
 VIEWPOINTS 

      LORA E.   FLEMING   

     PHILIP J.   LANDRIGAN   

     OLIVER S.   ASHFORD   

     ELLA M.   WHITMAN   

     AMY   SWIFT    

     WILLIAM H.   GERWICK   

     JOHANNA J.   HEYMANS   

     CHRISTINA C.   HICKS   

     KARYN   MORRISSEY   

     MATHEW P.   WHITE    

     LOTA   ALCANTARA-CREENCIA    

     KAREN A.   ALEXANDER   

     THOMAS   ASTELL-BURT   

     ROBERTO G. S.   BERLINCK   

     PHILIPPA J.   COHEN   

     RICHARD   HIXSON   

     MOHAMMAD MAHMUDUL   ISLAM   

     ARIHIRO   IWASAKI   

     RADISTI A.   PRAPTIWI   

     HERVÉ   RAPS   

     JAN YVES   REMY    

     GEORGINA   SOWMAN   

     EVA   TERNON   

     TORSTEN   THIELE   

     SHAKUNTALA H.   THILSTED   

     JACQUELINE   UKU   

     STEPHANIE   OCKENDEN    

     PUSHPAM   KUMAR   

 *Author affiliations can be found in the back matter of this article  

            Enhancing Human Health 
and Wellbeing through 
Sustainably and Equitably 
Unlocking a Healthy 
Ocean’s Potential 

   ABSTRACT  

  A healthy ocean is essential for human health, and yet the links between the ocean and 

human health are often overlooked. By providing new medicines, technologies, energy, 

foods, recreation, and inspiration, the ocean has the potential to enhance human health 

and wellbeing. However, climate change, pollution, biodiversity loss, and inequity threaten 

both ocean and human health. Sustainable realisation of the ocean’s health benefits will 

require overcoming these challenges through equitable partnerships, enforcement of laws 

and treaties, robust monitoring, and use of metrics that assess both the ocean’s natural 

capital and human wellbeing. Achieving this will require an explicit focus on human rights, 

equity, sustainability, and social justice. In addition to highlighting the potential unique 

role of the healthcare sector, w e offer science-based recommendations to protect both 

ocean health and human health, and we highlight the unique potential of the healthcare 

sector tolead this effort. 
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INTRODUCTION

The health and wellbeing of all people depend on the health of the ocean (see Table 1). 

Photosynthetic microorganisms in the sea generate 50% of the oxygen produced each year and 

80% of all oxygen ever generated [1]. By absorbing 25% of all CO
2
 emissions and more than 90% 

of excess atmospheric heat [2,3], the ocean stabilises the climate, slows global warming, and 

enables the thriving of civilisations.

BENEFIT/
OPPORTUNITY

HEALTHY OCEAN BENEFIT POTENTIAL HUMAN 
HEALTH AND 
WELLBEING BENEFIT

CITATIONS

Climate and 
weather

The ocean is critical to the fight against 

climate change.

Prevention of injury, 

death, and mental 

health impacts from 

extreme weather

Villasante et al. 2023 

[3]; Falkenberg et al. 

2023 [4]

Heat and CO
2
 

sink
The ocean absorbs 25% of all CO

2
 

emissions and more than 90% of 

excess atmospheric heat.

Prevention of extreme 

heat, crop loss, 

starvation

Hoegh-Guldberg et al. 

2023 [2]

Oxygen The ocean sustains all life on earth by 

providing 50% of the oxygen produced 

on earth each year and 80% of all the 

oxygen ever created.

Prevention of crop and 

other biodiversity loss

Grégoire et al. 2023 [1]

Biodiversity 
(including 
marine 
protected 
areas [MPAs])

Emerging research with communities 

living in/around MPAs and other 

areas designated as protected; 

diverse human health and wellbeing 

benefits;  and collaborative and 

effective management with ongoing 

involvement of local communities 

is essential toward creating and 

sustaining these ocean and human 

health benefits.

Livelihoods, improved 

nutrition, decreased 

overall national 

mortality, and 

improved child health 

as well as positive 

ecosystem impacts

Winther et al. 2020 

[5]; Madarcos et al. 

2021 [6]; Haque et al.  

2023 [7]; Nowakowski 

et al. 2023 [8]; Ban 

et al. 2019 [9]; Gollan 

and Barclay 2020 [10]; 

Rasheed 2020 [11]

Livelihoods 
and economics

The ocean is a source of wealth. 

The ocean economy is estimated to 

generate US $1.5–2.5 trillion annually 

and to provide jobs for more than 30 

million people.

Seafood as nutrition 

and prevention of NCDs

and mental health 

impacts

OECD 2016 [12]; Ocean 

Panel 2020 [13]

Marine 
Biotechnology 
(including 
marine drugs)

Thirty thousand unique molecules 

and 10% of currently known natural 

products have been discovered 

in marine life; 23 approved 

pharmaceutical agents have been 

developed from marine molecules, and 

an additional 33 are in clinical trials.

The ocean is a source of new 

medicines and biotechnologies, from 

essential pain medicines to plastic 

alternatives to essential DNA libraries.

Development of 

treatments for 

inflammation, immune 

system disorders, skin 

pathologies, infectious 

diseases, NCDs, and 

cancers

Alternatives to 

plastics and creation 

of sustainable other 

biomaterials

Antunes et al. 2023 

[14]; Bouley et al. 2023 

[15]; CHEMnetBASE 

2023 [16]; Pascual 

Alonso et al. 2023 [17]

Seafood and 

food security
For more than 3 billion people, nearly 

40% of the world’s population, the 

ocean is an essential source of food 

and livelihood.

Prevention of 

starvation, childhood 

stunting, NCDs

FAO Duke University & 

WorldFish 2022 [18]; 

Maycock et al. 2023 

[19] Golden, et al. 2021 

[17]; Tigchelaar et al. 

2022 [20]; Naylor et al. 

2021 [21]; Golden et al. 

2016 [22]

Blue spaces 
(including 
culture)

Interactions with the ocean and with 

other blue spaces enhance the physical 

health and mental wellbeing of 

humans from infancy to old age.

Support culture, 

physical health, and 

mental wellbeing

White et al. 2020 [23]; 

Fleming et al. 2019 [24]

(Contd.)

https://dx.doi.org/10.5334/aogh.4471


3Fleming et al.  

