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The ocean is facing multiple pressures from human activities, including the effects of
climate change. Science has a prominent role in identifying problems and communicating
these to society. However, scientists are also increasingly taking an active role in developing
solutions, including strategies for adapting to and mitigating climate change, increasing
food security, and reducing pollution. Transmitting these solutions to society changes
our narrative about the ocean and motivates actions. The United Nations triple initiatives
for this decade—the Sustainable Development Goals, the Decade on Ocean Science
for Sustainable Development, and the Decade of Ecosystem Restoration—provide the
momentum for this change in narrative and focus. Here, we reflect on the search for
solutions and the need for better ways of communicating science in a positive way. We
synthesize insights from a summer school held during the COVID-19 pandemic and
present some examples of successes and failures and the lessons learned from these.

Keywords: ocean health, status assessment, restoration, recovery, ocean solutions, decade of ocean science,
decade on ecosystem restoration, sustainable development goals

1 INTRODUCTION

A healthy ocean is essential for human and societal health and wellbeing (Costanza et al., 2017;
Borja et al.,, 2020a). It provides energy, livelihood, and food for half the global population and
climate regulation for all. It is home to an extraordinary diversity of life and ecosystems, much of it
still unexplored and unstudied (Costello, 2015). Accounting for 70% of the Earth’s surface and over
90% of its habitable space, the ocean offers unrecognized and untapped potential for solving some
of our greatest challenges.

Recently, the United Nations (UN) Decade of Ocean Science for Sustainable Development
(UNDOS, 2021-2030) was launched (Ryabinin, 2021), with a vision of “The science we need for
the ocean we want” and a mission of “Transformative ocean science solutions for sustainable
development, connecting people and our ocean”. The keywords here are “science solutions” to reverse
the decline in ocean health while maintaining the services and benefits from the ocean, particularly
under a changing climate. This decline, in terms of habitat disturbance, biodiversity loss, resource
overexploitation, climate change, contamination, acidification, and invasive species, has been
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documented by the UN’s Second World Ocean Assessment
(WOAII) (United Nations, 2021a; United Nations, 2021b),
which identifies key factors threatening the ocean (Table 1).

The WOAII lays the foundation for the implementation
of the 2030 UN Agenda for Sustainable Development Goals
(SDG; United Nations, 2016). It provides a comprehensive and
integrated review of scientific information on the state of the
marine environment, emphasizing SDG14 (Life Below Water).
The aim is to support better stewardship of our ocean, and
as such, it coincides with the commencement of the UNDOS
(Ryabinin, 2021). Both of these also coincide with the start of
the UN Ocean Decade of Ecosystem Restoration 2021-2030
(UNDER), which also outlines high ideals for remedying the
damage to global ecosystems, including the marine system
(Waltham et al., 2020). These initiatives, together with others
such as the G7 Future of the Seas Initiative! and the ocean
emphasis in COP26 in Glasgow, led to 2021 being termed “a
super year for the ocean”.

The abovementioned threats to the ocean (or “ocean
calamities”) have been echoed widely by the media, leading
to a growing concern that the state of the ocean is fatally
compromised and driving society into pessimism (Duarte
et al., 2015b; Duarte et al., 2020). This shows that the ocean
has suffered from many impacts and losses, and enormous
challenges remain (Jouffray et al., 2020); some authors (e.g.,
Knowlton, 2021) have highlighted the increasing evidence
of the progress made in developing and implementing
solutions, and advocate for an “ocean optimism” The goal
of this emphasis on “ocean optimism” is to put a focus on
solutions and successes, which will help them to become the
norm rather than the exception (Knowlton, 2021), and to use
message-framing strategies to enhance marine conservation
(Kolandai-Matchett and Armoudian, 2020).

In connection with UNDOS, a solution-oriented model
is emerging, based on a theory of change that stipulates
“knowing the ocean” will contribute to sustainable and
equitable development (Singh et al., 2021). This approach
includes the endorsement, in June 2021, of the UNDOS
Program “Global Ecosystem for Ocean Solutions (GEOS)” that
aims at developing, testing, and deploying equitable, durable,
and scalable ocean-based solutions for addressing complex
ocean health and climate challenges. Achieving the SDGs will
require rebuilding marine life-support systems that deliver
the ecosystem services, from which the benefits that society
receives from a healthy ocean arise (Duarte et al., 2020). Most
of the solutions that are being proposed are nature-based
(Oen, 2019; Davies et al., 2021) and consider that the ocean is
key to achieving climate and societal goals (Hoegh-Guldberg
et al., 2019Db).

However, to achieve these goals, we need to change the
narrative about the ocean to encourage us (governments,
business, society, media, and scientists) to change our minds
and behaviors. We need to move from only raising problems by
documenting or predicting calamities to outlining pathways
for scalable solutions (Kolandai-Matchett et al., 2021a). To

'https://www.g7fsoi.org/activities/

that end, Lubchenco and Gaines (2019) propose a new ocean
narrative: “The ocean is not too big to fail, nor is it too big to fix,
but it is too big and important to ignore”.

Thus, although “doom and gloom” scenarios have been
prominent in the environmental literature since the 1960s
(Borja and Elliott, 2021), there is an increasing focus on
what can be done about the challenges we face. For ocean
conservation, an early manifestation of this trend was the first
International Marine Conservation Congress, whose formal
program in 2009 was preceded by a day-long symposium
hosted by the Smithsonian Institution entitled “Beyond the
Obituaries: Success Stories in Ocean Conservation”. Five years
later, the twitter campaign #OceanOptimism was launched,
and the 2020s began with the publication of two reviews
focused on what was working and what more could be done
to restore ocean health (Duarte et al., 2020; Knowlton, 2021).

Much of the early inspiration for these efforts came from
the realization that ocean professionals, especially younger
ones, wanted to do more than simply document the decline
of marine ecosystems and species (Knowlton, 2017), which is
also central to the UNDOS (Ryabinin, 2021). In this context,
coinciding with World Ocean Day, from June, 8 to 10, 2021,
the authors of this article organized in San Sebastian (Spain) a
virtual summer school to discuss, with selected speakers and
50 attendees, how “ocean optimism”, and this new narrative
could become operational. The idea underpinning this focus
on ocean solutions is not that we have addressed all or even
most of the threats responsible for the dramatic degradation
of ocean life and ecosystems that has occurred over the past
decades and centuries. Rather, despite the alarming trends,
some progress has been made and that a better future depends
not only on new strategies not yet attempted but also on
replicating and scaling up the achievements to date. For this
to happen, recognition and understanding of what has worked
is essential. Globally, there are many examples of small-scale
restoration, but the challenge is now to ensure these can
be up-scaled for the benefit of the planet (Waltham et al,,
2020). This overview presents the main facts, evidence, and
outcomes debated around the concept of “ocean optimism”
during the summer school. Hence, we focus on the topics
debated, which provide examples of positive actions that can
generate a change in the narrative: sustainable food from the
ocean, ecosystem conservation and restoration, reduction
of pollution from marine litter, and climate mitigation and
adaptation.

2 FOUR PRIORITY TOPICS FOR
POSITIVE ACTION

2.1 Sustainable Food From the Ocean

2.1.1 Role of Healthy Ocean and Blue Foods in the
Global Food System

Progress in conserving biodiversity and mitigating climate
change impacts needs to be accompanied with ensuring food
and nutrition security, healthy diets, and sustainable food

Frontiers in Marine Science | www.frontiersin.org

July 2022 | Volume 9 | Article 886027


https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles
https://www.g7fsoi.org/activities/

Borja et al.

Balancing the Narrative About Ocean

TABLE 1 | Key points threatening the ocean, after United Nations(2021a; 2021b). WOA |, First World Ocean Assessment.

Key point

Detail

Climate change effects from increased CO, emissions

Loss of biodiversity and ecosystem effects

Threatened habitats and species

Increased pressures

Increases in non-indigenous species

Overall marine health deteriorating

But:
That there have been innovations in monitoring technologies

That some pressures have been reduced since 2015

Increasing sea levels, storminess, and coastal urbanization;
increasing coastal erosion and flooding; increased ocean
acidification.

