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Aquaculture governance: five engagement arenas for 
sustainability transformation 
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Nie Pin20, Nerissa D Salayo24, Grant D Stentiford18,  
Joshua Stoll31, Max Troell16,17 and Giovanni M Turchini21   

A greater focus on governance is needed to facilitate 
effective and substantive progress toward sustainability 
transformations in the aquaculture sector. Concerted 
governance efforts can help move the sector beyond 
fragmented technical questions associated with 
intensification and expansion, social and environmental 
impacts, and toward system-based approaches that 
address interconnected sustainability issues. Through a 
review and expert-elicitation process, we identify five 
engagement arenas to advance a governance agenda for 
aquaculture sustainability transformation: (1) setting 
sustainability transformation goals, (2) cross-sectoral 
linkages, (3) land–water–sea connectivity, (4) knowledge 
and innovation, and (5) value chains. We then outline the 
roles different actors and modes of governance can play in 
fostering sustainability transformations, and discuss action 
items for researchers, practitioners, and policymakers to 
operationalize activities within their engagement arenas. 
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Introduction 
Aquaculture sustainability transformations involve in-
tentional change in the composition, structure, and/or 
condition of aquaculture social–ecological systems to 
improve human well-being and limit environmental 
impacts [1,2]. Undergoing such transformation is re-
cognized as essential [3–5] for securing the role of 
farmed aquatic food in the global food system [6,7]. 
Achieving the changes, however, requires successful 
design and implementation of governance arrangements 
that guide inclusive social interaction through an amal-
gamation of laws, norms, rule systems, institutions, dis-
courses, power dynamics, and organizational hierarchies  
[8–10]. Intentional and concerted engagement with 
these social processes is where governance has the po-
tential to be transformative (i.e. intentional) in achieving 
sustainability goals. As such, governing aquaculture 
sustainably has never been more urgent and important  
[3]. The sector now produces near-equal amounts of 
seafood as capture fisheries, and near-equal amounts of 
food in tons as eggs and pulses globally (Figure 1). 
However, the amount of governance and management 
literature on aquaculture compared with those other 
sectors is far behind (Figure 1). 

We define governance as the organizing of social pro-
cesses through goal identification and mobilizing capa-
city for social cooperation between diverse actors 
operating in and across multiple contexts or ‘engage-
ment arenas’ [1,3,13]. Governance processes will create 
rules, norms, processes, and structures (i.e. institutions) 
for organizing social and social–ecological interactions 
and behavior to meet goals across multiple levels and 
scale [14–16]. Governance that is transformative will 
have intentional goals and/or processes (i.e. to-
ward sustainability) that guide institutional development 
and change [10,17,18]. Importantly, transformative 
governance in aquaculture is enacted through context- 
specific adaptations that affect a given system. Im- 
portant for intentional transformative governance is the 

identification of ‘engagement arenas,’ because they en-
able coordinated dialog and action between research, 
policy, and practice within focused themes [18,19]. 

The engagement arenas, outlined below, complement 
current global sustainability agendas in the sector such as 
the Food and Agricultural Organization of the United 
Nations (FAO) Blue Transformations initiative and 2030 
Roadmap [20,21]. The arenas further aim to advance 
existing agendas because they explicitly acknowledge 
interactions with other sectors, recognize cross-linkages, 
and detail dependencies within the sector in a way that 
showcases the variety of challenges and actions that can 
be taken in the framing and operationalization of a more 
comprehensive transformative governance agenda. Im-
portantly, the first target of the FAO Blue Transforma-
tions Roadmap for aquaculture is the “Effective global 
and regional cooperation, planning and governance”  
[20]. Our arenas champion and strengthen this target by 
detailing essential mechanisms and context for govern-
ance in the current literature by specifying the factors 
relevant for engaging with, for example, value chains, 
intersectoral issues, innovation, and diverse knowledge 
systems. Further alignments exist with the FAO sub-
committee on aquaculture, which has drafted the 
Guidelines for Sustainable Aquaculture with a grounded 
recognition of interconnected problems and potential 
solutions [22]. Our parallel but independent work offers 
promising opportunities for continued academic-practi-
tioner coproduction in the sector through constructive 
comparison of agendas and deliberation of findings 
where context and normative goals matter. Ultimately, 
all of these combined efforts can strengthen the role of 
governance to address sector-specific problems and so-
lutions in ways that can make progress toward realizing 
broader initiatives such as the United Nations Sustain-
able Development Goals (SDGs), the Global Sustain-
able Development Report [1], and the EAT (https:// 
eatforum.org/) Lancet Commission report on healthy 
diets from sustainable food systems [4,7], which sparsely 
mention governance let alone specify details on how the 
Great Transformation should actually take place. While 
these broader agendas inspire coordinated effort, they 
still need to be translated through governance arrange-
ments for sectors such as aquaculture to enable social 
engagement, adaptation, and ultimately system 
change [23,24]. 

Aquaculture governance involves the wider challenge of 
transforming food systems [4,25,26] through coordinated in-
teraction between multiple actors from production to con-
sumption [3,10,27–29]. Sustainability issues from a food 
system perspective, such as resource use, food security, and 
environmental degradation, cannot be seen as isolated pro-
blems, nor can they be resolved through technical solutions 
that are often applied with limited understanding of the social 
and political conditions that affect their uptake into practice  
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[4,30,31]. Aquaculture governance arrangements, in contrast, 
seek to address these social and political conditions by co-
ordinating and empowering diverse actors and forms of 
knowledge [32] to enable reflexive learning for solving sus-
tainability challenges across the sector [33]. Governance as 
such sees ‘aquaculture’ as a socially connected food system 
encompassing sustainable livelihoods, nutrition security, po-
litical decision-making, and environmental integrity, rather 
than a set of technical production and trade processes [4,6,34]. 

In this article, we propose five engagement arenas to 
guide and coordinate governance across aquaculture 
actor groups. Reviewing recent literature, we first outline 
current knowledge of challenges faced by different ac-
tors in addressing sustainability issues and different 
modes of governing and their limitations. We then dis-
cuss the five engagement arenas and specify action items 
that researchers, practitioners, and policymakers can 
adopt in their governance activities. Both the engage-
ment arenas and action items are derived from an elici-
tation process with aquaculture experts who are co- 
authors of this article. Each has a diverse set of social, 
economic, ecological, and technical knowledge and ex-
perience across the sector’s geographies. 

Methodology 
Data were collected through a survey developed by SP, 
AOM, and AS, which solicited input from all co-authors 
to identify key governance challenges in the aquaculture 
sector (i.e. disciplinary, topical, and geographical). Co- 
authors were selected based on one or more of the fol-
lowing criteria: specific expertise on aquaculture, gov-
ernance, and/or sustainability transformations. Selection 
started within the lead authors’ networks, and expanded 
to a global search based on recently published literature, 
expertise in different areas of aquaculture knowledge, 
and balanced intersectional representation. We ac-
knowledge that our co-author group is not fully re-
presentative of, for example, all top-10 producing 
countries or broader stakeholder groups such as the 
FAO. However, many co-authors have been or are cur-
rently working directly with the FAO, WorldFish, and/or 
in top-10 producing countries for years if not decades. 
We further acknowledge that pursuing intersectional 
representation is challenging, because there are many 
ways to consider it. For example, having co-authors ba-
lanced across all continents, across top-10 producing 
countries, across different stakeholder groups, gender 
balance, and early career versus senior scholars. We have 

Figure 1  

Current Opinion in Environmental Sustainability

Lack of knowledge on aquaculture governance despite importance. (a) The percentage of literature classified as social science among reviewed 
aquaculture literature (left). The percentage of literature search results retrieved when searching for ‘governance OR management’ among all 
aquaculture literature (right). Data from the Scopus database (July 1, 2021). (b) The amount of governance literature in related food and environment 
sectors from the Scopus peer-reviewed literature database over time. Aquaculture has by far the least. Search strings in Appendix 1. (c) The number of 
countries with self-reported legal frameworks for aquaculture, taken from the 2021 report [11] on the compliance with the Code of Conduct for 
Responsible Fisheries [12] Article 9. (d) Tons (millions) of food produced in 2019 (live weight), subdivided by major protein sources (bottom). 
(d) Data from FAOSTAT (https://www.fao.org/faostat/en/#home).   
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made a conscious and deliberate effort to consider these 
intersectional aspects in our author group, and still re-
cognize that it may not be possible to be optimally di-
verse. What is also not observable is the many 
participation invitations sent to potential contributors 
representing the above intersectional groups that were 
either declined or never responded to. All survey parti-
cipants are co-authors. 

The following engagement arenas and action items are a 
synthesis of the co-author survey responses. The core 
team of co-authors (SP, FA, CB, SB, AOM, BN, and AS) 
were assigned (in pairs) to complete a formal content 
analysis and synthesis of the survey results focused di-
rectly on identifying governance and sustainability-re-
lated issues and topics. Written text and tables were 
provided as an output. The core team then distilled the 
content into the major thematic areas, which we then 
deliberated as the core team, and named them the ‘en-
gagement arenas,’ which emerged as cross-cutting 
themes across the survey sections. The name of each 
specific engagement arena and its subthemes were dis-
cussed and commented on in numerous rounds by all co- 
authors. This ensured that each was carefully placed and 
considered. The five themes representing the engage-
ment arenas are, in our view, purposeful and directed, 
attempting to distill the diverse set of knowledge on 
both governance and sustainability transformation is-
sues. The engagement arenas are thus not fully com-
prehensive about all important aquaculture issues from 
other perspectives but indicate a forward-looking agenda 
for continued aquaculture governance and sustainability 
research. This forward-looking dimension is captured in 
the identification and presentation of specific action 
items for each stakeholder group. A specific section of 
the survey asked for direct inputs on action items for 
specific stakeholder groups, in relation to governance 
and sustainability, for the types of agenda-setting activ-
ities would be most needed. In doing so, the themes in 
the engagement arenas and action item topics were 
streamlined in the data collection and analysis process. 
Additional data were collected from publicly available 
sources (i.e. FAO) to inform our secondary data graphics. 
Literature was sourced from Scopus using search 
strings (Table S2). Data on countries with self-reported 
legal frameworks for aquaculture were taken from the 
latest FAO State of Fisheries and Aquaculture report  
[35] and other reports (see Supplementary Materials 
Table S3). 

