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SUMMARY

Many conservation interventions seek to change
resource users’ behaviour through the creation and
enforcement of rules. Their success depends on
changing the incentives of potential rule-breakers
and those who monitor and enforce compliance.
Project implementers may use payments to encourage
monitoring and sanctions to deter rule breaking
but there has been little research to examine
the effectiveness of such approaches in promoting
compliance with conservation rules. The effects
of payments and sanctions on poaching in a
hypothetical community-based conservation project
were investigated using an individual-based model
incorporating individual heterogeneity and a realistic
range of behaviours. Individuals could choose to poach,
monitor others’ behaviour, or ‘cheat’ (claim a fee
without actually monitoring behaviour). They could
also invest in avoidance to reduce their probability
of being detected breaking rules. Community-level
outcomes emerged from individuals’ choices and
strategic interactions. The model demonstrates that
payments and sanctions can interact strongly with one
another and that their effects depend on the economic
context in which they are applied. Sanctions were
more reliable than payments in reducing poaching and,
in some circumstances, payments produced perverse
effects. It is thus important to consider individual-level
heterogeneity and strategic decision-making when
designing interventions aimed at changing human
behaviour.

Keywords: agent based model, community conservation,
compliance, incentives, poaching, rule enforcement

INTRODUCTION

Conservation interventions are increasingly being devolved to
the community level (see for example Hackel 1999; Holmern
et al. 2007), while payments for ecosystem services (PES)
schemes use tangible benefits and sanctions to manipulate
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the incentives for individuals to behave in particular ways
(Sommerville et al. 2009). The outcomes of such interventions
emerge through the aggregation of their effects on individuals’
decision-making. However community-based conservation
is commonly criticized for failing to take account of the
heterogeneous nature of communities and the differing
incentives of individuals within them (Agrawal & Gibson
1999; Berkes 2004). As a result, there is a pressing need
to develop a better understanding of the incentives faced
by individuals, and how they can be modified to produce
community-level conservation outcomes.

Rules are ubiquitous in conservation and resource
management, and essential for their success (Ostrom 1990;
Gibson et al. 2005; Keane et al. 2008), yet the question of
how best to design and enforce systems of rules governing
local-level resource use has been particularly neglected in
conservation research (Robinson et al. 2010). To predict the
effects of an enforcement regime, it is not only necessary to
understand how an intervention affects the choices of potential
rule breakers, but also how it influences the behaviour
of those responsible for monitoring non-compliance, and
how these decisions interact (Akella & Canon 2004). In
community-based conservation, each person can choose
whether to break conservation rules and whether to monitor
and report rule breaking (although many community schemes
also incorporate elements of top-down approaches where
the roles of monitor and rule breaker are generally more
clearly delineated). Strategic interactions are therefore likely
to occur between individuals, since the costs and benefits of
monitoring or rule breaking depend on the prevalence of
these behaviours in the rest of the community (Gibson &
Marks 1995; Mesterton-Gibbons & Milner-Gulland 1998).
Furthermore, although community members may face the
same choices, differences in individuals’ characteristics and
motivations may cause them to respond to incentives very
differently. Failing to acknowledge these complexities in the
design of externally imposed interventions risks unintended
consequences.

Models of enforcement and compliance have generally
assumed that individuals are influenced by their perceptions
of the risk of punishment and the potential rewards (Garoupa
1997; Keane et al. 2008). Few of these models have
incorporated heterogeneity in individual characteristics, but
the aggregate effect of individual differences in behaviour
may have important consequences for conservation outcomes.
For example, the returns to a hunter from a day’s hunting
depend upon their skill at catching animals (Walker et al.
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2002), their choice of hunting strategy (Kümpel et al. 2009)
and the resources at their disposal (such as guns and cartridges
or wire for snares; Hill & Kintigh 2009). These factors vary
from one hunter to the next, and can cause large individual
differences in hunting success (Kümpel et al. 2009), meaning
that poaching may be intrinsically more attractive to some
individuals than others. Other forms of heterogeneity may
produce similar effects. For example, decisions about whether
to poach might vary according to an individual’s opportunity
costs (Damania et al. 2005), with those who are able to find
regular paid employment potentially facing lesser incentives to
hunt (Muchaal & Ngandjui 1999), or according to differences
in their ability to avoid detection and capture by enforcement
agents (Malik 1990).

