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Executive Summary  

We are facing the existential threat of the climate crisis, which will devastate the 
lives and livelihoods of millions of people and destroy our Earth’s natural systems. 
The ocean is the ‘blue beating heart’ of our precious planet and its largest ecosystem. 
A healthy ocean with abundant marine and coastal biodiversity is fundamental to 
our life on Earth. As the world’s largest active carbon sink, the ocean is the greatest 
nature-based solution for climate change mitigation and its marine ecosystems offer 
essential adaptation opportunities.1 Our ocean and coasts provide a natural way of 
reducing the impact of greenhouse gases: through sequestration of carbon in natural 
environments including living plants and marine organisms; in the form of organic-
rich detritus; or as dissolved organic carbon.2 The carbon stored in coastal and 
marine ecosystems is called “blue carbon”.3 

https://unsplash.com/@noaa
https://flickr.com/photos/johnwturnbull/
https://creativecommons.org/licenses/by-nc-sa/2.0/
https://unsplash.com/@jorgeluis
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The ocean: champion for climate 
mitigation and adaptation 

Our ocean drives global systems that make our planet 
inhabitable for humankind and countless other species. 
It regulates our oxygen, water, weather, and our 
coastline ecosystems. According to the World Register 
of Marine Species, the ocean is home to some 238,000 
known species,4 with an estimated 91% of marine 
species not yet described by science.5 The ocean is also 
our planet’s largest carbon sequestration opportunity.6 
Marine vegetated habitats rich in blue carbon such 
as mangroves, seagrass meadows, intertidal salt 
marshes, and macroalgae such as kelp, cover only 0.2% 
of the ocean surface, yet contribute 50% of carbon 
sequestered in marine sediments.7 If properly restored 
and protected, these coastal blue carbon ecosystems 
alone could sequester up to 200 million tonnes (2%) 
of the CO2 humans are currently emitting every year.8 
Carbon is also sequestered by the ‘powerhouses’ of the 
ocean: phytoplankton, which are thought to contribute 
up to 45% of the planet’s net photosynthesis of CO2,9,10  
as well as by all living organisms in the sea that store 
carbon in their bodies which are buried on the seafloor 
when they die.11,12 

A healthy ocean and vibrant blue carbon ecosystems 
also provide important adaptation opportunities for 
communities faced with the threat of runaway global 
heating.  Currently, over three billion people depend on 
marine and coastal biodiversity for their livelihoods,13 
and some 680 million live in low-lying coastal zones,14 
where thriving marine-vegetated ecosystems such as 
mangrove forests provide a defence against climate 
threats such as tropical cyclones. A healthy ocean 
is therefore key to protecting the human rights of 
communities worldwide, as recognised by the UN’s 
Sustainable Development Goals.

Our ocean under attack

The stability and security of ocean ecosystems are 
profoundly threatened by global heating and this will 
damage the other natural systems that we depend on. 
Under the 2015 Paris Agreement, governments agreed 
to limit global heating to 1.5°C, but we are falling far 
behind this goal: the latest UN Emissions Gap Report 
predicted that under our current emissions trajectory, 
we could be heading towards at least 3°C of heating by 
the end of this century.15 The battle to prevent runaway 
global heating will also depend on the battle to protect 
ocean ecosystems and species. 

 
 
 
A 2015 study that investigated the cumulative impacts 
of human activities found that almost the entire 
ocean (97.7%) is affected by a combination of 
human-driven stressors.16 The dominant pressures 
are the impacts of anthropogenic climate change, 
such as ocean acidification and increased surface 
temperatures, as well as effects of the industrial fishing 
and shipping industries.17 

The health of the ocean is not only important to our 
planet, it is also directly linked to more equitable 
societies and economies, especially for coastal 
communities. Many of those who depend on ocean and 
coastal ecosystems, especially in developing nations, 
belong to marginalised, minority, impoverished or 
otherwise vulnerable communities, which are often 
the first and worst affected by pollution, overfishing 
or climate-driven disasters such as floods and storms. 
Ocean conservation and climate change mitigation 
must therefore come hand in hand with sustainable, 
inclusive and equitable development outcomes for 
these communities.

The ocean governance gap

Numerous national, regional and global conventions, 
agreements and programmes have a role in ocean 
governance, including binding international legal 
frameworks such as the UN Convention on the Law of 
the Sea, and non-legally binding agreements like the 
UN Agenda 2030 and its Sustainable Development 
Goal 14 and the Aichi Biodiversity Targets signed 
in 2010, where the world pledged to protect 10% of 
coastal and marine areas. However, none of these, 
either individually or collectively, facilitate the level 
of oversight and governance necessary to ensure truly 
sustainable and equitable management of our seas 
and ocean.18 Additionally, existing marine protected 
areas (MPAs) too often lack effective management 
and financial resources, and many are, in fact, simply 
‘paper parks’ with no meaningful management or 
enforcement capacity.19 The fact that none of the 
Aichi Biodiversity Targets were fully met by the 2020 
deadline20 demonstrates how governments have 
failed to live up to their commitments and give ocean 
protection the urgent priority it needs. 
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Prioritising blue carbon conservation 

In light of the upcoming Conference of the Parties to 
the Convention on Biological Diversity (COP 15) and 
the UN Climate Change Conference (COP 26), it is 
critical that governments act now to deliver on their 
promises and show urgent, visionary leadership to 
protect our ocean, and the people and planet it sustains. 
The significant carbon sequestration capacity of 
marine ecosystems demonstrates that the protection 
of biodiversity and climate mitigation and adaptation 
are inextricably linked. Therefore, the international 
community must set legally binding, measurable and 
ambitious ocean protection targets as an inherent part 
of climate policies. Policymakers around the world 
must work towards ocean governance that is led by a 
global, integrated and justice-oriented approach and 
driven by the collective action of all stakeholders.21 
The experience and knowledge of local communities 
should be acknowledged and represented in policies 
and practice, and true participation in ocean and 
climate action facilitated.

 
Crucially, the protection of marine ecosystems and 
biodiversity must not be used as a substitute for 
ambitious decarbonisation actions, which must take 
place across all sectors in a ‘whole of the economy’ 
approach, in order to meet the targets set out in 
the Paris Agreement. In this sense, it is critical that 
we uncover any activities that use the language of the 
climate emergency as a disguise for unsustainable use 
of the ocean and jeopardise human rights.

Blue carbon is not a ‘silver bullet’ for the climate crisis we 
all face, but realising its importance could pave the way 
to the much-needed shift towards a holistic approach 
in tackling the climate crisis. Blue carbon can be one 
of the tools we use to halt global heating and protect 
communities from the worst impacts of climate change. 

Protecting the ocean means protecting ourselves. The 
ocean and its flourishing diversity of life depends on our 
committed actions.

Paper parks: A lesson from European MPA governance 

European seas still lack effective management and impactful conservation measures. 
According to the European Court of Auditors, the current EU framework for protecting the 
marine environment does not provide the necessary protection for marine biodiversity, which 
is threatened by overfishing in European seas.22 Less than 1% of MPAs in the EU are strictly 
protected and can be considered effective marine reserves.23,24,25 To be effective, all MPAs 
must specifically cover (critically) endangered and vulnerable species and their habitats and 
restrict fishing in those areas as appropriate.26
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Blue Carbon Recommendations 

The ocean forms part of our common global heritage, and as such requires collaborative global policies to 
protect and preserve marine and coastal ecosystems for all. EJF recommends as a matter of priority that 
all governments: 

•  Integrate blue carbon and the climate control function of the ocean in their Nationally Determined 
Contribution (NDC), and address ocean conservation issues throughout the climate mitigation legislative 
packages. All NDCs must meet the commitments made in the Paris Agreement to limit global warming 
to 1.5°C, and include specific, legally binding targets to protect and restore blue carbon in addition to 
emissions reductions targets across all sectors.    

•  Commit to the 30x30 ocean protection plan and designate at least 30% of the ocean as ecologically 
representative fully or highly protected marine protected areas by 2030.27,28 States must further commit to 
protecting 30% of national and coastal waters, and to providing the resources necessary to fully protect 
designated MPAs.

•  All climate and marine policies must be based on the latest available scientific evidence. This will require 
increasing global funding for marine and social sciences, including rigorous study of little known deep 
sea ecosystems. New forms of exploitation of marine environments, such as commercial deep sea mining, 
must be placed under moratorium at least until conclusive baseline studies are finalised and effective, 
rigorous environmental risk assessments and risk mitigation strategies are developed. It is crucial that 
all states apply the precautionary principle in all ocean policy, especially where robust scientific evidence 
may be lacking.  

•  Lead with ambition at the upcoming Convention on Biological Diversity COP to set binding, measurable 
international biodiversity restoration and conservation targets, and to leverage technical and financial 
support for developing nations to meet such targets. Governments must address climate breakdown as a 
major challenge in biodiversity policies including the forthcoming Post-2020 Biodiversity Framework.

•  Work towards the prompt development of a strong, legally binding Biodiversity Beyond National 
Jurisdiction (BBNJ) Treaty that provides regulations targeting the protection of marine ecosystems. This 
will help to address the current lack of conservation protections for areas outside of national jurisdiction 
under the UN Law of the Sea Convention and other legal instruments.29

•  Ensure transparent and community-engaged policy decisions. Policies regarding climate change 
mitigation and adaptation as well as marine protection must be made with the full consultation of 
local communities to ensure their food security and other needs and rights are fully considered. All 
social, cultural, economic as well as environmental impacts of policies must be assessed based on the 
precautionary principle.

•  Provide support and funding for climate finance mechanisms that recognise the responsibility of historic 
greenhouse gas emitters to support community-led blue carbon restoration, nature-based solutions and 
ecosystem-based adaptation in developing countries. The financial burden during the transition period 
from the status quo to sustainably managed oceans should be shared between the Global North and South 
in accordance with the ‘polluter pays’ principle.  

•  Adopt EJF’s ‘10 principles for global transparency for the fishing industry’.30 These principles - which 
include simple, cost-effective actions such as publishing vessel licensing lists and making vessel tracking 
data publicly available - are well within the reach of any country and could play a pivotal role in the battle 
against illegal fishing and human rights abuse in the fishing sector and contribute to the sustainable 
management of our ocean ecosystems for people and the planet.

•  Ban destructive fishing practices such as dredging or bottom trawling in marine protected areas, and 
phase out fishing sector public subsidies, including fuel subsidies, that perpetuate the destruction of 
marine ecosystems.
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30 x 30 — Protecting at least 30% of the ocean by 2030 with an effective 
marine protected areas network

At the 2016 World Conservation Congress, the International Union for the Conservation of Nature (IUCN) 
members agreed to a marine protection target: to designate and implement at least 30% of each marine 
habitat in a network of highly protected marine protected areas. The IUCN calls on the parties to the 
Convention on Biological Diversity (CBD) to include this target in the post-2020 targets.31 Currently, only 
7.66%32 of the global ocean is covered by MPAs.33 Furthermore, these MPAs only protect an estimated 1.18% 
of the area beyond national jurisdiction, meaning that the high seas -- which make up roughly 61% of the 
global ocean surface - are almost completely unprotected.34

In addition, existing MPAs face insufficient financial and human resources needed to improve ocean health. 
A study by a team of 22 international scholars has shown that sufficient budget and staff can contribute to 
higher effectiveness of MPAs (as measured by the health of fish populations). In contrast, some of the MPAs 
lacking financial and human resources were found to have low positive impacts for marine conservation.35 
Therefore, simply designating 30% of the ocean as MPAs is not sufficient: governments must commit to 
providing the necessary resources to ensure MPAs can meet their conservation goals.

Another key element for effective marine conservation is the synergy between MPAs. States should 
prioritise creating MPA networks that work “cooperatively and synergistically, at various spatial scales, and 
with a range of protection levels that are designed to meet objectives that a single reserve cannot achieve”.36 
States must carefully assess the biological traits and place, size and space to form a coordinated MPA 
network to maximise the ecological benefits.

  
 

Justice-oriented ocean policies and economies

For too long, unsustainable development and extractive industries have driven the degradation of marine 
ecosystems. Access to ocean resources is not equitably distributed: a recent study showed that in 2018, 
the top 100 companies in ocean industries captured 60% (US$1.1 trillion) of the US$1.9 trillion in total 
revenues generated.37 This concentration of wealth and power in the ocean economy threatens the human 
rights of those who work in small-scale fisheries, who make up over 90% of those employed in fisheries 
worldwide, and of whom 97%  live in developing countries.38,39 These people are often drawn from the 
communities with the deepest relations to, and knowledge about,  a region’s ecosystems, and who bear the 
least historical responsibility for environmental abuses and greenhouse gas emissions. 