Current knowledge, key actors, and modes of 
governing 
The academic literature on aquaculture sustainability 
has grown rapidly over the years [3,29,36–38] (Figure 1a, 
b). However, the volume of literature focused on the 
governance of the aquaculture sector has lagged behind 

other food and resource sectors (Figure 1b, d). Overall, 
the literature on aquaculture governance remains (1) 
fragmented, (2) focused on a single or limited number of 
actor groups, (3) is underpinned by assumptions that 
knowledge from capture fisheries or agriculture is 
transferrable, and/or (4) that aquaculture-related knowl-
edge is absorbed or easily dealt with by established 
fisheries or agricultural institutions (i.e. ministries, co-
operatives, and value chains). 

The current literature emphasizes the need to better 
understand how social–ecological and multi-actor inter-
actions coshape the aquaculture sector’s diversity, as 
well as how these interactions influence the structure 
and conduct of aquaculture and/or broader seafood value 
chains [39,40]. Research has emphasized the diversity of 
governance arrangements [10,41], species cultured (700+ 
farmed globally) [35,42], production systems [43], busi-
ness models [37], and dependencies on common re-
sources [9,44,45] that characterizes the sector. 
Additionally, the interdependencies between production 
and key input resources, including water, land, marine, 
and terrestrial-based feed ingredients, are highlighted  
[28,38,46]. There is also considerable attention given to 
the global scale of the sector, existing in at least 119 
countries, of which 39 produce more farmed aquatic 
animals than capture fisheries tonnage [35]. 

Considerable attention has also been given to the di-
versity and role of different actors in the sector 
(Table 1). The role of governments has in particular 
received critical attention, with evidence of struggling 
with both over- or under-regulation of social and en-
vironmental protections [36]. These struggles are un-
derstood in the context of the growth of the sector 
outpacing “the development of legislation and legal 
frameworks’’ (see [35], p. 100). It could also be, however, 
that the lack of legal governance frameworks hinders 
sectoral growth. As illustrated in Figure 1c, in 2018, just 
over 50% of the 118 reporting member countries had 
established aquaculture policy frameworks in line with 
the Code of Conduct for Responsible Fisheries [11,12]. 
In response to weak public governance, industry and 
civil society actors have sought a range of nongovern-
mental governance arrangements, including certification. 
However, certification has had limited adoption at the 
global scale due to weak compliance, high costs, and 
declining market incentives [47–49], especially in the 
context of smallholders who continue to represent the 
majority of producers globally [3,50]. 

Recent literature emphasizes the role of public–private 
partnerships, including comanagement [41,51,52] 
(Table 1), aimed at reallocating responsibilities and risks 
for sustainability [36,37]. Comanagement is often 
praised in the literature as a promising means of fos-
tering sustainability transformation locally through 
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increased inclusion and participation in decisions within 
the sector [37]. However, comanagement for sustain-
ability transformation requires governments to support 
the capacities of stakeholders to self-organize and re-
present themselves (particularly smallholders and 
women). As shown in the literature reviewed, this entails 
ensuring inclusive deliberation processes that account 
for power imbalances, trust and social capital-building, 
and knowledge-sharing processes [53–55] (Table 1). 

Less attention, however, has been given by governance 
scholars on the role value chain actors in the aquaculture 
sector play in affecting resource allocation and/or en-
abling smallholders and other stakeholders to improve 
their sustainability performance, for example, [56,57] 
(Table 1). Research on aquaculture cooperatives, for 
instance, shows how they may advance local sustain-
ability goals if they assist with mobilizing resources, 
market access, governance activities (e.g. rule formation, 

monitoring, and leadership selection), representation, 
knowledge exchange, and institutional development for 
access rights, subsidies, and labor issues [30,58]. How-
ever, cooperatives often lack the capacities for self-or-
ganization, representation, and administration [59,60]. 
Thus, cooperative membership may be required for 
smallholders to access government loans or subsidies. 
Overall, the range of actors and governance arrange-
ments in the aquaculture sector remains fragmented. 
Despite this, there is growing recognition for new forms 
of coordination and integration that can support sus-
tainability transformation toward improved environ-
mental performance, social equity, and enhanced 
nutrition. 

Five governance engagement arenas for 
sustainability transformation 
Based on the current literature and expert knowledge, 
we identify five governance engagement arenas that are 

Table 1 

General governance actor groups, and their constituent organizations, institutional arrangements, and societal partnerships.     

Governance actor groups Associated organizations, institutions, and/or 
partnership arrangements 

Role in sustainability transformations  

Practitioners, private, and/ 
or civil society initiatives 

Public–private partnerships Develop joint decision-making processes, investments, and 
service delivery, while improving the allocation of skills and 
risks between private and public sector. 

Businesses along the value chain Increase efficiency, inclusivity, investments, and innovations in 
supply and value chain sustainability through buyer-driven 
(e.g. contract farming, franchising, and joint ventures), 
producer-driven (e.g. farmer-owned, sharecropping), and 
intermediary-driven (e.g. certification) models. 

Cooperatives and/or community-based Represent and organize smallholders to advance local 
sustainability goals through mobilizing resources, market 
access, governance activities, representation, knowledge 
exchange, and institutional development for access rights, 
subsidies, and labor issues. 

Comanagement Provide institutional space for actor coordination, 
communication, and deliberative decision-making processes 
toward inclusive sustainability goals. Typically, government- 
led and cross-level, but can also be community-based. 

Nongovernmental organizations (NGOs) Promote best practices, standards, innovatio,n and/or 
capacity-building to support governance actors and the 
livelihoods of smallholders. Support cross-learning and 
knowledge-sharing between localities, regions, and countries. 

Policymakers National, provincial, and local governments Develop policies, legislation, legal frameworks, and financing 
that provide enabling conditions for development while 
ensuring social and environmental protections during 
implementation. 

Intergovernmental organizations Develop international policy agendas, legal frameworks, and 
monitoring through inclusive and transparent multilateral 
cooperation that builds capacity for communication and 
coordination across actor groups, often directly with 
governments or communities of practice. 

Researchers Universities, professional 
associations, and publishers, funders 

Pursue responsible, ethical, and efficient approaches while 
providing foundational knowledge and evidence-based 
options for action, offering perspectives on the opportunities 
and pitfalls of governance alternatives and trade-offs 
toward sustainability goals. Assess impacts of actions and 
interventions. 

The role of each in fostering sustainability transformations is briefly outlined.  
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scalable and cross-cutting, and thus applicable to a di-
versity of aquaculture systems and actors (Figure 2). We 
recognize that these engagement arenas are not mutually 
exclusive, but still offer conceptual simplification and, as 
such, clarity for debate. Together, they enable aqua-
culture to be understood in the wider context of food 
systems, as well as representing sites of action for en-
abling systemic change. Each engagement arena is pre-
sented with contextualized examples and a discussion of 
future opportunities for contributing to the governance 
of aquaculture sustainability. 

Setting sustainability transformation goals 
Systemic challenges in the aquaculture industry require 
system-level goals, that is, goals that address broad 
challenges such as climate change [61], environmental 
performance [62], and food and livelihood security  
[6,63], and are aligned with capabilities and practices of 
actors throughout the aquaculture food system. This is 
important because the social, economic, and environ-
mental conditions under which the majority of 

aquaculture1 is currently produced fall far below optimal 
(Table 2). For example, 66% of all aquaculture is pro-
duced under suboptimal national-level governance con-
ditions, 76% of all aquaculture is produced in countries 
facing the highest climate risks, and 90% of global pro-
duction is in countries scoring in the bottom half of the 
global rankings in environmental performance [64] 
(Table 2). These data highlight the need for governance 
to mitigate risks guided by sustainability transformation 
goals. The capacity of national governments to both set 
and implement system-level goals for aquaculture re-
mains crucial. Similarly, limited state oversight and self- 
governance by industry can lead to uncontrolled do-
mestic aquaculture growth [65], as well as increased 
demand from sometimes poorly managed fisheries deli-
vering fish meal and fish oil for feed from other countries  
[66,67]. Weak or misaligned cross-sector collaboration     

Figure 2  

Current Opinion in Environmental Sustainability

Five key engagement arenas for aquaculture governance that can foster sustainability transformation. Each arena has a list of examples of potentially 
important topics and issues to prioritize. The relevance of each engagement arena and the listed subarenas will depend on context. Distinguishing 
between the five arenas is conceptually useful, however, there are many overlaps, linkages, and interdependencies indicated by the bridging arrows.   

1 China (57.5%), Indonesia (14.2%), India (5.5%), Vietnam (3.4%), 
Bangladesh (< 3%), South Korea (< 3%), and Philippines (< 3%) [70]. 
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can also undermine the capacity of aquaculture produ-
cers to adapt to climate change [68,69], in particular 
leaving smallholders most reliant on public land and 
water resources without protections. 

