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’ Executive summary

Human pressures on the health of the oceans have continued
to increase over the last decade, in concert with the growing
human population and the expanded use of ocean resources
(well established). Multiple stressors give rise to cumulative
impacts that affect the health of marine ecosystems and
diminish nature’s benefits to humans. However, there has
been success in the management of some pressures, with
concomitant improvements in ocean health, and these provide
lessons on which to build. Out of numerous existing pressures
we have selected three for particular attention in this Global
Environment Outlook (GEO-6) assessment: bleaching of coral
reefs; marine litter; and challenges to achieving sustainable
fisheries in the world's oceans. {7.1}

Tropical coral reefs have passed a tipping point whereby
chronic bleaching has killed many reefs that are unlikely to
recover even over century-long timescales (well established).
Coral bleaching is due to warming of the oceans, which is in
turn, attributed to anthropogenic emissions of green house
gases (GHGs; especially CO,) since the industrial revolution.
Ocean warming lags behind GHG emissions by several
decades, such that the tipping point for coral reef bleaching
was passed in the 1980s when atmospheric concentration of
CO, exceeded about 350 parts per million (ppm). {7.3.1}

Reef bleaching events now have a recurrence interval of
about six years, while reef recovery rates are known to
exceed ten years (established but incomplete). This means
that, on average, reefs will not have sufficient time to recover
between bleaching events and so a steady downward spiral in
reef health is to be expected in coming decades. The oceans
SDG target 14.2 "by 2020, sustainably manage and protect
marine and coastal ecosystems to avoid significant adverse
impacts, including by strengthening their resilience, and take
action for their restoration in order to achieve healthy and
productive oceans” may not be attainable for most tropical
coral reef ecosystems. {7.3.1}.

There is evidence that reef death will be followed by loss

in fisheries, tourism, livelihoods and habitats (inconclusive).
The demise of tropical coral reef ecosystems will be a
disaster for many dependent communities and industries, and
governments should, over the next decade, prepare for the
eventual collapse of reef-based industries. The contributions
provided by coral reefs have collectively been valued at US$29
billion, which includes their value to tourism, fisheries and
coastal protection. Losses to these sectors have not yet been
documented but there is significant risk that losses will occur
over the next decade. {7.4.1}.

Fisheries and aquaculture are estimated to be worth US$362
billion in 2016, with aquaculture contributing US$232

billion (established but incomplete). Mariculture is expanding
but most of the increase is in aquaculture, especially inland
aquaculture (established). Aquaculture provides more than

10 per cent of the total tonnage of fish production and this
proportion is increasing. Together fisheries and aquaculture
support between 58-120 million livelihoods, depending on

how part-time employment and employment in secondary
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processing is counted. The large majority of livelihoods are
provided by small-scale fisheries and this has been stable
for over a decade, yet commercial harvesting accounts for
the large majority of commaodity value, including more than
USS80 billion per year exported from developing countries to
international markets. {Table 7.1, 7.3.2}.

Fish, high in protein and micronutrients important for health,
currently provide 3.1 billion people with over 20 per cent of
their dietary protein, with higher proportions in many areas
of the world where food insecurity is widespread (established
but incomplete). To meet future challenges of food security and
healthy populations, in addition to using all natural products
harvested for food more efficiently, more fish, invertebrates
and marine plants will have to be taken as food from the
oceans and coasts, so both capture fisheries and aquaculture
are expected to expand. {7.5.2}.

It is possible to keep capture fisheries sustainable, but this
requires significant investments in monitoring, assessment
and management and strong local community-based
approaches (established but incomplete). Likewise, sustainable
aquaculture requires knowledge and care in management of
operations. {7.6}.

Reviews show wide variation among countries in the
sustainability of their fisheries and aquaculture, with factors
such as overall wealth to invest in fisheries research and
management, while avoiding capacity-enhancing subsidies,
strongly affecting the ability to keep large-scale fisheries
sustainable (established but incomplete). For small-scale
fisheries coherence of the social structures and cultural
practices that promote effective community self-regulation
strongly affect sustainability. {7.5.2}

The ecosystem approach to fisheries has been widely
adopted in national and regional policies and operational
guidance on actions to manage the footprint of fisheries

has been provided by the Food and Agriculture Organization
of the United Nations (FAO) (inconclusive). Despite the
acknowledgement of the large footprint of fisheries on marine
ecosystems and its full uptake in policy, measures to minimize
the ecosystem effects of fishing have had mixed success.
However, as with sustainability of exploitation of target species,
in general the ecosystem footprint of by-catches, discards

and negative habitat impacts of fishing gear is declining in

the parts of world with sufficient economic resources to

invest in fisheries monitoring and gear technologies that
improve selectivity of harvest and reduce habitat impacts. This
approach is also being applied in aquaculture, with comparable
objectives and rapid uptake by the industry. {7.4.2}

The amount of marine litter continues to increase — an
estimated 8 million tons (Mt) of plastics enters the ocean
each year, as a result of the mismanagment of domesic
waste in coastal areas (established but incomplete). Marine
litter has been found at all ocean depths. Without intervention,
the quantity of plastic in the ocean is expected to increase to
100-250 Mt by 2025. {7.3.3}.
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Plastic particles are increasingly being found in the digestive
systems of marine organisms including fish and shellfish
consumed by humans (established but incomplete). The human
health risks of ingesting seafood contaminated with plastic
are unclear. There is well-documented evidence of physical
damage to marine organisms from both entanglement in
marine litter and ingestion of plastic. Some plastic contains
potential toxins and can also adsorb and concentrate toxic
substances from the surrounding seawater. However, there is
currently no evidence of serious toxic effects to marine biota
from these pollutants. Marine litter can also provide a means
of transport for the spread of pathogens and invasive species
(well established). {7.4.4).
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The economic, social and environmental costs of marine
litter are continually increasing and include the direct
economic costs of clean-up and loss of revenue from
industries such as tourism and fishing (unresolved). Social and
health costs are more difficult to quantify beyond local scales,
as are environmental costs such as reduction in ecosystem
function and services. {7.4.4}.
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7.1 Introduction

The world’s oceans comprise more than 70 per cent of the
Earth's surface. More than 1.9 billion people lived in coastal
areas in 2010, and the number is expected to reach 2.4 billion
by 2050 (Kummu et al. 2016). Twenty of the 30 megacities’
are located on coasts, and these megacities are expected to
increase in population faster than non-urban areas (Kummu
et al. 2016). The three fastest-growing coastal megacities
are Lagos, Nigeria (4.17 per cent population growth rate),
Guangzhou, China (3.94 per cent) and Dhaka, Bangladesh
(3.52 per cent) (Grimm and Tulloch eds. 2015).

7.1.1  Welcome to the ocean

The health and livelihoods of many people are directly linked to
the ocean through its resources and the important aesthetic,
cultural and religious benefits it provides. Seafood provides

at least 20 per cent of the animal protein supply for 3.1 billion
people globally (Food and Agriculture Organization of the
United Nations [FAQ] 2016a). This is particularly important for
economically disadvantaged coastal areas and communities.
Coastal ecosystems also provide numerous benefits not
readily monetized, such as coastal stabilization, regulation of
coastal water quality and quantity, biodiversity and spawning
habitats for many important species. The ocean is an integral
part of the global climate system (Intergovernmental Panel

on Climate Change [IPCC] 2013), contributing to the transport
of heat, which influences temperature and rainfall across

the planet. About 50 per cent of global primary production
occurs in the ocean (Mathis et al. 2016). The ocean also
provides a reservoir of additional economically important
resources such as aggregates and sand, renewable energy and
biopharmaceuticals. However, people, their livelihoods and the
many indirect benefits the ocean provides are being affected
by the deteriorating health of marine and coastal ecosystems,
from causes including pollution, climate change, overfishing,
and habitat and biodiversity loss.

By definition a healthy ocean would be one in which the basic
ecosystem function and structure are intact, thereby:

“» able to support livelihoods and contribute to human well-
being;
“* resilient to current and future change.

The full range of benefits can only continue to be enjoyed if
marine and coastal ecosystems are functioning and used
within environmental limits, in a way that does not cause
severe or irreversible harm. However, sustainable use of marine
and coastal ecosystems is challenged by many drivers of
change (see Chapter 2), and by the competing pressure on
natural resources and the complexities of governance and
multiple, often conflicting, uses (Figure 7.1). Coastal states
have rights and obligations within their marine jurisdiction
(United Nations 1982). However, the ocean imposes special
challenges on the exercise of jurisdiction. Ocean currents can
carry chemicals, waste, emerging organic pollutants and

1 Cities with populations of more than 10 million.

State of the Global Environment

https://doi.org/10.1017/9781108627146.013 Published online by Cambridge University Press

pathogens beyond areas under national maritime boundaries,
and marine organisms and seabirds may not stay within

an area under the jurisdiction of a state. Coordination of
governance measures is particularly difficult in areas beyond
national jurisdiction, where a large number of institutions and
agreements regulate sectoral issues such as shipping, fishing
and seabed mining.