However, ocean conservation policies still tend to overlook issues of equity and environmental justice.40 
In order to build a just and sustainable ocean conservation system, we must address the “Triple Crises” 
of climate change, biodiversity loss, and human rights abuses as interlinked parts of the same problem. 
Therefore, the strategies we need to protect at least 30% of the ocean must respect and integrate locally 
led, holistic ocean stewardship and social equity.41,42 Transparency in marine conservation decision-
making is key to ensure that the rights and livelihood needs of local and indigenous communities 
are respected, their participation and leadership secured, and to fully integrate their knowledge in all 
decision-making processes – based on free, prior and informed consent and the acknowledgment of the 
diversity of these groups. 
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Coastal ‘sea forests’ including kelp, salt marshes, 
seagrass meadows and mangrove forests have an 
extraordinary ability to absorb carbon. These blue 
carbon ecosystems are a critical element of a nature-
based intervention plan for fighting global heating.43

Mangroves

Mangroves are salt-tolerant trees and bushes that line 
the coasts of tropical and subtropical countries. Covering 
approximately 0.4% of global forested area,44 mangrove 
forests support a wide range of biodiversity including 
herbivorous marine mammals such as manatees and 
dugongs. The canopy also provides a key habitat for 
numerous insects, various monkey and bird species.45 

They act as both breeding and nursery grounds and 
provide essential food for juvenile fish, thus supporting 
fisheries worldwide.46 In Micronesia, for example,  the 
local crab fishery benefits by up to US$423 a year per 
hectare of mangroves47, while the global median value of 
benefits to small-scale inshore mixed species fisheries is 
estimated at around US$106 per hectare per year.48  

Mangroves also provide other irreplaceable ecosystem 
services for coastal communities: over 100 million 
people are estimated to live within 10 kilometres of 
large mangrove forests, the vast majority in developing 
countries.49 These ecosystem services range from 
timber and food security to protection from storm 
surges.50 For example, when Typhoon Haiyan hit the 
Philippines in 2013, villages with lower levels of damage 
and fatalities attributed their protection to mangroves 
forests buffering wind and wave energy.51 A World Bank 
study estimated that without the protection of existing 
mangrove forests, an additional 613,000 people in the 
Philippines would suffer from flooding annually, and 
damage to property would increase 28% to more than 
US$1 billion per year.52 Mangroves’ role as fish nursery 
grounds also support community livelihoods: a study 
in India estimated that healthy mangrove root systems 
contributed an additional 23% to fishery output (in the 
study area).53 

One of mangroves’ most important ecosystem services 
is their contribution to climate change mitigation. 
Mangrove forests can store up to four times more 
carbon per hectare than terrestrial tropical forests,54 
at an annual rate of 23 million tonnes.55  

A woman participating in the community-based mangrove conservation project at Gazi Bay, Kenya. Picture credit:  WWF Kenya

Sea forests: silent defenders against climate breakdown
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In total, mangrove ecosystems currently store an 
estimated 3.7 to 6.2 billion tonnes of carbon,56 a 
majority of which is stored in the soil and in the dead, 
below-ground roots of mangroves.57 However, the 
destruction of mangrove ecosystems can convert this 
powerful carbon sink into a major carbon emitter. 
Because mangroves are more efficient at absorbing 
carbon, when destroyed, their carbon emission per 
hectare is also higher than other types of forest 
ecosystems: emissions from mangrove deforestation 
accounts for up to 10% of all greenhouse gas emissions 
from tropical deforestation, despite representing only 
0.7% of tropical forest area worldwide.58 Therefore, 
the protection of mangrove ecosystems is critically 
important in the era of ‘net zero’.

Net global mangrove cover decreased by more than 
6000 square kilometres from 1996 to 2016.59 Although 
the rate of deforestation has slowed in the past 
decade,60,61 IUCN estimates that 67% of mangroves 
have been lost or degraded worldwide, and that all 
unprotected mangroves could be lost within the next 
100 years.62 Up to 62% of the losses in mangrove areas 
from 2000-2016 were driven by land use change.63 
Mangroves are most under threat from deforestation 
for logging or burning for conversion of the land to 
aquaculture, agriculture (such as rice fields and palm oil 
plantations) or coastal developments.64

One of the most damaging and widespread causes of 
mangrove forest destruction is the conversion to shrimp 
aquaculture. Shrimp farms were responsible for 65% of 
the mangroves lost in Thailand from 1976 to 1991.65  

To make matters worse, shrimp farms are often 
abandoned after about five years due to damaged, acidic 
soils and deteriorating water quality.66 Once shrimp 
ponds are abandoned, they can only store approximately 
11% of the carbon that healthy and biodiverse mangrove 
forests can.67 The damage caused by conversion to 
shrimp farms is not easily reversed, and researchers have 
not found clear patterns of recovery in soil carbon stocks 
after farms are abandoned.68 

The destruction of mangrove forests is also an issue 
of injustice. Mangrove destruction threatens the 
livelihoods of coastal communities who depend on 
healthy mangrove forests for fisheries, water and storm 
protection. Without mangroves, coastal communities 
are more vulnerable to the impacts of global heating 
and extreme weather, even though they are responsible 
for very little historical greenhouse gas emissions. 
Destroyed estuary ecosystems contribute to decreases 
in global fish stocks and increase concerns over food 
security. Conserving and restoring mangroves worldwide 
is critical for mitigating climate change and protecting 
the human rights of those most vulnerable to the 
dangerous impacts of global heating.

Seagrasses

Seagrass meadows comprise flowering plants living in 
the intertidal to shallow subtidal areas, covering 0.2% 
of the world’s ocean across all latitudes.69 Seagrasses 
perform vital ecosystem functions, supplying food and 
shelter for fish, birds, reptiles and marine mammals, 
including a host of iconic species, such as seahorses, 
marine turtles, dugongs and manatees. 

In terms of ecosystem services, seagrasses play a 
critical role as the breeding grounds and nurseries that 
underpin healthy fish populations.70 These services not 
only benefit the wildlife underwater: in some regions, 
commercial fisheries attribute more than 30% of 
their value to healthy seagrass ecosystems.71 Seagrass 
meadows’ canopies and underground roots also work 
to stabilise sediments by reducing wave energy.72 They 
can protect the coast from erosion and reduce the 
vulnerability of local communities to tidal surges, sea 
level rise and extreme weather events. 

Healthy seagrass meadows can enhance the resilience of 
coexisting coral reefs to ocean acidification, thus helping 
to protect the rich biodiversity of coral ecosystems which 
are under threat in our heating ocean.73 Coral reefs are 
some of the most biodiverse biomes in the world, and 
their ecosystem services contribute to the livelihood 
and food security of more than 500 million people.74 
Their ability to buffer wave energy have also made them 
crucial to island states, and some countries have started 
restoring coral reef ecosystems as an adaptation strategy 
to the rising risk of extreme weather events due to 
climate change.75 However, coral reefs are also extremely 
vulnerable to the ocean acidification resulting from 
climate change,76 with devastating impacts for ocean 
biodiversity and the communities dependent on them. 
Protecting seagrass meadows is one way to help conserve 
vibrant coral reef ecosystems.

Seagrasses are also important stores of blue carbon. 
Scientists estimate that global seagrass ecosystems may 
store up to 19.9 billion tonnes of carbon.77 Seagrasses 
can absorb carbon at a rate of 27.4 million tonnes per 
year, which is about 10% of the ocean’s total annual 
carbon sequestration.78 Seagrass meadows can store 
twice as much carbon as terrestrial soils, making 
them one of the most efficient carbon sequestration 
ecosystems in the world.79  

Covering only 0.2% of oceans, seagrasses can 
absorb carbon at a rate of 27.4 million tonnes 

of carbon per year, which is about 10% 
of the total carbon stored in oceans.



      9

However, like mangroves, the degradation of seagrass 
ecosystems turns these carbon sinks into carbon sources. 
At the current rate of degradation, seagrass loss could 
result in the emission of up to nearly 300 million tonnes 
of carbon every year.80

Urgent action is required to protect and restore critical 
seagrass ecosystems. Seagrass meadows globally 
are threatened by runoff from urban, industrial and 
agricultural activities, infrastructure development, 
and seabed dredging by fishing boats.81 After damage to 
seafloors by bottom trawlers, it can take decades before 
ecosystems recover.82

© EJF

Sources: see Table 1.

Seagrasses

1.38 tonnes

Kelp forests* 

3.03 tonnes

Blue carbon sink burial rates

Mangroves

1.74 tonnes

Salt marshes

2.18 tonnes

Sequestration rate
per hectare per year *figure based on sequestration rate of all macroalgae species
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Kelp forests

Kelps are large brown algae that can grow to 30 metres 
in length, and live in relatively shallow nutrient-
rich coastal waters.83 Kelp forests cover an estimated 
1,469,900 square kilometres of the ocean, around 22% 
of the planet’s coastlines.84 Similar to mangroves and 
seagrass, kelps host an abundance of biodiversity: a wide 
range of fish, marine mammals - including sea otters, 
seals and whales - and invertebrates that feed on and 
take refuge in kelp forests.85

In the battle against climate change, kelp forests 
demonstrate an extraordinary ability to store and 
sequester carbon. Researchers estimate that macroalgae 
like kelp could sequester around 173 million tonnes of 
carbon a year globally.86 Another study by Australian 
scholars found that kelp across the Great Southern 
Reef can store more than 1.3 million tonnes of carbon 
per year: equivalent to over 30% of the blue carbon 
stored around the Australian continent.87 Furthermore, 
as fertilizer, kelp can reduce emissions on land by 
improving soil quality; and when fed to livestock, it can 
help reduce methane emissions.88

Kelp forests are under increasing pressure. The 
depletion rate is around 2% per year,89 due to climate 
change, pollution, fishing, invasive predators and 
overharvesting for the production of alginate, used 
in the food, textiles and pharmaceutical industries.90 
The threats of climate change lie not only in the rising 
seawater temperature, but also in the changes in 
microbiome due to ocean acidification. 
 

 
 
Studies have shown that when treated with acidified 
seawater, kelp species show disease-like symptoms 
and die.91 These results paint a worrying picture for the 
future of kelp forests unless action is taken today to 
protect this critical ecosystem. 
 

Intertidal salt marshes
 
Intertidal salt marshes are coastal wetlands that are 
flooded and drained by salt water. Salt marshes are rich 
and unique biodiversity hotspots, providing homes 
and feeding grounds for an array of wildlife including 
migratory birds as well as commercial fish nurseries.92 
Salt marshes also have extremely high rates of carbon 
accumulation: globally, salt marsh sediments have an 
average carbon accumulation rate of approximately 
2.1 tonnes per hectare per year.93 In addition to carbon 
sequestration, salt marsh ecosystems provide other 
important services such as regulating soil nutrient 
biogeochemical cycles,94 erosion control and protecting 
coastal communities from flooding and storm surges.95 

Salt marshes worldwide are under threat from human 
activity such as urbanisation and land use change for 
agriculture, as well as being jeopardised by the impacts 
of anthropogenic global heating including sea level rise 
and extreme weather events.96 Approximately 49.8% of 
coastal natural wetlands - which include salt marshes - 
worldwide have been lost or degraded since 1900,97 and a 
further 30-40% may be lost over the next century under 
the current emissions trajectory.98

Table 1: Comparing the power of major carbon sinks

Ecosystem Global coverage (km2) Sequestration rate per hectare 
per year

Annual rate of 
degradation

Tropical forest 18,341,36099 0.74 tonnes100 0.5%101

Mangrove forest 147,860102 1.74 tonnes103 0.16%104

Seagrass meadows 266,562105 1.38 tonnes106 7%107

Salt marshes 54,950.89108 2.18 tonnes109 1-2%110

Kelp forests 1,469,900111 3.03 tonnes112     *figure based on 
sequestration rate of all macroalgae species

2%113

Photo: John Turnbull (CC BY-NC-SA 2.0)

https://flickr.com/photos/johnwturnbull/
https://creativecommons.org/licenses/by-nc-sa/2.0/
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Governance and policies

‘Sea forests’ are crucial to ecosystem functioning, climate 
mitigation and adaptation and human well-being as a 
whole. However, their importance is not fully recognised 
at either the international or national level and their 
current level of protection does not correspond to their 
critical role. Even though globally, 295 Ramsar sites 
of international importance encompass mangrove 
forests, 57 sites hold seagrass beds, 472 hold intertidal 
marshes, and 13 sites have kelp beds,114 even designated 
Ramsar sites are threatened by lack of enforcement of 
conservation goals, shortages of human and financial 
resources for conservation, and lack of clarity around 
their protective governance.115 

Nature-based solutions - the mitigation and adaptation 
approaches based on natural habitats’ ecosystem 
services - are gaining policy makers’ attention as a 
complement to decarbonisation action, to strengthen 
our planet’s own carbon cycle, protect biodiversity from 
a ‘Sixth Great Extinction’ event, and safeguard the lives 
and livelihoods of vulnerable communities worldwide. 

However, even though sea forest ecosystems are effective 
nature-based solutions in the fight against global 
heating, of the 197 countries that have signed the Paris  

 
 
Agreement to date, only 64 countries (approximately 
one third) made a general mention of coastal and marine 
ecosystems in their first NDCs.116 Even fewer have set 
specific conservation targets: only the Bahamas set 
a measurable target for both seagrass and mangrove 
protection, and Haiti, Madagascar, Senegal and Vietnam 
set specific targets for mangrove protection.117

The most pertinent existing international governance 
mechanism for the protection of sea forest ecosystems 
is the Convention on Biological Diversity (CBD).118 The 
CBD’s Aichi Biodiversity Targets (2011-2020) covered the 
protection of sea forests under targets 6, 7, 11, and 14 due 
to their irreplaceable role in a healthy ocean,119 but the 
world failed to meet even a single one of the biodiversity 
targets by the 2020 target date.120 The Post-2020 Global 
Biodiversity Framework will be settled at the next UN 
Biodiversity Conference, COP 15, but in order to avoid 
a repeat of the Aichi Targets’ failures, global leaders 
will need to back up ambitious protection targets with 
measurable and binding implementation plans at the 
national, regional and international level.

