LEARNING FROM OBSERVATIONAL DATA TO IMPROVE PROTECTED AREA MANAGEMENT
Project Details
The project is funded by NERC (the UK
government's National Environment
Research Council; project reference
NE/N001370/1) and is a collaboration
between scientists from the Universities of
Oxford, Edinburgh and York and the Wildlife
Conservation Society (WCS). The project will
last 3 years (January 2016–January 2019).

with significant implications for
biodiversity.
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Background
Law enforcement is an essential part of
Protected Area (PA) management. Over the
past decade the effectiveness of law
enforcement has been enhanced through the
development of tools such as MIST and
SMART (Spatial Monitoring and Research
Tool). Today, over 120 PAs across the world
have adopted SMART. Tools such as
SMART are beneficial in many ways; they
enable rangers to record geo-spatial
information such as patrol effort, patrol
routes, and observations and incidences of
illegal behaviour. These data can then be
analysed by PA managers to monitor
enforcement effort and inform future
patrolling strategies, as well as motivating
rangers and recording their patrolling effort.
Whilst observations made by rangers provide
important spatial information for protected
area managers, their overall utility for
monitoring, strategic planning and evaluation
is limited by inherent bias in the data
collection process. Recording of illegal
activities is influenced by a multitude of
ecological and social factors (e.g. route,
terrain, type of illegal activity, distribution of
wildlife, vegetation, access, detectability
probability, patrol team motivations, offender
behaviour), and unlike ecological studies
which only want to observe behaviour, the
fundamental purpose of patrols is to change
the behaviour of offenders. These factors
make the analysis of ranger-generated data
extremely complex. As yet there is neither a
clear strategy for how informative analyses
can be achieved, nor practical tools to
implement them. If this gap is not adequately
filled, conclusions drawn from SMART patrol
data may be biased and seriously misleading
(e.g. neglecting important but poorly patrolled
areas in favour of more visible ‘hotspots’),

Reporting bias

Regardless of whether SMART is used,
patrol teams need to be deployed
strategically. In order to support this
deployment, reliable information is needed on
poacher identities and behaviour; what is the
profile of a typical offender, where do they
poach and why, what gears and tactics do
they employ, and what interventions might
change their behaviour. Another fundamental
requirement is to be able to validate patrol
findings against expectations, so as to be
able to respond adaptively to change. Any
differences between the observations of
patrols and prior expectations need to be
understood, and biases or inaccuracies
separated out from genuine changes in
poacher behaviour.
Overall approach
The aim of this project is to address some of
these biases, knowledge gaps and
uncertainties. We have two interacting
strands to our work:
a) to develop basic ‘rules of thumb’ for
Protected Area managers across the world,
based on theory and modelling of the
potential biases and how they interact in
different circumstances. For example, these
rules of thumb may enable managers to
decide whether the data they have is
‘trustworthy’ and reflective of real patterns in
illegal behaviour.
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b) for a case study site, Keo Seima Wildlife
Sanctuary (KSWS), Cambodia, to collect and
analyse detailed information on ranger and
poacher motivations and behaviour, and to
use this to understand how ranger-collected
information could be used to inform strategic
deployment of patrols in future. For example,
we hope to answer some of the key
questions PA managers have, such as, what
is optimum level of enforcement effort
needed, and what is the most effective way to
deploy patrol teams?
Together, these two strands will combine to
produce new tools, guidance and
understanding that we hope will be useful to
SMART users at the PA level as well as
those who analyse ranger-collected
information to plan and monitor site-level or
portfolio-level conservation actions and
evaluate their effectiveness.
Research activities
The project will adopt a two-pronged
approach: field data collection to fill key
knowledge gaps and understand how both
patrol teams and poachers behave, and why,
using a range of quantitative and qualitative
approaches taken from sociology, social
psychology and behavioural economics; and
modelling using two methods broadly applied
in both ecology and security, but not yet
widely used in conservation, agent-based
modelling and Bayesian hierarchical
modelling (see Figure).
Agent Based Modelling (ABM) involves the
simulation of the behaviour of various

