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Introduction
The Convention on Biological Diversity�s targets for 2020 (CBD, 2010) and more recent Sustainable Develop-ment Goals for 2030 (UN, 2015) have led to an increase in the coverage of marine protected areas worldwide (Chape et al., 2005; Roberts et al., 2005; Wood et al., 2008). However, legal designation of marine protected areas cannot be e  ective without adequate management and high and widespread compliance with their rules and regulations (Campbell et al., 2012; Pieraccini et al., 2017). Non-compliant behaviours such as illegal  shing must be addressed to prevent negative impacts on food secu-rity, economic losses, social con icts, over-exploitation and environmental degradation (MRAG, 2005; BOBLME, 2015). 
 Constant adaptation and a good knowledge of local context are required to e  ectively manage non-compli-ance and combat illegal  shing. It is therefore crucial that protected area managers have an in-depth and current understanding of the speci c factors that describe, in u-ence and prevent compliance with the rules of their site (Arias, 2015).  However, limited funds (James et al., 2001) and the sensitive and covert nature of non-compliance (Gavin et al., 2010; Arias, 2015) hinder e  ective moni-toring and research of illegal activities in protected areas.
 In most protected areas, ranger patrols routinely record information on illegal activities which can be used 

to determine the scale and characteristics of illegal activi-
ties, as well as their spatial and temporal distributions 
(Gavin et al., 2010). Despite its availability, such data has historically been rarely used to inform management 
due to the lack of standardisation in collection practices, 
imprecise spatial references, laborious data-entry and a lack of skills for analysis (van Cayzeele, 2017). 
 Recently developed systems such as MIST (Manage-
ment Information System) and SMART (Spatial Moni-
toring and Reporting Tool) facilitate and standardize data collection, analysis and reporting of patrol records 
to encourage their use within adaptive management 
frameworks (www.ecostats.com, h  p://smartconserva-tiontools.org). However, patrol records are still vulner-
able to signi cant biases that may limit their utility, 
partly because they are collected opportunistically and because the main objective of patrols is to deter rule-
breaking (Keane et al., 2011).
 In June 2016, Cambodia designated its  rst formally 
established multiple-use marine protected area (i.e. Marine Fisheries Management Area, MFMA) in the Koh 
Rong Archipelago (KRA) (Mizrahi et al., 2016). Its desig-
nation came after more than  ve years of baseline social and biophysical research alongside intensive consulta-
tions and collaborative work with government agencies, 
NGOs, local authorities, tourism operators and commu-nity  sheries (CFis). Across Cambodia, CFis are legally 
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recognised community-based organisations representing local marine resource users (RGC, 2005) and these played a central role in the design and management of the KRA MFMA (Mulligan & Longhurst, 2014; Mizrahi et al., 2016). Due to the absence of regular government patrols, community patrol teams were formed by elected members of CFis within the KRA. Unless accompanied by sta   of the Fisheries Administration (FiA), Royal Navy or police, CFi patrol members do not have the authority to enforce the MFMA rules (i.e., give sanctions or arrest o  enders) beyond giving verbal or wri  en warnings to o  enders.  Patrol targets (e.g., total number of patrols to be conducted in the MFMA or parts of the MFMA) are established with support from the FiA and conservation NGOs in monthly and quarterly meetings, whereas the speci c routes and timing of patrols is decided by the local CFis and when present on patrols, FiA o   cers. During patrols, teams record information on illegal activ-ities using a logbook and a hand-held GPS and inform  shers and other users of the rules of the MFMA. All data collected by the patrol teams are later uploaded to a SMART database. These data are analysed by FiA with support from Fauna & Flora International and are reviewed during CFi and management meetings to inform subsequent patrol strategies. 
 Since the adoption of SMART monitoring, weak-nesses associated with poor data collection practices and biases inherent to patrol data have been identi ed. As the management plan for the KRA MFMA speci es that regular social surveys must be conducted (Mizrahi et al., 2016) to monitor changes in the socio-economic circumstances, perceptions and behaviours of local communities, it was decided to use these to complement non-compliance data obtained from patrol records.
 Social surveys using direct questioning are regarded as a cost-e  ective method to assess illegal exploitation of natural resources and can provide information on many aspects that describe illegal behaviour (Arias, 2015). However, these can experience bias due to the social, legal, or moral controversy of non-compliance (Gavin et al., 2010; St. John et al., 2010; Solomon et al., 2015). While indirect questioning techniques have been developed to reduce respondent sensitivity and minimise such biases, these often require large sample sizes and sophisticated analyses and can be misunderstood by participants (Nuno et al., 2013; Nuno & St. John, 2014). As a conse-quence, an easier and less costly alternative to reduce sensitivity is to ask respondents about their perceptions of the behaviour of others instead of their own engage-ment in illegal activities (Bergseth et al., 2015). 
 Our study combined patrol records and social research methods to investigate illegal  shing in the KRA 

