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Abstract Food from the sea can make a larger

contribution to healthy and sustainable diets, and to

addressing hunger and malnutrition, through improve-

ments in production, distribution and equitable access

to wild harvest and mariculture resources and prod-

ucts. The supply and consumption of seafood is

influenced by a range of ‘drivers’ including ecosystem

change and ocean regulation, the influence of corpo-

rations and evolving consumer demand, as well as the

growing focus on the importance of seafood for

meeting nutritional needs. These drivers need to be

examined in a holistic way to develop an informed

understanding of the needs, potential impacts and

solutions that align seafood production and consump-

tion with relevant 2030 Sustainable Development

Goals (SDGs). This paper uses an evidence-based

narrative approach to examine how the anticipated

global trends for seafood might be experienced by

people in different social, geographical and economic

situations over the next ten years. Key drivers

influencing seafood within the global food system

are identified and used to construct a future scenario

based on our current trajectory (Business-as-usual

2030). Descriptive pathways and actions are then

presented for a more sustainable future scenario that

strives towards achieving the SDGs as far as techni-

cally possible (More sustainable 2030). Prioritising

actions that not only sustainably produce more

seafood, but consider aspects of access and utilisation,

particularly for people affected by food insecurity and

malnutrition, is an essential part of designing sustain-

able and secure future seafood systems.
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Introduction

Food from the sea has been crucial for human survival

for over 150,000 years (Marean et al. 2007) and has

helped to shape human evolution (Crawford and

Broadhurst 2012). Seafood plays a particularly impor-

tant role in food and nutrition security through its high

concentrations of bioavailable minerals and vitamins,

essential fatty acids and animal protein (Hicks et al.

2019; Thilsted et al. 2016). For many countries,

including some Small Island Developing States,

seafood contributes, or exceeds, 50% of total animal

protein intake (FAO 2018). Seafood is also vital for the

almost 30 million coastal Indigenous peoples who

consume nearly four times more seafood per capita

than the global average, and 15 times more per capita

than non-Indigenous peoples in their respective coun-

tries (Cisneros-Montemayor et al. 2016). However,

terrestrial bias remains evident in debates on food and

nutrition security (Béné et al. 2015) and on mecha-

nisms to end hunger (see for example Nature 2020).

Promotion of seafood as an important component of a

healthy and sustainable diet (Bennett et al. 2018;

Bogard et al. 2019a; Farmery et al. 2017; HLPE

2014b), due to its nutritional profile and comparatively

favourable environmental footprint (Hoegh-Guldberg

et al. 2019; IPCC 2019; Willett et al. 2019), is helping

to overcome this bias. Food from the sea can make an

important contribution to improved food outcomes,

however, careful management of marine and terres-

trial resource use in combination with efforts to ensure

efficient and equitable distribution of resources,
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products and benefits, will be required (Österblom

et al. 2020). Conversely, reducing the supply of

seafood will potentially contribute to malnutrition and

hunger, as well as lead to potentially negative

environmental impacts related to replacing seafood

with food produced on land (Barange 2019; Golden

et al. 2016).

Seafood1 is predominantly sourced through the

wild harvest of a broad range of plants and animals.

Over 84 million tonnes of wild harvest seafood was

landed from the ocean in 2018 (FAO 2020c). In

developing countries, approximately half the catch is

produced by the small-scale fisheries (SSF) sub-sector

(WorldFish 2018). Small-scale fishers typically oper-

ate close to shore with relatively simple gear and catch

fish for subsistence or local markets. SSF involve a

diverse group of men and women and are embedded in

local economies, traditions and values (FAO 2015).

They are particularly important for livelihoods and

income generation, supporting 88% of fish workers

globally (FAO 2018). The global availability of

seafood has increased as a result of sustained growth

in aquaculture production. While aquaculture now

accounts for 46% of total seafood produced (FAO

2020c), the majority of growth has occurred through

freshwater production, as mariculture2 production has

not accelerated at the same pace (Tacon et al. 2011). It

is estimated that production of food from the sea can

increase substantially (Costello et al. 2020; Cottier-

Cook et al. 2016; Gentry et al. 2017; Schubel and

Thompson 2019; World Bank 2013) through a com-

bination of improved management of wild harvesting

and increased growth of mariculture. While increasing

production will further raise the global availability of

seafood, it will not automatically lead to improved

food outcomes, particularly for people affected by

food insecurity and malnutrition who may have

limited access to seafood resources (Belton et al.

2020; FAO 2009).

The way in which seafood is produced, distributed

and consumed is changing rapidly with ecosystem

change and ocean regulation, the influence of corpo-

rations and evolving consumer demand, as well as the

growing focus on the importance of seafood for

meeting nutritional needs. Optimising the role of the

ocean in sustainably feeding the world’s population

has been identified as one of the key challenges for the

United Nations ‘Decade of Ocean Science for Sus-

tainable Development’ 2021–2030. Meeting this

challenge in the coming decade, for a projected 8.6

billion people with varied physical and financial

access to seafood, cultural food practices, and food

preferences, will require coherent, integrated and

flexible solutions that consider the inter-sectoral and

cross-national nature of food systems (Bai et al. 2016;

Sachs et al. 2019). It will also need to consider the

range of trade-offs between food production and other

uses of marine space and resources (Cohen et al. 2019;

Farmery et al. 2021).