Individuals responsible for monitoring compliance face
their own set of incentives, which may differ from the project
implementer’s expectations (Tsebelis 1989; Andreozzi 2004).
Monitoring incurs opportunity costs, may be dangerous (Hart
et al. 1997) and risks inviting recriminations from peers
(Robinson et al. 2010), so monitors may face incentives
to ‘cheat’ at their job (such as not patrolling as they are
meant to, or failing to report infractions). The position of
authority occupied by monitors may also create opportunities
for corruption (Mookherjee & Png 1995). For project
implementers, the main tools available to incentivize monitors
to perform their duties effectively are the payment of wages
and the provision of performance-related bonuses (Mesterton-
Gibbons & Milner-Gulland 1998; Jachmann 2008), but the
effectiveness of such payments has received little attention in
conservation and remains poorly understood (Mookherjee &
Png 1995; Andreozzi 2004).

Directly studying the interactions between rule-breakers
and monitors is both ethically and practically challenging
(Baker et al. 2011). Models provide a powerful tool for
exploring the implications of assumptions about how people
behave, informing the development of hypotheses and field-
based data collection (Keane et al. 2008). Here we use
an individual-based model (IBM) of a community-based
conservation project to examine how the incentives faced by
potential rule breakers and monitors are affected by payments
and sanctions, and how their behaviours interact to determine
levels of compliance. IBMs are simulation models that treat
individuals as discrete entities with at least one property in
addition to age that changes over time (Grimm & Railsback
2005). They have been widely applied in ecology and are
conceptually similar to agent-based models or multi-agent
simulation models (Bousquet & Le Page 2004). IBMs have
previously been used in the study of human decision-making
and social organization in natural resource management and
conservation (Berger 2001; Bousquet 2001; Castella et al. 2005;
van Vliet et al. 2010).

The ability of conservation interventions to change
behaviour has important social and cultural dimensions, but in
this study we focus on their way in which they affect individual
incentives. We explore how changes to three policy levers
which managers commonly have at their disposal, namely (1)

the fine incurred by poachers who are caught, (2) the fees paid
to individuals for performing monitoring duties and (3) the
size of bonus payments made to monitors for catching a rule-
breaker, affect community-level compliance with conservation
rules and conservation outcomes via their effects on the
behaviour of heterogeneous individual decision-makers.
Increases to any of these factors are generally expected to
improve compliance (fines by directly increasing the expected
costs of rule breaking; fees and bonuses by incentivizing
monitors, thereby indirectly increasing the probability that
acts of rule breaking are detected). We examine the effect of
individual-level heterogeneity on community-level outcomes,
expressed as variation in opportunity costs, hunting success
and ability to avoid detection. In contrast to other models
of enforcement and compliance, our approach allows the
functional form of a community’s response to policy levers
to emerge from the aggregation of individual decisions, rather
than being assumed a priori. This leads to testable predictions
about the community-level outcomes of commonly used
conservation interventions, both separately and in tandem,
which can be used to inform the design of incentive-based
community conservation interventions.

METHODS

Model structure

We modelled a small community-based project intended to
reduce poaching of a protected species (see for example
Child 1996; Hackel 1999; Holmern et al. 2007). To achieve
this, the project provided incentives for community members
(1) to refrain from poaching, and (2) to monitor whether
others poach, using a combination of rewards and sanctions.
Rewards for desirable behaviour included a community-
level payment, fees for monitoring and bonus payments
for reporting poaching. Community payments based on
indicators of conservation success are increasingly common
in conservation projects (see for example Sommerville
et al. 2010) and bonuses for enforcement agents have been
widely implemented to improve monitoring effectiveness
(see Jachmann 2008). Sanctions include fines for individuals
caught poaching and monitors found to be neglecting their
duties, which are common to many systems of enforcement.
The model draws upon the much simpler analytical model of
Mesterton-Gibbons and Milner-Gulland (1998).

