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Abbreviations

ABNIJ Areas beyond national jurisdiction

AUV Autonomous underwater vehicle

eDNA Environmental DNA (molecular tool for
assessing biodiversity)

BBNJ Biodiversity beyond national jurisdiction

(refers to negotiations to establish an interna-
tional legally binding instrument under
UNCLOS on the conservation and sustainable
use of marine biological diversity of areas
beyond national jurisdiction)

BEF Biodiversity and ecosystem function
By Biomass at maximum sustainable yield
CBD Convention on Biological Diversity

CCAMLR  Convention for the Conservation of Antarctic
Marine Living Resources

CCRF Code of Conduct for Responsible Fishing

CoML Census of Marine Life

COPEPOD  Coastal and Oceanic Plankton Ecology
Production and Observation Database

CPUE Catch per unit effort

DD Data deficient (Red List category)

EBSA Ecologically and biologically significant area
EEZ Exclusive economic zone
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EOV
EuroGOOS
FAIR

FAO

GEO
GOBI
GOOS
GOOS

GDP
IMOS

10C

IODE

I00S

IPBES

IPCC

ISA

ITIS

IUCN

I0U

KBA

MBON

MPA

Essential Ocean Variable

European Global Ocean Observing System
Findable, accessible, interoperable and reus-
able (principles for data sharing)

Food and Agricultural Organization of the
United Nations

Group on Earth Observations Biodiversity
Observation Network

Global Ocean Biodiversity Initiative

Global Ocean Observing System

BioEco Biology and Ecosystems Panel of the
Global Ocean Observing System

Gross domestic product

Integrated Marine  Observing  System
(Australia)

Intergovernmental Oceanographic Commis-
sion

International ~ Oceanographic Data and
Information Exchange

Integrated Ocean Observing System (United
States)

Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services
Intergovernmental Panel on Climate Change
International Seabed Authority (UN agency
charged with managing mining in the area;
seabed in ABNJ)

Integrated Taxonomic Information System
International Union for the Conservation of
Nature

Illegal, unregulated and unreported

Key biodiversity area

Marine Biodiversity Observation Network
(part of the GEO BON program)

Marine protected area
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NAGISA Natural Geography in Shore Areas (CoML

project)

NCP Nature’s contribution to people

NEAFC North-East Atlantic Fisheries Commission

NEOLI No-take, enforced, old, large, isolated (refers
to MPAs; Edgar et al. 2014)

NGO Non-governmental organisation

OBIS Ocean Biogeographic Information System

OECM Other effective area-based marine conserva-
tion measure

OSPAR Oslo Paris Commission

PR Performance review (in the context of fisher-
ies management organisations)

RFMO Regional Fisheries Management Organisation

RLS Reef Life Survey

ROV Remotely operated vehicle

SDG Sustainable Development Goal

TURF Territorial use rights for fishing programs

UN United Nations

UNCLOS United Nations Convention on the Law of the
Sea

UNEP United Nations Environment Programme

UNESCO UNESCO

VME Vulnerable marine ecosystems

WCMC World Conservation Monitoring Centre

WoRMS World Register of Marine Species

Highlights

e Evidence suggests that ocean biodiversity at all levels is
being lost as a result of the direct and indirect impacts of
human pressures. The main drivers of biodiversity loss
are overexploitation and human pressures in coastal envi-
ronments (development, habitat loss, pollution, distur-
bance). Increasingly, climate change and ocean
acidification are and will be drivers of biodiversity loss
especially in sensitive coastal ecosystems.

* Despite advances in understanding the distribution of spe-
cies and habitats in the ocean, many aspects of marine
biodiversity remain poorly understood. As a result,
changes in marine biodiversity are difficult to ascertain
and there is a critical need to establish current baselines
and trends through survey and monitoring activities.

e There needs to be a concerted effort to increase funding and
capacity for marine biodiversity research, especially in
developing countries which are rich in biodiversity. There
also needs to be an increase in collaboration across scien-
tific disciplines and other data users and measures to make
data collection and analysis interoperable and repeatable to
ensure that we can enjoy the benefits of ecosystem services
which underpin the blue economy whilst ensuring that bio-
diversity is conserved. These efforts should be focused on
the already established international networks for biodiver-

sity monitoring that include the Biology and Ecosystems
Panel of the Global Ocean Observing System (GOOS Bio-
Eco), the Group on Earth Observation Biodiversity Obser-
vation Network (GEO BON), the Marine Biodiversity
Observation Network (MBON), and global data integrators
such as the Ocean Biogeographic Information System
(OBIS) of the International Oceanographic Data and Infor-
mation Exchange (IODE) programme of the Intergovern-
mental Oceanographic Commission of the United Nations
Educational, Scientific and Cultural Organization
(UNESCO-IOC) and the Ocean Data Viewer of the United
Nations Environment Programme’s World Conservation
Monitoring Centre (UNEP-WCMC).

There has been a significant apparent increase in the cov-
erage of marine protected areas (MPAs). However, most
MPAs are only lightly to minimally protected, with many
lacking even management plans and very few classified as
fully protected. Maximum environmental and societal
benefits accrue only when 30-40% of key marine ecosys-
tems are represented in fully or highly protected and
implemented MPAs. We estimate that only 3% of the key
habitats explored in this study lie in fully protected MPAs,
and for some habitats, no countries have placed them in
fully protected MPAs. Hence, opportunities abound to
strengthen protection in existing MPAs and create new
highly to fully protected MPAs, paying close attention to
positive enabling conditions, good design principles and
adequate enforcement and funding.