Photo from a seagrass restoration project in Dale Bay, Wales. © EJF
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Community-based conservation approaches for coastal ecosystems

 
While top-down regulations are important in conservation, bottom-up participation is key to sustainable, long-
term environmental protection. Community-based conservation projects around the world have demonstrated 
success in protecting the ecosystem and the rights of local people.  

In Kenya, the Gazi Bay community provides an example of such success. The ecosystem services provided 
by local mangrove forests are essential to this fishing community. The Mikoko Pamojo conservation project, 
founded in 2013, is led by local people with funding from the sales of voluntary carbon credits based on the 
carbon sequestration capacity of the mangrove forests.121 With the sustainable income from carbon credits, 
the community is able to restore and enhance the ecosystem and its services. Apart from the conservation 
incentives of the carbon credits, the community receives further benefits from other mangrove-related 
income, such as ecotourism. The funds generated help to meet the community’s development needs such as 
infrastructure and education. 

The Gazi Bay project is an example of a successful community-led conservation project and is a model for how 
to address climate, biodiversity and human rights needs together in a mutually-reinforcing and beneficial 
way. However - as with all blue carbon solutions - purchasing carbon credits (even ones linked to successful 
community development projects) cannot be used by companies or governments as a replacement for rapid 
decarbonisation or seen as a license to deforest elsewhere. Blue carbon restoration projects can be part of a 
successful climate mitigation solutions portfolio, but they are not a ‘silver bullet’.

 

EJF recommendations on ‘sea forests’ 

‘Sea forests’ can be powerful allies in our fight against climate breakdown, but only if we act now to 
protect them. 

1.  The global community must urgently prioritise the conservation and restoration of mangrove, seagrass, salt 
marsh and kelp ecosystems as part of their NDC implementation plans under the Paris Agreement. 

2.  The forthcoming Post-2020 Global Biodiversity Framework must include specific targets for the protection 
and restoration of seagrass ecosystems in the region, and include sufficient financial and human resources 
for conservation targets. 

3.  International climate finance mechanisms should help with transferring funds from developed countries 
directly towards support for conservation, or “seaforestation”, efforts in Least Developed Countries and 
Small Island Developing States. These conservation efforts should include setting national level binding 
science-based targets for MPAs to protect and restore mangrove, seagrass, salt marsh and kelp ecosystems.

4.  Governments must also work together with local communities to ban the destruction of sea forests for 
aquacultural and agricultural expansion. Destructive fishing practices such as dredging or bottom trawling 
must also be phased out, including immediate bans on trawling in MPAs. 

5.  Rigorous value chain due diligence regulations must be applied to ensure consumer goods, including 
fisheries and aquaculture products, are coming from legal, sustainably managed fisheries and farms.  
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Cetaceans - whales, dolphins and porpoises - are 
charismatic keystone species central to a healthy ocean 
ecosystem. In the last decade, research has indicated 
that the great whales - the 13 species of large whales 
including the Blue whale (Balaenoptera musculus), Fin 
whale (Balaenoptera physalus) and North Atlantic right 
whale (Eubalaena glacialis) - have positive impacts 
on the oceanic biological carbon cycle.122,123 Recent 
research has revealed that although cetaceans have 
often not been counted in most carbon cycling models, 
they may have important impacts on the oceanic 
carbon cycle.124,125 

Whales, primary production and the 
carbon cycle

Phytoplankton is the driving force in a process called the 
‘biological carbon pump’ that takes place throughout 
the ocean. The organisms fix significant amounts of 

carbon from the atmosphere and sequester it in the 
ocean.126,127  Phytoplankton is thought to be responsible 
for at least 45% of the global photosynthetic net primary 
production,128,129 playing a key role in a stable climate130 
and contributing at least half of the world’s oxygen.131  

Great whales have a positive impact on the primary 
production of phytoplankton. Phytoplankton is 
fertilised by whale faeces, which contains the iron 
and nitrogen these microorganisms need to flourish. 
Many cetacean species feed at depth and their 
diving brings more minerals up to the surface; the 
mechanism through which whales transport nutrients 
is known as the ‘whale-pump’.132 In addition, whale 
migration patterns to low-latitude areas - the so-
called ‘whale conveyor belt’ - help to circulate these 
nutrients to nutrient-poor regions.133 In this way, the 
behavioural habits of cetaceans stimulate new primary 
production, create a multiplier effect of increasing 
phytoplankton,134,135,136 promote carbon uptake in the 
ocean137,138 and enhance ecosystem productivity.139

Whale carbon and oxygen flux - mechanisms through which cetaceans, and marine vertebrates in general, contribute to the oceanic carbon cycle. 
Image credit:  GRID-Arendal  | www.grida.no/resources/14276

Cetaceans: our underwater allies for climate action

https://www.grida.no/resources/14276
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Whales’ waste products stimulate 
phytoplankton growth.

Like all living beings, great whales capture carbon from 
the atmosphere by accumulating it in their bodies.140 
Some researchers have estimated that each great whale 
sequesters 33 tonnes of CO2 on average when they die 
and sink.141 When a whale dies of natural causes, its 
carcass sinks to the seafloor where the carbon stored in 
their body remains for centuries and provides habitat 
and nutrients for deep-sea species.142,143 Based on 
reconstructions of pre-whaling abundances, scientists 
of the University of Maine and the University of British 
Columbia estimate that “rebuilding whale populations 
would remove 1.6×105 tons of carbon each year through 
sinking whale carcasses”.144 

These mechanisms are examples of marine vertebrates’ 
carbon services and also illustrate how whales enhance 
ecosystem productivity, for example by stimulating the 
growth of fish populations.145 However, whales, just 
like fish, have been unsustainably targeted by human 
activity, leading to the release of their carbon back into 
the atmosphere. 

Today, from a global perspective and due to commercial 
whaling in the past, whales’ contribution to carbon 
sequestration is significantly reduced. Their exact 

contribution to global carbon fluxes and nutrients 
remains uncertain to a large extent. However, they play 
a key role in local and regional ecosystem function and 
recovering their stocks could form part of a blue carbon 
action plan for climate mitigation.146,147 

The interconnectedness of marine wildlife and carbon 
sequestration highlights the need to align biodiversity 
and climate mitigation policies. Great whales might 
not be the ‘silver bullet’ to our climate crisis. But the 
largest animals to have ever lived on Earth are among the 
greatest allies we have. They demonstrate that the ocean 
in its boundlessness belongs to all living beings - if we 
protect it, we protect ourselves. 

Photo: Brodie Guy (CC BY-NC-ND 2.0)

https://flickr.com/photos/brodieguy/
https://creativecommons.org/licenses/by-nc-nd/2.0/
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Overfishing and the threat to blue carbon stores

The role of whales is the perfect example of how marine life contributes to a stable climate and can act as a 
carbon sink. However, they are not the only species playing a key role in the oceans ability to store carbon.148 
Top predators such as sharks help preserve ecosystem integrity by controlling herbivore populations. 
If shark populations diminish, plant communities decrease as herbivores consume more of the flora, such 
as mangroves and seagrasses, that store carbon from the atmosphere.149,150 This cascading process caused 
by the loss of apex predators and the subsequent proliferation of lower trophic level species is known as 
trophic downgrading, and  can result in dramatic changes to community structure and overall ecosystem 
functioning.151 To date, the impacts of the loss of species high in the food chain and the implications for the 
carbon cycling role remains poorly studied.152 

Just like whales, sharks also store carbon in their bodies. But overfishing drastically reduces their populations 
– and once removed from the ocean, this carbon is released to the atmosphere.153 A recent study found that 
“since 1970, the global abundance of oceanic sharks and rays has declined by 71% owing to an 18-fold increase 
in relative fishing pressure”.154 

Sustainable fishing practices are key to restoring and maintaining the ocean’s biodiversity and biomass, and 
contribution to the ocean’s biological carbon cycle.155 Researchers estimate that ocean fisheries have driven 
the release of at least 0.73 billion metric tonnes of CO2 (GtCO2) in the past 70 years.156 Industrial fishing is 
largely responsible for reducing the carbon sink potential of fish biomass. Yet governments continue to 
provide public money as subsidies that underpin and perpetuate unsustainable fishing activities. These 
subsidies are not only harming the health of our ocean through overfishing: in the form of fuel subsidies, they 
also underwrite increased greenhouse gas emissions and lock in dependence on fossil fuels. According to a 
recent report published in Science Advances, around 43.5% of the blue carbon extracted from the high seas 
comes from areas that would be unprofitable without subsidies.157,158 

Industrial marine activities like fishing and shipping play a large role in reducing the carbon sink potential of the ocean. 
Scientists estimate that more than 40% of the blue carbon released globally is related to fishing activities alone. © EJF
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Threats to the great whales

Until the mid-20th century, commercial whaling 
was the main threat to whale populations: estimates 
suggest that 66-90% of the global whale population 
or 85% of its biomass was eliminated during the long 
period of commercial whaling.159 This has resulted in 
significant declines in the amount of carbon stored by 
whale populations: scientists, for example, found that 
populations of large baleen whales today store 
9.1 million tonnes less carbon than before commercial 
whaling.160 Currently, 12 out of the 13 great whales are 
listed in Appendix I of the Convention on International 
Trade in Endangered Species (CITES), while  four 
cetacean species and 18 subspecies or subpopulations 
of cetacean are currently classified as Critically 
Endangered, and a further 11 cetacean species are 
classified as Endangered, on the IUCN Red List.161 

Although commercial whaling activity has reduced 
significantly during recent decades, whales still face 
numerous direct and indirect threats from human 
activities. As global demand for seafood continues to 
grow, so does fishing, including vessels that engage in 
illegal or destructive practices. Although dolphins and 
whales might not be the main target of most fishing 
vessels, they are often caught as bycatch when they 
become entangled in fishing nets or other gears.162 
EJF has documented high rates of cetacean bycatch by 
tuna longline fishing vessels, and found that vessels 
targeting sharks may intentionally catch dolphins to use 

as bait.163, 164 ‘Ghost’ fishing nets that are abandoned by 
fishers and left drifting in the ocean are often a deadly 
trap for marine animals: it has been estimated that each 
year, 600,000 to 800,000 metric tonnes of ghost gear 
enter the ocean, killing at least 136,000 seals, sea lions 
and whales.165, 166  Other threats from human maritime 
activities include vessel strikes, noise and chemical 
pollution. 167 Cetaceans are also severely affected by the 
climate crisis through the warming and acidification of 
the ocean and the depletion of their food sources.168,169,170 
As ocean temperatures continue to rise due to global 
heating, cetacean populations will be pressured yet 
further, undermining their contributions to the global 
carbon cycle. 

 
Governance and policies

It was not until 1986 – when whale populations were on 
the brink of collapse – that the International Whaling 
Commission (IWC) finally agreed to a moratorium on 
most commercial whaling,171 but many gaps remain in 
the protective governance of cetaceans.

The conservation of cetaceans must be based on an 
understanding of their role within the whole marine 
ecosystem. In 2016, the IWC acknowledged the 
important role of cetaceans “to ecosystem functioning”172 
including carbon sequestration, which has sparked 
new conversations on protecting cetaceans at the 

It is conservatively estimated that 600,000 to 800,000 metric tonnes of ghost gear 
enter the ocean annually, which are estimated to kill at least 136,000 seals, 

sea lions and whales every year.

Aerial view of North Atlantic right whale that a team of state and federal biologists assisted in disentangling off Daytona Beach. 
Photo credit: NOAA News Archive 123110, (CC BY 2.0)

https://www.flickr.com/photos/noaaphotolib/11468608845/
https://creativecommons.org/licenses/by/2.0/
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EJF recommendations on cetaceans

1.  We urgently need holistic, joined-up action based on cross-sectoral approaches to rebuild marine life-
support systems and restore marine habitats.183,184 Ocean-based targets and cetacean and other marine 
biodiversity conservation should be integrated into climate mitigation, resilience and adaptation policies 
as well as into international and national climate objectives, NDCs and National Adaptation Plans.185 
The CBD and a stronger, binding successor to the Aichi Biodiversity Targets must be integrated into the 
implementation of regional, national and international climate policies, and should specifically consider the 
role of cetaceans and strengthen the development of policies for nature-based solutions and blue carbon. 

2.  To protect biodiversity and ecosystems beyond national jurisdiction, we need a carefully managed global 
network of interconnected highly or fully protected MPAs with consideration of climate change impacts 
on cetacean species. 186 This must be backed by the  necessary funds to ensure that MPAs are effectively 
managed to protect people and the planet.

 
EJF further calls on states to work collaboratively to address and regulate other threats to cetaceans including 
initiatives to eliminate cetacean bycatch and destructive illegal fishing practices; clean up dangerous ‘ghost gear’; 
prevent and address plastic, noise, light and chemical pollution of marine ecosystems; and take action to prevent 
vessel strikes. Implementing EJF’s ‘Ten principles for global transparency in the fishing industry’ can further help 
protect cetaceans from illegal fishing practices.

international level. However, no firm commitments 
have yet been made and the full and effective integration 
of cetaceans’ ecosystem services into international 
decision-making is still falling behind. 

The issue of cetaceans killed by commercial fishing, 
whether intentionally or as bycatch, has yet to be 
sufficiently addressed in regional and international 
high seas governance bodies such as Regional Fisheries 
Management Organisations.173 EJF’s investigations174 
and scientific research175,176,177 have shown that 
intentional and unintentional catch of cetaceans by 
longliners are too significant to be ignored.  