The community consisted of n individuals who differed in
three respects: (1) their opportunity costs of participating in
monitoring and of hunting, (2) their average hunting success
(which incorporates hunting effort in the traditional sense of
the word, the ‘catchability’ of their prey and other factors
such as their equipment, innate skill and experience), and (3)
the degree to which they were willing to invest in avoidance
behaviour to reduce their chances of punishment when
breaking rules. These characteristics were drawn randomly
from normal distributions and were independent of one
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Table 1 Pay-offs to each strategy component. An ‘×’ in one of the final six columns indicates that strategy receives
the pay-off component. The strategies are denoted by the abbreviations: PM = poach and monitor; PC = poach and
cheat; PO = poach and neither monitor nor cheat; NM = do not poach but monitor; NC = do not poach but cheat;
NO = do not poach and neither cheat nor monitor.

Component Pay-off equation Strategy

PM PC PO NM NC NO
Community benefit, W W = Bt × × × × × ×
Monitor’s pay-off, M M = Yi,t × ×
Poacher’s pay-off, P P = �i,t − Ui,t − Ai,t × × ×
Cheat’s pay-off, C C = Fi,t × ×
Alternative pay-off, oi oi ×

another. Once assigned to an individual, they were fixed and
did not vary between rounds.

In a given round, each individual adopted one of six
strategies resulting from the combination of their monitoring
and poaching choices (Table 1). Individuals could poach or
not poach, and monitor, cheat (pretend to monitor without
performing their duties) or do neither. An individual’s success
in a round depended upon their strategy choice, the choices
of the rest of the population, their individual characteristics
and, for poachers, the size of the animal population. We
assumed that these strategies required no special skills or
investment in particular technologies, so there were no
barriers to individuals switching between them. Individuals
who neither poached nor monitored were assumed to pursue
an alternative livelihood strategy.

Community benefit, W
The community received a payment from an external
organization in each round. For the first five rounds this was
fixed at its maximum, Bmax, and each individual received an
equal share, Bt:

Bt = Bmax

n
(1)

This grace period was intended to ensure that the
community benefit was not immediately lost if the model was
initiated using a scenario involving high levels of poaching.
Subsequently, we reduced the amount paid in proportion to
the number of poachers caught in the previous round, nκ ,t−1.
The payment per individual was therefore:

Bt = Bmax

n

(
1 − nκ,t−1

n

)
(2)

Pay-off from poaching, P
Individual i’s revenue from poaching in round t, �i,t, was the
product of their catch, hi,t, and the revenue per animal, v:

�i,t = vhi,t (3)

The number of animals caught by individual i in round t,
hi,t, was drawn from a Poisson distribution whose mean was the
size of the prey population in that round, Xt multiplied by the

focal individual’s average hunting success, ei. Only the variable
costs of hunting were considered, and were incorporated into
the revenue per animal. We assumed the effect of hunting
on market supply was negligible and individual effort did not
vary, so v was thus constant.

The hunted species’ population dynamics were described
by a discrete logistic equation. The number of animals in
round t, Xt, was:

Xt = Xt−1 + ρXt−1

(
1 − Xt−1

K

)
−

n∑
i=1

hi, t−1 (4)

where ρ is the intrinsic growth rate and K is the environmental
carrying capacity.

All poachers risk capture and punishment but can expend
resources on avoidance in order to reduce the probability
of detection (Malik 1990). Avoidance behaviour has costs
(such as time away from hunting or using less noticeable
but less efficient equipment). We assumed a fixed cost, a,
per unit of avoidance behaviour. We assumed that poachers
had a sense of the risk involved in poaching, through gossip
or a similar mechanism. The total cost of avoidance by
individual i in round t, Ai,t, was therefore a function of the
proportion of poachers who were caught in the previous round
(representing the perceived current risk of poaching) and the
focal individual’s ‘propensity to avoid detection’, αi,:

Ai, t = aαi
nκ, t−1

n P, t−1
(5)

where nP,t-1 was the total number of individuals poaching in
the previous round and nκ ,t-1 was the number of individuals
caught poaching in the previous round.