Annals of Global Health  

DOI: 10.5334/aogh.4471

THREAT UNHEALTHY OCEAN RISKS POTENTIAL HUMAN 
HEALTH AND 
WELLBEING RISKS

CITATIONS

Heat As the ocean absorbs more heat, 

the sea surface temperature rises: 

increased frequency of extreme 

weather, polar ice melting, sea level 

rise, and coastal flooding; migration 

of fish stocks from dependent 

communities; increased harmful algal 

blooms (HABs); and pathogen spread.

Death

Injury

Infectious diseases

Starvation

HAB illnesses

Mental health

NCDs

Disrupt cultural 

integrity

Nash et al. 2017 [25]; 

Falkenberg et al. 2023 [4]

Acid Increased atmospheric CO
2  

is absorbed 

by the ocean; low pH dissolves coral, 

shellfish, and calcium-containing 

microorganisms that sustain the entire 

marine web, and impacts fisheries.

Starvation

Obesity

Mental health

NCDs

Disrupt cultural 

integrity

Nash et al. 2017 [25]; 

Falkenberg et al. 2023 [4]

Deoxygenation Dissolved ocean oxygen decreases as 

oceans become warmer and more 

acidic: oceanic ‘dead zones’ impact 

fisheries.

Starvation

Obesity

Mental health

NCDs

Disrupt cultural 

integrity

Grégoire et al. 2023 [1];

Falkenberg et al. 2020 

[26]

Overfishing Destructive industrial fishing practices, 

with rising temperatures and pollution, 

damage ocean ecosystems and 

biodiversity, and deplete fisheries. 

Starvation

Obesity

Mental health

NCDs

Disrupt cultural 

integrity

FAO Duke University & 

WorldFish 2022 [18]; 

Maycock et al. 2023 

[19]; Golden, et al. 2021 

[17]; Tigchelaar et al. 

2022 [20]; Naylor et al. 

2021 [21]; Golden et al. 

2016 [22]

Oil and gas 
extraction 

Fossil fuel extraction and transport 

release toxic hydrocarbons, increasing 

climate change; oil spills injure and kill 

marine organisms, destroy biodiversity, 

and impact fisheries.

Death

Injury

Mental health

Increased NCDs

Disrupt cultural 

integrity

Nash et al. 2017 [25]; 

Landrigan et al. 2020 

[27]; Lelieveld et al. 

2019 [28]

Deep-sea 
mining

Deep-sea mining may damages the 

seabed and vulnerable habitats, 

releases radiation, and impacts 

fisheries. 

Obesity

NCDs

Cancer

Starvation

Disrupt cultural 

integrity

Landrigan et al. 2020; 

[27] Hamley 2022 [29]; 

Miller et al. 2021 [30]

(Contd.)
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The ocean is a source of great wealth. More than one-third (2.75 billion) of the world’s population 

lives within 100 km from the coast and 14 of the world’s 17 megacities are located on the coasts 

[34]. The ocean economy generates more than US $1.5–2.5 trillion per year, provides over 30 

million formal jobs [12], and supports the livelihoods of another 500 million people employed 

informally in artisanal and small-scale fisheries [18].

The ocean is a major source of food, preventing malnutrition and potentially chronic diseases. 

Fish and other aquatic foods feed over three billion people, 40% of the world’s population [35,19].

The ocean provides joy, peace, recreation, and spiritual sustenance. For thousands of years, it has 

inspired art and shaped cultures. Interactions with blue spaces (coasts, salt marshes, beaches, 

and the ocean itself) promote physical health, mental health, and social wellbeing from infancy 

to old age and have been shown to extend longevity [23,24]. For all these reasons, the coasts and 

ocean have become major destinations for tourism, wellbeing interventions, and retirement [36].

Unique molecules and organisms found only in marine species have provided multiple essential 

medicines and some of the world’s strongest adhesives [37]. The extraordinary structures of 

marine organisms have inspired breakthroughs in architecture and engineering [14,15].

Properly managed, the resources of the ocean have the potential to sustainably and equitably 

benefit humanity through increased employment, an enhanced economy, and strengthened 

infrastructure (including healthcare), while reducing environmental risks, ecological scarcities, 

hunger, and social injustices [38,5,13,39].

However, the ocean is under threat, and current threats to the health of the ocean impede the 

realisation of its potential benefits [40]. These threats are largely of human origin (Table 1). They 

include the worsening impacts of climate change (e.g., sea surface warming, violent storms, sea 

level rise, coastal flooding, ocean acidification); pollution by plastics, petrochemicals, and heavy 

metals from industry and agriculture (see Figure 1); unchecked coastal urbanisation that releases 

nutrients, pharmaceuticals, and microbial pathogens into the inshore ocean; oil and gas extraction; 

deep-sea mining; loss of biological diversity; and illegal, industrial, and distant-water fishing (see 

Table 1 for selected references).

Pollution Eighty percent of pollution arises on 

land from human activities: plastics, 

heavy metals, petroleum waste, 

manufactured chemicals, pesticides, 

radiation, and nutrients (including 

sewage); these pollutants damage 

ecological health and biodiversity, and 

impact fisheries.

HAB illnesses

Neurotoxicity

Foetal/developmental 

toxicity

Reproductive toxicity

Mental health

NCDs

Cancer

Disrupt cultural 

integrity

Landrigan et al. 2020 

[25]; Landrigan et al. 

2023 [27]; Short et al. 

2021 [31]

Economics Profit-driven, ocean-based economic 

development offers short-term 

economic gain, with no concern for 

ocean health, the health and wellbeing 

of marginalised coastal communities, 

biodiversity, and marine degradation. 

Occupational injury and 

death

Starvation

Mental health

Disrupt cultural 

integrity

Germond-Duret et al. 

2022; Das 2023 [32,33]

Table 1 Selected direct and indirect risks, benefits, and opportunities for human health and wellbeing from 

interactions with the ocean.

THREAT UNHEALTHY OCEAN RISKS POTENTIAL HUMAN 
HEALTH AND 
WELLBEING RISKS

CITATIONS

https://dx.doi.org/10.5334/aogh.4471
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   The consequences of these diverse and complex threats are increasing damage to marine 

ecosystems, especially in sensitive areas such as coral reefs, and to the depletion of fisheries 

[ 25 , 27 , 26 , 41 ]. Ultimately these pressures could lead to declines in the biomass of marine 

photosynthetic species, thus reducing the ocean’s capacity to store CO 
2
  and generate oxygen 

[ 42 , 43 ]. 

