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Abstract

Inland fisheries in Cambodia are of great importance to the livelihoods of rural
communities, as they provide sustenance and seasonal income for the local
population. Community fish refuges (CFRs) are natural or human-made water
bodies that hold water throughout the year, providing a dry-season sanctuary for
aquatic life. Managed mainly by the local community, CFRs support diverse
ecological and human functions, such as biodiversity repositories, including fish
stocks, and provide water for irrigation, livestock, and domestic needs. These
initiatives have been promoted by several organizations in Cambodia since the
1990s, showing positive ecological impacts and improving food security, especially
for marginalized populations. However, the social dimensions of management, the
role of local knowledge, and the underlying knowledge systems remain
understudied. The objective of this study is to gain insight into the governance
mechanisms of CFRs in relation to the local knowledge of management. Four CFR
projects conducted by WorldFish and NGO partners between 2016 and 2021 in
Central Cambodia were selected for the analysis. A participatory approach was
employed using causal loop diagrams (CLDs) through focus group discussions
(FGDs) with local stakeholders (n = 38). The methodological approach was based
on three phases: exploratory interviews (n=23), causal-loop FGDs (n=4), and FGDs
for data validation (n=4). Our study highlights the importance of context-specific
and relational knowledge in CFR management, as well as the importance of
institutional structures, power dynamics, and social differentiation in shaping
knowledge access, distribution, and management. Social mobilization mainly
involves village representatives mediating between villagers and external entities,
with a certain degree of concentration of power within groups of stakeholders.
Enhancing community governance through more inclusive, dialogue-based
communication and potentially leveraging informal networks is recommended to
channel social learning, considering the sociocultural context and challenges of
decentralization in Cambodia.

Keywords: Aquatic food systems, causal-loop diagrams, collective action,
community-based governance, knowledge systems
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Déméler la gouvernance communautaire des
ressources grace a la cartographie des systémes de
connaissances : points de vue des refuges de poissons
communautaires dans le Cambodge rural

Résumé

Au Cambodge, la péche continentale revét une grande importance pour les moyens
de subsistance des communautés rurales, car elle assure la subsistance et un revenu
saisonnier a la population locale. Les refuges communautaires de poissons (CFR)
sont des plans d'eau naturels ou artificiels qui retiennent 1'eau tout au long de 1'année,
offrant ainsi un sanctuaire pour la vie aquatique pendant la saison séche. Gérés
principalement par la communauté locale, les CFR soutiennent diverses fonctions
écologiques et humaines, telles que les réservoirs de biodiversité, y compris les
stocks de poissons, et fournissent de I'eau pour l'irrigation, le bétail et les besoins
domestiques. Ces initiatives ont été promues par plusieurs organisations au
Cambodge depuis les années 1990, démontrant des impacts écologiques positifs et
améliorant la sécurité alimentaire, en particulier pour les populations marginalisées.
Cependant, les dimensions sociales de la gestion, le role des connaissances locales
et les systémes de connaissances sous-jacents restent sous-étudiés. L’objectif de
cette étude est de mieux comprendre les mécanismes de gouvernance des CFR en
relation avec les connaissances locales de gestion. Quatre projets de CFR menés par
WorldFish et des ONG partenaires entre 2016 et 2021 dans le centre du Cambodge
ont été sélectionnés pour l'analyse. Une approche participative a été utilisée en
utilisant des diagrammes de boucles causales (CLD) a travers des discussions de
groupe (FGD) avec les parties prenantes locales (n = 38). L'approche
méthodologique était basée sur trois phases : entretiens exploratoires (n = 23),
groupes de discussion en boucle causale (n = 4) et groupes de discussion pour la
validation des données (n = 4). Notre étude met en évidence l'importance des
connaissances contextuelles et relationnelles dans la gestion des CFR, ainsi que
l'importance des structures institutionnelles, des dynamiques de pouvoir et de la
différenciation sociale dans I'¢laboration de l'acces, de la distribution et de la gestion
des connaissances. La mobilisation sociale implique principalement des
représentants villageois faisant office de médiateurs entre les villageois et les entités
extérieures, avec un certain degré de concentration du pouvoir au sein de groupes
d'acteurs. Il est recommandé de renforcer la gouvernance communautaire grace a
une communication plus inclusive basée sur le dialogue et de tirer potentiellement
parti des réseaux informels pour canaliser I'apprentissage social, compte tenu du
contexte socioculturel et des défis de la décentralisation au Cambodge.

Mots clés : systémes alimentaires aquatiques, diagrammes de boucles causales,
action collective, gouvernance communautaire, systémes de connaissances



Baldivieso Soruco, Bonatti, De Silva, Ou, Soeun, Neth, Sun, Rodriguez, Sean, Sithirith,
Dubois, & Sieber
Journal of Rural and Community Development, 20, 2(2025) 1-33 5

1.0 Introduction

Fishing is an integral part of daily life for most rural Cambodians, whether in rivers,
lakes, or seasonally flooded rice fields (RF). Inland fisheries are essential for
subsistence and seasonal income (Freed, Kura, et al., 2020). However, these are
declining due to habitat loss and environmental degradation—facing threats such as
overfishing, negative impacts of hydropower dams, loss of habitat, pollution,
increased mining, sedimentation, and climate change (Joffre et al., 2012; Phala et
al., 2019). Addressing these challenges is crucial for enhancing fish availability to
ensure sufficient food production while preserving biodiversity and ecosystem
integrity. As rice production intensifies, the loss of naturally occurring wild aquatic
species, which once played a vital role in supporting local food systems, further
underscores the need for sustainable solutions (Freed, Kura, et al., 2020).

One way to enhance fish production while supporting the ecological diversity of
aquatic food systems is to establish fish refuges, such as Community Fish Refuges
(CFRs). These seek to improve rice field fisheries (RFF) productivity by protecting
fish populations. CFRs are communal waterbodies in or near villages within the RFF
system managed by local people with support from the Fisheries Administration
(FiA) (Joffre et al., 2012; Miratori, 2015).

Cambodia, owing to its ecological and geographic conditions, has a rich history of
water management (Klassen & Evans, 2020) and food culture rooted in the
consumption of aquatic animals and rice (LeGrand et al., 2020; Yamamoto, 2016).
Fish and rice are culturally preferred foods and essential for a healthy diet (Freed,
Kura, et al., 2020). The supply of fish from rivers and lakes in Cambodia has
historically been an important “social safety net” against famine (Sithirith et al.,
2024, p. 121). Despite this, the management of RFF lacks fish protection systems
such as CFRs, thus presenting a challenge for collective management and requiring
a learning process to ensure effective management. Therefore, as CFRs introduce a
new management and learning system for this type of integrated approach, we refer
to them as modern-day commons, in line with how other scholars describe similar
community fisheries initiatives in Cambodia (Kurien, 2017). This reflects the idea
that CFRs, as multiple-use systems, are common goods that have not traditionally
been managed as common-pool resources for fish conservation, but in a
contemporary context, they require collective management to ensure sustainability.

Introduced in Cambodia in 1995 by the Asian Institute of Technology, the CFR
approach received official endorsement in 2005 with the Royal Government of
Cambodia's Declaration on National Fisheries Policy. Since 2007, the government
has prioritized the development of CFRs initiatives as rural development projects
and launched the "One Commune, One Community Fish Refuge" campaign. The
implementation of CFR initiatives is consistent with the legal framework of
community fisheries (Joffre et al., 2012; Phala et al., 2019).