Taking a food systems approach, which considers

the way in which food is produced, processed,

delivered and consumed, as well as how these

elements intersect with human health, the environ-

ment, economics and society (HLPE 2014a; Imagine a

world 2020), is important given the historical lack of

attention to the ways different people will gain, lose, or

be excluded from access to fish resources, or to fish as

a food commodity (Belton et al. 2020; HLPE 2014b;

Tezzo et al. 2020). This paper examines the antici-

pated global trends for seafood systems, or seafood

within the broader food system (based on our defini-

tion of seafood), over the next ten years and identifies

key pathways that could shift the current trajectory to a

more sustainable 2030, consistent with the UN’s

Sustainable Development Goals, predominantly

SDG2 (Zero hunger), SDG3 (Good health and well-

being), SDG12 (responsible consumption and produc-

tion) and SDG14 (Life below water).

This paper aims to support the alignment of seafood

production and consumption with goals to transform

food systems toward healthy diets that both nurture

human health and support environmental sustainabil-

ity (Willett et al. 2019). We firstly identify and

describe key ‘drivers’ that influence seafood systems

now and will continue to do so over the next decade.

We use these drivers to construct a future scenario

based on current trajectories reported in the literature

(Business-as-usual 2030). We then present a more

sustainable future scenario that strives towards achiev-

ing the SDGs as far as technically possible (More

1 Seafood is defined here as any edible form of marine life

(plant, animal, bacteria), that requires sea water for at least part

of its life cycle.
2 Mariculture is defined here as the cultivation of marine plants

and animals for food and other products in the open ocean,

enclosed sections of the ocean and bays, or in tanks, ponds or

raceways containing seawater.
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sustainable 2030) and descriptive pathways and

actions that can be undertaken to achieve this more

sustainable future. The two future scenarios are

described through three fictional, yet evidence-based,

narratives, to demonstrate how the anticipated futures

might be experienced by people in different social,

geographical and economic situations.

Scenario development

This study forms part of the Future Seas project (www.

FutureSeas2030.org) which aims to improve society’s

capacity to purposefully shape the direction of marine

social-ecological systems over the course of the UN

Decade of Ocean Science for Sustainable Develop-

ment. The interdisciplinary project involved a three-

stage process to explore alternate futures for the

world’s oceans in relation to a range of pressing global

challenges. Food and nutrition security was identified

as one of 12 important challenges facing the oceans

and our society during the first stage of the project.

More information on this stage and the other chal-

lenges identified is available in Nash et al. (2021). The

second stage of the project, future discovery and

development, involved creating the future scenarios

for each of the 12 challenges identified. The scenarios

were developed based on the perspectives and exper-

tise of groups of cross-disciplinary researchers using

an iterative approach (see Nash et al. 2021 this issue

for full method). For the challenge that this paper

addresses (sustainable and secure seafood systems),

the approach involved identifying the main drivers

shaping food and nutrition outcomes from seafood,

both now and in the near future, followed by fore-

casting two alternative 10-year futures based on these

drivers: a ‘Food for some’ scenario which maintained

a ‘Business-as-usual’ trajectory from 2020 and

reflected current inequalities in access to seafood; and

a ‘Food for all’ scenario reflecting a more optimistic,

sustainable, and equitable 2030 that incorporates

activities to move beyond ‘Business-as-usual’ and

make seafood more available and accessible for all

people. Key pathways and actions to achieve the

sustainable 2030 future were then identified and a

backcasting exercise was undertaken to check that the

actions identified were sufficient for realistically

achieving a sustainable 2030 (Fig. 1). The final step of

the project focussed on learning across all the 12

challenges and is discussed further in Nash et al.

(2021).

We acknowledge that the unprecedented disrup-

tions of 2020, in particular the COVID-19 pandemic,

are causing major changes to economies and socioe-

cological systems at the global scale. The Business-as-

usual scenario we describe is based on evidence from

the recent past before the pandemic, and assumes a

general return to this trajectory in the next few years.

We note that current disruptions to the global ocean,

environment and society because of COVID-19 may

present a platform for change and an opportunity to

‘reset’ trajectories in the coming decade (see Pecl et al.

(in review), this issue). The sustainable future pre-

sented here is one option for such a shift, and should

not be viewed as an end goal, but as a research tool to

stimulate further investigation and discussion (Evans

et al. 2013).

Identifying key drivers

Factors that have the potential to influence the

production, distribution and consumption of food

from the sea over the next decade were identified by

the co-authors and grouped into six overarching

drivers based on their main characteristics (see

Table S1): ecosystem change; ocean governance;

influence of corporations; output and efficiency of

seafood systems; consumer demand; and focus on

nutrition. These six drivers and a summary of their

main characteristics (Table 1) based on the literature

and expert opinion of co-authors were used to inform

the future scenarios and to describe how they might

influence future seafood systems (see supplementary

information for further detail on drivers and

references).

Business-as-usual 2030 scenario: food for some

Based on the key characteristics of the six drivers

identified, we identified 84 unique evidence-based

outcomes anticipated to occur in the next decade

(Table S1) under a Business-as-usual scenario. These

anticipated outcomes were then used by the co-authors

to frame three narratives based on co-authors perspec-

tives and expertise, and grounded in the literature, to

present the scenario. The three narratives were created

to reflect the varied ways in which the future, under

current ongoing trajectories, might be experienced by

123

Rev Fish Biol Fisheries

http://www.FutureSeas2030.org
http://www.FutureSeas2030.org


different people. This reflection included rural and

natural resource-based communities that are often

overlooked in mainstream conceptualisations of sus-

tainable development (Lowery et al. 2020). The use of

narratives allowed the co-authors to explore and

envisage how the drivers might shape the future in

2030 in different contexts, without being over-

whelmed by dystopian visions of irreversible envi-

ronmental degradation and societal collapse that have

tended to dominate other future scenario work (Ben-

nett et al. 2016; Raudsepp-Hearne et al. 2019). This

narrative approach has previously been shown to be a

valuable communication technique for comparing and

evaluating science policy contexts (Dahlstrom and Ho

2012; Merrie et al. 2018; Olson 2015). However, we

recognise that this approach is limited by the lived and

academic experience of the author group and that not

all aspects of future food and nutrition security can be

represented in one narrative, or in one research paper.

