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Abstract

Aquatic foods hold a unique potential to contribute to a much-needed transformation of food systems thanks to their high nutritional
value, cultural significance, and relatively low environmental impact. However, realizing this potential requires a transformative ap-
proach to help overcome two grand challenges: sustainably increasing the production of nutritious aquatic foods and ensuring equitable
access to these resources. This paper highlights the key recommendations from the White Paper on Challenge 3 (‘Sustainably nourish
the global population’) of the United Nations Decade of Ocean Science for Sustainable Development (hereafter, the Ocean Decade),
developed by a group of experts under the Vision 2030 process, on the science needed to support a ‘Blue Transformation’. A holistic,
interdisciplinary science agenda is proposed, emphasizing strengthened institutional and public-private partnerships, prioritizing the
inclusion of small-scale actors, women, and youth, and focusing on delivering science targeted to solve specific challenges. The Ocean
Decade provides a platform to catalyse these efforts, fostering a paradigm shift towards inclusive, co-created science. Achieving these
goals will enable aquatic food systems to contribute significantly to global food security and the Sustainable Development Goals by
2030.
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Introduction 2024), importance to livelihoods and culture (Thilsted et al.

The high and growing prevalence of hunger and malnutrition
(FAO et al. 2024) underscores that global food systems are
failing to provide equitable access to safe, nutritious, sustain-
able, affordable, and culturally preferred food. This is further
exacerbated by a growing population, increased geopolitical
conflicts, and rising impacts of climate and environmental
change (IPCC 2022, FAO et al. 2024). Consequently, a
transformation of food systems is needed, as highlighted by
the 2030 Agenda for Sustainable Development and the 2021
United Nations Food Systems Summit.

Albeit widely undervalued (Bennett et al. 2021), aquatic
foods hold great potential to contribute to this transforma-
tion given their high nutritional value (Blue Food Assess-
ment 2021, Golden et al. 2021, UN Nutrition 2021, Crona
et al. 2023, FAO, Duke University, and WorldFish 2023, FAO

2016, Cojocaru et al. 2022, Tigchelaar et al. 2022, FAO, Duke
University, and WorldFish 2023, FAO 2024), ability to im-
prove production and equity (Costello et al. 2020), and of-
ten lower environmental footprint compared to other animal
food production systems (Hallstrom et al. 2019, Gephart et
al. 2021).

A ‘Blue Transformation’ is required to realize the poten-
tial of aquatic foods, and maximize their contribution to equi-
tably and sustainably nourishing the global population (FAO
2022a, 2024). The ‘Blue Transformation’ is a vision to ex-
pand aquatic food systems and increase the contribution of
capture fisheries, aquaculture, and value chains to nutritious
and affordable healthy diets for the most vulnerable, while
fostering equitable growth. Importantly, it recognizes the lim-
ited opportunity for increased production in capture fisheries,
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Figure 1. An integrated aquatic food systems approach, illustrating the whole value chain from sustainable capture fisheries and aquaculture [including
small-scale capture fisheries and aquaculture (SSFA)] through processing, transport, and marketing, all the way to nutritious meals for consumers.

while simultaneously acknowledging the potential for growth
in aquaculture (FAO 2022a).

For this, two ‘grand challenges’ must be overcome: (i)
sustainably producing more nutritious aquatic foods and
(ii) ensuring equitable access to aquatic foods (with ‘access’
referring to the process of accessing food physically and
economically). While numerous international initiatives have
focused on policy and practice solutions to these challenges
(Costello et al. 2020, Farmery et al. 2021, Farmery et al.
2022, Tigchelaar et al. 2022, FAO 2022a, Crona et al. 2023,
FAO, Duke University, and WorldFish 2023), we argue that
each of these proposed solutions has specific science needs to
be overcome. To contribute to this debate, this paper outlines
the science needed to address these challenges and ultimately
deliver a ‘Blue Transformation.’

The science we need

The UN Decade of Ocean Science for Sustainable Develop-
ment (hereafter, Ocean Decade) Vision 2030 process outlined
the science, knowledge, and innovation needs required to
optimize the ocean’s role in nourishing the world amid
changing environmental, social, and climate conditions, while
taking into account the diverse needs of stakeholders and
rights-holders. This paper summarizes several key recommen-
dations that emerged from this process and are presented in
broader detail in the Challenge 3 White Paper (Agostini et al.
2024).