From the above aspects, warming (more than doubled since the
1990s) and increased hypoxic zones (from 400 globally in 2008 to
about 700 in 2019).

Mangrove, seagrass, and marsh plant species, as well as

many species of seabirds, are now threatened; sandy beaches
worldwide with retreating shorelines.

Marine litter in all habitats, affecting ecosystems and species
through entanglement and ingestion and as a vector for invasive
species; overfishing giving annually a loss of $88.9 billion in net
benefits.

Anthropogenic vectors introducing approximately 2,000 marine
non-indigenous invasive species, leading to biosecurity and
biodiversity hazards.

A reduction in marine health since WOA | with ecosystem services
and societal goods and benefits (e.g., food, jobs, medicine,

and climate regulation) reduced through human activities and
pressures

Improved sensor technology and observation platforms, indicating
nearly 11,000 new marine benthic invertebrate species and more
than 200 species of fishes since 2015.

That, in some regions, there has been improved management of
pollution and fisheries and increased marine protected areas.

systems for a growing global population (Leape et al., 2021).
Most notably, 71% of tropical and sub-tropical deforestation
comes from agriculture, with these together creating a quarter
of anthropogenic greenhouse gas (GHG) emissions (Pendrill
et al, 2019). Population growth and global environmental
change are challenging the global food supply, which will need
to support as many as 10 billion people by 2050. Currently,
half of the global population is malnourished, 795 million
people lack sufficient food for a healthy life, 2 billion people
suffer from some form of micronutrient deficiency, and 161
million children under the age of 5 are undernourished, while,
at the same time, paradoxically, an estimated 1.9 billion adults
are overweight or obese?. More daunting challenges lie ahead:
in addition to a growing global population, rising incomes
and an increasing middle class in developing countries are
predicted to increase the demand for animal protein by over
80% by 2050. These challenges are increasing inequality
and disparities in access to food and income worldwide,
aggravating rapidly increasing risks from climate change.

Aquatic or “blue” foods—all species of fish, shellfish,
and algae harvested and grown from marine and freshwater
ecosystems—are already an important part of the global food
system. They feed 3 billion people; sustain livelihoods for 800
million people; are rich in protein, vitamins, and omega-3
fatty acids and other important nutrients; and are produced
with relatively low environmental footprint compared with
land agriculture (Golden et al., 2021).

Blue foods are highly diverse, their supply from wild
capture fisheries leveled off in the 1990s, and sustained
production is threatened by climate change (FAO, 2020).

Aquaculture production has increased exponentially, but
continued expansion also poses challenges from environmental
impacts, as well as access and distribution, as most production is
increasingly concentrated in a few countries [principally, China
and other Asian countries, primarily from inland waters (FAO,
2020; Naylor et al., 2021)].

The Blue Food Assessment>—led by Stanfords Center
for Ocean Solutions and Center on Food Security and the
Environment, in collaboration with the Stockholm Resilience
Centre and Springer Nature—brought together more than 100
leading researchers around the world to address the future of
blue foods and their role in building a healthy, sustainable, and
equitable global food system. This initiative conducted the first
concerted analysis of the role of blue foods in the global food
system, assessed opportunities and trade-offs, and produced
roadmaps and partnerships to realize their potential. This
included the contribution of blue foods to human nutrition,
the environmental footprint and limits of blue food production,
expected trends in blue food demand, climate threats and risk
reduction strategies, the role of small-scale fishers and farmers,
and paths to achieving more equitable food systems. These
insights were brought to the UN Food System Summit, held in
September 20213, that, for the first time, included blue food in
its action tracks.

Analyses and modeling projections indicate the blue food
demand could double by 2050, with China, currently the largest
consumer, accounting for over half of the growth in total fish

Zhttps://bluefood.earth
*https://www.un.org/en/food-systems-summit
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consumption (Naylor et al., 2021). Given the limited potential
for further growth in wild-fisheries production, most of current
and future demand will need to be met by a more sustainable
aquaculture (e.g., through innovation, feed improvements, and
diversification).

An extensive compilation and analysis of the nutritional
content of more than 3,500 aquatic species indicates that
many blue foods are richer in nutrients than terrestrial meats,
particularly for omega-3 fatty acids, calcium, and vitamin B12.
A single serving of many species of small pelagic fish provides
more than the daily recommendations for those nutrients
(Golden et al, 2021). Compared with chicken, trout has
approximately 19 times more omega-3 fatty acids, oysters and
mussels have 76 times more vitamin B12 and five times more
iron, and carp has nine times more calcium.

There is an increasing potential for harnessing the diversity
of blue foods to address malnutrition while also giving health
and economic benefits. In countries with high micronutrient
deficiencies, supply chains and availability can be strengthened
by improving aquaculture and fisheries management, enhancing
sustainable aquaculture, and building more equitable trade
networks. The national dietary guidelines and nutrition policies
should prioritize blue foods where culturally and socially
appropriate, and governments could include blue foods in social
welfare programs, such as food assistance and school meal
programs, e.g., Peru, Vietnam, and Cambodia (Leape et al., 2021).

Fisheries and aquaculture can pose major environmental
stressors. However, many blue foods already perform well
compared with other foods in terms of their contribution to global
warming, eutrophication, land use, and freshwater consumption
(Gephart et al., 2021). Farmed bivalves and wild-caught small
pelagic fish produce the least GHG emissions. Farmed salmon,
trout, carp, catfish, and tilapia perform similarly or better than
chicken—often considered the most efficient meat.

There is also the potential for future gains by improving
existing production systems (e.g., by restoring healthy stocks,
reducing capture fisheries emissions by optimizing gear,
reducing the amount of feed in aquaculture, and changing the
farmed and capture species) (Peck et al.,, 2020). This includes
benefits in shifting species and production systems to those with
a lower environmental footprint (e.g., small pelagics and unfed
aquaculture species) (Gephart et al.,, 2021).

Realizing the potential of blue foods in building healthy,
nature-positive, and resilient food systems will require that
industries, private business, and governments embed blue foods
in food system governance, harness the nutritional diversity of
blue foods in food security and policy, and take measures to
reduce food waste. Governments need to expand investment
in small-scale actors, support sustainable development and
diversification of their sector, and ensure that trade and economic
policy takes account of their roles in providing equitable
economic opportunity and nutrition (Leape et al., 2021).

2.1.2 Examples for Optimism on Fisheries Recovery

Despite the recent opportunities to develop more sustainable
and equitable blue food systems, the public perception of global
fisheries has been shaped by high-impact studies (Pauly et al.,

1998; Myers and Worm, 2003; Worm et al., 2006), revealing
declines in the state of seas and the sustainability of fisheries,
leading, in turn, to calls to avoid fish consumption entirely
(The Guardian®, Seaspiracy®). Although the challenges faced by
fisheries and their impacts on ecosystems are widespread, the
tendency toward oversimplification and a “doom and gloom”
narrative has eclipsed other assessments (Worm et al., 2009;
Branch et al., 2011) that showed large geographic and taxonomic
variation in the state of fish stocks and highlighted some positive
trends in at least some areas. Recent research (Zimmermann and
Werner, 2019; Hilborn et al., 2020; Hilborn et al., 2021) has found
encouraging trends toward improved sustainability of fisheries
over the past two decades in some stocks and regions, notably the
Northeast Atlantic Ocean. These positive trends do not imply that
all issues are solved, but indicate that improvement is possible.

The Northeast Atlantic Ocean has been exploited for centuries,
with very high fishing pressure since the 1950s. Since then,
overcapitalized fishing fleets and a lack of regulation resulted
in the loss of large fish species (Sguotti et al., 2016), followed by
a decline in many commercial species (Rijnsdorp et al., 1996;
Zimmermann and Werner, 2019). However, in the early 2000s,
persistent overfishing prompted policy changes (EU, 2002)
to improve the management of fish stocks and facilitate their
rebuilding. After initial stagnation (Froese and Proelf3, 2010),
signs of a trend reversal started to emerge (Cardinale et al., 2013;
Fernandes and Cook, 2013), with clear improvements in their
sustainability in recent years (Zimmermann and Werner, 2019;
Hilborn et al., 2021).

