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Foreword

This Blue Paper commissioned by The High Level Panel for a Sustainable Ocean Economy (the ‘Ocean Panel’) is
the first in the series to explore the topic of human health and its relationship with the ocean. It demonstrates
that the health of the ocean and human health are inextricably linked.

Traditionally, conversations about ocean and human health relationships have focused on risks and threats.
Hotter ocean temperatures, coastal urbanisation and nutrient and microbial pollution affect health by
encouraging harmful algal blooms. Mercury, lead, chemicals leaching out of plastic polymers, persistent
organic pollutants, pharmaceuticals and others can enter food chains and increase the risk of some cancers,
infertility and birth defects, neuro-behavioural toxicity and endocrine disruption. Flooding, land erosion, rising
sea levels and more frequent and violent storms pose a growing threat to the physical and mental health of
coastal communities.

What is communicated much less often are the enormous opportunities for improving human health,
supporting mental health and wellbeing, creating economic opportunities and advancing social justice and
wellbeing that the ocean offers. Ocean biodiversity can provide new medicines to fight disease, inspiration
for new technologies, new materials and energy sources. Sustainable production of blue food holds promise
for ending hunger and malnutrition. Access to healthy marine environments supports recreation and
promotes mental health.

The authors of this Blue Paper are international and interdisciplinary experts with diverse backgrounds

and broad experiences. They present a menu of actions to promote equity, sustainability, biodiversity and
human flourishing. They also emphasise that healthcare professionals, as expert communicators and
trusted members of society, are uniquely well positioned to advocate for change, advance equity and promote
sustained global action to protect both ocean health and human health. Yet they are an underutilised

ally at present.

The UN Decade of Ocean Science for Sustainable Development strives to promote the science we need for
the ocean we want. However, little emphasis has been placed by the Ocean Decade to date on understanding
the relationships between ocean health and human health. Similarly, the World Health Organization’s draft
fourteenth general programme of work makes no mention of the ocean. We hope that the publication of this
Blue Paper ultimately creates an inflection point in the mainstreaming of ocean health and human health
research and understanding.

As the Lead Experts of the Ocean Panel Expert Group, we would like to warmly thank the authors, the reviewers
and the Ocean Panel Secretariat at World Resources Institute for supporting the production of this resource.
We are also grateful for the continued enthusiasm of Ocean Panel member states in their work towards
realising a global sustainable ocean economy.

Humans cannot thrive when the ocean is sick. Acting on the opportunities identified in this report will help
inspire the world towards a new vision of universal ocean citizenship and planetary stewardship with
sustainability, equity and inclusion at the core.

QUL H ]%'599'”‘ ()wa‘zz T lrr— “’im/mw“‘“

Prof. Peter Haugan, Ph.D. Dr Judith Kildow, Ph.D. Dr Jacqueline Uku, Ph.D.

Institute of Marine Research, Director Emeritus of the National Senior Research Scientist,

Norway Ocean Economics Program Kenya Marine and Fisheries
USA Research Institute (KMFRI)
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Highlights

e The ocean holds great, though still largely
unrecognised and unrealised, potential to
improve human health, support mental health
and wellbeing, create economic opportunity and
advance social justice.

e These opportunities include new medicines to
fight disease; new materials; inspiration for new
technologies to support societal development; new
ocean-based energy sources; blue food resources
that hold promise for ending hunger and reducing
food insecurity; and access to nature to support
recreation and promote mental health.

e But the ocean’s potential to benefit humanity
is threatened by climate change, pollution,
biodiversity loss, inequitable and unsustainable
patterns of consumption, and marginalisation of
Indigenous Peoples, local communities and other
coastal populations. These threats are the result
of improper ocean governance. They are driven by
a relentless quest for short-term economic gain
without concern for human health, natural capital
or environmental consequence.

e Fully realising the ocean’s benefits for human
health and wellbeing and safeguarding our
common future will require confronting these
threats by meeting the commitments of global
laws, treaties, conventions and guidelines;
building global partnerships and promoting a
greater focus on equity and the protection of
human rights for all people, including the right to
health and a healthy environment.

e Here, we identify three actions of overarching
importance to both ocean and human health:

o Collaboratively protect, restore and sustainably
manage ocean biodiversity, including by
ratifying and implementing key international
agreements. This will ensure that the great
potential of ocean medicines and biotechnology,
ocean food sources and access to natural ocean
spaces for human health is preserved.

o Combat climate change and eliminate
pollution, including by upholding
commitments to the UN Framework Convention
on Climate Change Paris Agreement, the COP28
outcomes, and the UN Global Plastics Treaty.
This will benefit human health by slowing
climate change, reducing the frequency of
extreme weather events, limiting sea level rise,
and preserving healthy marine food sources.

o Improve human health and equity
measurement by incorporating evidence and
linked indicators of both ocean health and
human health and wellbeing into relevant
policies and decision-making. This will promote
human health by ensuring that measures of
both ocean and human health are integrated
into broader health monitoring, prevention and
evaluation programmes.

e The following additional actions should be taken

across a wide range of sectors and actors to realise
the ocean’s potential to benefit human health:

o Foster the production of new medicines and
biotechnology from the ocean by supporting
research and development, creating digital
DNA libraries and developing biotechnological
processes and products that are socially
relevant, economically sustainable and
environmentally friendly.

o Build and sustain food security from the ocean
by supporting sustainable seafood cultivation
and harvest, promoting nutrition-sensitive
fisheries management, supporting marine
tenure of local communities and Indigenous
Peoples, and ensuring community co-creation
and genuine involvement in marine planning.

o Enhance physical and mental health
and societal wellbeing by upscaling blue
prescription (nature-based health intervention)
programmes and developing policies to increase
ocean literacy.

o Enhance the ocean’s contributions to economic
growth and equity by scaling up investment in
a sustainable ocean economy, incorporating
metrics of natural capital and human capital
into all benefits evaluations, reforming global
finance and trade to provide more equitable
access to marine resources, and creating cross-
sectoral linkages to encourage co-creation.

Achieving these actions will necessitate
empowering marginalised voices and creating a
sustainable, more equitable economy that benefits
all of humanity. Healthcare professionals and the
global health sector are uniquely well positioned to
advocate for change, advance equity and promote
sustained global action to protect both ocean
health and human health. Yet at present are they
are underutilised in this capacity.

We must act now to address this global ocean and
human health emergency.



Executive summary

Prior Ocean Panel Blue Papers have explored such
topics as environmental threats to the ocean,
ocean-based advances in renewable energy, coastal
restoration, sustainable practices within fisheries
and marine transportation. This Blue Paper examines
the links between the ocean and human health. Its
purpose is to provide heads of government and global
leaders with robust evidence on the connections
between ocean health, human health, societal
wellbeing and the global economy as these leaders
look to chart the next urgent actions to attain all the
Sustainable Development Goals (SDGs) and realise
the least funded of them, SDG 14, on ‘life below water
(WEF 2022). This Blue Paper identifies opportunities
for sustaining and protecting the ocean in ways that
improve human health and support just, equitable
economic development.

The specific goals of this Blue Paper are two. First,

it seeks to systematically catalogue ocean-based
opportunities for enhancing human health and
wellbeing. Second, it endeavours to present regional,
national and international policymakers with an
evidence-based menu of achievable actions for
improving human health and wellbeing by equitably
realising the ocean’s great benefits, while effectively
conserving and managing its beauty and bounty for
future generations (Figure ES-1, Table ES-1).

Throughout this Blue Paper we emphasise the
importance of cross-sectoral, cross-national
partnerships and of a global structure of laws,
treaties, guidelines and organisational entities that
harness our collective creativity and intelligence,
curb humanity’s appetite for short-term gain, move
the world towards greater sustainability and create a
sustainable, more equitable economy that prioritises
human health and wellbeing (Pope Francis 2015;
Abbasi et al. 2023; Fleming et al. 2023). We argue that
preservation of ocean and human health will require
metrics and governance structures that look beyond
measures of short-term productivity such as gross
domestic product (GDP) and explicitly value human
and natural capital; address the underlying political,
economic and ethical causes of the current planetary
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crisis; and centre justice and equity, particularly with
respect to previously marginalised communities
such as Indigenous Peoples and local communities.

Arecent article published in over 200 health journals
simultaneously underscores the current urgency for
action on ocean and human health now:

Over 200 health journals call on the United Nations,
political leaders, and health professionals to recognise
that climate change and biodiversity loss are one
indivisible crisis and must be tackled together to
preserve health and avoid catastrophe. This overall
environmental crisis is now so severe as to be a global
health emergency. (Abbasi et al. 2023)

Critically, because healthcare professionals are
tasked with maintaining and restoring health, are
expert communicators and are trusted members of
societies in their role as advocates for their patients,
the health sector is uniquely well positioned to lead
in safeguarding human health by protecting the
health of the ocean (Depledge et al. 2019; Romanello
et al. 2023). Yet at present they are not sufficiently
educated about the need for this work or engaged

in it. Involving health professionals and the health
sector in protecting ocean health will require
innovative efforts across multiple areas, including
reducing the health sector’s carbon footprint,
reducing medical waste and pollution, supporting
greater ocean literacy to promote science-based
advocacy on behalf of patients and emphasising
population health and prevention. These efforts will
extend into many areas, including energy, transport,
supply chains, food and education. The entire

health sector must be involved, including hospitals,
healthcare systems, public health, biotechnology,
pharmaceuticals, social care and Indigenous health.

This Blue Paper actively presents a series of
actions and opportunities that can and must begin
immediately to sustain, protect and expand both
ocean and human health (Figure ES-1; Table ES-1).



It identifies three key actions of overarching
importance to both ocean and human health:

® Protect, restore and manage ocean biodiversity.
The great potential for marine medicines and
biotechnology and marine food sources depends
on collaboratively and effectively protecting and
sustainably managing marine biodiversity. To that
end, it is essential that the world’s nations ratify
and implement—with genuine commitment to
effective management for biodiversity protection,
equity and human wellbeing—the UN Convention
on Biological Diversity (CBD) Global Biodiversity
Framework, the World Trade Organisation (WTO)
Fisheries Subsidies Agreement and the Agreement
under the UN Convention on the Law of the Sea on
the Conservation and Sustainable Use of Marine
Biological Diversity of Areas beyond National
Jurisdiction (BBNJ).

® Combat climate change and eliminate pollution.
The health of coastal populations depends on
slowing climate change to prevent extreme
weather events and limit sea level rise, and
preventing to the greatest degree possible all forms
of pollution from reaching the ocean to conserve

healthy marine food sources, with particular focus
on reducing greenhouse gas emissions from

fossil fuels to net zero by 2050 and eliminating
plastic pollution. To that end, the world’s nations
must uphold their commitments to the UN
Framework Convention on Climate Change Paris
Agreement, the COP28 outcomes and the UN Global
Plastics Treaty.

® Improve measurement and support equity.
Indicators of both ocean and human health must
be integrated into ongoing monitoring, prevention
and evaluation programmes, and these data must
be made publicly and freely accessible. To that end,
evidence and linked indicators of ocean health and
human health and wellbeing must be incorporated
into all policies and decision-making around
ocean-human interactions, and this information
must be made publicly available.

We must act now to inspire and work collaboratively
with individuals, communities, businesses,
policymakers, the healthcare sector and governments
around the world to engage in a new vision of ocean
citizenship and planetary stewardship.

FIGURE ES-1. Opportunities for action to support both ocean health and human health and wellbeing

in a changing planetary environment
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avisual aid for readers. It is based on the authors’ interpretation of best available evidence, not a quantitative analysis of all available information.

Source: Authors.
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TABLE ES-1. Tabulation of opportunities for action to support both ocean health and human health and
wellbeing in a changing planetary environment

OPPORTUNITY/ACTION IDENTIFIED PILLAR OF
TRANSFORMA-
TIONS AGENDA
(OCEAN PANEL
2020)
Deliver the Global Biodiversity Framework targets, the WTO Fisheries Overarching Overarching Government
Subsidies Agreement and the Agreement under the UN Conventionon  actions actions
the Law of the Sea on the Conservation and Sustainable Use of Marine
Biological Diversity of Areas beyond National Jurisdiction (BBNJ) with
genuine commitment to equity and human wellbeing
Protect human health by slowing climate change and preventing all Government and
pollution from reaching the ocean private sector
Incorporate indicators of both ocean and human health into all Government
ocean-human policies and ongoing monitoring, prevention and
evaluation; and make these data freely available
Support equitable and sustainable research for discovery of new Medicine and Health Government and
marine medicines and ocean-based technologies biotechnology private sector
Identify and foster development of biotechnological processes and Wealth Government and
products that are socially relevant, economically sustainable and private sector
environmentally friendly
Create and support digital DNA libraries containing the genetic Knowledge Government and
blueprints for most marine life private sector
Uphold human rights and support marine tenure of local Building and Equity Government
communities and Indigenous Peoples sustaining food
security
Promote nutrition-sensitive fisheries management and sustainable Knowledge Government and
mariculture production private sector
Ensure community co-creation and genuine involvement in marine Equity Government
planning
Support sustainable seafood cultivation and harvest Wealth Government and
private sector
Promote sustainable healthcare systems and practices that protect Enhancing Health Government and
ocean health physical health, healthcare sector
mental health and
o L ) societal wellbeing
Upscale existing blue prescription programmes for promoting Wealth Government and
physical health and mental wellbeing and create new programmes healthcare sector
Develop policies to increase ocean literacy and enable behavioural Knowledge Government
change to foster pro-environmental behaviour
Reform global finance and trade to provide more equitable access to Growing the Finance Government
marine resources economy and
improving health
Scale up investment in a sustainable and equitable ocean economy by addressing Finance Government,
inequity private sector and
philanthropy
Create cross-sectoral linkages to bridge divides and encourage co- Equity Government and
creation, with deliberate attention to levelling the playing field private sector
Incorporate metrics of natural capital and human capital into all Finance Government

benefits evaluations

Note: Actions are categorised by the themes of this Blue Paper, and also by the themes of the Transformations Agenda (Ocean Panel 2020). All actions need to be

initiated immediately. The broad delivering party for each action is also indicated.
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Introduction

Human health and the health of the ocean are of its oxygen and is responsible for almost half of

inextricably linked. The ocean is a source of joy, all primary biological production. By absorbing 25
peace, recreation and restoration. Interactions with percent of all carbon dioxide (CO,) emissions and

blue spaces—coasts, salt marshes, beaches and the more than 90 percent of excess atmospheric heat,
ocean itself—enhance the physical health, mental the ocean stabilises the global climate and slows

health and wellbeing of humans from infancy to old global warming (Friedlingstein et al. 2019; Hoegh-

age (White et al. 2020). For billions of people, the Guldberg et al. 2023).

ocean is an essential source of food, micronutrients,
livelihoods and traditions. The ocean economy
generates more than US$1.5 to $2.5 trillion per year
and provides over 30 million formal jobs (OECD 2016),
with millions more people informally employed in

However, the health of the ocean is increasingly under
threat, and the current threats to ocean health are
largely of human origin. They range from the growing
impacts of climate change (e.g. extreme weather
) ) . ) events, ocean warming, melting polar ice, sea level
artisanal and small-scale fisheries. Ocean species . e .
] ) ] o rise, ocean acidification and ocean deoxygenation),
have provided multiple essential medicines, some . e .
. o to industrial fishing practices that damage ocean
of the world’s strongest adhesives, and inspired new
visions in architecture and engineering (Fleming et

al. 2019; Fleming et al. 2021).

ecosystems and deplete fisheries, to oil and gas
extraction, deep-sea mining and pollution (Nash et
al. 2017; Landrigan et al. 2020). For example, coastal

The ocean is an essential component of the urbanisation and nutrient and microbial pollution
planetary systems that sustain all life on Earth. It increase the frequency of harmful algal blooms, and
holds most of the planet’s water, produces much these endanger coastal photosynthetic species (e.g.

seagrasses and seaweeds) worldwide (Berdalet et
al. 2016). Declines in the biomass of photosynthetic
species reduce the ocean’s capacity to store CO,
(Filbee-Dexter et al. 2023) and its ability to generate
oxygen. Plastic pollution (including large macro-

OCEAN

The terms ‘ocean’ and ‘global ocean’ (both in the singular)
are increasingly used to express the concept that the worlds’

. . . lastics and chemical-laden microplastic particles
coasts, seas and ocean are, in fact, one ocean, which contains P P P )

unique ecosystems within specific regional seas and ocean derived from fossil fuels is pervasive and rapidly
areas, and for which all humans have a shared responsibility. worsening (Landrigan et al. 2023). Harmful chemicals
(Fleming et al. 2023) that leach out of plastic polymers bioaccumulate

in the tissue of aquatic species and contaminate
food chains (Landrigan et al. 2023). All these threats
to ocean health can harm human health, leading
to malnutrition, acute gastrointestinal illnesses,

e paralytic neurotoxicity or chronic diseases such

The sustainable use of ocean resources for economic growth, cardiovascular disease and cancer (Figure 1).
improved livelihoods and jobs while preserving the health of
ocean ecosystems. (World Bank and UNDESA 2017) Since the Industrial Revolution, the marine

environment has experienced a significant decline

in biodiversity. Some marine species have already

become extinct, and many more are threatened

(Roberts 2007; McCauley et al. 2015). Unless humanity
OCEAN ‘HEALTH’ takes urgent action to protect the ocean’s biological

The seas, coasts and ocean are ‘healthy’ when they are resilient, diversity, more species will be lost, the genetic and
productive and diverse. (Franke et al. 2020)
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biological secrets these organisms hold will be gone
forever, and their potential benefits for human health
and wellbeing will never be realised.

If the ocean economy is to grow sustainably, and if
new products, medicines and other opportunities
are to continue to come from the ocean, we must
effectively conserve and manage the rich biological

diversity of the ocean and ensure all people’s use
of marine resources by creating a sustainable and
equitable ocean economy. Cross-sectoral, cross-
national partnerships, a global network of laws
and treaties, and metrics of national and global
economic wellbeing that look beyond measures of
short-term productivity such as gross domestic

FIGURE 1. Selected interconnections between human health and activities in and around the ocean
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ECONOMIC METRICS

Gross domestic product (GDP), the most widely used economic
metric, measures the monetary value of all goods and services
produced in a country in a given time. While a useful measure
of productivity, GDP does not measure national wealth, which
includes the economic worth of a country’s natural, human and
social resources. GDP thus fails to account for resource losses
resulting from production. More comprehensive economic
assessment includes GDP as well as valuations of natural,
human and social capital. (Kubiszewski et al. 2013)

product (GDP) and include explicit assessment
of natural and human capital will be essential to
achieving these goals.

Conversations about the relationships between the
ocean and human health have typically focused

on risks and threats. They are part of growing
discussions around humanity’s negative impacts on
planetary health. But that is only one side of the story.
The good news is that the ocean offers enormous
opportunities for improving human health and
wellbeing (Figure 1).