MFMA and explores the biases and limitations of each approach as well as the bene ts of combining multiple methods. Our objectives were to assess the prevalence of illegal  shing and to identify underlying motivations to ultimately inform future management strategies. We also aimed to determine weaknesses in the current enforce-ment system and to provide recommendations for its improvement by exploring the spatial and temporal distributions of illegal  shing and patrols in the MFMA. 

Methods

The KRA MFMA lies 20 km o   the coastal town of Sihan-oukville in the Gulf of Thailand and encompasses 403.69 km2 including fringing coral reefs, seagrass beds and mangroves (Fig. 1). Declared by the Royal Government of Cambodia�s Ministry of Agriculture, Forestry and Fisheries, the KRA MFMA aims to �protect, conserve, and use marine  sheries resources sustainably, [�] and contribute to poverty reduction� (Mizrahi et al., 2016). The MFMA includes six di  erent management zones 

Koh Rong Archipelago Marine Fisheries Management 
Area and its management zones. 
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(Fig. 1; Mizrahi et al. 2016). Some zones restrict access (e.g., conservation areas) or only allow non-extractive recreational activities (e.g., recreational areas), whereas others allow non-damaging small-scale  shing (e.g., protected area). Large-scale (i.e., industrial)  shing is forbidden within the entire MFMA, but non-damaging medium-scale  shing (i.e., use of middle-scale and indi-vidual  shing gears) is permi  ed in the outer multiple-use area surrounding the Community Fishing and Protected areas (Fig. 1) (FiA, 2007).
 Approximately 546 permanent households occur in the archipelago in  ve main villages: Prek Svay, Daem Thkov, Koh Toch, Sok San and Koh Rong Sanloem (village chiefs, pers. comm. 2017). For most people, infra-structure for water supply and sanitation is generally poor although road networks and tourism facilities are rapidly increasing (Leng et al., 2017; Mulligan & Long-hurst, 2014). Livelihood strategies include  shing and tourism but vary signi cantly between the  ve villages (Leng et al., 2017). The recent increase in tourism devel-opment, particularly in the villages of Koh Toch and Koh Rong Sanloem, is leading to diversi cation and changes in livelihoods (Leng et al., 2017). 
 Although the KRA MFMA is a government-led initia-tive with a management structure at the provincial level (Preah Sihanouk Province), planning and implementa-tion for the protected area has adopted a co-management approach, with extensive consultation and participation of local stakeholders (Mizrahi et al., 2016). Communities are largely involved in the management and govern-ance of the MFMA through CFis. Three CFis with four community patrol teams exist within the MFMA, one patrol team for the Prek Svay CFi, one for Daem Thkov CFi and two for the Koh Rong Sanloeam CFi (one around Koh Toch and one around Koh Rong Sanloem). The patrol team in Prek Svay occasionally visits waters in the vicinity of Sok San. Patrols typically last 2�3 hrs and occa-sionally up to 4 hrs. Although CFis members lead these patrols, they cannot enforce the law unless accompanied by o   cials from FiA (which occurs on approximately half of monthly patrols), the Royal Navy or the police force. 

A social household survey was conducted across the  ve main permanent se  lements in the KRA in March 2017 as part of a study of local a  itudes, awareness and perceptions regarding the MFMA. Structured face-to-face interviews were conducted by three Cambodian assistants, including university students and former sta   of conservation NGOs. Overall, 163 households were randomly surveyed from the estimated 546 house-