More sustainable 2030 scenario, pathways

and actions: food for all

A ‘More sustainable 2030’ scenario was developed to

address the limitations to seafood contributing to food

and nutrition security raised through the Business-as-

usual scenario, and move beyond this anticipated

future. The more sustainable 2030 scenario is intended

to be consistent with the EAT–Lancet strategies for

transforming food systems to be more sustainable and

equitable (Willett et al. 2019) as well as the objectives

outlined in the Sustainable Development Goals

(SDGs) (United Nations 2015), in particular those

classified as integral (SDGs 2, 3, 12 and 14) and

closely associated (SDGs 1, 5, 8, 10, 13, 15, 16 & 17)

to food and nutrition security and seafood (Table S2).

The identification of key relevant SDGs involved a

qualitative classification of all SDGs as either integral,

closely associated, or peripherally linked to the

Fig. 1 Steps involved in the identification of drivers and development of scenarios and pathways
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challenge identified. This process occurred via internal

group discussion and consensus by all co-authors.

While we note that all SDGs and their targets can

theoretically be linked to food and nutrition security

and oceans (Blanchard et al. 2017; Hambrey 2017;

Nippon Foundation 2017; Rockström and Sukhdev

2019; Singh et al. 2018), those classified as integral

and closely associated are arguably more strongly

linked than others, and focussing on these SDGs can

help to target key actions to deliver change.

To develop the ‘More sustainable’ scenario, the

authors identified five areas or pathways for change,

and actions to underpin the pathways, that would move

away from ‘Business-as-usual’ towards a more sus-

tainable future, guided by key SDGs. The pathways

and actions were developed based on authors’ exper-

tise and knowledge of existing research and case

studies. The actions were refined to account for

overlap, where the same action appeared under

multiple drivers, resulting in 23 key actions

(Table S3). The summarised actions were then linked

with pathways to demonstrate a way forward. The

process of developing the scenario, pathways and

actions, was iterative and aimed to identify the ‘More

Sustainable’ futures that were technically feasible and

capable of being accomplished over the time period

2021–2030.

Assumptions

The identification and description of drivers, actions

and pathways was based on several overarching

assumptions. Cross-challenge assumptions were gen-

eral in nature and related to: (1) events that could not

reasonably be anticipated within the scope of the

Future Seas Key Challenges, (e.g. global-scale con-

flicts), (2) well-known dynamics for which we could

assume current predictions would hold over the next

ten years (e.g. climate change), (3) factors that are

unlikely to change over the course of the Decade of

Ocean Science (e.g. cessation of all fishing) (see Nash

et al. 2021 this issue). Additional, challenge-specific

assumptions relevant to seafood systems are available

in the supplementary information. We acknowledge

that our pathways and actions represent possible ways

toward achieving sustainable and secure seafood

systems for all in association with relevant SDGs,

however, they are not the only pathways and actions

that could be implemented.

Results and discussion—imagining the future

In this, and the following section, we outline possible

future scenarios for seafood systems and food and

nutrition security. We begin with the Business-as-

usual 2030 scenario, presented from the perspective of

three fictional characters. We then describe a more

sustainable 2030 which is conceptualised through five

main pathways for change.

Scenario 1: food for some (Business-as-usual

2030)

The narratives used to present the Business-as-usual

scenario are intended to provide a snapshot into the

lives of three fictional characters in the year 2030 as

we anticipate it to be based on current evidence (see

Table S1). The aim of these fictional narratives is to

translate the vast amount of information available in

the literature relating to our drivers, and their potential

influence on seafood systems in the next decade, into

more accessible personal accounts. It is hoped these

personal accounts ‘bring-to-life’ the key characteris-

tics of the drivers (Table 1 and S1) and enable the

reader to actually imagine how 2030 may be experi-

enced by different people. The characters identified

have been deliberately left vague and simplistic in

their behaviour. Citizen 1 represents a middle-class

diner in a developed economy who is concerned about

food sustainability and nutrition, and motivated by

price. Citizen 2 represents a mariculture enterprise

employee in Asia, where mariculture is currently

projected to increase on a large-scale. Citizen 3

represents an elder living in a Small Island Developing

State who has witnessed large changes in fishery

resources.

Citizen 1: Finn, ‘wellbeing’ advisor

What a busy week. My partner and I are treating

ourselves to dinner out tonight. We order salmon. A

steak would be good for our iron levels, but it is too

expensive these days with the red meat tax. Also, fish

is more sustainable than red meat and it is definitely

more nutritious than the ready-to-eat fake-meat curries

we’ve been having during the week, or the 3D printed

fish nuggets they sell at the canteen. I scan the code on

the menu and see that my fish is imported and farmed.

Wild fish have been really expensive lately, maybe
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because there have been problems with disease

outbreaks. I don’t touch seafood without a code these

days, which makes a lot of products off-limits as they

don’t have any information on where they come from

and how they were produced. My fish isn’t local,

which I would prefer as I think local is more

sustainable and better quality, but it is still very fresh

as it was harvested yesterday and flown directly here. I

can see the drones out the window flying between the

restaurant district and the airport, carrying fish and

other fresh goods. I would like to catch my own fish,

you can’t get better quality than that, but I don’t really

know what the local fish are anymore. The species

seem to have changed quite a lot in the last few years.