This Ocean Panel Blue Paper explores these
opportunities. To provide context, the paper

first details the risks and threats that are the
consequence of current interactions between
humans and the ocean. However, our main focus is
on the opportunities and the many still incompletely
realised benefits that the ocean holds for humankind.
In particular, we focus on actions that can be taken
now to benefit both ocean health and the health and

wellbeing of all people now and in future generations.

This Blue Paper reviews current knowledge and the
best available evidence for ocean and human health
in four key areas:

® Medicine and biotechnology

Building and sustaining food security

® Enhancing physical health, mental health and
societal wellbeing

® Growing the economy and improving health by
addressing inequity

Each section identifies specific opportunities for
individual and collective action by local, regional and
international policymakers. The result is a collation
of local, national and transnational opportunities for
action and investment, which include governmental
policies, international agreements and opportunities
for sustainable investment. In a final section, we
rank these actions by feasibility and impact; and

we distinguish those that will produce immediate
benefit from those whose benefits will accrue mainly
to future generations. We recommend that all these
actions begin now.

Throughout this Blue Paper, we stress the need

for actions that are just, inclusive and designed

to ensure that all members of society benefit
maximally. We emphasise the need to fully involve
representatives of Indigenous Peoples, marginalised
coastal communities, small-scale fishers, small
island developing states (SIDS; also known as ‘large
ocean states’) and populations who live in and
around marine protected areas (MPAs) and other
areas designated as ‘protected’ in all decision-

8 | High Level Panel for a Sustainable Ocean Economy



making and action to protect or develop the ocean
(Bennett et al. 2018; Blythe et al. 2023; Villasante et
al. 2023). These communities are at disproportionate
risk from disruptions of planetary and ocean health,
but they are also long-time stewards of the ocean
and curators of hard-won, empirical knowledge that
can guide local and global efforts to mitigate and
adapt to climate change and preserve biodiversity
(Berkes et al. 2000).

In each section, we emphasise the need for continued
monitoring and evaluation of all interventions, as well
as the establishment of collaborative programmes
for prevention, intervention and adaptation. This

is especially important given the rapidly evolving
nature of climate change and its consequences. Only
through continued measurement and transparent
dissemination of shared data can effectiveness

be assessed, unintended consequences detected,
policies improved and course corrections made.

Throughout this Blue Paper, we employ a variety

of frameworks to envision threats, benefits and
opportunities for intervention. These range from
consideration of ecosystem services and planetary
boundaries, to the Planetary Health and One Health
constructs, to the UN Sustainable Development
Goals (SDGs), the 10 UN Ocean Decade Challenges
(Villasante et al. 2023) and the Ocean Panel
Transformations Agenda (Ocean Panel 2020).

We also focus on the global health sector. Hospitals,
clinics, public health systems and the entire health
sector inflict harm on ocean health through their

greenhouse gas emissions (e.g. 8.5 percent of
U.S. greenhouse gas emissions, and 4.5 percent

How can a healthy ocean improve human health and enhance wellbeing on a rapidly changing planet? | 9

WELLBEING

A positive state experienced by individuals and societies.
Wellbeing encompasses both physical and mental health and is
determined by social, racial, political, economic, environmental
and historical conditions. (WHO 2021)

HEALTHCARE SECTOR

All organisations, people and actions whose primary intent is to
promote, restore or maintain health. (WHO 2007)

worldwide), the pollution caused by their extensive
global shipping and supply chains, and because they
release pharmaceuticals, other chemicals and plastic
wastes that pollute the environment and enter the
ocean (Steenmeijer et al. 2022; Healthcare Ocean n.d.;
Senay et al. 2023).

But the health sector can also model positive change.
Health professionals are tasked with maintaining
and restoring health, are expert communicators and
are respected, trusted members of their societies
(Depledge et al. 2019; Patel 2023). Once educated

in ocean and human health, they are uniquely well
positioned to influence opinion, lead by example and
offer science-based guidance to policymakers—all of
which will enable greater protection of the patients
and communities they serve.

The authors of this Blue Paper are international and
interdisciplinary experts with intentionally diverse
backgrounds and broad experiences enabling

them to provide a global perspective and present
innovative insights for the future of both ocean and
human health (please see ‘About the authors’). The
authors present an expert review of the current state
of scientific evidence and other forms of information
and knowledge; this Blue Paper is not intended to
be an in-depth formal systematic evidence review.
We also include several illustrative case studies
throughout the document.

Our goal is to present a menu of opportunities and
actions that will promote equity, sustainability,
biodiversity and human flourishing and inspire
individuals, communities, businesses, policymakers,
the health sector and governments from around the
world towards a new vision of ocean citizenship and
planetary stewardship.



1. Ocean opportunities for
medicine and biotechnology

providing new medicines and new biotechnologies. Our ability to realise these opportunities is, however, entirely

LLLLLL  The rich biodiversity of the ocean holds enormous opportunities for enhancing human health and wellbeing through
O
— dependent on the health of the ocean.

The biodiversity of the ocean is currently under threat. Unless humanity takes urgent action to protect this biological diversity,
more marine species will be lost, the genetic and biological secrets these organisms hold will be gone forever, and their potential
benefits for human health and wellbeing will never be realised.

Actions to sustainably, ethically and equitably explore, preserve, and manage marine biodiversity have high potential to yield
new medicines and novel biotechnologies to the benefit of human health and wellbeing.

Benefits of marine
biodiversity for human health

The ocean is home to an incredible diversity of life. Of
the 42 currently recognised biological phyla (major
groupings of living organisms), over 80 percent exist
only in the ocean (Katona et al. 2023). These species
dwell in an astonishing variety of ecosystems. The
organisms that live in the ocean have evolved unique
chemical, physical and behavioural adaptations that
are seen nowhere else on Earth and hold enormous
promise for humanity.

Marine organisms have had far more time to adapt to
their environment than most terrestrial species, and
thus have had more opportunity to acquire unique
genetic traits and develop a wide array of metabolic
and chemical adaptations (Voser et al. 2022). There is
great likelihood that biotechnological remedies for a
wide range of problems can be found within the traits
expressed by marine organisms (Carroll et al. 2023).

Study of the distinctive features of marine life has
already resulted in scientific breakthroughs, new
knowledge and a range of useful products that

have improved human health and wellbeing (from
alternative pain medications to micronutrients

that can prevent chronic diseases to super-strong
composite materials) (see Rotter et al. 2021 for a
comprehensive list). These advances have translated
into thousands of new jobs in marine biotechnology,
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biomedicine and drug discovery. They have generated
many millions of dollars per year in revenue; the
market for marine-derived pharmaceuticals alone

is currently valued at $4.1 billion and is anticipated
to reach $9.1 billion by 2033 (Fact.MR 2023). Until
now, these advances have primarily benefitted those
living in the Global North (in particular multinational
corporations), and little benefit has been returned

to the low- and middle-income countries (LMICs)
where many of these discoveries originated

(Blasiak et al. 2018).

If new biotechnology, medical and pharmaceutical
products are to continue to come from the ocean and
the ocean economy is to continue to grow, we must
have the wisdom and the courage to build cross-
sectoral, cross-national partnerships that preserve
the ocean and prioritise human health and wellbeing.
These collaborations will effectively conserve and
manage the rich biological diversity of the ocean and
ensure the sustainable and equitable use of marine
resources by all people and for future generations.


http://Fact.MR

Key opportunities for
human health

Medicines from the sea

An estimated 30,000 unique molecules, about 10
percent of all currently known natural products, have
been discovered in marine life (including marine
bacteria, fungi, fish and invertebrates) (Lindequist
2016). These materials have myriad potential
applications in biomedicine and biotechnology. To
date, 23 approved pharmaceutical agents have been
developed from marine molecules, and an additional
33 arein clinical trials and development (Antunes et
al.2023). They have been used already for treatment
of inflammation, immune system disorders, skin
pathologies, infectious diseases and cancers
(CHEMnNetBASE n.d.; Pascual Alonso et al. 2023).

As an example of unique marine molecules,
Plitidepsin (a molecule derived from the sea squirt,
Aplidium albicans (Milne Edwards 1841)) has been used
to treat leukaemia and lymphomas. During the COVID
pandemic, it was found effective in a limited clinical
trial of patients with severe COVID disease (White

et al. 2021). Conotoxins (neurotoxins isolated from
predatory cone snails) are the basis for the potent
pain control medicine Ziconotide® (Safavi-Hemami
et al. 2019). Case study 1 describes the successful
development of anti-cancer medicines from marine
cyanobacteria.

Tetrodotoxin is an example of a biologically

active molecule derived from marine microalgae,
among other organisms (Chau et al. 2011). A potent
neurotoxin at high doses, tetrodotoxin in low doses
is under investigation for its pain relief potential
as a local anaesthetic agent and for treatment of

ﬁn“_!wll )

chemotherapy-induced neuropathic pain and cancer-
related pain (Cerone and Smith 2021). It may also
reduce withdrawal symptoms from opioid addiction
(Gonzélez-Cano et al. 2021).

In the foreseeable future, we can expect many
more new medicines based on marine compounds.
The economic potential of these compounds is
vast, but only if there is equitable, ethical and
sustainable exploration.

Marine green chemistry

Marine organisms hold great promise as a source

of new catalysts that can be used in ‘green
chemistry’, which seeks to harness natural catalysts
(e.g. enzymes) and their processes to produce

the chemical reactions currently performed by
conventional ‘brown chemistry’ (the latter often
based on persistent and polluting chemicals derived
from fossil carbon).

Marine catalysts include the marine cellulases,
which break down cellulose (e.g. wood), the most
abundant organic compound on the planet. Other
marine microbial enzymes have been discovered
that may be able to degrade microplastics (although
the toxic plastics additives are still a challenge)
(zhai et al. 2023).

These materials are of considerable interest because
of their potential to generate green bioproducts with
applications in medicine, energy, food chemistry and
agriculture (Navvabi et al. 2022).
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CASE STUDY 1. Anti-cancer medicines from marine cyanobacteria

Cyanobacteria (‘blue green algae’) are an ancient group of organisms that arose on Earth some 2 billion years ago. Some
cyanobacteria are abundant producers of biologically active substances, and some predators of cyanobacteria, such as sea
slugs, are able to accumulate these biologically active compounds and use them in their own defence against predators. Several
cyanobacterial compounds extracted from sea slugs show great promise for the treatment of diseases such as cancer.

FIGURE CS-1.1. Structure and origin of dolastatin 10, and of derived drug used to treat cancer
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DISCOVERY OF DOLASTATIN 10 AND ITS APPLICATION AS AN ANTI-CANCER MEDICINE

Dolastatin 10 (Figure CS-1.1) is a natural product originally discovered in an Indian Ocean sea slug, Dolabella auricularia (Lightfoot
1786), and produced by a marine cyanobacterium (Pettit et al. 1987; Luesch et al. 2001). Dolastatin 10 has extremely potent anti-
tumor activity. Very limited availability in nature at first delayed its development as an anti-cancer drug, but synthesis in the
laboratory has provided a large supply for continued development.

Currently six different dolastatin 10-antibody drugs are being used to treat various cancers, including lymphomas and
carcinomas. A further dozen related drugs are in various stages of clinical evaluation to treat other forms of cancer.

Zero-waste industry

Products such as food supplements, fuels and can be harvested sustainably and can be stabilised
nanoparticles manufactured using marine resources and distributed with significantly less waste for
may generate less waste and less CO, than those aquacultural purposes by nanoencapsulation
created through other manufacturing processes (Hosseini et al. 2021).

(Vijayan et al. 2016; Pessarrodona et al. 2023). For

. ) Marine microalgae have also been extensively
example, marine phytoplankton are rich sources of

. ) ) investigated as new sources of specialty lipids,
polyunsaturated fatty acids, especially long-chain

omega-3 fatty acids (Cerone and Smith 2021). These
nutritionally and economically valuable fatty acids

including those that can be used as energy sources
(e.g. biofuels) (Maeda et al. 2018).
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Biomimicry

Biomimicry is a ‘nature-based solution’ (NBS)
strategy for creating new technologies based on the
unique adaptations of organisms. In the context

of marine biotechnology, its goal is to create
ocean-inspired sustainable design solutions and
environmentally friendly products. An example is an
extremely strong and durable composite material
with potentially multiple uses (e.g. airplanes, cars,
medical devices), inspired by the helicoid layers

of chitin present in the shell of the mantis shrimp
(Figure 2) (Rivera et al. 2020; Xin et al. 2021).

The many uses of seaweeds

Marine seaweeds present rich opportunities for
blue biotechnology. For example, Case study 2
describes the development of seaweeds into
bioplastics as potentially sustainable alternatives
to fossil fuel-derived plastics currently polluting the
ocean (Figure 3).

Farmed seaweeds command a high value for food,
cosmetic and medical purposes (Naylor et al.
2021). Marine algae are rich in essential nutrients

SOCIAL, ECONOMIC AND ENVIRONMENTAL PILLARS
OF SUSTAINABILITY

Sustainable development has three equally dependent
dimensions— economic, social and environmental. (UNGA 2015)

(carotenoids, vitamins and phenolic antioxidants),
and thus may help to mitigate the nutrient-poor
diets of many coastal populations; these materials
can be produced using socially conscious and
environmentally and economically sustainable
aquacultural methods, as well as through large-scale
industrial production (Wells et al. 2017) (see Section
2). Large-scale seaweed production is a potential
source of non-chemical agricultural fertilisers
because seaweeds contain metabolites that can
enhance crop growth (Nabti et al. 2017). One genus of
red seaweed, Asparagopsis (Montagne 1840) is being
explored as a supplement for dairy and beef cows,

as it significantly reduces their methane emissions;
methane from ruminant animals is responsible for
approximately 15 percent of global anthropogenic
greenhouse gas emissions (Roque et al. 2021; Hoegh-
Guldberg et al. 2023).

FIGURE 2. Structure of an extremely strong and durable composite material inspired by the helicoid layers of
chitin present in the shell of the mantis shrimp
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CASE STUDY 2. Seaweeds into bioplastics

Humanity’s great and growing dependency on plastics affects not only the health of the ocean but also human health through the
release of harmful synthetic chemicals and toxic pollutants at every stage of the plastic life cycle (Landrigan et al. 2023). Over 98
percent of all plastics are currently made from fossil carbon: coal, oil and gas. Global plastic production is increasing exponentially
and is on track to double by 2040 and triple by 2060. Declining global demand for fossil fuels is an important driver of increasing
plastic production as the fossil fuel industry pivots towards plastic production.

Bioplastics offer a transitional path to plastic reduction. Bioplastics are ‘green materials’ made with carbon-rich plant or seaweed
materials that can be cultivated in a wide range of environments in many coastal regions, from the tropics to the high latitudes.
Indonesia is currently a global leader in the seaweed-bioplastics industry with the recent emergence of at least two companies
(EVOWARE® and Biopac®).

Bioplastics made from seaweed are potentially safer for ocean and human health than petroleum-based plastics (Figure CS-2.1).
The emerging seaweed-bioplastic industry has the potential, if properly managed, to facilitate an ethical transition from harmful
to environmentally friendly industrial practices (Lomartire et al. 2022).

Another approach to bioplastic production involving two French companies (ERANOVA® and Algopack®) uses two seaweed
species (Ulva spp. and Sargassum spp.) that are present in huge abundance on coastal shores as a result of anthropogenic harmful
practices and climate change. Harvesting them may both help resolve an emergent environmental problem and provide raw
materials that replace petroleum-based plastics (Orr 2013; Orr et al. 2014).

It will be important to monitor the toxicity and the environmental fate and persistence of bioplastics to ensure that they fulfil their
promise as a safer alternative to petroleum-based plastics.

FIGURE CS-2.1. Bioplastics from seaweed as an alternative to fossil fuel-based plastics

FOSSIL FUEL-BASED PLASTICS SEAWEED-BASED PLASTICS

Source: Authors.
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Limitations to current
knowledge and future
opportunities

As the ocean changes in response to human
stressors and marine species are irretrievably lost, we
are rapidly losing opportunities to develop knowledge
of its incredible biodiversity. We have a profoundly
inaccurate and incomplete understanding of the

role that small bioactive compounds play in the
ecology of the organisms that produce them, of how
their production is controlled, and of how they might
benefit humanity (Karthikeyan et al. 2022). We also
have little insight into how species will adapt and
potentially survive these changing conditions, which
species will be lost, and which can be saved.

We have even less information concerning the DNA
blueprints underlying the exceptional biodiversity of
marine life. For example, only 3,300 of the 1.5 million
known animal species on planet Earth, and about 220
of the approximately 27,000 known species of algae,
have had the DNA of their genomes fully sequenced
(Hanschen and Starkenburg 2020; Hotaling

et al. 2021). There is urgent need to undertake

periodic biodiversity inventories, conduct detailed
biochemical investigations of adaptive traits and
initiate studies of accelerated evolution, all ideally
through ethical public-private partnerships. Open
access to these data is essential to provide equitable,
sustainable and creative development and use by all,
not ownership and use by the few (Blasiak et al. 2018).

Exploration of the unanswered questions is essential
if we are to be good stewards of the natural world
and if we are to discover and produce adequate
supplies of useful green pharmaceuticals and green
chemicals to meet the needs of human society. It is
not sufficient to discover new potential medicines
from the ocean. We must also devise strategies to
provide these medicines equitably and ethically in
the amounts needed, using sustainable and cost-
effective methodologies.

To ensure that humanity can realise the full benefit
from marine genetic resources now and in the future,
we must secure sustainable access to this rich
diversity of species.

A key challenge to the development of biomedical
(and other marine biotechnology) products

from marine organisms is the substantial time
required for their development; for example, the

FIGURE 3. Seaweed-based biomaterial used to 3D print
an inhaler prototype

Source: SymbioTex n.d., with permission.

discovery and characterisation of a potent anti-
cancer compound from the Caribbean tunicate,
Ecteinascidia turbinata (Herdman 1880), took more
than 20 years of concentrated study. Since many
of the most biodiverse places, such as the Malay
Archipelago, are in the Global South, a further key
challenge is the equitable, sustainable and ethical
co-development of these products with local
communities and countries.

Cataloguing biodiversity and
measuring biodiversity loss

for adaptive and sustainable
management of MPAs

Climate and other environmental change threatens

the biodiversity of all life in the sea, including in
biodiverse-rich areas such as many MPAs, and other
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areas designated as protected (Bruno et al. 2018).
To ensure the effectiveness of current and future
MPAs, their biodiversity must be fully characterised
and high-quality monitoring data collected across
both space and time (Bates et al. 2019). Adaptation
strategies need to be incorporated into MPA design
and management plans (including working with
local communities and incorporating other effective
conservation measures, or OECMs) (Gurney et al.
2021) in all ecosystems and habitat types (Wilson
et al. 2020), including areas beyond national
jurisdiction (Maestro et al. 2019).