The probability that individual i was detected poaching
in round t, di,t reduced as avoidance increased, but with
diminishing returns:

di,t = 1 −
⎛
⎝1 − p

αi

(
nκ, t−1

n P, t−1

)
+ 1

⎞
⎠

n M,t

(6)

where p is the baseline probability that a poacher was detected
by any monitor before avoidance was taken into account, and
nM,t was the number of monitors in round t.
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We assumed that poachers were caught with the animals
they had killed in their possession. If a poacher is detected,
punishment therefore takes the form of a fine, u, per animal
caught, which has previously been shown to be more effective
than a fixed fine (Milner-Gulland & Leader-Williams 1992).
The fine paid by poacher i in round t, Ui,t, was:

Ui,t =
{

hi,t u if caught
0 if not caught

(7)

Pay-off from monitoring, M
Monitors received a fee, f, per round, but faced a cost of social
opprobrium, s, proportional to the number of poachers caught
during round t. This cost reflected the resentment of poachers
towards the monitors who had caught them (Robinson et al.
2010). The net gain from monitoring, Yi,t, was thus:

Yi,t = f − s nκ,i,t (8)

The first individual to report a poaching incident was also
paid a bonus, j, as an incentive to monitor effectively. The
bonuses paid to monitor i in round t, Ji,t, were:

Ji,t = j nκ,i,t (9)

where nκ ,i,t is the number of poachers caught by individual i
in round t.

Pay-off from cheating, C
Individuals may also ‘cheat’ by claiming their fee without
performing their duties. Cheating would not incur the social
opprobrium of monitoring, but individuals would not earn
bonuses and risked punishment if detected. The probability
that individual i was caught cheating in round t, gi,t, was:

gi,t = 1 − (1 − q )n M,t (10)

where q was the probability that a cheat was detected by any
individual monitor.

If caught, cheats lost their monitoring fee for the round
and were fined a fixed amount, k. The pay-off for cheating in
round t for individual i was thus:

Fi,t =
{−k

f
if caught
if not caught

(11)

Pay-off from alternative livelihoods, oi

Strategies involving combinations of poaching, monitoring
or cheating were assumed to occupy all of an individual’s
time. Individuals who did not pursue these activities may
instead have adopted other livelihood activities. The pay-off
to individual i from alternative livelihood activities was oi,
and represented their opportunity costs of participating in the
wildlife management scheme.

Parameterization and implementation

We implemented the model using R version 2.10.1 (R
Development Core Team 2009). Few data were available to
guide the model’s parameterization, so we selected baseline
parameter values based on exploratory runs to ensure that
the system did not lie at the extremes of parameter space
(Appendix 1, Table S1, see supplementary material at
Journals.cambridge.org/ENC). Similar ‘paradigmatic’ IBMs
(Grimm & Railsback 2005) have a long history of use in
theoretical ecology to explore the consequences of individual-
level processes on patterns at more aggregated levels (see for
example łomnicki 1978; Uchmański 1985, 1999; Grimm &
Uchmański 2002).

During a typical model run, the system slowly approached
equilibrium, which displayed relatively little variation for a
given set of parameter values. Each simulation was therefore
allowed to run for 2000 rounds, by which time the system
invariably reached equilibrium, and we averaged the results
over five repeats to reduce the effects of minor stochastic
differences between runs.

The community was not subject to immigration or
emigration so remained constant at 498 individuals, a realistic
size for a small community. At the beginning of a run,
individuals were assigned evenly to the six strategies available
for the purposes of initialization. After each round, we
calculated individual pay-offs, and the 30 people receiving
the lowest pay-off were allowed to change their strategy.
Twenty-four were randomly assigned one of the strategies
adopted by the 24 most successful individuals, while the
remaining six chose a new strategy at random. This was
designed to reflect a process whereby individuals strive to
emulate their more successful peers based on imperfect
knowledge about the success of different strategies. The
differing pay-offs between individuals and assigning a random
choice of strategy to a small number of individuals ensured
that the model did not settle at local optima. We used
preliminary sensitivity analyses to verify that the model
outputs were robust to moderate changes in the initial strategy
distribution and the number of individuals changing strategy
per round.