It is critical to establish a legal framework for the conser-
vation of biodiversity in the whole ocean, including areas
beyond national jurisdiction. For this reason, reaching a
strong agreement for the new international legally bind-
ing instrument on the conservation and sustainable use of
biological diversity of areas beyond national jurisdiction
(BBNJ) is essential.

The ability of wealthier countries to implement conserva-
tion measures within their exclusive economic zones
(EEZs) is higher and might need to compensate for less
wealthy countries with higher biodiversity and higher
pressures. Achieving the 30-40% target in fully or highly
protected areas, especially in developing countries, will
be greatly enhanced by capacity building, financial sup-
port and development of alternate economically viable
options for employment.

Marine ecosystems often exhibit tipping points where
pressures lead to a major regime shift that results in an
alternative and less productive state. Recognising such
tipping points and incorporating them as reference points
in fisheries management can greatly improve marine spe-
cies conservation as well as the functioning and resilience
of marine ecosystems.

Accelerated and expanded reform of fisheries manage-
ment practices are required if the food and nutritional
needs of a growing human population are to be met with-
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out permanent and long-lasting biodiversity loss result-
ing in the erosion of ecosystem services. It is especially
important that these reforms include greatly improved
monitoring of catch and bycatch in fisheries; the elimina-
tion of illegal practices in industrial fisheries through
improved enforcement; a reduction in the fishing capac-
ity where it is contributing to overfishing and/or damage
to biodiversity whilst ensuring that basic needs for food,
nutrition and livelihoods are met in coastal communities;
and better incorporation of biodiversity considerations
into all levels of fisheries management and the fishing
industry. There must be better collaboration with the
environmental sector for government departments and
also with intergovernmental and non-governmental
organisations.

1 Overview

Marine habitats are extremely valuable in many ways (e.g.,
economically, culturally or for subsistence) and provide
many necessary services for humans (Costanza et al. 1997,
2014). Despite their importance, coastal and oceanic habitats
are increasingly threatened by fishing, climate change, oil
and gas exploration, pollution and coastal development
(Jackson et al. 2001; Halpern et al. 2008, 2019; Heery et al.
2017; Harris 2020). Habitat degradation and loss from these
threats are not uniformly distributed and are cumulative with
poorly understood interactions between pressures (Halpern
et al. 2008). Despite the enormous impacts humans have had
on marine ecosystems in the global ocean over the past
50 years, they tend to appear not as the complete extinction
of individual species (Dulvy et al. 2003) but rather as changes
in ecosystem composition and in the relative abundance and
ecological status of individual species, along with more
regional or local extirpations (Worm and Tittensor 2011). A
species need not become globally extinct to radically alter
the composition of the ecosystem (‘ecological extinction’),
disappear from the local environment (‘local extinction’) or
become commercially non-viable (‘commercial extinction’).
Biodiversity loss is a globally significant symptom of unsus-
tainable exploitation of Earth’s natural environment and a
major threat to the ecosystem services on which we, and
future generations, depend.

The ocean’s natural capacity to provide ecosystem ser-
vices such as food, coastal protection and carbon sequestra-
tion are being eroded as a result of the above changes
(Cheung et al. 2010, 2013; Barange et al. 2014; Spalding
et al. 2014; Arias-Ortiz et al. 2018). Over 500 million people
worldwide live in the coastal zone and are afforded protec-
tion by ecosystems such as coral reefs, mangroves forests,
seagrass beds and kelp forests. In the case of coral reefs, the

reduction in damage to terrestrial assets conferred through
coastal protection is estimated at US $4 billion annually
(Beck et al. 2018). For the top five countries that benefit from
reef protection, this is the equivalent benefit of $400 million
annually in mitigated damage to society (Beck et al. 2018).
Without reefs, the economic impact of flooding would more
than double, with the area of land affected increasing by 69%
and people affected by 81% (Beck et al. 2018). The loss of
this critical ecosystem, which is estimated to result in a
1-10% reduction of its former range under the most optimis-
tic future scenarios (IPCC 2018), is a looming crisis of vast
ecological and social dimensions.

In response to habitat degradation, losses in biodiversity
and associated impacts, there has been an international effort
towards conserving marine ecosystems. The Strategic Plan
for Biodiversity 2011-2020 from the Convention on
Biological Diversity (CBD) has resulted in an accelerated
effort to increase the protection of marine areas. Specifically,
Aichi Biodiversity Target 11 calls for the conservation by
2020 of ‘at least 10% of coastal and marine areas, especially
areas of particular importance for biodiversity and ecosys-
tem services ... through effectively and equitably managed,
ecologically representative and well-connected systems of
protected areas and other effective area-based conservation
measures’. A body of scientific literature suggests that the
Aichi Biodiversity Target should be a first step. More ambi-
tious targets of ocean protection (e.g., 30%), have been pro-
posed and discussed in the scientific literature for many years
(Gell and Roberts 2003; Balmford et al. 2004). Recent meta-
analyses indicate that maximum environmental and societal
benefits do not accrue until 30—40% of representative marine
ecosystems are protected (Gell and Roberts 2003; Gaines
et al. 2010; O’Leary et al. 2016; Sala et al. 2018a). This call
for an enhanced scope for protection was endorsed by
Resolution 50 of the International Union for the Conservation
of Nature (IUCN) at the World Conservation Congress in
2016 ‘to designate and implement at least 30% of each
marine habitat in a network of highly protected MPAs and
other effective area-based conservation measures, with the
ultimate aim of creating a fully sustainable ocean’. This call
included specific reference to implementing protected areas
in the exclusive economic zone (EEZ) of countries and in
areas beyond national jurisdiction (ABNJ) (IUCN 2016).