Medicine discovery

Because the success rate of medicine discovery

from marine life is up to four times higher than that
of natural product discovery from other sources
(Sigwart et al. 2021), research into the pharmaceutical
properties of natural products, including medicines,
from marine organisms should be intensified.

Green chemistry and zero-waste
approaches

‘Green chemistry’ is nascent in its development.
Bringing it to scale in industry will require
investigation into the chemical processes of
marine life and their ability to make bioactive
compounds using enzymes.

Biorefineries utilise biomass conversion processes
to produce value-added chemicals from side-
stream biomass (i.e. not the main product) (Rotter

et al. 2021). For instance, unused oyster shells from
aquaculture facilities can be used to make building
materials and biomedical scaffolds (Gheysari et al.
2019). They can also be ground up and reinjected
locally into the ocean, at a small scale, to stabilise pH
in aquaculture (Chilakala et al. 2019).

Transdisciplinary research and
fair, sustainable development of
blue biotechnologies

The innovation potential of marine resources

is vast, but the realisation of this potential will
require transdisciplinary international research,
ranging from discovery in marine ecosystems to
laboratory and industrial development to clinical
and other applications (Schneider et al. 2022). To
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ensure that marine resources are not exploited in
ways that endanger fragile ecosystems or deprive
local communities and lower-income countries of
resources, research in the social sciences and ethics
and communication efforts to engage and involve the
general public will be needed (Rotter et al. 2021).

Actions and opportunities

The challenges above can be addressed through the
following five actions and opportunities.

Create governance policies to ensure sustainable
use of and equitable access to ocean resources.
Sustainable use of marine genetic resources in

blue biotechnology will require governance policies
tailored to the intricate social-ecological systems
that surround the ocean. These policies must comply
with ethical inter- and transdisciplinary scientific
approaches, such as responsible research and
innovation, and seek explicitly to protect human
health and wellbeing,.

Undiscovered marine genetic resources must

be developed in ways that ensure fair access

and equitable benefit, whether they are located

in exclusive economic zones or in areas beyond
national jurisdiction, consistent with the UN
Agreement under the UN Convention on the Law

of the Sea on the Conservation and Sustainable
Use of Marine Biological Diversity of Areas beyond
National Jurisdiction. These resources should not
be concentrated in the hands of a small group of
global corporations or nations (Blasiak et al. 2020).
New collaborative policies will be needed that
facilitate equitable access of LMICs to expensive
equipment (e.g. research vessels), marine collections
of various types, open-access scientific data (e.g.
databases) and expertise.

Create and support digital DNA libraries containing
the genetic blueprints for most marine life. Several
national and international collaborative projects are
undertaking the enormous task of developing digital
knowledge of the underlying genetic blueprint for all
life on the planet. As noted by the Earth BioGenome
Project (n.d.), the compelling rationale for these
endeavours is ‘to revolutionise our understanding

of biology and evolution; to conserve, protect and
restore biodiversity; [and] to create new benefits for
society and human welfare’



These coordinated and collective global efforts,
such as the Earth BioGenome Project (n.d.), the
International Barcode of Life Consortium (n.d.) and
the Darwin Tree of Life Project (n.d.), need stable
international funding by a consortium of nation-
states. It is conceivable that the DNA blueprints
saved by these projects could even be used to
‘resurrect’ species that go extinct.

Support ethical startup companies making
equitable and sustainable marine-based
biotechnology products. To move ocean-inspired
discoveries from the beach and the lab bench to the
marketplace requires transdisciplinary expertise
and significant capital. Government incentives and
programmes are needed to support and encourage
the funding of marine biotechnology start-up
companies and other coordinated collective efforts
that embrace ethical, equitable and sustainability
policies. The amounts of these investments

will be dwarfed by the societal and economic
benefits procured: long-term growth potential,

job creation and valuation of marine species and
the environment.

Improve funding for equitable and sustainable
marine medicine discovery research that connects
biodiverse low-income countries with wealthy
ones. Much marine life remains unstudied for its
potential to yield valuable resources, especially in
regions where scientific infrastructure is not well
developed. Equitable and ethical international
research partnerships should connect biodiversity-
rich regions with those having high scientific
capacity, promote scientific training, build capacity,
follow good stewardship practices and abide by
international standards recognising the inherent
rights of all countries and all their people to their
genetic resources. These should receive broad
financial support. Such investments have the
potential to advance both the scientific development
in LMICs and the attainment of the UN SDGs.

Prioritise development of marine-based
processes and products that are socially relevant,
economically sustainable and environmentally
friendly. Assessment of the published literature

by expert bodies can identify promising processes
and products (e.g. new antibiotics). Impacts of such
products must be considered in a balanced way,
taking into full account policies, needs and negative
results and unintended consequences.
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2. Ocean opportunities
for building and sustaining
food security

Properly managed, the ocean could produce enough food to nourish all of humanity (Golden et al. 2021b; FAO et al. 2022;

o Sz‘@: Fish and other aquatic foods feed more than 3 billion people—nearly 40 percent of the world’s population (FAO 2022).
Tigchelaar et al. 2022).

o,

The production of food from the sea is a major source of employment and income. Wild fisheries, aquaculture operations
and the fishery supply chain support the work of more than 500 million people worldwide, most engaged in small-scale
fisheries in LMICs (Golden et al. 2021b; FAO et al. 2022; Tigchelaar et al. 2022). They provide livelihood and food security for
coastal communities worldwide, particularly marginalised and Indigenous populations (Golden et al. 2021b; FAO et al. 2022;
Tigchelaar et al. 2022).

Current challenges to the health of the ocean threaten food security and increase the risk of malnutrition. These challenges
include climate change, pollution, loss of marine biodiversity, improper ocean governance, ineffective fisheries management,
poverty and the inequitable distribution of seafood (Winther et al. 2020; Nash et al. 2022; FAO et al. 2022; Maycock et al. 2023).

It is essential that we recognise the magnitude and severity of these threats and develop just and equitable solutions that
safeguard human health and wellbeing through protecting and preserving the nutritional resources of the sea.

The ocean, food security
and human health

The ocean is essential to global food security and
thus to human health. Fish and other seafood

Fish and other foods from the ocean are key sources
of protein and thus critical to the prevention

currently provide vital nutrients for 40 percent

of the world’s population, and overall global per
capita consumption of seafood is on the rise (FAO

et al. 2022; Maycock et al. 2023). Rising incomes,
urbanisation, increasing recognition of the health
benefits of seafood consumption, population growth
and improvements in post-harvest technologies are
projected to increase global demand for seafood

by another 15 percent in the next decade (FAO et al.
2022; Maycock et al. 2023). This growing demand
creates enormous opportunities for the development
of sustainable new foods from the ocean and
underscores the importance of sustainable and
effective management of existing fish stocks.
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of protein-calorie malnutrition. Malnutrition is
increasing globally, after declining for many decades.
An estimated 828 million people now suffer from
hunger, and more than 3.1 billion people cannot afford
a healthy diet (FAO et al. 2023).

Fish and other foods from the ocean are key
sources of micronutrients such as iron; zinc;
vitamins A, B12 and D; as well as long-chain
omega-3 fatty acids. They are thus critical to the
prevention of micronutrient deficiency (Hicks et
al. 2019; Mellin et al. 2022). Micronutrients benefit
growth and neurodevelopment in infancy and
childhood (Byrd et al. 2022), and they contribute
to the prevention of cancer and cardiovascular
disease in people of all ages (FAO and WHO 2011)
(Figure 4). Although less obvious than protein-



calorie malnutrition, micronutrient deficiencies
compromise immune systems, hinder child growth
and development, increase the risk of infectious and
non-communicable diseases, and reduce human
potential worldwide (Stevens et al. 2022).

Fish and other foods from the ocean can provide
nutrition in emergency situations and in places
where diets are predominantly plant-based and
lacking in key micronutrients (Beal et al. 2017;
Robinson et al. 2022). Dietary intake of seafood

as a source of nourishment is especially valuable
given that increased concentrations of atmospheric
carbon dioxide appear to reduce levels of protein,
zinc and iron in staple food crops (Myers et al. 2014).
Seafood products are key ingredients in emergency
supplementary and ready-to-use therapeutic food
(RUTF) programmes (Borg et al. 2018; Borg et al.
2019), as well as in school feeding programmes
(Ahern et al. 2021), where they play a critical role in
preventing micronutrient deficiency and its health
consequences (Stevens et al. 2022).

Efforts to scale up the use of local aquatic foods

in feeding programmes can address immediate
nutritional needs, offer long-lasting coping strategies
and generate local income (SDGs 1-3). These
programmes are most effective when the food is
procured locally and people are taught about the
benefits of using it and shown how to prepare it (see
Case study 3) (Jomaa et al. 2011).

Key risks to ocean food
security

Climate change

Climate change is one of the most significant and
pervasive pressures on both ocean environments
and coastal communities, and the impacts of
climate change are expected to become more severe
in coming decades (Hughes et al. 2018). Climate
change has already altered fish species distributions
and productivity, and further declines are expected
globally in wild and aquaculture production and in

FIGURE 4. Nutrition and health outcomes from eating fish and other aquatic foods in the first 1,000 days
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CASE STUDY 3. Inclusion of small fish powder in the meals of children in Anganwadis and

primary schools in Assam, India

In September 2023 the Assam state government initiated a feeding programme, Matsya Paripushti (Complete Nourishment
through Fish), that includes the addition of small fish powder to the midday meals of 4,000 children aged 3-6 years attending rural
healthcare centres and children aged 6-10 years in lower primary schools in Kamrup district. The goal is to improve the nutrition and
health of children by improving dietary diversity and increasing the intake of micronutrients, essential fatty acids and protein.

Small fish powder is added to a mixed dish of dhal (lentils), vegetables and rice or dhal and vegetables, served with boiled rice, three
days per week, so that each child gets seven to eight grams of small fish powder per meal. The intention is to increase this amount
with time. Small fish species are caught by local fishermen or members of farmer interest groups (FIGs) and solar-dried.

The dried small fish are ground into a powder, packed and delivered to the institutions twice per month. Protocols for handling and
food safety have been developed and are being followed. Workers, schoolteachers, members of FIGs and parents and caregivers
receive nutrition messaging. Following the normal procedure in Assam, the weight of all children under five years of age and

body mass index in older children are being monitored and will be used to compare children consuming small fish powder with
those who are not.

This programme is linked to the Assam Agribusiness and Rural Transformation Project, which promotes the production of mola
and other small fish species in polyculture with carp species in homestead ponds, and is funded by the World Bank, to the Assam
state government, and with technical support from WorldFish. It builds on successful trials carried out in the state of Odisha
from 2017 to 2021.

the availability of seafood-associated macro- and
micronutrients (Hoegh-Guldberg and Bruno 2010;
Lam et al. 2020; Maulu et al. 2021).

Climate change’s impacts on ocean health are
expected to escalate in coming decades, even as
international efforts to reduce greenhouse gas
emissions move forward. These worsening impacts
will further jeopardise the contributions that aquatic
food production systems can make to nutrition
(Cheung et al. 2023). For example, under a climate
scenario in which maximal warming is held below
2.0°C, 10 percent declines in key micronutrients from
fisheries are expected. By contrast, under a ‘business-
as-usual’ scenario in which there is global warming
of 4-50C by 2100, a 30 percent decline in fisheries
production is estimated (Cheung et al. 2023). Meeting
the targets of the Paris Climate Agreement is critical
to limiting marine-based nutritional losses, and

yet the world is not currently on track to meet these
targets (IPCC 2023).

The negative impacts of climate change on nutrition
are not distributed equally. Many areas of the world
are ill-equipped to adapt to the losses of nutrients
from fisheries. This is particularly true in the tropics,
already the region most vulnerable to climate change
(Allison et al. 2009; Golden et al. 2016; Lam et al.
2020). For example, under a high-emission scenario
in which a 30 percent decline in nutrients from
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fisheries is expected globally, temperate regions will
experience only minimal losses, while losses in the
tropics will approach 60 percent (Cheung et al. 2023).
In addition, temperature increases are expected

to harm fishers’ ability to work and draw quality

fish and other aquatic foods into supply chains
(Fiorella et al. 2021).

Pollution

Ocean pollutants come from a variety of sources,
with more than 80 percent arising on land. The threat
they present to food security is still of uncertain
magnitude but appears to be great and growing.
Coastal communities dependent on seafood for their
nutrition and livelihoods are at heightened risk of
pollution exposure and adverse health effects.

Marine pollutants, including heavy metal
contaminants (e.g. mercury), microplastics and
antibiotics that are known to cause mortality in fish
(Wear et al. 2024) and habitat degradation (Bryars
and Neverauskas 2004) make their way into foods
produced for human consumption and directly
threaten human health (Landrigan et al. 2020; Thiele
et al. 2021). Plastic pollution is a great and growing
problem (Landrigan et al. 2023). Plastic pollution
from fishing activities such as lost and abandoned
fishing gear, which directly enters the ocean, is a
particular problem for marine life and ocean habitats.




Treated and untreated wastewater from sewage,
agricultural runoff and industrial discharge is
released into coastal waters, resulting in microbial
pollution and harmful algal blooms along the
world’s coastlines.

The impacts of pollution on marine life are further
magnified through the overuse and destruction of
coastal ecosystems, particularly mangroves and
seagrass beds that provide ‘sanitation services’
for microbial pollution and protect the ocean food
supply through their natural bioremediation of
waste (Armitage 2022). Coastal pollution causes a
range of disease that results in over $200 billion
ayear in healthcare costs and lost productivity
(Wenger et al. 2023).

Overfishing and wasteful fishing
practices

Overfishing depletes fish breeding populations

and can result in the crashing of fish stocks. Over-
exploitation of wild marine organisms has been
exacerbated by fishing practices such as dredging
and bottom trawling, which destroy some seabed
habitats (Clark et al. 2016; Collie et al. 2017; Pitcher
et al. 2022), and illegal, unreported and unregulated
(Iuv) fishing (Widjaja et al. 2021). Overfishing has
contributed to dramatic declines in fish populations
globally (Myers and Worm 2003) and already to some
local species extinctions (Roberts 2007).

With the spread of distant-water fishing, the
commercial fishing industry can threaten stocks
of vulnerable seafood in insecure economies in the
Global South, many of which have limited capacity
to manage their own marine resources (Shen and
Huang 2020). Investments in such sectors as
infrastructure (Laurance 2018), globalised trade
(Lenzen et al. 2012) and distant-water fishing
(Sumaila et al. 2019) follow complex international
routes and drive rapid ecosystem decline in areas far
removed from the sources of finance.

By 2019, annual fishing subsidy payments by
governments totalled $35.4 billion globally (Sumaila
et al. 2019). Researchers estimate that two-thirds

of this total flows into already wealthy industrial
fleets, exacerbating overfishing (Sumaila et al.
2019). Historically, fishery subsidies from developed
and large developing countries have helped the
commercial fishing industry to deplete fish stocks
with impunity (WTO 2022). The recent World Trade
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Organization agreement on fisheries subsidies (WTO
2022) may help to combat this and is explored in
greater detail below.

lllegal, unregulated and
unreported fishing

Much fishing activity remains unregulated, and many
fish landings remain unreported, particularly across
the tropics, where fisheries are often small-scale and
informal, and where coastal communities are most
highly dependent on fisheries for their livelihoods
and food security (Song et al. 2020; FAO 2022).
Adding to this complexity is a rise in illegal fishing by
national and distant-water industrial fleets.

Illegal fishing can take the form of fishing without a
license, dumping of low-grade fish or harvesting of
fish from closed areas. lllegal fishing is estimated

to cost low- and middle-income nations between

$2 billion and $15 billion annually (Liddick 2014).
Illegal fishing is often associated with other criminal
activities, including smuggling, human rights abuses
and slavery at sea (Kittinger et al. 2017; Belhabib and
Le Billon 2022).

Illegal fishing is often categorised together with
unregulated and unreported fishing (IUU). However,
the term and approaches used to combat IUU

may inadvertently criminalise small-scale fishing,
exacerbating inequalities between countries and
sectors, and undermining successful customary
governance arrangements, including marine tenure
arrangements developed, in some cases, over
hundreds of years (Song et al. 2020).

Globalisation

The ability to exploit fisheries around the world is a
facet of globalisation that affects nutrition and food
security. Seafood resources cross multiple regional
and regulatory bodies and are traded globally. In

ILLEGAL, UNREPORTED AND UNREGULATED
(IUU) FISHING

A broad term that includes the use of bonded labour, destructive
fishing practices and deceptive practices to reap profits at

the expense of local fisheries, coastal states and the marine
environment. IUU fishing threatens the sustainability of global
fisheries in national coastal waters and on the high seas.
(Widjaja et al. 2021)



fact, seafood is currently the most heavily traded
food commodity in the world (Gephart et al. 2023).
Although 3 billion people, mostly in low- and middle-
income coastal economies, rely on the ocean for food
and income, global seafood production and revenue
are controlled by a small number of companies that
influence global governance (Osterblom et al. 2015),
highlighting the inherent inequities in the globalised
seafood system.

These corporations are structured to respond
primarily to global drivers, an approach that can
contrast sharply with the needs of the countries
where they operate and that can lead to human rights
abuses in supply chains (Yea and Stringer 2021).

This makes globalised commerce a major driver of
inequity and of wide-scale declines in biodiversity
(Carmenta et al. 2023).

Sector-specific bodies such as the Global Tuna
Alliance and cross-sector collaborations between the
global seafood industry and academic experts, such
as SeaBOS (n.d.), offer positive models for sustainable
transformation within the seafood sector.

Lack of transparency

Lack of transparency across supply chains (e.g.
lack of information on the geographic origin and
species of seafood products) further compounds
inequity by driving overfishing and illegal fishing,
and undermining global commitments to halt
biodiversity decline. It presents a major obstacle to
supporting food security (dos Reis et al. 2020). Both
fishery governance and the finance that shapes

access to fish need to be viewed as global issues and
managed accordingly.
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Opportunities for improving
food security and human and
ocean health

Strengthening marine tenure

For many people in many places, health and wellbeing
depend on the security of their rights to the ocean.

Traditional and contemporary ‘marine tenure’
regimes, which societies (and in some cases, the
law) use to define and regulate people’s relationship
and rights associated with the ocean, coasts, shores,
other aquatic spaces and associated resources,

can provide a mechanism to protect health and
wellbeing and buffer populations against food
insecurity. These regimes can enhance food security
and reduce illegal fishing. Intact and respected
tenure regimes allow groups to determine who

is allowed to use which resources, in what way,

for how long and under what conditions. Bundled
together with rights are responsibilities for and
relationships around the ocean and coasts: secure
tenure provides communities with the incentive and
agency to responsibly govern and manage areas and
resources (USAID 2017).