holds present (village chiefs, pers. comm. 2017) (Table 1). Where possible, the survey targeted household heads (usually male, >70% of households). Participants (n=51 females and n=112 males) were permanent residents of the KRA and ranged between 18 and 73 years in age. These included 77 people working in small local busi-nesses, 45 tourism operators, 33  shers, two farmers, and six people with other occupations. All interviewees verbally consented to participate in the survey. 
 Our questionnaire was prepared in English and trans-lated into Khmer language. It included questions on i) the demographics of the respondent and livelihood strat-egies of their household, ii) their perceptions on nature, timing, spatial distribution and drivers of non-compli-ance with MFMA rules, and iii) their perceptions on the spatial distribution of law enforcement. Questions were framed in the period since the creation of the MFMA and employed phrases such as �over the last year�. All ques-tions were open-ended to avoid in uencing respondent answers (Schae  er & Presser, 2003), though potential responses were pre-coded to facilitate recording and minimize costs of data processing (Lavrakas, 2008). Responses not matching pre-coded options were recorded in Khmer and translated during data entry by bilingual sta  . Sensitive questions investigating illegal  shing did not refer to a respondents� engagement in illegal activi-ties but to their perceptions regarding the behaviour of others (Bergseth et al., 2015). This was considered appro-priate to avoid bias and evasive answers associated with direct questioning (Warner, 1965; Fisher, 1993) and the technical and  nancial resources required by other indi-rect techniques (Nuno & St. John, 2014).
 We used participatory-mapping to obtain spatially explicit information on the perceived distribution of illegal  shing and patrols. This entailed use of a gridded map with 511 coded grid cells measuring 1 km2. Answers were recorded as speci c references to grid cell numbers and less speci c information such as local area names where the respondent was unable to indicate areas on the map. Ninety-nine participants provided spatial references on the distribution of illegal  shing in the MFMA, although the responses of four participants were excluded due to imprecise references (i.e., �south island� [n=1], �western south island� [n=2], �north of the north island� [n=1]). Our e  ective sample size thus comprised 95 participants (including 31  shers and 18 boat and dive operators). Perceived patrol e  ort distribu-tion was mapped in the same way based on an e  ective sample size of 65 participants (including 25  shers and 12 tourism operators). This excluded the responses of 39 participants for being overtly vague (e.g., �everywhere� [n=12], �Koh Rong� [n=16], �Koh Rong Sanloem� [n=6]). 
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 We complemented, contrasted and contextualised the 
results of the household survey through semi-structured 
interviews with 21 local key informants (Table 1). The 
objective of these interviews was to be  er understand 
results obtained from the structured household question-
naire. Foreign tourism operators (n=8) and members of 
local organisations (n=2) were recruited as key inform-
ants using �snowball sampling� (Pa  on, 1990). This 
began with a group of individuals known to the authors 
who were asked to introduce other individuals. In addi-
tion, local  shers (n=7) and tourism operators (n=4) inter-
viewed for the household survey who were particularly 
talkative and knowledgeable on the issues raised were 
also interviewed as key informants. Key informants were 
considered to be less likely to blame outsiders and were 
thus useful to contrast information from local  shers and 
tourism operators. The questions posed to key inform-
ants were broad and open-ended and addressed the 
same topics as the household survey: i) background of 
respondent, ii) perceptions of illegal  shing, iii) percep-
tions of law enforcement, and iv) participatory mapping.

Patrol routes and illegal activities observed in the KRA 
MFMA have been systematically recorded using SMART 
since October 2015. Rangers register their patrol routes 
using a hand-held GPS and record infractions observed 
in logbooks. Information on infractions includes the 
type of o  ence, its location, actions taken by rangers and 
information on the o  enders (e.g., number and origin of 
o  enders). To ensure comparability with data obtained 
from the social surveys, only data from patrols under-
taken between 16 June 2016 (i.e., the o   cial proclama-
tion of the MFMA) and 16 March 2017 (i.e., the start of 
the social survey) were included in the study. We also 
discarded observations which did not clearly refer to 
illegal  shing (e.g., illegal entry) where possible, because 
perception data were exclusively based on this infraction. 