The global community has yet to systematically address 
a number of other key threats to cetaceans, for example 
collisions between cetaceans and vessels at sea.178  
Researchers are still collecting data to identify collision 
hotspots and methods to reduce the number of incidents, 
while methods such as limitation of vessel speed, 
changing shipping lanes, applying acoustic alarms, and 
raising public awareness have been applied by individual 
states or regional organisations, with varying degrees 
of success.179,180 A key concern is that existing MPAs 
and conservation strategies do not fully reflect how 
global heating will affect migratory routes and species 
distribution in future years, potentially eroding existing 
protections for cetaceans.181,182 

Humanity and the environment are at the 
critical stage between survival and extinction. 

Marine biodiversity can be restored, 
and therefore help protect humanity, 

if major threats including climate change 
are mitigated. But we have been slow to act 

and we are running out of time.

© EJF
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Deep sea ecosystems begin at around 200 metres below 
the waves, where the sunlight fades, to the deepest parts 
of the ocean at around 11,000 metres in depth.187 The 
deep sea covers 65% of the planet’s surface188 and is one 
of the last unknown frontiers of scientific knowledge on 
Earth. Thousands of metres below the ocean waves lie 
rich and varied landscapes of plains and hydrothermal 
vents, canyons and seamounts, where scientists hope 
to one day learn more on the climate control effect of 
the ocean, discover life-saving medicines, and gain new 
understandings of how life on Earth evolved. Scientists 
are not the only ones with their eyes on the deep: the 
mining industry has also set its sights on the deep sea 
for the extraction of valuable metals and minerals like 
cobalt and manganese used in smartphones and electric 
car batteries.
 
Deep sea mining (DSM), the process of retrieving 
minerals from the deep sea, is planned to start on 
a commercial scale as soon as the international 
legal framework governing it – the Deep Sea Mining 
Code – is finalised.189 In June 2021, the government 
of Nauru invoked the ‘two-year rule’, declaring its 
intention to begin commercial DSM activities and 
setting a deadline for the finalisation of the Code.190 
Large-scale mining operations in ecosystems which 
we do not fully understand, with untested extractive 
technology, could have catastrophic impacts on global 
ocean ecosystems, marine ecological security, and 
the 3 billion people worldwide who depend on the 
ocean for their livelihoods.191 We simply do not know 
enough about the world below the waves to control the 
environmental impacts of deep sea mining at this point, 
and we currently lack effective, impartial governance 
tools to manage a new extractive industry in this global 
commons. We have already seen the destruction of 
terrestrial mining and fossil fuel companies drilling and 

scraping up whole biomes, increasing global inequality, 
committing horrific human rights abuses, and driving 
consumption past planetary boundaries: we cannot 
continue this pattern of devastation in the ocean. We 
must act now to protect the deep sea for people and the 
future of our planet.

Deep sea biodiversity

We know very little about the deep sea. Currently, 
less than 20% of the deep sea is mapped by modern 
technology,192 and this ignorance has hampered the 
fair assessment of impacts and effective management 
of DSM. The United Nations has therefore set 2021-
2030 as the United Nations Decade of Ocean Science 
for Sustainable Development193 and launched a project 
aiming for better understanding of seabeds, the Seabed 
2030 Project,194 to close the knowledge gap and develop 
science-based ocean policies.

Popular imagination has traditionally seen the deep sea 
as barren plains of sand, hostile to life. But the reality 
is completely different. A striking example of this is 
one of the most sought after areas in DSM exploration, 
the swath of ocean in the Pacific known as the Clarion 
Clipperton Fracture Zone (CCZ). This area covers around 
4.5 million square kilometres195 – an area larger than 

Around 90% of the species collected in 
the CCZ are new to science, including some rare 

specimens not found anywhere else in the ocean.

Pictures credit:  NOAA Ocean Exploration & Research, (CC BY-SA 2.0)

Deep sea mining: a threat to people and planet

https://flickr.com/photos/oceanexplorergov/
https://creativecommons.org/licenses/by-sa/2.0/
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the European Union - and is estimated to hold six times 
more cobalt and three times more nickel than all known 
terrestrial deposits, as well as significant stores of other 
valuable metals like manganese and copper.196 Deep-
sea biologist Craig Smith at the University of Hawaii in 
Honolulu has spent 30 years studying the ecosystems 
of the CCZ, and has collected many different varieties of 
underwater life such as soft corals, starfish, sea urchins, 
sea cucumbers to name only a few: around 90% of the 
species he has collected are new to science, including 
some rare specimens not found anywhere else in the 
ocean.197 Even with this bounty of biodiversity discovered, 
the deep sea remains a mystery: scientists estimate that 
they have only sampled  0.01% of the CCZ.198

The deep sea and climate control

The deep sea plays an essential role in the ocean 
as a carbon sink. The burial of organic carbon in 
the sediment of the deep sea bed helps to regulate 
atmospheric CO2 and thus maintain the balance of 
our global climate.199,200,201 In addition to the burial of 
carbon in deep sea sediments, the ocean’s biodiversity 
is critical to carbon sequestration. Large organisms like 
whales sequester tonnes of carbon over their lifetime, 
but microscopic underwater organisms are also outsized 
carbon sequestration actors. In one study, researchers 
estimated that up to 10% of the CO2 removed from the 
atmosphere by the ocean each year may be absorbed 
by a species of benthic bacteria discovered in the deep 
sea; this bacteria may also provide a food source to 
other deep sea organisms, elucidating a much more 
complex food chain in the deep sea than was previously 
thought.202 The researchers behind this study worry 
that the DSM activities planned for the CCZ could 
significantly disturb this delicate environment, with 
devastating consequences for the ocean’s key climate 
change mitigation role.203

Ironically, the reason DSM is a growing industry is 
also due to climate change. To reduce greenhouse gas 
emissions, governments and businesses are investing in 
renewable energy technologies like wind turbines, solar 
panels, batteries and electric vehicles which are built 
with materials like lithium, cobalt and nickel targeted 
by miners. Some researchers predict that by 2050, 
demand for rare minerals could increase up to 20 times 
current levels to meet the demand for new electric 
vehicles alone.204 

The environmental threats of deep 
sea mining

To extract mineral resources out from the deep sea, 
companies are looking to scrape, dredge and cut out rare 
minerals and pump them up to specialised processing 
ships. Long pipes are installed to transfer slurries full 
of minerals back to the water’s surface, with water and 
sediments filtered out and dumped back to the ocean. 
All these activities would pose excessive stress on 
undisturbed deep sea ecosystems.

Life moves incredibly slowly in the deep sea. Studies 
of the CCZ seabed have estimated that sediment 
accumulates at a rate of 0.3–15 mm every thousand 
years.205 Organisms have evolved to fit this slow pace: 
deep sea ecosystems are incredibly sensitive to large-
scale disturbances or changes in the environment.206 
With such a slow rate of growth, areas disturbed by deep-
sea mining would be unlikely to recover on a reasonable 
timescale. One of the only large-scale experiments with 
deep sea mining technology, the DISCOL experiment 
conducted in 1989 in the CCZ illustrates this disturbing 
fact: a follow up visit to the impacted area in 2015 
showed that the ecosystem had still not recovered its 
microbial biodiversity or carbon cycling 26 years on.207,208 

Photo credit: Bioluminescence 2009 Expedition, NOAA/OER, (CC BY 2.0)

https://flickr.com/photos/noaaphotolib/
https://creativecommons.org/licenses/by/2.0/
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Climate change driven impacts such as warming, oxygen 
depletion and ocean acidification are also likely to 
further detract from the ability of deep sea ecosystems 
to recover from the impacts of DSM.209 Lastly, DSM could 
potentially release enormous amounts of organic carbon 
currently stored in deep sea sediments, which may 
impact the carbon cycle.210 

Furthermore, research indicates that mining on the 
deep sea floor may also have a significant impact on 
organisms closer to the surface. The sediment plumes 
and noise pollution of deep sea mining, as well as the 
potential for contaminating the water column with 
toxic metals, may have a disastrous ecological impact on 
the biodiversity of the ocean midwaters211 – ecosystems 
which contain fish biomass 100 times greater than 
the global annual fish catch,212 connects deep sea and 
coastal ecosystems, and are key in the ocean’s capacity 

to sequester carbon.213 Ecological baseline studies for 
midwater ecosystems likely to be impacted by deep sea 
mining do not currently exist.214 

The crux of the deep sea mining issue is the lack 
of robust, comprehensive and credible scientific 
baseline knowledge of deep sea ecosystems or deep 
sea mining technology: without these baseline studies, 
it is impossible to fully understand or mitigate the 
environmental risks of deep sea mining, and protect 
communities from the socioeconomic impacts caused 
by the degradation of deep sea ecosystems. There 
currently are no solid baseline studies evaluating the 
full carbon cycle impacts, including emissions, of the 
DSM industry.215

The Alliance of Solwara Warriors and other civil society organisations are mobilising against deep sea 
mining projects which threaten the human rights, livelihoods, and cultural heritage of local coastal 
communities. Source: CIVICUS

Deep sea mining and the perpetuation of global injustices

While the minerals mined from DSM seem beneficial to humanity in fighting climate change, the impacts of 
this extractive industry raise further issues of environmental injustice. In Papua New Guinea (PNG), the first 
ever commercial DSM project, operated by a Canadian company Nautilus Minerals in PNG’s EEZ, demonstrates 
the injustices.

The Nautilus Minerals project Solwara I was slated to occur 30km from the Duke of York archipelago, where 
communities have a deep spiritual connection to the ocean and the seabed, and whose diets and livelihoods 
depend on fisheries which would be devastated by the environmental disturbance and noise pollution of the 
planned deep sea mining activities.216 Local communities in PNG, together with other Pacific communities 
affected by DSM, formed the Alliance of Solwara Warriors and have been campaigning against the mining 
project since 2009 and further filed a legal case against it in 2017. Solwara I has ended up facing financial 
difficulties and seems unlikely to move forward, but for the Pacific islands, this is just a temporary reprieve 
from the threats posed by DSM.217
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EJF recommendations on deep sea mining
 

 
Better and more extensive scientific knowledge of the deep sea is urgently needed to understand deep sea 
ecosystems and their blue carbon value. All mining activities should be prohibited until the environmental 
impacts of DSM are fully understood and comprehensive risk mitigation strategies are able to prevent any 
long term harm to ocean ecosystems. Therefore, EJF supports the call for the 10 year moratorium initiated 
by the Pacific island state governments.218 However EJF is advocating for a broader moratorium which is not 
time bound, but which is linked to the ability to effectively protect deep sea ecosystems: until such a time 
as we can definitively prevent environmental harm in the deep sea, no commercial DSM must be allowed 
in either national or international waters. EJF further calls for international funding for comprehensive 
baseline studies of the deep sea ecosystem by independent researchers. Lastly, to fulfil the needs for rare 
minerals without risking our environment and human rights, governments must prioritise truly sustainable 
solutions over DSM. Governments must scale up investment for the design and implementation of the 
innovative technologies and circular economic models for large scale electronics recycling programmes for 
the reuse of minerals needed for renewable energy technologies.  

Exploration of a deepwater hydrothermal vent. 
Picture credit: NOAA Office of Ocean Exploration and Research
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Call to action

Our ocean is one of our biggest allies in the fight against global heating, but we are running out 

of time to protect it. We need bold, visionary action from the global community of states that 

will conserve marine and coastal ecosystems, the rich biodiversity they contain, and protect the 

human rights of people around the world who depend on a healthy ocean for their livelihoods.  
 
 

EJF calls on all governments to: 

•  Commit to the 30x30 ocean protection plan and designate at least 30% of the high seas as ecologically 
representative fully or highly protected marine protected areas by 2030. States must further commit to 
protecting 30% of national and coastal waters, and to providing the resources necessary to fully protect 
designated MPAs.

•  Integrate blue carbon and the climate control function of the ocean into all updated NDC 
commitments.

•  Lead with ambition at the upcoming Convention on Biological Diversity COP to set binding, measurable 
international biodiversity restoration and conservation targets, and to leverage technical and financial 
support for developing nations to meet such targets. Governments must address climate breakdown as 
a major challenge in biodiversity policies including the forthcoming Post-2020 Biodiversity Framework.
States must also support the prompt development of a strong, legally binding Biodiversity Beyond National 
Jurisdiction (BBNJ) Treaty that provides regulations targeting the protection of marine ecosystems.

•  Provide support and funding for climate finance mechanisms that recognise the responsibility of 
historic greenhouse gas emitters to support community-led blue carbon restoration, nature-based 
solutions and ecosystem-based adaptation in developing countries. 

•  All climate and marine policies must be based on the latest available scientific evidence, and the 
precautionary principle must be applied in all ocean policy, especially where robust scientific evidence 
may be lacking. States must advocate for a deep sea mining moratorium in international and national 
waters, and push for governance reform and stronger oversight of the deep sea mining industry.

• Adopt and implement EJF’s ‘Ten principles for global transparency in the fishing industry’.

•  Ban destructive fishing practices such as dredging or bottom trawling in MPAs, and phase out harmful 
subsidies for the fishing industry.

