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1 | INTRODUCTION

Non-compliance in the fisheries sector is one of the greatest chal-
lenges for the sustainable management of the oceans (Agnew
et al, 2009; Boonstra & Osterblom, 2014; Sumaila, Alder, &
Keith, 2006). Non-compliance can undermine management regimes
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Abstract

Non-compliance in fisheries is a persistent challenge for the conservation and sustain-
able management of the oceans and has particularly acute impacts in small-scale fish-
eries contexts. Small-scale fisheries often suffer from chronic overexploitation, poor
management, lack of enforcement and non-compliance, but small-scale fishers are
highly dependent on the ocean as a source of employment and food. Improving our
understanding of the determinants of non-compliant behaviours in small-scale fish-
eries can help develop strategies to prevent and reduce its consequences. Here, we
review two main approaches for the study of non-compliant behaviours and crimes
more broadly, spanning criminology, economics and psychology. On the one hand,
actor-based approaches address the underlying motivations for people to comply or
not with regulations. Opportunity-based approaches, on the other hand, assume that
non-compliance is not distributed randomly across space and time and focuses on
the role that the immediate environment plays in the performance of non-compliant
behaviours. We discuss potential applications of actor-based and opportunity-based
approaches in guiding small-scale fisheries non-compliance research. Moreover, we
provide guiding principles for integrating these approaches in a complementary way,
highlighting opportunities and challenges for building a better non-compliance re-
search agenda for fisheries and beyond. Addressing non-compliance is a common
challenge for natural resource management in multiple ecosystems. Integrating these

two perspectives has the potential to improve both research and practice.

KEYWORDS
conservation, criminology, illegal fishing, IUU fishing, socio-ecological systems, sustainable
management

and create tensions between resource users and regulators, ulti-
mately affecting the sustainability of stocks and the marine eco-
system (Arias, 2015; Cisneros-Montemayor, Cisneros-Mata, Harper,
& Pauly, 2013; Lewis, 2015). Small-scale or artisanal fisheries are
particularly exposed to the detrimental impacts of non-compliance
(Battista et al., 2018; Hauck, 2008). Small-scale fishing communities

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2020 The Authors. Fish and Fisheries published by John Wiley & Sons Ltd

Fish and Fisheries. 2020;00:1-15.

wileyonlinelibrary.com/journal/faf 1


www.wileyonlinelibrary.com/journal/faf
mailto:﻿
https://orcid.org/0000-0003-2359-4641
https://orcid.org/0000-0002-5976-9311
https://orcid.org/0000-0003-0324-2710
http://creativecommons.org/licenses/by/4.0/
mailto:rodrigo.oyanedel@zoo.ox.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1111%2Ffaf.12490&domain=pdf&date_stamp=2020-07-19

OYANEDEL €T AL.

are often located in developing countries that are highly depend-
ent on the ocean as a source of employment and food, but small-
scale fisheries also often suffer from chronic overexploitation, poor
management and lack of enforcement capacity (Gelcich et al., 2017
McDonald, Mangin, Thomas, & Costello, 2016; Song et al., 2020).

Reducing non-compliance in small-scale fisheries can help in
securing livelihoods in the sector and contribute to food security
worldwide (Arias & Pressey, 2016; Cohen et al., 2019). As such,
understanding how to prevent and reduce non-compliance in
small-scale contexts is a critical topic in the fisheries management
research agenda. However, studying non-compliance in these con-
texts is challenging. Governance in small-scale fisheries usually
encompasses a great diversity of regulations, informal rules, institu-
tions and legal frameworks (Boonstra, Birnbaum, & Bjorkvik, 2017;
Lindkvist, Basurto, & Schliter, 2017; Oyanedel, Gelcich, & Milner-
Gulland, 2020). This diversity precludes simple classifications of
fishers' positions with respect to the set of informal and formal rules
and regulations that govern their activities (Boonstra & Hentati-
Sundberg, 2015). Moreover, compliance cannot be taken for granted
because regulations can be inappropriate for the local context,
weak, outdated or unfair, causing resistance from fishers, which fur-
ther challenges simple assumptions about non-compliance (Keane,
Jones, Edwards-Jones, & Milner-Gulland, 2008; Wells, 1992).

Encouragingly, the study of non-compliance is not exclusive to
fisheries: there is a large body of theory concerned with non-com-
pliance behaviours and crimes more broadly, spanning many disci-
plines from criminology to economics and psychology (Becker, 1968;
Clarke, 1980; Keane et al., 2008; Nielsen, 2003; Petrossian &
Pezzella, 2018). This presents a potential opportunity to apply these
approaches to studying non-compliance in small-scale fisheries and
other natural resource use contexts. However, current literature is
unevenly scattered across geographies, varies in its depth and mode
of analysis, and is isolated within disciplinary silos advancing along
different trajectories, all of which prevent proper identification of
knowledge gaps and biases. This limits the potential of insights from
other disciplines to advance the theory and practice of small-scale
fisheries compliance research.

Non-compliance can be framed as the interaction of a motivated
actor and an opportunity (Figure 1) (Clarke, 1980). On the one side,
researchers have concentrated on understanding the underlying
motivations for people to comply or not with regulations. These ap-
proaches draw mostly on economic (Becker, 1968) and behavioural
and psychological theories (Cialdini & Trost, 1998; Ostrom, 1990;
Tyler, 1990). In fisheries, one of the first models used to under-
stand motivations for compliance was put forward by Sutinen and
Andersen (1985) to analyse the effect of imperfect enforcement on
fishers behaviour. This instrumental vision of fishers' motivations is
rooted in Becker's (1968) economic theory of crime and punishment.
Building upon this model, fisheries compliance research has focused
on accounting for non-economic factors that may influence moti-
vations for compliance, such as legitimacy of regulations (Hatcher,
Jaffry, Thébaud, & Bennett, 2000; Kuperan & Sutinen, 1998;
Nielsen, 2003) and normative factors (Bergseth & Roscher, 2018;
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Mackay, Jennings, van Putten, Sibly, & Yamazaki, 2018; Thomas,
Milfont, & Gavin, 2016).