Analyses

Our analyses sought to test how changes to the three policy
levers under consideration affected levels of poaching and
monitoring within the community, as well as the conservation
outcome of the size of the animal population. First, the
behaviour of the system was determined for a baseline
scenario, in which the level of the intervention was as low
as possible (namely no fines, and no expenditure on paying
either fees or bonuses to monitors). Next, we modelled a
series of scenarios corresponding to the use of one or more
of the policy levers to encourage monitoring and discourage
poaching (Appendix 1, Table S2„ see supplementary material
at Journals.cambridge.org/ENC).
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RESULTS

‘Zero-enforcement’ baseline

With no fines for poaching and no resources devoted to
encouraging monitoring (Scenario 1), poaching strategies
dominate. At equilibrium, the animal population was
approximately 38% of carrying capacity (Fig. 1). Few
individuals monitored, so the probability that poachers
were detected was small. The majority of individuals
therefore spent their time poaching, while a smaller group
pursued alternative livelihoods because their opportunity
costs outweighed the revenues they received from poaching,
which were a function of both the animal population size Xt

and their hunting success, ei.

Enforcement scenarios

In a scenario where only fines were implemented (Scenario 2),
approximately half of the community poached. Others
pursued alternative livelihoods because the risk of fines
reduced the relative profitability of poaching. Few individuals
adopted a monitoring strategy, so there was only a small
increase in the probability that poachers were detected, but
this was enough to reduce the number of individuals poaching,
such that the equilibrium animal population increased to 62%
of carrying capacity.

By contrast, the payment of fees or bonuses for monitoring,
separately or together, did not affect the equilibrium animal
population in the absence of fines. Paying fees alone (Scenario
3) raised the proportion of poachers who also cheated, but
produced only a small increase in the number of monitors.
The scarcity of monitors meant that cheats were unlikely to
be detected and, in the absence of this deterrent, the cost
of social opprobrium for monitors outweighed the potential
rewards from bonus payments. The pay-off for cheating also
made cheating and poaching more profitable than alternative
livelihoods for many individuals. The payment of bonuses
(Scenario 4) increased the proportion of the community who
both poached and monitored, resulting in a higher probability
that poachers were detected, but remaining insufficient for
the strategy of monitoring without poaching to become
profitable for any individual. The pattern was similar when
both fees and bonuses were paid (Scenario 7), with further
increases in the number of individuals who both poached
and monitored and in the probability that poachers were
detected. Although scenarios in which fees or bonuses were
paid without the imposition of fines for poaching (Scenarios
3, 4 and 7) produced a rise in the probability of detecting
poachers, poaching was not discouraged, because there were
no consequences for poachers who were caught. Consequently
none of these scenarios caused a change in the overall number
of poachers or the equilibrium animal population (Fig. 1).

Counterintuitively, the implementation of fines and fees
together (Scenario 5) resulted in a lower probability
of detecting poaching and smaller equilibrium resource
population than using fines alone (Scenario 2). This occurred
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Figure 1 Comparison of a ‘zero enforcement’ baseline (Scenario 1
[S1]) with scenarios (S2–S8) where different combinations of fines
for poaching and fees and bonuses for monitoring are used to
encourage compliance (Appendix 1, Table S2 provides details of
the scenarios, see supplementary material at
Journals.cambridge.org/ENC). Top: the equilibrium animal
population under each scenario; middle: the proportion of the
community that adopts each strategy; and bottom: the resultant
probability (prob.) that poachers are detected, with error bars
indicating the range within which 95% of simulations fell. The
strategies adopted are denoted by the following abbreviations:
NO = pursue alternative livelihoods, neither poaching nor
monitoring; NC = do not poach and cheat at monitoring; NM = do
not poach but monitor; PO = poach and neither monitor nor cheat;
PC = poach and cheat at monitoring; PM = poach and monitor.

because the majority of the community chose to poach and
cheat. The payment of fees increased the returns to both
monitoring and cheating strategies, but only monitoring
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strategies incurred the costs of social opprobrium and only
cheats bore the costs of punishment if they were caught. In
Scenario 3, where only fees were implemented, a large number
of poachers chose to neither monitor nor cheat to avoid these
costs. However, the addition of fines for poaching reduced
the returns to poaching. Monitoring remained unprofitable
because of the costs of social opprobrium, so, in Scenario 5,
the balance of incentives was tipped in favour of cheating.