Spatial conservation measures such as marine protected
areas (MPAs) are one way of addressing these problems and
have become the most recognised area-based marine conser-
vation measure worldwide. An abundance of evidence sug-
gests that if they are well designed, enforced and financed,
fully protected MPAs can provide an abundance of benefits,
including increases in biodiversity, size and abundance of
previously targeted species (Halpern 2003; Lester and
Halpern 2008; Lester et al. 2009; Edgar et al. 2014; Sala and
Giakoumi 2017); enhanced spillover of juveniles and adults
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to adjacent fished areas (Halpern et al. 2010; Di Lorenzo
et al. 2016); and restoration of ecological interactions within
the protected area (Micheli et al. 2004; Mumby et al. 2007).
More recent studies report additional benefits, including
enhanced resilience to environmental and climate changes
(Mumby and Harborne 2010; Micheli et al. 2012; Roberts
etal. 2017; Bates et al. 2019). It is important to note here that
biodiversity may benefit even further if more than 30-40%
of representative habitats are protected by networks of
MPAs. However, because of trade-offs between ocean con-
servation and uses such as fisheries, placing 30-40% of habi-
tats in highly or fully protected MPAs is viewed as the
optimal balance between protection of biodiversity and eco-
system service provision (Gaines et al. 2010). Also, to attain
a representative coverage of 30% of marine habitats in fully
or highly protected MPAs, a larger area may be required than
30% of the ocean to attain representativeness (O’Leary et al.
2018; see Jones et al. 2020 for an assessment based on spe-
cies ranges lying within MPAs). Other effective area-based
marine conservation measures (OECMs), such as locally
managed marine areas, territorial use rights for fishing pro-
grams (TURFs), fisheries restricted areas, particularly sensi-
tive sea areas, and areas of particular environmental interest,
among others, have proven successful in conserving impor-
tant areas for biodiversity and ecosystem services that
include food security and poverty alleviation, such as in
Northern Mozambique (Diz et al. 2018). The IUCN has cre-
ated guidelines to recognise and report OECMs (IUCN-
WCPA 2019) to incentivise robust long-term conservation
and management of biodiversity. OECMs are an important
but complementary tool to supplement an existing MPA net-
work; however, they are not necessarily (or generally) man-
dated with a biodiversity conservation objective (Tittensor
et al. 2019).

Therefore, this Blue Paper focuses on MPAs because they
are supported by an important body of peer-reviewed litera-
ture indicating their effectiveness as fisheries management
and conservation tools. Furthermore, MPAs can protect bio-
diversity but can also restore ecosystem structure, function
and potentially services (Cheng et al. 2019) that mitigate and
promote adaptation to climate change (Mumby and Harborne
2010; Micheli et al. 2012; Roberts et al. 2017). Therefore,
implementing MPAs preserves habitats and their biodiver-
sity and allows the maintenance of valuable ecosystem ser-
vices (Costanza et al. 2014). We can roughly divide MPAs
into no-take areas (where no fishing is allowed) and multiuse
areas. Although, in some cases, the latter category does gen-
erate some benefits, in others, MPAs fail to reach their con-
servation objectives completely (Agardy et al. 2011).
Scientific evidence is now accumulating in favour of fully
protected MPAs (also known as marine reserves), which are

dubbed most effective in environmental management
(McClanahan et al. 2008; Edgar et al. 2014; MacNeil et al.
2015; Sala and Giakoumi 2017). Fully protected marine
reserves, besides prohibiting fishing activities, also remove
or minimise other human pressures that enable species to
maintain or recover their abundance, biomass and diversity
(Lester et al. 2009). It is notable, however, that MPAs are
often not well designed, enforced or financed (Gill et al.
2017; Dureuil et al. 2018), which impacts their effectiveness,
and there is particular concern for regions of high marine
biodiversity, such as the marine biodiversity hot spot in
Southeast Asia, where many species are reduced and destruc-
tive exploitation is expanding largely unchecked even within
MPAs.

The High Level Panel for a Sustainable Ocean Economy
has a vision of a productive and protected ocean, which will
play a major role in achieving the Sustainable Development
Goals (SDGs). Continued loss of marine biodiversity will
undermine our ability to achieve a number of the SDGs,
especially SDG 14 (to conserve and sustainably use the
ocean), but also other goals (e.g., SDG 2, hunger and food
security; SDG 9, resilient infrastructure). This Blue Paper
addresses the topic of critical habitats and marine biodiver-
sity with the following specific aims:

* Synthesise knowledge presenting the most recent inven-
tory of marine habitats and biodiversity in the global
ocean.

e Provide a brief overview of the impacts of habitat degra-
dation and biodiversity loss in reducing ecosystem
services.