We used to catch cod off the local pier, but it washed

away last month, and with bad storms coming

frequently now, there doesn’t seem to be a plan to

rebuild. I check the code again for some ethical

information and the details on what the fish was fed,

but nothing is listed. I worry about all the microplas-

tics in food, but the code shows that this fish has a low

microplastic-content score which is good, probably

from all the insects that go into animal feeds these

days. I sync the salmon’s provenance data with my

nutrition app and see the orange tick for my daily

intake. Next time I’ll pre-order an off-shore farmed

fish, fed with marine algae. It’s more expensive but it

has great nutritional value. At least my fish is fresh and

will be grilled. And we can add some anchovy powder

on top to get the green tick for meeting my daily

micronutrient requirements. Once I get the tick I think

I’ll celebrate with a glass of wine.

Citizen 2: Li, mariculture enterprise manager

The company has reached a milestone! We can grow

our fish to market size in half the time it took in 2020.

We are now a very high tech and large-scale operation

with genetic improvement and feed formulations

matched to specific fish requirements. Our manage-

ment operations, vaccines and forecasting tools are

also targeted to prevent disease. Currently we are only

focused on the high value grouper species as we

couldn’t access or afford to implement the same level

of knowledge for lower value species, or overcome

complex environmental problems to make Integrated

Multi-Trophic Aquaculture (IMTA) work for us. But

the upside is that due to our success with grouper, we

are now looking to farm other high value species,

including some of the most challenging such as giant

tuna. Our company is well ahead of many of our

competitors and the small-scale operators who have

not updated their production systems for many years. I

remember when I first started we used to farm these

fish on the coast, but most of our production is now

either land-based, with recirculating systems, or off-

shore. The pollution and extreme weather impacts on

coastal farming mean it is just too expensive to farm

there anymore, not to mention the difficulty to get

permits or support from community groups. The

company owns all the fish and the crop farms in the

region, as well as the processors and feed mills. It

means we can assess our efficiency along the whole

supply chain now. We do still lose some fish, but

technology and traceability makes it easier to get all

the certifications and sell internationally. That’s

important in some markets these days, especially

some international markets where we can get a good

price. There’s a lot of demand from the bigger cities,

especially for higher value products, so we are doing

well. We are making a lot of ready-to-eat meals. Not

my favourite, but it’s what customers want. We are

also servicing new markets in the smaller towns. New

processing and packaging have really improved shelf

life and the quality of products. Given it’s a high value

product, our prices are very competitive, and so the

company has become very well known. I think they

are a great employer, but it is hard for smaller

operators who are struggling to source feed and keep

their prices low. I hear it is just as hard, or harder, for

the wild fishers. Lots of them are getting out of the

industry as there are no jobs unless you work for a big

company. It does upset me to see the change in the

coastal towns. As people have moved out of the fishing

industry, the coastal communities are not what they

once were. I used to enjoy the local fishing festival, but

there are not enough fishers to run it any more. Still…
the way the company does things is very efficient and

production continues to increase. Perhaps we should

start a new festival, a festival of mariculture.

Citizen 3: Kei, village chief and retired fisher

We are all in the main building tonight. The last storm

destroyed many houses. As terrible as the storm was, it

was a joy to have the community together again to

cook. We don’t all come together every night to eat

like we used to. A lot of our food these days is
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packaged imported food, so we tend to eat on our own.

Not like the old days when we’d all sit together and

share the big fish we’d just caught, and everyone

would bring along vegetables and crops to share—all

caught, grown and prepared using traditional methods

passed down through generations. Catching our own

fish on the coast has become difficult. The reefs around

here are not healthy, they have suffered from bad

fishing practices, bleaching, pollution or sedimenta-

tion from runoff. The rising sea levels and storms

haven’t helped, neither have the new developments

they keep putting in. The fish just don’t seem to be

around as much anymore, and the ocean has changed.

The market vendors are saying the same thing. They

can’t seem to get their hands on fresh local fish at the

moment. They say it’s around, but a lot is exported or

is bought by resorts for the tourists, especially the

deep-bottom snappers and other species that don’t

cause ciguatera poisoning. Other countries pay to

catch the fish further off-shore, but there’s been a lot of

fighting recently. The fish have been moving and our

borders are being crossed by new boats ready to take

what they can. In the past the government wasn’t

focussed on what was happening to the fisheries on the

coast. Now they see we need better coastal monitoring

and management, and more support for the domestic

sector to adapt to all the changes. They tried to help

traders get fish to markets quicker, for better fish safety

and quality, and they tried to work with other countries

to set up mariculture here. But it seems the ocean has

changed too fast and we are all racing to keep up now.

The subsistence fishers have really struggled. I hope

it’s not too late to turn things around and get our wild

fish back on the coast.

Scenario 2: food for all (more sustainable 2030)

pathways and actions

The more sustainable ‘Food for all’ scenario described

below, together with the pathways for change, were

developed to move beyond the ‘Business-as-usual’

scenario by addressing the factors limiting the contri-

bution of seafood to food and nutrition security

outlined in Table 1 and S1. This vision for a more

sustainable 2030 is described through five key path-

ways of actions, in addition to effective governance,

aimed at facilitating seafood for all. The Food for all

scenario is illustrated through narratives, which have

been linked back to the characters from the Business-

as-usual scenario and to the five pathways (Fig 2).