Picture credit: Gaby Barathieu / Ocean Image Bank



      23

References

1  Duarte, C.M. et al. (2013) The Role of Coastal Plant 
Communities for Climate Change Mitigation and Adaptation. 
Nature Climate Change, vol. 3, pp. 961-968.
2  National Ocean Service, ‘What is blue carbon?’, accessed 
17.02.2021, https://oceanservice.noaa.gov/facts/bluecarbon.html
3  IUCN, ‘Issues brief - Blue carbon’, accessed 18.03.2021, 
https://www.iucn.org/resources/issues-briefs/blue-carbon
4  World Register of Marine Species (WoRMS), accessed 
21.05.2021, https://www.marinespecies.org/
5  Mora, C. et al. (2011) How Many Species Are There on Earth 
and in the Ocean? PLoS Biology, vol. 9(8). 
6  Duarte et al. (2013) op cit.
7  ibid.
8   Grantham Institute for Climate Change (2020)  Reynard, N. et 
al. The contribution of coastal blue carbon ecosystems to climate 
change mitigation and adaptation. Published online at 
https://www.imperial.ac.uk/grantham/publications/briefing-
papers/the-contribution-of-coastal-blue-carbon-ecosystems-to-
climate-change-mitigation-and-adaptation.php
9  Simon, N., et al. (2009) Diversity and evolution of marine 
phytoplankton. Comptes Rendus Biologies, vol. 332(2-3), 
pp. 159-170.
10  Field, C.B., et al. (1998) Primary production of the biosphere: 
integrating terrestrial and oceanic components. Science, vol. 281, 
pp. 237-240.
11  Roman, J. et al. (2014) Whales as Marine Ecosystem Engineers. 
Frontiers in Ecology and the Environment, vol. 12(2), pp. 377-385. 
12  GRID-Arendal, Blue Climate Solutions (2014) Lutz, S.J. & 
Martin, A.H. Fish Carbon: Exploring Marine Vertebrate Carbon 
Services. GRID-Arendal, Arendal, Norway, 36pp., 
http://bluecsolutions.org/dev/wp-content/uploads/2015/07/Fish-
Carbon-2014.pdf, p.19.
13  Convention on Biological Diversity, (2018), ‘People depend 
on marine and coastal biodiversity for their livelihoods’, accessed 
15.03.2021, https://www.cbd.int/article/food-2018-11-21-09-29-49
14  Abarm, N. et al., IPCC, Special Report: Special Report on 
the Ocean and Cryosphere in a Changing Climate in IPCC (2019) 
Pörtner, H-O. et al. (Eds.), IPCC Special Report on the Ocean and 
Cryosphere in a Changing Climate, Cambridge University Press, 
Cambridge UK. https://www.ipcc.ch/srocc/
15  UNEP (2020) Emissions Gap Report 2020. UN Environment 
Programme, Nairobi, Kenya, 128 pp. https://www.unep.org/
emissions-gap-report-2020
16  Halpern, B.S. (2015) Spatial and temporal changes in 
cumulative human impacts on the world’s ocean. Nature 
Communications, vol. 6(7615).
17  ibid.
18  Convention on Biological Diversity, ‘Aichi Target 11’, accessed 
15.3.2021, https://www.cbd.int/aichi-targets/target/11
19  Gill, D., Mascia, M., Ahmadia, G. et al. (2017) Capacity 
shortfalls hinder the performance of marine protected areas 
globally. Nature, vol. 543, pp. 665–669.
20  Secretariat of the Convention on Biological Diversity (2020), 
Global Biodiversity Outlook 5, Montreal, Canada, 
https://www.cbd.int/gbo5
21  Brodie Rudolph, T., Ruckelshaus, M., Swilling, M. et al. 
(2020) A transition to sustainable ocean governance. Nature 
Communications, vol. 11(3600).
22  European Court of Auditors (2020) Special Report 26/2020: 
Marine environment: EU protection is wide but not deep. ECA, 
Luxembourg, Luxembourg, 74pp., https://www.eca.europa.eu/en/
Pages/DocItem.aspx?did=57066
23  European Environment Agency (2019) Marine messages II, 
EEA Report No 17/2019, Copenhagen, Denmark, 82pp., 
https://www.eea.europa.eu/publications/marine-messages-2 
24  European Commission (2020) Communication from the 
Commission to the European Parliament, the Council, the 
European Economic and Social Committee and the Committee 
of the Regions. EU Biodiversity Strategy for 2030. Bringing 
nature back into our lives, COM/2020/380 final, Brussels, 

Belgium, 23pp., https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX:52020DC0380
25  Fenberg, P. B. et al. (2012) The science of European marine 
reserves: status, efficacy, and future needs. Marine Policy, vol. 
36(5), pp. 1012-1021.
26  European Court of Auditors (2020) op cit.
27  Horta e Costa, B., Claudet, J., Franco, G., Erzini, K., Caro, A. 
& Gonçalves, E. (2016) A regulation-based classification system 
for marine protected areas (MPAs). Marine Policy, vol. 72, 
pp.192-198. 
28  Greenpeace (2019) O'Leary, B.C., Allen, H.L., Yates, K.L., 
Page, R.W., Tudhope, A.W., McClean, C. et al., 30×30: 
A blueprint for ocean protection—How we can protect 30% of 
our oceans by 2030, London, UK, 49 pp. 
https://www.greenpeaceoceanblueprint.org/pdfDocs/
Greenpeace_30x30_Blueprint_Report_web.pdf
29  Prip, C., Integrating climate change in the governance of 
areas beyond national jurisdiction, in UiT the Arctic University of 
Norway (2020) Johansen, E., Busch, S. &  Jakobsen, I.U., (Eds.), 
The Law of the Sea and Climate Change: Solutions and 
Constraints, Cambridge University Press, Cambridge UK, 
pp.336-353.
30  EJF (2018) Out of the Shadows: Improving transparency 
in global fisheries to stop illegal, unreported and unregulated 
fishing. Environmental Justice Foundation, London, UK, 32 pp. 
https://ejfoundation.org/resources/downloads/Transparency-
report-final.pdf
31  IUCN, 2016, ‘Increasing marine protected area coverage for 
effective marine biodiversity conservation’, accessed 18.3.2021, 
https://portals.iucn.org/library/node/46467
32  According to UNEP-WCMC, the calculated protected 
areas coverage relates to protected areas that meet the IUCN 
and CBD definitions of protected areas. Proposed protected 
areas are excluded as well as sites submitted as points with no 
reported area.
33  Protected planet, ‘Marine Protected Areas’, accessed 
26.5.2021, https://www.protectedplanet.net/en/thematic-areas/
marine-protected-areas
34  ibid.
35  Gill, D., Mascia, M., Ahmadia, G. et al. (2017) op cit.
36  IUCN World Commission on Protected Areas (IUCN-WCPA) 
(2008) Laffoley, D. et al. Establishing Marine Protected Area 
Networks—Making It Happen. IUCN, Washington, D.C., USA, 
118 pp. https://portals.iucn.org/library/sites/library/files/
documents/2008-046.pdf
37  Virdin, J. et al. (2021) The Ocean 100: Transnational 
corporations in the ocean economy. Science Advances, vol. 7(3).
38  FAO (2020) The State of World Fisheries and Aquaculture 
2020: Sustainability in Action. Food and Agriculture 
Organisation, Rome, Italy, 206pp. http://www.fao.org/3/ca9229en/
ca9229en.pdf
39  Béné, C., Hersoug, B., & Allison, E.H. (2010) Not by rent 
alone: Analysing the pro-poor functions of small-scale fisheries 
in developing countries. Development Policy Review, vol. 28, 
pp.325-358.
40  Transnational Institute, Afrika Kontakt, Indonesia Traditional 
Fisherfolks Union (2016) Barbesgarrd, M.C. Blue Carbon: Ocean 
Grabbing in Disguise? TNI, Amsterdam, Netherlands, 11 pp. 
https://www.tni.org/files/publication-downloads/final_tni_issue_
brief_blue_carbon-1.pdf
41  ICCA Consortium, Govan, H. & Arju, M., 18.12.2020, ‘‘30 by 
30’ is a distraction, keep the focus on Indigenous and locally-led 
holistic ocean stewardship’, accessed 18.3.2021, 
https://www.iccaconsortium.org/index.php/2020/12/18/30-by-
30-distraction-indigenous-holistic-ocean/
42  Global Alliance of Territorial Communities, ‘Joint declaration 
of the indigenous peoples of the world to the CBD‘, accessed 
18.3.2021, https://int.nyt.com/data/documenttools/joint-
declaration-of-the-indigenous-peoples-of-the-world-to-the-cbd-
34/20b4fa27750039d7/full.pdf

https://oceanservice.noaa.gov/facts/bluecarbon.html
https://www.iucn.org/resources/issues-briefs/blue-carbon
https://www.marinespecies.org/
https://www.imperial.ac.uk/grantham/publications/briefing-papers/the-contribution-of-coastal-blue-carbon-ecosystems-to-climate-change-mitigation-and-adaptation.php
https://www.imperial.ac.uk/grantham/publications/briefing-papers/the-contribution-of-coastal-blue-carbon-ecosystems-to-climate-change-mitigation-and-adaptation.php
https://www.imperial.ac.uk/grantham/publications/briefing-papers/the-contribution-of-coastal-blue-carbon-ecosystems-to-climate-change-mitigation-and-adaptation.php
http://bluecsolutions.org/dev/wp-content/uploads/2015/07/Fish-Carbon-2014.pdf
http://bluecsolutions.org/dev/wp-content/uploads/2015/07/Fish-Carbon-2014.pdf
https://www.cbd.int/article/food-2018-11-21-09-29-49
https://www.ipcc.ch/srocc/
https://www.unep.org/emissions-gap-report-2020
https://www.unep.org/emissions-gap-report-2020
https://www.cbd.int/aichi-targets/target/11
https://www.cbd.int/gbo5
https://www.eca.europa.eu/en/Pages/DocItem.aspx?did=57066
https://www.eca.europa.eu/en/Pages/DocItem.aspx?did=57066
https://www.eea.europa.eu/publications/marine-messages-2
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX
https://www.greenpeaceoceanblueprint.org/pdfDocs/Greenpeace_30x30_Blueprint_Report_web.pdf
https://www.greenpeaceoceanblueprint.org/pdfDocs/Greenpeace_30x30_Blueprint_Report_web.pdf
https://ejfoundation.org/resources/downloads/Transparency-report-final.pdf
https://ejfoundation.org/resources/downloads/Transparency-report-final.pdf
https://portals.iucn.org/library/node/46467
https://www.protectedplanet.net/en/thematic-areas/marine-protected-areas
https://www.protectedplanet.net/en/thematic-areas/marine-protected-areas
https://portals.iucn.org/library/sites/library/files/documents/2008-046.pdf
https://portals.iucn.org/library/sites/library/files/documents/2008-046.pdf
http://www.fao.org/3/ca9229en/ca9229en.pdf
http://www.fao.org/3/ca9229en/ca9229en.pdf
https://www.tni.org/files/publication-downloads/final_tni_issue_brief_blue_carbon-1.pdf
https://www.tni.org/files/publication-downloads/final_tni_issue_brief_blue_carbon-1.pdf
https://www.iccaconsortium.org/index.php/2020/12/18/30-by-30-distraction-indigenous-holistic-ocean/
https://www.iccaconsortium.org/index.php/2020/12/18/30-by-30-distraction-indigenous-holistic-ocean/
https://int.nyt.com/data/documenttools/joint-declaration-of-the-indigenous-peoples-of-the-world-to-the-cbd-34/20b4fa27750039d7/full.pdf
https://int.nyt.com/data/documenttools/joint-declaration-of-the-indigenous-peoples-of-the-world-to-the-cbd-34/20b4fa27750039d7/full.pdf
https://int.nyt.com/data/documenttools/joint-declaration-of-the-indigenous-peoples-of-the-world-to-the-cbd-34/20b4fa27750039d7/full.pdf