By contrast, scenarios with fines and bonuses together
(Scenario 6) or fines, bonuses and fees (Scenario 8) were
dramatically different, with virtually the entire community
refraining from poaching and monitoring the behaviour
of others. In these scenarios, the payment of bonuses to
monitors outweighed the effects of social opprobrium, and the
imposition of fines reduced the returns to poaching, making
the strategy that conservationists were aiming for (monitoring
and not poaching) the most profitable for all individuals.
Under both scenarios, the probability of detecting poaching
was high and the resource population was close to carrying
capacity.

Effects of varying policy levers

Changes to each of the policy levers may affect the probability
that poachers are detected, the proportion of the community
that monitors and the size of the resource population. The
specific responses to these changes vary between the policy
levers and according to the economic context in which they
are used.

The probability of detecting poachers showed two distinct
regions, depending on the level of fine per animal. Above a
threshold fine level, the probability of detection was quite
variable, but did not respond to changes in either the fees
or bonuses paid to monitors. Below the threshold fine level,
however, the probability of detection rose steadily with both
fees and bonuses (Fig. 2a–c). These changes were only
partially reflected in the size of the resource population
(Fig. 2d–f). Again, two regions of distinct behaviour could be
distinguished, above and below a threshold fine level. Unlike
probability of detection, however, the sizes of the monitoring
fees and bonuses paid only had a significant influence on
the resource population at intermediate fine levels. Here, the
effects of small changes to bonuses and fees were ambiguous
and could produce either increases or decreases in the resource
population.

Two examples illustrate the potential for perverse effects
caused by raising the fees and bonuses paid to monitors
(Fig. 3). The strategy set and outcome variables for an
intermediate level of fine, relatively low fees and profitable
alternative livelihoods varied as bonuses increased (Fig. 3a).
When no bonuses were paid, a high proportion of the
community poached and cheated. Initially, the number of
cheats declined and disappeared as bonuses were increased,
with some individuals poaching and monitoring, but the
majority pursuing alternative livelihoods. However, further
increases in bonuses were counterproductive, as the strategy

of poaching and monitoring became more profitable and
was adopted by an increasing proportion of the community;
as the number of poachers began to rise again, the
resource population declined. Finally, at higher bonus levels,
monitoring without poaching became profitable, and began
to replace both the poaching and monitoring, and alternative
livelihoods strategies.

Increases in the size of monitoring fees, given an
intermediate fine for poaching but no bonuses paid to
monitors, produced similar results (Fig. 3b). When no fees
were paid, the community was split between the three
poaching strategies and alternative livelihoods. In this case,
raising the fee initially led to increased poaching, with the
majority poaching and cheating. Since the probability of being
caught cheating or poaching was small, the payment of a small
monitoring fee improved the profitability of poaching and
cheating, effectively subsidizing poaching, and the resource
population fell. Further increases in the fee eventually tipped
the balance in favour of monitoring, with the majority of the
community also stopping poaching.

Influence of external factors on policy levers’ effects

The results of changes to the three policy levers also depend
on the context in which they are applied. One important
influence is the value of the resource to poachers. Increases
or decreases in the returns to poaching shift the threshold
fine level higher and lower respectively, with the threshold
occurring approximately at the point where the returns per
animal killed are equal to the fine for poaching.

Differences in the ease of detecting cheats primarily affected
the system’s response to fees. For example, when it was very
difficult to detect cheats, the range over which increases in
fees perversely reduce the resource population became much
larger (Fig. 4a). By contrast, there were no perverse effects of
paying fees when cheats were easily detected (Fig. 4c).

Changes in the average pay-off for alternative livelihoods
modified the effects of all three policy levers. For example,
alternative livelihoods produced low profits, and increases in
the size of bonus payments rapidly increased the resource
population. Increases to the size of the monitoring fee may
initially have a perverse effect, producing a large fall in the
resource population because cheating, rather than monitoring,
is favoured, reducing the threat of punishment for poachers.
When the profitability of alternative livelihoods increased,
increases to the size of bonus payments produced a slower
increase in the size of the resource population because bonuses
must be much higher for monitoring to be favoured. In
addition, when alternative livelihoods were more profitable,
the region over which increasing the payment of fees produces
perverse effects became smaller and ultimately disappeared.