However, approaching the study of non-compliance through
understanding actors' motivations has shortcomings. First, by
focusing exclusively on the individual as the object of study,
these theories and approaches do not pay enough attention to
the different kinds of non-compliant behaviours. For instance,
whilst committed by the same individual, and even for the same
reasons, fishing over the quota or using prohibited fishing gears

are very different non-compliant behaviours that need to be
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FIGURE 1 Actor-based and opportunity-based approaches for studying non-compliance in small-scale fisheries

understood differently (Oyanedel et al., 2020). Failing to account
for this diversity can result in poorly tailored preventive measures
(Clarke, 1980; Clarke & Felson, 2004; Cornish & Clarke, 1987).
Second, the applicability of actor-based theories and approaches
for non-compliance prevention is limited by the difficulty of craft-
ing interventions that change the underlying motivations that drive
behaviour (Cornish & Clarke, 1987). For instance, whilst normative
motivations have been identified as key predictors for compliance
in fisheries (Oyanedel et al., 2020; Thomas et al., 2016), chang-
ing a group's normative beliefs is challenging or even unfeasible
(Cialdini, 2003).

The shortcomings of actor-oriented approaches to studying and
preventing non-compliance have fuelled alternative ways to think
about non-compliance and crimes more broadly (Clarke, 2016).
As such, there has been a growing effort in the criminological lit-
erature to examine the situational opportunities that affect the
occurrence of non-compliant behaviours, with the underlying
premise (whether explicit or not) that non-compliance is mostly
a product of opportunity rather than underlying motivation
(Brantingham & Brantingham, 1981; Clarke & Felson, 2004; Wortley
& Townsley, 2016).

Opportunity-based approaches assume that non-compliance is
not distributed randomly across space and time and focus on the
role that the immediate environment plays in the performance of
non-compliant behaviours (Wortley & Townsley, 2016). Evidence
from different studies suggests that, in fact, non-compliant use of,
and trade in, natural resources concentrates at specific places, fa-
cilities, times and products (Kurland & Pires, 2017; Kurland, Pires,
McFann, & Moreto, 2017; Moreto & Lemieux, 2015). This presents
a potential opportunity to apply opportunity-based theories and
approaches for studying non-compliance in natural resources more
generally, and fisheries specifically.

Several studies have applied opportunity-based approaches to
guide the study of non-compliance in commercial and recreational
fisheries (Davis & Harasti, 2020; Isaacs & Witbooi, 2015; Lindley &
Techera, 2019; Marteache, Viollaz, & Petrossian, 2015; Petrossian,
Marteache, & Viollaz, 2015; Thiault et al., 2020; Weekers &

Zahnow, 2018). However, efforts to apply opportunity-based ap-
proaches in small-scale fisheries contexts are lacking. Including an
opportunity-based approach into small-scale fisheries management
research and practice has the potential to provide new insights,
methods and approaches that can complement the predominant
actor-based focus. Whilst the line dividing actor-based and op-
portunity-based approaches might at times blur, they historically
come from different theoretical perspectives, and as such, their
application differs. For instance, actor-based approaches may (un-
intentionally) place the “burden” on the individual fisher - whilst
opportunity-based approaches seek to understand how situations
create opportunities for non-compliance. Combining these ap-
proaches, therefore, can enable researchers to better understand
non-compliance, by tackling both the individual theoretical drivers
of behaviour and the situations that, in practice, bring opportunities
for non-compliance in small-scale fisheries contexts.

Here, we aim to bridge the gap between opportunity-based
and actor-based approaches to studying non-compliance in small-
scale fisheries and other natural resource use contexts. We struc-
ture our paper according to the analytical focus. First, we consider
actor-based approaches, which try to explain the underlying moti-
vations for non-compliance. Next, we describe opportunity-based
theories, models and frameworks that have been used to study
non-compliance more broadly. We then discuss how opportuni-
ty-based and actor-based approaches to study non-compliance
can be applied in the context of small-scale fisheries. We finish by
providing guiding principles on how to bring these approaches to-
gether in a complementary way. By doing so, we hope to point to the
most pressing opportunities for building a better small-scale fish-
ing non-compliance research agenda and contribute to the study of

non-compliance beyond fisheries.

2 | ACTOR-BASED APPROACHES

Several theories and models have been proposed to explain the

underlying motivations for actors to comply or not with rules and
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(Arias, 2015; Doumbouya et al., 2017; King & Sutinen, 2010;
Sumaila et al., 2006). Two main mechanisms by which to increase
compliance can be deduced from this model. The first involves
increasing the actual probability of detection. This mechanism
requires increases in law enforcer numbers, or patrol effort or
effectiveness, which are usually costly and can prove ineffec-
tive in raising the probability of detection to significant levels if
not well-funded (Paternoster, 2010). As such, increasing the real
probability of detecting non-compliance can prove challenging
or logistically unfeasible, especially in small-scale fisheries con-
texts that lack proper enforcement capacities or budgets (Muller,
Oyanedel, & Monteferri, 2019). An alternative approach involves
increasing the perceived probability of detection, using targeted
and fear-arousing communication campaigns highlighting the en-
forcement capabilities of the authorities, such as publicizing tech-
nological advances for detection (drones, vessels, etc.) (Bergseth &
Roscher, 2018). This could, potentially, be a cost-effective mech-
anism because such fear-arousing communication campaigns are
lower-cost. However, the long-term effectiveness of increasing the
perceived probability of detection has not been tested empirically
in fisheries. Moreover, evidence from other contexts suggests that
this strategy has limited long-term effect if perceptions are not
aligned with the truth (Milner-Gulland & Clayton, 2002).