We used descriptive statistics to analyze data obtained from the household survey. Some responses were re-coded prior to data analysis (Appendix 1).  Responses of  shers and other respondents were contrasted using Mann-Whitney U tests for ordinal variables and Chi-square tests for categorical variables, or Fisher�s exact test where test assumptions were not met (i.e., when the expected count cell for any combination of variables was <5). Data collected from key informant interviews were analysed qualitatively by scanning, ordering, summa-rising and comparing participant responses.
 We calculated the number of infractions (i.e., illegal  shing) detected per hour of patrol (IDPH) and compared these between day and night patrols. Patrols that lasted less than one hour or over  ve hours (n=15) were excluded due to issues in the recording of their duration. We considered night patrols as those that included at least one hour of patrol e  ort between 18:00 and 06:00 hrs (i.e., sunset and sunrise). We used Kolmog-orov-Smirno   to test data normality and Mann-Whitney U to test for di  erences between night and day patrols, as data were not normally distributed.
 To analyze the perceived distributions of illegal  shing and patrols, we used the number of people reporting a speci c location (i.e., grid cell) as a proxy for the relative intensity of illegal  shing and awareness of patrol occurrence therein, respectively. Actual patrol e  ort was mapped using the number of patrols recorded per grid cell in SMART. Levels of illegal  shing reported by patrols were calculated as the number of infractions (i.e., illegal  shing) detected per patrol (IDPP). The IDPP map was restricted to a smaller area (151 x 1 km2 grid cells) than other maps because IDPP could not be calcu-lated for unpatrolled cells (360 x 1 km2 grid cells). Other maps included all grid cells within the MFMA (Fig. 1). The overall spatial association between perceptions and patrol-data was calculated using Spearman correlation coe   cients based on count and IDPP values. 

 Estimated number of households and study sample sizes for  ve villages in the Koh Rong Archipelago Marine Fish-
eries Management Area. Figures in parenthesis represent percentages.

Prek Svay Daem Thkov Koh Toch Sok San Koh Rong Sanloem Total
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 To facilitate visual comparisons of maps, we trans-formed all variables (i.e., frequency of citations, number of patrols, IDPP) into a common scale with four catego-ries: high, moderate, low and non-existent.  We assigned the 3% of grid cells with the highest values to the �high� category and the 10% of cells with the next highest values to the �moderate�category. The remaining grid cells were classi ed as �low� or �non-existent� (i.e., where values were zero). 
 We systematically identi ed hotspot areas in each map. These comprised grid cells within the �high� cate-gory and a bu  er totalling 35 km². Bu  ering was consid-ered necessary to prevent unrealistic disagreement between maps because i) patrols surveying a particular location might detect infractions beyond the coordinates recorded due to the extended view-shed at sea, and because ii) spatial references provided by respondents can be imprecise. We assessed the overlap of hotspots between maps using the phi-coe   cient statistic, which measures the strength of the relationship between two dichotomous distributions (i.e., presence/absence of hotspots; Brown et al., 2017).
 Maps were created using the ArcGIS software v. 9.3.1 (ESRI, USA) and spatial associations were analysed using R software v. 3.4.1 (R Development Core Team, 2017). All other analyses employed IBM SPSS Statistics for Windows v. 23.0 (IBM Corp., USA). 

Results

Excluding 17 and 31 respondents who did not know the prevalence of non-compliance among local  shers and outsiders respectively, the majority of respondents (88%) reported that rule-breaking was low among local  shers, whereas 68% reported it as medium or high among outsiders (Cambodians from the mainland, Viet-namese, and Thai) (Table 2). Similarly, all key informants reported low or average levels of illegal  shing among 

locals but average to high levels among outsiders. One participant supported his statements by showing videos and pictures of non-Cambodian  shers using illegal tech-niques and  shing in restricted areas.
 The perceptions of  shers signi cantly di  ered from other respondents (outsider compliance 2=13.24, p<0.01; local compliance: F=10.26, p<0.01), with  shers reporting a higher prevalence of illegal  shing. However, the majority of both groups reported that non-compliance is rare among locals (72% of  shers and 93% of other respondents) and occasional or frequent among outsiders (94% and 60%, respectively) (Table 2). 
 Ranger patrols recorded 38  shing o  ences within the MFMA during the study period. According to the SMART database for the MFMA, o  enders originated from Sihanoukville Province (n=31), Koh Kong Province (n=3), unknown origin (n=1), and �other� (n=1).  The two remaining records lacked information on the origin of the o  enders. 