Despite stock-specific variation, a clear link between
implementing science-based management, reductions in
fishing pressure, and increases in stock sizes has been shown
(Zimmermann and Werner, 2019). European fisheries provide
examples of how biodiversity loss and overexploitation can be
reversed when science-based management is implemented and
enforced. However, they also highlight that rebuilding fish stocks
requires a persistent management effort, success can depend on
changes in the environment and ecosystems, and there is a need
for transnational coordination and collaboration, such as the
International Council for the Exploration of the Sea (ICES). In
the following, we outline two examples and discuss the broader
impacts of climate change.

-Atlantic Herring

The Norwegian spring-spawning (NSS) stock of Atlantic
herring (Clupea harengus) has been fished for centuries and has
been scientifically investigated for more than 100 years, providing
some of the earliest case studies in marine research (Hjort and
Lea, 1911). The increasing fishing pressure after World War 1II
and a period of poor recruitment resulted in a large-scale decline
of the stock in the 1960s, decreasing from a biomass estimated
above 10 million tons to around 16,000 tons (Dragesund et al.,
1997; Toresen and @stvedt, 2000). Although the collapse of NSS
herring highlighted the risks and repercussions of overfishing, it
also revealed the challenges of natural fluctuations for fisheries

*https://www.theguardian.com/commentisfree/2019/may/09/seas-stop-
eating-fish-fishing-industry-government
*https://www.seaspiracy.org/
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management. As with other Atlantic herring stocks (Trochta
et al,, 2020), NSS herring is known for cyclic dynamics in stock
biomass, driven by environmental factors that control the stock
productivity and distribution (Dragesund et al., 1980). Population
dynamics are driven by a few strong year classes produced by
a range of factors (Zimmermann et al., 2019; Tiedemann et al,,
2020; Garcia et al., 2021), whereas periods of intermediate to
poor recruitment cause declines in stock biomass.

Natural fluctuations in productivity require adaptive fisheries
management that adjusts the fishing pressure to the stock
trajectory and are a particular challenge when attempting to
rebuild a stock. Although a fishing moratorium was enforced
after the collapse of NSS herring, it took around 15 years for it
to recover. The spawning stock biomass increase to levels above
which could be harvested sustainably, up to 7 million tons in
2009, followed a slow decline due to a decade of largely weak
year classes. However, compared with the 1960s, substantially
improved management that includes large-scale monitoring
efforts and a management plan aimed at maintaining sustainable
harvest levels (ICES, 2018) provides safeguards against
overexploitation.

-Atlantic Bluefin Tuna

Atlantic bluefin tuna (Thunnus thynnus) is an iconic and
highly valued species that can reach body sizes of more than
3 m and 900 kg and is managed as two separate stocks: eastern
bluefin tuna (EBFT) in the eastern Atlantic has its main spawning
grounds in the Mediterranean Sea, whereas western bluefin tuna
(WBFT) spawns in the Gulf of Mexico and migrates along the
eastern coast of the Americas (Fromentin and Powers, 2005),
although recent studies found that cross-Atlantic migration and
mixing occur (Rooker et al., 2019). The combined factors of high
value, extremely wide distribution, a multinational fishery with
fishing fleets from almost 40 countries involved in the EBFT
fishery, and substantial amounts of illegal and unreported fishing
resulted in a perfect storm for the management of this species.
This led to overfishing and declines in both stocks from the 1960s
onward (Fromentin and Powers, 2005; Failletaz et al., 2019), with
the threat to extinction. However, although the public narrative
of a highly endangered species persists, there is evidence that
Atlantic bluefin tuna has recovered over the past 10 years, with
EBFT considered as sustainably managed after returning to high
stock levels®.

Its recovery was the product of a science-based management
plan, facilitated by increasing public pressure and calls to ban the
trade of Atlantic bluefin tuna under the CITES agreement (Nayar,
2010), improved compliance and enforcement (Gongalves, 2021),
as well as favorable environmental conditions (Failletaz et al.,
2019). Improvement in stock condition was unexpectedly rapid,
as indicated by the increase in spawning stock size and return
of migration patterns to the level of pre-overfishing periods.
Large schools began to return to Norwegian waters from 2012
onward, after EBFT had largely disappeared after the mid-1960s
(Nottestad et al., 2020). Although mainly found in temperate to
warm water, Atlantic bluefin tuna has been observed in recent
years as far north as Svalbard in Arctic waters, probably following

¢ https://www.iccat.int/Documents/SCRS/ExecSum/BFT_ENG.pdf

Atlantic mackerel (Scomber scombrus) as an important prey
species that has expanded its own range during the past decade.
The increase in stock biomass has also resulted in increasing total
allowable catches (TACs) after the initial reductions around 2008
to allow for a recovery, returning to similar levels as in the past
while largely preventing illegal or unreported catches that exceed
the TAC.

-Climate Winners? Benefits and Challenges of Range
Expansion

Although climate change is mostly associated with negative
impacts on marine ecosystems (Hoegh-Guldberg and Bruno,
2010), fish stocks (Plaganyi, 2019), and fisheries (Mendenhall
etal., 2020), for many fish stocks, impacts are mixed or positive
(Peck et al., 2020; Kjesbu et al., 2021). Environmental shifts
can be beneficial when food availability increases through
higher ecosystem productivity or habitat expansion, or a
combination thereof. Combined with effective management,
such changes can result in large increases of stock biomasses
and fisheries yields. Notable examples for such a development
are Northeast Atlantic mackerel, Northeast Arctic (NEA) cod
(Gadus morhua), and Northern hake (Merluccius merluccius).
All three stocks were below limit reference points in the early
2000s but increased notably over the subsequent years, with
mackerel, hake, and NEA cod increasing more than 2.5-, 6-,
and 10-fold, respectively, from their prior low point to the
following biomass peak.

Despite their different habitats and distribution, the three
stocks were all adversely affected by unsustainable fishing
pressure during the 1990s, representing the general state
of most European fisheries at the time. Policy changes at
the beginning of the 2000s and subsequent improvements
in management gave all three stocks the opportunity to
use favorable environmental conditions and expand their
feeding range, enabling the observed increases in stock sizes.
Northeast Atlantic mackerel has traditionally depended on
extensive migrations between the spawning areas along the
shelf break from Portuguese to Scottish waters as well as in
the North Sea (Trenkel et al., 2014) to the feeding grounds
in the Norwegian Sea between Norway and Iceland (Brunel
et al., 2018). As its range is largely limited by temperature,
higher temperatures allowed an increasing mackerel stock to
expand its feeding migrations substantially to include areas
further north and west, up to the Greenland Sea (Olafsdottir
et al., 2019; Nikolioudakis et al., 2019). Similar positive
feedbacks have also driven the large increases of Northern
hake, expanding its northern range into the North Sea and
Norwegian Sea (Westgaard et al., 2017), whereas NEA cod
decreased in the southern North Sea but benefited from
higher temperatures in higher latitudes and extended feeding
ranges in the Barents Sea (Fall et al., 2018).

However, the three examples show how positive
developments can create new management challenges through
species interactions (Zimmermann and Yamazaki, 2017; van
Gemert and Andersen, 2018), and quota conflicts following
distribution shifts (Gullestad et al., 2020) while causing
challenges and opportunities for fishers that need to modify their
target species (Peck et al., 2020).

Frontiers in Marine Science | www.frontiersin.org

July 2022 | Volume 9 | Article 886027


https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles
https://www.iccat.int/Documents/SCRS/ExecSum/BFT_ENG.pdf

Borja et al.