The second mechanism involves increasing penalties. Since in-
creasing detection is usually costly, a more straightforward enforce-
ment strategy is to raise the size of the penalty as to maintain low
levels of non-compliance. However, severe penalties might have ad-
verse effects on compliance. For instance, if penalties are perceived
as too harsh or unfair, there is a risk of alienating fishers and the
emergence of a defiance response from actors that could further
increase the prevalence of non-compliant behaviours (Bergseth &
Roscher, 2018; Von Essen, Hansen, Nordstrom Kallstrém, Peterson,
& Peterson, 2014). Moreover, theoretical modelling of penalties
and the probability of detection suggest that the effectiveness of
increasing penalties is minimal without improvements in detection
(Leader-Williams & Milner-Gulland, 1993).

2.2 | Compliance framework

The compliance framework was first proposed for forestry con-
texts to integrate different theoretical models of individual mo-
tivations for rule compliance into one analytical framework
(Ramcilovic-Suominen & Epstein, 2012). It also includes context-
specific economic, social, cultural and institutional variables that
might influence individual motivations. This framework compiles
different theoretical perspectives of what motivates compliance
into three dominant components: instrumental (which relates
to the instrumental model described in Section 2.1), legitimacy-
based and normative (described below). By doing so, it allows for
simultaneous evaluation and comparison of their role in motivat-
ing compliance, as well as permitting to include context-specific

explanatory variables.

o 5
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2.2.1 | Legitimacy-based motivations

Legitimacy-based motivations relate to how the acceptance of
decision-making and its outcomes motivate actors to comply with
regulations (Levi, Sacks, & Tyler, 2009; Ramcilovic-Suominen &
Epstein, 2012). Legitimacy can play a crucial role in motivating com-
pliance, and can also make governance easier and more effective
(Jentoft, 1989). There are several and evolving ways to conceptual-
ize and measure legitimacy, but these can be categorized into proce-
dural legitimacy, legitimacy of authorities, and outcome legitimacy.

Procedural legitimacy deals with how collective decision-making
processes affect individual motivations for compliance (Tyler, 1990).
When decision-making is participatory, transparent and ac-
countable, individuals are more likely to comply (Levi et al., 2009;
Ramcilovic-Suominen & Epstein, 2012). Legitimacy of authority has
to do with how leaders are perceived, including their perceived ca-
pability as decision-makers, and in turn, how that affects individual
compliance (Levi et al., 2009). Finally, outcome legitimacy considers
the fairness and appropriateness of rules as perceived by those who
are affected by them. Rules that are perceived as fair and effective
are much more likely to be complied with (Jentoft, 1989; Kuperan &
Sutinen, 1998; Nielsen, 2003).

2.2.2 | Normative motivations

The normative component of the framework emphasizes social
and personal norms as motivations for compliance. Norms are
prescriptions commonly accepted in a group, supporting desir-
able behaviours and forbidding undesirable ones (Gezelius, 2002;
Ramcilovic-Suominen & Epstein, 2015). As such, norms can have a
significant effect in strengthening adherence to fisheries rules or
reinforcing non-compliance (de la Torre-Castro, 2006). The role of
norms as a motivation for compliance has been a topic of increasing
interest in literature around non-compliance in fisheries, especially in
recreational (Arias & Sutton, 2013; Bergseth & Roscher, 2018; Bova
et al.,, 2017; Thomas et al., 2016) and small-scale fisheries contexts
(Arias & Pressey, 2016; Battista et al., 2018; Oyanedel et al., 2020).
Normative motivations and the way they affect compliance can be
classified in three main categories: personal norms (e.g., individual
values regarding the behaviour), injunctive norms (e.g., perceived
moral values of a group) and descriptive norms (e.g., perception of
what others do) (Cialdini & Trost, 1998; Hatcher et al., 2000; Thomas
etal., 2016).

Oyanedel et al. (2020) provide an example of how the application
of the compliance framework can aid in understanding small-scale
fisheries non-compliance. They assessed non-compliance rates and
the motivations behind these behaviours in a small-scale fishery in
Chile. They found that whilst 93%-100% of fishers complied with
gear or temporal restrictions, only 3% did so for the fishery's quota
limit. Legitimacy-based motivations were more important than other
motivations in explaining this diversity of fishers' responses towards

regulations. Similarly, they found that normative motivations best
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contextual factors such as the per-fisher quota level (which relates
to the instrumental component) explained broader non-compliance

patterns.

2.3 | Theory of planned behaviour

The Theory of Planned Behaviour (TPB) is an integrative model
widely used in social psychology, which seeks to predict an in-
dividual's behaviour (Ajzen, 2011). It focuses on the individual's
deliberative decision-making process by understanding their in-
tention to perform a behaviour (Bergseth & Roscher, 2018). It as-
sumes that the stronger the intention, the more likely it is that the
individual will perform the behaviour (Ajzen, 2011). Three socio-
cognitive factors shape intention in the TPB: attitudes towards
the behaviour (e.g., what someone believes about the behaviour),
subjective norms (e.g., social pressures associated to the specific
behaviour) and perceived behavioural bontrol (e.g., the perception
of the difficulty of performing the behaviour). The TPB has been
used to understand and predict non-compliance in the context of
natural resource management in general, and fisheries specifically
(Bergseth & Roscher, 2018; Fairbrass, Nuno, Bunnefeld, & Milner-
Gulland, 2016; Shrestha, Burns, Pierskalla, & Selin, 2012; Thomas
etal., 2016).