 All of these threats to ocean health can directly and indirectly cause harm to human health 

and wellbeing by increasing risks of injury, malnutrition, gastrointestinal illnesses and other 

communicable illnesses, mental health problems, and non-communicable diseases (NCDs) such 

Figure 1   The Ocean Pollution-Berg: Plastic waste is just the tip of a larger ocean pollution problem (source: 

artist Will Stahl-Timmins; Landrigan et al. 2020 [ 27 ]).  

https://dx.doi.org/10.5334/aogh.4471
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as cardiovascular disease and cancer (see Table 1) [24,27,44]. Because the threats to ocean health 

are largely of human origin, they are preventable.

Recognition is growing that the current threats to the ocean constitute a global emergency, and 

that urgent global action is needed to protect ocean health and thereby safeguard the health of 

all humanity. 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 [45]. But that is only one side of the story (Figure 2). 

The ocean offers many opportunities for improving human health and wellbeing, and the vast 

magnitude of these opportunities is only beginning to be appreciated (see Table 1) [5, 46].

In this viewpoint, we explore the emerging opportunities that the ocean holds for humanity 

through a brief overview of the current evidence and the presentation of brief case studies (see 

Box 1 Definitions). And second, we offer regional, national, and international policymakers as 

well as all citizens of the world a selection of achievable actions for equitably and sustainably 

improving human health and wellbeing through realisation of the ocean’s resources. We examine 

these opportunities in four key areas:

 • Medicine and biotechnology

 • Sustainable food security

 • Physical, mental, and social health and wellbeing

 • The economy and equity

Figure 2 A tangled net: complexity of selected interconnections between human health and activities in and 

around seas and oceans (Source: artist Will Stahl Timmins; Fleming et al. 2019 [24]).

https://dx.doi.org/10.5334/aogh.4471
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We use ‘ocean’ and ‘oceans’ interchangeably; and we define the seas, coasts, and ocean as 

‘healthy’ when they are resilient, productive, and diverse [47].

The United Nations (UN) Brundtland Commission (1987) defined ‘sustainability’ as ‘meeting 

the needs of the present without compromising the ability of future generations to meet 

their own needs’; and the UN has defined ‘equity ’ as ‘fair and equal distribution of power, 

economic resources, opportunities, goods and services across the social spectrum’.

Human ‘health’ is defined as ‘a state of complete physical, mental and social wellbeing and not 

merely the absence of disease or infirmity’ [48]. We use ‘wellbeing’ as a positive state experienced 

by individuals and societies. Wellbeing encompasses both physical health and mental health, 

and is determined by social, racial economic, environmental, and historical conditions [49].

We conclude by advancing the argument that if new medicines, technologies, and foods are to 

continue to come from the ocean, and if the ocean is to continue to provide health, wellbeing, 

livelihoods, recreation, and inspiration to people around the world, we must work together to 

preserve and protect its resources. We highlight the potential role of the healthcare sector to 

advocate for and actualise more sustainable interactions between the ocean and human health. 

And regardless, as we realise the ocean’s great benefits, we must ensure that these benefits are 

realised sustainably and equitably [5,40,50].

OCEAN-BASED OPPORTUNITIES FOR HUMANITY

MEDICINE AND BIOTECHNOLOGY

The rich biodiversity of the ocean holds many opportunities for promoting and enhancing human 

health and wellbeing. The ocean has the potential to be a sustainable source of new medicines 

and biotechnologies, ranging from pain medicines and cancer drugs to plastic alternatives and 

new chemical catalysts [14,15].

To date, 23 pharmaceutical agents have been developed and approved from marine molecules, 

and an additional 33 are in clinical trials and development [14]. These therapeutics have been used 

already for treatment of cancers, infectious diseases, immune system disorders, skin pathologies, 

and inflammation [16,17] (see Case Study 1).

CASE STUDY 1. ANTICANCER MEDICINES FROM MARINE 
CYANOBACTERIA

The Cyanobacteria (blue-green algae) are an ancient group of organisms that arose on earth 

over two billion years ago. They are abundant producers of biologically active substances. 

Larger marine organisms that feed on cyanobacteria, such as sea slugs, can accumulate these 

biologically active compounds and use them in their own defense against predators [14].

Several cyanobacterial compounds extracted from sea slugs show great promise for the 

treatment of diseases such as cancer. For example, dolastatin 10 is a natural product 

originally discovered in an Indian Ocean sea slug, Dolabella auricularia, which has extremely 

potent antitumour activity, and related medications have been developed to successfully 

treat cancer [51].

Products such as food supplements, fuels, and nanoparticles manufactured from marine resources 

have the potential to generate less waste and less CO
2
 than current manufacturing processes, 

https://dx.doi.org/10.5334/aogh.4471
http://www.un-documents.net/our-common-future.pdf
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which are based largely on fossil carbon [52,53]. For example, farmed seaweed commands a high 

value for food, cosmetic, and medical purposes (Figure 3). Seaweeds are rich also in essential 

nutrients (carotenoids, vitamins, and phenolic antioxidants), and thus may help to mitigate the 

nutrient-poor diets of many coastal populations; these materials can be produced by socially 

conscious and environmentally and economically sustainable aquacultural methods, including 

large-scale production [54].

An additional benefit of seaweed cultivation is that it can also sustain non-chemical agriculture 

on land and in the ocean; for example, metabolites contained in seaweed can stimulate crop 

growth to improve agricultural food production on land without the addition of fossil fuel–based 

nutrients [55]. By significantly reducing methane emissions from livestock farming, red seaweeds 

are currently being explored as a supplement for dairy and beef cows; methane from ruminant 

animals is responsible for approximately 15% of the global anthropogenic greenhouse gas 

emissions driving global climate change [2,56].

Most marine biodiversity is still undocumented, and marine organisms’ unique adaptative traits 

are still largely undiscovered. Only 3,300 of the 1.5 million known animal species on earth have 

had the DNA of their genomes fully sequenced [57]. This rich and still largely unexplored biological 

diversity offers important potential benefits for human health and wellbeing in terms of food, 

medicines, and marine biotechnology, as well as opportunities for sustainably and equitably 

Figure 3 Seaweed-based biomaterial used to 3D print inhaler prototype 

(front), set against a jar of the seaweed, used as an alternative feedstock 

to fossil fuels used in current medical device manufacturing (back). 

Source: with permission: Symbio-tex (https://www.symbio-tex.com/).

https://dx.doi.org/10.5334/aogh.4471
https://www.symbio-tex.com
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strengthening the global economy [40]. Properly accessed, these benefits could address many 

of the challenges that surround us in the current age and sustain humanity in the future [14,15].

To protect and explore this biodiversity, there is an urgent need to undertake periodic inventories 

of marine organisms; conduct detailed biochemical investigations of adaptive traits; and initiate 

studies of accelerated evolution, potentially 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 [58].