Balancing the Narrative About Ocean

-Lessons Learned

These cases have provided some important lessons: (i) it
is possible to rebuild a stock even after a major collapse, and
relatively fast; (ii) a recovery often also requires beneficial
conditions such as a strong year class; (iii) even large,
straddling, and fluctuating stocks fished by fleets from
multiple nations can be managed sustainably if science-
based management measures are strictly implemented and
enforced; (iv) science-based policies not only can provide
higher resistance and resilience against adverse climate
effects (Brander, 2010) and offset their impacts (Gaines et al.,
2018) but also can create the necessary conditions to reap
the potential benefits of positive climate effects; and (v) fish
stocks shared by several countries highlight that political
decision-making and quota negotiations remain major
challenges for sustainable fisheries.

2.2 Ecosystem Restoration
Given the scale of environmental damage that has occurred,
there is increasing interest in the role for restoration in marine
conservation, despite concerns about scalability and cost, as
shown by the establishment of the UNDER 2021-2030. It aims
to greatly increase the restoration of degraded ecosystems to
combat the climate crisis and enhance food security, water
supply, and biodiversity (Waltham et al., 2020). Ecosystem
restoration is fundamental to achieving the SDGs, mainly
those on climate change, poverty eradication, food security,
water and biodiversity conservation, as well as post-2020
biodiversity targets (Arneth et al., 2020; CBD, 2020). UNDER
shows the need to accelerate existing global restoration goals
(to restore 3.50 M km? of degraded ecosystems by 2030).
Currently, 57 countries, subnational governments, and
private organizations have committed to bring >2.90 M km?
of degraded land under restoration by 2030, and notably, it
focuses on targeted ecosystems, including ocean and coasts.
There is a growing number of examples of successful
marine restoration, and their analysis holds promise for
increasing restoration effectiveness (Saunders et al., 2020).
Successful restoration can have multiple benefits, such as for
food security and climate change. One recent notable example
concerns the seagrass habitats off the coast of Virginia in the
US, which involved a 20-year effort and the planting of over
70 million seeds of the eelgrass Zostera marina (Orth et al.,
2020). Similar recovery trends have been detected in Europe
(de los Santos et al., 2019) and elsewhere (Dunic et al., 2021).
The result has been not only the recovery of the eelgrass
beds but also the ecosystem services and societal benefits
that they provide (Orth et al., 2020), including an increase in
water clarity, improved capture of carbon and nitrogen in the
sediments, and an increase in biomass of both invertebrates
(including the commercially important sea scallop) and
finfish. This is like worldwide examples of oyster restoration,
leading to both ecosystem rehabilitation: direct economic
benefits and spillover effects on fin-fisheries (Gilby et al,
2018). It is notable that such attempts are now being scaled-up
to meaningful and effective levels (Pogoda et al., 2020).

One particularly well-studied example of restoration
concerns the Basque region in the north of Spain, with its
12 small estuaries ranging in lengths from 2 to 22 km and
extending over 150 km of coastline (Borja et al., 2006a). Given
that most ocean problems, and therefore solutions, relate to
the estuarine and coastal activities, it is important to consider
such areas when discussing ocean improvements (Defeo and
Elliott, 2021). Industrialization, urbanization, and population
growth, beginning in the mid-19% century, removed 15%
to 88% of the intertidal estuarine habitat, depending on the
estuary, as well as creating many other human pressures
(Borja et al., 2006a) such as nutrient discharges, water and
sediment pollution by metals and organic compounds, water
abstraction, sediment dredging, shoreline reinforcement,
moorings (ports), and the introduction of alien species (Borja
et al., 2006a). The region reached its maximum degradation
around the 1970s to 1980s, with anoxic and azoic areas in
some estuaries (Borja et al., 2016).

However, since then, diverse management measures
were implemented (i.e., wastewater treatment and habitat
restoration), and systematic monitoring was organized
(numerous physico-chemical variables in water, sediment and
biomonitors, as well as different ecosystem components, such
as phytoplankton, macroalgae, seagrasses, macroinvertebrates,
and fishes), allowing marine ecosystem recovery to be
documented (Borja et al., 2006b, Borja et al., 2016).

Most of the indicators showing improvement (e.g.,
nutrients and oxygen) are directly related to the effectiveness
of the wastewater treatment plants, as well as the changes
in industrial production systems, including the economic
downturn that saw industries close (Borja et al., 2006b, Borja
et al., 2016). Phytoplankton, chlorophyll a, and cell counts
show more significant worsening trends than improving
ones probably due to the initially turbid waters, which
prevented phytoplankton growth, with a subsequent increase
in chlorophyll concentration when the water turbidity had
been reduced (Borja et al., 2016). For macroinvertebrates,
five study parameters showed a much higher percentage of
significant improving trends than worsening ones. In the case
of fish, none of the five parameters worsened, with diversity
and demersal community richness and fish richness showing
higher degrees of improvement.

A more detailed analysis of one system, the Nervidén
estuary, documented not only the physical and biological
recovery but also the recovery of ecosystem services and
societal benefits, namely, recreational fishing and the use of
beaches for sunbathing and sports. These services have been
studied under three perspectives: environmental (Pouso et al.,
2019), social (Pouso et al., 2018a; Pouso et al., 2018b), and
economic (Pouso et al., 2018¢; Pouso et al., 2021). The increase
in recreational fishing has followed the physico-chemical
recovery of the system, especially in terms of dissolved oxygen
and also in the recolonization of the inner estuary by fish
(Pouso et al., 2019), with increasing individual catches. It is
notable that the perception of fishers does not match with the
reality, because 69% of the fishers think that there is a decrease
in fish abundance and 36% consider that there is no change in
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fish richness (Pouso et al., 2018b). In contrast, 75% of beach
users consider that the quality of the water has improved with
time, and 62% of visitors practice aquatic activities in the beaches
because of this (Pouso et al., 2018a).

It is necessary to translate the environmental improvement
into measures understandable by policymakers, often as a
financial benefit. Using the travel cost method, Pouso et al.
(2020) studied the amount that visitors are willing to pay to reach
the recreation site and determined that beachgoers would spend
on average 7.05 € trip~!, or an annual total of 3.5 M€ year~!. In the
case of recreational fishing, these values are 449 € year! fisher!
and 1.1 M€ year~!, respectively. Given that the beach maintenance
costs 0.67 M€ year™!, and the wastewater treatment costs 23.7
ME year™!, just these two benefits cover 100% of the beach
maintenance and 20% of the water treatment costs (Pouso et al.,
2020). As there are many other ecosystem services and societal
benefits not included in the analysis (e.g., food provision, carbon
sequestration, nursery functions, pollutants cycling, and other
cultural benefits), it is likely that the economic benefits of the
estuary restoration could be much higher than the investments
expended in recent decades.

In essence, these actions in the Basque Country provide some
valuable lessons: (i) long-term monitoring networks, covering
multiple ecosystem components, provide appropriate knowledge
to take informed management decisions to restore marine
systems; (ii) the recovery of degraded marine systems can take
decades, although the water column variables can recover faster
than sediments and organisms used for biomonitoring, and the
ecosystem components depend on each other for recovery, both
structure and function; and (iii) the recovery of the societal
benefits from restored ecosystem services shows that only a few
of them are required to cover most of the investments undertaken
in restoration.

Although there is a long history of ecological restoration in
coastal and marine areas (e.g., Borja et al., 2010; Duarte et al.,
2015a; Duarte et al., 2020), there are also examples of what has
been unsuccessful because there was a poor understanding of
the physical processes (e.g., gecomorphology and hydrology) that
create the conditions for biological systems to develop (Elliott
et al., 2016). The latter studies led to the recognition that the
essence of successful and sustainable ecological restoration is in
acknowledging the role of ecohydrology, as the links between the
ecology and the physical system (Wolanski and Elliott, 2015).