3 | OPPORTUNITY-BASED APPROACHES

Here, we review opportunity-based approaches that have been used
to study non-compliance and illegality more broadly, which gather
around the Environmental Criminology and Crime Analysis school of
thought. Environmental criminologists focus on the environmental
(contextual) factors that influence the immediate decision to per-
form a non-compliant behaviour (Brantingham & Brantingham, 1981;
Clarke & Felson, 2004). Environmental criminologists have an ap-
plied mission, and they guide their studies towards the development
of opportunity-reducing strategies, with the premise that by manip-
ulating crime-causing situations, effective prevention and disruption
of non-compliant activities can be obtained (Clarke, 1980, 2016).
Environmental Criminology and Crime Analysis have three main op-
erational models, described below: Rational Choice, Crime Pattern
and Routine Activity. These models were conceived and initially de-
veloped inisolation, but they have similarities and overlaps. As such,
they are not exclusive, and their application in practice involves con-

vergence (Wortley & Townsley, 2016).

3.1 | Rational choice model

The rational choice model is built upon the principle that “specific
crimes are chosen and committed for specific reasons” (Cornish
& Clarke, 1987). In this theory-based model, the premise is that

several factors are considered in the actor's decision to engage in
crime. These factors are viewed as properties of the circumstances
and include the possible payoff, perceived risk or skills needed in
the context of the actor's motives, experience, expertise and ability
(Cornish & Clarke, 1987). This model implies that the environmental
or contextual data that the actor uses can be modified to change
their decision to commit a crime.

Whilst this model is similar to Becker's (1968) deterrence model
(see Section 2.1), in that it asserts that crimes occur when the antic-
ipated benefits outweigh costs, there are two main differences be-
tween these models in how costs and rewards are calculated. First,
the rational choice model defines rewards not only in economic
terms but also considers the emotional or psychological benefits
of a criminal act (Clarke, 1980). Second, the rational choice model
does not consider costs only in terms of the probability of detec-
tion and sanction but also concerning the particular properties of
the crime that can make it costly to perform (such as the level of skill
or physical fitness required). The rational choice model is built on
the evidence that societies, in general, are incredibly inefficient at
delivering economic punishment and therefore making crimes costly
(Cornish & Clarke, 1987). In this sense, Cornish and Clarke (1987)
assert that Becker's model might be useful in some particular cir-
cumstances, but fails to explain most crimes as it does not consider
the opportunistic nature of many kinds of crimes and the non-eco-
nomic rewards and barriers that potential criminals face. Altogether,
there is conceptual overlap between the rational choice model and
Becker's model. However, the rational choice model is a critical com-
ponent of several of the tools and methods used in Opportunity-
based approaches (see Section 3.4), and as such, its application

differs substantially from Becker's model.

3.2 | Routine activity model

The routine activity model has its empirically based roots in the evi-
dence that crime rate trends and cycles are influenced by structural
changes in routine activity patterns. This occurs when changes in
routine activities affect the convergence in space and time of the
three minimal elements for a crime: (a) motivated actors, (b) suit-
able targets, and (c) the absence of capable guardians (Cohen &
Felson, 1979). If any of these elements is missing, crimes do not take
place. This model implies that even when the number of motivated
offenders is constant, crime rates can change due to changes in suit-
able targets or the absence of guardians (note: guardians not only
means police but could also be regular citizens). Therefore, this model
takes user motivations towards non-compliance as a given and stud-
ies how spatial-temporal factors of the organization of daily life can
help convert criminal inclination into action (Cohen & Felson, 1979).

In their seminal paper, Cohen and Felson (1979) use the routine
activity model to explain the paradox that “urban violent crime rates
(in the US) increased substantially during the past decade when the
conditions that are supposed to cause violent crime have not wors-

ened- have indeed, generally, improved” (Cohen & Felson, 1979).
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They hypothesized that the increase in the crime rates in the United
States in the 60s was related to changes in the routine activity struc-
tures of everyday life in American society. These changes increased
the suitability of targets and decreased guardian presence. To test
this, they examined the relationship between household unatten-
dance and crime rates. They found a strong and significant positive
relationship between these two variables. This analysis suggests
that routine activity changes may provide the opportunity for crimes
to occur. Societal shifts such as increases in female labour partic-
ipation, more vacations and higher enrolment in college changed
routine activities. This meant that houses were less attended and
therefore provided more suitable targets which, in the absence of
capable guardians, enabled crimes to occur.

3.3 | Crime pattern model

The crime pattern model's objective is to empirically measure and
account for the non-uniformity and non-randomness observed in
crime patterns (Brantingham & Brantingham, 1984). This model is
based on the idea that people develop a pattern of repetitive ac-
tivity in their normal life. Understanding the factors that deter-
mine the specific spatial patterns of crime is, therefore, necessary
to prevent it. This pattern includes nodes (such as the workplace,
home, shopping, etc.) and routes between them. Offenders behave
in this same way as everyone else and will be more comfortable
committing crimes closer to the areas they frequent (Brantingham,
Brantingham, & Andresen, 2017; Kinney, Brantingham, Wuschke,
Kirk, & Brantingham, 2008). Therefore, the routes and nodes that
shape non-criminal activities, influence how criminal activities are
shaped as well.

Using the crime pattern model, Kinney et al. (2008) identified
crime attractors, generators and detractors. They conceptualized
these as nodes whose structure influenced crime patterns. They
found that most land-use types acted as detractors, as no crime
was detected in them. However, some types of crimes, like assault
and motor vehicle theft, concentrated on specific land-use types,
such as shopping centres, which therefore acted as crime genera-
tors and attractors. This occurred because these were high activity
nodes, that attracted large concentrations of victims and offenders.
Further, they suggested that better understanding the distribution
of the nodes which act as crime attractors, detractors or generators
throughout urban areas can help reduce overall crime rates. As such,
by better understanding daily life activities and patterns, opportu-
nistic crime can be better prevented and disrupted (Brantingham &
Brantingham, 1993).