The fragmented nature of aquaculture governance, 
spanning multiple levels across the public and private 
sectors, calls for proactive alignment of sustainability 
goals. These goals should, however, not only be out-
come-oriented, but measured in terms of performance 
thresholds [71]. The identification and implementation 
of these goals, and their eventual rules and regulation, 
should also be deemed legitimate by those subject to 
them. To this end, rule formation should be viewed as 
just in terms of the fairness of their procedures and 
processes of governing, just in their distribution of costs, 
benefits, risks, and opportunities, and just in their re-
cognition of different views, identities, interests, and 
knowledge, for example, [69,72]. Such legitimacy is 
needed to address key social issues in the industry re-
lated to gender equality [73], improved wages and de-
cent working conditions [74], the elimination of human 
rights abuses [75,76], and wider issues related to the 
property rights [35,77] and the displacement of other 
sectors including farmers and fishers [78,79]. Goals are 
also key for addressing environmental pressures related 
to access and tenure of land and water [80,81]. Finally, 
goal-setting will only be fruitful if it is coupled with 
proactive capacity-building within partnership arrange-
ments. Pillars of capacity-building will need to be sup-
ported by transparent communication and democratic 
values if they are to enable the assurances and mitigation 

of shared risk, which is in the interest of all actors 
(Figure 2). 

Cross-sectoral linkages 
Aquaculture both affects and is affected by many other 
food production and natural resource use sectors, in-
cluding both capture fisheries and agriculture, as well as 
beyond them such as tourism or offshore energy, broadly 
spanning societal imperatives of public health (e.g. nu-
trition, consumption). However, the institutions gov-
erning aquaculture vis-a-vis these other sectors and 
societal goals are often not aligned, opening up the risks 
for a range of unseen and/or unintended outcomes. At 
worst, aquaculture governance is disconnected from 
these other sectors, as a function of administrative and 
technical management histories, and government min-
istry configurations. However, given their shared risks 
and interdependencies, greater cross-sector alignment of 
public policy and regulation with private standards offers 
considerable opportunities for more effective food 
system-level governance. 

There are many examples of opportunities for ‘cross- 
sector’ aquaculture governance. The dependence of 
feed on agriculture and capture fisheries, as well as seed 
on capture fisheries, illustrates the need for sector- 
spanning approaches to governance [82–84]. Inland 
aquaculture, making up 75% of overall global edible 
production, is also dependent on or, in some cases, 
contributing to agriculture systems [85,86], as well as 
competing and/or impacting on water quality and 
quantity [87]. Aquaculture is increasingly recognized for 

Table 2 

The percent of global aquaculture produced within each quartile range of each index.    

Each country has a score for each individual index, and therefore, each country can be assigned to a quartile 
range based on the score it received for each index. The total amount of aquaculture production for all 
the countries assigned to each quartile for each index is shown as a percentage of global production. The 
darkest-shaded quartile has the most production within each index, the lighter shading has the 
second most. 
2https://info.worldbank.org/governance/wgi/. 
3https://germanwatch.org/en/cri. 
4https://epi.yale.edu/. 
5https://foodsecurityindex.eiu.com/. 
6https://www.doingbusiness.org/en/doingbusiness.  
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its important role in human nutrition [88,89] and the 
need for greater connections with public health policies  
[90] to ensure that farmed aquatic foods can reduce 
micronutrient deficiencies and provide inclusive healthy 
diets [88]. 

Collaborative forms of cross-sectoral governance are 
needed that can reconcile misalignments, mitigate con-
flicts, and proactively enable strategies to deal with 
shared risks [27,49,50,91,92]. Importantly, fostering 
greater collaboration does not mean reinventing the 
wheel. Knowledge and experience on collaborative 
governance have already been built for fisheries, water, 
and agriculture. All these sectors have experience with 
different models of establishing regulation, property 
rights, and developing operational capacities for com-
pliance and innovation that include state, civil society, 
and the private sector — both domestically and inter-
nationally [93]. Cross-sector collaboration may be best 
served by linking to and expanding these established 
governance arrangements [94] — even when these ex-
isting arrangements have been historically suboptimal or 
not directly transferable to aquaculture [57,95,96]. Gov-
ernance systems, especially those leading to tenure 
rights, for example, in capture fisheries, must consider 
carrying capacity limits and not just space opportunities, 
in the allocation of mariculture rights [95]. Nevertheless, 
such arrangements provide a starting point for enhancing 
bidirectional cross-sector knowledge transfer between 
practitioners, producers, and value chain to enable more 
fit-for-purpose tenure arrangements over the long 
term [97]. 

Land–water–sea connectivity 
Since water is the medium of production, fluidity across 
system borders is a critical management and governance 
issue because it can carry waste, pathogens, and nu-
trients [98,99], with high competition for use primarily in 
freshwater systems. Production systems face biosecurity 
risks [100,101] and breakage/release incidents, problems 
that influence profitability, food safety, and linked 
aquatic environments at the land–sea interface [26,92]. 
Furthermore, cross-border freshwater governance issues 
remain a continuing challenge in many world regions 
because demand and water quality are often threatened 
by upstream pollution or water grabbing [102]. Aquatic 
environments also contribute to the development and 
spread of antibiotic-resistant bacteria and genes, com-
plicating governance across agricultural and land–sea 
sectors [103]. 

Governing the land–water–sea interface requires non-
static (e.g. spatially, socially) and temporally dynamic 
forms of collaboration between actors and institutions 
that are not historically aligned [104]. Here, again 
aquaculture can be a means of innovating existing gov-
ernance arrangements by providing a focal point for 

adapting institutions designed for land, water, and/or the 
sea to set new incentives for collaboration, knowledge 
transfer, and deliberative problem-solving across levels, 
scales, and actor groups [105]. If present arrangements 
do not exist, there is opportunity to establish public and 
private ‘land–water–sea partnerships’ that span actor 
groups and institutions. 

Climate change presents perhaps one of the best test 
cases for aquaculture to foster new land–water–sea gov-
ernance arrangements. As coastal production faces in-
creased storm frequency, intensity, erosion, and salt water 
intrusion [95], and inland aquaculture greater water scar-
city, state- and private sector-led governance will need to 
adapt to (1) conflicting resource rights [102,106], (2) in-
creased scarcity and variability of production inputs  
[68,107], (3) changing species tolerances [68], and (4) 
market adaptations to water scarcity and reduced yields  
[108]. All these challenges at the land–water–sea interface 
will require multilateral state coordination, as well as 
clearer incentives and roles for private and civil society to 
share knowledge and innovate solutions that foster 
adaptive capacity across natural and political boundaries  
[94,109]. Aquaculture governance, as such, will need to 
move far beyond technical fixes to embrace sustainability 
transformation as a regenerative economic and social 
challenge that requires risk transfer mechanisms, disaster 
reduction strategies, and assurances from governments for 
maintaining social welfare. Integrated governance ap-
proaches are needed, as exemplified in the FAO report on 
the ‘Impact of climate change on fisheries and aqua-
culture,’ which states “that interactions between aqua-
culture, fisheries and agriculture can either exacerbate the 
impacts or help create solutions for adaptation.” [110]. 

Knowledge and innovation 
More diverse types of knowledge are needed to enable 
sustainability transformations in the aquaculture sector 
that move beyond technical solutions alone [111]. Faced 
with greater environmental uncertainty, recognition of 
knowledge systems that are relevant to the ecosystems 
in which aquaculture is located, but that have been 
historically marginalized or excluded [112], is needed. 
Local and/or indigenous knowledge can both broaden 
system understanding [113] as well as the range of so-
lutions, aspirations, and desired futures needed to 
achieve positive social and environmental outcomes. 
New approaches to knowledge coproduction are needed 
in the aquaculture sector that can enable responsible 
innovation that is context-based, pluralistic, and goal- 
oriented [32]. 

Enabling diverse knowledge systems to coproduce the 
aquaculture sector presents both challenges and opportu-
nities. Increasing species diversity based on local knowl-
edge, as has been seen in the past with shrimp and various 
integrated freshwater water farming systems [30,114], can 
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offer potential for more resilient production systems by 
offering a greater selection of breeding innovations and 
production systems [115]. In addition to local knowledge, 
genetics research can play an important role. For example, 
the diversity of aquaculture products and genetics is well- 
cataloged by the FAO Aquatic Genetic Resources report  
[42], which can be more effectively leveraged with 
knowledge innovations. Greater diversity of farmed spe-
cies, also with input from knowledge on local cuisines, can 
also increase nutritional diversity and offer more options for 
value chain innovation [89]. Social diversity is key to 
knowledge coproduction by leveraging a wide range of 
practices and knowledge for adapting assumed or pre-
scribed practices [63]. Transferring and scaling these di-
verse types of knowledge, however, will require public and 
private collaboration that enables pre- or noncompetitive 
learning and cocreation [94,116]. 

Investments and political will are needed that can enable 
iterative colearning processes and work to-
ward transformation goals. Furthermore, investments 
from actors into knowledge- sharing and capacity transfer 
strategies to and among smallholders, women and/or 
young entrepreneurs, and from the Global North to the 
Global South, will be essential. Within science, inter- and 
transdisciplinary knowledge coproduction processes can 
modify research agendas to adopt the governance frames 
articulated by the five engagement arenas. Current in-
itiatives offering tangible examples include the 
Aquaculture Performance Indicators,2 Aquaculture Gov-
ernance Indicators,3 and One Health [26], along with 
other nonaquaculture food system initiatives [117]. 

Value chains 
Sustainable aquatic food value chains require collabora-
tion between the full range of actors and their successive 
activities to produce, transform, and ultimately consume 
nutritional products that provide equitable benefits and 
minimal environmental impact [118]. Processing, trans-
porting, trading, and post-consumption disposal [119] are 
all challenged with improving their sustainability  
[51,120]. Governing the sustainable conduct of these 
activities requires coordination of the chain [29,120,121], 
both domestically and internationally [3,51]. Improving 
the sustainability of aquaculture value chains is also 
dependent on the exchange of transparent information 
across multiple social and environmental performance 
goals [118] between actors interacting through a diverse 
range of social relations (e.g. formal contract and in-
formal patron–client relations) [9]. 