SUSTAINABLE FOOD SECURITY

Fish and other aquatic foods feed more than three billion people, nearly 40% of the world’s 

population [35]. Properly managed, the ocean could produce enough food to significantly nourish 

the entire population of the globe [18,19,59,20].

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 low and middle-income countries 

(LMICs). They provide livelihood and food security for communities in every country, including for 

women and indigenous communities [18,59,20].

In rural and remote areas in low- and middle-income countries where land-based diets may be 

lacking in key micronutrients, locally available fish and other seafood harvested from healthy ocean 

ecosystems can provide vital nutrition and micronutrients, preventing malnutrition particularly 

in children [60,61]. For example, seafood products are increasingly used as key ingredients in 

emergency supplementary and ready-to-use therapeutic food programmes [62,63], as well as 

in school feeding programmes [64], where they play a critical role in preventing micronutrient 

deficiency and its health consequences [65] (see Case Study 2). Seafood may become an 

increasingly important source of nutrition in such areas in future years, because increased 

concentrations of atmospheric carbon dioxide from climate change appear to reduce levels of 

protein, zinc, and iron in staple land-based food crops [66].

Ongoing 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 

(Case Study 2). These programmes are most effective when the food is procured locally and local 

knowledge is integrated with the latest nutritional insights to enhance the potential benefits [65].

CASE STUDY 2. INCLUSION OF SMALL FISH POWDER IN 
THE MEALS OF CHILDREN IN ANGANWADIS AND PRIMARY 
SCHOOLS, IN ASSAM, INDIA

Matsya Paripushti (Complete Nourishment through Fish) is a newly initiated feeding programme 

by the Assam state government that includes the addition of a powder made from small fish 

to the midday meals of 4,000 children aged 3–6 years attending rural health care centers and 

children aged 6–10 years in lower primary schools in the Kamrup district. 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. The 

goal is to improve the nutrition and health of children, through improving dietary diversity and 

increasing the intake of micronutrients, essential fatty acids, and protein [67].

Current challenges to the health of the ocean threaten food security and increase the risk of 

malnutrition (both from starvation and obesity), particularly for children and coastal indigenous 

populations [19]. These challenges include climate change, pollution, and loss of marine 

biodiversity; improper ocean governance; ineffective, inequitable, and unsustainable fisheries 

management; poverty; and the inequitable distribution of seafood [18,5,68,69].

https://dx.doi.org/10.5334/aogh.4471
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PHYSICAL, MENTAL, AND SOCIAL HEALTH AND WELLBEING

A growing body of evidence demonstrates that spending time in, on, and by the ocean enhances 

physical health and mental wellbeing and that interacting with a healthy ocean can contribute 

to ‘the fundamental right of every human being…to enjoy… the highest attainable standard of 

health’: [70].

The benefits of residence near the coast are particularly strong among poorer communities 

with high levels of environmental and socio-economic disadvantage [71] and during times of 

great stress such as financial downturns and the COVID-19 pandemic [72]. The disproportionate 

benefits of coastal residence are seen globally and are by no means restricted to the Global 

North (see Case Study 3) [73,74,75].

CASE STUDY 3: THRIVING DURING THE COVID-19 PANDEMIC 
(INDONESIA): THE OCEAN AS A SOURCE OF SOLACE IN TIMES 
OF STRESS 

Artisanal fishing is the predominant work of small island communities in Indonesia, 

and these communities rely on local coastal and marine ecosystems for their food and 

their economic livelihoods. Emerging evidence indicates that ecosystems in small island 

communities in Indonesia are important sources not only of sustenance, but also of health 

and wellbeing.

Lockdown measures imposed during the COVID-19 pandemic resulted in economic loss, 

increased household conflict, and diminished access to healthcare in these often remote 

communities. However, engagement in ocean-based recreational activities during this 

challenging time, especially collective immersive interactions such as swimming and 

snorkeling, were shown to protect, or ‘buffer’, people against adverse mental health 

outcomes [73,74].

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.

The Global Burden of Disease study [76] finds that the disease burdens in many countries are 

shifting from communicable, nutritional, and neonatal issues to non-communicable diseases 

(NCDs) such as cardiovascular diseases, diabetes, depression, and cancer as these countries 

develop economically, urbanise, and industrialise. Strategies to prevent NCDs that are developed in 

individuals and communities living near the ocean may offer important and widely generalisable 

health benefits (See Case Studies 3 and 4) [44].

CASE STUDY 4: BLUE HEALTH AND WELLBEING 
‘PRESCRIPTIONS’: THE BAY (MORECOMBE, UK) 

Morecombe Bay is a large stretch of coastline in North West England (UK). 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 

organised by and supporting different local coastal communities. The Bay Programme 

offers a range of interventions that encourage greater coastal use to both treat and prevent 

chronic health conditions. Nearly 500 individuals will be supported over the first two years 

of the programme’s delivery.

https://dx.doi.org/10.5334/aogh.4471
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The social, environmental, and economic benefits of blue social prescribing are extensive. 

Early social return on investment (SROI) analyses suggest that for every £1 invested in Bay 

activities, there is £2.16 of benefit in terms of reduced costs of treating mental health-related 

conditions [77]. This return is conservative, as 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.

Marine protected areas (MPAs) offer particular benefits for physical and mental health. Among 

communities in the Global South living in and near MPAs, emerging research demonstrates that 

residence in these areas provides multiple benefits to human health and wellbeing, including 

decreased all-cause mortality, improved child health, and extended longevity. Positive ecosystem 

impacts are also seen (see Case Study 3) [6,7,8].

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. In keeping with these resolutions, governments must take great care when 

they designate coastal and island ecosystems as MPAs to recognise and respect the rights of the 

people who live in and near these areas. Specifically, they must seek to minimise the negative 

impacts of MPA designation on population displacement, erosion of traditional marine tenure, loss 

of livelihoods, geographic exclusion, and inequitable benefit sharing (c.f. [78]).

These goals can be achieved through meaningful engagement with local communities, abiding by 

customary norms and institutions, and respect for traditional, area-based conservation measures 

(OECMs). Such participatory, community-based approaches are essential to ensure the sustainable 

future of both people and the   ocean [79,9,10,11].

THE ECONOMY AND EQUITY

The ocean is a source of enormous wealth and is estimated to generate US $1.5–2.5 trillion 

annually [12]. The ocean provides formal jobs for more than 30 million people, including workers 

engaged in formal fishing operations, mariners, and workers in the global coastal tourism 

and recreation industries [12]. Additionally, it supports the livelihoods of millions more people 

informally employed in artisanal and small-scale fisheries [18].