      24

43  Macreadie, P.I., Anton, A., Raven, J.A., Beaumont, N., 
Connolly, R.M., Friess, D.A., Kelleway, J.J., Kennedy, H., Kuwae, 
T., Lavery, P.S. & Lovelock, C.E. (2019) The future of Blue Carbon 
science. Nature Communications, vol. 10(1). pp.1-13.
44  Calculated from data in: Food and Agriculture Organization 
of the United Nations (2020) Global Forest Resources Assessment 
2020. FAO, Rome, Italy, 186pp. http://www.fao.org/documents/
card/en/c/ca9825en
45  Duke, N. & Schmitt, K., Mangroves: Unusual Forests at the 
Seas Edge, in Köhl,M. & Pancel, L. (Eds.) (2015) Tropical Forestry 
Handbook, Springer, Berlin, Germany, pp. 1-24.
46  Barbier, E.B. (2000) Valuing the environment as input: 
review of applications to mangrove-fishery linkages. Ecological 
Economics, vol. 35(1), pp. 47-61
47  Naylor, R., & Drew, M. (1998) Valuing mangrove resources in 
Kosrae, Micronesia. Environment and Development Economics, 
vol. 3(4), pp. 471-490.
48  The Nature Conservancy and Wetlands International (2014) 
Hutchison, J; Spalding, M, and zu Ermgassen, P. The Role of 
Mangroves in Fisheries Enhancement. The Nature Conservancy 
and Wetlands International, 54pp. 
https://www.conservationgateway.org/ConservationPractices/
Marine/crr/library/Documents/The%20Role%20of%20
Mangroves%20in%20Fisheries%20Enhancement.pdf
49  UNEP (2014) van Bochove, J., Sullivan, E., Nakamura, T. 
(Eds), The importance of mangroves to people: a call to action, 
United Nations Environment Programme World Conservation 
Monitoring Centre, Cambridge, UK, 128pp., https://www.unep-
wcmc.org/resources-and-data/the-importance-of-mangroves-to-
people--a-call-to-action
50  Alongi, D.M. (2002) Present state and future of the world's 
mangrove forests. Environmental Conservation, vol. 29(3), 
pp.331-349.
51  The World, 29.11.2013, ‘Saved by the Mangroves? A Philippine 
town dodges Haiyan's storm surge’, accessed 18.3.2021, 
https://www.pri.org/stories/2013-11-29/saved-mangroves-
philippine-town-dodges-haiyans-storm-surge
52  World Bank (2017) Losada, I.J. et al. Valuation of the Coastal 
Protection Services of Mangroves in the Philippines. Washington, 
DC., USA, 6 pp. http://hdl.handle.net/10986/27657
53  Anneboina, L.R. & Kavi Kumar, K.S. (2017) Economic analysis 
of mangrove and marine fishery linkages in India. Ecosystem 
Services, vol. 24, pp. 114-123.
54  Donato, D. et al. (2011) Mangroves among the most carbon-
rich forests in the tropics. Nature Geoscience, vol. 4(5), pp. 
293–297.
55  Jennerjahn, T. & Ittekkot, V. (2002). Relevance of mangroves 
for the production and deposition of organic matter along tropical 
continental margins. Die Naturwissenschaften, vol. 89, pp.23-30.
56  Ouyang, X. & Lee, S.Y. (2020) Improved estimates of 
global carbon stock and carbon pools in tidal wetlands. Nature 
Communications, vol. 11(1), pp.1-7.
57  Alongi, D.M. (2014) Carbon sequestration in mangrove 
forests. Carbon Management, vol. 3(3), pp.313-322.
58  Donato et al. (2011) op cit.
59 Aberystwyth University and soloEO, ‘Global Mangrove Watch 
dataset’, accessed 21.05.2021, www.globalmangrovewatch.org/
60  Friess, D. et al. (2019) The State of the World’s Mangrove 
Forests: Past, Present, and Future. Annual Review of the 
Environment and Resources, vol. 44, pp. 89-115.
61  Brian-Brown, D. et al. (2020) Global trends in mangrove forest 
fragmentation. Scientific Reports, vol. 10.
62   IUCN, 28.9.2017, ‘Mangroves for our future’, accessed 
10.9.2020, https://www.iucn.org/news/oceania/201709/
mangroves-our-future
63  Goldberg, L., Lagomasino, D., Thomas, N. & Fatoyinbo, T. 
(2020) Global declines in human-driven mangrove loss. Global 
Change Biology, vol. 26(10).
64  Richards, D.R. & Friess, D.A. (2016) Rates and drivers 
of mangrove deforestation in Southeast Asia, 2000–2012. 

Proceedings of the National Academy of Sciences, vol. 113(2), 
pp. 344-349.
65 Suratman, M.H., Carbon sequestration potential of mangroves 
in southeast Asia, in Bravo, F,, LeMay, V., Jandl, R., & von Gadow, 
K., Eds. (2008) Managing forest ecosystems: The challenge of 
climate change. Springer Netherlands, Amsterdam, Netherlands, 
pp. 297-315.
66  The Fish Site, 5.2.2007, ‘250,000 hectares of abandoned 
shrimp ponds worldwide’, accessed 10.09.2020, 
https://thefishsite.com/articles/250000-hectares-of-abandoned-
shrimp-ponds-worldwide
67  Kauffman, J.B., Heider, C., Norfolk, J. & Payton, F. (2014) 
Carbon stocks of intact mangroves and carbon emissions arising 
from their conversion in the Dominican Republic. Ecological 
Applications, vol. 24(3), pp. 518-527.
68  Sasmito, S.D., Taillardat, P., Clendenning, J.N., Cameron, C., 
Friess, D.A., Murdiyarso, D. & Hutley, L.B. (2019) Effect of land-use 
and land-cover change on mangrove blue carbon: A systematic 
review. Global Change Biology, vol. 25(12), pp. 4291-4302.
69  Short, F.T., Short, C.A. & Novak, A. Seagrasses, in Finlayson, 
C.M., Milton, G.R., Prentice, R.C. & Davidson, N.C., Eds., (2019) 
The Wetland Book: II: Distribution, Description and Conservation. 
Springer Science, Amsterdam, Netherlands.
70  Emma L. Jackson, Siân E. Rees, Catherine Wilding, Martin 
J. Attrill (2015) Use of a seagrass residency index to apportion 
commercial fishery landing values and recreation fisheries 
expenditure to seagrass habitat service. Conservation Biology, vol. 
29(3). p.899-909
71  Jackson, E.L., Rees, S.E., Wilding, C., & Attrill, M.J. (2015) Use 
of a seagrass residency index to apportion commercial fishery 
landing values and recreation fisheries expenditure to seagrass 
habitat service. Conservation Biology, vol. 29, pp.899–909.
72  Christianen, M.J.A., et al.(2013) Low-canopy seagrass beds 
still provide important coastal protection services. PLoS ONE, 
vol. 8, pp.1–8.
73  Richard, K. F. U., Catherine, J. C., Gideon, M. H. & Len, J. 
M. (2012) Tropical seagrass meadows modify seawater carbon 
chemistry: implications for coral reefs impacted by ocean 
acidification. Environmental Research Letters, vol. 7.
74  Global Coral Reef Monitoring Network and Reef and 
Rainforest Research Centre (2008) Wilkinson, C., Status of coral 
reefs of the world: 2008. Townsville, Australia, 296 pp., 
https://www.icriforum.org/wp-content/uploads/2019/12/
GCRMN_Status_Coral_Reefs_2008.pdf
75  Deutsche Gesellschaft für Internationale Zusammenarbeit 
(GIZ) GmbH (2020) Von Unger, M. Herr, D. Seneviratne, T., 
& Castillo, G., Blue NbS in NDCs: A booklet for successful 
implementation. GIZ, Bonn, Germany, 56pp., https://gridarendal-
website-live.s3.amazonaws.com/production/documents/:s_
document/610/original/NbS_in_NDCs._A_Booklet_for_
Successful_Implementation.pdf
76  Hoegh-Guldberg, O. et al. (2007) Coral Reefs Under Rapid 
Climate Change and Ocean Acidification. Science, vol. 318(5857), 
pp. 1737-1742.
77  Fourqurean, J.W., et al. (2012). Seagrass ecosystems as a 
globally significant carbon stock. Nature Geoscience, vol. 5, pp. 
505-512.
78  ibid.
79  ibid.
80  ibid.
81  Grech, A., et al. (2012) A comparison of threats, 
vulnerabilities and management approaches in global seagrass 
bioregions. Environmental Research Letters, vol. 7(2).
82  Althaus, F., et al. (2009) Impacts of bottom trawling on deep-
coral ecosystems of seamounts are long-lasting. Marine Ecology 
Progress Series, vol. 397, pp. 279-294.
83  NOAA, ‘What is a kelp forest’, accessed 3.6.2021, 
https://oceanservice.noaa.gov/facts/kelp.html
84  Jayathilake, D.R.M  & Costello, M.J. (2020) A modelled global 
distribution of the kelp biome. Biological Conservation, vol. 252.

http://www.fao.org/documents/card/en/c/ca9825en
http://www.fao.org/documents/card/en/c/ca9825en
https://www.conservationgateway.org/ConservationPractices/Marine/crr/library/Documents/The%20Role%20of%20Mangroves%20in%20Fisheries%20Enhancement.pdf
https://www.conservationgateway.org/ConservationPractices/Marine/crr/library/Documents/The%20Role%20of%20Mangroves%20in%20Fisheries%20Enhancement.pdf
https://www.conservationgateway.org/ConservationPractices/Marine/crr/library/Documents/The%20Role%20of%20Mangroves%20in%20Fisheries%20Enhancement.pdf
https://www.unep-wcmc.org/resources-and-data/the-importance-of-mangroves-to-people--a-call-to-action
https://www.unep-wcmc.org/resources-and-data/the-importance-of-mangroves-to-people--a-call-to-action
https://www.unep-wcmc.org/resources-and-data/the-importance-of-mangroves-to-people--a-call-to-action
https://www.pri.org/stories/2013-11-29/saved-mangroves-philippine-town-dodges-haiyans-storm-surge
https://www.pri.org/stories/2013-11-29/saved-mangroves-philippine-town-dodges-haiyans-storm-surge
http://hdl.handle.net/10986/27657
https://www.globalmangrovewatch.org/
https://www.iucn.org/news/oceania/201709/mangroves-our-future
https://www.iucn.org/news/oceania/201709/mangroves-our-future
https://thefishsite.com/articles/250000-hectares-of-abandoned-shrimp-ponds-worldwide
https://thefishsite.com/articles/250000-hectares-of-abandoned-shrimp-ponds-worldwide
https://www.icriforum.org/wp-content/uploads/2019/12/GCRMN_Status_Coral_Reefs_2008.pdf
https://www.icriforum.org/wp-content/uploads/2019/12/GCRMN_Status_Coral_Reefs_2008.pdf
https://gridarendal-website-live.s3.amazonaws.com/production/documents/
https://gridarendal-website-live.s3.amazonaws.com/production/documents/
https://oceanservice.noaa.gov/facts/kelp.html


      25

85  National Marine Sanctuaries, ‘Kelp Forests - a Description’, 
accessed 1.4.2021, https://sanctuaries.noaa.gov/visit/ecosystems/
kelpdesc.html
86  Krause-Jensen, D. & Duarte, C.M. (2016) Substantial role of 
macroalgae in marine carbon sequestration. Nature Geoscience, 
vol. 9, pp. 737-742.
87  Filbee-Dexter, K. & Wernberg, T. (2020) Substantial blue carbon 
in overlooked Australian kelp forests. Scientific Reports, vol. 10.
88  Duarte et al. (2017) Can Seaweed Farming Play a Role in 
Climate Change Mitigation and Adaptation? Frontiers in Marine 
Science, vol. 4. 
89  Sheppard, C. Status and Trends for the World’s Kelp Forests, 
in Wernberg, T., Krumhansl, K., Filbee-Dexter, K. & Pedersen, 
M.F., (Eds). (2019) World Seas: An Environmental Evaluation, 
Volume III: Ecological Issues and Environmental Impacts, 
Academic Press, UK, pp.57-58. 
90  Krumhansl et al. (2016) Global patterns of kelp forest change. 
Proceedings of the National Academy of Sciences, vol. 113(48), pp. 
13785-13790.
91  Qiu, Z. et al. (2019) Future climate change is predicted to affect 
the microbiome and condition of habitat-forming kelp. Proceedings 
of the Royal Society Biological Sciences, vol. 286(1896).
92  Teixeira A., Duarte B., & Caçador I., Salt Marshes and 
Biodiversity, in Khan M.A., Böer B., Öztürk M., Al Abdessalaam 
T.Z., Clüsener-Godt M., Gul B. (Eds) (2014) Sabkha Ecosystems. 
Tasks for Vegetation Science, vol 47. Springer, Dordrecht.
93  Heckbert et al. (2011) Climate Regulation as a Service from 
Estuarine and Coastal Ecosystems. Treatise on Estuarine and 
Coastal Science, vol. 12, pp. 199-216.
94  Sousa, A., Lillebø, A. I., Pardal, M. & Caçador, I. (2010) 
Productivity and nutrient cycling in salt marshes: contribution to 
ecosystem health. Estuarine, Coastal and Shelf Science, vol. 87, pp. 
640–646.
95  Shepard, C. C., Crain, C. M. & Beck, M. W. (2011) The 
Protective Role of Coastal Marshes: A Systematic Review and 
Meta-analysis. PLoS One, vol. 6(11).
96  Sousa et al. (2017) op cit.
97  Davidson, N. (2014) How much wetland has the world lost? 
Long-term and recent trends in global wetland area. Marine and 
Freshwater Research, vol. 65(10), pp. 934-941.
98  IPCC  (2007) Bernstein, L. et al. Climate Change 2007: 
Synthesis Report, 112 pp. https://www.ipcc.ch/site/assets/
uploads/2018/02/ar4_syr_full_report.pdf
99  FAO (2020) op cit.
100  Lewis, S.L. et al. (2009) Increasing Carbon Storage in Intact 
African Tropical Forests. Nature, vol. 457, pp. 1003-1006.
101  FAO (2020) op cit.
102  ibid.
103  Alongi  (2014) op cit.
104  Friess, D.A. et al. (2019) The State of the World's Mangrove 
Forests: Past, Present, and Future. Annual Review of Environment 
and Resources, vol. 44, pp. 1-27.
105  McKenzie, L.J. et al. (2020) The global distribution of seagrass 
meadows. Environmental Research Letters, vol.15.
106  Alongi (2014) op cit.
107  Waycott, M. et al. (2009) Accelerating loss of seagrasses 
across the globe threatens coastal ecosystems. Proceedings of the 
National Academy of Sciences, vol. 106(30), pp. 12377-12381.
108  Mcowen, C. et al. (2017) A global map of saltmarshes. 
Biodiversity Data Journal, vol. 5.
109  Alongi (2014) op cit.
110  Duarte, C.M., Dennison, W.C., Orth, R.J.W., & Carruthers, 
T.J.B. (2008) The Charisma of Coastal Ecosystems: Addressing the 
Imbalance. Estuaries and Coasts, vol. 31, pp. 233-238.
111  Jayathilake & Costello (2020) op cit.
112  Froehlich et al. (2019) Blue Growth Potential to Mitigate 
Climate Change through Seaweed Offsetting. Current Biology, vol. 
29(13), pp. 3087-3093.
113  Sheppard et al. (2019) op cit.
 