* Review evidence of how biodiversity relates to ecosystem
function and exploitation/degradation tipping points.

e Identify the range of measures undertaken by govern-
ments and industrial sectors to monitor, protect and
address loss of marine biodiversity and their
effectiveness.

e Determine opportunities for action to improve the sus-
tainability of blue economic activities with respect to
maintaining, and, where possible, restoring, the ocean’s
habitats and biodiversity.

We use the Convention on Biological Diversity’s definition
of biodiversity as the variability among living organisms,
including diversity within species, between species and of
ecosystems. The topics of marine biodiversity and ecosystem
integrity are complicated by a lack of data, which pervades
almost all aspects of our understanding of its distribution and
trends. By necessity, therefore, we have been driven to exam-
ine specific aspects of the topic, such as well-studied groups
of organisms or habitats as well as particular case studies.
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This underlines the need for more scientific work on many
aspects of ocean biodiversity, from variation within species
and connectivity of populations to processes at the level of
habitats and entire ecosystems, the sum of which underpin
the functioning of Earth.

2 An Inventory of Marine Habitats
and Biodiversity
2.1 Species
Globally, it is estimated that only 10-25% of marine species
have been described (Mora et al. 2011; Appeltans et al.
2012), and some of the least known groups are likely to have
thousands to over a hundred thousand undescribed species
(e.g., Isopoda, Gastropoda, Tanaidacea). The geographic dis-
tributions of even fewer species are known (Gagné et al.
2020). Genomic approaches, coupled with large-scale sam-
pling of the upper layers of the ocean (e.g., the Tara expedi-
tion), have also revealed tens of thousands of uncharacterised
microbes, including eukaryotes, prokaryotes and viruses (de
Vargas et al. 2015; Sunagawa et al. 2015). However, it is esti-
mated that about half of the major taxonomic groupings
(e.g., Vertebrata) have identified more than 50% of their
known species already, and with the current rate of descrip-
tion of new species (average of 2000 new species described
per year), those groups might have all their species described
by the end of the century (Appeltans et al. 2012).
Knowledge of marine biodiversity varies markedly across
regional, national and, more importantly, trophic levels
(Costello et al. 2010). Data from the Census of Marine Life
(CoML) programme is available in the ever-growing Ocean
Biogeographic Information System (OBIS)! of the
Intergovernmental Oceanographic Commission (IOC) of the
United Nations Educational, Scientific and Cultural
Organization (UNESCO). The CoML data suggest that, in
relative terms, China, Australia and Europe have the best
knowledge base of marine species with the tropical western
Atlantic, tropical eastern Pacific and Canadian Arctic regions
being poorly studied (Costello et al. 2010). Ecosystems that
are particularly poorly known include the deep sea, coral
reefs, icecovered areas and chemosynthetic habitats (Costello
et al. 2010). Knowledge of the identity and distribution of
commercially exploited taxa is greater than that of non-
extracted taxa, and larger organisms tend to be better known
than smaller organisms (Fautin et al. 2010; Worm and
Tittensor 2018). Currently, only a handful of species are con-

'For more information, see the OBIS website, https://obis.org

sidered to have enough independent records that describe
their full geographic distribution (about 50,000 species;
Gagné et al. 2020). Emblematic (mammals, corals or fish)
and exploited species (fish and invertebrates) are among the
most well-documented spatially. Other patterns of biodiver-
sity, including intraspecific genetic variation and habitat
diversity, are also not well described (Fautin et al. 2010;
Blasiak et al. 2020), with some exceptions. The Global
Ocean Biodiversity Initiative (GOBI), which uses CoML and
OBIS as primary sources of data, has participated in the
CBD effort to identify ecologically and biologically signifi-
cant areas (EBSAs) in the ocean.? These areas can be charac-
terised by high biological diversity, but they also include a
number of other criteria, including unique or rare species or
communities; importance for the life history stages of marine
species; importance for threatened or endangered species or
habitats; vulnerability, fragility or slow recovery; biological
productivity; and naturalness (CBD 2009). Geographic areas
with the best knowledge of marine biodiversity do not match
well with areas of highest diversity, reflecting both historical
and present-day scientific capacity for taxonomy. Historically,
highly sampled regions are often located in the Northen
Hemisphere in the coastal regions around developed coun-
tries. It is crucial to account for such sampling bias when
examining the distribution of biodiversity (Tittensor et al.
2010; Gagné et al. 2020). The common approaches to pro-
vide an unbiased picture of marine biodiversity consist of (1)
removing species with not enough records to describe their
full distribution and (2) applying statistical methodologies
on known species records to correct for bias. The main hot
spots of marine biodiversity have been recognized in the
Indo-Pacific Coral Triangle and a lower peak in the Caribbean
(Briggs 2007; Worm and Tittensor 2018; see Box 10.1). A
general decline in biodiversity from the tropics to the polar
latitudes has also been hypothesised, although there is debate
on whether some taxa show more bimodal patterns (Thorson
1952, 1957, Fischer 1960; Stehli et al. 1967, 1972; Clarke
and Crame 1997; Williamson 1997; Roy et al. 1998;
Tittensor et al. 2010; Edgar et al. 2017; Worm and Tittensor
2018; Box 10.1). Hypothesised explanations include specia-
tion and extinction rates over geological timescales as cor-
related with latitude (Crame and Clarke 1997; Jablonski
et al. 2006, 2013) and ecological drivers such as habitat
area, land versus ocean area by latitude, sea surface tem-
perature (Worm and Tittensor 2018), and intrinsic biological
traits such as larval development mode and interspecies
interactions (Roy et al. 1998; Pappalardo and Ferndndez
2014; Edgar et al. 2017).