Properly managed, ocean resources have the potential to benefit all sectors of society in all countries 

through increased employment opportunities, enhanced economic revenues, strengthened 

infrastructure, and human health and wellbeing, while reducing environmental risks, biodiversity 

loss and ecological scarcities, and social injustices [38,5].

Contravening that egalitarian vision, extractive ocean industries such as bottom dredging, 

distant-water fisheries, and oil drilling, which often operate under the banner of the ‘Blue 

Economy’, are degrading the ocean environment, releasing vast quantities of greenhouse gases, 

polluting air and water, depleting marine resources, and deepening global economic inequity 

[39,80]. These industries are guided by a linear economic paradigm that focuses single-mindedly 

on short-term gain as measured by the Gross Domestic Product (GDP), views natural resources 

and human capital as abundant and expendable, and gives no heed to the consequences of their 

reckless exploitation. This paradigm fails to link economic gain to social justice or to maintenance 

of the earth’s resources. It is not sustainable [13,81].

To deliver sustainable health and wellbeing outcomes for all, the ocean economy must position 

equity at the core of its agenda. It must encourage economic development without ecosystem 

destruction and prize sustainability over short-term profit taking [13,39].

Key to measuring progress toward a more sustainable economy will be the deployment and routine 

use of economic metrics that look beyond GDP and short-term gain and quantify the ‘inclusive 

wealth’ of nations. Inclusive wealth is defined as the aggregate value of all capital assets, where 

the value of a unit of a capital asset is measured by the contribution it makes to increasing current 
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and future human wellbeing [81,82]. A nation’s inclusive wealth includes the value of its natural 

resources (natural capital) and its human resources (human capital).

Measures of natural capital quantify the full benefits of nature and allow assessment of the costs of 

natural resource depletion. Routine use of these measures thus has potential to expand cost-benefit 

assessments and widen decision-making beyond a narrow focus on short-term profit [81]. An 

example is the calculation of the economic value of the flood control ecosystem services provided 

by wetlands, salt marshes, and mangrove forests compared to the costs of destroying these natural 

coastal systems and replacing them with concrete flood barriers and beachfront hotels [83].

To measure progress toward a more sustainable ocean economy, a framework is required that 

assesses blue natural capital. The urgency of deploying such a framework is underscored by the 

findings of

The latest Inclusive Wealth Report from the UN Environment Programme (UNEP), which finds that 

the natural capital of 163 countries declined in the 27-year period from 1992 to 2019 [81]. Proper 

quantification and valuation of blue natural capital can slow the depletion of marine resources. 

It can help integrate consideration of ocean resources, including blue carbon, into conventional 

decision-making and counterbalance shortsighted economic drivers [81].

A promising strategy for encouraging inclusive growth that improves the health and wellbeing 

of coastal communities is ‘social innovation’. Social innovation is defined as a process whereby 

relevant actors and institutions join in self-organising, community-driven networks to develop 

new and improved ways of collaborative action [84]. The core objective is to deliver bottom-up 

behavioural change across multiple actors [85].

A positive example of such intervention is seen in the case of small-scale fisheries in LMICs, where 

prioritisation of equity and human health has been shown to increase ocean health, improve 

nutrition, enhance food security, stabilise local economies, and increase physical and mental 

wellbeing across all age groups (see Case Study 5) [84,86,87,88].

CASE STUDY 5. BANGLADESHI FISHERS’ COLLECTIVE ACTION 
TO CREATE INCLUSIVE GROWTH FOR OCEAN AND HUMAN 
HEALTH

The hilsa shad (Tenualosa ilisha) fishery is Bangladesh’s single most important fishery, 

employing 50,000 people, predominantly artisanal fishers.

Access to fishing equipment and to lucrative urban markets has traditionally been largely 

controlled by middlemen, presenting a structural problem in the hilsa industry. 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.

To counter these negative economic pressures, fishers in several villages along the southern 

coast of Bangladesh have begun to form rural self-developing societies/cooperatives that 

extend financial support and equipment to their members. These groups hold potential for 

protecting community interests, enhancing communal and individual health and wellbeing, 

and promoting ocean stewardship.

Within rural fishing communities that have formed cooperatives, reports show that increased 

social cohesion and collective action are emerging as a basis for future adaptation strategies, 

while positive support within the group helps their mental health. These cooperatives also 

benefit physical health, for example, by providing collateral-free loans to support food and 

nutritional security during seasonal fishery closures and to cover the costs of treatment 

during illness [87].
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Building alternative skills and self-help rural infrastructure development could also 

support better market access towards enhancing fishery income and poverty alleviation 

programmes. The challenge remains of how to support such initiatives to maintain their 

self-determination in the face of powerful and competing interests that are able to deliver, 

and profit from, economies of scale.

THE PARTICULAR ROLE OF HEALTH PROFESSIONALS AND THE HEALTH SECTOR

Because health professionals are trusted members of societies, who are seen and, in fact, are 

advocates for their patients as well as experts in human health and wellbeing, the health sector is 

uniquely well positioned to lead the way in advocating for sustained global action to protect ocean 

health [89,90,91]. Indeed, the health sector has come to recognise that ‘the overall environmental 

crisis is now so severe as to be a global health emergency’ [50].

However, many health professionals are unaware of or do not have the time and support to engage 

with the mounting body of literature on environmental threats to human health or the emerging 

literature indicating that contact with the ocean can improve mental and physical health [91]. They 

are not aware of the growing evidence which shows that physician-recommended interactions 

with nature (so-called social prescribing, or, in the case of the ocean, blue prescribing) can reduce 

risk and slow progression of NCDs while also enhancing mental health [92,93].

Greater engagement of the ocean health community with medical doctors, nurses, and public 

health professionals (and vice versa) is needed to engage, motivate, support, and secure buy-in 

from this influential group (see Case Study 6) [94,95].

CASE STUDY 6. THE NATIONAL HEALTH SERVICES: POTENTIAL 
FOR POSITIVE ACTION FOR OCEAN HEALTH

Healthcare has significant unintentional negative impacts on ocean health, including 

greenhouse gas emissions, pharmaceutical and plastic pollution, and destructive land 

use [96].

At the same time, healthcare systems are unique in their ability to support health and 

wellbeing within communities through place-based approaches that reduce inequalities in 

coastal and blue spaces at the patient, policy, and population level. For example, connecting 

patients with nature (including the ocean) through social prescribing programmes (blue 

prescriptions) can improve physical and psychological health outcomes and potentially 

restore and protect nature [92,93].