114  Ramsar, ‘Ramsar Sites Information Service’, accessed 
21.4.2021, https://rsis.ramsar.org/
115  Herr, D., Von Unger, M.,Laffoley, D, & McGivern, A. (2017). 
Pathways for implementation of blue carbon initiatives. Aquatic 
Conservation: Marine and Freshwater Ecosystems, vol. 27,  
pp. 116-129.
116  United Nations Environment Programme (2020) Maria 
Potouroglou et al. Out of the blue: The value of seagrasses to the 
environment and to people. UNEP, Nairobi, 95pp., 
https://www.unep.org/resources/report/out-blue-value-
seagrasses-environment-and-people
117  Martin, A., Landis, E., Bryson, C., Lynaugh, S., Mongeau, A., 
& Lutz, S., Blue Carbon - Nationally Determined Contributions 
Inventory in GRID-Arendal (2016)  Herr, D. & Landis, E. (Eds.)  
Coastal blue carbon ecosystems: Opportunities for Nationally 
Determined Contributions. GRID-Arendal, Norway, 23pp. 
http://bluecsolutions.org/dev/wp-content/uploads/Blue-Carbon-
NDC-Appendix.pdf
118  CBD, ‘Aichi biodiversity targets’, accessed 19.3.2021, 
https://www.cbd.int/sp/targets/
119  ibid.
120  Secretariat of the Convention on Biological Diversity (2020) 
Global Biodiversity Outlook 5. CBD, Montreal, Canada, 211 pp. 
https://www.cbd.int/gbo/gbo5/publication/gbo-5-en.pdf
121  Wylie, L.,  Sutton-Grier, A.E. & Moore, A. (2016) Keys to 
successful blue carbon projects: Lessons learned from global case 
studies. Marine Policy, vol. 65, pp. 76-84.
122  Pershing, A.J., Christensen, L.B., Record, N.R., Sherwood, G.D. 
& Stetson, P.B. (2010) The Impact of Whaling on the Ocean Carbon 
Cycle: Why Bigger Was Better. PLoS One, vol. 5(10), pp. 1-9.
123  Chami, R. et al. (2019) Nature’s Solution to Climate Change. 
Finance & Development, vol. 56(4), pp. 34-38.
124  Mariani, G. et al. (2020) Let more big fish sink: Fisheries 
prevent blue carbon sequestration - half in unprofitable areas. 
Science Advances, vol. 6(44).
125  Schmitz, O. et al. (2014) Animating the Carbon Cycle. 
Ecosystems, vol. 17, pp. 344-359.
126  Basu, S. & Mackey, K.R.M. (2018) Phytoplankton as Key 
Mediators of the Biological Carbon Pump: Their Responses to a 
Changing Climate. Sustainability, vol. 10(3).
127  Buesseler, K.O. et al. (2020) Metrics that matter for assessing 
the ocean biological carbon pump. Proceedings of the National 
Academy of the Sciences, vol. 117(18), pp. 9679-9687.
128  Simon, N. et al. (2009) op cit.
129  Field, C.B. et al. (1998) op cit.
130  Basu & Mackey (2018) op. cit.
131  National Ocean Service, 'How much oxygen comes from the 
ocean? At least half of Earth’s oxygen comes from the ocean.', 
accessed 10.05.2021, https://oceanservice.noaa.gov/facts/ocean-
oxygen.html; Walker, J.C.G. (1980) The oxygen cycle in the natural 
environment and the biogeochemical cycles. Berlin, Germany, 
Springer-Verlag, The Handbook of Environmental Chemistry book 
series.; Behrenfeld, M.J. et al. (2001) Biospheric Primary Production 
During an ENSO Transition. Science, vol. 291(5513), pp. 2594-2597.
132  Roman, J. & McCarthy, J.J. (2010) The whale pump: Marine 
mammals enhance primary in a coastal basin. PLoS ONE 
 vol. 5(10).
133  Chami et al. (2019) op cit.
134   Ibid.
135  Lavery, T., Roudnew, B., Gill, P., Seymour, J., Seuront, L., 
Johnson, G., Mitchell, J. & Smetacek, V. (2010) Iron Defecation by 
Sperm Whales Stimulates Carbon Export in the Southern Ocean. 
Proceedings of the Royal Academy, vol. 127, pp. 3527-3531. 
136  Schmitz et al.(2014) op cit.
137 Roman & McCarthy (2010) op cit.
138  GRID-Arendal, Blue Climate Solutions (2014) Lutz, S.J., 
Martin, A.H., Fish Carbon: Exploring Marine Vertebrate Carbon 
Services, GRID-Arendal, Arendal, Norway, 36 pp., 
http://bluecsolutions.org/dev/wp-content/uploads/2015/07/Fish-
Carbon-2014.pdf

https://sanctuaries.noaa.gov/visit/ecosystems/kelpdesc.html
https://sanctuaries.noaa.gov/visit/ecosystems/kelpdesc.html
https://www.ipcc.ch/site/assets/uploads/2018/02/ar4_syr_full_report.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/ar4_syr_full_report.pdf
https://rsis.ramsar.org/
https://www.unep.org/resources/report/out-blue-value-seagrasses-environment-and-people
https://www.unep.org/resources/report/out-blue-value-seagrasses-environment-and-people
http://bluecsolutions.org/dev/wp-content/uploads/Blue-Carbon-NDC-Appendix.pdf
http://bluecsolutions.org/dev/wp-content/uploads/Blue-Carbon-NDC-Appendix.pdf
https://www.cbd.int/sp/targets/
https://www.cbd.int/gbo/gbo5/publication/gbo-5-en.pdf
https://oceanservice.noaa.gov/facts/ocean-oxygen.html
https://oceanservice.noaa.gov/facts/ocean-oxygen.html
http://bluecsolutions.org/dev/wp-content/uploads/2015/07/Fish-Carbon-2014.pdf
http://bluecsolutions.org/dev/wp-content/uploads/2015/07/Fish-Carbon-2014.pdf


      26

139  Lavery, T.J. et al. (2014) Whales sustain fisheries: Blue whales 
stimulate primary production in the Southern Ocean. Marine 
Mammal Science, vol. 30, pp. 888-904.
140  Roman, J. et al. (2014) Whales as Marine Ecosystem 
Engineers. Frontiers in Ecology and the Environment, vol. 12 (2), 
pp. 377-385. 
141  Chami et al. (2019) op cit.; Using data from Pershing, A., 
Christensen, L., Record, N., Sherwood, G. & Stetson, P. (2010) The 
Impact of Whaling on the Ocean Carbon Cycle: Why Bigger Was 
Better. PLoS One, vol. 5(10), pp. 1-9.
142  Smith, C.R. & Baco, A.R. (2003) Ecology of whale falls at the 
deep-sea floor. Oceanography and Marine Biology: an Annual 
Review, vol. 41, pp. 311-354.
143  Smith, C., Roman, J. & Nation, J.B. (2019) A Metapopulation 
Model for Whale-Fall Specialists: The Largest Whales Are 
Essential to Prevent Species Extinctions - The Sea. Journal of 
Marine Research, vol. 77(2), pp. 283-302.
144  Pershing, Christensen, Record, Sherwood & Stetson (2010) 
op cit.
145  Lavery, T.J. et al. (2014) Whales sustain fisheries: Blue whales 
stimulate primary production in the Southern Ocean. Marine 
Mammal Science, vol. 30, pp. 888-904.
146  Roman & McCarthy (2010) op cit.
147  Roman et al. (2014) op cit.
148  Pershing, Christensen, Record, Sherwood & Stetson (2010) 
op cit.
149  Spiers, E.K.A. (2016) Potential role of predators on carbon 
dynamics of marine ecosystems as assessed by a Bayesian belief 
network. Ecological Informatics, vol. 36, pp. 77-83.
150   Atwood, T.B. et al. (2015) Predators help protect carbon stocks 
in blue carbon ecosystems, Nature Climate Change, vol. 5, pp. 
1038-1045. 
151  Estes, J.A. et al. (2011) Trophic Downgrading of Planet Earth. 
Science, vol. 333(6040), pp. 301-306.
152  ibid.
153  ibid.
154  Pacoureau, N. et al. (2021) Half a century of global decline in 
oceanic sharks and rays. Nature, vol. 589, pp. 567-571.
155  GRID-Arendal, Blue Climate Solutions (2014) Lutz & Martin. 
op cit.
156  Mariani et al. (2020) op cit.
157  Mariani et al. (2020) op cit.
158  Sala, E. et al. (2018) The economics of fishing the high seas. 
Science Advances, vol. 4(6).
159   Roman et al. (2014) op cit.
160  Pershing, Christensen, Record, Sherwood & Stetson (2010) 
op cit.
161  IUCN - SSC Cetacean Specialist Group,’Status of the World’s 
Cetaceans’, accessed 15.03.2021, https://iucn-csg.org/status-of-
the-worlds-cetaceans/
162  Tulloch, V. et al. (2020) Long-term trends and a risk analysis 
of cetacean entanglements and bycatch in fisheries gear in 
Australian waters. Biodiversity and Conservation, vol. 29, pp. 
251-282.; Read, A.J., Drinker, P.B., & Northridge, S.P. (2006) By-
catches of marine mammals in U.S. fisheries and a first estimate 
of global marine mammal by-catch. Conservation Biology, vol. 20, 
pp. 163-169. 
163  EJF (2020) Cetacean slaughter, shark finning and human 
rights abuse in Taiwan’s fishing fleet, London, UK, 13pp., 
https://ejfoundation.org/resources/downloads/EJF-Taiwan-
dolphin-briefing-2020.pdf
164  EJF (2020) Illegal fishing and human rights abuses in the 
Korean fishing fleet, London, UK, 9pp., https://ejfoundation.org/
reports/illegal-fishing-and-human-rights-abuses-in-the-korean-
fishing-fleet
165  UNEP, 17.12.2018, ‘How to banish the ghosts of dead fishing 
gear from our seas’, accessed 19.3.2021, https://www.unep.org/
news-and-stories/story/how-banish-ghosts-dead-fishing-gear-
our-seas
 

166  World Animal Protection, 23.4.2014, ‘Sea Change in the 
Ocean’, accessed 8.3.2021,  https://www.worldanimalprotection.
org/news/sea-change-ocean
167  Pirotta, V., Grech, A., Jonsen, D.I., Laurance, F.W. & Harcourt, 
G.R. (2019) Consequences of global shipping traffic for marine 
giants. Frontiers in Ecology and the Environment, vol. 17(1), pp. 
39-47.
168  IPCC (2019) Pörtner, H.-O. et al. (Eds.), IPCC Special Report 
on the Ocean and Cryosphere in a Changing Climate. IPCC, 
Cambridge, UK, 765 pp. https://www.ipcc.ch/site/assets/uploads/
sites/3/2019/12/SROCC_FullReport_FINAL.pdf
169  Klein, E.S. (2018) Impacts of rising sea temperature on krill 
increase risks for predators in the Scotia Sea. PLoS ONE, vol. 13(1).
170  The Guardian, Taylor, M., 14.2.2018, ‘Decline in krill threatens 
Antarctic wildlife, from whales to penguins’, accessed 1.3.2021, 
https://www.theguardian.com/environment/2018/feb/14/decline-
in-krill-threatens-antarctic-wildlife-from-whales-to-penguins
171  WWF, 1.6.2005, ‘The History of Whaling and the 
International Whaling Commission (IWC)’, accessed 15.3.2021, 
https://wwf.panda.org/?13796/The-History-of-Whaling-and-the-
International-Whaling-Commission-IWC
172  IWC (2016) Resolution on Cetaceans and Their Contribution 
to Ecosystem Functioning, 24 pp. https://archive.iwc.int/pages/
download.php?ref=6360&size=&ext=pdf&k=&alternative=-
1&usage=-1&usagecomment=
173  Pavone, I. (2019) Is Banning Enough? The Intricacy Inherent 
to Marine Mammal Conservation. German Law Journal, vol. 
20(5), pp. 587-61.
174  EJF (2020) Cetacean slaughter, shark finning and human 
rights abuse in Taiwan’s fishing fleet, London, UK, 13pp., 
https://ejfoundation.org/resources/downloads/EJF-Taiwan-
dolphin-briefing-2020.pdf
175  Rabearisoa, N. et al. (2018) Toothed whale and shark 
depredation indicators: Study from the Reunion Island and 
Seychelles pelagic longline fisheries. PLoS ONE, vol. 13(8).
176  Anderson, R.C. (2014) Cetaceans and Tuna Fisheries in the 
Western and Central Indian Ocean, IPNLF Technical Report 2, 
International Pole and Line Foundation, London, 133 pp., 
http://www.fao.org/3/a-bg252e.pdf.
177  WCPFC (2014) Clarke, S. et al. Bycatch in longline fisheries 
for tuna and tuna-like species: A global review of status and 
mitigation measures. Majuro, Republic of the Marshall Islands, 
236pp., https://www.wcpfc.int/node/18990
178  Sebe, M, Christos A. K. & Linwood P. (2019) A decision-
making framework to reduce the risk of collisions between ships 
and whales. Marine Policy, vol. 109.
179  IWC, ‘Ship Strikes: collisions between whales and vessels’, 
accessed 5.3.2021, https://iwc.int/ship-strikes
180  Calambokidis, J. et al. (2019) Differential Vulnerability to 
Ship Strikes Between Day and Night for Blue, Fin, and Humpback 
Whales Based on Dive and Movement Data From Medium 
Duration Archival Tags. Frontiers in Marine Science, vol. 6(543). 
181  Sousa, A. et al. (2019) How vulnerable are cetaceans to 
climate change? Developing and testing a new index. Ecological 
Indicators, vol. 98, pp. 9-18.
182  UNEP (2021) Making peace with nature: A scientific blueprint 
to tackle the climate, biodiversity and pollution emergencies. UN 
Environment Programme, Nairobi, Kenya, 168 pp. 
https://www.unep.org/resources/making-peace-nature
183  Jiao, N. (2018) Blue carbon on the rise: challenges and 
opportunities. National Science Review, vol. 5(4), pp. 464-468.
184  Bellanger, M. (2020) Addressing Marine and Coastal 
Governance Conflicts at the Interface of Multiple Sectors and 
Jurisdictions. Frontiers in Marine Science, vol. 7.
185  Chami et al. (2019) op cit.
186  UNEP (2021) op cit.
187  Smithsonian Institute, ‘The Deep Sea’, accessed 18.03.2021, 
https://ocean.si.edu/ecosystems/deep-sea/deep-sea
188  IUCN, ‘Issues brief - Deep sea mining’, accessed 18.03.2021, 
https://www.iucn.org/resources/issues-briefs/deep-sea-mining