2To learn more about GOBI, visit its website, http://gobi.org/
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Box 10.1 Estimating Global Patterns of Biodiversity

Using the biodiversity data found in Reygondeau (2019)
and Gagné et al. (2020), the authors developed a stan-
dardised database drawing on online websites with
records of the global distribution of marine species with
sufficient records to have arobust distribution. Specifically,
the database was populated with species data for which at
least 10 spatially informed occurrences were available.
Occurrence data originated from the Ocean Biogeographic
Information  System  (OBIS);* Intergovernmental
Oceanographic Commission (IOC) of the United Nations
Educational, Scientific and Cultural Organization
(UNESCO);’ the Global Biodiversity Information Facility
(GBIF);® Fishbase;! the Coastal and Oceanic Plankton
Ecology Production and Observation Database
(COPEPOD);¢ the Jellyfish Database Initiative;' and the
International Union for the Conservation of Nature
(IUCN).# The full filtering methodology can be found in
Gagné et al. (2020).

From the initial data set (more than one billion
entries), we removed records (1) with spatial location as
“not assigned” (NA) or null values, (2) not identified to
species level and (3) replicated among databases (i.e.,
records with the same species name, coordinates, and
sampling details). The remaining records (731,329,129
records; more than 101,000 species) were assigned full
taxonomic information using the Taxize library4 in R
Studio. We also used this procedure to update all species’
synonyms to valid names, as officially recognised by the
Integrated Taxonomic Information System (ITIS)" and
the World Register of Marine Species (WoRMS).! Next,
we explored the relationship between the number of
independent records (independent in time and area of
sampling) and latitudinal range and thermal range for
species with well-known global coverage and ecology
(number of observations greater than 2000; 1196 spe-
cies). For each known species, we randomly selected n

The distribution of biodiversity in the global ocean has
been described for numerous taxa, particularly in recent
years as more observations have been synthesised into large-
scale patterns (Tittensor et al. 2010; Reygondeau 2019).
While there is consistency across many groups, it is impor-
tant to bear in mind that there remains a significant taxo-
nomic bias in our understanding.

There are some groups that we know well (typically those
species in which we have a keen commercial interest or
which are charismatic, such as vertebrates, or those which
form biogenic habitats such as corals and seagrasses), but

records (number of observations from 1 to 1000) within
the global pool, and for each selected number of records
(n =1 to 1000 records), we computed the species’ latitu-
dinal range and thermal range. The procedure was repli-
cated 1000 times. We then confronted the simulated
latitudinal range and thermal range (1000 simulations) to
values obtained using all the information gathered on the
species. We computed an interval of confidence of known
range by quantifying the difference between the 1st and
the 99th percentile of observed latitude coordinates and
thermal value, and we assumed that the acceptable num-
ber of records to capture the latitudinal and thermal range
was obtained when more than 950 randomly selected
records were included within the confidence interval
determined from the global pool of records. The median
number of points found to capture the latitudinal range
was 33 + 4 records and 41 =+ 3 records for thermal range.
All species with less than 41 independent records were
removed from further analysis.

Thus, the final data set on which all analyses presented
in this study are based comprises up-to-date taxonomic
information and filtered occurrences for 41,625 species,
for a total of 51,459,235 records representing 17% of all
accepted marine and non-fossil species.

Notes:

* OBIS, http://www.iobis.org

> UNESCO-IOC, http://ioc-unesco.org/

¢ GBIF; http://www.gbif.org

4 FishBase, http://www.fishbase.org

¢ COPEPOD, http://www.st.nmfs.noaa.gov/plankton

E Jellyfish Database Initiative, hitp://people.uncw.edu/
condonr/JeDI/JeDI.html

& JUCN, http://'www.iucnredlist.org/technical-docu-
ments/spatial-data

Y ITIS, http://www.itis.gov

I WORMS, http://www.marinespecies.org

i For more information see WORMS

there are many for which we have very limited information
(numerous invertebrate groups, most deep-sea taxa, and
much of the microbial biosphere). In Box 10.1 we present a
new analysis of the global pattern of marine biodiversity
which is aimed at reducing bias from the issue of uneven
sampling of species from different parts of the ocean.

At a global scale, the biodiversity distribution estimated
from our study appears to be relatively consistent with other
studies, resolutions and analyses (Fig. 10.1; Tittensor et al.
2010; Asch et al. 2018; Reygondeau 2019). The pattern
across multiple taxa is primarily tropical to subtropical peaks
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Fig. 10.1 Global patterns of biodiversity and habitat richness. Notes:
Map of species richness (a) is on a 100 x 100 km equal-area grid with
a superimposed contour map of the number of habitats per geographi-

in species biodiversity, particularly for coastal species; but
there are steep longitudinal gradients in diversity, with an
increase from both east and west towards Southeast Asia,
and from east to west in the tropical Atlantic. The Indo-
Pacific Coral Triangle, central and western Indian Ocean,
Red Sea, South West Pacific Islands (i.e., the Bismarck
Archipelago, the Great Sea Reef of Fiji, New Caledonia,