In contrast to the coordination required for CFR management, water governance in
Cambodia remains sectoral, technical, and largely centralized, with a predominant
focus on irrigation. Although water management is decentralized to the provincial
level, it remains centralized in terms of the allocation of financial and human
resources. Consequently, sectoral policies and competing interests continue to
impact the relationship between fisheries and water resources (Sithirith et al., 2024).

In this context, since the 1990s, CFR initiatives have shown positive ecological
impacts and improved food security, particularly for marginalized populations
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(Freed et al., 2020). They have received attention from the state and international
funding channelled through WorldFish to local NGOs. Researchers have analyzed the
socioeconomic aspects related to community members' awareness of CFR
management and its socioeconomic impacts (Phala et al., 2019). Lessons from project
implementation on technical and social design have been drawn and models of CFR
governance have been proposed (Brooks et al., 2015; Joffre et al., 2012; Kim et al.,
2019) as well as aspects of integrating nutrition and gender into CFR management
(Shieh et al., 2019). Howeyver, less is understood about how local knowledge systems
are able to evolve to meet the challenge of managing a multi-functional resource, the
management of which often calls for mediating trade-offs for water between different
food production systems. Thus, this study addresses a significant research gap—there
has been no analysis of the knowledge systems involved in CFR management or the
nature of these systems. It is essential to explore the transformations generated by this
project in terms of local knowledge to gain a better understanding of the overall impact
of CFRs on local practices and decision-making.

Therefore, this study examines local CFR governance mechanisms in relation to the
transformation and application of local knowledge for effective and equitable CFR
management, as well as its underlying drivers. To deepen this understanding, we
explore two main research questions:

1. How do knowledge development and application shape CFR management
outcomes? 1.1. What are the resulting management outcomes? 1.2. How is
this knowledge facilitated or created?

2. How do institutional structures and actors shape the production and access
to CFR-related knowledge? 2.1. Which institutional structures facilitate the
production of CFR-related knowledge? 2.2. Who influences access to CFR-
related knowledge, and through what mechanisms?

2.0 Theoretical Basis

2.1 Knowledge, Management, and Community Governance

This study reflects the approach of institutions for good governance, which
emphasizes the importance of linking the design of incentives, rules, and sanctions
to the principles of representativeness, participation, transparency, and
accountability (Brooks et al., 2015; Steffek & Wegmann, 2021). The fields of
development and governance of community projects have extensively explored the
study and design of appropriate institutions that support these principles (Anderies
et al., 2003; Ostrom, 2008). This approach has significantly influenced the politics
of natural resource management (NRM), often leading to the establishment of
multiple groups and committees within nested governance systems (Cleaver &
Whaley, 2018). However, it is crucial to critically examine the nature and
implications of such institutional building.

Within this framing, the notion of knowledge transfer is increasingly being
challenged as knowledge and common sense are recognized as active
constructions (Chakraborty et al., 2021; Nightingale, 2013; Zeng et al., 2017).
Individuals with different epistemological backgrounds and life experiences
possess different forms of knowledge, which lead local communities to perceive
community issues through different lenses (Bonatti et al., 2021). Individuals
develop explanatory power—the ability to understand, interpret, and articulate the
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relationships between ecological processes and resource management—by
actively engaging with their environment. This engagement includes observing
ecological patterns, understanding nature and species-specific behaviour, and
accessing and using the ecological system, all of which contribute to building
localized food systems. Consequently, knowledge acquisition is influenced by
geographic spaces alongside social-ecological and political dynamics associated
with governance networks (Lamb, 2018; Sithirith, 2011).

Our research builds on the interrelationship between collective action and collective
learning processes for NRM, based on the premise that transformative community
action can only materialize through reflective collective learning about the reality in
need of transformation for the NRM challenge. The practice of dialogical
communication in learning is crucial for defining strategies and promoting
transformative change (Bonatti et al., 2019; Freire, 2020). Understanding collective
action for ecological management across diverse knowledge systems requires
recognizing the role of human perceptions in acquiring explanatory capacity through
social-ecological interactions (Tengo et al., 2014).

NRM occurs within the space of social interaction and is shaped by ethical values,
cultural norms, and social standards (Cleaver, 2012; Rist et al., 2007). Consequently,
processes related to purposeful institutional design (Thiel et al., 2015), such as
community-based governance implemented based on external ideals (even if
collaborative), are subject to scrutiny by local communities (Gebara, 2019). This
process is called institutional bricolage by critical institutionalists, bringing
anthropological insights into the institutional economics sphere (Cleaver & Whaley,
2018). Bricolage refers to “processes by which groups of individuals consciously
and unconsciously participate in reshaping institutional arrangements for
managing... natural resources based on whatever tools or resources are readily
accessible to them” (Bersaglio & Cleaver, 2018, p. 468. Hence, institutional
formation entails adaptive processes whereby people inscribe configurations of
rules, traditions, norms, and relationships with meaning and authority (Cleaver &
De Koning, 2015). In this setting, this study questions social dichotomies related to
knowledge—such as traditional knowledge and scientific knowledge or indigenous
knowledge and Western knowledge (Agrawal, 1994, 2002)—instead considering
their placement within overlapping, possibly combined, knowledge systems (Rivera
Cusicanqui, 2018; Stimane et al., 2018). Therefore, in this study, we use the notion
of bricolage to understand institutions not only as outcomes of governance
processes, but also as evolving bodies of knowledge shaped by diverse practices and
learnings over time.

2.2 Framework for Analyzing CFRs Governance Through Knowledge

Franks & Cleaver (2007) formulate a framework for understanding water
governance, which was subsequently adapted by Cleaver (2012) to describe
resource governance. It is constructed as an interconnected process with varying
practical results (Franks & Cleaver, 2007). We view frameworks as heuristic
models and guides for thinking rather than descriptions of reality (Scoones, 2015).
For the purposes of this manuscript, we take this existing framework and adapt it
to fit our research purposes, presenting it here as Figure 1. We describe each of the
categories below the figure based on the original version but adapted to fit our
research context.
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Figure 1. Framework for analyzing CFR governance.

Stakeholders in CFR local governance

CFR resources
(material and non-
material) and related
knowledge systems

l

Mechanisms of
knowledge access
(specific arrangements
> of resources shaping | >

access to CFRS

CFR potential
management
outcomes (could be
positive or negative)

management
knowledge)

Processes of management and practice

Marginalized populations are constrained from influencing these processes given social differentiation which

affects participation, labor demands, and other factors of embodiment and voice.

Source: Adapted by the authors from the Franks & Cleaver (2007) framework for analyzing water
governance and poverty.

CFR resources encompass a diverse range of both material and non-material assets.
Framing resources in this broader context, the analytical scope expands to include
not only tangible physical elements (material), such as infrastructure, tools, and
natural resources, but also organizational structures (non-material), such as
governance systems, community networks, and management practices. Together,
these physical and organizational components reflect the underlying institutional
frameworks that shape resource use and management. Among these resources,
locally embedded knowledge systems play a crucial role, serving as a foundation for
stakeholder behavior by shaping decisions, guiding practices, and influencing how
available information is interpreted and applied.