DISCUSSION

Changing people’s behaviour is an important goal of many
conservation interventions (St John et al. 2010). Over time,
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Figure 2 Changes in (a–c) the probability (prob.) that poachers are detected and (d–f) the size of the equilibrium resource population in
response to changes in pairs of the three policy levers. The values of all other parameters, including the third policy lever, are held at their
baseline levels (Appendix 1, Table S1, see supplementary material at Journals.cambridge.org/ENC). Points on the surfaces represent the
state of the system when the focal policy levers are set at a specific pair of values and connecting lines indicate examples of how the system
state changes in response to changes in a single policy lever, with all other factors held constant.

the emphasis on how to achieve this has shifted from the
enforcement of strictly protected areas (Oates 1999), to
community-based participatory conservation (Lewis et al.
1990) and, more recently, the potential of PES (Ferraro

2002; Engel et al. 2008). However, these approaches share
considerable common ground, since they all represent
strategies for changing individual incentives to abide by rules
or agreements. Understanding these incentives, and how they
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Figure 3 Examples illustrating the potential for perverse effects of payments intended to increase compliance by encouraging monitoring.
(a) Effects of increasing the size of bonus (j) paid to monitors given an intermediate fine for poaching (k = 35), and relatively low fee (f = 25)
paid to monitors and higher mean pay-offs for alternative livelihoods (mean oi = 40). (b) Effects of increasing the size of fee (f) paid to
monitors given intermediate fines (k = 40) for poaching, but no bonus paid to monitors (j = 0). Top: the equilibrium animal population
under each scenario; middle: the proportion of the community that adopts each strategy; and bottom: the resultant probability (prob.) that
poachers are detected. The strategies adopted are denoted by the following abbreviations: NO = pursue alternative livelihoods, neither
poaching nor monitoring; NC = do not poach and cheat at monitoring; NM = do not poach but monitor; PO = poach and neither monitor
nor cheat; PC = poach and cheat at monitoring; PM = poach and monitor.

can be modified in beneficial ways, has increasingly been
recognized as crucial for effective conservation, particularly
in the literature on market-based instruments (Ferraro 2002;
Engel et al. 2008; Sommerville et al. 2009).

Previous studies examining the enforcement of resource-
use rules have tended to concentrate on the users’ incentives
(for example fishers or poachers; Leader-Williams & Milner-
Gulland 1993; Skonhoft & Solstad 1996; Damania et al. 2005).
However, the success of enforcement also depends crucially
on monitors’ incentives to carry out their duties (Mookherjee
& Png 1995; Mesterton-Gibbons & Milner-Gulland 1998;
Robinson et al. 2010). The model presented here explores
the effects on conservation outcomes of changes to three
potential policy levers intended to promote monitoring and
discourage poaching. Within the region of parameter space

explored, we found that increasing the fine per animal for
poachers was generally the most robust tool for improving
outcomes. However, this finding must be weighed against
the disadvantages of high fines. Early economic models
of crime and enforcement saw changes to the probability
that rule breakers were detected and punished, and the
severity of subsequent penalties as having equivalent effects
on deterrence. From this, it was concluded that an optimal
enforcement strategy would raise fines as high as possible
(since this was seen as costless), so that the deterrent effect
upon rule-breaking could be maintained with lower levels
of costly monitoring (Becker 1968). Subsequently, however,
many extensions to Becker’s model demonstrated why fines
cannot, in practice, be set at very high levels (Garoupa 1997;
Keane et al. 2008; Robinson et al. 2010). In conservation,
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Figure 4 The effect on the equilibrium animal population of
changing the size of fees and bonuses paid to monitors for three
scenarios, differing according to the ease of detecting cheats, q. The
scenarios are (a) q = 0.002, (b) q = 0.01, and (c) q = 0.05. All other
parameters values are held at their baseline levels (Appendix 1,
Table S1, see supplementary material at Journals.cambridge.org/
ENC). Larger equilibrium animal populations are indicated by
lighter grey cells, while smaller populations are indicated by darker
cells (see key to the side of the figure). Perverse effects can be seen
where increasing either fee or bonus level leads to a smaller animal
population (namely, darker cells).

‘fences and fines’ approaches have gradually fallen out of
favour (Oates 1999) and harsh enforcement regimes may
undermine relationships between conservation and local
people (see Infield & Namara 2001; Wilshusen et al. 2002).

