
BIOLOGICAL & LAW ENFORCEMENT 
MONITORING AT THE LANDSCAPE 

AND SITE LEVEL 



GLOBAL TIGER INITATIVE

Double tiger numbers by 2022.

GOAL

THE APPROACH

ASSESSMENT /MONITORING

Policy & Institutional Changes (leading to)

More effective management/conservation (leading to)

Recovery of tiger populations

To provide feedback and adapt in the process, 

we must have Measures of Progress



• Long-term commitment  
to source sites

• Science-based approach

• Measurable targets

• Scaling up monitoring 
tools to a national, 
regional and global level

A MODEL FOR MEASURING PROGRESS



• Source sites  (core areas): 800 – 5,000 km2

– Focus of interventions 
– Optimal tiger recovery sites
– Scale at which progress will be measured and 

evaluated
• Tiger Conservation Landscapes (TCLs): 10,000 – 100,000 

km2

– Ensure connectivity
– Ripple effect of successful core-site recovery programs
• Early-warning threat monitoring

SPATIAL SCALES OF INTERVENTION



Monitoring management effectiveness tracks quality of 
management at source sites/protected areas;
Monitoring law enforcement effectiveness provides 
measures of anti-poaching efforts and results, measures 
of threats, and can improve law enforcement;
Monitoring Ungulate populations provide information 
on the effectiveness of interventions;
Monitoring Tiger populations are the ultimate measure 
of success;

Tiger populations may decline rapidly in response to 
intense poaching -
Therefore, always need to keep an eye on the status of 
tiger populations

Better 
management of PA

Increased patrol 
effort

Reduced poaching 
of prey

Increased prey 
populations

Increased tiger 
populations

SELECTING MONITORING PRIORITIES 

Increased tiger 
poaching



MONITORING TIGERS AND PREY

• There must be accountability for 
the GTI process to be substantive;

• Accountability requires effective 
monitoring to demonstrate results 
and ensure goals are being met (or 
adapting and adjusting strategies 
in the face of failure)

• Such a process allows us to learn 
and improve conservation efforts

Agreeing on Best Practices



MONITORING TIGERS AND PREY 

• Accountability Requires:
• Agreed upon methodologies;

• Comparability of Results across GTI 
Countries ;

• Scientific rigor

• Transparency;

• Peer-reviewed and published 
methods for providing reliable and 
unbiased population estimates;

• Adequate sampling intensity, 
spatial coverage and sample sizes

Agreeing on Best Practices



• Objective: Determine 
abundance, survival, and 
recruitment of tigers

• Tools: 
• 1) capture-recapture method 

(camera traps or DNA)
• 2) minimum count 

(camera traps or DNA)

• Indicator: Tiger numbers, survival 
and recruitment rates

• Frequency: Every year 

MONITORING TIGERS IN SOURCE SITES:
BEST PRACTICES



• What do you do with extremely low 
tiger numbers  (.e.g < 5 in a 
landscape)?

1.Don’t rule out using mark-recapture 
approach (Camera trapping with 
density = 0.5/100 km2 is possible).

2.Identification of areas used by tigers 
is critical at low density.

3.Collection of scat (DNA) may also be 
a viable alternative.

MONITORING TIGERS IN SOURCE SITES:
BEST PRACTICES



• What do you do with extremely low 
tiger numbers  (.e.g < 5 in a 
landscape)?

• If mark-recapture approach will not 
work:

1. Attempt Minimum Count  estimate:
Use one method (DNA, photos) but 

don’t combine methods (e.g. 
tracks, scat, photos).

2. Limit time frame (e.g., 3 months)
3. Use all information (scats, tracks 

photos) for management 
purposes, but not for population 
estimate.

MONITORING TIGERS IN SOURCE SITES:
BEST PRACTICES

tiger
leopard



• Objective: Determine 
abundance/relative abundance 
of prey species

• Tools: 
Prey density –
• Line Transect sampling
Index of prey density
- Occupancy modeling of 

signs
- Encounter rate indices using 

sign surveys

Frequency: Every year 

MONITORING PREY IN SOURCE SITES:
BEST PRACTICES



• Surveys in snow (Russia, 
NE China) provide special 
challenges & 
opportunities 

• But using scientifically 
valid approaches that 
include a measure of 
detectability should be 
conducted.

SURVEYING TIGERS/PREY IN SNOW
BEST PRACTICES



SURVEYING BROADER LANDSCAPES (TCLS)
BEST PRACTICES

• Objective: To assess the 
spatial distribution of 
tigers across a broader 
landscape

• Tool: Occupancy-modeling 
of detection/non-
detection of tiger sign

• Indicator: Tiger occupancy 

• Frequency: Every 3-5 
years 



TIGER ABUNDANCE INDEX POTENTIAL CORE SITES/CORRIDORS

SURVEYING BROADER LANDSCAPES

Leuser Ecosystem, 
Indonesia



HOW TO SELECT APPROPRIATE METHODS?

See GTI Handout: Scientific Monitoring

Table 1. Tiger prey and monitoring methodologies: objectives, scale, and 
intensity



HOW TO SELECT APPROPRIATE METHODS?

Table 1 cont. 
Tiger prey and 
monitoring 
methodologies: 
objectives, 
scaleand 
intensity



HOW TO SELECT APPROPRIATE METHODS?