A total of 140 and 111 respondents shared their percep-tions on the drivers of compliance and non-compliance, respectively (Fig. 2). Thus, 21 respondents reported to not be aware of the factors driving compliance, 35 reported to not know what drives non-compliance, whereas 15 participants did not believe that non-compliance existed in the KRA MFMA. 
 Legitimacy of the MFMA rules was by far the most reported driver of compliance in the KRA MFMA (82.1% of respondents). Law enforcement through sanctions was the next most cited driver for compliance (29.3%). Norms and morals and economic and livelihood-related incentives were mentioned only occasionally as reasons for compliance. However, economic and livelihood incentives were the most frequently cited drivers of non-compliance (cited by nearly half of respondents), followed by lack of knowledge of the rules, norms and 

 Perceived prevalence of illegal  shing by outside and local  shers in the Koh Rong Archipelago Marine Fisheries 
Management Area. Figures represent percentages of the number of respondents. 

Illegal  shing by outsiders Illegal  shing by locals
Fishers (n=31) Others (n=101) Total (n=132) Fishers (n=32) Others (n=114) Total (n=143)
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morals (e.g., �others do not follow the rules�, n=23) and 
weak enforcement.

Of 121 respondents, 80.2% believed that illegal  shing 
occurs mainly at night, 11.6% in daytime and 8.3% 
perceived no di  erences between night and day.

 There were 161 patrols since the formal proclamation 
of the MFMA, but only 94 were retained in analysis of 
patrol timing. The temporal distribution of patrols was 
highly skewed, with 84.6% occurring in daytime (Fig. 3). 
Only 6.4% of patrols included at least one hour of night 
patrolling. However, these registered more than four 
times as many infractions per patrol hour compared to 
day patrols (IDPH night=0.711±0.43, IDPH day=0.15 ± 
0.34; U=448.5, p=0.001).

Drivers of compliance (n=140) and non-compliance (n=111) among  shers as perceived by residents in the Koh Rong 
Archipelago Marine Fisheries Management Area.  

Hourly distribution of patrols (n=94) between June 2016 and March 2017 in the Koh Rong Archipelago Marine Fisheries 
Management Area.  
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According to 99 respondents, areas in the vicinity of all 
villages and most of the coast of Koh Rong Island expe-
rienced at least moderate frequencies of illegal  shing 
(Fig. 4A). The highest levels of illegal  shing appeared 
to occur in three areas of the MFMA. Two of these were 
around Koh Rong Island (in the immediate vicinity of 
Sok San and between Prek Svay and Daem Thkov) and 
one around Koh Rong Sanloem Island (northern portion 
of the island). 
 Illegal  shing hotspots identi ed using patrol data 
(Fig. 4B) roughly coincided with those reported by 
respondents around Koh Rong Island, but no overlap of 
 shing hotspots around Koh Rong Sanloem Island was 
observed. There was no global association in the distri-
bution of illegal  shing between patrol data and that 
reported by respondents (Fig. 4A and 4B; Spearman�s 
rho=0.15, p>0.05), although hotspots showed low but 
signi cant convergence (phi=0.39, p<0.001). 

 Most of the 161 ranger patrols undertaken since MFMA designation occurred in the proximity of the Daem Thkov, Koh Toch and Koh Rong Sanloem villages (Fig. 5B). The vicinity of Prek Svay village experienced moderate patrol e  ort, as did the eastern and north-western coast of Koh Rong Sanloem Island. Very low or no patrol e  ort was devoted to the rest of the seascape.  
 There was a moderate association between the number of people reporting high patrol e  ort in a grid cell with the actual number of patrols conducted there (Fig. 5A and 5B; Spearman�s rho=0.54, p<0.001). The asso-ciation was stronger with regard to hotspots of patrol e  ort and frequently cited grid cells (phi=0.69, p<0.001).

Discussion
Although understanding illegal behaviour in protected areas is crucial for the design of e  ective management strategies, the sensitive nature of the topic (Gavin et al., 2010; Arias, 2015) and funding de cits in low-income countries (James et al., 2001) pose challenges to its study and monitoring. 