The future of successful ocean restoration may mean
translating the lessons from estuaries and coasts to ocean
areas. However, in many cases, there may be a lesser ability to
manipulate the system, and so it may mean removing stressors
and allowing areas to recover without direct assistance.
Increasingly, restoration and the alleviation of problems due to
urban and industrial developments may involve compensating for
the loss of natural habitats (Elliott et al., 2020). This will include
six compensatory options: (i) restoring the habitat to ensure the
maintenance of its conservation value and compliance with the
conservation objectives of the site; (ii) improving the remaining
habitats proportional to that is lost due to the development
projects; (iii) preservation of habitat stock, specifically measures
to prevent further erosion of the coherence of the network; (iv)

creating a reserve (including strong restrictions in land use);
(v) providing incentives for certain economic activities that
sustain key ecological functions; and/or (vi) reduction of (other)
pressures, usually upon species, either through action on a single
source or through co-ordinated action on all pressures.

2.3 Solutions to Marine Litter

Marine litter has been identified as a challenge to ocean health,
is present in all marine environments (Morales-Caselles et al.,
2021), and has become a priority issue for policymakers and
governments (Maes et al., 2019). It is listed within the UN SDGs
(United Nations, 2016), being the subject of a number of national
and regional initiatives such as the EU Marine Strategy Framework
Directive. Although not necessarily the largest threat to ocean
health (Borja and Elliott, 2019; Tiller et al., 2019), marine litter
has also become a pressing issue for the general public, and high
public awareness and media attention have led to the creation
of numerous entrepreneurial start-up initiatives to address the
problem of marine litter, although little academic research has
documented their effectiveness (Dijkstra et al., 2021).

Marine litter may be regarded as a land-based problem (an
estimated 78% has terrestrial origin), and the largest share of
plastic (95%) is found in surface waters and on shorelines (83%)
(Morales-Caselles et al., 2021). The composition of litter at the
ocean surface changes from take-out consumer items nearshore
to a dominance of fishing-related items offshore, with single-use
items even more predominant in low-income countries. Most
marine litter emanates from 1,000 rivers worldwide (Meijer
et al., 2021) and so the efficient implementation of solutions and
policymaking requires a good understanding of the distribution,
abundance, and sources of marine litter.

Various solutions have been designed to prevent or mitigate the
presence and effects of macrolitter (items >2.5 cm) in the marine
environment (Table 2), and more technological, governance,
and management solutions can be found elsewhere (Lohr et al,
2017; SCP/RAC, 2017; Dijkstra et al., 2021). Upstream preventive
solutions are preferable to downstream mitigation (Fabres et al,
2016; UNEP, 2016), but downstream policy-oriented solutions are
more commonly implemented. Although there is a plethora of
monitoring initiatives, these are not management actions and only
indicate the need for (and efficacy of) actions (Bellou et al., 2021).
Transboundary governance and collaboration also play a key role in
addressing marine litter, and some projects” have demonstrated the
value of such collaboration (LIFE LEMA, 2020).

Most solutions have focused on coastal macrolitter (Morales-
Caselles etal., 2021), but few solutions have reached mature technical
readiness and market availability (Bellou et al., 2021). In terms of
microplastics (< 0.5 cm), efforts are being made both at industrial
and governance levels (e.g., bans on microbeads) (Stoll et al., 2020;
Gago et al,, 2020), and there is promising work on identifying and
genetically modifying plastic-degrading organisms and enzymes?®.
However, collection at sea is complex, so that further development

"www.lifelema.eu
Shttps://www.theguardian.com/environment/2022/feb/05/
how-super -enzymes-that-eat-plastics-could-curb-our-waste-problem
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of promising solutions that capture plastics before they enter the ~ 2.3.1 Preventive Solutions

ocean, such as a gelatinous solution to capture microplastics from  There are numerous examples of applying the circular economy

wastewater treatment plants using a filter made of jellyfish mucus ~ approach, which targets design, production, consumption, and

(Freeman et al., 2020), remains a high priority. end-of-life management. Taking fishing gear as an example, the
solutions have focused on: (i) recovering and recycling, to create

TABLE 2 | Examples of preventive and mitigation solutions to address marine (macro) litter.

Domain Solutions for macrolitter Examples with references

PREVENTIVE SOLUTIONS

Circular economy for fishing and Ecodesign

It
aquacLiture gears e Ecodesign of Fish Aggregating Devices - Project BIOFAD

(Zudaire et al., 2020)
Use of alternative materials (recyclates, bio-based for marine

applications;
pplications) ® Recycled materials derived from fishing gears for mussel

longline ropes - aquaculture (BLUENET project - https://www.
bluenetproject.eu/; Basurko et al., 2020).

¢ Bio-based materials for mussel long-line aquaculture (BIOGE-
ARS project, https://biogears.eu/), and floats for Fish Aggregat-
ing Devices (Zudaire et al., 2021).

® Bio-based materials for gillnets (Grimaldo et al., 2020).
Upcycling end-of-life fishing gears into value-added products

e Sunglasses, fisher bibs: Project SAREBIO (Zudaire et al.,
2021)

e Cloths: Project Redcycle and Seacycle (TERNUA, 2021a;
TERNUA, 2021b)
Behavioral change Ocean literacy

¢ Project ResponSEADble (ResponSEAble, 2021)
MITIGATION SOLUTIONS
Detection and monitoring Remote sensing: satellite imagery and unmanned aerial systems

e Satellite imagery and drones to detect marine litter windrows
(Hennen et al., 2019; Topouzelis et al., 2020)

¢ Satellite imagery to detect plastic patches in coastal waters
(Biermann et al., 2020; Kikaki et al., 2020)

* Remote sensing technology to detect macro and microplas-
tics (Salgado-Hernanz et al., 2021)

¢ Drones to detect and monitor beach litter (Martin-Rodriguez
et al., 2017; Andriolo et al., 2021)
Videometry system (cameras) at rivers and at sea

e Quasi-real time monitoring (Ruiz et al., 2020a)
e Monitoring and characterization (van Lieshout et al., 2020)

e \/essel-based sampling (de Vries et al., 2021)
Numerical modeling: HF radars, Lagrangian models, surface

drifters
e Convergence areas: Marine Litter Windrows (Cozar et al.,

2021); Patches (van Sebille et al., 2012; Lebreton et al., 2018)

e Origin, pathway, and sink (Declerck et al., 2019; Miladinova
et al., 2020; Soto-Navarro et al., 2020)

(Continued)
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TABLE 2 | Continued

Examples with references

PREVENTIVE SOLUTIONS

Domain Solutions for macrolitter
Collection/cleaning At rivers
At marinas

At coastal waters

At open sea

* Booms tested at by EU-funded projects (LIFE LEMA, 2020;
CLAIMS, 2021)

* Passive collectors — water wheels: The Interceptor (The
Ocean Cleanup, 2021); Mr Trash Wheel (Waterfront Partner-
ship, 2021)

® Bubble curtains (The Great Bubble Barrier, 2021)

e Fix collector: Seabin (Seabin, 2021)

* Passive fishing for litter initiatives undertaken by commercial
fishers: KIMO's Fishing for Litter Initiative (KIMO, 2021), Upcy-
cling the Ocean (Ecoalf, 2021)

 Active fishing for litter initiatives associated to marine litter
windrows (Ruiz et al., 2020b)

* Marine litter management tools for aided efficient collections
LEMA tool (LIFE LEMA, 2020; Delpey, 2021)

e Booms (The Ocean Cleanup, 2021)

¢ Passive Fishing for Litter: KIMO’s Fishing for Litter Initiative
(KIMO, 2021); Upcycling the Ocean (Ecoalf, 2021)

high-value products such as clothing, accessories, or components
for aquaculture gear (Basurko et al., 2020); (ii) using alternative
materials, such as bio-based polymers for gillnets (Grimaldo
etal., 2020) or organic materials to build fish aggregating devices
used by the tropical tuna fisheries (Zudaire et al., 2020); (iii)
developing designs that need less or alternative materials or that
can be easily dismantled to facilitate recycling; or (iv) creating
circular design standards for fishing and aquaculture gear
(MRAG, 2020).