Not only must states cooperate across borders, they must
also integrate decision-making across the various uses of
marine and coastal ecosystems. The interlinkages between
ocean conditions and marine life, and the spatially dynamic
ocean processes mean that the activities of any single industry
sector may have far-reaching impacts. These may disrupt
the livelihoods of people who have received no benefits from
the industry that has caused the impact. Similarly, benefits
expected from conservation measures taken in one sector
or jurisdiction may be reduced or negated by lack of action in
other sectors or jurisdictions.

Global challenges such as climate change and ocean
acidification must also be addressed. Climate change impacts
ocean temperature, sea-ice extent and thickness, salinity,

sea level rise and extreme weather events. Although climate
change impacts vary at regional levels and therefore require
adaptive management actions at local and regional scales (Von
Schuckmann et al. 2016), these efforts need to be coordinated

at larger scales, and lessons and best practices shared efficiently.

7.1.2 Focus of this chapter

Oceans have many uses, and there are too many linkages
among marine ecosystems and between the land and
adjacent seas to review them all in this chapter. The First
Global Integrated Marine Assessment (A/RES/70/235; Inniss
and Simcock eds. 2016) and reports of the Intergovernmental
Panel on Climate Change (IPCC 2013) have provided recent
comprehensive reviews of the state of the ocean. Therefore,
three topics have been selected here that warrant particular
attention — tropical coral reefs, fishing and debris entering the
marine environment. Several topics of emerging or particular
interest — mercury, sand mining, deep sea mining and ocean
noise — are also briefly considered.

The rationale for selecting the three main topics stems from
resolutions adopted by the United Nations Environmental
Assembly (UNEA) at its second session in May 2016, which
included specific mention of coral reefs in Resolution UNEP/
EA.2/Res.12 (UNEA 2016a), and marine litter in Resolution
UNEP/EA.2/Res. 11 (UNEA 2016b). Marine litter was also
included in a special Decision CBD/COP/DEC/XIII/10 of the
Conference of the Parties to the Convention on Biological
Diversity (CBD) (CBD 2016) and in Decision BC 13/17 of the
Conference of the Parties to the Basel Convention (2017) .
Fisheries have linkages to multiple Sustainable Development
Goals (SDGs) and they also intersect the cross-cutting themes
identified in Chapter 4 (notably gender, health, food systems,
climate change, polar regions, and chemicals and waste).
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Figure 7.1: Generalized schematic showing the drivers and pressures relevant to the marine environment
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The central circle represents major high-level drivers of change in human demands on the ocean. The inner ring represents the types of societal needs promoted
by the drivers, and the outer ring represents the industry sectors addressing the needs, for which policies are commonly established. The needs expressed through
sector actions are the relevant pressures.
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7.2 Pressures

Human activities can alter the ocean and its resources in many
ways, particularly through activities that are land-based. Part

V of the First Global Integrated Marine Assessment (Inniss and
Simcock eds. 2016) describes both the societal benefits and
major impacts of human activities, whether directly through
resource extraction (e.g. fish, hydrocarbons, sand) or indirectly

(e.g. seabed impacts of fishing gear or mining operations).
The report also documents the economic value and number of
livelihoods supported by each industry sector (Table 7.1)

The footprints of many ocean industries overlap (Table 7.1:
column 4) and sometimes multiple sectors use the same
resource for different purposes (e.g. fish for ecotourism, versus
food for a coastal community; see also Halpern et al. 2012).

Table 7.1: Estimates of economic value, employment and major environmental impacts of the major ocean-related industries

Sector [and

Pl e 0] Exonlile i eyl Major environmental impacts if inadequately regulated
Assessment value or scale of operation livelihoods ! P q yreg
chapter]
Fishing US$362 billion (includes 58-120 million Changes of food web structure and function if top predators or key forage
[9,11,12] mariculture and freshwater | (depending on how part- | species are depleted or fishing is highly selective.
aquaculture — approx. time employment and By-catches of non-targeted species, some of which can sustain only very
US$28 billion but accounting | secondary processing low mortality rates (e.g. sea turtles, many seabirds and small cetaceans).
not fully separated) employment are counted) | Gear impacts on seabed habitats and benthos, especially structurally
fragile habitats (e.g. corals, sponges).
Competent IGOs Continued fishing of lost fishing gear.
Shipping 50,500 billion ton-miles of | > 1.25 million seafarers Shipping disasters and accidents that may result in release of cargos, fuel
[17] cargo; and loss of life. Toxicity of cargos ranges from nil to severe.
2.05 billion passenger trips Chronic and episodic release of fuel and other hydrocarbons.
Infrequent loss of containers with toxic contents.
Competent IGO — and conventions — IMO and Discharge of sewage, waste and ‘grey water’.
MARPOL Transmission of invasive species through ballast water and bilge water.
Use of anti-fouling paints.
Noise from ships.
Maritime transport responsible for about 3 per cent of global greenhouse
gas emissions.
Ports 5.09 billion tons of bulk Technology development | Concentration of shipping and potential environmental impacts of
[18] cargo has made consistent shipping.
dockworker statistics Need for dredging and access to deep water passages.
unavailable Impacts on seabed and coastline from construction of infrastructure.
Competent IGO — IMO and MARPOL conventon, but Noise.
mostly local jurisdiction
Offshore USS500 billion (at US$50 200,000 workers in Release of hydrocarbons particularly during blowouts or platform
hydrocarbon per barrel) offshore production disasters, with potential for very large volumes to enter marine systems,

industries [21]

with high persistence impacting on tourism and aesthetic and cultural
values.

Oiling of marine and coastal organisms and habitats.

Contaminants entering food webs and potential human food sources
Chronic release of chemicals used in operations.

Episodic release of dispersants during spill clean-up.

Local smothering of benthos.

Noise from seismic surveys and shipping.

Disturbances of biota during decommissioning.

Other marine-
based energy
industries

2]

7.36 MW (megawatts)
produced

7-11 job-years per MW
generated

Competent IGO — primarily local jurisdiction

Competition for space for infrastructure and displacement of biota.
Localized mortality of benthos due to infrastructure.

Mortality of birds, fish in energy turbines and windmills.

Noise and physical disturbance during construction and decommissioning
of infrastructure.

Marine-based
mining [23]

USS$5.0-5.4 billion

7,100-12,000
(incomplete)

Competent IGO — ISA

Mortality, displacement or extinction of marine species, particularly benthos.
Destruction of seabed habitat, esp. if fragile or sensitive.

Creation of sediment plumes and deposition of sediments.

Noise.

Potential contamination of food chains from deep-sea mining.

Creation of microhabitats vulnerable to sediment concentration and anoxia
[23.3].

Marine-based
tourism [27]

USS$2.3 trillion (35 per
cent of coarse estimate
of all tourism, including
multiplier effects)

Not estimated due to lack
of common treatment of
multiplier effects. Overall
tourism considered to
comprise 3.3 per cent

of global workforce, but
breakout of marine and
not-marine not consistent.

Competent IGO — none

Construction of coastal infrastructure changing habitats, increasing
erosion, mortality and displacement of biota, noise.

Contamination of coastal waters by waste and sewage.

Disturbance of organisms by increased presence of people, especially
diving in high-diversity habitats, and watching marine megafauna.
Increased mortality due to recreational fishing. Increases boating with all
the impacts of shipping on local scales.

IGO: Intergovernmental organisations; IMO: International Maritime Organization; ISA: International Seabed Authority; MARPOL: the International Convention for the
Prevention of Pollution from Ships.

Sources: Unless indicated otherwise, all information is taken from the First Global Integrated Marine Assessment (United Nations 2016), with chapter(s) indicated in

first column. For some industries, economic value is recorded so differently by different countries that global economic value cannot be estimated meaningfully, and
other indicators of scale of the industry are used. Reporting year also not standardized for all rows, but all estimates are 2012 or later. Table entries should be taken

as indicative of global scale with large variation regionally and nationally. IMO (2015).
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Developing effective management strategies therefore requires
policies that can address cumulative impacts and not just
separate sectoral footprints (Halpern et al. 2008).