Governing sustainability through value chains has been 
limited to metric-based standards and certification. 

While they have continued to expand the volume of 
compliant production over time, with the three major 
certifiers each growing nearly 400% in the last 10 years  
[122], their overall reach has remained limited by poor 
uptake from producers driven in part by weak global 
consumer demand for certified products, particularly in 
domestic markets throughout Asia, Latin America, and 
Africa [3,50]. As a result, alternative governance ar-
rangements for enhancing the sustainability conduct and 
performance through value chains, while being cost- 
sensitive, are needed that target actors selling to these 
domestic markets. Specific attention is also needed to 
engaging smallholders through new forms of value chain 
governance that improve livelihood outcomes [123], 
such as contracts that leverage sustainability improve-
ment against access to secure contracts, finance, and 
insurance [3]. 

Governing sustainable value chains also needs to con-
sider access to nutritious aquatic food. Inclusion and 
communication across groups through industry partner-
ships and cooperatives are key considerations for private 
companies coordinating these chains, as well for gov-
ernments and NGOs [37]. Attention is also needed to 
understand how sustainability is included in the ev-
eryday routines of consumers who are not conscious of 
social or environmental impacts associated with the 
aquatic food they eat [3]. Multiple strategies are needed, 
including, but not limited to (1) certifications that can 
balance trade-offs between standard strictness and in-
creasing the share of market compliance, (2) traceability 
innovations, (3) social protections (e.g. laws, insurances), 
and (4) financial access and security (e.g. microcredit, 
subsidies, and patent protections). 

Directions forward: operationalizing the 
engagement arenas 
Transformation toward sustainability is essential if 
aquaculture is to be a main provider of safe, stable, and 
nutritious aquatic food into the future. Building capacity 
for governance can help move the sector beyond tech-
nical solutions related to intensification, pollution, live-
lihoods, and other environmental impacts, and 
toward system-based approaches to sustainability. 
Governance is not a panacea that will solve all complex 
issues [124]. Rather, it is a set of social processes and 
arrangements that, when negotiated among governance 
actors, can lead to inclusive, innovative, and adaptive 
approaches for resolving the many challenges of sus-
tainably increasing farmed aquatic food production. 

The five engagement arenas presented above provide 
guidance for building the necessary capacity for gov-
ernance in research and practice alike. The engagement 
arenas are overlapping in many ways, and in order to 
make meaningful steps forward, reflection is needed on 

2 https://www.fpilab.org/api-home/ 
3 https://www.aquaculturegovernance.org/ 
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their application to any specific case. Detailed case de-
scriptions of governance arrangements that align closely 
with many of the arenas and action items are outlined by 
Jolly and colleagues [10], showing the dynamics and 
context dependencies of aquaculture governance. We 
build on and strengthen this recent literature, including 
the FAO Blue Transformations roadmap [21] and 
aquaculture subcommittee developments [22], to sug-
gest the types of actions and activities that can be taken 
in research, practice, and policy to make progress to-
ward meaningfully engaging with the arenas. Below, in 
the main text, we provide an abbreviated list of what we 
argue should be priority action items. However, we 
provide a full table of extended action items for each 
group in Table S4. The action items are strategic advice, 
and to specify the tactics for operationalizing them uni-
versally would be misguided. Rather, we advocate for 
teams of researchers, practitioners, and policymakers to 
find practical tactics for operationalizing them in a flex-
ible way within their own problem and practical con-
texts.  

(1) Cross-cutting action items widely applicable across 
engaged actors:  

• Prioritize goal-setting through inclusion, deliberation, 
and participation  

• Knowledge coproduction through multi-actor and 
cross-sector partnerships 

• Innovative partnership models and cooperation stra-
tegies  

• Support transparency, inclusion, and best practices 
across the whole value chain 

• Invest in knowledge, capacity, and technology de-
velopment and transfer.  

(2) Practitioners in the aquaculture sector can make 
progress on the engagement arenas by coordinating 
activities that guide operational and investment 
strategies. To do this, collective action is needed to 
support transparency and best practices across the 
whole value chain, and to develop adaptive opera-
tional strategies that consider impacts and govern-
ance beyond local operations. Furthermore, 
garnering widespread social license and acceptance 
of aquaculture remains an essential challenge. 
Priority action items include: 

• Self-organize associations for goal-setting, coordina-
tion, and knowledge-sharing  

• Increase business disclosure and transparency  
• Pursue inclusive business models  
• Pursue efficiency increases in resource use.  

(3) Policymakers can leverage the engagement arenas 
by guiding cooperative efforts across groups and le-
vels, aggregating information and expertise to set 
place-based priorities and enable stakeholder cap-
abilities for change. This can include fiscal 

incentives for cross-sectoral cooperation, regulation 
of markets, and coordination between finance, in-
surance, and sustainability assurance for programs 
that stimulate support for investment and in-
novation.  

• Enable transparent and participatory governance 
processes at multiple levels 

• Create enabling conditions for innovations and sus-
tainability initiatives  

• Invest in research, knowledge, and technology 
transfer programs  

• Coordinate vertical and horizontal integration of 
government  

• Support transparent monitoring, data collection, and 
evaluation strategies  

(4) Researchers can strengthen the engagement areas by 
providing evidence-based knowledge on how each 
contributes to aquaculture’s role in advancing sus-
tainable systemic transformation. 

• Pursue inter- and trans-disciplinarity knowledge co-
production  

• Examine opportunities, trade-offs, and challenges of 
governance approaches  

• Link problem-driven and solution-oriented research 
with fundamental research  

• Expand geographical diversity of empirical research  
• Identify how, when, where, and why different actors 

are involved 

Moving forward, we urge a pluralism of governance ac-
tivities and transformative agendas to advance aqua-
culture governance within the engagement arenas and 
across the sector’s diverse contexts and geographies. We 
encourage the adoption, modification, and constructive 
critique of the engagement arenas in pursuit of advan-
cing multi-actor efforts and partnerships to foster sus-
tainability transformations in the sector. The action 
items, as a direction forward, provide more specific steps 
that, if adopted, can help ensure that aquaculture can 
play a positive role in societal transformations to-
ward sustainability. 

Data Availability 

Data will be made available on request. 

Declaration of Competing Interest 

We declare no conflicts of interest. 

Acknowledgements 
This research was conducted within the Comparing Aquaculture Systems 
Sustainability (COMPASS) project, funded by the German Ministry of 
Research and Education (BMBF) under the Bioeconomy program, with 
grant ID: 031B0785. 

10 Open Issue  

www.sciencedirect.com Current Opinion in Environmental Sustainability 2023, 65:101379 



Supporting information 
Supplementary data associated with this article can be 
found in the online version at doi:10.1016/j.cosust.2023. 
101379. 

References and recommended reading 
Papers of particular interest, published within the period of review, have 
been highlighted as:  

•• of special interest  

1. UN: Global Sustainable Development Report 2019: The future is 
now - Science for achieving sustainable development. 2019. 
https://sdgs.un.org/gsdr. 

2. Bennett NJ, Blythe J, Cisneros-Montemayor AM, Singh GG, 
Sumaila UR: Just transformations to sustainability. 
Sustainability 2019, 11:1-18. 

3.
•

Bush SR, Oosterveer P: Governing Sustainable Seafood. 2019. 
Routledge.. 

This book provides one of the few comprehensive examinations of joint 
fisheries and aquaculture governance issues with a focus on global 
dynamics, policy regulations, markets and certifications. 

4.
•

Béné C, Fanzo J, Haddad L, Hawkes C, Caron P, Vermeulen S, 
Herrero M, Oosterveer P: Five priorities to operationalize the 
EAT–Lancet Commission report. Nat Food 2020, 1:457-459. 

Synthesizes key priority areas embedded in a food systems perspec-
tives for ensuring that healthy dietary recommendations from EAT- 
Lancet report can be realized. 

5.
•

Gephart JA, Golden CD, Asche F, Belton B, Brugere C, Froehlich 
HE, Fry JP, Halpern BS, Hicks CC, Jones RC, et al.: Scenarios for 
global aquaculture and its role in human nutrition. Rev Fish Sci 
Aquac 2020, 29:1-17. 

Outlines four scenarios and reviews the literature on aquaculture de-
velopment under different conditions in achieving goals linked to nutri-
tion outcomes. 

6. Béné C, Arthur R, Norbury H, Allison EH, Beveridge M, Bush S, 
Campling L, Leschen W, Little D, Squires D, et al.: Contribution of 
fisheries and aquaculture to food security and poverty 
reduction: assessing the current evidence. World Dev 2016, 
79:177-196. 

7. Willett W., Rockström J., Loken B., Springmann M., Lang T., 
Vermeulen S., Garnett T., Tilman D., DeClerck F., Wood A., et al.: 
Food in the Anthropocene: the EAT–Lancet Commission on 
healthy diets from sustainable food systems. 2019. https:// 
eatforum.org/eat-lancet-commission/eat-lancet-commission- 
summary-report/. 

8. Partelow S, Schlüter A, Armitage D, Bavinck M, Carlisle K, Gruby 
RL, Hornidge A-K, Le Tissier M, Pittman JB, Song AM, et al.: 
Environmental governance theories: a review and application 
to coastal systems. Ecol Soc 2020, 25. 

9.
•

Partelow S, Schlüter A, Manlosa AO, Nagel B, Paramita AO: 
Governing aquaculture commons. Rev Aquac 2021, 
14:729-750. 

Provides a comprehensive framework for understanding why govern-
ance challenges emerge in aquaculture due to the common-pool re-
sources and public goods the sector depends on. 

10.
•

Jolly CM, Nyandat B, Yang Z, Ridler N, Matias F, Zhang Z, 
Murekezi P, Menezes A: Dynamics of aquaculture governance. 
J World Aquac Soc 2023, 54:427-481, https://doi.org/10.1111/ 
jwas.12967. 