CFR resources and knowledge systems translate into CFR potential management
outcomes through mechanisms that facilitate access to knowledge. These
mechanisms are influenced by the resources and knowledge systems within society
as well as actions performed by stakeholders in the processes of CFR management.
Mechanisms are context-specific arrangements that enable management and
knowledge creation (e.g., building social capital for project implementation). These
mechanisms are dependent on in situ social relationships and institutions.
Stakeholders utilize the resources at their disposal to create the mechanisms, which
are then practiced in the processes of CFR management. The term stakeholders is
employed to encompass all actors with a stake in the management of the CFR.
Marginalized populations, in particular, may encounter constraints in influencing
these processes and accessing various forms of management knowledge owing to
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social differentiation based on factors such as class, gender, age, and other aspects
related to their embodiment and voice.

Outcomes may include institutional arrangements, such as governance arrangements
and structures of power, practices pertaining to livelihoods, and access to resources.
Management and practice are conscious and unconscious activities involved in
negotiation, decision-making, and action. These changes influence the configuration
of knowledge systems and resources as well as the mechanisms and outcomes of
CFR governance.

3.0 Methodology

In this section, we begin by describing the CFR system to provide the necessary
context for our methodological approach. We then explain our selection of the case
study design, which is informed by the specific characteristics of the CFR system.
This is followed by an outline of the phases of our empirical research, and we
conclude with a discussion of our positionality and reflexivity.

3.1 Description of Community Fish Refuge (CFR) System

A CFR serves as a stock enhancement and fish protection measure designed to
increase RFF productivity. This involves the creation of dry-season refuges for
brood stock in seasonally flooded RFF. These refuges consist of human-made and/or
natural water bodies that retain water throughout the year but are isolated from
permanent natural water bodies during the dry season. During the flood season, these
water bodies reconnect with larger flooded RF or natural water bodies using natural
flood pulses. During the flood season, fish migrate back to the RF, where they are
caught by local fishers. When the dry season arrives, fish inhabiting the flooded RF
migrate to the CFR because of the low water level of the RF, remaining in the CFR
until the next flood season. Fish use these refuges as spawning and feeding grounds
(Joffre et al., 2012).

In Cambodia, access to RFFs is open and not restricted to the CFR owner (Kim et
al., 2019). Thus, CFRs function as common-pool resources (CPRs)—common
goods characterized by subtractability and a high difficulty of exclusion (McGinnis,
2011; Ostrom, 1990).

The CFRs in Cambodia are classified into four ecological categories (EC), as
presented in Table 1.

Table 1. The Categories of CFR

EC1 EC2 EC3 EC4

Upland Waterbodies outside Waterbodies ~ CFRs within a large natural

reservoirs flood-prone areas prone to waterbody, particularly in the
for the Tonle Sap flooding Tonle Sap floodplain

Lake floodplain

Source: Description of categories from the CFR manual, elaboration by Kim et al. (2019, p. 8).
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3.2 Case Study Design Description

This study focuses on the management of CFRs as a single case study (Yin, 2018),
aiming to provide an understanding of local CFR governance mechanisms in relation
to local knowledge of resource management. The scope of the case study
encompasses the province of Kampong Thom, considering its diverse ecological
conditions within the same geographic region. Within this case, to ensure a diverse
sample of systems, we analyze four embedded units, each representing one of the
aforementioned ECs. These units were selected to capture a variety of management
practices across different ecological and governance contexts. However, the aim is
not to compare the units with one another, but rather to use them collectively to
illuminate broader patterns and insights related to the overall management of CFRs.
An overview of each site is provided in Table 2, with locations shown in Figure 2.

Table 2. Characteristics of CFRs.

Category and name EC1: Ou EC2: EC3: EC4:
Andeng Trapaing Boeng Boeng
(S1) Neang Noy Banteay Rolum

(S2) (S3) (S4)

Number of villages in the Zone of 4 4 8 5

Influence (ZOTI)

Number of households 923 1122 1830 756

Total number of committee people 9 7 9 9

% of women on the committee 22% 43% 33% 22%

Source: WorldFish, 2022.

These sites implemented the CFR initiative between 2016 and 2021 as part of the
Feed the Future Cambodia Rice Field Fisheries II (RFF II) project (WorldFish,
2016). Our research team conducted an ex-post assessment of the project, focusing
on activities related to the development of CFR management capacity, changes in
biophysical attributes, and actions for managing both the CFR and RFF. The primary
goal of our research is to provide an understanding of local CFR governance
mechanisms, particularly how local knowledge of management has evolved and
interacted with the project's phases and activities. For a detailed description of these
activities, please refer to Table 3.

The sites were selected because, according to WorldFish, they had committees that
developed good governance and sustainability practices for CFR management. The
sites had active committees a year after this initiative ended, good relationships with
local authorities, and established systems for collecting money to self-finance CFR
costs (stopped since the Covid19 pandemic). All developed an action plan at the start
of the project, received formal training workshops on management and nutrition,
had patrolling systems, and held meetings at least every two months to discuss CFR
issues. However, the representation of women still faces structural limitations (Shieh
et al., 2019).
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Figure 2: Study site locations: Kampong Thom, Central Cambodia.
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Source: Authors' elaboration with Google My Maps: Sites of CLDs creation (Google, n.d.).

3.3 Empirical Research Description

The empirical research for the on-site data collection was divided into three
phases, as shown in Figure 3:

o Phase 1: Exploratory interviews with local representatives (n=23).

o Phase 2: Development of Causal Loop Diagrams (CLDs) through focus
group discussions (FGDs) with the same interview participants, other
representatives of the same organizations, and villagers invited by the
CFRs committee (n=38).

e Phase 3: Validation of CLDs with the same participants through
community peer review. Approximately 40 percent of the participants
were women, and 60 percent were men.

To promote diversity in participation, the research team specifically invited
women to take part in cases involving female stakeholders. However, this
approach offers a narrow view of diversity and may limit a deeper understanding
of broader community dynamics. However, practical, cultural, and fairness
considerations led us to adopt this strategy. All methods were conducted in Khmer
and facilitated by two Cambodian individuals with a background in fisheries from
their university studies, who were also members of our empirical research team.

This paper is part of a broader research effort analyzing institutional dynamics in
CFR management. A complementary study (Baldivieso Soruco et al., 2025)
examines collective action within agency-constrained contexts, providing a wider
institutional perspective that informs this work.
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Figure 3. Empirical research description phases and outputs.
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Source: Authors' elaboration.

3.3.1 Phase 1: Exploratory interviews. The interviewees were CFR committee
representatives (CFRC), Commune Council (CC) representatives, village
representatives (VR), water user group (WUG) representatives, and elders.
Interviews were conducted in the interviewees' houses, with a few exceptions where
the interviews were conducted in other locations. The names of the participants were
kept confidential as per the research consent agreement. All participants were
informed of the research purpose and what data would be used for.

During the exploratory phase, participants were asked about their involvement in the
project, their expectations and motivations, their use of the CFR, and the challenges
they faced in implementing it. The interview questions were designed to gather basic
information about stakeholders' relationships with the CFR and the status of its
management. This exploratory phase was instrumental in establishing the necessary
working conditions and connections for future fieldwork. The validation of the
interviews was conducted by assessing the consistency of responses over time across
the three data collection phases and by presenting research findings to the WorldFish
organization for further verification.