7.3 State
7.3.1 Coral bleaching crisis 2015-17

Tropical coral reefs? are among the most biodiverse
ecosystems on earth, hosting approximately 30 per cent of
all marine biodiversity (Burke et al. 2012). The ‘Coral Triangle’
region, which includes Indonesia, Malaysia, Philippines,
Timor-Leste, Papua New Guinea and Solomon Islands, is the
area of greatest biodiversity, hosting more than 550 species
of hard corals (c.f. 65 coral species in the Caribbean and
Atlantic region). Globally, coral reefs cover an area of around
250,000 km?. Due to multiple human pressures, including
pollution, fishing and coral bleaching, the current state of reef
health is very poor at many sites.

Coral bleaching occurs when corals are stressed by changes
in conditions such as temperature, light or nutrients, causing
them to expel symbiotic algae living in their tissues, revealing
their white skeltons. Large-scale coral reef bleaching events
attributed to warmer surface ocean temperatures have been
regularly reported over the last two decades and climate
research reveals that the recurrence interval between events is
now about six years (Hughes et al. 2018). The 2015 northern
hemisphere and 2015-2016 southern hemisphere summers
were the hottest ever recorded and caused the worst coral
bleaching on record. The United States National Oceanic and
Atmospheric Administration (NOAA) declared 2015 as the
beginning of the third global coral bleaching event, following
similar events in 1998 and 2010. Still ongoing, this third event
is the longest and most damaging recorded, to date affecting
70 per cent of the world's reefs, with some areas experiencing
annual bleaching (Figure 7.2). Australia’s Great Barrier Reef has
been particularly hard hit, with more than 50 per cent of the

reef impacted since 2016 (Australia, Great Barrier Reef Marine
Park Authority [GBRMPA] 2017).

The severity of bleaching varies both within reefs and between
regions, and some areas that have not previously experienced
bleaching have been impacted in this latest event. A recent
initiative to identify the 50 reef areas most likely to survive
beyond the year 2050 has been announced, with the goal

of encouraging governments to set these areas aside for
protection and conservation (https://50reefs.org).

The recently published summary of IPCC Fifth Assessment
Report, O'Neill et al. (2017) concluded that there “is robust
evidence (from recent coral bleaching) of early warning signals
that a biophysical regime shift already may be underway”. Veron
et al. (2009) predicted the coral reef bleaching tipping point (an
abrupt change in state that occurs when a threshold value is
exceeded) would occur once global atmospheric CO, reached
350 ppm. This value was reached in about 1988, but because
ocean warming lags behind global atmospheric CO, levels
(Hansen et al. 2005) it has taken almost 30 years for the impact
of this level of CO, to be revealed. The lag effect is due to the
slow rate of global ocean circulation compared with the rapid rate
of rising CO, levels. In effect, the ocean is currently responding to
CO, levels of decades ago and the balance of evidence indicates
that a tipping point for coral bleaching has now been passed
(Hoegh-Guldberg et al. 2007; Frieler et al. 2013). The Veron et

al. (2009) 350 ppm tipping point, reached 29 years ago, may
have been the death sentence for many corals. And given that
global atmospheric CO, levels are now in excess of 400 ppm,
there are serious implications for the very survival of coral reefs.
Recent modelling suggests more than 75 per cent of reefs will
experience annual severe bleaching before 2070, even if pledges
made following the 2015 Paris Climate Change Conference
(COP 21) become reality (van Hooidonk et al. 2016; UNEP 2017).
Experts agree that the coral reefs that survive to the end of the
27 century will bear little resemblance to those we are familiar
with today (Hughes et al. 2017).

Figure 7.2: Map showing the maximum heat stress during the 2014-17 (still ongoing at the time of writing) p

the global coral bleaching event

100 120 140 160 180

40 C120 <100 80 =60
No stress Watch % Alert Level 1 Alert Level 2
| | | I

Alert Level 2 heat stress indicates widespread coral bleaching and significant mortality. Level 1 heat stress indicates significant coral bleaching. Lower levels of

stress may have caused some bleaching as well.

Source: United States National Oceanic and Atmospheric Administration (NOAA) (2017).

2 Tropical coral reefs do not include deep, cold-water reefs or temperate rocky reefs
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7.3.2 Fisheries

Capture fisheries

In addition to changes in ocean status due to natural variation
and climate change, people change the state of the ocean

by removing resources from it. Most widespread and largest
in magnitude is the harvesting of fish and other marine
organisms for human consumption and some industrial uses
(e.g. feed for aquaculture).

The ocean is an increasingly important source of food
(International Labour Organisation [ILO] 2014). Total production
from capture fisheries and mariculture® exceeded 170 million
(metric) tons by 2017 and the mariculture contribution continues
to grow (FAO 2018a). Fish provide more than 20 per cent of
dietary protein to over 3.1 billion people, with this percentage
high in coastal areas where food security concerns are also
high. Moreover, the micronutrients in fish are an important
contribution to human health, and are difficult to replace in areas
where availability of fish is declining (Roos et al. 2007; FAO and
World Health Organization [WHO] 2014; Thilsted et al. 2014).

Capture fisheries have been stable at around 90 million tons for
over 15 years, whereas production from culture facilities has
continued to increase (Figure 7.3) There are debates about the
sustainability of present levels of fishing, with disagreements
about many fundamental points regarding stock status, causes
of trends and effectiveness of management measures (Worm
et al. 2009; Froese et al. 2013; Melnychuk et al. 2016). Some
fishing crises have become textbook stories of harm from
diverse combinations of overexpansion of fishing capacity

and effort, unmanaged technological innovation, politicized or
non-precautionary decision-making, and ineffective science,
management and governance. In addition, interactions of
environmental change and stock dynamics in the face of inertia
in management decisions played central roles in the collapse
of the cod fisheries in eastern Canada (Rose 2007; Rice 2018),
and fisheries for Pacific small pelagic species off Peru and
Chile (Chavez et al. 2008).

The large volume of literature on fisheries sustainability
contains many cases of both unsustainable expansion, and
successes in managing exploitation rates and rebuilding
previously depleted stocks. For countries where capacity and
political will exist to assess stock status and fishing mortality,
and implement monitoring, control and surveillance measures,
trends from 1990 to the present indicate that overfishing

is usually avoided (Hilborn and Ovando 2014; Melnychuk

et al. 2016). However, the reviews also show wide variation
among countries, with factors such as overall wealth to
invest in fisheries research and management while avoiding
capacity-enhancing subsidies, strongly affecting the ability

to keep fisheries sustainable. In the large majority of cases
where jurisdictions have resources for sufficient research and
management, and have implemented effective governance,
fishing mortality has been constrained or reduced to sustainable
rates, and stocks are assessed as either healthy or recovering
from historical overfishing (Figure 7.4). However, where
significant funding for resource assessments and monitoring,
control and surveillance measures are not made available,
overfishing, illegal, unreported or unregulated (IUU)* fishing and
resource depletion continue and may be expanding.

Figure 7.3: World capture fisheries and aquaculture production
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Source: FAO (2018a).

3 For this report ‘aquaculture’ is a general term used for raising fish and shellfish in captivity for
eventual human consumption, whereas ‘mariculture’ is the portion of aquaculture practised in
marine, coastal and estuarine areas.
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4 lllegal, unreported and unregulated (IUU) fishing is a broad term which includes: fishing and
fishing-related activities conducted in contravention of national, regional and international laws; non-
reporting, misreporting or under-reporting of information on fishing operations and their catches
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Figure 7.4: Status of fish stocks and fishing mortality as influenced by various factors of science, management
and governance. Higher relative scores on vertical axis reflect better stock status relative to theoretically ‘ideal’

management
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Effects of fisheries management attributes in research (R), management (M), enforcement (E), and socioeconomics (S) dimensions on the current status and trends
of biomass (B) and fishing mortality (F). Line thickness reflects the different importance of each dimension on the relationship of the x and y variable.

Source: Melnychuk et al. 2016

In addition, fisheries are still expanding geographically, with
management jurisdictions scrambling to keep pace. Causes
include:

< effort displaced from jurisdictions trying to reduce
exploitation on stocks within their authority,

“ acontinued increase in fishing capacity of fleets based
in Asia (although fleet capacity of other jurisdictions is
decreasing), and

< overall increases in efficiency of fishing on global scales
(Bell, Watson and Ye 2017; Jacobsen, Burgess and
Andersen 2017).

Spatial realignment of fishing effort will occur as stocks

move in response to changes in ocean conditions due to
anthropogenic global warming (Cheung, Watson and Pauly
2013), but the details of species’ redistributions is uncertain
(Barange et al. 2014; Johnson et al. 2016; Salinger et al. 2016)
and management strategies appropriate for such dynamics are
in the early stages of development (Schindler and Hilborn 2015;
Creighton et al. 2016).