Marine tenure regimes are frequently informal and/or
overlooked and disregarded by top-down institutional
change (even those who aspire to conserve the ocean
or respond to climate change). These processes of
the erosion of tenure undermine the opportunity for
local governance and threaten human health and
wellbeing as well as local food security (Cohen and
Foale 2013; Lau et al. 2019).

Aquaculture

As wild fishery production stabilised in the 1990s,
in a time of growing global demand for seafood,
aquaculture production began to expand, a

trend that continues to the present (FAO 2022).
Global aquaculture production tripled from

34 million tonnes (Mt) in 1997 to 112 Mt in 2017
(Naylor et al. 2021).

Preliminary data indicate that aquaculture accounted
for 56 percent of global seafood production in 2020;
both farming of marine species (aka mariculture)
and aquaculture of freshwater species have
contributed to this growth (FAO 2022). However,



mariculture production is currently only a fraction of
aquaculture production (about 30 percent by weight)
(Costello et al. 2020; Naylor et al. 2021; FAO 2022).

Aquaculture, including mariculture, can be an
important source of income in many areas,
including low- and middle-income countries,
contributing to the health and wellbeing, and
boosting the economy, of coastal communities. Fish
aquaculture is becoming an ever-more sophisticated
industry, as well as an important global source of
protein-rich food.

Aquaculture value chains are, however, marred

by social and economic inequalities. Care must
therefore be taken that aquaculture is undertaken
sustainably and ethically, and considers impacts on
broader ecosystems as well on human health and
wellbeing (Bottema et al. 2021). Poor management
practices, exploitative labour practices and poorly
planned aquaculture intensification and expansion
can negatively impact ecosystems (de Graaf and
Xuan 1998). Equitable expansion of mariculture may
benefit from association with global certification
schemes that promote transparency compliance
with labour rights, human rights and gender equity
(Human Rights at Sea 2023). Lessons can be learned
from past mistakes, as well as from Indigenous and
traditional coastal communities.

Aquaculture operations must also be cognisant

of climate-related risks, such as increasing
temperatures and unpredictable weather (Oyinlola et
al. 2018; Galappaththi et al. 2020; IPCC 2023). Climate
and economic constraints suggest that mariculture
growth, in particular, is unlikely to continue at the
same rate in the future as it has in the past two
decades (Oyinlola et al. 2018; Belton et al. 2020;
Cheung et al. 2023).

Promoting consumption of
molluscs and seaweed

Seaweed and molluscs have multiple advantages as
food sources. They are some of the most sustainable
and nutritious aquatic foods, they are commonly
accessible to women and are amenable to both

wild harvesting and low-input cultivation (Lau and
Scales 2016; Gephart and Golden 2022). As noted

in Section 1, these species contain high levels of

key micronutrients commonly lacking in diets
around the world (Golden et al. 2021b; Zamborain-
Mason et al. 2023).
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In their wild form, both seaweed and molluscs can
be harvested with a small environmental footprint
because they tend to be found close to shore, and
therefore do not require fuel, feed or land (Gephart et
al.2021), in contrast to fed aquaculture like shrimp
(Kauffman et al. 2017). Small-scale cultivation of
these species has the additional benefit of being
traditionally accessible to women, creating a direct
link between these strategies and improved food
and nutritional security (Lau and Scales 2016).
They can also be part of important local ecosystem
restoration activities, including MPAs and OECMs,
and thus positive for both ocean and human health
(Bayraktarov et al. 2016; Northrop et al. 2020).

Aquaculture of local species (e.g. molluscs and
seaweed) is a strategy for avoiding over-harvesting
in marine fisheries, while providing food from the
ocean. Governmental support for mariculture, such
as by facilitating new cultivation sites (Lake and
Utting 2007), could be linked with educational
campaigns that extol the nutritional and climate
benefits of seaweed and molluscs and offer new
recipes for dishes from these products. The goal

is to help consumers understand that these are
sustainable choices.

A further caveat is that currently seaweed and
mollusc production do not necessarily provide

good jobs. Despite the importance of seaweed and
mollusc production as a source of food security,
nutrition and livelihoods, the small-scale sector is
consistently undervalued and overlooked in planning
and development policies. Governmental intervention
to support labour rights in mariculture operations
will be essential.

Encouraging sustainable seafood
consumption

Shifting meat-centric diets towards less resource-
intensive foods that emphasise sustainable and
nutritious seafood (e.g. cultivated molluscs),
vegetables, fruits and legumes can help meet global
climate goals and contribute to a sustainable food
future (Hilborn et al. 2018; Searchinger et al. 2019;
Crona et al. 2023; Hoegh-Guldberg et al. 2023).
This increasing global demand for seafood must
address sustainability, equity, resource allocation
and the importance of food sovereignty for coastal
communities, particularly in the Global South.



Reducing seafood loss and waste

One-third of ocean food is lost or wasted through
value chains (FAO 2022). Waste reduction through
full use of the marine catch, including bycatch, can
increase fisheries’ sustainability and food security
(Ajayi et al. 2023; UN 2023b). Supporting safe and
clean conditions for fish processors and traders
(particularly small-scale supply chain actors, who
may experience poor conditions) can help reduce
waste, increase food quantity and quality, and raise
incomes (Nwazuo et al. 2016).

Global governance and
multilateral institutions

The world’s multilateral organisations, including the
World Health Organization (WHO), the UN Food and
Agriculture Organization (FAO) and the World Trade
Organization (WTO), recognise that accelerating
climate change, worsening pollution and wide-scale
biodiversity loss pose major challenges to human
health and wellbeing, societal sustainability and
ocean health. These changes threaten both planetary
health and economic development, and they have
stymied global efforts to make any progress towards
the Sustainable Development Goal of achieving

zero hunger (SDG 2) (UN 2023b). Multilateral
transboundary organisations and agreements are
therefore taking steps to reform management of
marine resources globally, including working with
local communities and incorporating OECMs that
provide effective protection (Gurney et al. 2021).

Reducing fishing subsidies

A very important reform was achieved when member
states of the World Trade Organization agreed in 2022
to prohibit some fishing subsidies (Briley 2023). The
WTO (2022) acknowledged that the $20 billion in
annual fishery subsidies by national governments
encourages and supports overfishing, particularly by
more economically developed countries, and results
in resource depletion, especially in less economically
developed countries, with impacts on food security
and hence health (Sumaila et al. 2019). This was only
the second agreement on fishery subsidies ever
reached by the WTO, requiring more than 20 years of
negotiation, and thus highlighting the great difficulty
in reaching consensus in multilateral forums
(Johnson et al. 2023; Okonjo-lweala 2023).
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Regulating trade and assuring
equitable finance to enhance
food security

Recent successes have been achieved in brokering
other international agreements in fisheries, such as
the Agreement on Port State Measures and the High
Seas Treaty (FAO n.d.; Stokstad 2023). There has also
been movement towards reforming global financial
and trading systems to provide more equitable
access to marine resources (Villars Framework 2023).
With these agreements successfully in place and
effectively enforced, sustainability and equity can

be advanced, and countries, especially those in the
Global South, can meet both their developmental and
climate targets (Persaud 2023; Villars Framework
2023) (see Case study 4).

Examples of reform of multilateral banks and
international financial institutions include initiatives
such as the New Global Financial Pact and the
Bridgetown Initiative’s proposal of a large-scale
stimulus package to invest in the Sustainable
Development Goals, an effort which could bring more
equitable access to affordable capital (UN 2023c).

If properly implemented, these initiatives could
unleash previously inaccessible investment and
technologies into areas that are key to supporting
food security and creating resilient economies in low-
and middle-income countries.

Multilateral rules, including those put forth by the
WTO, can promote equitable and fair outcomes in
food security by

® redirecting finance towards investment in
technologies that support sustainable production
practices and efforts designed to meet global
climate targets (Villars Framework 2023;
Cheung et al. 2023);

® slowing the removal of highly nutritious aquatic
foods from nations with high prevalence of
malnutrition and micronutrient deficiencies so
that there is sufficient high-quality seafood to
prevent malnutrition in low- and middle-income
countries (Nash et al. 2022); and

® ensuring that trade works for low-income nations,
through debt relief and through aligning trade with
domestic food security policy (Villars Framework
2023) (see Case study 4).



CASE STUDY 4. Remaking trade rules for a sustainable ocean economy

The Remaking Global Trade for a Sustainable Future project seeks to re-gear the trade system to be more sustainable, inclusive
and just (Villars Framework 2023). The project has identified tangible ways through which a reformed trade system can promote a
more resilient and sustainable ocean economy that will enable all nations to support their development and finance needs.

NEW TRADE RULES TO REDUCE FISHERY SUBSIDIES

The new World Trade Organization (WTO) Fisheries Subsidies Agreement, negotiated at the 12th Ministerial Conference, focuses
on eliminating only some (i.e. IUU) fishery subsidies, while overlooking the most harmful subsidies relating to overfishing. A new
approach to subsidies regulation proposed at the WTO, the Villars Framework, which is consistent with but additional to the
Fisheries Subsidies Agreement, would prohibit ‘harmful’ subsidies that do not promote sustainable outcomes while encouraging
‘helpful’ subsidies that promote sustainability. Such a new analytical framework combines the traditional WTO focus on the
degree of trade distortion with a new focus on sustainability (Figure CS-4.1).

Under the Villars Framework, funds from harmful subsidies would be repurposed and allocated to a Global Trade Sustainability
Fund. This fund would assist low- and middle-income countries in complying with obligations imposed by the new Fisheries
Agreement, support domestic food security and cover other costs of transition (Villars Framework 2023).

FIGURE CS-4.1. Sustainable and trade-distorting subsidies matrix

More positive sustainability impact More negative sustainability impact

Less trade Allowed Rebuttable presumption of

distortion inconsistency with WTO law
More trade Rebuttable presumption of Prohibited—obligation to end
distortion

consistency with WTO law immediately/countervailable

Source: Cima and Esty n.d.

If these multilateral transboundary agreements are
effectively enforced, sustainability and equity can be
advanced. Countries, especially those in the Global
South, will be able to develop sustainably, feed their
populations and achieve climate targets (Persaud
2023; Villars Framework 2023).

International conventions on
human rights

A human rights-based approach to the sustainable
management of marine resources such as fisheries
and aquaculture could do much to protect people’s
access to sufficient and healthy food. Several core
human rights treaties (including a treaty on the
right to food: Article 11 of the International Covenant
on Economic, Social and Cultural Rights) and

numerous treaties on the rights of workers (the same

covenant’s Article 6) have been ratified by most
countries but are routinely violated.

Upholding these rights in ocean spaces would
eliminate the most egregious disparities by income,
race, education and gender that affect access to

food security and nutrition (HLPE 2023). Three
strategies for upholding the rights enshrined in these
treaties would require international organisations,
governments and the private sector to

® understand and bolster marine tenure, discussed
above (Cohen et al. forthcoming);

® recognise, protect and provide support for ocean
defenders and Indigenous communities (Bennett
et al. 2022); and

® |egislate do-no-harm principles to guide
international investments by transnational
corporations involved in aquatic food production.
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International, multi-stakeholder
protocols to monitor corporations

By passing additional laws that build on successful
human rights-based certification schemes,

such as the Global Seafood Alliance Responsible
Fishing Vessel Standard (Global Seafood Alliance
2022; Human Rights at Sea 2023), and applying
these principles to actors invested in marine food
production, governments could make it incumbent
on transnational companies and others to provide
evidence that they are not promoting labour abuse
and undermining local food security in their
fishing practices.

Such an approach could be modelled on the
Kimberley Process (Howard 2015), an international
certification programme designed to increase
transparency and oversight in the diamond supply
chain and eliminate trade in conflict diamonds.
Such measures would have the additional benefit
of contributing to the long-term conservation

and sustainable use of marine resources and
marine ecosystems.

Another example is the FAO (n.d.) Agreement on Port
State Measures. This international treaty, which
went into force in 2016, seeks to prevent, deter

and eliminate IUU fishing. It is operationalised

at the country level through national regulations
that prevent foreign flag vessels engaged in IUU
fishing from using ports and landing their catches.
Through this mechanism, the Agreement on Port
State Measures blocks foreign fishery products
derived from IUU fishing from reaching national and
international markets.

Improving fishery management

With nutrient composition data now widely available,

examples of successful approaches to fisheries
management (e.g. Cohen and Foale 2013; Hilborn

et al. 2020; McClanahan 2021) can be identified

and adapted to support a sustainable increase

in the production of fish. For example, intensively
managed fisheries across temperate latitudes that
have already proved effective at rebuilding stocks
and regulating sustainable fishing (Hilborn et al.
2020) could be adapted in other locales to maximise
specific nutrients. Nutrient yield curves could be
used to estimate the point (maximum nutrient yield)
at which fishing for a specific nutrient is maximised,
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based on the relative contribution of nutritious
species to total catch and their vulnerability to
fishing (Robinson et al. 2022).

Elsewhere, species could be identified that are
both resilient to the impacts of climate change
and overfishing and rich in target nutrients such
that they can help close population-level nutrient
gaps (Mellin et al. 2022; Robinson et al. 2022). For
example, small pelagic fish (e.g. Sardina pilchardus,
Sardinella aurita, Sardinella madarensis) are both rich
in nutrients lacking in some diets and have life-
history characteristics enabling them to sustain
higher levels of exploitation than other marine
species (Golden et al. 2021a; Golden et al. 2021b;
Robinson et al. 2022).

Nutrition-sensitive approaches to sustainable fishery
management could help maximise the contribution
of wild-caught fish to global food and nutrition
security (SDGs 2, 3 and 14), particularly in countries
where alternate sources of animal proteins are

not accessible, if attention is given to identifying
marginalised groups and supporting equity (Case
study 5) (Grantham et al. 2022; Tilley et al. 2021;
Allegretti and Hicks 2023).

Actions and opportunities

The ocean can produce enough food to feed all of
humanity and contribute to ending food insecurity,
but multiple challenges impede realisation of this
potential. These challenges can be addressed through
the following actions and opportunities.

Recognise and protect access to the health and
wellbeing benefits the ocean provides to all of
society. Sustainable use and management of marine
food resources will require governance policies that
are based on equity, protection of environmental
health, human health and wellbeing for all people,
and respect for traditional marine tenure regimes.
This includes increasing the level of operationalised
commitment to existing health, ocean and human
rights instruments, particularly as new ocean
opportunities are explored and pursued.

Support marine tenure for local communities
and Indigenous Peoples. Marine tenure regimes
of coastal communities and Indigenous Peoples



CASE STUDY 5. Nutrition-sensitive fisheries: An inclusive, nutrition-sensitive approach to

fisheries management in Timor-Leste

Timor-Leste is a small island developing state (SIDS; also known as a ‘large ocean state’) in the Asia-Pacific region. Acute food
insecurity, chronic malnutrition and low dietary diversity are widespread, and half of children under age five are chronically
malnourished (Grantham et al. 2022). Fishing is the primary occupation in many coastal communities, and women are as involved
in fishing as men (Tilley et al. 2021) (Figure CS-5.1). Yet per capita seafood consumption in Timor-Leste is far below that in other
island nations, highlighting the potential for seafood to close significant dietary gaps.

PRINCIPLES FOR NUTRITION-SENSITIVE FISHERIES

A nutrition-sensitive approach to fisheries management should embed fisheries policy in the broader food and social security
system; recognise multiple forms of knowledge, identities and vulnerabilities; and be oriented towards local needs (Allegretti
and Hicks 2023).

Since 2013, WorldFish has been working in Timor-Leste to pilot a nutrition-sensitive approach to fisheries, under 11 core principles.
These include the creation of nutrition and equity indicators and objectives and the co-design and coordination of policy and
management systems across other sectors (health, environment, water, sanitation, education).

In conjunction with support for traditional fisheries management, this programme has now identified barriers to increased fish
consumption among vulnerable groups. In response, it has developed new products that extend shelf life, extended supply chains
inland to reach vulnerable populations and shared tips on preparing fish for children with 50 percent of households in Timor-Leste.

FIGURE CS-5.1. Husband and wife team prepare their nets for a fishing trip, Adara village, Timor-Leste

Photo credit: ©Dave Mills, 2016.
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ensure that cultural, livelihood and stewardship
benefits continue, and can provide a mechanism to
buffer populations against marine food insecurity.
They need to be understood, bolstered and, when
necessary, codified into law.

Uphold human rights. Human rights-based
strategies can decrease the most egregious
disparities in food security and nutrition related to
income, race, education and gender. They include
supporting marine tenure; protecting labour rights
at sea, in mariculture and in seafood processing
(Selig et al. 2022); recognising, protecting and
supporting the heroic women and men who
defend them, often unrecognised, unsung ‘ocean
defenders’; and legislating principles of do-no-
harm to guide international investments and
transnational corporations involved in aquatic food
production practices.

Reform global finance and trade. Build on recent
multilateral successes (e.g. the new UN High Seas
Treaty and the WTO agreement) to phase out harmful
fisheries subsidies. These efforts should redirect
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finance to support investment in technologies that
support sustainable production practices and efforts
to meet global climate targets; slow the removal of
nutritious aquatic foods from nations with a high
prevalence of deficiencies; and ensure that trade
works for low-income nations, through debt relief
and aligning trade with domestic food security policy.
These efforts could target other subsidies that lead to
overfishing and overcapacity but remain in place.

Support seaweed and mollusc cultivation and
harvest. Seaweed and molluscs, some of the most
sustainable and nutritious sources of aquatic foods,
are commonly accessible to women and amenable
to both wild harvesting and low-input cultivation.
Moreover, they require extremely low energy inputs.
Supporting the development of these sectors could
reduce pressure on wild fisheries while supporting
food security, enhancing gender equality, reducing
malnutrition and poverty, and boosting local
economies in low- and middle-income countries. A
further benefit of seaweed and mollusc cultivation

is their contribution to climate mitigation through
carbon capture (Hoegh-Guldberg et al. 2023).




Efficient and effective support of mariculture requires
area-based approaches (e.g. OECMs) that consider
entire coastal ecosystems and use collaborative
approaches to shared risk management with local
communities. Equitable expansion of mariculture
will require governance reforms that support
small-scale fishers and farmers and uphold labour
rights. It will also require the application of a global
certification scheme that increases transparency and
assures compliance with respect to human rights
and gender equity.

Promote the health benefits of seafood
consumption with attention to distribution, equity
and sustainability issues, particularly for coastal
populations in LMICs. Such campaigns could

be modelled on the experience of countries like
Indonesia that have policies in place to encourage
sustainable seafood consumption.

Develop nutrition-sensitive fishery management
approaches. With nutrient composition data for fish
species now widely available, successful approaches
to fishery management could be identified or

adapted to support a sustainable increase in

the production of fish rich in target nutrients

to help close nutrient gaps and maximise the
contributions of wild-caught fish to global food and
nutrition security.