There are also efforts to create behavioral change. Beach
cleaning events are popular initiatives to raise awareness and
may possibly result in behavior change (Willis et al.,, 2018).
More effective approaches, including problem-structuring
frameworks to assess the causes, consequences, and responses to
an environmental problem in a holistic and meaningful way, can
be used to determine the most efficient measures and means to
communicate, educate, and raise awareness (Elliott et al., 2017).
The ResponSEAble project is a good example applied to solving
the problem of microplastics and cosmetics (ResponSEAble,
2021).

2.3.2 Mitigation Solutions

Effective mitigation solutions require stakeholder engagement,
legislation, the use of market-based instruments, best
environmental practices, and best available techniques (UNEP,
2016). They can be divided in two groups: (i) monitoring of the
presence of marine litter at rivers, coastal areas, and open seas

(a priori solutions), and (ii) collection of marine litter from
the environment (a posteriori solutions) (some examples are
shown in Table 2). As with prevention measures designed to
act on sources, such as the measures applied to waste-water
treatment plants (Schuhen and Sturm, 2020), home laundry
machines (SCP/RAC, 2017), or the end-of-life fishing net
recovery schemes (Basurko et al., 2020), mitigation solutions
are not source-specific. However, the only sustainable strategy
requires human behavioral changes to prevent the discharge
in the first place.

Spatial and temporal monitoring are needed to assess the level
of marine litter pollution and provide objective information for
the design of mitigation solutions and the promotion of adaptative
management, as well as for assessing their effectiveness. They
come in a variety of forms: (i) modeling the fate of marine litter
in the ocean to determine the pathways, sink, and accumulation
areas of marine litter (e.g., patches, ocean gyres, and windrows)
using, for example, Lagrangian particle tracking combined with
trackers and validated with surface drifters or observations (van
Sebille et al., 2012; Lebreton et al., 2018; Declerck et al., 2019); (ii)
remote sensing to detect litter accumulations at sea and undertake
beach mappings for monitoring purposes (Biermann et al., 2020;
Salgado-Hernanzetal., 2021), for example, combining technology
from satellite imagery or drones with image processing using
intelligent algorithms; and (iii) videometry systems for riverine
litter monitoring (Gonzélez et al., 2016), these are used, for
example, in Asian, French, and Spanish rivers to inform the
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management action of local authorities (van Lieshout et al., 2020;
Ruiz et al., 2020a).

There have been various collection efforts to remove litter
from marine environments (LIFE LEMA, 2020; Dijkstra et al.,
2021), including vessel or land-based structures, and should be
environmentally friendly. Borja and Elliott (2019) emphasize
the need for a holistic and multidisciplinary approach to solving
the challenge of ocean plastics, which considers the ecological,
economic, technological, societal, legal, administrative, political,
cultural, ethical, and communication aspects.

“Fishing for litter” schemes engage the fishing sector in the
protection of the marine environment and raising awareness;
currently, 10 European countries are participating in the Fishing
for Litter initiative (KIMO, 2021). Efforts involve either “active
Fishing for Litter” [UNEP(DEPI)/MED, 2016] with specialized
marine litter cleaning boats usually operating in coastal surface
waters (LIFE LEMA, 2020) or “passive Fishing for Litter” by
volunteer fishers (KIMO, 2021) usually targeting seafloor litter.
Riverine litter can be trapped by booms (LIFE LEMA, 2020;
CLAIMS, 2021) or bubble curtains (The Great Bubble Barrier,
2021) and later removed mechanically or by hand. A combined
autonomous technology also exists (e.g., the Interceptor of The
Ocean Cleanup), and related efforts occur in harbors (e.g., Mr
Trash Wheel'), where smaller scale mechanisms have also been
deployed (e.g., Seabin, 2021). Solutions for gyres in the open
ocean are led by The Ocean Cleanup, which has developed a
U-shaped barrier that guides the plastic into a retention zone,
which, once full, is hauled on board a vessel (The Ocean Cleanup,
2021). The effectiveness of some of these collection efforts is
enhanced by drawing on monitoring information (LIFE LEMA,
2020; Delpey, 2021).

2.3.3 Lessons Learned From Marine Litter

Marine litter is a clear example of pollution that is not exclusively
derived from Blue Economy-related sectors (UNDP, 2018;
Morales-Caselles et al., 2021). Despite the exponential growth in
the development of marine litter solutions, embedded within the
regulatory framework and funding schemes, the implementation
of solutions has become the weakest part of ocean management
due to its complexity. This results from the fact that governance
is fragmented across jurisdictions, sectors, and products
(Dauvergne, 2018); the currently existing framework does not
deal adequately with all the key sources and entry points of
marine litter (UNEP, 2016); and there are no one-size-fits-all
solutions (Williams and Rangel-Buitrago, 2019). In particular, it
is a problem requiring land-based solutions even if the effects
and receptors are in the marine environment. Furthermore, the
selection of solutions and who pays for themis not straightforward,
and thus, understanding of the costs and benefits of these actions
needs improving to boost their implementation by governments
(Andrés et al, 2021). Similarly, although scientific advances
and industrial and policy developments have been significant
during the last decade (UNEP, 2016), the effectiveness of
solutions remains to be assessed. More than half a century of
tackling pollution problems (Borja and Elliott, 2021) has shown
that “prevention is better than the cure” and that all sectors of

society must be involved in finding solutions. Unlike many other
contaminants, plastics will continue to be a much-needed and
valuable commodity so that their wise-use and wide-disposal is
imperative—hence, the mantra of “reduce, reuse, repair, rot, and
recycle” must be applied to litter, which eventually, at present,
ends in the oceans.

2.4 Ocean-Based Solutions for Climate
Mitigation and Adaptation

Current emission reduction pledges under the 2015 Paris
Agreement are insufficient to limit warming to the 2°C target
in 2100 relative to pre-industrial levels (IPCC, 2019). Increased
ambition, with additional actions, is required to avoid the
unmanageable as well as to manage the unavoidable impacts
from climate change and extremes already being experienced
(Gattuso et al., 2018; Gattuso et al., 2019; Gattuso et al., 2021),
including their effects on ocean biodiversity (Poloczanska et al.,
2016; Portner et al., 2021).

The oceans are not only showing the adverse consequences
of climate change but are also now being regarded as a solution
space. Gattuso et al. (2018; 2019) assessed ocean-based actions,
through literature review and expert surveys, for their potential
contributions to climate change mitigation and adaptation. These
solutions were grouped into four main categories: addressing
the causes of climate change [i.e., reducing anthropogenic GHG
emissions or increasing the long-term removal of GHG, primarily
CO,, commonly termed CDR (carbon dioxide removal)],
protection of biota and ecosystems (habitats, species, resources,
etc.), manipulation of biological and ecological adaptation,
and solar radiation management. Gattuso et al. (2019) and
other analyses concluded that the greatest benefit is derived by
combining global and local solutions. Some “decisive” measures
have been already implemented, are highly effective in reducing
emissions, and have known but accepted costs (Perrow, 2019).
These include renewable energy, especially offshore fixed and
floating wind turbines, which has grown threefold in less than
5 years (although they can have other environmental impacts;
Galparsoro et al., 2021; Lloret et al., 2021). Other “low regret”
measures are also already implemented and feasible and provide
many co-benefits, although they have limited effectiveness in
addressing climate change drivers at global scales. For example,
the belowground or long-lived parts of coastal vegetation
such as mangroves, salt marsh, and seagrass are important for
carbon storage, but their global climate mitigation potential is
constrained by their limited global extent although they provide
coastal protection and nursery habitat (Duarte, 2016; Duarte
et al., 2020).

Similarly, =~ GESAMP  (2019) assessed  ocean-based
geoengineering approaches that focused on technologies for
storing CO, (at depth or in sub-sea strata), absorbing more carbon
(through increases in plant or algal biomass and productivity
with carbon then sinking to deep water), or deflecting heat
from the surface. Many of these techniques are still at a very
early or experimental stage or have not been demonstrated to be
scalable to a level needed to make a globally relevant difference to
atmospheric CO, levels. Nevertheless, increasing plant and algal
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biomass remains a potentially important form of ecoengineering
(rather than geoengineering), part of a range of nature-based
solutions giving habitat benefits with ancillary benefits in short-
to medium-term carbon storage.