Detailed unpacking of current aquaculture governance practices and 
their alignment with different SDGs. 

11. FAO: Progress in the implementation of the code of conduct for 
responsible fisheries and related instruments. 2021. Rome. 
https://www.fao.org/3/cb2990en/CB2990EN.pdf. 

12. FAO: Code of Conduct for Responsible Fisheries. Food and 
Agriculture Organization of the United Nations; 1995 (ISBN 92-5- 
103834-5). 

13. Patterson J, Schulz K, Vervoort J, van der Hel S, Widerberg O, 
Adler C, Hurlbert M, Anderton K, Sethi M, Barau A: Exploring the 
governance and politics of transformations towards 
sustainability. Environ Innov Soc Transit 2017, 24:1-16. 

14. Cumming GS, Epstein G, Anderies JM, Apetrei CI, Chawla S, 
Clements HS, Cox M, Baggio J, Seppelt R, Schlu M, et al.: 
Advancing understanding of natural resource governance: a 
post-Ostrom research agenda. Curr Opin Environ Sustain 2020, 
44:26-34, https://doi.org/10.1016/j.cosust.2020.02.005 

15. Ostrom E: Understanding Institutional Diversity. Princeton 
Universty Press; 2005. 

16. Partelow S, Hadjimichael M, Hornidge A: Ocean governance for 
sustainability transformation. In Ocean Governance: Knowledge 
Systems, Policy Foundations and Thematic Analyses. Edited by 
Partelow S, Hadjimichael M, Hornidge A. Springer; 2023:1-21. 

17. Chaffin BC, Garmestani AS, Gunderson LH, Benson MH, Angeler 
DG, Tony CA, Cosens B, Craig RK, Ruhl JB, Allen CR: 
Transformative environmental governance. Annu Rev Environ 
Resour 2016, 41:399-423. 

18. Wyborn C, Datta A, Montana J, Ryan M, Leith P, Chaffin B, Miller 
C, Van Kerkhoff L: Co-producing sustainability: reordering the 
governance of science, policy, and practice. Annu Rev Environ 
Resour 2019, 44:319-346. 

19. Bodin Ö: Collaborative environmental governance: achieving 
collective action in social-ecological systems. Science (1979) 
2017, 357:eaan1114. 

20.
•

FAO: Blue Transformation - Roadmap 2022–2030. FAO; 2022 
. 

Provides an outline of the key targets for fisheries and aquaculture 
transformations advocated and to be pursued by member states. 

21. FAO: Blue Transformation - FAO’s work on aquatic food systems. 
2022. Rome. https://www.fao.org/3/cc0459en/cc0459en.pdf. 

22. FAO Sub-Committee on Aquaculture: Draft guidelines for 
sustainable aquaculture. 2023. https://www.fao.org/3/ni665en/ 
ni665en.pdf. 

23. Stead SM: Rethinking marine resource governance for the 
United Nations Sustainable Development Goals. Curr Opin 
Environ Sustain 2018, 34:54-61. 

24. Troell M, Costa-Pierce B, Stead C, Cottrell RS, Brugere C, 
Farmery AK, Little D, Strand Å, Pullin R, Soto D, Beveridge M, 
Salie K, Dresdner J, Moraes-Valenti P, Blanchard J, James P, 
Yossa R, Allison E, Devaney C: Perspectives on aquaculture’s 
contribution to the Sustainable Development Goals for 
improved human and planetary health. Journal of the World 
Aquaculture Society (2) 2023, 54:251-342, https://doi.org/10. 
1111/jwas.12946 

25.
•

Webb P, Benton TG, Beddington J, Flynn D, Kelly NM, Thomas 
SM: The urgency of food system transformation is now 
irrefutable. Nat Food 2020, 1:584-585. 

Opinion piece outlining the four key components of transformed food 
systems, why food systems need to transform, and some of the path-
ways to get there. 

26.
•

Stentiford GD, Bateman IJ, Hinchliffe SJ, Bass D, Hartnell R, 
Santos EM, Devlin MJ, Feist SW, Taylor NGH, Verner-Jeffreys 
DW, et al.: Sustainable aquaculture through the One Health 
lens. Nat Food 2020, 1:468-474. 

This article synthesizes the literature on sustainable aquaculture and 
argues that health, in the broader sense that includes people, food, 
environment, economy, should be the primary bridging via a One Health 
concept that encompasses continued development of the sector. 

27.
•

Bottema MJM, Bush SR, Oosterveer P: Assuring aquaculture 
sustainability beyond the farm. Mar Policy 2021, 132:104658. 

The paper provides a heuristic framework for examining beyond farm 
shared risks in aquaculture governance and provides examples of 
governance approaches, along with their opportunities and challengs. 

28. Blanchard JL, Watson RA, Fulton EA, Cottrell RS, Nash KL, 
Bryndum-Buchholz A, Büchner M, Carozza DA, Cheung WWL, 
Elliott J, et al.: Linked sustainability challenges and trade-offs 
among fisheries, aquaculture and agriculture. Nat Ecol Evol 
2017, 1:1240-1249. 

Aquaculture governance for sustainability Partelow et al. 11 

www.sciencedirect.com Current Opinion in Environmental Sustainability 2023, 65:101379 

https://doi.org/10.1016/j.cosust.2023.101379
https://doi.org/10.1016/j.cosust.2023.101379
https://sdgs.un.org/gsdr
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref1
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref1
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref1
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref2
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref2
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref2
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref3
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref3
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref3
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref3
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref4
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref4
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref4
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref4
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref4
https://eatforum.org/eat-lancet-commission/eat-lancet-commission-summary-report/
https://eatforum.org/eat-lancet-commission/eat-lancet-commission-summary-report/
https://eatforum.org/eat-lancet-commission/eat-lancet-commission-summary-report/
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref5
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref5
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref5
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref5
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref6
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref6
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref6
https://doi.org/10.1111/jwas.12967
https://doi.org/10.1111/jwas.12967
https://www.fao.org/3/cb2990en/CB2990EN.pdf
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref8
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref8
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref8
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref9
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref9
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref9
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref9
https://doi.org/10.1016/j.cosust.2020.02.005
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref11
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref11
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref12
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref12
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref12
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref12
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref13
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref13
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref13
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref13
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref14
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref14
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref14
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref14
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref15
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref15
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref15
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref16
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref16
https://www.fao.org/3/cc0459en/cc0459en.pdf
https://www.fao.org/3/ni665en/ni665en.pdf
https://www.fao.org/3/ni665en/ni665en.pdf
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref17
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref17
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref17
https://doi.org/10.1111/jwas.12946
https://doi.org/10.1111/jwas.12946
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref19
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref19
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref19
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref20
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref20
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref20
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref20
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref21
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref21
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref22
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref22
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref22
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref22
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref22


29.
•

Kruijssen F, McDougall CL, van Asseldonk IJM: Gender and 
aquaculture value chains: a review of key issues and 
implications for research. Aquaculture 2018, 493:328-337. 

This paper provides a comprehensive overview of gender issues, one of 
the few papers that provides an overall assessment in the sector. 

30. Senff P, Partelow S, Indriana LF, Buhari N, Kunzmann A: 
Improving pond aquaculture production on Lombok, 
Indonesia. Aquaculture 2018, 497:64-73. 

31.
•

Béné C: Why the Great Food Transformation may not happen – 
a deep-dive into our food systems’ political economy, 
controversies and politics of evidence. World Dev 2022, 
154:105881, https://doi.org/10.1016/j.worlddev.2022.105881. 

Examines the drivers of why food systems face difficulties for transfor-
mations. 

32.
•

Norström AV, Cvitanovic C, Löf MF, West S, Wyborn C, Balvanera 
P, Bednarek AT, Bennett EM, Biggs R, de Bremond A, et al.: 
Principles for knowledge co-production in sustainability 
research. Nat Sustain 2020, 3:182-190. 

Synthesizes four main principles for knowledge co-production in sus-
tainability research which include being context-based, pluralistic, goal- 
oriented and interactive. 

33. Caniglia G, Luederitz C, Wirth T, von, Fazey I, Martín-López B, 
Hondrila K, König A, Wehrden H, von, Schäpke NA, Laubichler M, 
et al.: A pluralistic and integrated approach to action-oriented 
knowledge for sustainability. Nat Sustain 2020, 4:93-100, 
https://doi.org/10.1038/s41893-020-00616-z 

34. Jennings S, Stentiford GD, Leocadio AM, Jeffery KR, Metcalfe JD, 
Katsiadaki I, Auchterlonie NA, Mangi SC, Pinnegar JK, Ellis T, 
et al.: Aquatic food security: insights into challenges and 
solutions from an analysis of interactions between fisheries, 
aquaculture, food safety, human health, fish and human 
welfare, economy and environment. Fish Fish 2016, 
17:893-938. 

35. FAO: The State of World Fisheries and Aquaculture: Sustainability 
in Action. 2020. Rome. https://www.fao.org/3/ca9229en/online/ 
ca9229en.html. 

36. Naylor RL, Hardy RW, Buschmann AH, Bush SR, Cao L, Klinger 
DH, Little DC, Lubchenco J, Shumway SE, Troell M: A 20-year 
retrospective review of global aquaculture. Nature 2021, 
591:551-563. 

37.
•

Kaminski AM, Kruijssen F, Cole SM, Beveridge MCM, Dawson C, 
Mohan CV, Suri S, Karim M, Chen OL, Phillips MJ, et al.: A review 
of inclusive business models and their application in 
aquaculture development. Rev Aquac 2020, 12:1881-1902. 