Embed local aquatic food procurement in early and
emergency interventions. Efforts to scale up the use
of local aquatic foods in direct, early and emergency,
food security and nutrition intervention programmes
can address immediate food security needs while
creating lasting coping strategies to combat both
malnutrition and micronutrient deficiency. These
programmes are most effective when they are based
on local procurement strategies and coupled with
healthy preparation, eating education, awareness
and skills-training programmes. Such efforts have
the potential to increase domestic consumption

of seafood in low-income countries and can also
generate local income.
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3. Ocean opportunities for
enhancing physical health,
mental health and societal
wellbeing

and mental wellbeing, and that interacting with a healthy ocean can contribute to ‘the fundamental right of every

E : A growing body of evidence demonstrates that spending time in, on and by the ocean supports human physical health
human being ... to enjoy... the highest attainable standard of health’ (WHO n.d.).

Resolutions from the UN Human Rights Council in 2021 (A/HRC/RES/48/13) and the UN General Assembly in 2022 (A/
RES/76/300) recognise that a clean, healthy and sustainable environment is a human right.

However, there are clearly many threats to ocean health and to the health of the people and communities who interact with
the ocean. These threats need to be managed to maintain the ocean’s current benefits for human health and wellbeing and
hopefully to increase them in the future.

The health benefits of a
healthy ocean

The ocean benefits human health by being a place
where individuals can relax and be physically active,
play, be creative, spend quality time with friends
and family, and satisfy the deeply held human need
to feel connected to the wider natural world around
us (Britton et al. 2020; White et al. 2020). A healthy
ocean can offer us the opportunity to not only
survive but thrive.

The Global Burden of Disease study (IHME n.d.) points
out that the disease burdens in many countries

are shifting from communicable, nutritional and
neonatal issues to non-communicable diseases
(NCDs) (e.g. cardiovascular diseases, diabetes and
depression). It is in the prevention of NCDs that
living near the ocean may offer important but often
unrecognised human health benefits.

Coastal residents are more likely than inland dwellers
to meet the recommended levels of physical activity
(Pasanen et al. 2019) that reduce the risk of many
NCDs. After correcting for income and other factors,
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longitudinal studies show that moving to the coast is
associated with sustained improvements in mental
health (White et al. 2023). Several multi-country
studies show that because of these and other factors
(e.g. generally lower levels of air pollution), people
living nearer the coast report better overall health
(Elliott et al. 2023; Geiger et al. 2023).

The benefits of residence near the coast appear to

be particularly strong among poorer communities
with high levels of environmental and socioeconomic
disadvantage (Garrett et al. 2019), as well as during
times of stress such as in financial downturns

and the COVID-19 pandemic (Pouso et al. 2021).

The disproportionate benefits of coastal residence
are seen globally and are by no means restricted

to the Global North (Maharja et al. 2023b) (see

Case study 6).

In particular, research is beginning to show that
communities living in and around MPAs and other
areas designated as ‘protected’ experience diverse



human health and wellbeing benefits, including
decreased overall national mortality and improved
child health as well as positive ecosystem impacts
(Madarcos et al. 2021; Haque et al. 2023; Nowakowski
et al. 2023). The research to date is also clear

that collaborative and effective management of
these areas with the ongoing involvement of local
communities is essential to creating and sustaining
these ocean and human health benefits (Ban et al.
2019; Gollan and Barclay 2020; Rasheed 2020).

For inland residents, the ocean is a key tourism
destination (European Commission n.d.). Economists
assume that the health and wellbeing benefits

people derive from recreational visits and coastal
holidays reflect the amount of time and money they
invest in them (Borger et al. 2021). Thus, the $5 trillion
spent annually on coastal and marine tourism (5
percent of global GDP) reflects the value visitors place
on these benefits.

Many health professionals have a limited awareness
of (or time to review) the mounting evidence that
contact with the ocean can improve mental and
physical health. Greater efforts to engage, motivate
and secure buy-in from this influential group are
needed (Depledge et al. 2019) (see Case study 7).

CASE STUDY 6. Thriving during the COVID-19 pandemic (Indonesia): The ocean as a source of

solace in times of stress

Artisanal fishing is the predominant work in small island communities in Indonesia, and these communities rely on local coastal
and marine ecosystems for their livelihoods (Maharja et al. 2023a). Emerging evidence indicates, however, that these ecosystems
are important not only as a source of sustenance but also as a source of health and wellbeing.

For instance, despite their relative isolation, these communities were not immune to the stress and anxiety caused by the
COVID-19 pandemic. Lockdown measures imposed during the pandemic resulted in economic loss, increased household conflict
and diminished access to healthcare (Richter et al. 2021). However, engagement in ocean-based recreational activities by these
communities during this challenging time, especially collective immersive interactions such as swimming and snorkelling, were
shown to protect or ‘buffer people against adverse mental health outcomes (Maharja et al. 2023b) (Figure CS-6.1).

Put simply, the benefits of engaging in marine recreational activities for mental and social wellbeing are not restricted to affluent
post-industrial societies in the Global North (Britton et al. 2020).

FIGURE CS-6.1. Ocean recreation as a buffer against the adverse mental health outcomes of COVID-19 lockdown restrictions

Photo credit: Sainal.
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CASE STUDY 7. The National Health Service and Healthcare Ocean: Positive action for ocean

health

Healthcare locally and globally has significant unintentional negative impacts on ocean health. These include greenhouse gas
emissions, pharmaceutical and plastic pollution, shipping and destructive land use.

Healthcare systems, both conventional and traditional, are also unique in their opportunity to support health and wellbeing within
communities through place-based approaches that reduce inequalities in coastal and blue spaces. The benefits of connecting
patients with nature (including the ocean) to improve physical and psychological health outcomes are becoming well established.
Uniquely, the health sector can play a key role in advocating with local people and local authorities for improved blue space
infrastructure and quality and for clean coastal waters that encourage physical activity and restore mental health. The health
sector is also uniquely well qualified to identify those who could benefit the most from blue place activities, for example through
‘social prescribing’ programmes (‘blue prescriptions’) designed to enhance the health and wellbeing of community members.

The UK National Health Service (NHS) serves an island of over 67 million people, spending £32 billion a year with 80,000 global
suppliers. It was the first global healthcare system to declare a climate emergency, aiming to be net zero by 2045 (including all
supply chains). Within the first year of the Greener NHS Programme, the NHS reduced its emissions equivalent to powering 1.1
million homes annually. To date, the ambition of delivering a net zero NHS has focused predominantly on carbon (Figure CS-7.1).

Recognising that human health and wellbeing are inextricably linked to the health of both the ocean and waterways, a group of UK
healthcare providers have started Healthcare Ocean (n.d.). The goal is to raise awareness of the interconnections between human
and ocean health. They work with international shipping companies and NHS suppliers, as well as community and healthcare ‘blue
prescription’ providers, towards sustainable, equitable and biodiverse approaches.

FIGURE CS-7.1. Scope 1, 2 and 3 emissions mapping for the UK National Health Service
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Health risks of ocean
degradation

Although potentially beneficial for human health and
wellbeing, the ocean can also be a frightening and
dangerous place for both visitors and residents of
coastal communities, because of its vast size and
specific threats (e.g. tsunamis, extreme weather),

as well as the multiple and increasing stressors on
ocean health. This is particularly true for Indigenous
and traditional coastal communities at the “cliff face’
of the interactions between our rapidly changing
climate and the ocean, as well as from pollution and
socioeconomic inequalities.

Climate change and
biodiversity loss

Climate change and biodiversity loss are already
undermining the benefits of the ocean to human
mental, physical and social wellbeing (Whitmee et
al. 2015). Flooding, land erosion, rising sea levels and
more frequent and violent storms pose a growing
threat to the physical and mental health of coastal
communities. A World Bank report on the West
African countries of Benin, Céte d’Ivoire, Senegal and
Togo estimates that pollution and flooding cause
over 13,000 deaths a year; and that the total cost of
coastal-related environmental degradation in 2017
was $3.8 billion, 5.3 percent of these countries’ GDP
(Croitoru et al. 2019).

Hotter ocean temperatures resulting from global
warming endanger delicate ecosystems such as
coral reefs (Chaijaroen 2022). They also encourage
invasive species, microbial pollution and harmful
algal blooms (HABs) (Gobler 2020). For example,

HABs jeopardise ocean and human health by
contaminating seafood and exposing people to the
natural toxins when they swim or even breathe inland
air because these toxins can be aerosolised (Berdalet
et al. 2016). In addition, HABs reduce recreational
benefits and cause the loss of ‘cultural-ecosystem
services’ by killing off iconic and locally culturally
important species (Beaumont et al. 2008).

Pollution

Pollution is another great challenge confronting
the ocean (Fleming et al. 2019), jeopardising both
human health and ecosystems that up to 3 billion
people depend on for their food and livelihoods,
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particularly coastal communities in the Global
South. Land-derived pollutants include heavy
metals, macro- and microplastics, pesticides,
persistent organic pollutants, inadequately treated
sewage, pharmaceuticals, antibiotics and excessive
nutrients (e.g. nitrogen and phosphorus). These
enter freshwater and marine systems (including
contaminating food chains), mostly from urban,
agricultural and industrial runoff and discharge.

Pollution’s impacts occur far from the freshwater
and marine ecosystems where pollutants are
discharged, and many of these health impacts are
poorly understood and underestimated. Furthermore,
marginalised coastal communities already
vulnerable to the impacts of climate change and
socioeconomic inequality are disproportionately
more likely to be exposed to pollutants from the
ocean and other sources (Landrigan et al. 2020).

Known human health consequences of pollution
exposure include skin and gastrointestinal
infections, increased risk of some cancers, infertility
and birth defects, neuro-behavioural toxicity,
endocrine disruption and antimicrobial resistance
(Landrigan et al. 2020). Accumulations on beaches
of plastic waste (Beaumont et al. 2019) and microbial
pollution can deter people from visiting the sea at all
(Borger et al. 2021).

Socioeconomic challenges

Relatively poorer coastal communities may benefit
most from interactions with the ocean (Garrett et

al. 2019), and people living nearer the coast report
better overall health (Elliott et al. 2023; Geiger et al.
2023). Nevertheless, a recent report by the United
Kingdom’s chief medical officer (CMO) summarised
the many challenges of coastal living, even in a
relatively high-income country such as the United
Kingdom. The report pointed out that compared to
inland communities, coastal residents tend to have
lower life expectancy and higher rates of many major
diseases. In the United Kingdom, this is currently
caused by, among other factors, older adults

moving to the coast for retirement, difficulties in
attracting medical and social care staff to peripheral
communities, limited transport and only seasonal
employment options (UK Chief Medical Officer 2021).



Coastal ‘gentrification’ (when more wealthy people
move into seaside communities, often forcing out
local populations) is another challenge to health and
wellbeing. In many prime locations internationally,
tourism and gentrification are pushing up property
prices and rendering residential and other access
to the ocean unaffordable (Freeman and Cheyne
2008). Yet in other contexts threatened by sea-level
rises (e.g. the U.S. city of Miami) (Li and Grant 2022),
higher-income households may be leaving coastal
areas for higher ground, leaving poorer households
vulnerable to potential harms from ongoing and
future climate change.

Development and spatial
planning

The UK CMO report highlights the medium- to long-
term risks to the health and wellbeing of coastal
communities resulting from economic growth that

is neither environmentally nor socially sustainable.
Over-development of fishing or tourism industries
beyond local ‘carrying capacities’ may provide short-
term economic returns but leads to significant future
ocean and human health problems (Leka et al. 2022;
Sun et al. 2022).

At the same time, protection measures for coastal
ecosystems must ensure that the trade-offs, which
can lead to inequitable benefit sharing (cf. Praptiwi
et al. 2021), can be mitigated. Thus, the involvement
of local coastal communities in the governance

of marine areas through community participatory
approaches with policymakers and scientists is
required to ensure the sustainable future of both
people and the ocean (Estradivari et al. 2022).

Planning policies that allow or even support richer
citizens to move to, or have second homes by, the
coast create further problems. They can make it
increasingly difficult for local residents to afford
homes in traditional coastal locations (much less
access ocean benefits), leading to yearly boom-
and-bust cycles of low-paid seasonal employment
opportunities, in which many properties are empty
for much of the year (Dykes and Walmsley 2015;
Depledge et al. 2017).

The need to protect ‘high-value’ properties from
coastal erosion can also lead to the construction
of inappropriate coastal defences that simply shift
the problem to other more vulnerable areas along
the coast; or restrict public access, effectively
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privatising access to the coast, making it exclusively
the playground of the wealthy and actively

excluding local residents (Cooper and McKenna
2008; Reed 2009).

Current limitations and
knowledge gaps

To date, much of the data on benefits are derived
from research in the Global North, and much of this
research has been short-term. There is a particular
dearth of research looking at both the risks and
benefits of the ocean for human physical, mental and
social wellbeing in the Global South (but see Case
study 6) (Rasheed 2020; Short et al. 2021).

One way to address this knowledge gap is to
commission in-depth cohort studies which follow the
health and wellbeing of specific ocean communities
(particularly in the Global South and populations
living in and around MPAs), as well as ocean health,
over several years to understand how changes in
local ocean conditions affect changes in community
health over time. Such studies can yield valuable
data, but they are expensive and can require many
years to yield actionable findings.

Causal mechanisms

As with any environmental exposure, identifying
causal pathways linking the ocean with human
health is difficult against a background of multiple
exposures, interacting mechanisms (including
inter-generational impacts) and varying time from
exposure to health impacts that range in time-
scale from minutes to decades (Fleming et al. 2019).
Mechanisms and effects must be clearly defined,
plausible and testable. Clear definition requires
measurement of various elements, including dose
composition (i.e. the type of ocean contact), frequency
(how often), duration (how long), intensity (how
immersed), consistency (same dose over time) and
passivity (whether participation is required).

Geographical evidence-action
mismatches

Even when reasonably high-quality data exist, the
geographical scales of ocean and health data may be
incompatible with policy-action needs. For instance,
the European Union has relatively joined-up multi-
country data and policies with respect to ocean



health, but human health data and policies primarily

shape interventions at the member-state (country) or
subnational level (H2020 SOPHIE Consortium 2020).

Similar mismatches may existin countries where
geographical units related to ocean management
do not match geographical units related to health
services. Marine protected areas, for instance, may
reflect a relatively coherent ocean ecosystem but
also include very different human communities
from different countries, with very different access
to healthcare services and consequently data on
health outcomes.

Solutions to these problems will require more
collaborative thinking among environmental
scientists, health scientists, geographers,
demographers, local communities and policymakers
to ensure that right-scale ocean and human health
data are available for the right kind of health actions
and vice versa (Rasheed 2020). Co-created research
with local communities (especially in the Global
South) is particularly essential.

Generalisability: Scaling up
and scaling out

Many studies showing health benefits of ocean
interactions are small-scale, build heavily on local
knowledge, experience and opportunities, and often
rely on highly motivated individuals who persist in
the face of numerous challenges (Britton et al. 2020).

Although they often provide useful information, it is
frequently unclear how relevant these place-based
results of one intervention are for other places and
peoples (especially in the Global North versus the
Global South) and how appropriate or feasible it is
to scale up these interventions to larger populations
and in different locations (see Case study 8).

Actions and opportunities

Assessing the feasibility and impact of high-level
goals (e.g. to increase the amount of the ocean that
is protected, or reduce depression rates within a
country) is very difficult. It is often more realistic
to assess the feasibility, timing and impact of
specific attempts to operationalise these goals,
either among specific populations and locations,
or the generalisation of current good practices

to other populations and locations (scaling up

and scaling out).

Deliver on the Global Biodiversity Framework
targets, among them to designate 30 percent of the
ocean as MPAs by 2030, including working with local
communities and OECMs (Gurney et al. 2021). This

is critically important work for human health and
wellbeing as well as for ecosystems, but timelines
and mechanisms are yet to be decided. In particular,
co-created longitudinal research and other activities
with coastal communities living in and around MPAs
and other protected areas are essential to examine
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CASE STUDY 8. Blue health and wellbeing ‘prescriptions’: The Bay (Morecombe, United Kingdom)

Morecombe Bay is a large stretch of coastline in northwest England. Working closely with local Wildlife Trusts and the Eden Project,
the Lancashire and South Cumbria National Health Service (NHS) Foundation Trust has established ‘The Bay’, an ocean-based
wellbeing programme along the whole of the bay’s coastline.

Focusing on ‘blue social prescribing’, healthcare providers refer patients to programmes supported by and supporting different
local coastal communities. The Bay programme offers a range of interventions, including treatment-focused specialist support
for people with chronic mental health issues, through to more prevention-focused activities encouraging greater coastal use for
people at risk of poor health.

Building on relationships established with referral partners, the Bay’s blue social prescribing programme is on target to support
nearly 500 individuals most seriously impacted by social exclusion and isolation over the first two years of delivery.

The Bay programme’s broader ‘whole population approach’ brings together over 4,000 people every year with activities including
litter picks, rockpool rambles for children and families, citizen science projects such as sea watches and monitoring reefs, and
policy-focused actions including lobbying decision-makers. The health of the coastal marine environment is growing stronger as a
result of the local communities’ becoming healthier and better connected (Figure CS-8.1).

Early social return on investment analyses suggests that every £1 invested in Bay activities brings £2.16 of benefit in terms of
reduced costs of treating mental health-related conditions. This doubling of return is a conservative estimate: it does not consider
the wider economic benefits of reducing unemployment, increasing visitors to the coastline and environmental cost savings from
the positive work achieved (Wildlife Trusts 2023).

FIGURE CS-8.1. Outcomes of blue prescribing sessions
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and address the risks and benefits to both ocean and
human health (Rasheed 2020; Madarcos et al. 2021;
Haque et al. 2023; Nowakowski et al. 2023).

Use of nature-based solutions (NBS). Societal and
local interventions tend to focus on making changes
to the environment through urban planning or
environmental management initiatives. When these
involve supporting restoration or improvement of
ecosystems, they are often referred to as ‘nature-
based solutions’ (NBS). Individual-level nature-
based actions tend to focus on supporting specific
individuals with specific health-related conditions
or behaviours (e.g. depression, anxiety, physical
inactivity) and are often referred to as ‘nature-based
therapies’ (NBTs). Many NBS are already in place

to reduce stormwater coastal flooding and can be
leveraged to create NBTs, such as local community
engagement in mangrove-planting schemes in the
Philippines, which can provide both individual and
community benefits.