Fisheries have expanded to many oceanic seamounts, where
accumulated biomass of long-lived, slow-growing fishes, such
as orangy roughy and oreos, are often depleted even before
the regional fisheries management organizations/bodies can
collect sufficient information to assess sustainable harvest
levels (FAO 2009a; Koslow et al. 2016). As fish stocks in polar
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Vi @ Box 7.1: Fisheries in the polar oceans

The polar oceans were not identified as a GEO-6 Region, but many of the sectors listed in Table 7.1 are also present in one or both polar
regions. Estimates of economic value and livelihoods supported are incomplete, but marine resources remain essential to the livelihoods
of over 150,000 Inuit in the North American Arctic (Inuit Circumpolar Council 2011). Commercial fishing in the Arctic Ocean is under
moratorium by the United States of America and Canada within their national jurisdictions, and in the international Arctic waters the initial
Canada—Russian Federation—United States of America moratorium was recently joined by China, Denmark (for Greenland), the European
Union, Iceland, Japan and Republic of Korea.® For the polar areas under Norwegian and Russian jurisdiction, fisheries are managed by the
national authorities and regularly assessed by the International Council for Exploration of the Seas (ICES).

In the Southern Ocean, commercial fisheries for toothfish, icefish and krill have been prosecuted under Commission for the Conservation
of Antarctic Marine Living Resources’ (CCAMLR) regulatory framework since 1982. The toothfish and krill fisheries expanded rapidly, with
krill catches less than a third of the precautionary catch limit (Commission for the Conservation of Antarctic Marine Living Resources
[CCAMLR] 2016). Toothfish and icefish fisheries have been certified as sustainable (by the Marine Stewardship Council, an independent
body), with substantial progress in deterring IUU (Osterblom and Bodin 2012). The legal fisheries produced annual revenue of over
USS$200 million (toothfish) and USS70 million krill over five years (Hoshino and Jennings 2016). CCAMLR has periodic independent
reviews of its performance (e.g. CCAMLR 2016). Polar oceans are experiencing the most rapid climate change and northern livelihoods
are being impacted in many detrimental ways (Inuit Circumpolar Council 2011). For example, seasonal access of indigenous fishers to
sea-ice fisheries has become problematic as sea ice thins and disappears. Opportunities for mining seabed, hydrocarbon resources and
commercial shipping will require development of appropriate policies to ensure any benefits flow to local inhabitants.

latitudes become more available to commercial fisheries top-down management based on scientific assessments
through a combination of melting sea ice and improved and advice is not essential in all types of fisheries. In small-
technologies for harvesting, overfishing could be a particular scale community-based fisheries community management
threat, if not carefully regulated (Box 7.1). Such fisheries can is often effective, as long as the coherence with traditional
expand rapidly, challenging the capabilities of management cultural practices is high (FAO 2015). In all scales of fisheries,
jurisdictions (Swan and Gréboval 2005), with regional fisheries co-management and inclusiveness of industry participants
management organizations/bodies playing a major role as in management can pay off in greater compliance and lower
fisheries expand in areas beyond national jurisdiction. management costs (Gray 2005; Dichmont et al. 2016;

Leite and Pita 2016).
Where overfishing has been reduced or eliminated, or new

fisheries have been constrained within sustainable levels, a Small-scale fisheries have been a cornerstone of livelihoods
wide mix of measures have been used (Melnychuk et al. 2016; and food security in many parts of the world for centuries but
Garcia et al. 2018). Efforts to constrain total catches (number only recently have been recognized as a major consideration in
and sizes of fishing vessels, days fishing, etc.) are almost fisheries status and trends. (FAO 2005; SDG 14.b.a; FAO 2018b).
universally present and technological innovation is at least Providing nearly 80 per cent of the employment in fisheries
monitored if not managed. Where science and management globally (FAO 2016a) they often operate in circumstances
resources allow, the regulatory measures are usually informed where centralized top-down managment would be both very

by biologically based management reference points and expensive and culturally intrusive (FAO 2015;FAO 2016b). After
harvest control rules (Inniss and Simcock eds. 2016). However, extensive consultation globally, guidelines for the performance

Box 7.2: Mercury in the marine environment

The World Health Organization places mercury in the top ten chemicals of major public health concern (WHO 2017). This is because
mercury, especially in the form of methylmercury, is a powerful neurotoxin, which even at low concentrations can affect fetal and
childhood development and cause neurological damage (Karagas et al. 2012; Ha et al. 2017). Epidemiological studies of elevated prenatal
methylmercury exposure in populations from the Faroe Islands and New Zealand have found some adverse developmental impacts
(Grandjean et al. 1997; Crump et al. 1998). However, studies in the Seychelles and the United Kingdom of Great Britain and Northern
Ireland found that the regular consumption of ocean fish during pregnancy did not pose a developmental risk (Myers et al. 2003; Daniels
et al. 2004; van Wijngaarden et al. 2017). Further research on the United Kingdom cohort found that seafood intake during pregnancy
(>340 g per week) improved developmental, behavioural and cognitive outcomes (Hibbeln et al. 2007), suggesting other nutrients present
in fish such as long-chain polyunsaturated fatty acids (Strain et al. 2008) or selenium (Ralston and Raymond 2010) may obscure or
counteract the negative effects of the methylmercury.

The health benefits of eating fish are well established (FAO and WHO 2011; FAO and WHO 2014); however, due to high methylmercury
levels in some seafood and the uncertainty regarding risk, many countries have advisories suggesting that pregnant women should limit
their intake of fish to species that record low concentrations of mercury (Taylor et al. 2018). Generally, the fish to be avoided are predatory
species such as shark, tuna and swordfish and long-lived fish such as orange roughy due to the processes of biomagnification and
bioaccumulation (United States Food and Drug Administration 2017).

5 2017 Agreement to Prevent Unregulated High Seas Fisheries in the Central Arctic Ocean.
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Figure 7.5: Biomagnification and bioaccumulation of methylmercury in the food chain
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Source: Baker, Thygesen and Roche (2017).

and governance of small-scale fisheries are already leading to
improvements in these fisheries (FAO 2015; FAO 2016b).

Emergence of mariculture

Although capture fisheries plateaued in the early 2000s,
mariculture continues to expand and, if current trends continue,
will soon surpass them (Figure 7.4; FAO 2018a). Large-scale
mariculture of market-oriented, high-value fish and shellfish
such as tuna, salmon, mussels, oysters and other bivalves,
now contributes significantly to the economies of most coastal
developed countries. Small-scale mariculture is also expanding
through less-developed countries and economies in transition.
Freshwater and marine culture which use fish-processing
by-products and low-value fish as feed, create both new
markets for low-value fisheries products and some potential
for market competition as mariculture demand for feedstocks
increases. Data on production from small-scale operations are
incomplete, especially for community consumption, as these
products do not enter the market.

Populations reliant on marine organisms for nutrition may have
particularly high exposures to methylmercury and persistent
organic pollutants and these risks are highest in areas where
food security is not assured (Gribble et al. 2016).

In addition, climate change may lead to changes in emissions
of mercury, for instance through its release from long-term
storage in the frozen peatlands of the northern hemisphere
(UNEP 2013; Schuster et al. 2018). This has the potential to
increase input of mercury into the oceans.

7.3.3 Marine litter

Marine litter is a growing problem, that has serious impacts
on marine organisms, habitats and ecosystems (Secretariat of
the Convention on Biological Diversity [SCBD] 2016). Litter has
been found at all ocean depths and on the ocean floor (Pham
et al. 2014) and on the shores of even the most remote Pacific
islands (Lavers and Bond 2017). Three-quarters of all marine
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litter is composed of plastic. This includes microplastics of less
than 5 mm in size, which are either purposefully manufactured
(primary microplastics) for use in various industrial and
commercial products (e.g. pellets, microbeads in cosmetics),
or are the result of weathering of plastic products and synthetic
fibres that can produce micro- and nanoplastic particles

(Joint Group of Experts on the Scientific Aspects of Marine
Environmental Protection [GESAMP] 2015; Gigault et al. 2016).
Weathering can also release the chemical additives that are
used in plastic manufacture (Jahnke et al. 2017).

Based on global solid waste data, population density and
economic status, Jambeck et al. (2015) estimate that 275 million
tons of plastic waste were generated in 192 coastal countries

in 2010, of which 4.8 to 12.7 (8) million tons may have washed
into the ocean (Figure 7.6). They calculate that without global
intervention, the quantity of plastic in the ocean could increase
to 100-250 million tons by 2025. Sources of marine litter

can generally be correlated with the efficiency of solid waste
management and wastewater treatment (Schmidt et al. 2017).