Pathway 1: improve seafood availability, access

and utilisation

Seafood production and consumption in 2030 will

increase as a result of adaptive and flexible fisheries

Fig. 2 Vision of a More sustainable 2030 including key pathways for change and their characteristics (see Table S3 and Figure S1 for

more details)
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management, increased mariculture production and

the global shift towards healthy and sustainable diets.

In contrast to the Food for some scenario (Business-as-

usual 2030), the increased consumption of seafood,

and contribution to addressing nutritional needs, will

be measurable at both national and local levels (Taylor

et al. 2019), particularly in those areas most dependent

on seafood resources. The importance of maintaining

wild capture fisheries as a food resource will be widely

recognised (Allison 2011; Farmery et al. 2021). A

broad range of seafood produced through wild capture

and mariculture will be widely available and afford-

able as a result of improvements and innovations in

production and management as well as prioritisation

of access and utilisation along supply chains (Butcher

et al. 2020; FAO 2020b; Swanepoel et al. 2020;

Swedbio and ACIAR 2020; Thilsted et al. 2016) (see

Citizen 3 narrative following). These improvements

will be driven by a shift in policy focus toward

nutrition security as well as in response to major

supply disruptions, such as the 2020 COVID-19

pandemic (FAO 2020a; Farrell et al. 2020). Produc-

tivity will increase where intended, however, in other

systems there will be a focus on support for local

activities which enhance direct and fair distribution

based on the existing level of production, rather than

focusing on producing more fish. In these systems,

social and cultural values of local food will be

prioritised over production efficiencies through pri-

vate and public sector efforts (Johnson et al. 2018).

Supply chain technology and innovation will also

reduce and redirect waste and improve seafood

quality. Innovative processing methods resulting in

new secondary products will see fish products reach

destinations where they previously could not (Goko-

glu 2019). Companies and governments will work

together to ensure fish remains affordable (Belton

et al. 2020) and there will be increased data availabil-

ity to ensure that processed seafood products are

nutritious and free from contaminants (Moxness

Reksten et al. 2020). Seafood will be a ubiquitous

ingredient in malnutrition programs and school feed-

ing programs and fishery and food policies will

become well integrated (Bennett et al. 2021). Food

from the sea will continue to contribute to poverty

eradication and provide meaningful work for millions

of small-scale fishers and farmers (FAO 2015).

Citizen 3: Kei, village chief and retired fisher

The subsistence fishers have really struggled, but it’s

not too late to turn things around.Many fishers are now

involved in the edible seaweed industry. We have

developed sustainable seaweed food chains which

provide reliable access to fresh food as well as

incomes. There are many native seaweeds that are

high in fibre and micronutrients such as iodine, zinc

and magnesium. People ate seaweed a long time ago,

and we have worked hard to restore and understand

traditional use and knowledge of these seaweeds.

Women’s organisations across the region are involved

in seaweed wild harvest and nutrition and cookery

programs. The women also had the idea to make fish-

based powder, using fish, salt and other ingredients

bought locally. The fish powder extends the shelf life

of fish and can be added to rice porridge. It tastes good

and provides important nutrients, particularly for our

youngest children. The fish powder is used at home but

also in feeding programs at primary schools and in

hospitals.

Pathway 2: sustainably manage marine and coastal

ecosystems

The number of fisheries considered overfished will

have reduced since 2020 as a result of greater

collaboration and data sharing between management

organisations, improved monitoring of national fleets,

greater government and industry commitment to

sustainability and improved capacity in the develop-

ment and implementation of fisheries management

frameworks (Hilborn et al. 2020). Major fleets will

have e-monitoring systems widely implemented

allowing for real time monitoring and documentation

of catches (Mangi et al. 2015). Fishery management

will become more flexible and adaptive to deal with

changing oceans (Costello et al. 2016; Dutra et al.

2019; Gaines et al. 2018; Mahon and Fanning 2019;

Rudolph et al. 2020). There will also be a strong focus

on establishing, or transitioning, national fisheries

management into sustainable and adaptive frame-

works focused onmaintaining ecosystem structure and

function, as well as recognising cultural values with a

broader outcome that balances enhancing productivity

with ensuring equity in access to resources (Allison

et al. 2020). Management plans will allow coordina-

tion across gear-based or polyvalent fleets to achieve a
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balanced harvest in high-income countries, and new

co-management arrangements will be introduced in

low-income countries (Eriksson et al. 2016; Zhou et al.

2010). Beneficial subsidies will remain but there will

be firm global action to prohibit subsidies that

contribute to overfishing or that are linked to illegal,

unreported or unregulated fishing (Young 2017),

including enshrining these principles in World Trade

Organisation decisions and other international agree-

ments. Integrating planning, regulatory frameworks,

marine resource allocation and food policies will help

to ensure the long-term sustainability of seafood

production, which in turn will provide a strong and

equitable economic basis for development in local

communities (Sale et al. 2014). Damaging fishing and

mariculture practices will largely be eliminated as a

result of increased regulation, enforcement, education

and traceability. Increased transparency will translate

into improvements in corporate responsibility and

accountability, including clear goals and structures in

place to ensure implementation (Packer et al. 2019).

Fishers’ capacity to dynamically tailor their

behaviour to align with ecosystem objectives will

increase as a result of greater awareness of ecosystem-

based and integrated management objectives, social

expectations and export market requirements (Smith

et al. 2017). Small Island Developing States and low-

income countries will benefit from improved co-

management of fisheries, mariculture and tourism.