Reduce microbial, chemical, plastic,
pharmaceutical, nutrient and other pollution

at the source. An example is the European
Chemicals Agency proposal to restrict production
of perfluoroalkyl and polyfluoroalkyl substances

to ‘essential uses’ only. Minimally identifying the
sources and preventing ocean pollution from the
land and the air is essential. This is also very relevant
to the health sector (including the pharmaceutical
industry), with its extensive chemical and carbon
footprint internationally (Belkhir and EImeligi 2019;
Steenmeijer et al. 2022).

Promote ocean sustainable healthcare systems
and practices. Conventional healthcare systems
need to embed ocean health criteria in their

climate strategies and to harness their influence
with healthcare suppliers through procurement
frameworks that address both climate and ocean
criteria (such as pollution mitigation of plastic and
pharmaceutical wastes) to protect ocean and human
health (see Case study 7 and Case study 11). The
health sector in the Global North can also learn from
sustainable healthcare strategies in the Global South
as well as from traditional and Indigenous medicine
practices (Harris 2023).

Adopt a ‘human-health-in-all-policies’ approach
for both local marine and terrestrial plans. As an
example, the Motion for the Ocean programme is

a model to help local authorities play their part in
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realising a clean, healthy and productive ocean
and all its direct benefits for the economy, human
health and societal wellbeing (LGA Coastal SIG
n.d.). Ideally this ‘health-and-environment-in-all-
policies’ approach would be adopted globally at
all policy levels.

Ensure local community co-creation in all localised
planning implicating the marine environment.

An example is an interdisciplinary urban ‘blue
acupuncture’ initiative to improve access to a local
beach in a deprived community that was co-designed
with local residents, schoolchildren, community
actors and local government (Bell et al. 2020).

Upscale existing, and develop new, blue care
prescription programmes. Upscale blue prescribing
programmes that encourage participatory
management with both individuals and local
communities, prioritise underserved groups and
contribute to ocean or coastal recovery (as shown in
Case study 6 and Case study 8). A further benefit of
these programmes is that they provide opportunities
to support the health and wellbeing of marginalised
groups (including people of colour), allowing them to
re-engage with beaches and other high-quality blue
spaces from which they have been excluded because
of historical racial and other segregation or complete
lack of access.

Upscale ocean literacy programmes, focusing on
links between ocean and human health. Healthcare
personnel interact with many people but are largely
unaware of relationships between ocean and human
health. Educated in ocean and human health, they
could be important leaders and partners. To address
the disparity of knowledge among healthcare
personnel, ocean health could be integrated into
professional development opportunities such as
required continuing education training certification
or Grand Rounds (Healthcare Ocean n.d.).

Youth are also an important target group for ocean
literacy as part of their development as ocean
citizens. As an example, the Australian state of New
South Wales has developed educational materials for
Year 10 Personal Development, Health and Physical
Education (PDHPE) students titled ‘Moving Ocean’.
This programme empowers individuals to support
ocean health and is an excellent example of aligning
personal health and ocean health curricula.



4. Ocean opportunities for
growing the economy
and improving health by
addressing inequity

Eﬁl The ocean is a source of enormous wealth. The ocean economy is estimated to generate $1.5 trillion to $2.5 trillion

% annually, provide jobs for more than 30 million people (OECD 2016) and support the livelihoods of millions more
informally employed in artisanal and small-scale fisheries. Properly managed, the great resources of the ocean have the

potential to benefit all sectors of society in all countries through increased employment opportunities, enhanced economic

revenues and strengthened infrastructure, while reducing environmental risks, ecological scarcities and social

injustices (UN 2014).

By contrast, unsustainable ocean-based industries that focus on short-term profit-making and accumulation of great wealth
for the few challenge that democratic vision. Often claiming the banner of the ‘Blue Economy’, these industries—which include
unsustainable fisheries, seabed mining and oil drilling—degrade the ocean environment, release vast quantities of greenhouse
gases, produce pollution and deplete marine resources (Bennett 2018; Cisneros-Montemayor et al. 2021). They threaten human
health, increase societal inequalities, degrade the ocean environment, and create long-term financial liabilities for governments
(Ocean Panel 2020).

To be sustainable and healthy, the ocean economy must embrace equity, address economic and social inequalities and place
protection of ocean and human health at its core (Cisneros-Montemayor et al. 2021). It must encourage development without

causing ecosystem destruction (Ocean Panel 2020; Cisneros-Montemayor et al. 2021). Achievement of these goals will require
that national governments and international organizations establish new governance structures and apply economic metrics
for the ocean economy that look beyond short-term gain and explicitly value human and natural capital.

These goals can be achieved by incorporating This section examines the complex interlinkages
measures of natural and human capital as well as between ocean and human health and the ocean
formal assessments of impacts on human health economy. It analyses the opportunities and actions
and wellbeing in addition to metrics of short-term available to deliver a socially inclusive, sustainable
gain, such as GDP, into assessments of the benefits ocean economy that generates wealth for all and

of ocean development (Fenichel et al. 2020). Bringing sustains a healthy ocean that benefits human

the frameworks of the precautionary principle and health today and for future generations. Two case
environmental justice into such evaluations has the studies, one from the Global North and one from the
potential to transform traditional approaches to often Global South, are used to demonstrate that policies
siloed environmental, equity and health policies. And grounded in pro-environmental behavioural change
because LMICs are disproportionately impacted by and social innovation can ensure the equitable
climate change and ocean pollution (including ocean distribution of both the social and economic benefits
plastic pollution), increasing the scope and impact of a healthy ocean.

of ocean policies to mitigate climate change and
prevent ocean pollution has the potential to improve
the environment and human health and deliver a
more equitable ocean environment.
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Key risks and opportunities
for human health

Globally, coastal communities in countries at every
level of income are experiencing the most severe
negative economic, environmental and health
impacts of unrestrained human-induced changes to
marine and coastal ecosystems, such as uncontrolled
coastal development and coastal pollution (Ehsan

et al. 2022). Many of these communities report high
levels of poor health and wellbeing (Depledge et al.
2017; UK Chief Medical Officer 2021).

These impacts are most obvious in LMICs, where
people rely directly on intact ecosystems for their
daily sustenance and livelihood (Ehsan et al. 2022).
But they are seen also in high-income countries,
where economic pressures, environmental
degradation and climate-driven change have
resulted in economic precarity in low-income coastal
communities (Acheson and Acheson 2020).

Economic inequality is both a key determinant

and an outcome of negative changes to ocean
ecosystems and of their knock-on effects on

human health and wellbeing (Bambra 2011; Berthe
and Elie 2015) (Figure 5). Inequality is typically

the consequence of long-standing inadequate

and/or negligent institutional practices, such as
exclusionary ownership of land or fishing rights, race-

based discrimination, gender-based exclusion and
economic and taxation policies that favour the few at
the expense of the many.

The health and wellbeing of coastal communities
can be enhanced, inequity reduced, and fisheries and
other marine resources restored through policies
and programmes that take an inclusive approach to
improving human and ocean health. Such policies
have been shown to have positive impacts on ocean
ecosystems, livelihoods (both ones related and not
related to the ocean), as well as other employment
and financial opportunities in coastal communities.
Such policies also improve access to key services,
including health services (Gollan and Barclay 2020;
Rasheed 2020; Das 2023).

One promising area for improving the health and
wellbeing of coastal communities is through ‘social
innovation’, a process whereby relevant actors and
institutions join in self-organising, community-
driven networks to develop new and improved ways
of collaborative action. The core objective of social
innovation is to deliver bottom-up individual and
community behavioural change across multiple
actors (Merz et al. 2023).

FIGURE 5. The reinforcing role of social and economic processes in creating inclusive ocean and

human health
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A positive example of such intervention is seen in
the case of small-scale fisheries in LMICs, where a
focus on an equitable ocean and human health has
been linked to increased ocean health, improved
nutritional outcomes and food security, stabilisation
of local economies and better physical and mental
wellbeing outcomes across all age groups (Béné et
al. 2010). An example of a ‘bottom up’ approach by

However, a continuing challenge to such ‘bottom
up’ approaches is that they often do not result

in changes to the prevailing systems and power
structures that impede equitable development.
Political and economic power, regulation,
enforcement, resources and ongoing commitment
are all issues to be considered in efforts to bring
community-led approaches to regional and

small-scale fishers in the Global South to preserve national scales.
an ocean fishery, reduce economic insecurity and
improve human health and wellbeing is seen in Case

study 9, while Case study 10 presents an example

Such interventions have the potential to particularly
benefit communities living in and around MPAs and
other protected areas in the Global South. Burgeoning

of cooperative, community-led action in a high- . -
P y g research in these communities demonstrates

income country to protect an endangered fishery and . . .
. . 'ytop & & diverse human health and wellbeing benefits,
marine habitat. . . . .
including decreased overall mortality and improved
child health, as well as positive ecosystem impacts

(Rasheed 2020; Madarcos et al. 2021; Haque et

CASE STUDY 9. Bangladeshi fishers’ collective action to create inclusive growth for ocean

and human health

The hilsa shad (Tenualosa ilisha (Hamilton 1822)) constitutes Bangladesh’s single-most important fishery, contributing about 12
percent of total production and about 1 percent of the country’s GDP; and employing an estimated 50,000 people, predominantly
artisanal fishers (Islam et al. 2018).

A structural problem in the hilsa industry is that access to fishing equipment and to lucrative urban markets is largely in the
control of middlemen. These fish brokers secure their hold on the industry by extending investment capital to fishers at high
interest rates, thus locking fishers into poverty, jeopardising their economic security and threatening their health and wellbeing.

The hilsa fishers’ precarious existence is further endangered by increasing numbers of climate change-driven tropical
depressions and cyclones in the Bay of Bengal. These events jeopardise fishers’ incomes as well as their lives. Each year, dozens of
fishers are killed or go missing at sea, and fishers report insufficient life-saving equipment. These problems were exacerbated in
2019, when an existing 65-day fishing ban for industrial fishing was extended to small-scale fishing boats without any discussion
with the artisanal fishers (Islam et al. 2021).

FISHERS’ ACTION

Fishers in several villages along the southern coast of Bangladesh have begun to form rural self-developing societies and
cooperatives that extend financial support and equipment to their members. These groups have the potential to protect
community interests, enhance communal and individual health and wellbeing, and promote ocean stewardship.

Fishing cooperative members typically contribute to a common fund, which entitles them to a variety of material and non-material
benefits, including access to low-interest loans and fishing gear. Membership in cooperatives also enhances fishers’ political
position and strengthens their bargaining power when negotiating with fish brokers and government agencies.

RESULTS

Within rural fishing communities that have formed cooperatives, reports show that increased social cohesion and collective
action is emerging as a basis for future adaptation strategies, and that positive social support within the group benefits mental
health. Further benefits of these cooperatives are particularly relevant to physical health; for example, awarding collateral-free
loans supports food and nutritional security during seasonal fishery closures, and medical treatment during iliness. Building
alternative skills and self-help infrastructure development in rural communities could also support better market access,
enhance fishery income and generate support for poverty-alleviation programmes (Islam et al. 2021). The challenge remains

of how to support such initiatives in the face of powerful and competing interests that are able to deliver, and profit from,
economies of scale.

40 | High Level Panel for a Sustainable Ocean Economy



al. 2023; Nowakowski et al. 2023). To unlock the
opportunities that a socially inclusive, sustainable
ocean development agenda can deliver, bold policies
and actions are needed in ocean protection, fishery
management and international trade regulations
(Nash et al. 2022).

Limitations to current
knowledge requiring
additional research

Ocean economy initiatives have often failed to
advance socially inclusive ocean and human health
because of lack of concern for factors beyond
economic development, and the lack of the tools and
knowledge needed to ensure equity and justice from
ocean-based activities. To confront these problems
and to inform policy and develop interventions, more
information is needed in the following areas:

® The complex and reinforcing interconnections
between ocean health, human health, and
economic and social processes.

® Relationships between ocean and human health
and social equity and justice outcomes in both
LMICs and high-income countries.

® The scale at which policies can most effectively
drive a more inclusive ocean and human
health agenda.

® The capacity of ocean sectors, including and
beyond small-scale fisheries, to advance an
inclusive ocean and human health agenda at a
community level.

Measuring progress in all the above areas will
require the development, deployment and field-
testing of new, holistic economic indicators of the
ocean economy that move beyond a sole focus

on productivity, such as GDP, and account for the
natural, social and human capital provided by a
healthy ocean (Fenichel et al. 2020).

Behaviour change across all sectors of society is
required to meet the UN Sustainable Development
Goals and mitigate the impact of climate change on
the ocean and human health in an inclusive manner
(Merz et al. 2023). The recent multilateral successes
in sustainable and collaborative fishery management
discussed in detail in Section 2 offer models. These
include the new UN High Seas Treaty and the WTO
(2022) agreement to phase out selected fishery
subsidies and favour equity (Stokstad 2023).
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CASE STUDY 10. Lyme Bay Fisheries and Conservation Reserve

Lyme Bay Fisheries and Conservation Reserve, located in southwest England, is one of the largest marine protected areas in
England, with 206 square kilometres of seabed protected from dredging and trawling (Rees et al. 2010) (Figure CS-10.1). It is a
marine biodiversity hotspot supporting unusual species such as the pink sea fan (Eunicella verrucosa (Pallas 1766)) and ross coral
(Pentapora fascialis (Pallas 1766)). It is also important socially and economically (Singer and Jones 2021).

Although the scallop and demersal trawl fishers lost access to valuable fishing grounds, static gear and diving fishers have been
able to continue their activities without conflict, and a closed conservation area has led to recovered seabed and coral gardens
(Rees et al. 2010). Scallop populations have recovered and the number of new entrants to the scallop diving industry has increased,
as has whelk fishing effort (Singer and Jones 2021), all contributing to increased human wellbeing,.

FIGURE CS-10.1. Location of Lyme Bay (east) and Torbay (west) Special Area of Conservation (hatched polygons)
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The governance approach to the reserve has been a combination of voluntary bottom-up and statutory top-down measures.
Voluntary agreements were made, and broke down, several times prior to the statutory closure (Rees et al. 2010).

Key positive actions that emerged from this effort have included collaborative learning through a joint working group of scientists,
regulators, nongovernmental organisations and the private sector; peer enforcement due to dialogue between regulators and
fishers to promote recognition of regulations and restrictions; and efforts to increase social capital, building trust through the
working group and increased transparency from regulators (Singer and Jones 2021).
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Actions and opportunities

We identify the following priorities to deliver
an inclusive ocean and human health
developmental agenda.

Create governance policies to ensure sustainable
use of and equitable access to ocean resources.
Sustainable and equitable use of 100 percent of
marine resources (Ocean Panel 2020), attainment

of the UN Sustainable Development Goals and
mitigation of climate change will require governance
policies at the local, national and international levels
that are designed explicitly to protect ocean health,
advance economic and social equity, and safeguard
human health and wellbeing. Sustainable Ocean
Plans are an example of an effective approach to
achieve this (Ocean Panel 2021).

Develop and deploy indicators to measure progress
in both ocean and human health. Assessment of
the efficacy of new governance structures will require
the development, deployment and refinement of new
economic indicators. These indicators will need to
move beyond a sole focus on measuring productivity,
such as gross domestic product, because
productivity metrics fail to capture the natural
capital provided by a healthy ocean, while also hiding
how the ocean’s benefits are derived and to whom
they accrue (Fenichel et al. 2020). The development
and use of new, more holistic indicators that account
for both natural and human capital and for the
equitable and sustainable distribution of wealth
from the ocean offer a key opportunity to highlight
the need for, and the returns from, an inclusive ocean
economy agenda centred on ocean and human health
(Kumar et al. 2019).

Reform global finance and trade. Strict regulation
of industries that destroy marine resources;
removal of government subsidies for industries that
destroy marine resources such as distant-water
fishing, seabed mining and fossil fuel extraction,
and incentivisation of industries that advance
sustainability are actions that will protect human
health and wellbeing and advance social justice.
Such actions could build on recent multilateral
successes, such as the new UN High Seas Treaty and
the WTO agreement on fisheries to ensure that trade
works for low-income nations.

Advance behavioural change policies to foster
pro-environmental behaviour for ocean and human

8
Ty 2

health. Behavioural change across all sectors of
society, supported by international treaties and
enforced through national and local regulations, is of
great importance.

For example, in the health sector, pharmaceuticals
are crucial for improving healthcare but often end

up in the ocean, resulting in growing threats to

ocean and human health such as antimicrobial
resistance; particularly in LMICs where labour is
cheap, environmental laws less stringent, and

many pharmaceuticals are made. An example of an
early-stage intervention to combat the impact of
pharmaceuticals in the ocean is Scotland’s first blue-
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green prescribing programme to protect the ocean
from pharmaceutical pollution by using nature-
based health interventions or ‘blue prescriptions’
(see Case study 8 for an example) for people with
mental health conditions in addition to prescribing
less environmentally harmful medications (Jankovié
2023). Recognising the global extent of this problem,
WHO (2015) has developed a Global Action Plan on
Antimicrobial Resistance.

Another example in the health sector is the ongoing
work between the UK NHS with its suppliers and
shippers towards a more sustainable approach to
international shipping, discussed in Case study 11.

and human health requires new institutional
structures that facilitate multi-actor, cross-

sectoral collaborations that emerge directly from

the environmental, economic and health needs of
communities. Actions arising from social innovation-
based processes offer an important pathway to
address issues of equity while simultaneously
improving human and ocean health at the
community level.

An example of a good practice is outlined in

Case study 9, which highlights the capacity for
communities in southern coastal Bangladesh to
develop locally sustaining, inclusive actions for ocean

. . and human health that also can further encourage
Catalyse actions to create cross-sectoral linkages

. . multi-sector collaborations across local, regional and
and partnerships, encourage co-creation and
bridge organisational divides. Confronting current

environmental and societal challenges in ocean

national scales.

CASE STUDY 11. Decarbonising healthcare’s maritime logistics

The National Health Service (NHS) in England serves a population of 56 million people and is supported by 80,000 global suppliers.
It has committed to reaching net zero carbon emissions for all the emissions it controls, including in its supply chain, by 2045.
Transportation of healthcare goods from manufacturer to use is part of the product’s lifecycle; and 80 percent of NHS goods arrive
via maritime routes.

THE MARITIME CHALLENGE

The global healthcare system depends on fast, reliable, smooth and affordable maritime shipping to deliver more than 80 percent
of the goods needed to maintain human health and wellbeing. However, the emissions from maritime shipping activities for the
healthcare and other sectors pose a threat to planetary health and hence human health. The healthcare system’s workload is
fuelled by the planetary harm it causes.

Although container shipping is the most economical and sustainable global mass transportation, there are still environmental
impacts, with direct and indirect human health implications. These impacts include emissions (1 billion tonnes of CO, per year) at
sea and in ports, transfer of invasive species, underwater radiated noise, damage to marine protected areas, wastewater and other
marine pollution, and marine mammal collisions. NHS England’s global supply chain emissions represent 62 percent of its overall
greenhouse gas footprint. Decarbonisation of the maritime shipping sector is essential to achieve the NHS net zero goals.