Some of the ocean and coastal techniques for climate
adaptation and mitigation have been implemented and refined
over many decades, although not always specifically designed to
address climate change impacts. For example, marine protected
areas (MPAs) may have substantial climate benefits (Roberts
et al, 2017) and are approaching an overall 7.4% of the global
ocean, although still far from the UN objective of 30% by 2030
(Grorud-Colvert et al., 2021).

Blue carbon is an increasingly used term in policy and climate
change discussions and is taken to mean all carbon associated with
aquatic systems, especially coasts and oceans (Hoegh-Guldberg
et al., 2019a). Ecoengineering solutions such as maintaining or
increasing certain types of habitats offer high potential as a means
of increasing “blue carbon,” and enhancing and maintaining
coastal vegetation can give what may be termed triple wins—
for biodiversity, coastal protection, and carbon storage (Elliott
et al., 2019). However, it is cautioned that, at present, the term
“blue carbon” includes short-term and labile storage (such as by
surface short-lived vegetation, e.g., saltmarshes) as well as long-
term sediment sequestration and storage in long-lived vegetation
such as mangroves—only the long-term refractory storage would
have a marked contribution to climate change amelioration.

Hoegh-Guldberg et al. (2019a) propose five opportunities for
action to promote the ocean as a solution to climate change. It is
possible that a combination of these ocean-based climate actions
that have the greatest effectiveness and co-benefits and the lowest

potential negative impacts could reduce global GHG emissions
by up to 4 billion tons of CO, equivalents in 2030 and by up to
11 billion tons in 2050 (Hoegh-Guldberg et al., 2019b), thereby
contributing as much as 21% of the emission reduction required
by 2050 to limit warming to 1.5°C and 25% for a 2°C target.

3 DISCUSSION
3.1 Changing the Narrative

Science and scientists must not only identify the problems
in the ocean but also move to documenting existing solutions
and proposing new ones (Table 1). Changing the narrative in
scientific publications and media from negative views and despair
to a positive view based on scientific, technical, knowledge-based
(including indigenous and local knowledge), societal, and nature-
based solutions is required (Knowlton, 2017; Lubchenco and
Gaines, 2019; Knowlton, 2021) (Figure 1). This provides hope
that it might be possible to approach climate change mitigation
targets and address other societal challenges, including ensuring
food security; resilient coastal economies and communities; and
human health, equity, and justice.

The change in narrative should also focus on the connection
between ocean health and human health (Borja et al., 2020a).
Human wellbeing must be a central concern in all ocean
conservation efforts, a fact made explicit by the focus of the
UNDOS, the UNDER, and the SDGs, especially SDG14. This
focus on human wellbeing is increasingly also being interpreted
in the context of not only who benefits but also how conservation
is achieved, encompassing intergenerational equity and full

Ocean problems
VN
PV

FIGURE 1 | Actions to tackle problems and solutions for the current ocean problems, changing the narrative. These problems include, among others, coastal
development, land use in the catchment, sea level rise, pollution, overfishing, acidification, warming, increasing storms, and invasive species (this is a modified
version of a figure by Tracey Saxby, Integration and Application Network; https://ian.umces.edu/media-library). The most common problems shown currently by
media are illustrated by icons on climate change, biodiversity loss (both by Tracey Saxby), and plastics (by Kim Kraeer and Lucy Van Essen-Fishman, Integration and
Application Network; https://ian.umces.edu/media-library), over a Power Point resource and CC BY license. The four topics studied are fish management, plastics
solutions, restoration, and climate change mitigation (renewables icon), all icons by Jane Hawkey, Integration and Application Network (https://ian.umces.edu/
media-library). Finally, to change the narrative, some issues discussed include protection/conservation, need to dialogue between journalists and scientists, ocean
literacy (initiative We Are Ocean), and change the behavior (all from Power Point resources under license CC BY-NC-ND).

»l\,q

Current media
and social narrative

o W

Frontiers in Marine Science | www.frontiersin.org

iR

July 2022 | Volume 9 | Article 886027


https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles
https://ian.umces.edu/media-library
https://ian.umces.edu/media-library
https://ian.umces.edu/media-library
https://ian.umces.edu/media-library

Borja et al.

Balancing the Narrative About Ocean

and effective participation of indigenous peoples and local
communities (CBD, 2020).

In this context, journalists and scientists must work together in
disseminating these messages (Kolandai-Matchett et al., 2021b)
(Figure 1). This can be challenging as scientists and journalists
use different languages, formats, and levels of required detail
and have different time constraints (Elliott et al., 2017; Kolandai-
Matchett et al., 2021a). Scientists have more time to prepare
and publish their articles and are relatively specialized in their
expertise, and the novelty of their findings is usually assessed by
their colleagues (although some high-profile journals focus on
especially newsworthy topics). In contrast, journalists normally
work with short deadlines, have a more general and often more
limited knowledge of scientific issues, communicate with a wide
variety of audiences, have greater restrictions on the size and
level of detail allowed, and are looking for stories that might be
considered novel and newsworthy by society at large. In addition,
the general public, and indeed politicians, may only require or
be able to accommodate brief stories, sound bites, headlines, or
short news bulletins (Elliott et al., 2017).

Scientists also have to be aware that all news media have
their own agendas and that different outlets have declared or
undeclared biases, with some being more environmentally
aware than others. Hence, a journalist may have a pre-prepared
“story” and will mainly look for those scientists who support this
narrative. Bad news is often more newsworthy than good news,
and the absence of an impact is rarely considered newsworthy.
However, the latter also occurs in scientific journals—for
example, it is difficult to publish when there was no result from
an experiment.

Despite this, scientists and journalists have much in common,
including a shared interest in combatting fake news (Elias, 2019)
and in communicating not only problems but also solutions. In
describing successful conservation outcomes, positive messages
must be rooted in facts. Society must be aware of the broader
impacts on the ocean (which journalists consider as news), and
both scientists and journalists must analyze the causes, identifying
and providing solutions to them. However, facts alone are not
sufficient. To transmit these stories, scientists and journalists
need to find a new focus, following the recommendations from
Taylor & Francis® (i) a major breakthrough in the field (e.g., the
Mekong Delta mangrove forest is the largest habitat restoration
undertaken to date); (ii) impact on society and relevance to the
everyday lives of people (e.g., a study found that contact with blue
spaces during the COVID-19 pandemic lockdown was beneficial
for mental health); (iii) recommendation for change to improve
practice or policy (e.g., changes in policies have increased the
populations of some cetaceans); and (iv) connection to current
events or popular ideas (e.g., there is an urgent need to reduce
meat and dairy consumption to meet climate targets). The use of
personal stories can be particularly effective (Leslie et al., 2013)
although not normally a part of scientific papers (e.g., what led
to the interest in this topic, what obstacles were encountered).
Eliciting an emotional reaction can be helpful, especially when

*https://editorresources.taylorandfrancis.com/the-editors-role/
increase-journal-visibility-impact/media-relations/newsworthy-research/

trying to encourage people to act (e.g., the problem of marine
plastic pollution, a negative issue, can be used to get volunteers
to pick up garbage and to engage society in general). To achieve
this, it is most effective to communicate with a national or local
perspective, because news items that are close to people are more
interesting.

3.2 Prospects for the Future

As shown here, the ocean is facing important challenges in need
of solutions within this decade (Borja et al.,, 2020b). Because
of management actions taken in the past three decades, some
habitats and species are recovering, and some new solutions
are emerging, as shown in the previous sections, not only for
those problems but also for wider marine pollution issues,
using integrated approaches and providing integrated solutions
(Figure 1). Despite this, most conservation successes remain
small compared with the scale of the challenges at hand. For
example, only approximately 2.7% of the ocean is highly
protected (Sala et al., 2021). Initiatives, such as that of 30-by-
30 (to protect at least 30% of the environment by 2030)', try to
cover this gap, although some studies determine that conserving
threatened marine species and biodiversity requires 40% of ocean
protection (Jefferson et al., 2021). Thus, extensive benefits could
be achieved by replicating and/or scaling-up the solutions whose
effectiveness has already been demonstrated. As with all science,
however, ocean conservation does not stand still, and no review of
“ocean optimism” can be complete without a consideration of how
new approaches could contribute to ocean health in the future.