Distribution of illegal  shing in the Koh Rong Archipelago Marine Fisheries Management Area according to A) local 
perceptions and B) patrol records.  
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 Our study highlights several challenges to moni-toring non-compliance in marine protected areas in the global South and emphasises the need for multiple methods to overcome the weaknesses and biases of di  erent approaches. We consequently discourage exclusive reliance on patrol records to inform manage-ment in protected areas because i) illegal activity must be well understood to inform management, including the motivations behind compliant and non-compliant behaviours, ii) the non-random distributions of patrols may lead to important biases in data, and iii) the main objective of patrols should be to deter non-compliance. 
 Our study is an example of how patrol data regularly collected in a standardised way can be complemented with data on local perceptions to inform strategies aimed at increasing compliance with the rules of marine protected areas. Local perceptions are a cost-e  ective tool for studying illegal behaviour, particularly in rarely or non-patrolled areas or during periods when patrols are not conducted. They can also be used to determine the drivers of compliant and non-compliant behaviours which are di   cult to understand through patrol records 

alone. Our study further demonstrates that they can be used to identify weaknesses in a management systems, such as the distribution of patrol e  ort. 

We assessed the prevalence of violations within the KRA MFMA using local perceptions and patrol data. The results of both indicate that illegal  shing is prevalent. The large majority of participants in the survey perceived non-compliance as rare among locals but moderately to highly frequent among outsiders, both nationals and foreigners. Although the  shers we interviewed perceived o  ences as more prevalent than other respond-ents, all groups rated non-compliance among locals as rare or non-existent. Other studies have also pointed to outside  shers as being responsible for the decline of turtles in the KRA (Diamond et al., 2012) and have criti-cized the operation of large, foreign vessels in shallow waters (Hamilton, 2012).  Our analysis of patrol records reveals a similar pa  ern, with none of the 38 violations recorded being commi  ed by  shers from the KRA.   Greater compliance by locals can be expected due to the 

Distribution of patrols in the Koh Rong Archipelago Marine Fisheries Management Area according to A) local percep-
tions and B) patrol records.  
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involvement of local communities and  shers prior to the MFMA�s proclamation, as this likely resulted in higher levels of agreement and a perceived sense of legitimacy of the rules (e.g., Hatcher et al., 2000; Raakjær Nielsen & Mathiesen, 2003; Viteri & Chávez, 2007). Neverthe-less, our results must be interpreted cautiously as the two data sources we employed to assess the prevalence of illegal  shing risk underestimating the amount done by local  shers. Given the sensitivity of the subject and because the social survey only included the responses and perceptions of local communities, these could have deected blame to outsiders to some extent as this has been observed in other marine protected areas (Fabinyi, 2012; von Heland & Clifton, 2015). In addition, as patrols are conducted by local CFis, these could experience pres-sure to ignore or under-report o ences commi  ed by friends, family or neighbours (Abbot & Mace, 1999) or be involved in illegal activities themselves. Additional surveys or key informant interviews with  shers from outside the archipelago would help to further contrast our  ndings. 
 Regardless of possible underestimation of illegal  shing by local  shers, low compliance by outside  shers appears to be a major problem for the KRA MFMA. This was supported by statements from key informants with no social ties to local  shers who reported outsiders  shing illegally in the area and provided video and photographic evidence in some instances. The illegal operation of foreign boats in Cambodian waters is also recognised as an issue at the national level and there is generally poor monitoring, control and surveillance of national and foreign vessels in Cambodian waters (Staples, 2017).

Designing e  ective strategies to address illegal  shing requires an understanding of the factors that moti-vate compliant and non-compliant behaviours (Gavin et al., 2010; Arias, 2015). Our results indicate that the factors underlying non-compliance in the KRA MFMA include economic and livelihood-related incentives, lack of knowledge of the rules, low in uence of norms and morals, and insu   cient deterrence through sanctions.
 We found economic or livelihood bene ts were the most commonly reported driver of illegal  shing. According to rational models of behaviour, when economic gains drive rule-breaking, law enforcement can decrease non-compliance by increasing the costs of such behaviour through economic sanctions and prison sentences (Akella & Cannon, 2004). The need for and e  ectiveness of law enforcement to combat non-compli-ance has been previously reported in marine conserva-