Shipping is included in NHS England’s (n.d.) Evergreen Sustainable Supplier Assessment, which sets a clear standard for
sustainable maritime logistics. Suppliers can become signatories of the Aspen Institute’s Cargo Owners for Zero Emission Vessels
ambition statement (coZEV n.d.), a collective aim from cargo owners to only use zero emission shipping services by 2040, and
subsequently become members of the Zero Emission Maritime Buyers Alliance (ZEMBA). ZEMBA is a buyers’ group within the
maritime sector that aims to accelerate commercial deployment of zero emission shipping, enable economies of scale and help
cargo owners to maximise emissions reduction beyond what any one freight buyer could accomplish alone.

Many of NHS England’s suppliers deliver goods to industries beyond healthcare. Therefore, these changes for the healthcare sector
can be amplified across multiple sectors, accelerating positive change, and be taken up by the national health services in all
countries globally.
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5. Immediate actions for a
healthy, sustainable ocean
and a healthy human future

The previous sections of this Blue Paper have shown that the health and wellbeing of humanity, as well as the state of the
global economy, are linked inextricably to the health of the ocean. We find that a healthy ocean benefits human health and
wellbeing in many ways:

® The ocean sustains all life on Earth by providing 50 percent of the oxygen produced on Earth each year and 80 percent of all
the oxygen ever created (Grégoire et al. 2023).

® The ocean is critical to the fight against climate change (Hoegh-Guldberg et al. 2023; Villasante et al. 2023). It absorbs
25 percent of all CO, emissions and more than 90 percent of excess atmospheric heat, slowing global warming (Hoegh-
Guldberg et al. 2023).

® The ocean is a source of new medicines and biotechnologies, from essential pain medicines, to cancer drugs, to plastic
alternatives (Antunes et al. 2023; Bouley et al. 2023).

® For more than 3 billion people, nearly 40 percent of the world’s population, the ocean is an essential source of food and
livelihood (Golden et al. 2021b; FAO 2022; Tigchelaar et al. 2022).

® The ocean economy is estimated to generate $1.5 trillion to $2.5 trillion annually and to provide formal employment for more
than 30 million people (OECD 2016), with millions more informally employed in artisanal and small-scale fisheries.

® Interactions with the ocean and with other blue spaces enhance the physical health and mental wellbeing of humans from
infancy to old age (White et al. 2020).

The ocean’s great benefits for humanity are threatened by climate change, worsening pollution and loss of biodiversity. All these
threats are driven by the relentless quest for short-term economic gain (primarily by the Global North and by multinational
corporations) without concern for the consequences for biodiversity, equity, health, human dignity or sustainability (Whitmee et
al. 2015; Abbasi et al. 2023).

We must act now to address this global ocean and human health emergency. Building cross-national, cross-sectoral
partnerships, engaging and involving marginalised communities, and sustaining a global structure of laws, treaties,
organisations and regulations that protect the environment and prioritise human health and wellbeing will be essential.

Past successes in environmental remediation and health protection, such as the global removal of lead from petrol, the Montreal
Protocol ban restricting aerosol products containing chlorofluorocarbons and hydrochlorofluorocarbons, improvements in
ambient air quality in a growing number of nations, and the Paris Climate Agreement, show that positive change is possible and
attainable. And because LMICs are disproportionately impacted, increasing the scope and impact of ocean policies to mitigate
climate change and prevent ocean pollution has the potential to improve the environment and human health and deliver a more
equitable ocean environment.

Reducing pressures on
the ocean

The evidence presented in previous sections of this that environmental damage to the coasts, seas and
Blue Paper documents that the health of the ocean is ocean inevitably harms human health and wellbeing.
increasingly under threat. These threats are largely of It damages the global economy. And it exacerbates
human origin and have been worsening rapidly over poverty and social injustice. Humans cannot thrive
the past 50 years. Moreover, evidence is mounting when the ocean is sick (Fleming et al. 2023).
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The negative consequences for human health

and wellbeing of damaging the ocean are many.
Coastal flooding and violent storms destroy coastal
communities and result in disease, injury and death.
The collapse of fisheries results in malnutrition,
starvation, migration and even war. Mercury pollution
results in brain injury in infants exposed before
birth via maternal consumption of contaminated
fish. Plastic pollution, including in the form of

lost or discarded fishing gear, entangles whales

and turtles, kills seabirds, results in microplastic
pollution of food chains and accumulates on
beaches and in mangroves. Evidence is building that
chronic exposure to microplastics impairs health
and increases risk for noncommunicable diseases
(Landrigan et al. 2023).

All these negative impacts fall with disproportionate
severity on poor, minority, Indigenous and
marginalised communities and on countries in

the Global South (Landrigan et al. 2023). They

are exacerbated by climate change, uncontrolled
economic growth, perverse economic incentives and
inequality in land and ocean resource ownership
(Whitmee et al. 2015; Ma et al. 2021; Callahan

and Mankin 2022).
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There are multiple gaps in our knowledge of the
ocean and in the current understanding of the harms
to human health and wellbeing that result from
damages to the ocean. Even less is known about the
interactions among these harms to the ocean and
their possible synergistic impacts on human health.

But we do know with a high degree of certainty that
great damage has already been done to the ocean,
that human activity is the main cause of this damage
and that in the absence of urgent intervention, this
damage will only grow worse. We know, in short, that
our current use of the ocean is not sustainable.

Recognising and mapping the many harms done to
the ocean is, however, only one part of the story of
humanity’s interaction with the ocean.

On the positive side, this Blue Paper emphasises that
the ocean offers myriad, still largely undiscovered
benefits for human health and wellbeing, as well

as enormous opportunities for sustainably and
equitably strengthening the global economy. Properly
and equitably accessed, these benefits could address
many of the challenges that surround us today and
could sustain humanity in the centuries to come.

The key to realising these benefits will be to harness
our intelligence and creativity, curb our appetite for
short-term gain, rebalance our relationship with
nature and with each other, and take individual

and collective evidence-based action to protect and
restore the health of the ocean for the good of all
humanity (Kelly et al. 2023).

The achievement of these goals will require building
cross-sectoral and cross-national partnerships
based on mutual respect and creating and honouring
a global network of laws, treaties, regulations

and organisations that truly involve marginalised
communities and whose goal is to promote health,
wellbeing, equity and social justice for the good of all
humanity and the ocean.

Synthesis of actions
and opportunities

The actions highlighted in Sections 1-4, if begun
immediately and fully implemented, will ensure that
humanity enjoys sustainable and equitable ocean-
based opportunities now and for many generations
to come. These benefits will advance medicine

and biotechnology; food security; and physical,



mental and social wellbeing. They can help resolve In addition, we support the call of the 18 heads
the injustices caused by economic, social and of state who comprise the High Level Panel for a
other inequalities. Sustainable Ocean Economy (Ocean Panel 2020):

The health sector can lead the way as industry We have a collective opportunity and responsibility

leaders across diverse sectors and suppliers, to protect and restore the health of our ocean, and
placing nature and ocean at the centre of all build a sustainable ocean economy that can provide
strategies through understanding and monitoring food, empower coastal communities, power our cities,
its own environmental footprint, helping recovery transport our people and goods, and provide innovative
from decades of mistreatment, re-examining solutions to global challenges.

equitable connections to our coasts and ensuring

that initiatives benefit both humans and all our The ocean and human health actions presented
natural environments. below can begin immediately and build on those

outlined in the Transformations Agenda under the
five pillars of health, equity, knowledge, wealth and
finance (Ocean Panel 2020) (see Table 1and Figure 6).

ACTIONS OF OVERARCHING IMPORTANCE

Three key actions of overarching importance must begin immediately and will enhance and sustain the specific actions
recommended in the preceding sections of this Blue Paper:

® Protect, restore and manage biodiversity: The great potential for marine medicines and biotechnology and marine food
sources depends on collaboratively and effectively protecting and managing marine biodiversity. To this end, the world’s
nations need to ratify and implement—with genuine commitment to effective management for biodiversity protection,
equity and human wellbeing goals—the Convention on Biological Diversity (CBD) Global Biodiversity Framework, the WTO
Fisheries Subsidies Agreement and the Agreement under the UN Convention on the Law of the Sea on the Conservation
and Sustainable Use of Marine Biological Diversity of Areas beyond National Jurisdiction (BBNJ), in collaboration with
local resource users. These are global actions of overarching importance that can and will protect and restore the ocean,
improve human health and wellbeing, and reduce stressors on ocean ecosystems. The resourced, equitable and intentional
implementation of MPAs and OECMs is a no-regret solution with clear co-benefits for both ocean and human health.

® Combat climate change and eliminate pollution: The health of coastal populations depends on slowing climate change
to prevent extreme weather events and limit sea level rise, and limiting to the greatest degree possible all pollution from
reaching the ocean to conserve healthy marine food sources, with particular focus on reducing emissions from fossil fuels
to net zero by 2050 and eliminating plastic pollution. Uphold the commitments of countries to the Paris Agreement, the
COP 28 outcomes and the UN Global Plastics Treaty, currently in negotiation. To protect human health and wellbeing, the
UN Global Plastics Treaty must impose strict safety requirements on the more than 10,000 synthetic chemicals added to
plastics, a mandatory cap on global plastic production and mechanisms to curb the manufacture of single-use plastics. The
EU Zero Pollution vision is a cross-cutting objective contributing to the UN 2030 Agenda for Sustainable Development and
complementing its 2050 climate-neutrality goal. It steers the European Union towards the 2050 vision of a ‘Healthy Planet
for All’ by setting key 2030 targets to speed up pollution reduction. Its main objective is to include pollution prevention in all
relevant EU policies. Other countries should follow suit.

® Improve measurement and support equity: Integrate linked ocean health and human health indicators as well as metrics
of natural and human capital for ongoing monitoring, prevention and evaluation programmes and make these data widely
available. Incorporate the evidence and linked indicators of both ocean and human health into all policies and decision-
making around ocean-human interactions. We need to simultaneously deploy indicators of both human and ocean health
to establish baselines and to track changes in both ocean and human health as actions and interventions (including those
outlined below) are rolled out with an overall vision of always improving sustainability and equity. Through continued
measurement, effectiveness can be assessed, unintended consequences detected, policies improved and course corrections
made towards long-term prevention and equity. To be useful, these monitoring data and appropriate expertise must be shared
widely and made available and accessible.
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The following symbols are used to cross-reference to
the thematic topic, as explored in the sections of this
Blue Paper.

Medicine and biotechnology

&

Building and sustaining food security

Enhancing physical health, mental health and
societal wellbeing

Growing the economy and improving health by
addressing inequity

6 [

Ocean and human health actions

(III) Governments must take action to
E'z'” effectively conserve and manage
biodiversity, encourage increased
investment support for sustainable and ethical
marine biotechnology start-ups with benefit
sharing, and support responsible transdisciplinary
research. This must be co-designed and
implemented with the participation of local
communities and other potentially

impacted stakeholders.

All industries including (and especially)

healthcare must minimise their ocean

footprint, helping restore what has been
lost and including good ocean stewardship in
sustainability strategies. Polluters should pay,
instead of profiting from the destruction of ocean
and other ecosystems. Systematic incentive
structures are needed for industries to investin
long-term sustainable practices. The goal must be to
create the inclusive, accessible, clean, productive and
resilient ocean called for in the UN Ocean Decade (UN
2021), an ocean that equitably and sustainably
benefits the health and wellbeing of all global
citizens now and in future generations.

Collaboration between the healthcare and

supplier industries (and other sectors) with

improved education and communication
can lead to changes in procurement frameworks,
minimising ocean impacts from product
manufacture, use, disposal and marine logistics (see
Case study 11). As an example, seaweed-derived
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home-compostable bioplastics can be utilised for
community healthcare products, reducing the need
for fossil fuel-derived single-use plastics.

Researchers and public health

organisations must scan the horizon for

emerging climate-associated disease
threats such as antimicrobial-resistant water- and
vector-borne diseases in the ocean which not only
produce disease in individuals and communities
but collectively strain healthcare systems, making
it more difficult for them to reduce their climate and
pollution footprint.

Ocean equity actions

o) .0 Ensure genuine engagement of coastal
communities, small-scale fishers and

’ Indigenous Peoples in local marine
planning, recognising traditional territories and/or
incorporating OECMs. The resilience of coastal
communities is part of the resilience assessment of
any coastal area.

communities and Indigenous Peoples to

help support stewardship of the ocean and
the security of food, livelihoods and a way of life. This
needs to be made explicit when new governance

.@’ o Uphold the marine tenure of local

structures are introduced.

Eﬂ Create new institutional structures to

% facilitate multi-actor, cross-sectoral
collaborations. Responsible business
practices that engage and co-create with coastal
communities, creating inclusive governance in
planning and decision-making processes, are
essential. However, we need to go further to bridge
the organisational and community divides and
address the challenges of the full socioeconomic
and ecological system, and enable human
and ocean health.

Ocean knowledge actions

(I} Enhance ocean skills and knowledge by
-E.p” investing in DNA libraries containing the
genetic blueprints of marine life in the ocean.
The rich genetic biodiversity of marine species is
threatened by habitat destruction, over-exploitation,
land-based development and pollution, climate
change, de-oxygenation and ocean acidification. We
can better appreciate, manage and sustainably
utilise the species in the ocean if this resource is



jointly owned by governments to support ethical

investment and public-private partnerships to
develop ocean-sourced medicines, and a variety of
new products using the DNA blueprints.

../\¢, o Develop and share technologies and

o@ ) management approaches to produce
sustainable, nutrition-sensitive marine
food. The ocean provides valuable food and nutrition
security to many people. Seafood is generally a good
source of dietary micronutrients (e.g. omega-3) that
can be increased sustainably and equitably. However,
we must address growing inequalities in seafood

distribution and consumption.

..\, o Share scientific data and expertise through
@@) collaborations and partnerships between
global institutions and coastal communities
to sustainably and equitably manage marine food
production already impacted by a combination of
climate change, overfishing, pollution and
globalisation. For example, small-scale fishers
(including women) should be supported who have
knowledge useful for the sustainable management of
extractive marine food such as
seaweeds and molluscs.

Foster pro-ocean policies that will ensure

pro-environmental behaviour through

knowledge-sharing, ocean literacy and
citizenship, increasing sustainable and high-quality
blue space access, and appealing to personal and
societal values. This is particularly important for
the healthcare sector: significantly undervalued,
the ocean provides many benefits to human health
and wellbeing.

Ocean wealth actions

(1) Identify management processes and ocean
(. products that should be developed as

socially relevant, economically sustainable
and environmentally friendly so that the ocean can
continue to produce sustainably for future
generations. The ocean holds enormous, still
undiscovered, potential for new medicines, new
materials and new products.

waste and stop illegal seafood harvesting,
including by ratifying and implementing
the Agreement on Port State Measures. Seafood
plays an essential role in the diet of the world’s
populations, providing proteins and micronutrients.
But these resources must not be diverted (as they
currently are through mostly legal means) to the
benefit of the richest countries.

)

‘@@: End overfishing, reduce seafood loss and

..\, o Support sustainable mollusc and seaweed
@@ cultivation and harvest. The development of

food technologies with a low carbon footprint
should be encouraged. In addition to its potential as
food, seaweed has many other potential sustainable
uses, such as animal feed, fertilisers, bio-plastics
and bio-fuels.

Upscale existing, and develop new, blue

care prescription programmes. The cost to

society of chronic diseases (cardiovascular,
mental health, etc.) has been demonstrated, as has
the contribution to health and wellbeing of access
to marine and other blue space areas (a process
known as the ‘Blue Health Effect’). Make the ocean
sustainably and equitably accessible for targeted
intervention programmes to reduce health-related
and other costs.
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Ocean finance actions

@ Deliver blue health economy investment

pathways that align with Sustainable

Ocean Plans for 100 percent of the ocean.
These would facilitate access to effective healthcare,
blue foods and clean water for all coastal and island
communities, and increase opportunities to engage
in marine research and product development around
the globe. Knowledge and management of marine
ecosystems is underfunded, and the opportunities for
returns are often not fully appreciated, yet the world
economy depends on a healthy blue planet.

Eﬂ Reform global finance and trade to provide

more equitable access to marine resources.

Build on recent multilateral successes (e.g.
the new UN High Seas Treaty and the WTO agreement)
to phase out selected fisheries subsidies. To this end,
redirect finance to support investment in
technologies that support sustainable production
practices and efforts to meet global climate targets;
slow the removal of nutritious aquatic foods from
nations with a high prevalence of nutrient
deficiencies; and ensure that trade works for low-

income nations, through debt relief and aligning
trade with domestic food security policy. These
efforts could target other subsidies that lead to
overfishing and overcapacity but remain in place.

@ Link the health and ocean finance

institutional efforts with a focus on ocean-

positive actions and blue infrastructure
investments that use nature-based solutions to
deliver equitable returns to human and ocean health.
By integrating ocean wellbeing solutions systemically
into public health and social care, we can reduce
costs and improve outcomes.

This requires key reforms of the global trade and
finance system, integrating inclusive and ethical
accounting for both nature and human wellbeing.
Public-private partnerships and insurance solutions
can serve to deliver further support and introduce
price signals. Using these formats will help to
re-allocate risk and encourage private sector
engagement alongside public funders.

FIGURE 6. Opportunities for action to support both ocean health and human health and wellbeing

in a changing planetary environment
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TABLE 1. Summary of key recommended actions to promote human and ocean health

OPPORTUNITY/ACTION TRANSFORMA- ACTORS FEASIBILITY | TIMING TO RE- MAGNI-
IDENTIFIED TIONS AGENDA LOW TO ALISE BENEFIT | TUDE OF

PILLAR (OCEAN HIGH (1-5) SHORT-TERM IMPACT
PANEL 2020) TO LONG-TERM | LOW TO
(1-5) HIGH (1-5)

Equitably deliver the Global Government 4 2 5
Biodiversity Framework

targets, with genuine

commitment to equity and

human wellbeing goals and

integrating other effective

area-based conservation

measures
Slow climate change and . . Government 2 3 5
. Overarching Overarching ac- .
prevent pollution from reach- ; . and private
actions tions

ing the ocean, particularly sector
by reducing greenhouse gas

emissions from fossil fuels

to net zero by 2050 and elim-

inating plastic pollution

Link ocean and human Government 4 1 4
health indicators for ongoing

monitoring, prevention and

evaluation with shared data

Support equitable and sus- Medicine and bio- Government 4 4 5
tainable marine medicine technology and private
discovery research sector
Promote ocean-sustainable Health Enhancing physi- Government 3 3 3
healthcare systems cal health, mental and healthcare

health and societal  sector

wellbeing
Uphold human rights and Building and Government 3 3 5
support marine tenure for sustaining food
local communities and Indig- security
enous Peoples
Ensure community co-cre- Building and Government 5 4 4
ation and involvement in Equity sustaining food
marine planning security
Create cross-sectoral link- Growing the econo-  Government 2 5 5
ages to bridge divides and my and improving and private
encourage co-creation health by address- sector

ing inequity
Create and support digital Medicine and bio- Government 4 3 4
DNA libraries containing the technology and private
genetic blueprints for most sector
marine life
Promote sustainable, nutri- Building and Government 4 4 5
tion-sensitive aquaculture Knowledge sustaining food and private
and fisheries management security sector
Develop policies to enable Enhancing physi- Government 3 3 5
behavioural change to foster cal health, mental
pro-environmental behaviour health and societal

wellbeing
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TABLE 1. Summary of key recommended actions to promote human and ocean health (cont.)