It is generally accepted that a large proportion of the plastic
entering the ocean originates on land. It makes its way into
the marine environment via storm water run-off, rivers or is
directly discharged into coastal waters (Cozar et al. 2014;
Wang et al. 2016). Uncollected waste is thought to be the major
source, with lesser amounts coming from collected waste
re-entering the system from poorly operated or located formal
and informal dumpsites (see 5.2.5). There is less information
on the percentage of plastic coming from ocean-based
sources, but we do know that lost fishing gear is a problem.
This includes gear that is lost as a result of fishing method,
washed overboard during storms or is intentionally discarded
(Macfadyen, Huntington and Cappell 2009).

7.4 Impacts

7.4.1 Social and economic consequences of death of coral
reefs

Coral reefs are of major importance for 275 million people
located in 79 countries who depend on reef-associated
fisheries as their major source of animal protein (Wilkinson

et al. 2016). The contributions provided by coral reefs have
collectively been valued at USS$29 billion per annum, in the
form of tourism (US$11.5 billion), fisheries (US$6.5 billion)
and coastal protection (USS$10.7 billion) (Burke et al. 2012).
Bleaching of corals in the Great Barrier Reef alone could cost
the Australian economy USS1 billion pa in lost tourism revenue
(Willacy 2016). The total annual economic value of coral reefs
in the United States of America has been valued at USS$3.4
billion (Brander and Van Beukering 2013).

Coral reefs that have been degraded by the compounding
effects of pollution from land or repeated bleaching events, are
less able to provide the benefits on which local communities
depend (Cinner et al. 2016). Once corals have died, they no
longer grow vertically upwards, so the reefs gradually erode.
Dead reefs become submerged under rising sea level and

are less effective in providing shoreline protection from wave
attack during storms. Dead corals not only lack the aesthetic
appeal that is fundamental to reef tourism, they also sustain a
less biodiverse fish community (Jones et al. 2004). This results
in reduced tourist activity and reduced income from fisheries,
which can threaten the livelihoods of local communities. Living
coral reefs are also important religious symbols for some
communities (Wilkinson et al. 2016).

Figure 7.6: Global map of potential marine plastic input to the oceans based on human activities and watershed
characteristics

Source: Map produced by GRID-Arendal (2016a) based on data from Halpern et al. (2008), Watson et al. (2012) and Jambeck et al. (2015).
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7.4.2 Capture fisheries

The initial impact of fishing on the target species is to reduce
abundance from the unfished level. This reduction, in turn, is
expected to produce increases in population productivity as
density-dependence pressures are reduced, so both growth
and energy reserves are available for spawning increase.

This reasoning underpins basic fisheries science (Beverton
and Holt 1957; Ricker 1975) and the concept of a Maximum
Sustainable Yield (MSY) is entrenched in the United Nations
Convention on the Law of the Sea (UNCLOS). This concept

is a global norm for fisheries management, when the rate of
removals by fisheries has maximized productivity without
depleting the size of the spawning population sufficiently to
impair production of recruits. If the exploitation rate increases
beyond this level, spawning potential is diminished faster than
productivity is enhanced, and overfishing occurs. The current
global outcomes of fishing on target species were summarized
in Section 7.3.2.

The impacts of fishing on marine ecosystems are well
documented and have been studied for several decades
(Jennings and Kaiser 1998; Gislason and Sinclair 2000). Major
impacts include:

“ by-catches of non-target species in fishing operations

“ impacts of fishing gear on seabed habitats and sedentary
benthic communities

< alteration of food webs through reduction in abundance
of either top predators potentially allowing release of prey
populations, or depletion of prey populations leading to
decreased productivity of predator populations.

The pathways of these impacts are well described, and have
been central in the development of the ecosystem approach
to fisheries. This was entrenched in the United Nations Fish
Stocks Agreement and has been widely adopted in national

https://doi.org/10.1017/9781108627146.013 Published online by Cambridge University Press

and regional policies (Rice 2014). FAO has provided operational
guidance on actions to manage fisheries’ footprint (FAO 2003)
and updates, and it has been taken into the Code of Conduct on
Responsible Fishing (FAO 2005; FAO 2011).

Despite acknowledgement of fisheries’ large footprint on
marine ecosystems, and the full uptake in policy, measures

to minimize the ecosystem effects of fishing have had mixed
success. There appears to be overall progress, as two global
reviews a decade apart found estimates of global annual
discards from fisheries to have declined from 27 million tons in
1994 to 7.3 million tons in 2004 (Alverson et al. 1994; Kelleher
2005). However, substantial discarding remains in many
fisheries, particularly small mesh fisheries for species such

as shrimp in less-developed countries, where incentives for
reduction of discards and by-catch are absent or ineffective
(FAO 20164a; FAO 2016b). Moreover, even where by-catches of
highly vulnerable species have been reduced, levels still present
population concerns for some sharks and seabirds (Campana
2016; Northridge et al. 2017).

Similarly, the footprint of fishing gear on sea floor habitat and
benthic communities is being taken seriously by fisheries
management organizations at national and regional scales.
This concern has increased, prompting the adoption in the
United Nations General Assembly of Resolution 61/105 in
2007, which required all regional fisheries management
organizations (RFMQOs) to identify marine ecosystems in their

jurisdiction that would be vulnerable to bottom-contacting gear

and to either protect them from harm or close them to such
fishing. The evidence for policy effectiveness of this approach
is examined in Chapter 14. However, despite all relevant
RFMOs acting to comply with this requirement (Rice 2014),
regional studies find that well over 50 per cent of fishable
seabed has been impacted by fishing gear more often than
benthic communities can recover fully from the disturbance,
and repeated impacts remain common (Eigaard et al. 2017).
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@ 7.43 Mariculture 7.4.4 Marine litter
7

Mariculture has a substantial impact on the marine Although the greatest accumulation of marine litter is in
ecosystem, and documentation of these effects is growing. coastal environments (Derraik 2002), plastic (including
Conversion of mangroves for mariculture has resulted in microplastic) is distributed worldwide in the ocean, with
widespread habitat loss with far-reaching implications increased accumulation in the convergence zones of each of
for dependent species. In open, dense culture facilities, the five subtropical gyres (Cozar et al. 2014; Van Sebille et al.
antibiotics and other medications used to prevent disease 2015; Yang et al. 2015; see Figure 7.7).

are carried by currents and tides well outside the waters

in the culture area. Excessive feed sinking through the Plastic pollution has been recognized for decades as a threat
cages can accumulate on the sea floor, decompose and to marine biodiversity (Gray 1997). One of the most visible
reduce oxygen levels. These and other effects, such as impacts is death or injury of marine life from entanglement
being vectors or resources for parasites and diseases, or with derelict fishing gear and plastic packaging. Many animals
increasing risks of non-adaptive gene-flow and invasive also ingest litter, either accidently or intentionally when it is
species, can be managed through careful, albeit sometimes mistaken for food. This can cause starvation due to intestinal
costly operations (Bernal and Oliva 2016). However, the blockage or lack of nutritian (UNEP and GRID-Arendal 2016).
ecosystem approach is also being applied in aquaculture, Recent reviews have found that a growing number of turtles,
with comparable objectives and rapid uptake by industry marine mammals and seabirds are endangered or killed by
(FAO 2010). floating litter (Thiel et al. 2018; O’'Hanlon et al. 2017).

Figure 7.7: Plastic litter in the open ocean
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Microplastics are now appearing in food consumed by
humans; however, the impact on human health is uncertain
(GESAMP 2015; Halden 2015). Plastic particles have been
found in the intestines of fish from all oceans and in products
such as sea salt (e.g. Yang et al. 2015; Glven et al. 2017). There
are currently no standard methods for assessing the health
risks of ingesting plastic particles. For fish at least, people

do not generally consume their digestive tract where plastic
accumulates, so intake is probably limited. In instances where
people consume whole organisms, such as mussels and
oysters, ingestion rates could be higher (Van Cauwenberghe
and Janssen 2014; Li et al., 2018). Moreover, the aesthetic
and restorative value of the ocean for people is well known,
but there is evidence that the presence of marine litter can
undermine the psychological benefits generally provided
(Wyles et al. 2015).

Some plastic products contain dangerous chemicals (e.g. fire
retardants) and plastic marine litter can also attract chemicals
from the surrounding seawater (e.g. UNEP 2016; UNEP and
GRID-Arendal 2016). However, the fraction of chemicals
contained in plastic or sorbed to plastic in the ocean, is
currently considered to be small compared to the chemicals
found in seawater and organic particles that originate from
other land-based sources of pollution (Koelmans et al. 2016).
There are currently no proven toxic effects of chemicals

sorbed by plastic particles found across a range of marine
biota, but more data are needed to fully understand the
relative importance of exposure to sorbed chemicals from
microplastics compared with other exposure pathways
(Ziccardi et al. 2016).