Reviews the wide variety of actors and business models within the 
aquaculture sector, and the how they can achieve goals of inclusivity 
and sustainability in their activities. 

38. Carter C: The Politics of Aquaculture: Sustainability 
Interdependence, Territory and Regulation in Fish Farming. 
Routledge; 2018. 

39.
•

Béné C, Oosterveer P, Lamotte L, Brouwer ID, de Haan S, Prager 
SD, Talsma EF, Khoury CK: When food systems meet 
sustainability – current narratives and implications for 
actions. World Dev 2019, 113:116-130. 

Explores narrative pathways that embody different arguments for why 
food systems are currently unsustainable, and explores the discourses 
including problems and solutions that each pose. The author argue 
more broadly for food systems transitions towards sustainability and the 
need to address trade-offs and differences in problem-framing. 

40. Moberg E, Allison EH, Harl HK, Al E: Combined innovations in 
public policy, the private sector and culture can drive 
sustainability transitions in food systems. Nat Food 2021, 
2:282-290. 

41. Sun Y, van der Ven H: Swimming in their own direction: 
Explaining domestic variation in homegrown sustainability 
governance for aquaculture in Asia. Ecol Econ 2020, 
167:106445. 

42. FAO: The State of the World’s Aquatic Genetic Resources. 2019. 
Rome. https://www.fao.org/3/CA5256EN/CA5256EN.pdf. 

43. Lazard J, Baruthio A, Mathé S, Rey-Valette H, Chia E, Clément O, 
Aubin J, Morissens P, Mikolasek O, Legendre M, et al.: 

Aquaculture system diversity and sustainable development: 
fish farms and their representation. Aquat Living Resour 2010, 
23:187-198. 

44. Partelow S, Senff P, Buhari N, Schlüter A: Operationalizing the 
social-ecological systems framework in pond aquaculture. Int 
J Commons 2018, 12:485-518. 

45. Bayazid Y, Miyanishi T, Umetsu C, Hamasaki H: The evolution of 
a floodplain aquaculture management system in Bangladesh. 
Int J Commons 2018, 12:249-277. 

46. Manlosa AO, Hornidge A-K, Schlüter A: Aquaculture-capture 
fisheries nexus under Covid-19: impacts, diversity, and 
social-ecological resilience. Marit Stud 2021, 20:75-85, https:// 
doi.org/10.1007/s40152-021-00213-6 

47. Epstein G, Pittman J, Alexander SM, Berdej S, Dyck T, Kreitmair 
U, Raithwell KJ, Villamayor-Tomas S, Vogt J, Armitage D: 
Institutional fit and the sustainability of social–ecological 
systems. Curr Opin Environ Sustain 2015, 14:34-40. 

48. Young OR, Webster DG, Cox ME, Raakjær J, Blaxekjær LØ, 
Einarsson N, Virginia RA, Acheson J, Bromley D, Cardwell E, et al.: 
Moving beyond panaceas in fisheries governance. Proc Natl 
Acad Sci 2018, 115:9065-9073, https://doi.org/10.1073/pnas. 
1716545115 

49. Watson JR, Armerin F, Klinger DH, Belton B: Resilience through 
risk management: cooperative insurance in small-holder 
aquaculture systems. Heliyon 2018, 4:e00799. 

50.
•

Bush S, Oosterveer P, Bottema M, Meuwissen M, de Mey Y, 
Chamsai S, Lien HH, Chadag M: Inclusive environmental 
performance through ‘beyond-farm’ aquaculture governance. 
Curr Opin Environ Sustain 2019, 41:49-55. 

This paper examines the potential for improved environmental perfor-
mance of smallholder aquaculture production through ‘beyond-farm’ 
governance. It sets a new research agenda for the integrated govern-
ance of mitigating production risks and producer vulnerability in global 
food production. 

51. Bush SR, Belton B, Little DC, Islam MS: Emerging trends in 
aquaculture value chain research. Aquaculture 2019, 
498:428-434. 

52. Vince J, Haward M: Hybrid governance in aquaculture: 
certification schemes and third party accreditation. 
Aquaculture 2019, 507:322-328. 

53. Vlachopouloua EI, Mizuta DD: Shellfish aquaculture and 
resilience: leadership experiences from Kesennuma Bay, 
Japan. Mar Policy 2018, 92:111-119, https://doi.org/10.1016/j. 
marpol.2018.02.025 

54. Ebel SA: Moving beyond co-management: opportunities and 
limitations for enabling transitions to polycentric governance 
in chile’s territorial user rights in fisheries policy. Int J 
Commons 2020, 14:278-295. 

55. López de la Lama R, Valdés-Velasquez A, Huicho L, Morales E, 
Rivera-Ch M: Exploring the building blocks of social capital in 
the Sechura Bay (Peru): insights from Peruvian scallop 
(Argopecten purpuratus) aquaculture. Ocean Coast Manag 
2018, 165:235-243. 

56. Galappaththi EK, Galappaththi IM: Five key characteristics that 
drive commonisation: empirical evidence from Sri Lankan 
shrimp aquaculture. Making Commons Dynamic: Understanding 
Change Through Commonisation and Decommonisation. 
Routledge & Kegan Paul; 2021:83-101. 

57.
•

Belton B, Reardon T, Zilberman D: Sustainable commoditization 
of seafood. Nat Sustain 2020, 3:677-684. 

This paper provides a critical overview on what drives aquaculture de-
velopment in the Global South, looking at the role of sustainable in-
tensification, supply chain transformation, and supporting policy and 
regulation. 

58. Umesh NR, Mohan ABC, Ravibabu G, Padiyar PA, Phillips MJ, 
Mohan CV, Bhat BV: Abstract: shrimp farmers in India: 
empowering small-scale farmers through a cluster-based 
approach. In Success Stories in Asian Aquaculture. Edited by 
Silva SSDe, Davy FB. Springer; 2010. 

12 Open Issue  

www.sciencedirect.com Current Opinion in Environmental Sustainability 2023, 65:101379 

http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref23
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref23
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref23
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref24
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref24
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref24
https://doi.org/10.1016/j.worlddev.2022.105881
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref26
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref26
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref26
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref26
https://doi.org/10.1038/s41893-020-00616-z
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref28
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref28
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref28
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref28
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref28
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref28
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref28
https://www.fao.org/3/ca9229en/online/ca9229en.html
https://www.fao.org/3/ca9229en/online/ca9229en.html
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref29
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref29
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref29
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref29
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref30
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref30
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref30
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref30
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref31
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref31
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref31
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref32
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref32
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref32
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref32
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref33
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref33
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref33
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref33
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref34
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref34
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref34
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref34
https://www.fao.org/3/CA5256EN/CA5256EN.pdf
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref35
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref35
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref35
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref35
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref35
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref36
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref36
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref36
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref37
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref37
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref37
https://doi.org/10.1007/s40152-021-00213-6
https://doi.org/10.1007/s40152-021-00213-6
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref39
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref39
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref39
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref39
https://doi.org/10.1073/pnas.1716545115
https://doi.org/10.1073/pnas.1716545115
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref41
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref41
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref41
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref42
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref42
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref42
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref42
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref43
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref43
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref43
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref44
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref44
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref44
https://doi.org/10.1016/j.marpol.2018.02.025
https://doi.org/10.1016/j.marpol.2018.02.025
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref46
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref46
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref46
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref46
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref47
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref47
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref47
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref47
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref47
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref48
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref48
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref48
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref48
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref48
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref49
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref49
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref50
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref50
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref50
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref50
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref50


59. Edun OM, Akinrotimi OA, Eshiett IM: Roles of cooperative 
societies in aquaculture development: a case study of some 
local government areas in Rivers State, Nigeria. Agric Ext J 
2018, 2:132-138. 

60. Ha TTT, Bush SR, van Dijk H: The cluster panacea?: 
questioning the role of cooperative shrimp aquaculture in 
Vietnam. Aquaculture 2013, 388–391:89-98. 

61. Tigchelaar M, Cheung WWL, Mohammed EY, Phillips MJ, Payne 
HJ, Selig ER, Wabnitz CCC, Oyinlola MA, Frölicher TL, Gephart 
JA, et al.: Compound climate risks threaten aquatic food 
system benefits. Nat Food 2021, 2:673-682, https://doi.org/10. 
1038/s43016-021-00368-9 

62. Gephart JA, Henriksson PJG, Parker RWR, Shepon A, Gorospe 
KD, Bergman K, Eshel G, Golden CD, Halpern BS, Hornborg S, 
et al.: Environmental performance of blue foods. Nature 2021, 
597:360-365 (In review). 

63.
•

Short RE, Gelcich S, Little DC, Micheli F, Allison EH, Basurto X, 
Belton B, Brugere C, Bush SR, Cao L, et al.: Harnessing the 
diversity of small-scale actors is key to the future of aquatic 
food systems. Nat Food 2021, 2:733-741, https://doi.org/10. 
1038/s43016-021-00363-0. 

Outlines the critical role the smallholders play in providing diversity to 
aquaculture and fisheries systems, increasingly resilience due to their 
diversity, and whom need more governance support to ensure sus-
tainability. 