3.3.2 Phase 2: Focus group discussions for causal loop diagrams. To systematize
the participants' knowledge systems, we collectively elaborated on CLDs in FGDs.
The CLDs method is a tool of the Systems Thinking approach that is useful for
mapping actors' hypotheses of system structures; that is, mental models of cause-
and-effect relationships between variables. A CLD reveals the key elements
(variables) of a system, the causal relationships between them (including polarity),
and their effects expressed through feedback loops. It serves as a modeling technique
to (1) facilitate data collection and (2) establish the foundation for understanding
interrelated system variables (Herzog et al., 2022). The CLDs help unpack what lies
in the actors' knowledge systems (Dhirasasna & Sahin, 2019). Thus, it serves to
represent interactions between elements related to system behavior processes,
expected future changes, and potential effects of stakeholder actions (Benavides et
al., 2019; Del Rio Duque et al., 2022). CLDs capture the complexity of causal
processes but necessarily simplify interactions.
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To develop CLDs, 27 cards were proposed indicating the CFR management actions.
These were provided as puzzle cards and were preselected from the manual of the
CFR project (Kim et al., 2019). As shown in Table 3, these are divided into three
categories. Their purpose was to suggest building blocks that would motivate
discussion about cause-and-effect relationships. Participants were free to choose
whether to take the cards and work on others instead of connecting them in the form
of a CLD. Figure 4 shows an example of a CLD created by mixing white puzzle
cards and yellow cards, with participants contributing their ideas using the yellow
cards. The guiding questions were: “What actions have triggered specific CFR
management practices, and what are the causes and effects of those actions?”

Table 3. Categorization of Actions Proposed for CLD Drawings in FGDs.

Stages Development of Bio-physical Management of
CFR management attributes (12) the CFR and RFF
capacity (I1) (I3)

Description Actions related to Actions related to Institutional
awareness-raising the ways CFR and capacity building
and capacity associated RFF for management of
building for environments can physical and social
multiple actors. be improved to outcomes and
Community maximize their transformations.
capacity. Activities  biodiversity and Activities related to
usually developed productivity. management of the
at the beginning of ~ Physical changes in  resources after the
the intervention. landscape and I1 and 12.

waterscape
connected to the
CFR pond.
Number of cards 4 11 12

*11, 12, and 13 refer to the inputs proposed as the initial building blocks for CLDs.
Source: Adapted by the authors from the manual for the management of community fish refuges and
rice field fisheries systems in Cambodia, by Kim et al. (2019)

The group of participants consisted of 10 people and lasted 3.5 hours. The group
was then divided into two subgroups of five participants each. After each subgroup
developed their respective CLDs, the members reconvened to share and discuss their
findings with the other subgroup. The goal of this process was to compare findings,
identify commonalities, and refine the CLDs through peer feedback.

To analyze the data resulting from this activity, the loops of each study site were
merged and divided into three main loops corresponding to the stages of the CFR
initiative’s implementation, as shown in Table 3. These CLDs were then returned
for community peer review, as described in Phase 3.
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Figure 4: Elaboration of CLDs (August 2022).

Source: Authors' picture from empirical data collection process.

3.3.3 Phase 3: Validation of causal loop diagrams. The validation took place four
months after Phase 2 and lasted 3.5 hours. The same participants from Phase 2 were
divided into two subgroups in a manner similar to the previous phase. During this
session, participants reviewed the processes depicted in the proposed CLDs and
participated in FGDs. This validation process was designed to enhance the rigor of
the qualitative method by serving as a form of community peer review, where
participants reflected on their prior work and engaged in interpretive discussions of
the proposed CLDs (Hamilton, 2019).

Figure 5 illustrates how participants clarified the proposed CLDs during the FGD.

Figure 5: Validation of CLDs (December 2022).

Source: Authors' picture from empirical data collection process.
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3.3.4 Processing and analysis of empirical materials. The interviews were analyzed
using content analysis. For this, interviews were coded deductively using categories
derived from the conceptual framework presented in Figure 1. Subsequently, they
were refined and adjusted based on empirical data through an inductive approach.
CLDs segments were coded using the same logic as in the interviews. Data analysis
was performed using the NVIVO 12 software.

The results of the CLDs were summarized by the same person who facilitated the
FGDs. These summaries were translated into English for analysis, and two rounds
of English-Khmer proofreading were conducted to ensure that the translations were
correct. CLDs digitalization was performed using VENSIM PLEx64 software.

3.4 Positionality and Reflexivity Statement

Our positionality and ethical position in this paper are grounded in reflexivity
regarding the reasons for conducting research and for whom it is being conducted.

Our team of co-authors includes both Cambodian and non-Cambodian individuals.
The research, design, analysis, and writing were primarily conducted by non-local
researchers with expertise in social-ecological systems, pedagogy, and the sociology
of development. These researchers have experience working on international
development projects related to CFR management, with some having established
relationships with stakeholders in Cambodia. The non-local co-authors approached the
assessment of the existing development processes in the area as external observers of
the CFR process itself. Their role was to offer evaluations of the project’s outcome,
with the goal of enhancing the project's benefits to people, particularly those in more
disadvantaged positions within the power structure.

The local co-authors played a key role as mediators and supporters throughout the
research process. They are divided into two groups. The first group supported the
empirical research through translations and data analysis. The second group,
consisting of individuals from the implementing organization of the CFRs, not just
provided valuable insights into the project, reviewing the accuracy of the approach
and empirical research, but also contributed to the selection of the study sites.

Furthermore, the CLDs were conducted as a participatory tool, designed not only as a
means of data collection and analysis but as a pedagogical exercise that intended to
benefit local villagers and foster an alternative manner of knowledge exchange
between foreign researchers and the local population.

We acknowledge that there is a persistent epistemological imbalance between
different types of knowledge, with certain forms affording greater epistemic value than
others do. We acknowledge this imbalance and strive to engage with it critically
throughout our research. In that regard, the local population who developed the CLDs
were central to this research, providing essential knowledge on CFR management,
which forms the foundation of this publication.

3.5 Operationalization of the Research Questions and its Outputs

For the purposes of our analysis, interviews provided information on management
practices, CFR resources, stakeholders, and knowledge access mechanisms. CLDs
provided information on potential outcomes, management practices, resources and
mechanisms of access to knowledge. Table 4 provides a summary of our research
questions and their correspondence to the framework categories, methods and results.
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Table 4. Research Questions, Categories, Methods and Findings

Categories of

Research questions conceptual Results Methods
framework
1.1. What are CFRs’
1. How do the resulting Outcomes resulting local CLDs
knowledge management knowledge
development outcomes? (4.1)
and application
shape CFR . 1.2. How is this CFRs’ c
managemf;n knquledge Processes management LDs,
outcomes? facilitated or practices (4.2) Interviews
created?
2.1. Which Resources Resources and
institutional CLDs,
knowledge .
structures systems. Interviews
2 How do facilitate the
stituti production of
institutional CFRrelated Stakeholders
structures and (4.3) Institutional
actors shape the ~ knowledge? ' Interviews
. structures.
production and
access to CFR-  2.2. Who
related influences )
knowledge? access to CFR- Mechanisms of
related . knowledge
Mechanisms of AcCess: CLDs,
knowledge, and  5ccess (4.4) o Interviews
through what mediation,
mechanisms? access, and use.