Table 2. Equipment, manpower, and costs



Getting it Right:
The devil is in the details



WHAT DO WE MEASURE?
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LAW ENFORCEMENT MONITORING (LEM)

• Improve on-site planning and evaluation 
of law enforcement performance and 
threats 

- Mechanism to quickly convert data   into 
useful information for LE staff

• Measure changes in threat levels over 
time in response to law enforcement 
interventions

- Standardized indicators
- Standardized data collection and analyses

• Provide incentives for quality 
performance of inspectors 
- Standardized indicators of performance



• A user-friendly spatial Management 
Information SysTem (MIST)

• Focus on patrol-based data 
collection

WHAT IS MIST/SMART 
AND HOW CAN IT HELP LEM?

MIST/SMART provides:

• Accountability for law enforcement 
performance

• Distribution of illegal activities and key 
wildlife species for patrol planning

• Standardized indicators for monitoring 
trends in illegal activities

• A means of rewarding rangers for both 
effort and results



MIST/SMART SITES IN ASIA

Planned MIST sites
Current MIST sites

Территории, где используется MIST

Территории, где планируется 
использование MIST



IMPLEMENTATION OF MIST/SMART

Hunting index (#cases/patrol use)

0.00

0.01 - 0.20

0.21 - 0.33

0.34 - 0.67

0.68 - 1.31

Southwest Primorye, Russia and
Hunchun Reserve, China Allows comparisons 

across sites, across 
landscapes, across 
countries, and improves 
transboundary efforts



INTEGRATING MONITORING PROGRAMS

Patrolling Intensity 2008 Gaur Abundance Index 2008

Nam Et-Phou Louey NPA, Lao PDR

Low
Medium
High

Low

High



TO IMPLEMENT MONITORING SYSTEMS 
WITHIN GTI

1. WCS will collaborate with USGS to produce a guide to 
biological monitoring protocols for tigers by the end of 2011.  
We welcome collaboration with all others on this.
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TO IMPLEMENT MONITORING SYSTEMS 
WITHIN GTI
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practices for biological monitoring.
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produce an updated SMART software to replace MIST and 
other LEM monitoring programs.  Beta versions will be tested 
starting fall 2011. We believe this will be an improvement to 
MIST, M-Stripes, MIKE, etc. and will become the “best 
practice” software for law enforcement monitoring.
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for measuring and monitoring management effectiveness and 
will work in a supporting role to assist.



TO IMPLEMENT MONITORING SYSTEMS 
WITHIN GTI

1. WCS will collaborate with USGS to produce a guide to 
biological monitoring protocols for tigers by the end of 2011.  
We welcome collaboration with others on this. 

2. WCS can help organize a technical session for scientists 
from all interested parties to agree on site-specific best 
practices for biological monitoring.

3. WCS is already working in partnership with multiple parties to 
produce an updated SMART software to replace MIST and 
other LEM monitoring programs.  Beta versions will be tested 
starting December 2011.

4. WCS agrees with WWF in the importance of producing tools 
for measuring and monitoring management effectiveness will 
work in a supporting role to assist.

5. WCS will continue to work with GTI countries to use best 
practices in conducting biological and law enforcement 
monitoring.



A note of caution:
Patience and Perseverance!

Tiger populations will not always respond quickly to your 
interventions and monitoring – an example
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Total study period 
r = 0.0485

1986-1995
r = 0.0318

1996-2003
r = 0.0141
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r = 0.1046
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r = 0.0485

Patience and Perseverance

Tiger populations will not always respond quickly to your 
interventions and monitoring – an example

For the 38-year period, the observed rate of increase 4.85% per year.  
At this growth rate, the total population size doubled once every 14 years.

2xT > 12 Years



Cubs/litter (first observation) 2.98 2.4

Reproduction parameters           Nepal      Russia

Cubs/litter (1 year) 1.96 1.3

Age at 1rst Reproduction (yr) 3.5 3.5-4.5
Interbirth Interval (months) 21.6 21.8

34% difference

Population dynamics: Is Russia representative 
of tiger populations elsewhere?



Doubling of tiger numbers in 12 years…..Is  probably 
feasible in some landscapes, but only for populations 
low on the growth curve (and assuming prey near K).

Linear regression
y = 0.0485x + 1.927

R2 = 0.8739
Logarithmic regression

y = 0.6439Ln(x) + 1.1284
R2 = 0.9421
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Patience and Perseverance



• Accountability is critical to the GTI process and for every 
country’s tiger recovery efforts;

• Standardized methods exist that should be incorporated 
into each country’s effort at the site and landscape scales;

• Measures of progress should include:
– Statistically valid measures of tiger abundance
– Statistically valid measures of prey abundance
– Standardized measures of law enforcement effectiveness
– Standardized measures of management effectiveness;

• We suggest organizing a technical workshop to discuss 
site-specific monitoring methods;

• Patience and Perseverance are key!

Take-Home Messages



THANK YOU!
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GLOBAL TIGER INITATIVE

• TRCs plan to increase the effectiveness of tiger and 
habitat management, basing it on: 

-The application of modern and innovative science, 
standards, and technologies; 

-Regular monitoring of tigers, their prey, and habitat; 

-Adaptive management practices; and 

-Building capacity of institutions involved in science 
and training and creating a platform for interactive 
knowledge exchange at all levels.
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