This benefit will occur primarily through a combina-

tion of investment in capability development, imple-

mentation of management frameworks and policies

and revision of fleets, and corporate incentives aimed

at developing stronger public private partnerships with

developing countries (Weirowski and Hall 2008). The

number of traditional and Indigenous managed fish-

eries accessing markets will continue to increase

(Cohen and Foale 2013) (see Citizen 3 narrative

following), improving both production of seafood and

ecosystem biodiversity in these regions and empow-

ering communities in decision making processes that

support long-term sustainability (Borrini-Feyerabend

and Campese 2017; IPBES 2019).

Citizen 3: Kei, village chief and retired fisher

Our marine resources are now managed to create

sustainable fisheries through our traditional manage-

ment systems, which have been combined with

modern approaches within Locally Managed Marine

Areas. Our village uses a spatial and temporal tabu

(no-take) system. I have worked with the community

to set up tabu areas for the next few years and we

expect to be rewarded for our commitment to

conserving our fisheries resources through a feast

once the tabu is transferred to another area. Tonight,

we are bringing everyone in the village together to

celebrate the end of a tabu of one of the reefs, we even

caught some big snapper that I have been eyeing off

over the last few months.

Pathway 3: reduced impacts from production

and consumption

Mariculture production will grow and advance

through increased production of highly nutritious,

high quality products over shorter timeframes, and a

reduced environmental impact, through improved feed

inputs and farming practices (Gephart et al. 2020;

Stentiford et al. 2020). Efficiencies in mariculture will

improve through intensification of strategic research

and identification of more efficient culture species.

The increased availability and variety of sustainable

mari-feed (aquaculture feed specifically for maricul-

ture) sources, for example from farmed insects and

microalgae, will help end conflicts between maricul-

ture and terrestrial production systems (Hua et al.

2019) without increasing pressure on wild capture

fisheries as feed sources. A variety of commercially

viable production systems, including IMTA (Buck

et al. 2018), will be operational, improving the quality

of the products through filtering by bivalves and

macroalgae around the pens (Chen et al. 2017) (see

Citizen 2 narrative following). Efforts will continue to

minimise production impacts and further expand

sustainable production, including research into under-

standing the ecological consequences of using mari-

culture technology to restore heavily overfished stocks

(Taylor et al. 2017).

Greater recognition of links between wild capture

fisheries and mariculture will improve management of

diseases and parasites (Godwin et al. 2020; Hayward

et al. 2011). Seafood waste in developed countries, and

loss of quality and nutritional value in developing

countries in particular, will be markedly reduced as a

result of both improved fishing practices, value chain

improvements and consumer education (Bogard et al.

2019b; Kruijssen et al. 2020). A more diverse range of
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species will be available, as well as a more stable sup-

ply of seafood products, as a result of improved

fisheries management, more effective use of species

that might have been underutilised or discarded in the

past (van Putten et al. 2019) and improved packaging

(de la Caba et al. 2019). Management improvements

will include enhanced access to marine forecasting

and operational technologies that support flexibility in

targeting, better gear-selectivity on boats, and greater

utilisation of catch (including materials once consid-

ered waste, such as frames). Fishing pressure will be

applied across more of the system, although more

lightly than in the past, meaning both production and

sustainability will benefit. Supply chain technology

will improve transport times to consumers and supply

chain management and technology will advance to

improve shelf-life of products where cold chains do

not function efficiently (Global Panel 2020; HLPE

2014a). Waste will be reduced through education of

consumers to eat a broader range of products and

waste less through more appropriate purchasing and

portion size (Papargyropoulou et al. 2014). This

broad-scale change in consumer demand will create

feedbacks that will see a wider range of species and

products, including marine algae and bacteria, and a

broader range of lower trophic level species, consid-

ered edible and acceptable as both human food and

mariculture feeds.

Technology will be readily available to link con-

sumers with buyers through connected supply chains

and consumers will have broader access to sustain-

ability information, at a product and company level,

from increased traceability. Consumer pressure on

companies will help to transform food production,

distribution, processing and consumption to be more

environmentally and socially sustainable, with the

incorporation of waste reduction into sustainability

platforms of large corporations and certification

groups. Established corporate programs, such as

WaSeaBi (waseabi.eu) and SeaBOS (seabos.org) will

continue to expand and investment guidelines will be

developed with stricter requirements for reinvestment

that considers nutrition and sustainability issues in line

with the SDGs.

Citizen 2: Li, mariculture enterprise manager

The company has reached a milestone! We can now

grow a range of different species through our

improved knowledge of Integrated Multi Trophic

Aquaculture (IMTA). The latest guidelines for IMTA

have really helped us identify which species to grow

together, and how best to work with our commercial

partners to optimise both production and environmen-

tal benefits, not to mention the skills sharing and

workforce stability benefits. This has made the regions

where IMTA is practised much better places to live

and work—and to get stable year round jobs. Our

polyculture of shrimp and bivalve filter feeders, like

oysters and clams, reduces the discharge of suspended

organic matter and other pollutants from our shrimp

culture ponds. We have overcome the problems

associated with efficiency, high space requirements

and bivalve deaths from the high concentration of

nitrogen from nitrite and ammonia. The company is

also now diversifying and investing in waste manage-

ment to develop nutritional ingredients from previ-

ously waste products. A large amount of our products

were ending up in side-streams, mostly used for low-

value animal feed or disposed of, which was costly for

us. Along with our animals, we now also produce high

protein-based food ingredients, aromatic ingredients

and mineral supplements for food and feed.