Note: The numbers in parentheses correspond to the categories and subtitles in the results section.
Source: Authors' elaboration.

The Causal Loop Diagrams (CLDs) are part of the supplementary materials of this
manuscript. In the results section, references such as CLDx, Sx denote specific
diagrams presented in supplementary materials. For each study site, three CLDs
were developed—CLD1, CLD2, and CLD3—the diagrams are labeled according to
their respective site (e.g., S1 for Site 1, S2 for Site 2, and S3 for Site 3). Thus, CLDI,
S1 refers to the diagram 1 of Site 1, and likewise for the other diagrams.

4.0 Results

This section is organized into four main sub-sections. We introduce the CFRs'
resulting local knowledge after the CFRs' initiative, as well as the identified
management practices. We then present the stakeholders and discuss their resources,
knowledge systems, and institutional structures. Finally, we discuss mechanisms for
knowledge access, considering mediation, access, and use of knowledge. Table 4
can be referred to in order to find its correspondence with the research questions
underpinning this study.
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4.1 CFRs’ Resulting Local Knowledge

Our data reveals the existence of experiential, ecological, and social dynamic
knowledge and awareness of management, which are part of the management
knowledge systems, as described below.

Experiential knowledge is acquired through direct engagement with CFR
management and through biophysical alterations. It encompasses insights into
processes such as pond fencing and flood-resistant plant cultivation, along with
expertise in water management and control equipment. It develops through direct
involvement in CFR management and biophysical changes effected in the CFR
(CLDI, S1; CLD2, CLD3, S3; CLD 2, S4).

Ecological knowledge integrates experiential learning with pre-existing knowledge
and elucidates the intricate relationships between organisms and their environment,
including the advantages of aquatic flora for fish and the behavioural patterns of
various fish species. It is also acquired through direct involvement in the
management and biophysical changes in the CFR (CLD3, S1; CLD3, S2; CLD3, S3;
CLD 1, CLD2, S4).

Social dynamics knowledge embraces the CFRC's adeptness to foster collaboration,
community cohesion, and knowledge dissemination among members, facilitating
enhanced communication with fellow villagers and the identification of areas
vulnerable to illegal fishing. It encompasses the capacity gained by the CFRC to
collaborate effectively, foster a sense of community, and facilitate the transfer of
knowledge between members (CLD1, S4; CLD2, S1; CLD3, S4; stakeholders S3
and S4, December 10, 12, 2022).

Finally, there is an awareness of CFR management processes, including budgetary
needs for developing management and planning actions, the installation and
management of eco-shelters and brush parks for fish, fishing laws and accepted
fishing gear, evaluation and reflection on CFRC elections, as well as the
organization of roles within the CFRC (CLD3, S1; CLD1, S2; CLD3, S3; CLD1,
S4; stakeholders S2, December 18, 2022).

4.2 CFRs’ Management Practices

The outcomes of CFR management are developed here as actions that people take
to manage their CFR, observe information, engage in patterns of interaction, and
realize outcomes (McGinnis, 2011). We identify seven main management practices
based on the information provided by local actors. However, this is not an exhaustive
list of project activities but rather a systematization of the practices emphasized by
interviewed stakeholders and people who contributed to the CLDs during our
empirical research for this paper. These practices are:

1) Cleaning and provisioning. People implement measures to enhance
environmental quality in CFR surroundings, including waterways and fish
migration gates, enabling fish to find hiding places from predators (CLD 3,
S4). Actions to care for CFR are partly triggered by training courses
involving a diverse range of stakeholders (CLD2, S1). The installation of
fences to protect the necessary vegetation and prevent waterbody access
represents another measure to enhance water quality (stakeholder S4, July
12, 2022).
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2)

3)

4)

5)

6)

7)

Stakeholders conduct ecology management by considering aquatic plant
management to support beneficial plants and achieve a balanced
environment for fish reproduction. Brush park installation helps create fish
habitats, reducing illegal fishing (CLD1, S1). Additionally, they release fish
into the CFR to support ecosystem sustainability (CLD1, S1; CLD2, CLD3,
S3; stakeholder S1 and stakeholder S2, July 11 and July 14, 2022).

Patrolling against illegal fishing. Illegal fishing is related to the use of
instruments that are not allowed by law in CFR conservation zones and
electrofishing. The CFR committee employs a graduated sanction process,
ranging from informative actions to the involvement of external agents.
Engagement in patrolling is contingent upon the availability of financial
resources for patrolling teams and equipment (CLD1, S1; stakeholders S2,
S3, and S4; July, 2022).

Fundraising initiatives, including the placement of donation boxes in
pagodas during significant Khmer and village festivals. Previously, funds
were collected through voluntary donations; however, disruptions to
fundraising efforts were attributed to the impact of the COVID-19 pandemic
(stakeholders S1, S2, S4, July, 2022). Other funding mechanisms include
financial contributions from CC members to the CFR and solicitations to
affluent individuals who visit villages (stakeholders S3 and S4, July, 2022).

Water management, which includes the regulation of water levels to ensure
that they do not drop below its accepted limit. This is achieved through the
opening of water channels for facilitating and regulating outflow,
regulations on water distribution during dry-season, reporting of any
potential misuse of water to the CC, and collection of voluntary funds if
needed for managing the water body and improving its conditions.

Educational processes directed to other villagers. Education about the
fisheries law have led to dissemination of information about fishing gears to
all people (CLD1, S4). Awareness activities are carried to socialize the
importance of the CFR for the community.

Perceiving biophysical changes. CFR management necessitates constant
human-environmental interactions, which results in the observation of
changes in ecosystem dynamics. This symbiotic relationship between
practice and knowledge is exemplified in Figure 3, which is a segment of
one of the CLD2 of S2 demonstrating social-ecological learning.
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Figure 3: Reinforcing loop: perception of biological changes associated with CFR-
related actions.

for he

Source: CLD2, S2.

4.3 Stakeholders

4.3.1. Resources and knowledge systems. People across sites indicate a shared
commitment to safeguarding their environment to ensure a prosperous future,
including commitments to establishing a lasting legacy, maintaining a clean
environment near the CFR, contributing to community well-being through
enhancing their fishpond, developing human resources, improving livelihoods,
protecting nature, preserving fish populations, safeguarding fish species, and
preserving ecological knowledge (CLD1, S1; CLD3; S2; CLD1, CLD2, S3; CLDI,
CLD2, S4).

Knowledge systems related to aquatic food systems that existed before the project
include agrobiodiversity knowledge and water management. Stakeholders reported a
lack of knowledge regarding fish sanctuaries and fish conservation. Agrobiodiversity
knowledge happens in a dynamic context where knowledge of fishing practices is also
subject to change. Fishing was based on traditional tools used in lakes, rivers, and RF;
however, over time there has been a transition to modern equipment that allows for
greater catch efficiency. Stakeholders refer to different types of fishing gear, showing
knowledge about fishing practices and the importance of fishing in the local culture.
It is identified that there was existing local knowledge about fish biodiversity and
aquatic plant species (CLD 3, S3), which fostered the desire of villagers to protect
them (CLD1, CLD 3, S4). This awareness led to their interest in participating in the
management of fish sanctuaries (CLD3, S4).