Mean habitat number

cal cell (see Sect. 2.2). Latitudinal gradient of species richness (b) is of
all marine species. (c¢) Plot of the average number of habitats versus
latitude). (Source: Authors)

New Guinea, the Solomon Islands, Vanuatu) and Southeast
Asia show the highest levels of species richness as indicated
in previous studies (e.g., Selig et al. 2014). The Caribbean
also has a relatively high species richness, but not as high as
the aforementioned areas and parts of the northeast Atlantic,
such as the North Sea, are as diverse. This latter result may
reflect the high number of species records in the northeast
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Atlantic, introducing some bias into the overall picture of the
distribution of species richness given the exclusion of spe-
cies with less than 41 samples. Also, small areas, such as
tropical or subtropical islands, which are characterized by a
high species diversity may be unresolved because of the spa-
tial resolution of this analysis (as for Selig et al. 2014).
Individual taxonomic groups and different parts of the ocean
(coastal, pelagic, deep sea) can show differing distributions.
Taxa that follow the general pattern, albeit with some varia-
tion in relative intensity of hot spots, include reef-building
corals, coastal fishes, shallow-water ophiuroids (brittle
stars), cone snails, mangroves, coastal cephalopods, lobsters
and gastropods. Seagrasses have a more temperate-skewed
distribution of richness, perhaps reflecting their improved
ability to tolerate cold water, relative to reef-building corals
and mangroves.

Macroalgae (seaweeds such as kelp) are less well-known
in terms of distribution at the species level, but at the genus
level again appear to peak at more temperate or subtropical
latitudes (Gaines and Lubchenco 1982; Kerswell 2006; Short
et al. 2007; Tittensor et al. 2010; Keith et al. 2014; Worm and
Tittensor 2018). Coastal sharks show a similar pattern to
other coastal fishes, but their distribution is more centered
around temperate latitudes (Lucifora et al. 2011). Deviations
from the general patterns described include coastal marine
mammals, whose endothermy has enabled them to develop a
metabolic advantage in colder waters (Pompa et al. 2011;
Grady et al. 2019). Pinnipeds (seals, sea-lions and walrus)
show an inverse pattern with peak species diversity in subpo-
lar and polar environments (Tittensor et al. 2010; Pompa
etal. 2011).

Biodiversity in the open ocean shows a generally bimodal
pattern (Chaudhary et al. 2016), with pelagic zooplankton
such as foraminifera, copepods and euphausiids, open ocean
fishes such as tuna and billfishes, pelagic sharks, and ceta-
ceans all showing a mid-latitudinal peak in species richness,
generally between latitudes 30 and 40° (Tittensor et al.
2010). Some differences between these taxa are apparent,
including cetaceans being widely distributed in terms of
richness peaks across latitudinal bands, whereas pelagic
shark hot spots tend to skew towards the coast. Marine bac-
teria and phytoplankton diversity patterns remain much less
well-known at a global scale, though modelling has predicted
an intermediate latitude peak in phytoplankton, and there
may be a similar gradient in bacteria, though more data and
analyses are needed to confirm this for both groups (Worm
and Tittensor 2018). Pelagic cephalopods are undersampled,
but they appear to show a similar intermediate latitudinal
peak, albeit only in the Northern Hemisphere (Tittensor et al.
2010). Pelagic seabirds (such as albatross and petrels) show
a mid-latitude peak, but only in the Southern Hemisphere
(Davies et al. 2010).

Deep-sea biodiversity is far less known, and whilst
regional patterns have been described for multiple groups
(Rex and Etter 2010), global patterns are far less well under-
stood at the species level (though model predictions of habi-
tat suitability are available at higher taxonomic levels for
other taxa, such as cold-water corals; Tittensor et al. 2009).
A global pattern has been described only for the ophiuroids
(brittle-stars), which, as mentioned above, show a relatively
typical shallowwater pattern of a peak in diversity at low lati-
tudes on the continental shelf and slope, but they have a
markedly different distribution in deep waters (more than
2000 m; Woolley et al. 2016). Deep-water ophiuroids show
maximum richness at temperate latitudes (between latitudes
30 and 50°), with diversity higher in regions closer to conti-
nental margins where particulate organic material export
from the surface, used as a food source by most deepsea
organisms, is higher. The deep sea is an extremely food-lim-
ited, lightless environment, with relatively shallow gradients
of temperature over large distances horizontally, and these
environmental factors may shape different patterns, though
more information is needed to ascertain whether these pat-
terns hold across multiple taxonomic groups.

Biodiversity metrics, other than species richness, that
have been assessed at a global scale are few. The global dis-
tribution of functional richness in fishes appears similar to
species richness, but evenness shows an opposite pattern
(increasing with latitude), and functional diversity appears
highest in the tropical eastern Pacific (Stuart-Smith et al.
2013). The fish food web is globally connected and suggests
a higher vulnerability to species extinctions in the open
ocean compared to coastal areas (Albouy et al. 2019).

In summary, known patterns (based on a biased sample of
taxonomic groups) indicate that species biodiversity appears
to peak in the tropical Indo-Pacific, with a secondary peak in
the Caribbean, and a general tropical or subtropical peak in
richness. Coastal species tend to match this pattern more
closely than oceanic species, which tend to show bimodal
peaks at intermediate latitudes; yet whilst deep-sea taxa
remain poorly known, one group (brittle stars) shows a mark-
edly different distribution with temperate peaks close to con-
tinental margins and in areas of high food export from the
surface ocean.