Implement a holistic and interdisciplinary approach
well connected to solution pathways

Fully addressing barriers in aquatic food systems requires a
science agenda that spans capture fisheries, aquaculture, and
value chains, and is centred around an integrated food sys-
tems approach that transparently addresses trade-offs (Fig. 1).

The complexity of solution pathways demands that all rele-
vant disciplines are leveraged, integrating production systems
science (e.g. capture fisheries, aquaculture, oceanography, and
limnology) with social, economic, behavioural, and policy sci-
ences (e.g. resource governance, consumer behaviour and ed-
ucation, and practical knowledges of food systems actors,
including traditional farmers, fishers, and Indigenous Peo-
ples). A focus on linkages between different types of aquatic
environments, interactions across the land/sea interface, op-
portunities for a circular economy, and promoting nutrition-
sensitive approaches is also critical. Most importantly, we rec-
ommend science be designed with a clear vision for how it will
support specific solution pathways.

Evaluate and develop science programmes against
clear objectives

Investments in and planning of aquatic food systems science
programmes need to be guided by clear, high-level objectives
(Fig. 2). These are vital for assessing the required science
and knowledge, identifying gaps or imbalances, and clarifying
how, where, and by whom it could be used. Ultimately, these
objectives will help adjudicate which scientific investments de-
liver the largest benefits for sustainable, equitable, and nutri-
tious aquatic food systems.

Support partnerships

Aquatic food systems interact with other systems such as
trade, energy, and health, and involve actors with differing
priorities (FAO 2018), necessitating science that leverages di-
verse participants and partnerships. Aquatic food systems are
closely linked to business and industry, making private—public
partnerships critical. We also suggest that a special empha-
sis be placed on partnerships led by and involving low- and
middle-income countries. These partnerships would help en-
sure equitable ownership and advance effective governance.
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Figure 2. Five science objectives for sustainable, nutritious, and equitable aquatic food systems (source: Agostini et al. 2024).

Furthermore, diversifying and increasing financial investments
to support partnerships among stakeholders is an important
priority.

Enhance the focus on small-scale actors, women,
and youth

We recommend that science and knowledge be developed to
understand and address the specific and diverse needs of SSFA
actors, as well as women, given their important role in aquatic
food systems, existing inequalities in access to aquatic foods,
and their crucial contribution to achieving hunger and mal-
nutrition targets (Viana et al. 2019, Short et al. 2021, FAO
2024). Youth are also critical to ensuring the long-term future
sustainability, and equity of the sector. Critical science gaps
for these groups include understanding barriers to participa-
tion and representation resulting from power imbalances and
institutionalized structures (Hicks et al. 2022), market dynam-
ics, and the allocation of burdens and benefits (Cojocaru et al.
2022).

Facilitate co-creation

We recommend prioritizing where appropriate inclusive,
proactive, and co-created science, knowledge, and innovation,
which leverages diverse knowledge systems and knowledge
broker (Fig. 3). Doing so will help enhance connections be-
tween all users of aquatic food systems, thereby reinforcing
integration across aquatic food systems, as well as address the
challenges of a rapidly changing world.

Conclusion

Successfully addressing the grand challenges of aquatic food
systems by 2030 will require a paradigm shift in why and
how we do science, and what science we do. Creating sci-
ence through interdisciplinary, multi-stakeholder collabora-

tions helps deliver more creative, inclusive, and durable so-
lutions. We recommend that our collective efforts focus on
science that is tied directly to promising solution pathways.
Substantial science and knowledge on aquatic food systems
have primarily focused on natural sciences and key species,
actors, and regions. Although this has yielded some out-
comes, such as the recovery of several overfished stocks
(Hillborn et al. 2020, FAO 2022b), these have been limited
by a siloed approach that neglects the multiple dimensions
of aquatic food systems and the value of diverse types of
knowledge.

It is therefore essential to develop science and knowledge to
support work across capture fisheries, aquaculture, and value
chains, and implement a shift towards a nutrition-sensitive
approach, while respecting ecological boundaries, traditions,
and livelihoods. Science will also need to be forward-looking.
Addressing topics such as alternative aquatic food sources
(e.g. plant-based) and technological innovation for produc-
tion (e.g. opportunities and risks of algal biotechnology and
genetically engineered aquatic food organisms) will help ad-
dress emerging obstacles.