At the policy level, the health sector can play a key role in advocating for improved blue 

space infrastructure and quality with equitable access; for decreased use of fossil fuels, 

plastics, and other chemicals; and for biodiverse and clean coastal waters that encourage 

physical activity and restore mental health (see Healthcare Ocean https://www.healthcare 

ocean.org) [97].

Involving health professionals and the health sector in protecting ocean health will necessitate 

innovative efforts across multiple areas, including the education of all healthcare professionals, 

reducing the significant carbon footprint of the health sector [98,99], reducing medical waste 

and pollution, supporting science-based advocacy on behalf of patients, encouraging healthcare 

provider involvement with resources and evidence, and placing a greater emphasis on population 

health and prevention [50,89,91,97]. These efforts will extend into many areas, including energy, 

transport, supply chains, food, and education. The entire health sector must be involved, including 
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hospitals, healthcare systems, public health, biotechnology, pharmaceuticals, social care, and 

Indigenous health practices (see Case Study 7).

CASE STUDY 7. DECARBONISING HEALTHCARE’S MARITIME 
LOGISTICS

Emissions from maritime shipping activities for the healthcare sector have significant impacts 

on planetary and human health. For example, emissions from the UK National Health Service 

(NHS) supply chain represent 62% of its overall greenhouse gas (GHG) footprint (https://ww 

w.england.nhs.uk/greenernhs/a-net-zero-nhs/).

International shipping transports 80% of the medical and other supplies to the UK NHS; 

shipping is currently a carbon-intensive industry [100]. Therefore, decarbonisation of the 

maritime shipping sector is essential to achieve the NHS net-zero goals. Changes to reduce 

associated maritime emissions from 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.

The health sector is also uniquely positioned to model positive change. It can lead the way in 

encouraging industry leaders across diverse sectors and suppliers to place nature and the 

ocean at the center of all strategies through understanding, monitoring, and decreasing its 

own environmental footprint; supporting healthcare personnel and health sector suppliers with 

resources and evidence; helping ocean recovery; re-examining equitable connections to our coasts; 

and ensuring that all initiatives benefit both human and all our natural environments [95,96].

WHERE WE STAND TODAY AND THE PATH FORWARD

In this viewpoint, we have argued that the health and wellbeing of humanity, and indeed of 

all life on earth, are intimately linked to the health of the ocean. We have presented evidence 

documenting that a healthy ocean benefits human health and wellbeing in myriad ways.

We note, however, that the ocean’s benefits are threatened by climate change, worsening 

pollution, loss of biodiversity, and deepening economic and social inequalities. All of these threats 

to ocean health are of human origin. They are all driven by the uncontrolled quest for short-term 

economic gain (particularly by the Global North, China, and by multinational corporations) without 

heed for human or environmental consequences and with no concern for long-term sustainability 

[45,50]. And they can directly and indirectly negatively impact human health and wellbeing.

Key to overcoming these current challenges to ocean health will be cross-sectoral, cross-national 

partnerships and a global structure of laws, treaties, guidelines, and international organisations [13].

Even though action in protecting ocean health has to date been slow and fragmented, there are 

an abundance of positive activities at the local, national, regional, and international levels (see 

Table 2) [101]. On the international scale, these include the following:

 • The UN Convention on Biological Diversity (CBD) 30x30 targets (i.e., 30% of marine waters 

protected by 2030 [102]

 • The World Trade Organization (WTO) Fisheries Subsidies Agreement [103]

 • The UN Convention on the Law of Sea Treaty on Marine Biodiversity in Areas Beyond National 

Jurisdiction ([BBNJ] [104]

 • The UN Sustainable Development Goals, which include SDG 14, ‘Life Below Water: Conserve 

and Sustainably Use Oceans, Seas and Marine Resources for Sustainable Development’ [105]

 • The UN designation of 2021–2030 as the International Ocean Decade, with the strapline 

‘The Science We Need for the Ocean We Want’ (https://oceandecade.org).

https://dx.doi.org/10.5334/aogh.4471
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The next step in the evolution of these ocean policy initiatives must be the explicit inclusion 

in these policies of human health and human rights, key elements that at present are largely 

absent. If these strategies for protecting the ocean are to be effective and sustainable, they 

must go beyond enhancing ocean health and acknowledge the essential links between 

humanity and the ocean. They must advance social justice, protect human rights, especially 

the rights of disadvantaged people, and incorporate ‘a preferential option for the poor’. 

They must move ecological thinking beyond narrowly ‘green’ concerns and put people in the 

landscape [45,106].

To protect both ocean health and human health, 18 heads of state from diverse nations have 

joined together under the banner of the High Level Panel for a Sustainable Ocean Economy – 

the ‘Ocean Panel’ (www.oceanpanel.org). This panel’s goal is to sustainably manage 100% of the 

ocean area under national jurisdictions. These leaders believe that strategies for creation of a truly 

sustainable ocean economy must encompass effective protection, sustainable production, and 

equitable prosperity, and that these elements must all be aligned to create a ‘triple win’ for people, 

nature, and the economy (Figure 4).

To inform and advance their work, the Ocean Panel has commissioned more than 20 Blue Papers and 

Special Reports, created with input from over 350 experts across 54 countries (https://oceanpane 

l.org/publications/). These research outputs have explored myriad topics, including environmental 

threats to the ocean, ocean-based advances in renewable energy, coastal restoration, sustainable 

practices within fisheries, and marine transportation, most recently focusing on ocean and human 

health [108].