3.4 | Methods and tools used in Environmental
Criminology and Crime Analysis

The rational choice, routine activity and crime pattern models are

the theoretical basis of opportunity-based approaches, which fall
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under the Environmental Criminology and Crime Analysis school of
thought. Several analytical methods have been developed to opera-
tionalize and combine the abovementioned models, breaking crime
down into specific analysable components in order to propose and
design prevention measures. In this section, we review some of
these methods, focusing on those that have been used in fisheries or
other natural resource management contexts (Figure 2).

3.4.1 | Crime script analysis

Crime script analysis was first proposed by Cornish (1994), based
on the premise that crimes are discrete events in space and time,
but the realization of the crime itself takes place within a context
of many other events. The crime itself is usually the object of study,
typically overlooking certain other stages in the crime-commission
process (e.g., getting the necessary tools or exiting the setting). The
script refers to an “event” schema where there is a causal effect
from early to later events; that is, one event in the script enables
the occurrence of a later event (Cornish, 1994). By concentrating on
the way that events unfold through time, the crime script analysis
provides researchers and practitioners with an analytical tool to un-
derstand a series of rational, goal-oriented actions (Cornish, 1994).
Crime script can operate at different levels of analysis; from spe-
cific crime situations where rich information is available, to analysing
larger-level scripts or more general crimes.

Crime script analysis has been applied to study non-compliance
in fisheries and seafood fraud. Petrossian and Pezzella (2018) sep-
arated the scripts of non-compliant fishing and the seafood fraud
process to shed light on the regulations needed to address these
crimes. Based on Clarke and Eck (2005), they divided the processes
of non-compliant fishing and seafood fraud into the following se-
quential stages: (a) preparation (getting the necessary tools and
selecting the target); (b) entry into the area; (c) precondition (steps
towards creating the enabling conditions); (d) instrumental initiation
(target approach); (e) doing or carrying out the crime; (f) exiting the
crime scene; and (g) aftermath (disposing of incriminatory elements
or steps to reduce risk of apprehension). By breaking the process
into smaller sequential discrete actions, the authors proposed policy
responses that act upon these specific stages of the script, such as
disrupting the preparation stage by providing insurance companies
with a list of blacklisted vessels. They argued that these responses
required very little involvement from the criminal justice sector.
Instead, they stressed the need for collaboration amongst national
and international agencies to tackle some of the situational factors

at the different stages of non-compliant fishing and seafood fraud.

3.4.2 | Risky facilities framework

The risky facilities framework builds on the premise that “for any
group of similar facilities (e.g., taverns, parking lots or bus shelters),

a small proportion of the group accounts for the majority of crime
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Crime Script (e.g. what are the
sequential stages of the commission of
non-compliant behaviours)

2. CRAVED (e.g. what characteristic of a
fish makes it more desirable to non-
compliant fishers)

3. Risky Facilities (e.g. what
characteristics make ports attractive
for non-compliant vessels to land their
catch)

4. Situational Crime Prevention (e.g.
increase the risk through satellite
surveillance)

FIGURE 2 Examples of the application of methods and tools from Environmental Criminology and Crime Analysis in the study of small-

scale fisheries non-compliance

experienced by the entire group” (Eck, Clarke, & Guerette, 2007).
Whilst several authors have analysed hotspots and map them, the
comparison between facilities of the same sort allows identification of
specific characteristics that could explain their risk, providing the base
to design preventive actions. More practically, this framework allows
concentrating of efforts in certain facilities where most crime occurs,
instead of targeting a large number of facilities where little crime oc-
curs. Some of the variables identified to influence a facility's risk are
size, number and quantity of “hot products” in the facility, location,
management effectiveness and design and layout.

Petrossian, Marteache, et al. (2015) applied this framework to
study what characteristics make ports attractive for non-compliant
vessels to land their catch. To do this, they analysed data on the
ports used by vessels that were listed as performing non-compliant
fishing by Regional Fisheries Management Organizations (RFMO).
They identified a total of 120 ports in 70 countries where these ves-
sels had operated between 2004 and 2009. They found that larger
ports that had higher vessel traffic were more visited by non-com-
pliant vessels. Also, ports in countries where non-compliance is
more common, corruption is higher and catch inspection schemes
were less effective, were also more visited. This points out the vari-
ables that could be modified to disrupt non-compliant vessel fishing

operations.

3.4.3 | CRAVED framework

The CRAVED framework was first proposed by Clarke and Webb

(1999) to analyse what makes some products more attractive for

theft than others. CRAVED stands for: Concealable, Removable,
Available, Valuable, Enjoyable and Disposable. These six attributes
of a product are hypothesized to make a product more attractive
(Clarke & Webb, 1999). For the application of CRAVED, the indica-
tors for each of the attributes must be fitted to the specific crime
and product being studied. An indicator of Removable will vary
dramatically depending on, for example, the species being studied
(Petrossian & Clarke, 2014). This framework helps users to com-
pare the attributes between products and explain changing pat-
terns in crime targets. This framework has been used for studying
wildlife products (Moreto & Lemieux, 2015) and fish more specifi-
cally (Petrossian & Clarke, 2014; Petrossian, Weis, & Pires, 2015).
Petrossian et al. (2015) for instance, found that crab and lobster spe-
cies that were subject to higher levels of non-compliant fishing were
those that were more Available (subcomponent abundant), Valuable
and Enjoyable. From this, they provide guidance on how to reduce
non-compliance through prioritizing and targeting those identified

attributes.