https://iucn-csg.org/status-of-the-worlds-cetaceans/
https://iucn-csg.org/status-of-the-worlds-cetaceans/
https://ejfoundation.org/resources/downloads/EJF-Taiwan-dolphin-briefing-2020.pdf
https://ejfoundation.org/resources/downloads/EJF-Taiwan-dolphin-briefing-2020.pdf
https://ejfoundation.org/reports/illegal-fishing-and-human-rights-abuses-in-the-korean-fishing-fleet
https://ejfoundation.org/reports/illegal-fishing-and-human-rights-abuses-in-the-korean-fishing-fleet
https://ejfoundation.org/reports/illegal-fishing-and-human-rights-abuses-in-the-korean-fishing-fleet
https://www.unep.org/news-and-stories/story/how-banish-ghosts-dead-fishing-gear-our-seas
https://www.unep.org/news-and-stories/story/how-banish-ghosts-dead-fishing-gear-our-seas
https://www.unep.org/news-and-stories/story/how-banish-ghosts-dead-fishing-gear-our-seas
https://www.worldanimalprotection.org/news/sea-change-ocean
https://www.worldanimalprotection.org/news/sea-change-ocean
https://www.ipcc.ch/site/assets/uploads/sites/3/2019/12/SROCC_FullReport_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/sites/3/2019/12/SROCC_FullReport_FINAL.pdf
https://www.theguardian.com/environment/2018/feb/14/decline-in-krill-threatens-antarctic-wildlife-from-whales-to-penguins
https://www.theguardian.com/environment/2018/feb/14/decline-in-krill-threatens-antarctic-wildlife-from-whales-to-penguins
https://wwf.panda.org/?13796/The-History-of-Whaling-and-the-International-Whaling-Commission-IWC
https://wwf.panda.org/?13796/The-History-of-Whaling-and-the-International-Whaling-Commission-IWC
https://archive.iwc.int/pages/download.php?ref=6360&size=&ext=pdf&k=&alternative=-1&usage=-1&usagecomment=
https://archive.iwc.int/pages/download.php?ref=6360&size=&ext=pdf&k=&alternative=-1&usage=-1&usagecomment=
https://archive.iwc.int/pages/download.php?ref=6360&size=&ext=pdf&k=&alternative=-1&usage=-1&usagecomment=
https://ejfoundation.org/resources/downloads/EJF-Taiwan-dolphin-briefing-2020.pdf
https://ejfoundation.org/resources/downloads/EJF-Taiwan-dolphin-briefing-2020.pdf
http://www.fao.org/3/a-bg252e.pdf
https://www.wcpfc.int/node/18990
https://iwc.int/ship-strikes
https://www.unep.org/resources/making-peace-nature
https://ocean.si.edu/ecosystems/deep-sea/deep-sea
https://www.iucn.org/resources/issues-briefs/deep-sea-mining


      27

189  Levin, L.A., Amon, D.J. & Lily, H. (2020) Challenges to the 
sustainability of deep-seabed mining. Natural Sustainability, 
vol.3, pp. 784–794.
190  The Guardian, 30.06.2021, Lyons, K. ‘Deep-sea mining 
could start in two years after Pacific nation of Nauru gives UN 
ultimatum’, accessed 30.06.2021, https://www.theguardian.com/
world/2021/jun/30/deep-sea-mining-could-start-in-two-years-
after-pacific-nation-of-nauru-gives-un-ultimatum
191  Convention on Biological Diversity (CBD), 21.11. 2018, 
‘People depend on marine and coastal biodiversity for their 
livelihoods’, accessed 18.03.2021, www.cbd.int/article/food-2018-
11-21-09-29-49
192  National Ocean and Atmospheric Administration (NOAA), 
26.02.2021, ‘How much of the ocean have we explored?’, accessed 
18.03.2021, https://oceanservice.noaa.gov/facts/exploration.html
193  United Nations Education, Scientific, and Cultural 
Organisation (UNESCO), ‘United Nations Decade of Ocean Science 
for Sustainable Development (2021-2030)’, accessed 18.03.2021, 
https://en.unesco.org/ocean-decade
194  UNESCO, 07.03.2018, ‘Project  to map ocean floor by 2030 
now operational’, accessed 18.03.2021, http://www.unesco.org/
new/en/media-services/single-view/news/project_to_map_
ocean_floor_by_2030_now_operational/
195  Pew Trusts, 15.12.2017, ‘The Clarion-Clipperton Zone’, 
accessed 18.03.2021, https://www.pewtrusts.org/en/research-and-
analysis/fact-sheets/2017/12/the-clarion-clipperton-zone
196  Lab Worldwide, 13.12.2019, Stark, A., ‘Researchers Examine 
Impact of Deep Sea Mining’, https://www.lab-worldwide.com/
researchers-examine-impact-of-deep-sea-mining-a-891694/
197  Nature, 24.07.2019, Heffernan, O., ‘Seabed mining is coming 
— bringing mineral riches and fears of epic extinctions’, 
https://www.nature.com/articles/d41586-019-02242-y
198  ibid.
199  Berner, R. A. (2003) The long-term carbon cycle, fossil fuels 
and atmospheric composition. Nature, vol. 426, pp. 323–326.
200  Arndt, S. et al. (2013) Quantifying the degradation of organic 
matter in marine sediments: A review and synthesis. Earth 
Science Review, vol. 123, pp. 53–86.
201  Hülse, D. et al. (2017) Understanding the causes and 
consequences of past marine carbon cycling variability through 
models. Earth Science Review, vol. 171, 349–382.
202  Sweetman, A. et al. (2018) Key role of bacteria in the short-
term cycling of carbon at the abyssal seafloor in a low particulate 
organic carbon flux region of the eastern Pacific Ocean. 
Limnology and Oceanography, vol. 64(2), pp. 694-713.
203  Heriott Watt University, 20.11.2018, ‘Deep sea mining zone 
hosts co2-consuming bacteria, scientists discover’, accessed 
18.03.2021, https://www.hw.ac.uk/news/articles/2018/deep-sea-
mining-zone-hosts-co2-consuming.htm
204  Xu, C., Dai, Q., Gaines, L. et al. (2020) Future material 
demand for automotive lithium-based batteries. Communications 
Materials, vol.1.
205  Jeong, K., Kang, J. & Chough, S. (1994) Sedimentary processes 
and manganese nodule formation in the Korea Deep Ocean Study 
(KODOS) area, western part of Clarion-Clipperton fracture zones, 
northeast equatorial Pacific. Marine Geology, vol. 122, pp. 125–150.
206  Ashford, O.S. et al. (2018)  Phylogenetic and functional 
evidence suggests that deep-ocean ecosystems are highly 
sensitive to environmental change and direct human disturbance. 
Proceedings of the Royal Society Biological Sciences, vol. 285.
207  Vonnahme, T.R. et al. (2020) Effects of a deep-sea mining 
experiment on seafloor microbial communities and functions 
after 26 years. Science Advances, vol. 6(18), pp. 
208  De Jonge, D. et al. (2020) Abyssal food-web model indicates 
faunal carbon flow recovery and impaired microbial loop 26 
years after a sediment disturbance experiment. Progress in 
Oceanography, vol. 189.
209  Christiansen, B., Denda, A., & Christiansen, S. (2020) 
Potential effects of deep seabed mining on pelagic and 
benthopelagic biota. Marine Policy, vol. 114.

210  Orcutt, B. et al. (2020) Impacts of deep-sea mining on 
microbial ecosystem services. Limnology and Oceanography, vol. 
65(7), pp. 1489-1510.
211  Drazen, J.C., et al. (2020) Opinion: Midwater ecosystems must 
be considered when evaluating environmental risks of deep-sea 
mining. Proceedings of the National Academy of Sciences of the 
United States of America, vol.117(30), pp.17455-17460.
212  Irigoien, X., et al. (2014) Large mesopelagic fishes 
biomass and trophic efficiency in the open ocean. Nature 
Communications, vol. 5.
213  Boyd, P.W., Claustre, H., Levy, M., Siegel, D.A., & Weber, T. 
(2019) Multi-faceted particle pumps drive carbon sequestration in 
the ocean. Nature, vol.568, pp. 327-335.
214  Drazen et al. (2020) op cit.
215  Ocean Conservancy (2020) Considering the Deep Sea as 
a Source of Minerals and Rare Elements. Ocean Conservancy, 
Washington D.C USA, 6 pp. https://oceanconservancy.org/wp-
content/uploads/2020/07/IssueBrief_DSM_FINAL.pdf
216  The Conversation, 19.02.2019, Childs, J., ‘Deep sea mining 
threatens indigenous culture in Papua New Guinea’, accessed 
18.03.2021, https://theconversation.com/deep-sea-mining-
threatens-indigenous-culture-in-papua-new-guinea-112012
217  Radio New Zealand, 12.12.2018, ‘Seabed mining project in 
PNG appears dead in the water’, accessed 18.03.2021, 
https://www.rnz.co.nz/international/pacific-news/378047/
seabed-mining-project-in-png-appears-dead-in-the-water
218  Doherty, op cit.

https://www.theguardian.com/world/2021/jun/30/deep-sea-mining-could-start-in-two-years-after-pacific-nation-of-nauru-gives-un-ultimatum
https://www.theguardian.com/world/2021/jun/30/deep-sea-mining-could-start-in-two-years-after-pacific-nation-of-nauru-gives-un-ultimatum
https://www.theguardian.com/world/2021/jun/30/deep-sea-mining-could-start-in-two-years-after-pacific-nation-of-nauru-gives-un-ultimatum
https://www.cbd.int/article/food-2018-11-21-09-29-49
https://www.cbd.int/article/food-2018-11-21-09-29-49
https://oceanservice.noaa.gov/facts/exploration.html
https://en.unesco.org/ocean-decade
http://www.unesco.org/new/en/media-services/single-view/news/project_to_map_ocean_floor_by_2030_now_operational/
http://www.unesco.org/new/en/media-services/single-view/news/project_to_map_ocean_floor_by_2030_now_operational/
http://www.unesco.org/new/en/media-services/single-view/news/project_to_map_ocean_floor_by_2030_now_operational/
https://www.pewtrusts.org/en/research-and-analysis/fact-sheets/2017/12/the-clarion-clipperton-zone
https://www.pewtrusts.org/en/research-and-analysis/fact-sheets/2017/12/the-clarion-clipperton-zone
https://www.lab-worldwide.com/researchers-examine-impact-of-deep-sea-mining-a-891694/
https://www.lab-worldwide.com/researchers-examine-impact-of-deep-sea-mining-a-891694/
https://www.nature.com/articles/d41586-019-02242-y
https://www.hw.ac.uk/news/articles/2018/deep-sea-mining-zone-hosts-co2-consuming.htm
https://www.hw.ac.uk/news/articles/2018/deep-sea-mining-zone-hosts-co2-consuming.htm
https://oceanconservancy.org/wp-content/uploads/2020/07/IssueBrief_DSM_FINAL.pdf
https://oceanconservancy.org/wp-content/uploads/2020/07/IssueBrief_DSM_FINAL.pdf
https://theconversation.com/deep-sea-mining-threatens-indigenous-culture-in-papua-new-guinea-112012
https://theconversation.com/deep-sea-mining-threatens-indigenous-culture-in-papua-new-guinea-112012
https://www.rnz.co.nz/international/pacific-news/378047/seabed-mining-project-in-png-appears-dead-in-the-water
https://www.rnz.co.nz/international/pacific-news/378047/seabed-mining-project-in-png-appears-dead-in-the-water


      28

The health of the ocean is not only important 
to our planet, it is also directly linked to more 
equitable societies and economies, especially 
for coastal communities. Currently, over three 

billion people depend on marine and coastal 
biodiversity for their livelihoods, of which 
680 million live in low-lying coastal zones.
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