LEGAL FRAMEWORK/CONVENTION IMPACT

Exclusive Economic Zones (EEZ) under United Nations 

Convention on the Law of the Sea (UNCLOS)

Equitable distribution of ocean resources and marine 

protections between nations for energy production, 

food distribution, and other sovereign uses of the seas

South China Sea (SCS) Arbitration Suppression of potential conflict between nations 

that would precipitate a humanitarian crisis for many 

Pacific and Southeast Asian countries

Convention on International Trade in Endangered 

Species (CITES)

Protection of endangered species critical to the global 

food web

Convention on Biological Diversity (CBD) Conservation of environmental resources and 

governance of genetic resources for equitable 

distribution among human populations

Port State Measures Agreement (PSMA) Decreasing illegal, unreported, and unregulated fishing 

of stocks necessary for the subsistence of multiple 

human populations

International Whaling Commission (IWC) Regulation of whaling for native populations while 

protecting endangered species

Convention for the Conservation of Antarctic Marine 

Living Resources (CCAMLR)

Prevention of overfishing in the Antarctic and 

conservation of fish stocks essential to the 

nourishment of populations

United Nations Framework Convention on Climate 

Change (UNFCCC)

Dissuasion of fossil fuel usage to decrease pollution 

levels and increases in global warming

UN High Seas Marine Protected Areas/Areas Beyond 

National Jurisdiction (ABNJ)

Exploration of marine genetic resources for use in 

medicines

Pandemic preparedness treaty and future treaty on 

plastic pollution prevention

Global health security to prevent future public health 

emergencies of international concern (PHEIC), as well 

as direct effects of marine plastic pollution on human 

health

Table 2 Hypothetical health impacts of international marine laws (source: Carvalho et al. 2023 [101]).

https://dx.doi.org/10.5334/aogh.4471
https://www.oceanpanel.org
https://oceanpanel.org/publications/
https://oceanpanel.org/publications/


Fi
gu

re
 4

 T
h

e
 O

ce
a

n
 P

a
n

e
l (

h
tt

p
s:

//
o

ce
a

n
p

a
n

e
l.o

rg
/)

 A
) 

A
 S

u
st

a
in

a
b

le
 O

ce
a

n
 E

co
n

o
m

y 
ca

n
 C

re
a

te
 a

 T
ri

p
le

 W
in

 f
o

r 
Pe

o
p

le
, N

a
tu

re
 a

n
d

 t
h

e
 E

co
n

o
m

y.
 (

O
ri

g
in

a
lly

 p
u

b
lis

h
e

d
 in

: S
tu

ch
te

y 
e

t 
a

l. 

2
0

2
0

 O
ce

a
n

 S
o

lu
ti

o
n

s 
th

a
t 

B
e

n
e

fi
t 

Pe
o

p
le

, N
a

tu
re

 a
n

d
 t

h
e

 E
co

n
o

m
y 

[1
0

7
])

; a
n

d
 B

) 
th

e
 5

 K
ey

 A
re

a
s 

o
f 

Tr
a

n
sf

o
rm

a
ti

o
n

: H
e

a
lt

h
, E

q
u

it
y,

 K
n

o
w

le
d

g
e

, W
e

a
lt

h
, F

in
a

n
ce

 (
O

ri
g

in
a

lly
 p

u
b

lis
h

e
d

 in
: 

H
ig

h
 L

ev
e

l P
a

n
e

l f
o

r 
a

 S
u

st
a

in
a

b
le

 O
ce

a
n

 E
co

n
o

m
y.

 2
0

2
0

. T
ra

n
sf

o
rm

a
ti

o
n

s 
fo

r 
a

 S
u

st
a

in
a

b
le

 O
ce

a
n

 E
co

n
o

m
y:

 A
 V

is
io

n
 f

o
r 

Pr
o

te
ct

io
n

, P
ro

d
u

ct
io

n
 a

n
d

 P
ro

sp
e

ri
ty

. W
a

sh
in

g
to

n
, D

C
: W

o
rl

d
 

R
e

so
u

rc
e

s 
In

st
it

u
te

 [
1

3
])

.

https://oceanpanel.org


17Fleming et al.  

Annals of Global Health  

DOI: 10.5334/aogh.4471

OUR RECOMMENDATIONS

BOX 2. THREE KEY OVERARCHING ACTIONS FOR OCEAN AND 
HUMAN HEALTH

 • Protect, restore, and manage ocean biodiversity: The great potential of marine 

medicines and biotechnology and marine food sources depends on equitably, 

collaboratively, and effectively protecting and managing marine biodiversity.

Our Recommendation: Ratify and implement – with genuine commitment to effective 

management for biodiversity protection, equity, and human wellbeing goals – the 

United Nations Convention on Biological Diversity (CBD) 30x30 framework, the WTO 

Fisheries Subsidies Agreement, and the United Nations Convention on the Law of 

Sea Treaty on Marine Biodiversity in Areas Beyond National Jurisdiction (BBNJ) in 

collaboration with local resources 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 benefits for both ocean and human health.

 • Combat climate change and eliminate pollution: The health of coastal and island 

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. This will conserve healthy marine food sources, with particular 

focus on reducing emissions from fossil fuels to net zero by 2050 and eliminating 

plastic pollution.

Our Recommendation: Uphold the commitments of countries to the UNFCCC Paris Agreement, 

the COP 28 outcomes, and the UN Global Plastics Treaty, currently in negotiation.

To be protective of human health and wellbeing in countries around the world, and 

especially the health of wellbeing of people in the world’s most disadvantaged 

nations, the UN Global Plastics Treaty must impose a mandatory cap on global plastic 

production, mechanisms to curb the manufacture of single-use plastics, and strict 

safety requirements on the more than 10,000 synthetic chemicals added to 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 EU towards the 2050 vision of a ‘Healthy Planet for All’ by setting key 

2030 targets to speed up pollution reduction.

 • Improve measurement to support equity: It is essential to integrate measures of 

ocean health and human health, as well as metrics of natural capital and human 

capital, within ongoing monitoring, prevention, and evaluation programmes and to 

make data from these programmes widely available.

Our Recommendation: Incorporate the evidence and linked indicators of both ocean 

health and human health into all policies and decision making around ocean–human 

interactions.

Through continued measurement of indicators of both human and ocean health, 

effectiveness can be assessed, unintended consequences detected, policies improved, 

and course corrections made towards long-term prevention, sustainability, and equity. 

These monitoring data and appropriate expertise must be shared widely, including 

with the Global South, and made available and accessible.

We identify three key actions of overarching importance (Box 2):
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To sustain, protect, and expand both ocean and human health, these actions must begin now. 

Despite positive first steps, far more needs to be done urgently. In addition to our three overarching 

recommendations, we offer a series of more specific recommendations in the five areas identified by the 

Ocean Panel: health, equity, knowledge, wealth, and finance (see Table 3 and Figure 4 and Figure 5) [13]:

Figure 5 Opportunities for action to support both ocean health and human health and wellbeing in a 

changing planetary environment. Circles are plotted by feasibility (Y axis – the ability to carry proposed action 

to completion considering resources, government, and culture) and time to realise benefits (X axis – the 

duration required to realise benefits of proposed action). The relative size of the circle reflects the magnitude 

of impact of the action (in terms of overall benefit to ocean and human health globally). All actions need to 

be initiated immediately. Note that this figure is included primarily as a visual aid for readers. It is based on 

the expert opinion of authors employing best available evidence, not a quantitative analysis of all available 

information (Fleming, Landrigan et al. 2024 [108]).