Just as we speak of the industrial revolution and the
information revolution, we must consider ocean conservation
in the context of other ongoing technical revolutions,
specifically the carbon revolution, the food revolution, the
data revolution, the genetic revolution, and the financial
revolution. These include the rapid expansion of ocean-
based tidal, wave, and offshore wind energy; decarbonizing
the marine shipping and transport sector; our growing ability
to track fishing activity across the globe; the use of genetic
methods to monitor and enhance ocean health (Gattuso
et al., 2018; Duarte et al., 2020; Novak et al., 2020; Gattuso
et al., 2021; Gold et al., 2021); and the establishment of “Blue
Bonds” to finance marine protection [e.g., in the Seychelles,
(McFarland, 2021)]. One area still needing as yet undeveloped
approaches, despite active research, is the challenge posed by
the ever-escalating amounts of plastic pollution, for which no
clear solution is yet in sight (see Section 2.3).

The revolutions we have spoken of up to now are technical
revolutions. In the end, however, what is truly needed for
transformative change in ocean conservation, and conservation
broadly, is a kind of social revolution, e.g., a huge commitment
to shouldering the costs of the energy transition, protection,
and restoration on a global scale, and major changes in diet.
In this, we emphasize that scientists are an integral part of
society and that marine scientists have a major role to play,
by engaging with society at large, not only in identifying

10 https://www.nrdc.org/30x30-nrdcs-commitment-protect-nature-and-life-earth
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problems but also in providing and communicating solutions
(Kolandai-Matchett et al., 2021a; Kolandai-Matchett et al.,
2021b). To do this, ocean conservation professionals need
to focus on three steps: (i) take their science and transform it
into a narrative that can inspire others to join in the effort; (ii)
acknowledge that setbacks and trade-offs will occur, but not to let
them become paralyzing; and (iii) retain a focus on the end goal,
which is not the problem but the solution. These steps probably
can be attained through the UNDOS and UNDER, as well as the
SDGs, using ocean literacy to connect people to their oceans
(Claudet et al., 2019; Borja et al., 2020c). Making society aware
of the problems of the ocean, as well as the solutions that science
can bring, will facilitate a change of narrative to positive views
(Figure 1).

Despite the positive narrative embraced here, we are concerned
that the COVID-19 pandemic and the aggression to Ukraine are
changing societal priorities. It is questioned whether society can
accommodate several crises—for example, in the midst of a health
crisis and, as we speak, a major European war affecting global
food security, can the public also give attention to climate change
and especially problems in the oceans? The latter may be a case
of “out of sight, out of mind” in that long-term concerns about
ocean acidification, deoxygenation, warming, and loss of habitats
are displaced when there are immediate threats to health. There is
the danger that, although environmental catastrophes have been
predicted since the 1960s (Borja and Elliott, 2021), the public still
sees “sun, sea, and sand” when they go on holiday and so they are
not concerned (and could still fulfil those holiday wishes even
with an abiotic environment)!. This illustrates the importance that
scientists provide solutions rather than focusing only on yet more
identification of problems (Figure 1). We cannot keep calling for
more monitoring if there are no actions proposed if the monitoring
shows adverse trends.

A further concern is whether ocean science will be funded
sufficiently to achieve the greater knowledge necessary to define
the problems and solutions. If not, then the cause for optimism
and solutions to satisfy it will not be reached. For example, despite
the importance of the oceans, the mismatch in most countries
in funding for space and ocean research has been highlighted
previously (Borja and Elliott, 2018), and it is likely that financial
resources will now have to be diverted from environmental research
and monitoring to paying for the effects of the pandemic. It is of note
and concern that UNDOS and UNDER will not be accompanied by
funding to countries to achieve the desired aims. Similarly, we note
that different countries have both different priorities and different
financial resources to tackle the environmental challenges. For
example, wealthy countries will be able to keep raising their dykes
to cope with sea-level rise and flooding (Manhattan and London
will not be allowed to flood), whereas poorer countries will suffer
displaced climate migrants (e.g., the Sundarbans in Bangladesh will
get inundated and its people will have to move) (Elliott et al., 2019).

During the summer school in San Sebastian, these ideas were
discussed, and a suite of actions and solutions were identified by the
participants (Table 3). These actions try to bring together scientists
from different backgrounds, journalists, and the society at large,
to change our narrative about the ocean problems and achieve a
healthy and sustainable ocean in coming few decades (Lubchenco

and Gaines, 2019; Duarte et al., 2020; Knowlton, 2021). Some
actions focus on successes and aim to replicate and scale what
works. Building on successes in, for example, fisheries management,
pollution reduction, and ecosystem protection is crucial to achieving
positive impacts at regional and global scales. There is also a suite of
additional solutions, which will require new approaches, capacity,
investments, and governance. For example, there is a vast potential
in new technologies, improved international cooperation, and in
directly linking ocean and human health, but upscaling these from
local schemes to globally effective levels is perhaps the greatest
challenge. Underlying all solutions, there is the critical imperative
of developing and implementing solutions in equitable, inclusive,
and ethical ways to conserve ocean and biodiversity (CBD, 2020).
A global ocean optimism movement that is solution-focused and

TABLE 3 | Some actions and solutions for problems in the ocean, which can be
implemented by scientists, raised by the participants in the summer school in
San Sebastian (Spain), in June 2021.

Social actions and solutions

Raise awareness of society/stakeholders and change behavior, through
Ocean Literacy
Increase participation and engagement of society/stakeholders in taking
decisions from the beginning of the participatory processes
Fight the fakes and misunderstanding, with good evidence and good science,
working with science journalists
As solutions can affect beliefs, emotions, etc., scientists must work under a
multidisciplinary basis, including social, economic, and environmental scientists
Change the narrative when transmitting messages to society, identifying the
problems, identifying the positive examples, and providing solutions attractive to
media
Solutions must be equitable, inclusive, and ethical
Linking human and ocean health approach to solutions
Environmental actions and solutions
Combine global and local solutions, both in conservation and climate change,
but solutions must be context specific
Maintain long-term monitoring networks to take knowledge-based management
decisions when deciding measures, and promote open-access of data and
publications
Restore hydrology, habitats, and species; increase connectivity (not only among
marine protected areas, but in general), especially those contributing more to
CO, sequestration
Avoid “gardening” solutions, and include solutions considering functionality of the
systems as well as the recovery of ecosystem services and resilience
Increase the protection of the ocean (at least 30% of its surface), not only coastal
areas but also deep-seas and open-seas
Economic actions and solutions
Blue economy and activities at sea must consider assimilative and carrying
capacity, and marine spatial planning must ensure sustainability
Eliminate overexploitation, with better management of fishing (including
multispecies and ecosystem-based management)
Prevention (circular economy), mitigation (collection, monitoring, etc.), and
adaptation
Create motivation and incentives for new practices and disincentive bad ones
Technology and policy actions and solutions
Technological solutions to reduce emissions, to remove litter, to restore
ecosystems, and to handle huge bulk of data (e.g., artificial intelligence, machine
learning, and big data)
Increase effective international cooperation (take advantage of Green Deal,
Sustainable Development Goals, Decade of Ocean Science, Decade on
Ecosystems Restoration, etc.)
Adequate policies: Water Clean Act, Oceans Act, Water Framework Directive,
Marine Strategy Framework Directive, Maritime Spatial Planning Directive,
Biodiversity Strategy, international legislation, etc.
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sustained and motivated by these principles is urgently needed to
address the grand challenges of our time, in the ocean and beyond.
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