The economic and social costs of marine litter include
indirect effects such as interfering with small-scale fishing
opportunities, tourism and recreation (Watkins et al.
2017). These costs are generally unquantified but may fall
disproportionately on those with livelihoods most closely
tied to coastal activities. Some direct economic costs
include the cost of beach cleanup and accidents related to
navigation hazards or fouling (UNEP 2016). The European
Union has estimated that every year up to €62 million are
lost to the fishing industry from damage to vessels and gear
and reduced catch due to ghost fishing (abandoned gear
that continues to catch marine organisms as it drifts) and
up to €630 million is spent on beach cleaning

(Acoleyen et al. 2013).

7.4.5 Emerging Issues for the Ocean
Exploitation of the ocean is expanding and a number of key

emerging issues will need to be addressed by policy makers
as this exploitation continues.

@ Box 7.3: Coastal sand mining

Around the globe, coastal and nearshore areas are being mined for construction sand and gravel. These are non-renewable resources,
although deposits are replenished by a number of processes including erosion of the coast, riverine transport of sediments and
biological production (Woodroffe et al. 2016) and landward sediment transport. Sand and gravel are the second most-used natural
resource on our planet, after water. Annual sand and gravel consumption is estimated at around 40-50 billion tons (5.2-6.6 tons per
person per year, or ¢.20 kg per person per day), 26 billion tons of which is used for making concrete (Peduzzi 2014).

Most sand comes from the erosion of mountains by rivers and glaciers. It is estimated that all the Earth'’s rivers deliver around 12.6 billion
tons of sediment to the sea each year (Syvitski et al. 2005). Consequently, humans are currently using sand at a rate four-times that at
which it is being produced by nature. Desert sand cannot be used as an aggregate because the grains are too smooth and rounded from
constant motion over desert dunes.

Many European countries have been mining sand from offshore sand banks for several decades (Baker et al. 2016). The practice is
expanding rapidly in other parts of the world, but the exact volume mined is currently uncertain. The act of dredging the seabed kills
organisms in the mined area and the plume of disturbed mud can blanket the seabed and smother sea life in surrounding areas. lllegal
and poorly regulated sand mining on beaches (and in rivers) is causing major damage to ecosystems and landscapes (Larson 2018). For
example, in Kiribati, beach mining has increased vulnerability to coastal inundation (Ellison 2018) and in central Indonesia, sand mining is
one of the identified threats to seagrass beds (Unsworth et al. 2018).

Actions to reduce the global 'sand mining footprint” include conserving existing buildings and substituting recycled material for sand
and gravel in new projects. It is also possible to replace sand in concrete with 15-70 per cent of incinerator ash, depending on the use
(Rosenberg 2010). Research into developing desert-sand-based concrete is expanding and new products are currently being trialled
(Material District 2018).

Improved knowledge of sandy environments and their dependent ecosystems is needed in order to make the wisest use of remaining
sand and gravel resources (Peduzzi 2014). There is no mention of seabed mining or coastal erosion in the SDG indicators.
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7 @ Box 7.4: Deep sea mining

Commercial deep sea mining has not yet begun, but the International Seabed Authority (ISA) has currently entered into 15-year contracts
with companies for exploration of polymetallic nodules (the Clarion Clipperton Fracture Zone and the Central Indian Basin), polymetallic
sulphides (South West Indian Ridge, Central Indian Ridge and the Mid-Atlantic Ridge) and cobalt-rich ferromanganese crusts (Western
Pacific Ocean). In addition, a number of Pacific Island nations with potential deep sea mineral resources have issued exploration licences
or are updating relevant policies before doing so.

Globally, deep sea mineral deposits are becoming more attractive to mining companies as they search for higher grade ore bodies
(Secretariat of the Pacific Community [SPC] 2013a; SPC 2013b). These include: (1) manganese nodules that exist as cobble- to
boulder-sized rocks scattered over broad areas of the abyssal ocean floor at depths exceeding 5,000 m; (2) cobalt-rich crusts formed
on the flanks of seamounts and other volcanic sea floor features; and (3) massive sulphide deposits that are formed in association
with hydrothermal vents found along sea floor spreading ridges, back arc-basins and submarine volcanic arcs. Benthic communities
inhabiting these environments are globally unique and host many endemic species (Beaudoin and Smith 2012). Interest in mining these
deposits is most advanced in relation to massive sulphide deposits located in the south-west Pacific, but many unanswered questions
remain about the environmental impacts (Boschen et al. 2013).

Potential impacts of deep sea mining are poorly studied, but are generally assumed to include (1) direct impacts on the benthic
communities where nodules/ore deposits are removed; (2) impacts on the benthos due to mobilization, transport and redeposition

of sediment over potentially broad areas; and (3) impacts in the water column in cases where mining vessels discharge a plume of
sediment near the sea surface, thus affecting photosynthesizing biota and pelagic fish (Morgan, Odunton and Jones 1999; Sharma
2001). A seabed disturbance experiment in the Peru Basin found very little recovery of benthic fauna 26 years after mimicking mining
operations (Marcon et al. 2016). Lack of knowledge and understanding has been argued as one reason for countries to proceed with
caution in developing these resources (Van Dover 2011; Van Dover et al. 2017). In the context of deep sea mining, the world has a unique
opportunity to make wise decisions about an industry before it has started.

The ISA is responsible for ensuring effective protection of the marine environment from harmful effects of deep sea mining in areas
beyond national jurisdiction (in accordance with Part XI of the United Nations Convention on the Law of the Sea). The Authority is in
the process of developing the Mining Code, which contains rules, regulations and procedures to regulate prospecting, exploration and
exploitation of marine minerals in the area (International Seabed Authority [ISA] 2017).

Many states with potential deep sea minerals have developed or are developing policies to regulate this new industry. These include a
range of initiatives — for example, the Secretariat of the Pacific Community Regional Legislative and Regulatory Framework for Deep
Sea Minerals Exploration and Exploitation (SPC 2013b), Cook Islands National Seabed Minerals Policy (Cook Islands Seabed Minerals
Authority 2014) and the Tuvalu Seabed Mining Act 2014 (Tuvalu 2014).

@ Box 7.5: Anthropogenic ocean noise

There is increasing concern regarding the potential impact of anthropogenic acoustic noise on marine life. This is noise generated by

a range of activities including shipping, seismic surveys, military operations, wind farms, channel dredging and aggregate extraction
(Inger et al. 2009). Large commercial ships generate noise in the frequency range from 10 to 1,000 Hz, which coincides with frequencies
used by marine mammals for communication and navigation (Richardson et al. 1995). There is evidence that low-frequency noise has
increased significantly in the deep ocean since the 1950s (Andrew et al. 2002; McDonald et al. 2006; Chapman and Price 2011).
However, some recent observations have shown a constant level or slightly decreasing trend in low-frequency noise (Andrew et al. 2011;
Miksis-Olds and Nichols 2016). There is limited information on noise levels in the shallower water of the continental shelf (Harris et al.
2016).

Evolutionary adaptations that have allowed many marine species to detect sound may now make them vulnerable to noise pollution
(Popper and Hastings 2009). Sound energy dissipates as a function of the distance squared, so proximity to the sound source is a major
factor for calculating impact. Early research on noise and marine mammals focused on high-frequency sound, such as ship sonar, which
had been implicated in whale strandings (e.g. Fernandez et al. 2005). More recently, researchers have tried to determine the impacts

of common, low-frequency sounds on marine mammals. Although it is difficult to determine the impact of anthropogenic noise on
marine mammals, there is general consensus that it can cause adverse effects, from behavioural changes to strandings (Gotz et al.
2009). A review by Cox et al. (2016) on the impact of ocean noise on fish behaviour and physiology determined that certain sounds can
disrupt communication and interfere with predator-prey interactions. Low-frequency noise has also been found to impact crustaceans,
producing changes in behaviour and ecological function (Tidau and Briffa 2016).

There are increasing concerns about the long-term and cumulative effects of noise on marine biodiversity (CBD 2012). The CBD
(operational paragraph 3 of Decision XII1/10) calls for improved assessment of noise levels in the ocean, further research, development
and transfer of technologies and capacity-building and mitigation (CBD 2016). The European Union Marine Strategy Framework Directive
2017/848 (European Commission 2017) has recently provided criteria and methodological standards to ensure that introduced noise
does not adversely affect the marine environment and proposed standardized methods for monitoring and assessment.