OPPORTUNITY/ACTION TRANSFORMA- ACTORS FEASIBILITY | TIMING TO RE- MAGNI-
IDENTIFIED TIONS AGENDA LOW TO ALISE BENEFIT | TUDE OF
PILLAR (OCEAN HIGH (1-5) SHORT-TERM IMPACT
PANEL 2020) TO LONG-TERM | LOW TO
(1-5) HIGH (1-5)
Identify processes and Medicine and bio- Government 5 4 4
products to be developed as technology and private
socially relevant, economical- sector
ly sustainable and environ-
mentally friendly
Support sustainable seafood Building and Government 5 1 3
R Wealth S .
cultivation and harvest sustaining food and private
security sector
Upscale blue care prescrip- Enhancing physi- Government 4 4 3
tion programmes cal health, mental and healthcare
health and societal  sector
wellbeing
Scale up investmentin a Growing the econo-  Government, 4 2 5
sustainable and equitable my and improving private sector
ocean economy health by address- and philan-
ing inequity thropy
Incorporate metrics of Growing the econo-  Government 5 3 5
natural capital and human . my and improving
S . Finance
capital into all benefits eval- health by address-
uations ing inequity
Reform global finance Growing the econo-  Government 3 3 4

and trade to provide more
equitable access to marine

my and improving
health by address-

resources

ing inequity

Note: Actions are categorised by both the themes of this Blue Paper, and by the themes of the Transformations Agenda (Ocean Panel 2020). The broad delivering party
for each action is also indicated. All actions need to be initiated immediately. Scorings in this table are semi-quantitative and based on the authors’ interpretation of
best available evidence, not a fully quantitative analysis of all available information.

Conclusion

We must act now to address the growing challenges
of the climate and health crisis. It is essential

to begin to implement these Blue Paper actions
immediately in order to prevent more damage, realise
the benefits of these actions, and protect both ocean
and human health into the future.

Most of these actions are already represented in
current and ongoing global policy efforts relevant
to protecting and sustaining both ocean and
human health. Therefore, it is important to uphold
and implement the many existing relevant policy
actions (e.g. 30x30 with integration of OECMs;

the International Covenant on Economic, Social
and Cultural Rights; responsible business and
innovation) mentioned throughout this Blue Paper.
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In addition to the ongoing work of the Ocean Panel,
new policy actions towards ocean and human health
are also emerging. For example, in the recent Vigo
Declaration (2023), members of the European marine
science community have pledged to work together to
ensure ocean sustainability; the Villars Framework
(2023) redirects finance towards investment in
technologies that support sustainable fisheries
production practices and efforts designed to meet
global climate targets (Cheung et al. 2023); and
ongoing international efforts by the United Nations
and many others seek to support and produce a
legally binding global plastics treaty (UNEP 2021).
The resolutions from the UN Human Rights Council
in 2021 (A/HRC/RES/48/13) and the UN General



Assembly in 2022 (A/RES/76/300) recognise that

a clean, healthy and sustainable environment is a
human right, giving legal value to the environment;
these resolutions also help protect individuals and
communities from environmental risks to their
health and livelihoods (UNGA 2021). The historic
examples of the Montreal Protocol, the Stockholm
Convention and the Minamata Convention show
us that positive change is attainable, and that
humanity can come together to thrive and to preserve
planetary health.

Going forward, coastal communities, the healthcare
sector, government, academia, business and finance

need to join and support these global cooperative

efforts for ocean and human health (U.S. Ocean
Policy Committee 2023). In the face of uncertainty
about strategies for managing ocean resources,
governments and international organisations
should be guided towards a vision of universal
ocean citizenship and planetary stewardship (Kelly
et al. 2023) and apply the precautionary principle to
prevent future harm (Spalding 2016). Only then can
we provide truly transdisciplinary, science-based
policy advice and action in all levels of governance,
with sustainability, equity and inclusion at the core
of all their actions, to ensure that the best decisions
are made for both the ocean and people, with no
one left behind.
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Appendix A. Key definitions and glossary

WORD/CONCEPT

Blue justice

Environmental change

Environmental (ocean)
health inequity

Equity

Food security

Green chemistry

Health

Healthcare sector

Healthcare systems

Health equity

Illegal, unreported and
unregulated (IUU) fishing

Low- and middle-income
countries (LMICs)

Marine protected area
(MPA)

An effort to empower coastal communities responding to blue injustices
through centring their knowledge, strength and agency.

‘Ultimately, concerted efforts are needed by all to support and empower
coastal communities to reject blue injustices and to achieve their diverse
aspirations for blue justice.’

A result of both natural and human processes. In the current geological era,
the Anthropocene, most environmental change is the consequence of human
action and results from the transformation and transportation by humans of
large quantities of energy and materials.

A disproportionate burden of harmful environmental exposure and envi-
ronmentally related health injury among poor, minority, marginalised and
Indigenous communities.

The fair allocation of resources and opportunities to all groups in a soci-
ety. The absence of systematic disparities in health (or in the major social
determinants of health) between social groups who have different levels of
underlying social advantage or disadvantage.

The availability, accessibility, sustainability and stability of food supplies,
the ability of people’s bodies to make use of the food they eat, and people’s
agency to access enough of the right types of culturally relevant foods.

The design of chemical products and processes to reduce or eliminate the
use and generation of hazardous substances during industrial chemical
processes.

A state of complete physical, mental and social wellbeing and not merely the
absence of disease or infirmity.

All organisations, people and actions whose primary intent is to promote, re-
store or maintain health. This includes hospitals, healthcare systems, public
health, pharmaceuticals, social care and Indigenous health.

Defined broadly, systems that ‘encompass the full continuum between
public health (population-based services) and medical care (delivered to
individual patients)’.

The absence of unfair, avoidable or remediable differences in health status
among population groups defined socially, economically, demographically or
geographically.

A broad term that includes the use of bonded labour, destructive fishing
practices and deception to reap profits at the expense of local fisheries,
coastal states and the marine environment. IUU threatens the sustainability
of global fisheries in national coastal waters and on the high seas.

A classification of countries based on their gross national income per
capita. The categories range from $1,045 or less for low-income countries to
$4,096-$12,695 for upper-middle-income countries.

Any area of intertidal or subtidal terrain, together with its overlying water and
associated flora, fauna, and historical and cultural features, which has been

reserved by law or other effective means to protect part or all of the enclosed

environment.
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DEFINITION SOURCE

Blythe et al. 2023

EEA 1995

Gochfeld and Burger 2011

Braveman and Gruskin
2003

HLPE 2020; Clapp et al.
2022

Anastas and Warner 2000

WHO 1946

WHO 2007

Woolf and Aron 2013

WHO 2020

Widjaja et al. 2021

Lencucha and Neupane
2022

Resolution 17.38 of the
IUCN General Assembly,
1988, reaffirmed in Resolu-
tion 19.46, 1994



WORD/CONCEPT

Marine tenure

Nature-based solutions
(NBS)

Ocean coasts, seas, global
ocean)

Ocean ‘health’
Other effective area-based

conservation measures
(OECMs)

Public-private partner-
ships (PPPs)

Small island developing
states (SIDS), also known
as a ‘large ocean states’

Social innovations

Social prescribing

Wellbeing

Frameworks

Ecological public health

Ecosystem services

Establishes a set of rights and responsibilities as to who is allowed to use
which resources, in what way, for how long and under what conditions, as
well as who is entitled to transfer rights to others and how.

Actions to protect, conserve, restore, sustainably use and manage natural
or modified terrestrial, freshwater, coastal and marine ecosystems which
address social, economic and environmental challenges effectively and
adaptively, while simultaneously providing human wellbeing, ecosystem
services, resilience and biodiversity benefits.

‘Ocean’ versus ‘oceans’ In the ocean literacy community, the terms ‘ocean’
and ‘global ocean’ both in the singular) are increasingly used to express
the concept that the world’s ‘oceans’ are, in fact, one ocean, which contains
unique ecosystems within specific regional ocean areas, and for which all
humans have a shared responsibility.

The state of the ocean when it is resilient, productive and diverse.

A geographically defined area other than a protected area, which is governed
and managed in ways that achieve positive and sustained long-term out-
comes for the in situ conservation of biodiversity with associated ecosystem
functions and services and, where applicable, cultural, spiritual, socioeco-
nomic and other locally relevant values.

Long-term agreements between government and a private partner whereby
the private partner delivers and funds public services using a capital asset,
sharing the associated risks. PPPs may deliver public services both with re-
gards to infrastructure assets (such as bridges and roads) and social assets
(such as hospitals, utilities and prisons).

Adistinct group of 39 States and 18 Associate Members of UN regional com-
missions that face unique social, economic and environmental vulnerabili-
ties.

The design and implementation of new solutions that imply conceptual,
process, product or organisational change, which ultimately aim to improve
the welfare and wellbeing of individuals and communities.

The holistic approach of healthcare workers connecting patients to a range
of non-clinical services in the community to improve health and wellbeing,.
Social prescribing seeks to address the underlying causes of patients’ health
and wellbeing concerns, as opposed to simply treating symptoms.

A positive state experienced by individuals and societies. Wellbeing encom-
passes both physical health and mental health and is determined by social,
racial economic, environmental and historical conditions.

Material, biological, social and cultural aspects of public health considered
in a way that accepts the complexity and non-linearity of the dynamics of
natural systems.

Benefits that people obtain from ecosystems, which include

provisioning services that products such as food, fuel, water, medicines and
fibre;

regulating services such as climate regulation and disease control; and

cultural services that provide nonmaterial benefits such as spiritual or aes-
thetic benefits.
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DEFINITION SOURCE

USAID 2017

UNEP 2022

Fleming et al. (2023

Franke et al. 2020

CBD 2018

OECD 2012

UN 2023a

OECD n.d.

WHO 2022

WHO 2021

Lang and Rayner 2012

Watson et al. 2005



WORD/CONCEPT

Frameworks (cont)

DEFINITION

SOURCE

Global health

One health

Pillars of sustainability

Planetary boundaries

Planetary health

Public health

Sustainable ocean econ-
omy

The pursuit of health equity at a global level by addressing transnational
health issues, determinants and interventions and formal structures beyond
the control of national institutions.

A collaborative, multi-sectoral and transdisciplinary approach—working at
the local, regional, national and global levels—with the goal of achieving op-
timal health outcomes while recognising the interconnection among people,
animals, plants and their shared environment.

The three equally dependent dimensions—economic, social and environmen-
tal—of sustainable development.

A framework that defines a safe operating space for humanity based on
the intrinsic biophysical processes that regulate the stability of the Earth
system.

The health of human civilisation and the state of the natural systems on
which it depends.

OR

The understanding that human health and human civilisation depend on
flourishing natural systems and the wise stewardship of those natural sys-
tems.

The science and art of preventing disease, prolonging life and promoting
health through the organised efforts and informed choices of society, organi-
sations, public and private communities, and individuals.

The sustainable use of ocean resources for economic growth, improved liveli-
hoods and jobs while preserving the health of ocean ecosystems.
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Smith et al. 2006

CDC 2023

UNGA 2015

Steffen et al. 2015

Whitmee et al. 2015

CDC 2021

World Bank and UNDESA
2017



Appendix B. Summary of key recommended
actions by section

Actions to promote human and ocean health. All based on the authors’ expert opinion, employing

actions need to be initiated immediately. Note, best available evidence. They do not represent a fully

scorings in this table are only semi-quantitative and quantitative analysis of all available information.

SECTION OPPORTUNITY/ACTION DETAILS FEASIBILITY | TIME TO REALISE | MAGNITUDE
1-5 (LOW BENEFITS 1-5 OF IMPACT

TO HIGH) (SHORT-TERM 1-5 (LOW TO
TO LONG-TERM) HIGH)

1 Create and support Monumental efforts, including the Earth 5
digital DNA libraries BioGenome Project (n.d.), the Internation-
containing the genetic al Barcode of Life Consortium (n.d.) and
blueprints for most ma- the Darwin Tree of Life Project (n.d.), need
rine life stable international funding by consortia of
nation-states. It is conceivable that the DNA
blueprints saved in these projects could be
used to ‘resurrect’ species that go extinct.
1 Improve funding for Much marine life remains unstudied for 5
equitable and sustain- its potential to yield valuable resources,
able marine medicine especially in regions where scientific infra-
discovery research that structure is not well developed. International
connects biodiverse but research partnerships that connect biodi-
financially-poor countries  versity-rich regions with those having high
with wealthy ones scientific capacity—while also promoting
scientific training, building capacity, follow-
ing good stewardship practices and abiding
by international standards recognising the
inherent rights of countries to their genetic
resources—should receive broad financial
support. Such investments have the poten-
tial to advance scientific development in
low- and middle-income countries (LMICs)
while also advancing attainment of the UN
Sustainable Development Goals.
1 Prioritise development of ~ Assessment of the published literature S
marine-based processes by expert bodies can identify promising
and products that are so-  processes and products. Impacts of such
cially relevant, econom- products must be considered in a balanced
ically sustainable and way, taking into full account policies, needs
environmentally friendly and negative results.
2 Uphold human rights and  Strategies that can help uphold human 4

support marine tenure

rights—and eliminate the most egregious
disparities related to income, race, edu-
cation and gender affecting food security
and nutrition—include understanding

and bolstering marine tenure (Cohen et al.
forthcoming); recognising, protecting and
supporting ocean defenders; and legislating
principles of do-no-harm to guide interna-
tional investments and transnational corpo-
rations involved in aquatic food production
practices (Wallis 2005; Human Rights at Sea
2023).
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SECTION

OPPORTUNITY/ACTION

Reform global finance
and trade to provide
more equitable access to
marine resources

Develop sustainable
nutrition-sensitive aqua-
culture and fisheries
management approaches

Promote ocean-sustain-
able healthcare systems
and practices

Ensure local commu-
nity co-creation in all
localised planning
implicating the marine
environment

DETAILS

FEASIBILITY
1-5 (LOW

TIME TO REALISE
BENEFITS 1-5
(SHORT-TERM
TO LONG-TERM)

TO HIGH)

Reforming the global financial and trade 3 3
system, such that sustainability and equity
are at the core, could build on recent mul-
tilateral successes. These include the new
UN High Seas Treaty and the World Trade
Organization’s success in phasing out some
fishery subsidies; although other subsidies
that lead to overfishing and overcapacity re-
main in place (Sumaila et al. 2019; Stokstad
2023). Building on these successes, multi-
lateral cooperation in trade should now look
to redirect finance to support investment

in technologies that support sustainable
production practices and efforts to meet
global climate targets (Cheung et al. 2023);
slow the removal of nutritious aquatic foods
from nations with a high prevalence of defi-
ciencies (Nash et al. 2022); and ensure that
trade works for low-income nations, through
debt relief and aligning trade with domes-
tic food security policy (Villars Framework
2023).

With nutrient composition data for fish 3-4 1-3
species now widely available (Hilborn et al.
2020), successful approaches to fishery
management can be identified or adapted
to support a sustainable increase in the
production of fish rich in target nutrients

to help close population-level nutrient gaps
(Robinson et al. 2022). Such an approach
can help maximise the contributions of
wild-caught fish to global food and nutrition
security.

Conventional healthcare systems need 2 3
to embed ocean criteria in their climate

strategies and harness their influence with

healthcare suppliers through procurement

frameworks that address both climate and

ocean criteria (such as pollution mitigation)

to protect ocean and human health (see

Case study 7).

Interdisciplinary urban ‘blue acupuncture’ 5 4
initiatives to improve access to a local

beach in a deprived community should be

co-designed with local residents, schoolchil-

dren, community actors and local govern-

ment (Mishra et al. 2023).
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MAGNITUDE
OF IMPACT
1-5 (LOW TO
HIGH)




SECTION OPPORTUNITY/ACTION DETAILS

FEASIBILITY
1-5 (LOW

TIME TO REALISE
BENEFITS 1-5
(SHORT-TERM
TO LONG-TERM)

MAGNITUDE
OF IMPACT
1-5 (LOW TO
HIGH)

TO HIGH)

Upscale existing, and
develop new, blue care
prescription programmes

Develop and deploy
indicators to measure
progress in both ocean
and human health

Advance behavioural
change policies to foster
pro-environmental
behaviour for ocean and
human health

Catalyse actions to create
cross-sectoral linkages,
encourage co-creation
and bridge organisation-
al divides
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Upscale blue prescribing programmes that
encourage participatory management with
local communities, prioritise underserved
groups and contribute to ocean or coast-

al recovery (as seen in Case study 6 and
Case study 8). A further benefit of these
programmes is that they provide opportu-
nities to support the health and wellbeing
of marginalised groups (including people
of colour), allowing them to re-engage

with beaches and other high-quality blue
spaces from which they have been excluded
because of historical racial and other segre-
gation or complete lack of access.

The use of economic indicators, such as
gross domestic product, has failed to
capture the natural capital provided by a
healthy ocean, while also hiding how these
benefits are derived and to whom these
benefits accrue (Fenichel et al. 2020). The
development and use of holistic indicators
that account for the distribution of wealth
from ocean activity, while prioritising both
ocean and human health, offer a key op-
portunity to highlight the need for, and the
returns from, an inclusive ocean and human
health-centred ocean economy agenda
(Kumar et al. 2019).

In the healthcare sector, pharmaceuticals
are crucial for improving healthcare but
often end up in the ocean; particularly in
LMICs where labour is cheap, environmen-
tal laws less stringent and where many
pharmaceuticals are made. An example of
an early-stage intervention to combat the
impact of pharmaceuticals in the ocean

is Scotland’s first blue-green prescribing
programme to protect the ocean from phar-
maceutical pollution by using nature-based
health interventions (Jankovi¢ 2023).

An example of a good practice is outlined in
Case study 9, which highlights the capac-
ity for communities in southern coastal
Bangladesh to develop locally sustaining,
inclusive actions with ocean and human
health that also have the potential to further
encourage multi-sector collaborations
across local, regional and national scales
(Islam et al. 2021; Islam 2022).
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