2.2 Habitats

Using previously published spatial data sets (Table 10.1), we
synthesised information at the global level to produce pat-
terns of habitat diversity (see Fig. 10.2). Because of their
ecological and socio-economic importance, and the relative
availability of information, we focused on the following
marine habitats ordered from their distance to the coast: estu-
aries, mangroves, saltmarshes, seagrasses, coral reefs, kelp
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Table 10.1 Spatially referenced habitat data for coastal and oceanic ecosystems included in the habitat diversity analysis

Habitat Time span Data type
Estuaries 2003 Polygon
Mangroves 1997-2000 Polygon
Saltmarsh 1973-2015 Point
Seagrasses 1934-2015 Polygon
Coral reefs 1954-2018 Polygon
Kelp forests NA Point
Shelf valley and canyons 1950-2009 Polygon
Cold coral reefs 1915-2014 Point
Seamounts and guyots 1950-2009 Polygon
Trenches 1950-2009 Polygon
Hydrothermal vents 1994-2019 Point
Ridges 1950-2009 Polygon

Source: Authors

Source

Alder (2003)—updated by UNEP-WCMC

Giri et al. (2011)-updated by UNEP-WCMC
McOwen et al. (2017)—updated by UNEP-WCMC
UNEP-WCMC and Short (2018)

UNEP-WCMC et al. (2018)

Jorge Assis, research in progress

Harris et al. (2014)

Freiwald et al. (2017)—updated by UNEP-WCMC
Harris et al. (2014)

Harris et al. (2014)

Beaulieu and Szafranski (2018) (InterRidge Vents Database)
Harris et al. (2014)

Habitat Diversity
NA
<05
<10

B :3

B <20

[ ] Land

Fig. 10.2 Global habitat diversity. Note: Habitat diversity calculated with Shannon-Wiener diversity index for habitats studied. Habitat diversity

is displayed for 1000-km pixels. (Source: Authors)

forests, shelf valley and canyons, cold-water corals (deep sea
corals), seamounts and guyots, trenches, hydrothermal vents
and ridges (Table 10.1).

The global habitat diversity index was based on the 12
habitats in Table 10.1. First, these habitats were converted
into binary rasters at a 1-km resolution and projected into the
World Robinson projection. A constant raster was created at
aresolution of 1000 km by 1000 km. Next, these rasters were
imported into R Studio. The packages ‘raster’, ‘sp’, ‘rgdal’,
and ‘tidyverse” were used to work with the data. Within each
cell of the constant raster, the number of 1 km pixels that
contained a habitat were summed. Each of the cells of the
constant raster was then viewed as a community, and the
Shannon Index of diversity was used to calculate a diversity
value for each cell using the number of cells of each habitat
as species counts. These values were then transformed into a
raster and were uploaded into ArcGIS Pro 2.4 to create
Fig. 10.2.

Coastal areas had a much higher diversity, because of the
occurrence of 6 of the 12 habitats considered. The other 6
habitats occur in deeper waters, where many areas remain
understudied. Although our technological capability is
increasing through efforts like the global Seabed 2030 map-
ping project,’ there are still large gaps in our understanding of
deepwater habitat distribution (Rogers et al. 2015). Hence,
although the data considered (Table 10.1) are the current best-
available representation of the extent of global habitats, the
progressive use of improved large-scale mapping technolo-
gies will improve our knowledge of global habitat diversity
patterns.

Based on the habitat diversity analysis, the Indo-Pacific
Coral Triangle, the eastern seaboard of Australia and the
Caribbean are hot spots for habitat diversity (Fig. 10.2), a

*Information about the Seabed 2030 project can be found at https:/
seabed2030.gebco.net/
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pattern which is similar to that for species diversity
(Fig. 10.1). The distribution of these data skews to the right,
with fewer areas with higher diversity. The United States,
Australia and Indonesia have the highest area of analysed
habitats with an average of 6.94%, 5.81% and 5.05% of the
global total, respectively. Unsurprisingly, there is a strong
and significant correlation with EEZ area, explaining 63% of
the variation. Russia, which also has a very large EEZ, does
not seem to follow this trend—probably because much of its
coastline lies at polar latitudes.

3 Biodiversity Loss

3.1 Evaluating the Loss of Species

The dominant pressures on the ocean are direct exploitation
by fisheries, followed by land and sea use change (Costello
et al. 2010; IPBES 2019). These pressures were identified by
the Global Assessment Report on Biodiversity and Ecosystem
Services of the Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services (IPBES) and by pre-
vious studies. Of the three other main drivers considered,
invasive species, climate change and pollution are growing
in importance. Climate change impacts arise from ocean
warming, acidification, deoxygenation, changes in currents
and circulation, and sea level rise (IPCC 2019). Temperature
rise is correlated with global shifts in distribution, generally
away from the tropics but influenced by regional and local
oceanography (Cheung et al. 2009; Burrows et al. 2011,
2014; Poloczanska et al. 2013, 2016; Humphries et al. 2015;
Molinos et al. 2016). This is driving the large-scale alteration
of marine communities at middle to high latitudes (e.g., the
Atlantification of the Barents Sea; Fossheim et al. 2015;
Oziel et al. 2017; Vihtakari et al. 2018) and may be exacer-
bated by geographic patterns of thermal tolerance in marine
species (Stuart-Smith et al. 2015). Deoxygenation of the
ocean has already caused a shift in the vertical and horizontal
distribution of pelagic species such as marlins and squid
(Stramma et al. 2012; Stewart et al. 2013; reviewed in
Breitburg et al. 2018). Climate change is also a significant
driver of ecosystem damage, including on coral reefs
(Hoegh-Guldberg et al. 2007; Gattuso et al. 2015; Hughes
et al. 2018a) and seagrass beds (Thomson et al. 2015; Arias-
Ortiz et al. 2018).