Cambodia has a rich history of water management, driven by its geographical
location and the cyclical patterns of rain and drought, often resulting in extreme
climatic events. Consequently, water management is an NRM priority. Water
engineering, which involves the design and construction of physical infrastructure,
is exemplified by the ancient water management systems of the Angkor period (9th
to 14th century), more recent interventions like the construction of open canals
during the Khmer Rouge time for increasing rice field productivity (1975-1979), and
modern large-scale water irrigation schemes for agriculture (since 1990) (Sithirith,
2022). These engineering interventions reflect more Westernized approaches to
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water management. In contrast, community-based systems also exist in Cambodia,
such as the Metuk water management system described by Sithirith (2022). In our
research sites, communities had already engaged in water management practices
before the introduction of the CFR, indicating the existence of experiential
knowledge with respect to water management.

Stakeholders believe that prior to the establishment of the CFR project, there was
limited management capacity and technical knowledge for fish conservation. The
establishment of the CFRC filled this management gap for this community resource
(CLD1, S1; CLD1, S4). As one interviewee points out, "In the past, villagers were
free to fish wherever they wanted. Today, however, they understand the importance
of complying with regulations and therefore refrain from fishing in designated
protected areas" (stakeholder S3, July, 2022).

4.3.2. Institutional structures. The collective overseeing the waterbody management
is the CFR Committee. This organization is composed of:

A group of 5-10 local volunteers who are elected by the community living
in the ZOI of the CFR. They are the responsible for managing and improving
the CFR and providing protection from illegal fishing, with support from
the local authorities and Fisheries Administration Cantonment” (Kim et al.,

2019, p. 7).

The committee comprises the following roles: Committee Chief, Deputy Chief,
Secretary, CFR Patrolling Team, and Awareness-raising/Information Sharing Team
(Kim et al., 2019).

The CFRC representatives are elected by villagers and village representatives (VR),
with great influence from the commune council (CC) (stakeholders S1, S2, S3, S4,
July, 2022). The process of engaging villagers and doing awareness raising is
through the CC chief (stakeholder S2, July 14, 2022). Collaborative planning for
communities, requires that the CCs and external organizations like WorldFish,
initiate and implement projects related to community development (stakeholders S1,
S2, S3, S4, July, 2022).

Individuals assuming management roles in the CFR hold positions in other
management bodies within the villages, typically taking on three to four positions.
According to the interviewed stakeholders, 45% of the leaders in management
positions of the four sites indicated they are simultaneously part of the CFRC and
the Water User Group Committee (WUGC). Both roles have synergistic effects on
waterbody management; as stakeholders indicate that their responsibilities include
managing community ponds, fish sanctuaries, and water resources by opening and
closing sluice gates, repairing damaged gates, and managing water flow (stakeholder
interviews, June and July 2022).

Regarding involvement of villagers in CFR-related meetings, monthly community
meetings are attended by village representatives—who are part of the CC—and
villagers, with a composition of 70 percent women and 30 percent men. This is
influenced by men delegating their attendance to women due to work commitments
(stakeholder S1, July, 2022). Villagers that lack farmland are less actively engaged
in the project (stakeholder S4, July 2, 2022). Villagers participate in various
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activities, including restoring aquatic plants, and planting seedlings in response to
the CFRC calls (stakeholder S2, July, 2022).

Participation is shaped by social differentiations that reflect societal norms,
influencing decision-making processes and individuals' capacity for agency. In the
study sites, gender roles are clearly delineated, with men predominantly occupying
leadership and decision-making positions. The division of labor is also gender-
based, with men primarily involved in activities such as patrolling, while women
manage finances, cooking, and household chores. It is important to note that this
study adopts a reductionist perspective on gender, treating it as binary (man/woman)
due to the prevailing social structures across the study sites.

There are also significant disparities in education, as it is believed that women's
financial stability is hindered by a lack of education, despite the perception in some
villages that women perform better economically. In terms of age, elderly
individuals face challenges in participating in activities due to physical limitations
compared to younger participants. Additionally, socioeconomic factors such as
distance or lack of farmland may hinder some villagers' ability to fully participate in
community activities.

4.4 Mechanisms of Knowledge Access

4.4.1. Mediation. Mediators facilitate access to information mechanisms and shape
how it is accessed. Thus, as brokers, they influence the ways in which actors with
unequal power relations and diverging interests interact (Koster & van Leynseele,
2018). This study identifies that CFRCs serve as the mediating organization between
the rural population and state organizations and NGOs. CFRC representatives are
those who have the role of mediation in this community-based initiative, granting
them a strategic advantage as community-based representatives (Schultz, 2017).
However, CC leaders do not just mediate discussion scenarios between CFRC and
WUGC (S4 and S2) but also support coordination of activities with external agents
to send plans to the FiA and support activities strengthening CFR committee
capacities (S3, S2, S1).

The mediation in the implementation of the CFR project is inherently relational and
varies depending on the stage of the process, guided by stakeholder engagement.
Local NGOs and WorldFish play an important role in this process, mediating
between government officials and local communities. They facilitate learning and
awareness sessions, especially in the early stages of project implementation.
WorldFish is one of the pioneer and expert organizations of CFR projects in
Cambodia (Ou et al., 2024), they developed knowledge on fisheries conservation,
fish related nutrition, management knowledge, and technical implementation for
biophysical changes, which was socialized to local communities as part of project
implementation (Joffre et al., 2012; Kim et al., 2019). In this context, not all villagers
have access to the same kind of information, the community-based representation
(CFRC) has access to management knowledge and is part of the stakeholder
network. General villagers take part in awareness-raising processes and other
learning spaces as described below.

4.4.2. Access and use of knowledge. One of the main mechanisms for accessing
knowledge about CFR management is through interactions with external agents such
as WorldFish and local NGOs. There is coordination and collaboration with state
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and provincial bodies, such as the Fisheries Administration at the provincial and
cantonment levels, particularly concerning fisheries laws, water resource
management, and support for community projects. These organizations undertake
various activities, including livelihood improvement programs, CFR-related
education, infrastructure development, and community empowerment initiatives.

Stakeholders indicated that villagers gain knowledge about CFRs through different
channels: (1) Training sessions on child and women's nutrition and the importance
of fish; (2) Educational programs on illegal fishing and fisheries law; and (3)
Awareness campaigns on CFRs importance and appropriate fishing equipment. In
addition to these meetings, the CFR committee participates in (1) Capacity building
meetings, during which they were encouraged to involve community members in
the process; (2) Evaluation and assessment meetings; and (3) Experiences and
knowledge exchange with other CFR committees from different provinces in
Cambodia.

CFRC members indicate that they utilize the information they acquire to disseminate
the fisheries laws and CFR regulations to fellow villagers (CLD2, S1; CLD2, S2).
The trainings help them implement their community initiatives and facilitate
collaboration with their communities. Furthermore, they implemented disciplinary
measures in order to instruct people about new regulations, with the aim of deterring
illegal fishing (stakeholders S2, S3 and S4, July, 2022).