64. Cao L, Halpern BS, Troell M, Rebecca Short M, Zeng C, Jiang Z, 
Liu Y, Zou C, Liu S, Liu C, Liu X, Cheung WWL, Cottrell R, Declerk 
F, Gelcich S, Gephart JA, Golden CD, Godo-Solo D, Kaull JI, 
Micheli F, Naylor RL, Payne HJ, Selig ER, Sumaila UR, Tigchelaar 
M: Vulnerability of Blue Foods to Human-induced 
Environmental Change. Nature Sustainability 2023, https://doi. 
org/10.1038/s41893-023-01156-y 

65. Abate TG, Nielsen R, Tveterås R: Stringency of environmental 
regulation and aquaculture growth: a cross-country analysis. 
Aquac Econ Manag 2016, 20:201-221. 

66. GREENPEACE: Healthy Ecosystems and Human Rights: The case 
of fishmeal production in West Africa. Briefing 2020. https://www. 
ohchr.org/sites/default/files/Documents/Issues/Environment/ 
SREnvironment/Call/NGOs/GreenpeaceInputs1.pdf. 

67. Zhang W, Liu M, Mitcheson YS de, Cao L, Leadbitter D, Newton 
R, Little DC, Li S, Yang Y, Chen X, et al.: Fishing for feed in 
China: facts, impacts and implications. Fish Fish 2020, 
21:47-62. 

68. Froehlich HE, Gentry RR, Halpern BS: Global change in marine 
aquaculture production potential under climate change. Nat 
Ecol Evol 2018, 2:1745-1750. 

69. Kim J, Siddiki S: Linking diversity of collaborative 
policymaking venues with procedural justice perceptions: a 
study of U.S. marine aquaculture partnerships. Am Rev Public 
Adm 2018, 48:159-174. 

70. Tacon AGJ: Trends in global aquaculture and aquafeed 
production: 2000–2017. Rev Fish Sci Aquac 2020, 28:43-56, 
https://doi.org/10.1080/23308249.2019.1649634 

71. Partelow S, Abson DJ, Schlüter A, Fernández-Giménez M, 
Wehrden H, von, Collier N: Privatizing the commons: new 
approaches need broader evaluative criteria for sustainability. 
Int J Commons 2019, 13:706-747. 

72. Bennett NJ, Blythe J, White CS, Campero C: Blue growth and 
blue justice: ten risks and solutions for the ocean economy. 
Mar Policy 2021, 125:104387. 

73. Krause G, Billing SL, Dennis J, Grant J, Fanning L, Filgueira R, 
Miller M, Pérez Agúndez JA, Stybel N, Stead SM, et al.: 
Visualizing the social in aquaculture: how social dimension 
components illustrate the effects of aquaculture across 
geographic scales. Mar Policy 2020, 118:103985. 

74. Hishamunda N, Bueno P, Menezes AM, Ridler N, Wattage P, 
Martone E: Improving Governance of Aquaculture 
Employment. A Global Assessment. FAO; 2014. 

75. Kittinger JN, Teh LCL, Allison EH, Bennett NJ, Crowder LB, 
Finkbeiner EM, Hicks C, Scarton CG, Nakamura K, Ota Y, et al.: 

Committing to socially responsible seafood: ocean science 
must evolve to meet social challenges in the seafood sector. 
Science (1979) 2017, 356:912-913. 

76. Teh LCL, Caddell R, Allison EH, Finkbeiner EM, Kittinger JN, 
Nakamura K, Ota Y: The role of human rights in implementing 
socially responsible seafood. PLoS One 2019, 14:1-21. 

77. Brugere C, Williams M: Women in aquaculture profile. 2017. 
https://genderaquafish.org/portfolio/women-in-aquaculture/. 

78. Hadjimichael M, Bruggeman A, Lange MA: Tragedy of the few? 
A political ecology perspective of the right to the sea: the 
Cyprus marine aquaculture sector. Mar Policy 2014, 49:12-19. 

79. Kluger LC, Schlüter A, Garteizgogeascoa M, Damonte G: 
Materialities, discourses and governance: scallop culture in 
Sechura, Peru. J Environ Policy Plan 2022, 24:309-324. 

80. Mitra S, Khan MA, Nielsen R, Rahman MT: Improving 
aquaculture productivity, efficiency and profitability in 
Bangladesh: does land ownership matter? Aquac Econ Manag 
2022, 26:215-231. 

81. Kelkar N, Arthur RI: A Review of Governance and Tenure in 
Inland Capture Fisheries and Aquaculture Systems of India. 
FAO and ICSF; 2022. 

82. Cashion T, Le Manach F, Zeller D, Pauly D: Most fish destined 
for fishmeal production are food-grade fish. Fish Fish 2017, 
18:837-844. 

83. Cottrell RS, Blanchard JL, Halpern BS, Metian M, Froehlich HE: 
Global adoption of novel aquaculture feeds could 
substantially reduce forage fish demand by 2030. Nat Food 
2020, 1:301-308. 

84. Froehlich HE, Runge CA, Gentry RR, Gaines SD, Halpern BS: 
Comparative terrestrial feed and land use of an aquaculture- 
dominant world. Proc Natl Acad Sci USA 2018, 115:5295-5300. 

85. Ahmed N, Turchini GM: The evolution of the blue-green 
revolution of rice-fish cultivation for sustainable food 
production. Sustain Sci Sci 2021, 16:1375-1390. 

86. Bashir MA, Liu J, Geng Y, Wang H, Pan J, Zhang D, Rehim A, Aon 
M, Liu H: Co-culture of rice and aquatic animals: an integrated 
system to achieve production and environmental 
sustainability. J Clean Prod 2020, 249:119310. 

87. Sardenne F, Simard M, Robinson SMC, McKindsey CW: 
Consumption of organic wastes from coastal salmon 
aquaculture by wild decapods. Sci Total Environ 2020, 711:134863. 

88. Golden CD, Koehn JZ, Shepon A, Passarelli S, Free CM, Viana 
DF, Matthey H, Eurich JG, Gephart JA, Fluet-chouinard E, et al.: 
Aquatic foods to nourish nations. Nature 2021, 598:315-320, 
https://doi.org/10.1038/s41586-021-03917-1 

89. Shepon A, Gephart JA, Golden CD, Henriksson PJG, Jones RC, 
Koehn JZ, Eshel G: Exploring sustainable aquaculture 
development using a nutrition-sensitive approach. Glob 
Environ Change 2021, 69:102285. 

90. Koehn JZ, Allison EH, Villeda K, Chen Z, Nixon M, Crigler E, Zhao 
L, Chow M, Vaitla B, Thilsted SH, et al.: Fishing for health: do the 
world’s national policies for fisheries and aquaculture align 
with those for nutrition? Fish Fish 2021, 23:125-142, https://doi. 
org/10.1111/faf.12603 

91. Lien HH, Mey Y, de, Bush SR, Meuwissen MPM: A socio-spatial 
index for risk management in shrimp aquaculture across 
landscapes. Aquaculture 2020, 531, https://doi.org/10.1016/j. 
scitotenv.2020.140714 

92.
•

Cottrell RS, Nash KL, Halpern BS, Remenyi TA, Corney SP, 
Fleming A, Fulton EA, Hornborg S, Johne A, Watson RA, et al.: 
Food production shocks across land and sea. Nat Sustain 
2019, 2:130-137. 

Examines the linkages between food production sectors with a large 
multi-decade global data set on how shocks occurring in one food 
sector can create diverse and linked challenges among others. 

93. Awulachew SB, Smakhtin V, Molden D, Peden D: The Nile River 
Basin: Water, Agriculture, Governance and Livelihoods. 
Routledge; 2012. 

Aquaculture governance for sustainability Partelow et al. 13 

www.sciencedirect.com Current Opinion in Environmental Sustainability 2023, 65:101379 

http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref51
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref51
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref51
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref51
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref52
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref52
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref52
https://doi.org/10.1038/s43016-021-00368-9
https://doi.org/10.1038/s43016-021-00368-9
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref54
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref54
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref54
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref54
https://doi.org/10.1038/s43016-021-00363-0
https://doi.org/10.1038/s43016-021-00363-0
https://doi.org/10.1038/s41893-023-01156-y
https://doi.org/10.1038/s41893-023-01156-y
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref57
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref57
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref57
https://www.ohchr.org/sites/default/files/Documents/Issues/Environment/SREnvironment/Call/NGOs/GreenpeaceInputs1.pdf
https://www.ohchr.org/sites/default/files/Documents/Issues/Environment/SREnvironment/Call/NGOs/GreenpeaceInputs1.pdf
https://www.ohchr.org/sites/default/files/Documents/Issues/Environment/SREnvironment/Call/NGOs/GreenpeaceInputs1.pdf
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref58
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref58
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref58
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref58
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref59
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref59
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref59
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref60
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref60
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref60
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref60
https://doi.org/10.1080/23308249.2019.1649634
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref62
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref62
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref62
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref62
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref63
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref63
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref63
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref64
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref64
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref64
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref64
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref64
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref65
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref65
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref65
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref66
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref66
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref66
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref66
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref66
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref67
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref67
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref67
https://genderaquafish.org/portfolio/women-in-aquaculture/
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref68
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref68
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref68
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref69
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref69
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref69
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref70
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref70
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref70
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref70
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref71
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref71
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref71
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref72
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref72
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref72
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref73
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref73
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref73
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref73
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref74
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref74
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref74
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref75
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref75
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref75
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref76
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref76
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref76
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref76
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref77
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref77
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref77
https://doi.org/10.1038/s41586-021-03917-1
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref79
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref79
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref79
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref79
https://doi.org/10.1111/faf.12603
https://doi.org/10.1111/faf.12603
https://doi.org/10.1016/j.scitotenv.2020.140714
https://doi.org/10.1016/j.scitotenv.2020.140714
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref82
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref82
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref82
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref82
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref83
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref83
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref83


94. Schlüter A, Bavinck M, Hadjimichael M, Partelow S, Said A, Ertör 
I: Broadening the perspective on ocean privatizations: an 
interdisciplinary social science inquiry. Ecol Soc 2020, 25:20. 