Pathway 4: collaboration for knowledge transfer

Co-production of knowledge, on seafood sustainabil-

ity and adaptation, between traditional fishers, scien-

tists and fisheries managers will support wide-scale

implementation of new technology, as well as the

uptake of traditional management approaches (Nor-

ström et al. 2020). Co-production of environmentally

sound knowledge and technologies will reduce

inequalities in capability and improve the sustainabil-

ity and productivity of fisheries and mariculture

(Österblom et al. 2017; Stoll et al. 2019). There will

be targeted engagement by managers, fishers and

coastal communities around strategies for responding

and adapting to change. Adaptive management frame-

works will be implemented with a focus on strategic

planning across sectors, and multisector approaches to

ocean management, that take into account the needs

and trade-offs of a broad range of potential users

across productive areas as well as sustainability of the

environment (Allison et al. 2020).

National institutions will be strengthened through

international cooperation, and reciprocal learning will

occur at all levels (Voyer et al. in review). The ability
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of governments to make and implement coherent

policies that account for social, economic and envi-

ronmental goals will be enhanced through the building

of pathways that facilitate an exchange of information

between society, science and policy makers (Posner

and Cvitanovic 2019). Agreements will be established

between small and large enterprises to make relevant

information for decision making broadly available.

Participation of Indigenous peoples in planning,

management and policy making will be supported

(see for e.g. CAUL 2015), allowing for the inclusion of

traditional knowledge and methods into new opera-

tional, feed and nutrition technologies (Groesbeck

et al. 2014; Jackley et al. 2016; Neudorf et al. 2017)

and diversification of management frameworks to

recognise cultural values and approaches (see Citizen

4 narrative following). Increased sharing of knowl-

edge across researchers, industry, government, Indige-

nous and international organisations will increase

transparency and equity across industries, providing

for increased understanding and widespread support

within the broader society.

Citizen 4: Chia-Ling, traditional mariculturist,

daughter-in-law of Li, mariculture enterprise

manager

For thousands of years my family has been gardening

the foreshore of our beaches for clams. The knowledge

that we use today is a mix between traditional

knowledge passed down through many generations

and information from modern science. Our clam

gardens provide us with important subsistence foods

and cultural links between our youth and ancestors,

and also allows us to contribute to the economy. The

impact that our gardens have on the natural landscapes

increases their productivity by 150–300%, which

means we have stable access to market, and we also

sell other species like octopus, that now occur in the

garden areas due to the increased habitat area. The

Indigenous peoples were certainly engineers and

marine resource managers. We are happy to see many

opportunities emerging to build on their knowledge to

improve the food and nutrition security and liveli-

hoods of Indigenous Peoples and the wider

community.

Pathway 5: reduce inequalities

Management frameworks at national and regional

scales will shift to provide for equity of access for all

stakeholders and will be better integrated to incorpo-

rate all marine users (Allison et al. 2020). This shift

will include access to productive fishing areas or areas

suitable for mariculture for small-scale operators

(Cohen et al. 2019), and engage processes that provide

for real-time monitoring of access rights. More

corporations will prioritise ethical investment strate-

gies and production practices and this change in

priority will be evident through improved reporting

and transparency, and stricter requirements for invest-

ment guidelines (Porter and Kramer 2019). Govern-

ments and companies will work through partnerships

to provide support for the engagement of small-scale

fishers and farmers. Business opportunities and access

rights for traditional owners will be created to ensure

their participation in fisheries andmariculture (Hiriart-

Bertrand et al. 2020). There will be a range of diverse

approaches to sustainability available that are more

suited to small-scale fisheries or those in developing

nations, than previous certification systems, which

will lead to more localised and sustainable production

systems (Stoll et al. 2019). Women will be fully

engaged in decision-making around seafood and their

role in seafood and food security recognised (Alonso-

Población and Siar 2018; Eriksson et al. 2018) (see

Citizen 1 narrative following).

In countries receiving benefits from off-shore

licenses there will be a shift toward greater capacity

to monitor the catches and more flexible schemes that

provide for setting dynamic access levels depending

on the productivity within national boundaries, result-

ing inmore sustainable fishing (Bell et al. 2015). There

will also be a shift in government policy from

focussing on export markets, which limited wealth

generation to some parts of the seafood chain, to

supporting domestic sector benefits. Some countries

will opt to fish their own resources and will establish

effective management systems, including secure catch

share models. Regulatory and market-driven improve-

ments in domestic, low-value, seafood chains will

improve food quality and safety (McClean et al. 2019).

The benefits of fishing and mariculture will be

distributed more equally between and within nations

and regions, as a result of better partnerships with
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corporations and strengthened governance to ensure

equal distribution of benefits (Österblom et al. 2020).

Citizen 1: Finn, ‘wellbeing’ teacher

I check the code again for some ethical information

and find that my fish was produced by a company that

has ‘equitable mariculture’ certification. The company

is committed to equitable sharing of benefits across

different stakeholder groups, both direct and indirect

beneficiaries. The company also supports women’s

entrepreneurial activity and engages them in higher

value nodes in fish value chains. The company has

partnered with government and NGOs to help set up

women fisherfolk organisations that have increased

women’s participation and leadership in collective

action in sustainable fisheries.