tion (e.g., Kelaher et al., 2015), and around one- fth of our respondents believed that the existence of patrols drove compliance within the KRA MFMA. However, to e  ec-tively deter illegal activities, enforcement systems need to create economic disincentives that exceed the economic bene ts of rule-breaking (Akella & Cannon, 2004). In the case of the KRA MFMA, the limitations of the current enforcement system identi ed in our study (as follows) likely prevent generation of a su   cient disincentive. This was also the view of 18% of respondents who felt that insu   cient enforcement deterrence explained the exist-ence of illegal behaviours.
 Lack of knowledge of the MFMA regulations and lack of demarcation were cited as the second most common driver of illegal  shing. Adequate and wide-spread understanding of the rules is a prerequisite for compliance, although communication-based interven-tions can also be e  ective when rules are not understood (Leisher et al., 2012). Although awareness-raising meet-ings were conducted before and after the MFMA�s desig-nation with the local CFis and communities, these have been less frequent in villages lacking a CFi or di   cult to access. Additionally, since the meetings only involved local  shers, they would not have in uenced the aware-ness of outsiders. 
 Legitimacy of the MFMA rules was by far the most commonly reported driver of compliance in the KRA MFMA. This has been shown to be an important prereq-uisite for compliance in  sheries elsewhere (Hønne-land, 2000; Raakjær Nielsen & Mathiesen, 2003; Viteri & Chávez, 2007) and can be strengthened through the involvement of local communities in formation and enforcement of regulations (Jentoft et al., 1998; Pollnac et al., 2001). In the KRA, the extensive consultations with the CFis during MFMA planning and the adoption of a co-management approach after its declaration likely led to high levels of perceived legitimacy and presumably high compliance among local  shers.  
 Social factors have been found to in uence compli-ance in protected areas (e.g., Eggert & Ellegard, 2003; St. John et al., 2014). Norms in the sense of typical actions, a  itudes and expectations on the behaviour and a  itude of others can signi cantly in uence individual deci-sions (Axelrod, 1986). Morals, understood as �internal-ised norms� according to �perceptions of what is right or wrong� can similarly a  ect individual behaviour (Ho  man, 1977; Raakjær Nielsen & Mathiesen, 2003). In our study, morals and norms were only occasion-ally cited as drivers of compliance. For example, few respondents believed that social pressure or concern for future generations motivated  shers to follow the rules. However, one- fth of respondents felt that social factors 
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were also the cause of illegal behaviour, particularly the perception that rule-breaking was common among many other  shers (i.e., social norms). The prevalence of compliance and non-compliance perceived among peers can in uence individual decision-making and encourage compliance as well as non-compliance with conservation rules (Cialdini et al., 1990; Bergseth & Roscher, 2018). In other words, as non-compliance becomes more preva-lent, its social acceptability may increase. Conversely, increases in compliance with the rules could lead to further increases of the same through the in uence of social norms. 
 It should be noted that our study did not assess the perceptions of outsiders who were reported by local resi-dents as frequently engaging in illegal activity. We there-fore recommend additional key informant interviews or social surveys with outsiders to complement the  nd-ings of our work. Given the drivers of compliance and non-compliance perceived by locals, we also believe that illegal behaviours must be addressed through a combi-nation of improved awareness of the rules, clear demar-cation of  shing-restricted areas, sustained participation of local communities in MFMA management and e  ec-tive law enforcement. Although enforcement alone is unlikely to be successful, it is crucial to address commer-cial-scale illegal activities (Akella & Cannon, 2004) and illegal  shing by outsiders who are di   cult to reach in campaigns aimed at increasing awareness and perceived legitimacy of the rules. Moreover, an e  ective enforce-ment system could o  er fast results by counteracting the economic incentives of illegal  shing while allowing time for other strategies to come into e  ect (Arias, 2015). 

The e  ectiveness of enforcement depends on the prob-ability of detection, severity of penalties and chances of prosecution and conviction (Akella & Cannon, 2004). While the la  er rely more on legal and political jurisdic-tions that can be di   cult to in uence, the probability of detection is mainly technical and site-speci c (Arias et al., 2016) and thus more easily managed at the protected area level. This can be improved through greater or more e   -cient e  ort. However, patrol e  ort is often constrained by the associated costs (e.g., McCook et al., 2010) and the limited resources and personnel available in marine protected areas such as the KRA MFMA. Therefore, e  orts to increase the e   ciency of patrols by be  er targeting these in space and time must be prioritised. 
 Identifying the spatial distribution of illegal activi-ties is crucial to target limited enforcement resources to the areas most severely a  ected. Patrol records are an 