3.4.4 | Situational crime prevention

Situational crime prevention (SCP) was first suggested by Clarke
(1980). SCP is a framework that offers a suite of techniques that can
help build solutions to prevent crime. SCP techniques are based on
an understanding of the processes undertaken to commit a crime.
By disentangling the situational features that enable crimes, SCP
techniques aim to influence an actor's choice to engage in it. SCP

techniques are organized into five categories: increase the effort,
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increase the risk, reduce the reward, reduce provocations and re-
move excuses. Petrossian (2015) applied the SCP framework to
study the relationship between non-compliant fishing in 53 coun-
tries and local situational factors. She found that non-compliance
risk was higher in countries with more commercially important fish-
eries that were closer to ports of convenience. Similarly, she found
that countries with higher management and enforcement capacities
had lower levels of non-compliance.

4 | BRINGING ACTOR-BASED AND
OPPORTUNITY-BASED APPROACHES
TOGETHER TO ADVANCE SMALL-SCALE
FISHERIES NON-COMPLIANCE RESEARCH

Small-scale fisheries operate in diverse economic, social and cultural
contexts (Cohen et al., 2019), preventing bullet-proof solutions to
non-compliance problems (Boonstra et al., 2017; Mahon, McConney,
& Roy, 2008; Oyanedel et al., 2020; Song et al., 2020). However, one
characteristic that small-scale fisheries share is that their operation
depends on both social and ecological factors (Basurto, Gelcich, &
Ostrom, 2013; Lindkvist et al., 2017). Considering the socio-eco-
logical nature of small-scale fisheries, we provide an overview of
three challenges for researching non-compliance that can be better
framed and tackled through bringing actor- and opportunity-based
approaches together.

4.1 | Non-compliance in small-scale fisheries
emerges from both the social and ecological realms

Small-scale fishers behaviour, and also non-compliance, are
strongly determined by the social and economic context in which
fisheries operate, which has been described extensively (Gezelius
& Hauck, 2016; Hauck, 2008; Mahon et al., 2008; Nielsen &
Mathiesen, 2003; Oyanedel et al., 2020; Sutinen & Kuperan, 1999).
However, the ecological characteristics of small-scale fisheries are
also critical determinants of the availability of opportunities for
non-compliance. The inherent spatial and temporal variability of
ocean ecosystems makes it highly likely that opportunities for non-
compliance vary over a range of temporal and spatial scales. There
is growing evidence that this variability results in non-randomly
distributed opportunities for non-compliant fishing, which is con-
centrated in hotspots (Davis & Harasti, 2020; Thiault et al., 2020;
Weekers, Zahnow, & Mazerolle, 2019). Identifying these hotspots,
and how they vary over time and space, is of crucial importance to
understand how environmental context-specific variables produce
emergent opportunities for non-compliance. Ignoring the dynamic
ecological features of small-scale fisheries contexts will result in an
incomplete understanding of why, how and when non-compliant
fishing could emerge (Petrossian, 2018). Focusing on the ecologi-
cal elements of the system is important even though most research

has focused on social elements. As such, combining actor-based and
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opportunity-based approaches for researching non-compliance in
small-scale fisheries can produce more robust results by incorpo-
rating both the social and ecological features that determine non-

compliant fishing dynamics.

4.2 | Choose your battles wisely: improving
identification for prioritization in diverse small-scale
fisheries systems

Small-scale fisheries management usually comes with budget con-
straints affecting the design, implementation and enforcement
of rules, from which situations conducive to non-compliance can
emerge (Arias et al., 2015; Gelcich et al., 2017). In the low-gov-
ernance, budget-limited situation of small-scale fisheries it is of
utmost importance to prioritize efforts to reduce non-compliance
effectively. Here, combining actor-based and opportunity-based
approaches can aid in the identification of the most pressing fa-
cilities, resources and locations where non-compliance is likely to
concentrate. For instance, the Risky Facilities Framework can help
identify the ports where non-compliant vessels land their catches
(Marteache et al., 2015), or researchers can use the CRAVED model
to understand which species are more attractive to non-compliant
fishers and which attributes makes them so (Figure 2). Further, re-
search can focus on understanding the social characteristics of places
where non-compliance develops. Social disorganization models, for
instance, focus on the effectiveness of communities at preventing
non-compliance through informal control mechanisms (Sampson &
Groves, 1989). Understanding fishers' perception of the legitimacy
of rules at the local scale can help predict compliance levels and in-
formal control mechanism that might help prevent non-compliance
(Oyanedel et al., 2020; Sampson & Groves, 1989).

4.3 | Neither the actor- nor opportunity-based
approach on its own fully explains non-compliance in
socio-ecological systems such as small-scale fisheries

Understanding the interaction of actor- and opportunity-based ap-
proaches when studying non-compliance in small-scale fisheries can
provide useful insights into the socio-ecological nature of non-com-
pliance. For instance, Oyanedel, Keim, Castilla, and Gelcich (2018)
describe a quite unexpected form of non-compliance that could be
better understood based on the interaction of actor-based and op-
portunity-based approaches. Using the randomised response tech-
nique (Fox & Tracy, 1986; Lensvelt-Mulders, Hox, van der Heijden,
& Maas, 2005), they empirically assessed the proportion of divers
that violated several rules of a territorial user right for fisheries
(TURF) system in a small-scale context in Chile. They found that
46% of fishers who belonged to unions with user rights non-com-
pliantly fished with the consent of their union leaders (they were
non-compliant because the catch was not reported to authorities).