5.0 Discussions

Our discussion examines both knowledge as content—information that is
transmitted—and knowledge as process, which entails observing, discussing, and
interpreting new information within specific ways of knowing and institutional
frameworks (Berkes, 2009; Lin et al., 2021). This distinction aligns with our
research objectives, allowing us to explore how CFR-related knowledge is
generated, facilitated, and accessed within governance mechanisms.

5.1. Knowledge Creation from CFR Management Practices: Situated and
Relational Processes

In this paper, knowledge is disaggregated according to the manner of acquisition
(experiential knowledge) and the manner of its use with regard to managing different
dimensions of a CFR’s ecology and use. We reflect that such knowledge is situated
and relational to answer to our question on how knowledge is created.

5.1.1 Relational processes for CFR management. Knowledge is relational because
it is created from the quality of the relationships between involved actors
(Bruckmeier & Tovey, 2008). In that sense, we identify that management practices
demonstrate that individuals engage in a range of actions to conserve aquatic
resources and manage the CFR ecosystem. These actions involve a larger group of
villagers, whether it is a collective activity (cleaning and provisioning actions), a
collective response to management processes (financing), or a process of interaction
to learn new practices from external agents (education).

The knowledge identified stems from everyday management practices conducted by
the local population. However, it may also be passed down through secondhand
stories. In Cambodia, where oral and narrative culture is deeply entrenched, the
influence of language and the power of the spoken word play a crucial role in
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shaping knowledge. Oral culture holds both epistemological and historical
significance, thus making it an invaluable tool for information dissemination (Din,
2020; Rivera Cusicanqui, 2018). The awareness-raising efforts spearheaded by the
project could potentially enhance this process, enabling individuals to share factual
information, experiences, and views (Lin et al., 2021). Awareness-raising efforts are
a key component of the CFR project led by WorldFish and the FiA, meant as
knowledge transfer practices designed to address local knowledge gaps.

This study acknowledges the potential of oral culture and secondhand stories may
be underestimated within this study due to certain limitations. The process of
translations from Khmer to English, along with time constraints that restricted
deeper engagement with village dynamics, created gaps that limited interactions
with other types of epistemologies of knowledge present at the study sites.
Furthermore, informal communication networks within the villages were not
explored in this research.

5.1.2. CFR as a space for situated knowledge. The concept of situated knowledge is
derived from feminist epistemologies (Haraway, 1988; Maria et al., 2012), which
reflect the existence of multiple perspectives anchored in a specific time and place.
Itis not just linked to the ecological landscape, it is produced, shared, and maintained
from a cultural system (Berkes et al., 2000). People’s knowledge and behaviors are
shaped by their interactions with local nature, particularly within the CFR area,
through evolving management practices. These practices include provisioning,
patrolling, ecological management, water management, and the perception of
biological changes, which require constant social-ecological interaction for making
adjustments to the management regime. The CLDs capture knowledge complexity,
including knowledge of agrobiodiversity existing before the project and how it
interacts with social structures, which helps ensure that knowledge transferred from
outside of the community is integrated and defined on the basis of what already
exists (Zeng et al., 2017). Further, the CLDs provide a perspective of the
management knowledge areas, offering an understanding of the surface of the
knowledge iceberg: there are deeper knowledge systems and broader bases on which
the selected knowledge is grounded, such as traditional knowledge systems.

5.2. Institutional Structures: Implications for CFR Management and
Community Engagement

The institutional structures that facilitate production of CFR-related knowledge
include local structures in place, local resources, and organizations resulting of the
purposeful institutional design of this community-based initiative. We discuss the
impact of institutional structures on the generation of knowledge and how this has
implications for the governance of CFRs.

5.2.1. Local structures in place and resources. This study identifies that the position
of subjects within the social sphere of the villages ultimately determines their access
to knowledge. Typically, people with experience in public management and
connections to stakeholders that have prevailing positions of authority within local
government structures will be part of new management organizations, such as the
CFRC. This has the advantage of facilitating communication between stakeholders
who already know each other, thus reducing transaction costs, meaning the time and
effort people need to build new networks and social capital in which trust plays a key
role (Lien et al., 2021; Ostrom et al., 2008). Furthermore, the presence of individuals
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within the CFRC who possess bureaucratic and management experience provides a
significant advantage. Nonetheless, it limits the access of others who are not part of
already existing managerial groups to take part in new management positions and their
contributions to knowledge systems and underlying learning processes. The CC is
central in determining who sits on the CFRC; thus, while the project aims to foster
community engagement and establish election processes for CFRC representatives,
these efforts are often constrained by existing appointment procedures. This study
highlights that, despite the challenges of local elections in rural Cambodia (Eng & Ear,
2016), CFRC elections can provide a platform for villagers, benefitting from
discourses and ideas around diverse experiences, needs, and perceptions. However,
this study reveals that the distinction between appointment and election is still unclear
in this context, given the great influence of the CC.

Furthermore, there are difficulties for women taking up leadership positions in the
CFRC, as reflected in their low representation. Simply increasing the number of
women would not guarantee equality or fair representation of marginalized groups
(Lau et al., 2021). Numerous social factors influence the status of women in
management, including gender norms and education (Shieh et al., 2019). Other
factors that influence stakeholders’ engagement in CFR’s management include age
and socioeconomic status. However, despite prevailing social inequalities, the CFRs
are successful, supporting those who are more socioeconomically disadvantaged
(Freed, Barman, et al., 2020; Freed, Kura, et al., 2020; Ou et al., 2024); thus,
contributing to the conservation of the "social safety net" of rural populations
(Sithirith et al., 2024, p. 121).

In this respect, we reflect on how institutional structures play a role in mediating the
creation of knowledge alongside the fact that institutions are important for the
functioning of the CFR ecosystem because knowledge is situated and relational. If
the institutional design of the CFR does not challenge the direction of decision
making but rather reinforces what is already in place (Baldivieso Soruco, et al.
2025), this the democratization of knowledge of management and the possibilities
of agency in decision making is affected.

5.2.2. Institutional design of the CFR. The CFR is implemented by means of a
purposeful institutional design based on a single design organization represented by
the CFRC (Thiel et al., 2015). It is not a community-initiated organization, but a
project that entails community-based principles (Anderies et al., 2003; Ostrom,
2008). However, institutional change is not alien to the stakeholders: the NRM forms
before the project and the social relations on the ground do affect the results of this
institutional design. The process of institutional formation is characterized by
institutional bricolage; thus, "components from different origins are adapted to
perform new functions" (Cleaver & Whaley, 2018, p. 6). The CFRC, as a mediator,
assumes a pivotal character, serving as the nexus where the bricoleurs converge.
Individuals that occupy a CFRC position are enabled to participate in the
institutional creation processes that lead to knowledge creation on management.
Given that management knowledge is disseminated through institutional channels,
only certain stakeholders are able to engage in bricolage and be bricoleurs.
Following Sehring's (2009) approach, we understand bricolage as a non-teleological
process in which actors both influence and are influenced by institutional structures
as they reinterpret and adapt them. In our study, institutional bricolage is linked to
path dependency, meaning that the CFRC is embedded in pre-existing institutional
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arrangements characterized by power centralization. This also shapes the channels
through which knowledge flows.