a  ractive information source in this regard, being cheap and readily available (Keane et al., 2011). We used patrol records collected since MFMA designation to calculate the number of infractions per patrol and mapped these to identify hotspots that patrols should target. However, some hotspots were located in rarely patrolled areas and therefore might have been erroneously identi ed due  to biases associated with small sample sizes. Moreover, hotspots of illegal  shing may have been overlooked in unpatrolled areas. 
 The reliability of patrol data can be severely limited when patrol e  ort is not uniformly distributed (Keane et al., 2011). As the distribution of patrols in the KRA MFMA is highly uneven, with most e  ort undertaken near villages with operational patrol teams and some areas rarely or never visited, we incoporated the perceptions of local stakeholders�a source of information increas-ingly recognised by conservation managers (Treves et al., 2006)�in analysis. Assuming that areas that experience greater illegal  shing would be reported by more people, we mapped the perceived distribution of illegal  shing (Fig. 4A) and detected several hotspots, some of which roughly coincided with areas detected by patrols as expe-riencing high non-compliance (Fig. 4B). However, some incongruencies were apparent between maps based on perception and patrol data. For example, perception data indicated that moderate levels of illegal shing occur in areas never visited by patrols and therefore not detected by the la  er (Fig. 4A vs. Fig. 5B). Additionally, some areas identi ed as non-compliance hotspots in patrol data were not apparent in perception data. For example, whereas all villages appeared to frequently experience illegal  shing, IDPP values surrounding these were generally low according to patrol data. It is to be expected that areas be  er known or more visible to respondents such as the vicinity of villages would be reported more frequently than areas rarely visited. This is demonstrated by the perceived low prevalence of illegal shing in  the  southern  and  less  accessible  part  of  the  MFMA which is remote from the main villages (Fig. 4A).  In addition,  perceptions  may  be  biased  towards  conspicuous infractions  or  those  that  are  known  to  be  illegal  (e.g., trawling) by more people. Because perception data are based on personal experiences and second-hand stories from  acquaintances  (Treves et al., 2006), they must also be interpreted with caution.
 We also used local perceptions and participatory mapping to assess the predictability of patrols. These revealed that when an area is patrolled more often, more people become aware of this (Figs 5A & 5B). It consequently follows that if patrol distributions become known to local  shers, these could adjust their activi-
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ties to avoid highly patrolled areas. However, areas  not 
patrolled in the previous year but patrolled prior to that 
were also reported as highly patrolled by respondents, 
suggesting that creation of a deterrence e  ect may not 
require continuous patrols.
 The temporal distribution of patrols also requires 
careful planning because  shing may be undertaken at 
certain times of day to evade detection. Our data indi-
cates that most local respondents believe that illegal 
 shing mainly occurs at night-time. This could be to 
evade detection under the cover of darkness or be due 
to the limited presence of law enforcement teams at this 
time, or both (Islam et al., 2017). At present however, we 
cannot determine if the timing of legal  shing di  ers 
from illegal  shing. New approaches are being explored 
to address the limited capacity and infrastructure for 
 sheries monitoring and management in Cambodia, 
which will hopefully improve understanding of  shing 
trends, legal and illegal. Several factors currently prevent 
night patrols in the KRA MFMA. These include a lack 
of appropriate equipment and the rare availability of the 
Royal Navy to ensure the security of local rangers. Our 
patrol data indicates that just over 5% of patrols included 
some e  ort at night and that 85% of patrol hours occurred 
during the day. Although our data on night patrols were 
insu   cient to draw  rm conclusions, it nonetheless 
suggests that a high percentage of illegal  shing occurs 
at night. As a consequence, we believe that an increase 
in the number of night patrols would improve the e   -
ciency and e  ectiveness of law enforcement in the KRA 
MFMA. For this to occur however, measures would be 
required to improve the capacity and ensure the safety of 
CFi patrol teams.
 Overall, our study demonstrates that the e  ective-
ness of law enforcement in the KRA MFMA is limited 
by a lack of resources and uneven patrol e  ort. We 
consequently recommend periodic assessment of patrol 
records complemented by information from key inform-
ants to monitor the distribution of illegal activity and 
target patrol e  ort to the greatest e  ect. Because local 
communities quickly learn where patrols are under-
taken, we also recommend reducing their predictability 
and maximising patrol areas to prevent displacement 
of illegal activity to unpatrolled areas. This would also 
improve the quality of patrol records. Patrols of addi-
tional areas may not need to be intensive, as our results 
suggest that areas frequently visited in the past are still 
perceived to be highly patrolled by many people. 
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Appendix 1 Categories for responses on perceived drivers of compliance (+) and non-compliance (-)
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