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INDIA: 2.2% of earth’s land area 
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INDIA: THE CONTEXT FOR SAVING NATURE

Human population 4 times; Area 1/3 of USA. 

Over 60% are poor, rural, rely on agriculture/animal 

husbandry

Over 60% use wood/biomass for energy + shelter

A modern economy growing at 6-9 % per year.

“Natural” forests cover 10%, “Parks” only 3% of land 

“Effective Protection” covers only about 1%





…BUT, IS THERE ROOM FOR TIGERS HERE?
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Prey over-hunting:  Key driver of tiger 
declines



















MALENAD TIGER LANDSCAPE



1986-1992: TIGER ECOLOGY AND 

BEHAVIOR 
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TIGER SOCIAL ORGANIZATION AND LAND TENURE 

PATTERNS



TIGER HOME RANGES





1990s EMERGENCE OF TIGER 

TRADE



The count obtained is a proportion of individuals actually 
present in the area of interest

Where         is the estimated abundance in the area of interest,

is the count obtained during the survey (number 
of animals captured), 

is the proportion of area surveyed and

is the detection probability

Animal Population Estimation: 

Problem of Imperfect Detection
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• Can be used for species that we can 

see, count and measure distances to…

• Detection probability is modeled and 

estimated from these distance 

detection data

Prey Species: Distance sampling



Prey Species: Distance sampling

• Estimating prey numbers in large landscapes

• Determining key determinants of ungulate 

abundance

• Estimating ‘how many tigers can potentially be 

there



• HOW TO COUNT 

TIGERS

• THE ‘PUGMARK 

CENSUS’ 

• THE PROBLEMS WITH 

IT



Pugmark Census to Photographic Sampling





• Unique individual 

identifications

• Closed capture-recapture

sampling in a short period each 

year

• Multiple years of such sampling 

using open capture-recapture 

models

• Density, numbers, changes over 

time, survival and recruitment 

rates: Population dyamics

1995: Photographic 

Capture–recapture Sampling

















Tiger-Prey Relationships



Malenad Tiger Landscape:  Monitoring Scale

Number of PA sites: 7

Area sampled: 6000 km
2

Total number of trap nights (in 7 sites): 23,350

Total number of trap locations (in 7 sites): 727

Total number of line transects (in 5 sites): 234

Total line transect walk effort (in 5 sites): 5,676 

km

Dandeli-Anshi

Bhadra

Nagarahole

Bandipur

BRT

Goa

Wayanad





Training and Capacity-building 

60



WCS-INDIA: Animal Monitoring 

Infrastructure

• Research and Analysis Centre: Bangalore

• Field Training Centre at Hulikanu, Bhadra

• Field camps : 05

• 4 X 4 field vehicles :20

• Camera traps: 600+ 

• Camera trap shells (600)

• GPS units (84)

• Laser rangefinders (62)

• Compasses (80)



Personnel







• Pattern is compared with previous images

• High similarity scores

• Visual identification for final verification

Program ExtractCompare

Rank1 image 

has matched



• Speedy, accurate 

identification

• Matching of seized 

tiger skins of 

identified 

individuals

• Long-distance 

movement of tigers 

across sites

Program ExtractCompare



Individual identification of tigers using DNA 

extracted non-invasively field-collected scats

Advances: Genetic Captures of Tigers



Estimating how 

capture 

probability 

varies across a 

study area

Advances: Spatial Capture-Recapture 

Models



• Extensions to the model generalize it to apply to a wide range of 

scenarios:

• Multiple captures within sampling occasions

• Heterogeneity, covariate modeling, variable effort, behavior

Spatial Capture Recapture: Extensions



NHT-132

2004

1996

2006

Tracking fate of individuals over time…and space



NHT-267
Dec 2008: Nagarahole

Feb-Apr 2009: Cicada 
Resorts

Jul 2009: Found 
dead

Jun 2009: Captured, released in 
Bhadra

Tracking individuals over time…and space



BPT-159 (FEMALE)

• First captured: 12 April-2004

• Last captured: 3 Dec 2005

• Captured in 2004 and 2005, on 

Chowdapura Kere Road and 

Marigudi Road

• Skin seized by the Karnataka 

Forest Department on 19-Sep-

2007 near Doddabargi village in 

Bandipur

Tracking individuals over time…and space



Cumulative Number of Individual Tigers 

Photo-captured in Malenad

Year No. of Unique Individual Tigers 

1990 - 2003 110

2004 180

2005 240

2006 279

2007 313

2008 343

2009 387

2010 426

2011 512

2012 634

2013 746

2014 788

2015 888



• Study in Nagarahole with 10 ‘primary’ samples (1991-2000)

• Multiple ‘secondary’ samples in each primary sample

• Integrated approach to modeling closed and open population data

• Total of 5,725 trap-nights of effort

• 74 individual tigers (> 2 years age) photo-captured

Tiger Population Dynamics:

Open Model Capture–recapture 



Assessing Tiger Population Dynamics:

Open Model Capture–recapture 

RESULTS

• Annual survival rate estimate: 0.77 (0.051)

• Tiger densities/100 km
2
: 7.33 (0.8) to 21.73 (1.7)

• Mean rate of annual population change: 1.03 (0.02)

• Annual recruitment: 0 (3.0) to 14 (2.9) tigers

• Temporary random emigration: 0.10 (0.069)

• Probability that a newly-caught individual is transient: 0.18 

(0.11)



BDT-130: 197 Km 

Monitoring Tiger Dispersal 



BPT-241:  280 Km 

Monitoring Tiger Dispersal 



Tiger Population: Sources & Sinks

Population source sites

‘Sinks’

Walston et al. 2010



Large Landscapes: Surveys of tiger and prey signs



Tiger Occupancy Sampling In

Malenad



Tiger Occupancy In Malenad



Modeling Tiger Occupancy in Malenad 



Estimating Tiger Abundance at Large Spatial Scales 

from Multiple Data Sources

• Tiger population dynamics at macro-ecological scales

• Need to formally integrate:

– ‘Expensive’ but reliable data from smaller spatial scales 

(SCR from reserve-level camera trap data)

– ‘Cheap’ but less reliable data at larger spatial scales 

(occupancy from landscape-level sign survey data)

• Hierarchical models under a Bayesian Approach



Tiger Abundance at Macro Spatial Scales:

Multiple Data Sources

Spatial Capture-recapture Estimates of tiger density in in reserves 

(30 cells)

Tiger sign encounter surveys in all 205 cells. 

Integrated modeling of data at two scales estimated 391 (±56SE) 
tigers in the Malenad Landscape





Sharing The Science



UPDATING KNOWLEDGE

Methods developed under the 

project now widely-used globally 

for monitoring tigers world-wide



Methods developed under the 

project now widely-used 

globally for monitoring of 

many secretive species

Camera-trapping: Tigers And Beyond



India: Challenges of Science-Deficiency 

in Conservation Practice

• Government monopoly on wildlife science

• Natural Laboratories: Restriction of access

• Disregard for peer-reviewed science

• Substandard Science and manipulation of data

• Conflict of interest between science and 

‘management’

• Lack of specialization and professionalism

• SOLUTION? Legislation to promote conservation 

science independent of management





THANK YOU

www.wcs.org
www.wcsindia.org
www.cwsindia.org