The United Nations Convention on the Law of the Sea makes no specific mention of anthropogenic noise, but if the introduction of
noise into the marine environment is likely to have a negative impact on the environment, it may be considered a form of pollution under
UNCLOS. Delegates at the United Nations Open-ended Informal Consultative Process on Oceans and the Law of the Sea (ICP-19, 2018)
disussed recognizing underwater noise as a form of transboundary pollution to be mitigated and addressed through an United Nations
General Assembly resolution.
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7.5 Response

Governance approaches and policy instruments that address
impacts on the marine environment are quite varied. General
discussion of these policy approaches is provided here while
the effectiveness of specific examples is explored in Chapter
14 (Part B).

7.5.1 Coral reefs

Since the increased frequency of coral bleaching is attributed
to global anthropogenic climate change, only a global policy
response can address the root cause of the problem. The term
‘coral reefs’ is not mentioned in the SDG indicators, including
SDG 14 “Conserve and sustainably use the oceans, seas and
marine resources for sustainable development”. Aichi Target

10 is related to coral reefs conservation: “By 2015, the multiple
anthropogenic pressures on coral reefs, and other vulnerable
ecosystems impacted by climate change or ocean acidification
are minimized, so as to maintain their integrity and functioning.”
The oceans SDG target 14.2 — "by 2020, sustainably manage
and protect marine and coastal ecosystems to avoid significant
adverse impacts, including by strengthening their resilience,
and take action for their restoration in order to achieve healthy
and productive oceans” — may not be attainable for most
tropical coral reef ecosystems. The resilience of coral reefs is
affected by cumulative human impacts (e.g. fishing, coastal
pollution, sediment run-off, invasive species), hence these
impacts must be curbed to sustain reefs into the future.

Nations dependent upon reef-based fisheries, tourism and
other sectors will need to develop policies for a transition to
post-reef economies within the next decade, including dealing
with associated cultural trauma, especially in cases where reef
degradation is most rapid and spatially widespread. In addition,
low-lying coral atoll countries will need to develop policies for a
transition to environments where the natural benefits of coral
reefs to people are much reduced or no longer available. Given
that some reef habitat may be in locations where the impacts
of climate change will be less severe, and where corals might
survive, reef-owning nations should consider taking immediate
action to protect all known coral reef habitat from any non-
subsistence uses (i.e. establish all reefs as total no-take, no-go
conservation zones) until such time as the location of reefs
that are most likely to survive becomes known (Beyer et al.
2018). Studies show that where no-take’ MPAs have been
established, reef ecosystem resilience is improved

(Steneck et al. 2018).

The challenge is to evolve from local management and
monitoring towards the multiscale governance of addressing
drivers, thresholds and feedbacks at relevant scales. Coral reef
management must adapt to embrace new approaches such
as resilience and ecosystem-based management, including the
manipulation of ecosystems, bio-engineering of heat-resistant
coral species as well as building new international institutions
and partnerships to tackle the global aspects of the decline in
coral reefs (Hughes et al. 2017).
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7.5.2 Fishing @
7

Policies and measures to manage fisheries impacts on

ecosystems

The impacts of fisheries on species not delivered to markets

(collectively called by-catch) on the sea floor and its biota, and

on marine ecosystem structure and function, have been studied

since before the 1980s. Measures to manage all these types

of impacts are known and feasible, and can keep them within

safe ecological limits (FAO 2009a). These include technologies

and practices that make fishing gear more selective for target

species, discourage by-catches of marine birds, mammals and

reptiles, and avoid or reduce impacts of fishing gear on the sea

floor (FAO 2009a; FAO 2009b). Guidance on how, and under

what conditions, to apply all these measures has been available

for well over a decade (FAO 2003), and has been expanded and

updated regularly (e.g. FAO and World Bank 2015). Significant

global policy commitments have been made to avoid or

mitigate such ecosystem effects of fishing (Rice 2014).

Spatial measures have had a role in fisheries management

for over a century and the growing establishment of marine
protected areas (MPAs) has accelerated the interest in spatial
management approaches. Many ecological and governance
factors appear to influence the effectiveness of MPAs and their
incremental value to other measures (Rice et al. 2012). Overall
there is growing awareness that they can help to keep fisheries
sustainable, particularly with regard to protection of sensitive
habitat features or contributing to improving the status of fish
stocks when conventional fisheries management measures are
not being implemented effectively. However, MPAs also have

a wide range of social and economic impacts that need to be
considered on a case-by-case basis (FAO 2007). In addition,
conflicting results are found with regard to MPA benefits such
as ‘spillover effects’, and studies of their impacts on coastal
livelihoods and implications for food security have produced
mixed results (FAO 2016b).

Fisheries are being impacted by climate change in many ways,
well documented in IPCC’s Fifth Aseessment Report, Working
Group | (IPCC 2013), and the subject of an upcoming IPCC
special report on oceans and cryosphere, expected late in
2019. As temperature and salinity profiles change with global
warming, the distribution and productivity of important target
species is already being reflected in changes in distribution

of fishery catches. Moreover, environmental changes are
impacting stock productivity of fish and making them available
at different places and/or at different times of the year, with
impacts on large-scale mobile fisheries (which may have to
fish in different places or at different times) and small-scale
fisheries with lower mobility (which may have to adapt to
changing species available for harvest). Depending on the
cultural practices associated with fishing, these challenges
may be disruptive to address.

Ocean acidification is a potential threat to many species,
particularly in early life stages, including many shellfish, as
calcium carbonate for shell formation is less available in
seawater of higher acidity. Estimates of losses from ocean
acidification are highly variable, but some projections suggest
losses over USS$100 billion by 2100 (Narita, Redhanz and Tol
2012; Lemasson et al. 2017). Acidification is considered a
particularly serious threat in polar areas (Tarling et al. 2016),
and should be an important consideration.

Oceans and Coasts
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- @ Box 7.6: Examples of existing global policy commitments to sustainable fisheries using an ecosystem

United Nations Convention on the Law of the Sea Articles 61(4) and 119(1) both make explicit reference to sustainability of associated
and dependent species, and many articles in parts V, VI and VIl refer to sustainable fisheries [1982].

approach (dates of agreements in brackets)

United Nations Fish Stocks Agreement Article 5.3.d: Develop data-collection and research programmes to assess the impact of fishing
on non-target and associated or dependent species and their environment, and adopt plans necessary to ensure the conservation of
such species and to protect habitats of special concern [1995].

Aichi Target 6: By 2020, all fish and invertebrate stocks and aquatic plants are managed and harvested sustainably, legally and applying
ecosystem-based approaches, so that overfishing is avoided; recovery plans and measures are in place for all depleted species; fisheries
have no significant adverse impacts on threatened species and vulnerable ecosystems; and the impacts of fisheries on stocks, species
and ecosystems are within safe ecological limits [2010].

United Nations General Assembly 61/105 Paragraph 80: Calls upon states to take action immediately, individually and through regional
fisheries management organizations and arrangements, and — consistent with the precautionary approach and ecosystem approaches —
to sustainably manage fish stocks and protect vulnerable marine ecosystems, including seamounts, hydrothermal vents and cold-water
corals, from destructive fishing practices, recognizing the immense importance and value of deep sea ecosystems and the biodiversity
they contain [2006). This resolution has been followed by several updates.

SDG Target 14.4: By 2020, effectively regulate harvesting and end over-fishing, illegal, unreported and unregulated fishing and destructive
fishing practices and implement science-based management plans, in order to restore fish stocks in the shortest time feasible, at least to

levels that can produce maximum sustainable yield as determined by their biological characteristics [2016].

Social and economic benefits of fishing

The benefits and opportunities for development presented by
fisheries is important to different large-scale and small-scale
fisheries (LSF and SSF). Some SSF have severely depleted the
stocks they exploit, as have some LSF, and some of the most
destructive fishing practices, including fishing with dynamite
and poisons, are restricted to SSF. The geographic scale of LSF
means that even modest by-catch rates or habitat impacts of
fishing gear can result in substantial pressure on species taken
as by-catch and seabed features (FAO 2009a; FAO 2018a).

SSF and LSF differ in the magnitude of the market value of
their catches, and in the employment created, livelihoods
supported and social distribution of the benefits provided from
fishing. As a generalization with occasional exceptions, LSF
provide greater direct economic revenues, but also require
much greater capital investment in fishing vessels, gear and
processing capacity. On the other hand, employment for
the same volume of catch is usually much greater in SSF,
especially since significant additional jobs are created in
shore-based small-scale market and processing, with
sometimes multiple layers of these secondary employment
opportunities. These multiplication factors also apply to
LSF, which can create substantial coastal employment in

rural areas, but data are rarely collected systematically, so
total employment created in all types of fisheries is probably
underestimated.