In our system, increases in the size of fees and bonuses
paid to monitors generally produced smaller changes than
increases in fines, and, in some cases, led to perverse effects.
Mesterton-Gibbons and Milner-Gulland (1998) found that
the payment of fees was essential for the stability of monitoring
as a strategy. The discrepancy between this finding and ours
results from differences in the range of behaviours which
modelled individuals were allowed to adopt. In particular, we
considered an additional component to individuals’ strategies
(cheating) and allowed poachers to invest in avoidance to
reduce their risk of being detected and punished. Both of these
behaviours are commonly observed in practice (see Malik
1990; Polinsky & Shavell 2001; Randall 2004).

In our model, fines are a more robust strategy than fees and
bonuses because their effect is more direct; raising the level
of fines in the model always lowers the average profitability
of poaching. By contrast, the payment of fees or bonuses
can lead to more poaching in certain circumstances, because
both payments increase the profitability of monitoring both
for individuals who poach as well as those that do not, so
do not necessarily favour monitoring without poaching over
monitoring and poaching. Similarly, the payment of fees
can encourage monitoring, but where cheating is hard to
detect it may be more profitable than actually monitoring.
An individual’s additional income from monitoring fees
can therefore increase the profitability of strategies that
include poaching, resulting in individuals switching from non-
poaching to poaching strategies.

Our approach highlights an important limitation of models
of optimal enforcement, in which the severity of sanctions and
the probability of detection have generally been discussed as
separate inputs (see for example Becker 1968; Milner-Gulland
& Leader-Williams 1992; Garoupa 1997). Where decisions
are strategic, we found that the probability of detection
experienced by rule breakers can be partially determined by
the level of the fine, rather than the two being independent.
This can occur because higher fines for poachers reduce the
profitability of poaching relative to other strategies. When
the returns to alternative livelihoods are low, the most profit-
able strategy is then not to poach, but to monitor, increasing
the probability that poaching and cheating are detected. This
interdependence between the probability of detection and fine
level is likely to be particularly pronounced where monitors are
recruited from small communities with few other livelihood
options. A formal optimization of enforcement strategies
based on our model is beyond the scope of this investigation,
but this result suggests that such interactions should be care-
fully accounted for in the design of conservation interventions.
If the probability of detecting rule-breaking and the severity of
sanctions are jointly determined, models that assume that they
are independent would tend to overestimate the investment in
enforcement needed to produce a desired level of compliance.

Finally, this study emphasizes the importance of context
and individual heterogeneity in determining the effectiveness
of management interventions. In particular, we found that
different approaches to modifying incentives may interact
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with one another in communities where individuals differ
in their underlying skills and characteristics. The outcome
of changes to the three policy levers depended strongly
on their interactions with one another, and on the broader
socioeconomic and ecological context in which they were
embedded. With the prospect of many more PES schemes
being implemented (Engel et al. 2008; Wunder et al. 2008),
there is an urgent need to understand how such novel incentive
structures will interact with existing institutions. Analyses
on simulated systems, such as the one presented here, allow
manipulations that would be unethical and challenging to
perform in the real world, and enable thorough exploration
of system behaviour. However they should be seen only
as a starting point for empirical investigations. Our model
relies on a number of assumptions that we were not able
to test. While the behaviours and strategies represented
are commonly observed, the choice of parameter values
and structural relationships were assumed and different
choices would likely have affected the detailed content
of our results. In reality, community-based enforcement
systems may be even more complex than the system we
depict, with community monitors receiving assistance from
government officials, local police and research staff (Milne
& Niesten 2009). Research is needed to understand the
true functional forms of the key behavioural relationships
captured in our models and to determine which characteristics
of individuals and populations must be included in models
of human behaviour if they are to inform robust decision
making (Keane et al. 2008). One promising avenue for
addressing these questions is taking an experimental approach
to understanding behaviour; this is increasingly being done
in conservation (see Travers et al. 2011). Conservation
practitioners are now able to choose from a broad range
of approaches to managing human behaviour, including
enforcement, education, alternative livelihood strategies and
direct payment schemes. If interventions are to be successful,
these choices must ultimately be grounded in a unified
theoretical framework of incentives at the individual level.
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