On the one hand, normative and legitimacy-based motivations for
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non-compliance were aligned for these fishers, as they were author-
ized by their leaders to do so. On the other hand, there is evidence
that TURF areas are more prolific fishing grounds, and as such are
more attractive for fishers, which provides an opportunity-based ac-
count for this behaviour (Gelcich et al., 2017; Gelcich, Godoy, Prado,
& Castilla, 2008). Further, the authors provide an explanation for this
behaviour that can help complement the understanding of this form
of non-compliance: “Because fisher unions find it too complicated,
costly, or useless to officially report their catches, they are not re-
porting to authorities, even if they fish within legal margins (respect-
ing the minimum size and closures)” (Oyanedel et al., 2018). As such,
this form of non-compliance behaviour could be prevented through
opportunity-based approaches such as those found in situational
crime prevention, more specifically, “removing the barrier.”

5 | GUIDING PRINCIPLES FOR APPLYING
ACTOR-BASED AND OPPORTUNITY-BASED
APPROACHES FOR ADVANCING NON-
COMPLIANCE RESEARCH

Here, we propose three guiding principles to help bridge the gap be-
tween these two types of approaches to advance non-compliance
research in small-scale fisheries and natural resource use contexts

in general.

5.1 | Analyse which approach better suits what is
being studied and the possible policy levers

One fundamental difference between actor-based and opportunity-
based approaches is that the former puts the individual at the centre
of the study whilst the latter does exactly the opposite (Clarke &
Felson, 2004; Cornish & Clarke, 1987; Keane et al., 2008; Kurland
etal., 2017). The socio-ecological setting of small-scale fisheries (and
other natural resource use contexts) allows for a variety of actors,
processes and circumstances to converge. As such, some of the vast
arrays of research questions that can be framed around the problem
of non-compliance could be better fitted to actor-based approaches
and some to opportunity-based approaches. However, it is essential
also to consider the applied consequences of the research questions;
the type of policy levers available and the context the research is
trying to inform (Ramcilovic-Suominen & Epstein, 2015; St John,
Keane, & Milner-Gulland, 2013). In contexts where changing the
properties of the products or situations that give rise to opportuni-
ties for non-compliance might be challenging or unfeasible, research
needs to focus on actors' motivations for non-compliance. A situa-
tion like this can arise in cases where natural resource users are easy
to locate, organized and geographically attached, but where external
market or ecological dynamics provide extensive opportunities for
non-compliance. In such cases, research can focus on the behav-
ioural motivations that influence natural resource users to comply

or not with regulations. Since in these cases it is possible to locate

and identify fishers, potential interventions to change motivations
are feasible.

Conversely, there are cases where changing actors' motivations
might be too challenging, and interventions will be better focused
on the attributes that give rise to non-compliance opportunities.
In these cases, research will be of better use if it focusses on the
properties of places, products or circumstances that give rise to
these opportunities. For instance, there are contexts where there is
no register or high mobility of natural resource users, that prevents
the proper identification of motivations for compliance or eventual
interventions to address them. In such cases, research might be bet-
ter directed at identifying which species are the most targeted by
non-compliant users and what attributes make these species attrac-
tive (CRAVED model). Similarly, research can focus on identifying
the modus operantis of the non-compliant activity and the several
steps needed for the process to develop (crime script analysis)
(Petrossian & Pezzella, 2018). Insights from research on these topics
can help inform policies that might reduce non-compliance without
having to intervene with the actors involved, but instead, focus on
the opportunities for non-compliance.

5.2 | Explicitly consider each approach's
shortcomings and methodological challenges

Actor-based and opportunity-based approaches have different
ways to study non-compliance, and each has limitations in how
they could be applied in natural resource use contexts. On the one
hand, opportunity-based approaches rely heavily on the ability to
identify the products and discrete locations in time and space where
non-compliance occurs (Brantingham et al., 2017; Brantingham
& Brantingham, 1981, 1984; Clarke & Webb, 1999). However, this
can be challenging in natural resource management contexts, which
poses an essential limitation for applying opportunity-based ap-
proaches (Gavin, Solomon, & Blank, 2010; Keane, Jones, & Milner-
Gulland, 2011). Whilst enforcement and infringement records are
sometimes available, they are not always good indicators of where
and when non-compliance occurs (Critchlow et al., 2017; Keane
et al., 2011; O'Kelly, Rowcliffe, Durant, & Milner-Gulland, 2018a).
This is because enforcement is reactive and non-random in na-
ture, therefore, data from this activity is inherently biased (Keane
et al., 2008; O'Kelly, Rowcliffe, Durant, & Milner-Gulland, 2018b). A
second source of bias arises because enforcement acts as a deter-
rent, subsequently changing resource user behaviours and further
reducing the ability of enforcement records to detect true non-com-
pliance trends (Keane et al., 2011). However, advances in encoun-
ter data analysis and modelling have proven useful to disentangle
confounding factors and biases, leading to a better interpretation
of infringement records (Critchlow et al., 2015; Underwood, Burn, &
Milliken, 2013). This, in turn, can help to identify hotspots and tem-
poral trends in non-compliance. Examples of the application of these
models can be found for snare detection (O'Kelly et al., 2018b), ele-

phant carcasses (Burn, Underwood, & Blanc, 2011) and ivory seizure
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data (Underwood et al., 2013). Properly accounting for and deal-
ing with these biases is critical for applying opportunity-based ap-
proaches in natural resource use contexts.