95.
•

Tecklin D: Sensing the limits of fixed marine property rights in 
changing coastal ecosystems: salmon aquaculture 
concessions, crises, and governance challenges in Southern 
Chile. J Int Wildl Law Policy 2016, 19:284-300. 

Detailed case study of the linkages and transferability challenges be-
tween capture fisheries and aquaculture emergence in Chile that fo-
cuses on property rights and the role of different governance 
configurations. 

96. Crona B, Wassénius E, Lillepold K, Watson RA, Selig ER, Hicks C, 
Österblom H, Folke C, Jouffray JB, Blasiak R: Sharing the seas: 
a review and analysis of ocean sector interactions. Environ 
Res Lett 2021, 16. 

97. O’Connor RA, Nel JL, Roux DJ, Lim-Camacho L, Kerkhoff L, van, 
Leach J: Principles for evaluating knowledge co-production in 
natural resource management: incorporating decision-maker 
values. J Environ Manag 2019, 249:109392. 

98. Edwards P: Aquaculture environment interactions: past, 
present and likely future trends. Aquaculture 2015, 447:2-14. 

99. Lebel L, Lebel P, Chuah CJ: Governance of aquaculture water 
use. Int J Water Resour Dev 2019, 35:659-681. 

100. Hine M, Adams S, Arthur JR, Bartley D, Bondad-Reantaso MG, 
Chávez C, Clausen JH, Dalsgaard A, Flegel T, Gudding R, et al.: 
Improving biosecurity: a necessity for aquaculture 
sustainability. In Farming the Waters for People and Food. 
Proceedings of the Global Conference on Aquaculture.. Edited by 
Subasinghe RP, Arthur JR, Bartley DM, De Silva SS, Halwart M, 
Hishamunda N. CVM & PS; 2010:437-494. 

101. Henriksson PJG, Rico A, Troell M, Klinger DH, Buschmann AH, 
Saksida S, Chadag MV, Zhang W: Unpacking factors 
influencing antimicrobial use in global aquaculture and their 
implication for management: a review from a systems 
perspective. Sustain Sci 2018, 13:1105-1120. 

102. Dell’Angelo J, Rulli MC, D’Odorico P: The global water grabbing 
syndrome. Ecol Econ 2018, 143:276-285. 

103. Jampani M, Gothwal R, Mateo-Sagasta J, Langan S: Water 
quality modelling framework for evaluating antibiotic 
resistance in aquatic environments. J Hazard Mater Lett 2022, 
3:100056. 

104. Pittman J, Armitage D: Governance across the land-sea 
interface: a systematic review. Environ Sci Policy 2016, 64:9-17. 

105. Cumming GS, Dobbs KA: Quantifying social-ecological scale 
mismatches suggests people should be managed at broader 
scales than ecosystems. One Earth 2020, 3:251-259. 

106. FAO: The State of Food and Agriculture: Overcoming water 
challenges in agriculture. 2020. Rome. https://www.fao.org/state- 
of-food-agriculture/2020/en/. 

107. Stewart-Sinclair PJ, Last KS, Payne BL, Wilding TA: A global 
assessment of the vulnerability of shellfish aquaculture to 
climate change and ocean acidification. Ecol Evol 2020, 
10:3518-3534. 

108. Myers SS, Smith MR, Guth S, Golden CD, Vaitla B, Mueller ND, 
Dangour AD, Huybers P: Climate change and global food 
systems: potential impacts on food security and 
undernutrition. Annu Rev Public Health 2017, 38:259-277. 

109. Lebel L, Jutagate T, Thanh Phuong N, Akester MJ, Rangsiwiwat A, 
Lebel P, Phousavanh P, Navy H, Soe KM, Lebel B: Climate risk 
management practices of fish and shrimp farmers in the 
Mekong Region. Aquac Econ Manag 2021, 25:388-410. 

110. Barange M., Bahri T., Beveridge M.C.M., Cochrane M., Funge- 
Smith S., Poulain F.: Impacts of climate change on fisheries and 
aquaculture: synthesis of current knowledge, adaptation and 
mitigation options. 2018. Rome. https://www.fao.org/3/i9705en/ 
i9705en.pdf. 

111. Tengö M, Brondizio ES, Elmqvist T, Malmer P, Spierenburg M: 
Connecting diverse knowledge systems for enhanced 
ecosystem governance: The multiple evidence base 
approach. Ambio 2014, 43:579-591. 

112. Lam DPM, Hinz E, Lang DJ, Tengö M, Wehrden HVon, Martín- 
lópez B: Indigenous and local knowledge in sustainability 
transformations research: a literature review. Ecol Soc 
2020, 25. 

113. Kooiman J, Bavinck M, Jentoff S, Pullin R: Fish for Life: Interactive 
Governance for Fisheries. Amsterdam University Press; 2005. 

114. Thomas M, Pasquet A, Aubin J, Nahon S, Lecocq T: When more 
is more: taking advantage of species diversity to move 
towards sustainable aquaculture. Biol Rev 2021, 96:767-784. 

115. Metian M, Troell M, Christensen V, Steenbeek J, Pouil S: Mapping 
diversity of species in global aquaculture. Rev Aquac 2020, 
12:1090-1100. 

116. Österblom H, Folke C, Rocha J, Bebbington J, Blasiak R, Jouffray 
JB, Selig ER, Wabnitz CCC, Bengtsson F, Crona B, et al.: 
Scientific mobilization of keystone actors for biosphere 
stewardship. Sci Rep 2022, 12:1-17. 

117.
•

Simmance FA, Cohen PJ, Huchery C, Sutcliffe S, Suri SK, Tezzo 
X, Thilsted SH, Oosterveer P, McDougall C, Ahern M, et al.: 
Nudging fisheries and aquaculture research towards food 
systems. Fish Fish 2021, 23:34-53, https://doi.org/10.1111/faf. 
12597. 

This paper conducts a systematic review of fisheries, aquaculture and 
aquatic food literature to determine food systems components and in-
terrelations with which research is engaged with a focus on nutrition, 
justice, sustainability and climate change. 

118. Neven D.: Developing sustainable food value chains – Guiding 
principles. 2014. Rome. https://www.fao.org/3/i3953e/i3953e.pdf. 

119. Knorr D, Augustin MA: From value chains to food webs: The 
quest for lasting food systems. Trends Food Sci Technol 2021, 
110:812-821. 

120. Bremer S, Haque MM, Haugen AS, Kaiser M: Inclusive 
governance of aquaculture value-chains: co-producing 
sustainability standards for Bangladeshi shrimp and prawns. 
Ocean Coast Manag 2016, 131:13-24. 

121. Bush SR, Ben B, Little DC, Islam S: Emerging trends in 
aquaculture value chain research. Aquaculture 2019, 
498:428-434. 

122. Rector ME, Filgueira R, Bailey M, Walker TR, Grant J: 
Sustainability outcomes of aquaculture eco-certification: 
challenges and opportunities. Rev Aquac 2023, 15:840-852. 

123. Hernandez R, Belton B, Reardon T, Hu C, Zhang X, Ahmed A: The 
“quiet revolution” in the aquaculture value chain in 
Bangladesh. Aquaculture 2018, 493:456-468. 

124. Ostrom E, Janssen M a, Anderies JM: Going beyond panaceas. 
Proc Natl Acad Sci USA 2007, 104:15176-15178.  

14 Open Issue  

www.sciencedirect.com Current Opinion in Environmental Sustainability 2023, 65:101379 

http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref84
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref84
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref84
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref85
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref85
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref85
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref85
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref86
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref86
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref86
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref86
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref87
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref87
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref87
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref87
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref88
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref88
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref89
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref89
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref90
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref90
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref90
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref90
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref90
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref90
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref90
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref91
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref91
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref91
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref91
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref91
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref92
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref92
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref93
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref93
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref93
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref93
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref94
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref94
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref95
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref95
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref95
https://www.fao.org/state-of-food-agriculture/2020/en/
https://www.fao.org/state-of-food-agriculture/2020/en/
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref96
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref96
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref96
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref96
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref97
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref97
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref97
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref97
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref98
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref98
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref98
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref98
https://www.fao.org/3/i9705en/i9705en.pdf
https://www.fao.org/3/i9705en/i9705en.pdf
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref99
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref99
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref99
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref99
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref100
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref100
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref100
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref100
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref101
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref101
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref102
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref102
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref102
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref103
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref103
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref103
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref104
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref104
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref104
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref104
https://doi.org/10.1111/faf.12597
https://doi.org/10.1111/faf.12597
https://www.fao.org/3/i3953e/i3953e.pdf
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref106
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref106
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref106
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref107
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref107
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref107
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref107
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref108
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref108
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref108
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref109
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref109
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref109
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref110
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref110
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref110
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref111
http://refhub.elsevier.com/S1877-3435(23)00126-4/sbref111

	Aquaculture governance: five engagement arenas for sustainability transformation
	Introduction
	Methodology
	Current knowledge, key actors, and modes of governing
	Five governance engagement arenas for sustainability transformation
	Setting sustainability transformation goals
	Cross-sectoral linkages
	Land–water–sea connectivity
	Knowledge and innovation
	Value chains

	Directions forward: operationalizing the engagement arenas
	Data Availability
	Declaration of Competing Interest
	Acknowledgements
	Supporting information
	References and recommended reading