‘agents’ (in this case patrol teams and
offenders) in a virtual environment. The
model will incorporate several ‘layers’ of data
(e.g. information on terrain, vegetation,
wildlife distributions, settlements, borders, as
well as the motivation and decision-making of
patrol teams and poachers). It can then be
used to simulate interactions between each
of the agents under different scenarios, and
to investigate conditions under which simple
indices from SMART data such as Catch Per
Unit Effort (CPUE) can provide useful
information. Bayesian Hierarchical Modelling
(BHM) is a statistical modelling framework
that allows the interpretation of datasets
where processes are unobserved (such as
the detection of snares), so that estimates of
the prevalence of illegal activities, and the
factors associated with higher or lower levels
of these activities, are more robust.
For our first strand of work, we will create an
abstract ABM with simulated data. This will
be built using existing theories of illegal
behaviour, and knowledge about patrol and
poacher behaviour from a range of different
studies. This abstract ABM will allow us to
uncover general patterns in patrol data that
can be reliably linked to specific patrolpoacher interactions. We will develop
practical tools, such as SMART plug-ins, that
will enable PA managers to explore the types
of biases and uncertainties which they may
face in their particular situations.
For our second strand, at KSWS, we will use
existing datasets and collect new information.
Using existing MIST and SMART data, we
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will apply BHM to uncover patterns in ranger
observations of illegal activities in time and
space, and the associations between these
observations and bio-physical factors. At the
same time we will collect new information
about key processes which are currently
poorly understood or documented. These
datasets will be useful information for
KSWS's managers in their own right. We will
also use them to inform the development of a
more complex and realistic ABM, describing
the interactions between rangers and
poachers at KSWS.

Outputs and impact

Data collection

•

Whilst uniquely valuable datasets already
exist in KSWS (the reason why we selected
this site), we still lack some critical
information. We plan to fill data gaps through:
•
Snare Detection experiments over 1
year to estimate the probability of rangers
finding snares in different habitat types,
seasons and with different search
strategies
•
A household survey in villages to
estimate the prevalence of illegal activities
(hunting, logging, land clearance), and to
understand how hunters would act under
different enforcement scenarios.
•
Key informant interviews and focus
group discussions in villages to discuss
hunting strategies and tactics, and how it
fits in with their other livelihoods.
•
In depth interviews & focus group
discussions with law enforcement staff
(including FA, MoE, supervisors, military
police, SMART data entry & analysis staff)
to understand personal motivations and
patrolling behaviour.
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Our aim in this project is to support the
developers and users of ranger-generated
observational datasets, so that they can get
more from this increasingly important
information source. To this end, we aim to
interact with end-users from the beginning of
the project, and throughout, both at KSWS
and internationally. This will help us to
understand how we can contribute most
usefully to their ongoing work. Outputs which
we envisage could be useful include:

•

•

•

Guidance manuals on recognising,
avoiding and mitigating biases in
interpreting ranger-generated information,
including from SMART.
A SMART plug-in to identify whether a
given Protected Area and category of
illegal activity may have issues with
observational bias, and what these issues
might be.
Simple and practical rules of thumb to
help PA managers better interpret their
patrol data.
Answers to specific questions which are
of direct relevance in KSWS, such as:
o What factors affect snare
detectability in KSWS?
o How many people hunt? How,
where, when do they hunt?
o How might hunting effort change
under different enforcement &
economic scenarios?
o Where are the local wildlife trade
networks & how do they operate?
o How can patrol effectiveness be
improved when budget is limited?
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PROJECT TEAM MEMBERS & ROLES
Dr. Aidan Keane, (Uni. of Edinburgh)
Principal Investigator – Aidan is leading the
research and is responsible overall for the
whole project. He and EJ developed the
project proposal together.

Dr. Andrew Dobson, (Uni. of Edinburgh)
Post-doc Researcher, Andy is managed by
Aidan and is responsible for the designing
and developing the ABM and statistical
models. He is UK based.

Professor E.J. Milner-Gulland, (Uni. of
Oxford) Co-investigator – EJ will support
the modelling component and will be
overseeing the field component of the project.

Harriet Ibbett, (Uni. of Oxford) Research
Assistant, Harriet is managed by EJ and is
responsible for collecting, analysing and
interpreting new data in KSWS.

Dr. Colin Beale, (Uni. of York) Coinvestigator – Colin will provide expert
advice on the statistical modelling aspect of
the project.

Dr. Henry Travers, (Uni. of Oxford) Project
advisor – Henry is currently based at Oxford
Uni and is supporting this project on the
development and implementation of the
social research components.

Simon Mahood, (WCS) Project partner Simon is leading WCS's input into the project,
and will coordinate the relationship between
WCS staff in Cambodia and the rest of the
project team.

Dr. Hannah O’Kelly (Independent
consultant) Project advisor – Hannah is
currently a consultant on wildlife monitoring in
protected areas. She is providing advice on
the design of the snare detectability
experiments and wildlife distributions.
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