Pradesh and Chhattisgarh, Kawal and Srisailam Tiger
Reserve in Andhra Pradesh and Telangana, Simlipal and
Satkosia Tiger Reserves in Odisha, Manas Tiger Reserve in
Assam, Buxa Tiger Reserve in West Bengal, Palamau Tiger
Reserve in Jharkhand, Achanakmar and Indravati Tiger
reserves in Chhattisgarh. These Protected Areas would benefit
from conservation inputs that would restore habitat, prey
populations and in extreme cases supplementation of tigers.

Future of tigers in India depends on maintaining inviolate core
habitats for breeding tiger populations, habitat connectivity
for genetic exchange and protection from poaching of tigers
andtheirprey.
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"Don't destroy the forest where tigers live.
Without the forests, there is no existence
of tigers. Forest is protected by the tiger

and the forest too protects the tiger!”
(The Mahabharat)



e WWW.Wii.gov.in
Wildlife Institute of India www.projecttiger.nic.in
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