The institutional design for CFR implementation includes several dimensions of
learning. These dimensions range from management and financing to fishing gear
and nutrition. There is a positive attitude toward the implementation of the project
and its results. However, the channels through which information is disseminated
and collective action is convened are unidirectional, originating from the
management center (CC, VR, and CFRC). This is evidenced in the way educational
processes and information dissemination are conceived. These are awareness-
raising activities and dissemination of laws. Thus, CFRCs could benefit from the
establishment of alternative forms of communication that facilitate the inclusion of
non-empowered voices. This could potentially enhance the creation of collective
learning processes (Bodin, 2017). Moreover, following the ideas of Paulo Freire, a
social change toward a sustainable world is driven by a broad awareness that
involves a wide range of social actors engaged with processes of critical thinking on
their realities (Freire, 1985).

Nevertheless, we are aware of the difficulties this poses for local implementers,
especially when participation is constrained by the lack of a culture to speak out and
the everyday need for local villagers to make their livelihood. This challenge is
further compounded by a deeply ingrained respect for authority and a clear division
of labour between the people and the state, where the public tends to adhere to state
policies and directives. These dynamics are reinforced by both a hierarchical culture
and the enduring legacy of prolonged conflict, which has perpetuated a system where
authority is unquestioned and labour is strictly divided (Chheat, 2013; Lee, 2021).

The above identified challenges also relate to Decentralization and Deconcentration
(D&D) reforms that started in the 1990s in Cambodia. D&D emphasizes the
improvement of local decision-making mechanisms and public administration, a
tendency in line with community-based NRM, given that theoretically, it aims to
improve governance, community participation, and accountability of governing
local needs (Vanny et al., 2024). However, it has proven to be a constrained context
for decentralization and bottom-up community governance, given the ongoing
concentration of power and resources at the highest levels due to the mixing of local
governance structures and politics (Eng & Ear, 2016). This has resulted in continued
uncoordinated resource management with limited intersectoral collaboration. This
conflicts with the needs of CFR management, which necessitates closer integration
between the Ministry of Water Resources and Meteorology (MOWRAM) and the
Ministry of Agriculture, Forestry, and Fisheries (MAFF) (Sithirith et al., 2024). The
state delegation of responsibilities from the national level contrasts with what is
identified in this study. This may be in part due to elite control processes at the
village level, but also to the fact that water and fisheries management responsibilities
are seen as cojoined, with resource management integrated, as built on the holistic
local knowledge that people have of their ecosystems. This represents a difference
between local and national levels; local stakeholders see roles as interrelated and
integrated for the multi-purpose nature of the CFRs. We emphasize the holistic
nature of this knowledge as it emerges through a bricolage process. As demonstrated
in the CLDs, management practices and outcomes reflect a blending of diverse
knowledge sources—experiential, ecological, and social dynamics, as well as an
understanding of CFR management processes. This adaptive approach to CFRC
management inherently relies on existing institutions and knowledge systems.
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6.0 Conclusions

Community Fish Refuges are “modern-day commons,” similar to other community
fisheries initiatives in Cambodia that introduce innovative approaches to the
collective use and management of environmental resources in areas where fish
conservation has not traditionally been practiced (Kurien, 2017, p. 65). However,
they also pose challenges in developing effective management strategies and
fostering collective action to ensure their sustainability.

CFR represent a combination of a resource, a community utilizing it, alongside a
set of norms and rules for its management, leading to community-based
governance (Ostrom, 2009). CFRs are designed to have community-governance,
incorporating educational tools and participatory approaches that not just foster
social capital through the establishment of rules-in-place but also strengthens
social cohesion among resource managers within communities. Additionally, these
approaches promote network capital by enhancing collaboration and coordination
among local stakeholders and organizations involved in the implementation and
management of CFRs.

Our findings reveal holistic ecological knowledge that integrates various elements
of CFR management and previously existent social-ecological learnings. Previously
existent knowledge involves traditional knowledge derived from water and
agrobiodiversity management for food systems, even in the absence of explicit
knowledge and practice of fish conservation. Thus, knowledge is situated and
dependent on the existing contextual conditions and ecological settings. This shows
that, for the continuity of the project and the proper conservation of the CFR
ecosystem, traditional ecological knowledge is an important asset that must be
preserved and supported.

The way local resource management processes evolve is contingent upon the
interplay of local power dynamics and institutional structures, making knowledge
relational. These factors determine who has access to management positions and the
flow of knowledge. Existing structures may reinforce existing inequalities, yet they
also facilitate communication and resource management through established
networks (Cleaver, 2012). Thus, institutional bricolage is observed, whereby new
resource management processes, information, and networks are linked to local
structures and existing local knowledge. Individuals already affiliated with the
state's inner circle of management assume new roles. Those engaged in the
management of water resources also oversee the management of fisheries. These
bricoleurs utilize the existing roles and organizations to shape their own roles and
assume new responsibilities. Consequently, social mobilization could concentrate in
the group designated as community-based representative and mediator between
villagers and external entities, and their direct local state superiors.

Although this study does not examine informal communication networks, our
observations indicated that communication between the CFRC and fellow villagers
is primarily based on information sharing and awareness-raising (Baldivieso Soruco
et al., 2015). The interviewed stakeholders were motivated by the project's positive
ecological outcomes (Freed, Barman, et al., 2020); however, new collective resource
management practices still need further integration and the development of more
dialogue-driven communication channels. This study highlights a key tension for
CFR governance: while CFRs provide important benefits, their management
remains concentrated in the hands of a few, limiting broader participation. This
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dissonance reflects a reality in which community-based resource management
coexists with entrenched power structures that shape decision-making and
knowledge flows. While the CFR implementation framework aims to promote
inclusive governance, existing hierarchies can constrain these efforts. This
highlights the need to critically assess how knowledge creation and authority are
linked within CFRs alongside the implications for long-term sustainability, given
existing institutional dynamics. This conclusion also highlights the role of
institutional bricolage as a process that can enable change, while also perpetuating
social structures that do not support greater democratization of knowledge
(Baldivieso Soruco et al., 2015).

Our research identifies ways to improve governance in CFRs by establishing
horizontal communication channels and participatory processes (Alves et al.,
2021) that include marginalized groups in dialogue with political representatives,
such as the CFR committee. This approach aligns with the findings of Horning et
al. (2016), who note that, in rural areas, centralized governance structures often
marginalize peripheral stakeholders, highlighting the need for more collaborative
governance models. The CFR committee is, in fact, a pillar of community
governance. and it can be seen as a seed for the further democratization of the
NRM if spaces for dialogue are promoted. Creating social learning channels will
need to account for the cultural context, existing social differentiations, the failures
and challenges of decentralization in Cambodia, and local politics. To be effective,
funding organizations must consider appropriate timelines that allow for real
social change rather than focusing solely on the number of projects implemented
or measurable goals. A shift toward social and environmental sustainability
requires long-term commitments that recognize both the importance and
complexity of democratizing knowledge in CFR governance and the institutional
dynamics at play.

Finally, this study suggests that CFRs could benefit from investigating the
potential benefits of informal communication networks and oral epistemologies
for social learning. It would not only be valuable to examine the knowledge
differentiations among various social groups but also to assess the influence of
sociocultural factors on local resource governance from a local research
perspective. Furthermore, we encourage future research to explore how existing
knowledge and practices address the various dimensions of the CFR management
challenge, with a focus on identifying both strengths and gaps within the
knowledge system.
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