Overarching  • Equitably deliver the 30 x 30 target, with genuine commitment to equity and human wellbeing goals and integrating OECMs

 • Slow climate change and prevent pollution from reaching the ocean, particularly by reducing greenhouse gas emissions from fossil 

fuels to net zero by 2050 and eliminating plastic pollution

 • Link ocean and human health indicators together for ongoing monitoring, prevention, and evaluation with shared data

Health  • Support equitable and sustainable marine medicine discovery research

 • Promote ocean sustainable healthcare systems

Equity  • Uphold human rights and support marine tenure for local communities and Indigenous Peoples

 • Ensure community co-creation and involvement in marine planning

 • Create cross-sectoral linkages to bridge divides and encourage co-creation

Knowledge  • Create and support digital DNA libraries containing the genetic blueprints for most marine life

 • Promote sustainable nutrition sensitive aquaculture and fisheries management

 • Develop policies to enable behavioural change to foster pro-environmental behaviour

Wealth  • Identify processes and products to be developed as socially relevant, economically sustainable, and environmentally friendly

 • Support sustainable seafood (mollusc and seaweed) cultivation and harvest

 • Upscale blue care prescription programmes

Finance  • Scale up investment in a sustainable and equitable ocean economy

 • Incorporate metrics of natural capital and human capital into all benefits evaluations

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

Table 3 Tabulation of opportunities for action to support both ocean health and human health and wellbeing in a changing planetary environment. 

All actions need to be initiated immediately (source: Fleming, Landrigan et al. 2024 [108]).
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OCEAN AND HUMAN HEALTH ACTIONS

Governments must take action to 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 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 the ocean and other ecosystems. Systematic incentive 

structures are needed for industries to invest in 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 (https://oceandecade.org): 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. As an example, 

seaweed-derived home-compostable bioplastics can be utilised for community healthcare 

products, reducing the need for fossil fuel derived single-use plastics (see Figure 3).

Researchers and public health organisations must scan the horizon for emerging climate-associated 

disease threats such as antimicrobial-resistant (AMR) 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 address their climate and pollution 

footprint.

OCEAN EQUITY ACTIONS

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 the coastal communities is part of the resilience assessment of any coastal area.

Uphold human rights and support the marine tenure of local 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 structures are introduced.

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 socio-economic ecological system, and enable human and ocean health.

OCEAN KNOWLEDGE ACTIONS

Enhance ocean skills and knowledge by 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, overexploitation, 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 private–public partnerships to develop ocean-sourced medicines and a variety of 

new products using the DNA blueprints.

Develop and share technologies to produce sustainable nutrition-sensitive marine food. The ocean 

provides valuable food and nutrition security to many people. Seafoods are generally good sources 

of dietary micronutrients (e.g., omega-3) which can be increased sustainably and equitably. 

However, we must address increasing inequalities in seafood distribution and consumption.

https://dx.doi.org/10.5334/aogh.4471
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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 processes of 

globalisation. For example, supporting all actors involved in small-scale fisheries, including women, 

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 the personal and societal values of the communities. This is particularly important 

for the healthcare sector: significantly undervalued, the ocean provides many benefits to human 

health and wellbeing.

OCEAN WEALTH ACTIONS

Identify management processes and ocean products that can 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 important, still undiscovered, potential for 

new medicines, new materials and new products.

Monitor overfishing, and stop illegal seafood harvesting. 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 are currently through mostly legal means) to the exclusive benefit of the richest 

countries.

Support mollusc and seaweed cultivation and harvest. The development of food technologies with 

a low carbon footprint should be encouraged. In addition to their potential as food, seaweed has 

many other potential sustainable uses: animal feed, fertilisers, bioplastics, and biofuels.

Upscale existing, and develop new, blue care prescription programmes. The cost to society of 

chronic diseases (cardiovascular, mental health) has been demonstrated, as has the contribution 

to health and wellbeing of access to marine and other blue space areas (‘blue health effect’). Make 

the ocean sustainably and equitably accessible for targeted intervention programmes to reduce 

health-related and other costs.

OCEAN FINANCE ACTIONS

Deliver investment pathways for a blue health economy that align with Sustainable Ocean Plans for 

100% 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 across the globe. Marine ecosystems are underfunded and 

the opportunities for returns are often not fully appreciated, yet the world economy depends on 

a healthy blue planet.

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 Fisheries Subsidies 

Agreement) to phase out selected fisheries subsidies: 1) redirect finance to support investment 

in technologies that support sustainable production practices and efforts to meet global climate 

targets; 2) slow the removal of nutritious aquatic foods from generally poorer nations with high 

prevalence of nutritional deficiencies to higher income ones; and 3) ensure 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 optimise the use of nature-based solutions (NBS) 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.
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This requires key reforms of the global trade and finance system, integrating inclusive and ethical 

accounting for both nature and human wellbeing with involvement of affected communities. 

Public–private partnerships and insurance solutions can serve to deliver further support and 

introduce price signals. Using these formats will help to reallocate risk and encourage private 

sector engagement alongside public funders.

CONCLUSION

We must act now and work collaboratively with individuals, communities, businesses, policymakers, 

the healthcare sector, academia, and governments from around the world to engage in a new 

vision of ocean citizenship and planetary stewardship.

Because health professionals are trusted members of societies, who are advocates for their 

patients and communities, the health sector is uniquely well positioned to lead the way and 

serve as a role model in safeguarding human health by protecting the health of the ocean 

[50,89,91,94].

Going forward, coastal communities, healthcare and other sectors, and many others need to 

join and support these global cooperative efforts for ocean and human health [109]. We support 

the call of the 18 heads of state who comprise the High Level Panel for a Sustainable Ocean 

Economy [13]:

‘We have a collective opportunity and responsibility to protect and restore the health 

of our ocean, and build a sustainable ocean economy that can provide food, empower 

coastal communities, power our cities, transport our people and goods, and provide 

innovative solutions to global challenges’.

Past successes combining environmental remediation with health protection and prevention give 

cause for hope. These victories have been enabled by international instruments and buttressed 

by national action. They include 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. While none of these instruments is perfect, they have all achieved measurable 

progress, and they demonstrate that positive change is possible and attainable.

The future emphasis needs to be on applying the precautionary principle to prevent future harm, 

and a vision of universal ocean citizenship and planetary stewardship [25,110,111]. Only then 

can we provide truly transdisciplinary, science-based policy advice and action with 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 all people, and no one is left behind.
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