The large-scale transformation of our terrestrial food sys-
tems was achieved through concerted, coordinated, long-term
strategic efforts and partnerships between governments, re-
search institutions, and the private sector (Moberg et al.
2021). A similar reshaping of aquatic food systems is pos-
sible, which the ‘Blue Transformation’ (FAO 2022a, 2024)
is well poised to catalyse. Strategic and targeted science and
knowledge programmes are needed to support this trans-
formation. The Ocean Decade provides an excellent plat-
form to enhance connectivity between aquatic food systems
science and broader ocean users and governance. Foster-
ing, supporting, and carefully evaluating new and existing
Ocean Decade programmes and ensuring connections to so-
lution pathways will be critical to bridging the science—policy
gap. This will enable aquatic food systems to significantly
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= Co-develop science with local agents of change
le.g. rights holders, S5FA actors, local and
indigenous communities, policy- and
decision-rmakers, and industry members).

+ Collect and share data, incorporating traditional
and local knowledge, and citizen science.

* Support respectful, ongoing two-way knowledge
and lesson sharing, in particular relating to
S5FA, local and indigenous communities, gender,
and youth.

* Ensure inclusive, free, prior, and informed
consent, respecting the principle of “not about us
without us” and protecting intellectual property.

* Share the benefits stemming from the
co-creation of science across aquatic

CAPACITY DEVELOPMENT

Enhance local science infrastructure
|e.g. access to energy, the Internet] and
capacity, strengthen individual and
institutional capacity [e.qg. through
activities like the EAF-Nansen
Programme), enable knowledge and
technology transfer

le.g. in post-harvest sector], and
expand/use different knowledge systems
Recognise the role of local brokers and
decentralised institutions for
capacity-sharing and development and
involve private sector actors

Streamline data and knowledge-sharing
platforms adaptable to local capacities
and circumstances
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SOCIAL AND TECHNOLOGICAL

INNOVATIONS

= Develop technical innovation for
sustainable, feasible, and cost-effective
production methods, especially for SSFA
[focus on enhancing existing resources,
not duplicate efforts]

= Transfer existing and new marine
technology to low- and middle-income
countries, inctuding the infrastructure
and capacily to support this.

= Develop partnerships with specialists in
human communication, behaviour
change, and decision-making, including
knowledge brokers, behavioural
economists, advertisers, educators,
behavioural scientists, human geogra-

food systems

phers, psychologists, and neurclogists.

INFRASTRUCTURE REQUIREMENTS

PARTNERSHIPS AND FUNDING / RESOURCES

* Develop data infrastructure [storage and delivery|

* Establish protocols for data sharing [respecting confidentiality,
intellectual propertyl

= Support inexpensive data collection and recording platforms,
including qualitative data collection approaches |e.g. ethnographic
methods for localised data collection].

» Enhance transdisciplinary and accessible data visualisation
platiorms, including collaboration with Ocean Decade Challenge 8

+ Strengthen institutional infrastructure in low- and middle-income
countries for engaging in aquatic food science

« Improve technical infrastructure, in particular across the supply
chain and for SSFA

= Cooperate across multiple international initiatives [e.g. UN programmes)

The invalvernent of FAQ in the Ocean Decade, UN-Oceans, and Regular
Procass for aguatic food systems provides a good example of lessons
learned and successful outcomes, in addition, developing linkages [currently
unfunder-developed] between the UN Ocean Decade [Challenge 3] and the
UN Decade of Action on Nutrition could reinforce the nutrition agenda of
aquatic foods

Improve public-private partnerships, including SSFAin science, manage-
maent, and decision-making.

Strengthen multi-stakeholder collaboration, involving businesses, industry
members, governments, communities, networks of private individuals,
researchers, educators, NGOs, media influencers, and traditional knowledge
holders

Develep targeted support from philanthropic organisations for critical
research, community projects, and infrastructure in aquatic food systems

Figure 3. Five dimensions of how to improve and facilitate the co-creation of knowledge for sustainable, nutritious, and equitable aquatic food systems

(source: Agostini et al. 2024).

contribute to achieving multiple Sustainable Development
Goals.
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