On the other side, one of the major limitations of actor-based
approaches for studying non-compliance relates to the difficulty of
approaching actors who are involved in non-compliant behaviours
(Kuk, 1990; Oyanedel et al., 2018; Solomon, Gavin, & Gore, 2015).
Non-compliance is a sensitive topic, and it is to be expected that peo-
ple involved in the activity will be reluctant to participate in research
projects aimed at reducing its incidence. This poses a major chal-
lenge for applying actor-based approaches since for the Compliance
Framework and the Theory of Planned Behaviour (and to a lesser
extent the Instrumental Model), methods rely on surveys or ques-
tionnaires that require actor participation (Fairbrass et al., 2016;
Oyanedel et al., 2020; Ramcilovic-Suominen & Epstein, 2012). The
difficulty is especially prevalent in natural resource use contexts
where mistrust in scientists can be common (Shirley & Gore, 2019).
However, there are ways to get around this problem and induce par-
ticipation, such as protecting actors' confidentiality thereby reducing
non-response rates and social desirability bias (e.g., under-reporting
of behaviours that are socially undesirable or over-reporting those
that are desirable) (Bova, Aswani, Farthing, & Potts, 2018). These
include doing electronically based surveys (Thomas et al., 2016),
the randomized response technique (Blank & Gavin, 2009; Fox
& Tracy, 1986; Oyanedel et al., 2018), the unmatched count tech-
nique (Hinsley, Nuno, Keane, St John, & Ibbett, 2019; Lavender &
Anderson, 2009) and the ballot box method (Bova et al., 2018).
Whilst none of these methods can assure full participation or sincere
responses, they do increase responses rates and can provide more
transparent assessments of non-compliant behaviour and its moti-
vations. Further, by using these confidential methods, retaliation or
negative consequences for research participants can be prevented if
methods are appropriately applied and presented (e.g., not reporting
port-level aggregate results that might cause fishers from a particu-

lar port to be targeted).

5.3 | Consider the appropriate timescales at which
changes can be detected

The time scales at which research on actor- and opportunity-based
approaches need to be conceptualized and performed differ. This
is because the interventions proposed by actor- and opportunity-
based approaches have different time horizons. As such, actor- and
opportunity-based approaches can complement each other through
the temporal scale of the interventions that are put in place to ad-
dress non-compliance. By bringing together these two approaches,
the underlying causes of non-compliance in fisheries can be tackled,
whilst also providing shorter-term gains in compliance.

On the one hand, altering the underlying motivations that drive
behaviour is a long-term effort (Clarke, 1980). As such, research
aiming to understand trends in how actor-based approaches might

affect non-compliance must incorporate into its design the time
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horizon at which some of these underlying motivations might start
to change. For instance, the social norms approach (SNA) has been
proposed as a way to increase compliance with recreational fisher-
ies regulations (Bova et al., 2017). The SNA uses targeted adver-
tizing campaigns to correct misconceptions of the proportion of
people that engage with undesirable or non-compliant behaviours
(Berkowitz, 2005). By doing so, it aims to change descriptive norms
(e.g., perception of what others do) as a way to motivate compliance.
However, for this approach to be effective, at least half of the pop-
ulation should exhibit the appropriate (compliant) behaviour (Bova
et al., 2017; Perkins & Berkowitz, 1986). As such, the time horizon
needed for these advertizing campaigns to have the intended effect
might be significant, because of the need to assess and bring compli-
ance levels up to the point where the SNA can be applied.

On the other hand, from their inception, opportunity-based
approaches have relied on short-term, trial and error assessment
of interventions to prevent non-compliance (Kurland et al., 2017;
Weisburd, 2018). As such, research guided by opportunity-based ap-
proaches can help to design interventions that can be implemented
in short timeframes. Techniques from Situational Crime Prevention
allow for empirically based analysis of potential changes in non-com-
pliance that can be detected over short time periods. Petrossian and
Marteache (2018) provides a good account of the type of interven-
tions that can be informed by Situational Crime Prevention and its
application in fisheries, its time frames and potential results.

6 | CONCLUSION

Sustaining fisheries and other natural resources into the future re-
quires the reduction of non-compliance. This is especially pressing
in settings where the impacts of non-compliance are more acute
because of poor management, lack of enforcement capacity and
the high dependence of users on natural resources for employment
and food. Addressing the non-compliant use of natural resources
requires us to push research frontiers to provide frameworks and in-
sights that translate into practical actions and plans. Understanding
how the transition from theory to practice has been achieved in
other disciplines dealing with non-compliant activities can make this
easier to achieve.

Here, we have shown how integrating actor-based and opportuni-
ty-based approaches can trigger new ways to explore non-compliance
in small-scale fisheries. Moreover, these principles and approaches are
generalizable to other natural resources and contexts, such as the ille-
gal wildlife trade. lllegal wildlife trade has similarities with small-scale
fisheries in that they both operate in the intersection of social and eco-
logical systems. The diversity of ways that natural resources are used
and managed precludes simple solutions to curtailing non-compliant
use ('t Sas-Rolfes, Challender, Hinsley, Verissimo, & Milner-Gulland,
2019). However, acknowledging that non-compliance can be framed
as the interaction of a motivated actor and an opportunity serves as a
starting point for broader applicability of our approach to other con-

texts and settings.
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As demonstrated here, building a better research agenda on
non-compliance issues in small-scale fishing should include active
engagement with experiences and approaches from other natural
resource management settings. The theoretical underpinnings of
actor-based and opportunity-based approaches, as well as their
integrated application, are the same whether the social-ecolog-
ical system is terrestrial or marine. As such, these approaches
provide a bridge through which collaboration between research-
ers studying non-compliant use of natural resources in a range of
settings can be promoted. The application of these approaches
can provide cross-learning opportunities and better identification
of knowledge gaps and biases. Thereby, it could unleash the po-
tential of collaborative studies for advancing the theory and prac-
tice of non-compliance research in natural resource management
contexts. Understanding the commonalities and specificities of
contexts where non-compliance occurs could be a critical step to-
wards better managing and maintaining the natural resources we

depend on.
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