Gender roles also differ between LSF and SSF. Most open
ocean fishers are men. Women generally fish on shallow
reefs and tidal flats, and in mangroves and coastal estuaries
(Lambeth et al. 2014). Women often predominate in the post-
harvest processing, marketing and trading of fish. These roles
are often omitted from data-collection efforts, and overlooked
in conventional government or aid programmes that support
fishing and fishers (Siason et al. 2010). However, when all of
the industry workforce is counted, women make up nearly

50 per cent (World Bank 2012; Table 7.2).

These issues of magnitude and distribution of revenue and
employment created by LSF and SSF present complex choices
to policymakers. In developing countries, SSF potentially
contribute substantially to development and equitable
distribution of livelihoods from fishing. This does not mean

that earnings from fishing alone are sufficient to sustain
households at a level above the poverty line or above a country’s
minimum wage (FAO 2016a), and these fisheries are particularly
vulnerable to outside threats from factors such as climate

Table 7.2: Global capture fisheries employment

Small-scale fisheries Large-scale fisheries Total
Marine Inland Total Marine Inland Total
Number of fishers (millions) 13 18 31 2 1 8 34
Number of post-harvest jobs 37 38 75 7 0.5 7.5 82.5
(millions)
Total 50 56 106 9 1.5 10.5 116.5
Percentage of women 36% 54% 46% 66% 28% 62% 47%

Source: World Bank (2012).
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change (Barange et al. 2014; Guillotreau, Campling and
Robinson 2012). LSF have greater opportunity to generate
revenues for participants and governments (World Bank
2012), but are at greater risk of concentrating the wealth and
opportunity generated among a small number of individuals
(Olson 2011). How available fish harvests are distributed
between SSF and LSF consequently has major consequences
for development, employment and revenue generation, which
need to be considered fully in any comprehensive fisheries
policies.

Fisheries and SDGs and the Aichi Targets

Fisheries have important roles in meeting both SDGs 1 and

2 (end poverty and hunger) as well as SDG 14 (conserve and
sustainably use the ocean and its resources). To meet global
food security needs, dietary protein from marine sources

will have to increase by 50 per cent and likely much more
(Rice and Garcia 2011). Some combination of innovative
harvest strategies that increase harvest of food sources with
presently low market value and ensure their distribution to
appropriate markets (e.g. Garcia et al. (2012) and expansion
of mariculture production will be essential to meeting SDG 2,
and can contribute to improving employment and livelihoods
supported by-production of marine food (SDG 1). These
needs pose challenges for SDG 14, as plans for advancing
this goal usually involve discussions of reducing the pressure
from fisheries on marine ecosystems, rebuilding depleted
stocks, ending over- and IUU fishing, and greatly expanding
the coverage of no-take MPAs. These goals can be pursued
in unison, but only if planning for expanded catches and
mariculture production, including its offshore expansion, is
done very carefully, with full ecosystem impacts considered in
each case. If the ‘conserved’ part of SDG 14 is interpreted as
complementary with ‘sustainably used’, systems altered from
their pristine state are considered ‘conserved’ as long as major
structural properties and functional processes are not altered
beyond safe ecological limits as specified in Aichi Target 6.
Such careful planning for expansion of food production from
the sea could also contribute to SDGs 3 (health and well-
being), 5 (gender equity) and 12 (sustainable consumption and
production patterns), as long as these factors are part of the
benefits sought from the increased food production.

Aichi Target 6 also focuses directly on fishing. In much more
detail than SDG 14, it spells out all the ecological factors
related to fishing that need to be made sustainable by 2020,
including catch levels of all stocks, commitments to rebuilding
depleted stocks, management of by-catches and habitat
impacts of fishing gear, and establishing resilient ecosystem
structure and function.

7.5.3 Marine litter

Policy responses to marine plastics are growing and range
from global instruments such as MARPOL, UNCLOS and the
Honolulu Commitment and Strategy, through regional action
plans such as the Regional Plan on Marine Litter Management
in the Mediterranean (UNEP/MAP 2015), and specific product
bans (e.g. single-use plastic bags) at municipal or national
levels. Marine litter has been incorporated into SDG target 14.1
indicator 14.1.7 as a composite indicator that includes (i) the
index of coastal eutrophication and (ii) floating plastic litter
density. The third United Nations Assembly (UNEA-3) adopted

https://doi.org/10.1017/9781108627146.013 Published online by Cambridge University Press

resolution UNEP/EA.3/Res.7 which includes the establishment
of an open-ended ad hoc expert group to further examine the
barriers to and options for combating marine plastic litter and
microplastics from all sources, especially land-based sources
(UNEA 2017). The first meeting of the expert group was held in
Nairobi, Kenya from 29 to 31 May 2018.

el

Cleaning up coasts and beaches can provide environmental
and economic benefits (e.g. Orange County California
estimated an economic benefit of more than US$140 million
could be generated annually from the increased number of
visitors attracted to cleaner beaches (Leggett et al. 2014).
However, cleaning up the open ocean does not currently appear
to be a practical solution to marine litter. The cost of the ship-
time alone needed to clean the litter concentrated in 1 per cent
(approximately one million km?) of the Central Pacific Gyre is
estimated to be between US$122 million and US$489 million
(NOAA Office of Response and Restoration 2012). Large-scale
booms may be effective at trapping surface litter in small
areas. The trail of a 600 m long boom by the NGO Ocean
Cleanup recently began offshore California. If succcessful, the
boom will be deployed in the open ocean of the North Pacific
gyre (Stokstad 2018).

Research suggests that up to 95 per cent of the plastic
entering the ocean does not remain in the surface waters
(Eriksen et al. 2014). However, there is a major knowledge
gap in understanding the behaviour and breakdown of plastic
in the ocean and where it eventually ends up (Cozar et al.
2014). Therefore, efforts to address marine litter should focus
primarily on its prevention at source through sustainable
consumption and production patterns, sound waste
management, wastewater treatment and resource recovery
using the priciples of a circular economy (Eriksen et al. 2014;
UNEP 2016).

7.6 Conclusions

The oceans are impacted by numerous human activities

and the most serious impacts are related to climate change,
land-based pollution and fishing. Within the impacts of climate
change, our assessment has mentioned several issues: ocean
acidification; sea level rise; changes to bottom water formation;
the distribution of many fish and invertebrate species; and
ocean circulation. The most dramatic and immediate impact
of climate change on the oceans in recent years (GEO-6 cycle)
is the bleaching and death of coral reefs. Pollution, particularly
from plastic, is a major concern for many marine and coastal
ecosystems. In relation to the fisheries sector, the chapter
highlights concerns of overfishing, climate change impacts on
species distribution patterns and the rise of aquaculture. We
therefore summarize some key findings:

1. Tropical coral reefs have passed a tipping point whereby
chronic bleaching has killed many reefs that are unlikely to
recover even over centuries-long timescales. Reef death
will be followed by loss of fisheries, tourism livelihoods
and habitats. The demise of tropical coral reef ecosystems
will be a disaster for many dependent communities and
industries. Even if reef-owning nations take immediate
action to protect their coral reefs from non-subsistence
uses, there is a major risk that many reef-based industries
will collapse over the next decade.
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2. Marine litter has been found across all oceans and
at all depths. Micro- and nano-plastics are now
documented in the food web, including in seafoods
consumed by humans. Marine litter has increased,
with an estimated 8 million tons per year of plastics
entering the ocean, mainly from land-based sources.
If nations do not take action to prevent litter from
entering the ocean, it will continue to accumulate
and compromise ecosystem health and human food
security. Prevention involves ensuring recovery and
recycling of all used plastic products, encouraging
communities to reduce the volume of rubbish
generated, and improving solid waste management
and wastewater treatment. Cleaning up the oceans is
not a sustainable option without action to stop litter
from entering the oceans.

State of the Global Environment
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3. To meet future challenges of food security and healthy

populations, in addition to using all natural products
harvested for food more efficiently, more fish, invertebrates
and marine plants will have to be taken as food from

the oceans and coasts, so both capture fisheries and
mariculture must expand while preserving sustainability.

It is possible to keep capture fisheries sustainable, but this
requires significant investments in monitoring, assessment
and management (at national, regional and international
levels) and/or strong local community-based approaches.
Sustainable mariculture requires knowledge and care

in management of operations. Without sound bases in
knowledge and governance of fisheries and mariculture,
patterns of overexploitation, environmental damage and
resource depletion are likely, and neither food security nor
health goals will be met.
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