Identifying key actions to underpin pathways

for change

The pathways identified to move to a more sustainable

2030 are highly interconnected and realising a more

sustainable 2030will only occur through shifting away

from Business-as-usual across the range of drivers

identified here, as well as other drivers not considered

here. For example, greater ocean literacy is needed to

improve societal understanding of the ocean (Kelly

et al. 2021) and the role of food must be understood in

the broader framing of the links between human and

ocean health (Nash et al. 2020). A total of 23 actions

that underpin the pathways to a more sustainable 2030

were identified (Table S3). Some of these actions, such

as the diversification of production and consumption,

will be influenced by a range of drivers (Table 2,

Figure S1). Others, for example awareness raising on

the nutritional value of seafood, may be influenced by

relatively few of the drivers identified. Some of the

actions, such as policies to support domestic seafood

sectors, will contribute to many of the pathways to a

more sustainable future. Other actions, such as better

use of waste and sustainable feed inputs, will

contribute to one or two of our identified pathways.

All actions are equally important, but identifying

specific actions that contribute to the most pathways

may be more impactful than implementing actions that

contribute to achieving a single pathway. Prioritising

actions that not only sustainably produce more

seafood, but consider aspects of access and utilisation

for all is essential. Prioritised actions are shown in

Table 2 as examples of options to stimulate action in

preparation for the UN Ocean Decade of Ocean

Science for Sustainable Development to ensure that

the goal of food for all is highlighted. Implementation

of these actions will need to consider the effect of

multiple, often competing drivers and the appropri-

ateness of implementation at a range of scales, for

example at local or global, in the near or distant future.

The actions will need to be implemented by a variety

of groups and result in a range of benefits.

Conclusion

This paper outlines both an anticipated, ‘Business-as-

usual’, future scenario and five potential pathways to

generate action to move toward a more sustainable

2030. The narrative approach used to stimulate

thinking about potential futures highlight that we

must prepare for an increasingly uncertain future in

terms of our use of natural resources and ecosystems

and ability to be both prepared and adaptable to

provide a growing population with a nutritious and

secure supply of seafood. While there is much to be

concerned about, there are many positive actions

already occurring. The extent to which we build on

and implement these actions forms the main divide

between our scenarios. For example, knowledge and

technology are changing rapidly but their uptake and

application differ within and between countries. In a

more optimistic future, broader implementation of

currently established or emerging technologies would

be enabled as a result of better collaboration and

cooperation. This collaboration would support the co-

production of knowledge, to improve food and nutri-

tion outcomes, instead of a one directional transfer of

technological information. Collaboration would also

enable groups to improve and adapt their fishing and

farming practices in a way that is most suitable to their

specific needs.

Our scenarios explored the need for increasing

seafood production to meet consumer demand, as well

as meeting the needs of those who are affected by food

insecurity and malnutrition. Under a Business-as-

usual scenario, access to seafood may be increasingly

constrained by supply disruptions, however, many

types of seafood will remain affordable to those able to

pay for it. For less affluent consumers, access to good
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quality seafood will continue to be limited. Improving

this situation will require identifying and prioritising

actions to increase availability and accessibility of

quality seafood, as well as maintaining access to the

coast for those who rely on wild capture fisheries or

small-scale mariculture for food.

Sustainable and flexible fisheries management and

integrated frameworks that cover all ocean users and

recognise cultural values will be key to ensuring

effective strategic planning across sectors. Wild

systems will compete with mariculture production,

and other sectors of the emerging ‘blue economy’ for

access to near shore areas. The Business-as-usual

scenario will see management struggling to meet

multiple goals across environmental, economic and

social priorities, and ongoing inequitable sharing of

benefits. In a more sustainable future, where targets for

oceans and food are aligned within policy and

management, there is scope for inequality to be

reduced and for the seafood harvested to make the

maximum contribution to human nutrition and well-

being with minimal impact.

Acknowledgements This paper is part of the ‘Future Seas’

initiative (www.FutureSeas2030.org), hosted by the Centre for

Marine Socioecology at the University of Tasmania. This ini-

tiative delivers a series of journal articles addressing key chal-

lenges for the UN International Decade of Ocean Science for

Sustainable Development 2021-2030. The general concepts and

methods applied in many of these papers were developed in

large collaborative workshops involving more participants that

listed here as co-authors here, and we are grateful for their

collective input. Thank you to Kristy de Salas for providing an

internal project review, and to Richard Cottrell and Bridget

Green for their comments on an earlier draft. We acknowledge

and pay respect to the traditional owners and custodians of sea

country all around the world, and recognise their collective

wisdom and knowledge of our oceans and coasts.

Funding Funding for Future Seas was provided by the Centre

for Marine Socioecology, IMAS, MENZIES and the College of

Arts, Law and Education, and the College of Science and

Engineering at UTAS, and Snowchange from Finland. We

acknowledge support from a Research Enhancement Program

grant from the DVCR Office at UTAS.

Data availability Available in supplementary information.

Declarations

Conflicts of interest The authors declare that they have no

conflict of interest.

References

Allison EH (2011) Aquaculture, fisheries, poverty and food

security, vol Working Paper 2011–65. WorldFish

Allison EH et al. (2020) The human relationship with our ocean

planet

Alonso-Población E, Siar SV (2018)Women’s participation and

leadership in fisherfolk organizations and collective action

in fisheries: a review of evidence on enablers, drivers and

barriers. FAO, Rome

Bai X et al (2016) Plausible and desirable futures in the

Anthropocene: a new research agenda. Glob Environ

Chang 39:351–362

Barange M (2019) Global fishing sustainability challenges and

successes. In Paper presented at the International Sympo-

sium on Fisheries Sustainability, Rome, 12 December 2019

Bell JD et al (2015) Diversifying the use of tuna to improve food

security and public health in Pacific Island countries and

territories. Mar Policy 51:584–591

Belton B, Reardon T, Zilberman D (2020) Sustainable com-

moditization of seafood. Nat Sustain 3(9):677–684
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