To evaluate such impacts on biodiversity, we analysed the
IUCN Red List for 12 marine invertebrate and vertebrate
taxa. This list comprises analyses of the current status of
populations of species with respect to extinction risk, and it
considers population decline, negative changes in range
(e.g., range of occupancy and/or levels of fragmentation of
populations), and whether populations of a species are very
small (IUCN 2017). For marine invertebrates and verte-

brates, data were extracted from the [UCN online Summary
Statistics.*

To reduce bias, the assessment was restricted to taxa with
more than 10 species assessed. Whilst these taxa represent a
relatively small proportion of those living in marine environ-
ments, they are the best studied to date; therefore, they pres-
ent a good (if taxonomically biased) data set on which to
assess the threat of extinction and its causes across a range of
marine ecosystems (Webb and Mindel 2015). Only around
3% of the roughly 240,000 described marine species have
been assessed for the Red List (Sullivan et al. 2019).

3.2 Invertebrates

There are 3081 marine invertebrate species in seven classes
across four phyla that have had some representative assess-
ment on the [IUCN Red List (see Fig. 10.3 and Table 10.2).
The numbers reflect the extremely low level of assessment of
marine invertebrates, a total of 2.6% of species across these
four phyla, from as low as 0.5% for Arthropoda to 7.5% for
Cnidaria (Table 10.2). Furthermore, these samples are
biased: 839 species of hard corals (order Scleractinia) and 16
fire corals (genus Millepora) make up 97% of the cnidarians
assessed, all from a single assessment (Carpenter et al. 2008),
and the 686 Cephalopoda species represent 44% of all marine
Mollusca assessed but likely less than 1% of all marine
Mollusca. By their nature, Red List assessments tend to
focus on relatively well-described taxa for both marine and
terrestrial species (Webb and Mindel 2015).

With these caveats and the challenge of data deficiency,
the proportion of species threatened ranges from a lower
bound of 11% to an upper bound of 46%. The most speciose
invertebrate classes (Anthozoa, Gastropoda, Malacostraca)
as well as the Cephalopoda show the lowest levels of threat.
The criteria used for assessment are indicative of marine spe-
cies characteristics: of the 326 species listed in one of the
three ‘threatened’ categories (vulnerable, endangered, and
critically endangered), over 75% (254) are listed on the basis
of estimated population decline (Criterion A, for the past,
present and/or future), 14% were listed on the basis of small
range and decline (Criterion B), and 7% were listed for their
very small population size or range (Criterion D). Only 5
species were listed under more than one criterion.

3.3 Vertebrates

Compared to invertebrates, marine vertebrates are relatively
well represented in the [UCN Red List (Fig. 10.3). Reptiles,
birds and mammals have been fully assessed, and among

*See IUCN Red List, https://www.iucnredlist.org/search
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Table 10.2 Proportion of invertebrate species assessed on the IUCN
Red List compared to the total number of species currently described on
the World Register of Marine Species

Number of species Number of species %

Phylum described assessed Assessed
Arthropoda 56,479 266 0.5
Cnidaria 11,744 884 7.5
Echinodermata 4408 372 5.0
Mollusca 48,275 1570 3.3
TOTAL 120,906 3092 2.6

Source: WoRMS (n.d.)

marine fishes, of the approximately 18,000 described to date,
just over 50% have been assessed (9285 species of sharks,
rays and bony fish). Of these, there are 8200 marine actinop-
terygians, from 30 different orders, for which at least 10 spe-
cies have been assessed. The two fish classes included in this
analysis make up 79% of all assessed marine vertebrates and
compose 70% of marine vertebrates listed as threatened.
However, the actinopterygians have the lowest overall pro-
portion of threatened species (4%) compared to other marine
vertebrate taxa (20-30%). The chondrichthyan extinction
risk at this taxonomic level of analysis is substantially higher

than for most other vertebrates, and only about one-third of
species are considered safe (Dulvy et al. 2014). We note that
all species of marine turtles are currently threatened with
extinction.

The actinopterygians are less well understood than marine
reptiles, birds and mammals, and, as a result, have by far the
highest proportion (and number) of species listed as ‘data
deficient’ (DD; see Fig. 10.3); some of these DD species
may also be threatened but the lack of data prohibits this
assessment from being made.

This situation highlights the poor overall understanding
we have of many fish species, even some that are heavily
exploited, such as many deepwater and coral reef fishes;
examples include the deepwater orange roughy (Hoplostethus
atlanticus), coral reef groupers and snappers (Epinephelidae
and Lutjanidae), coastal and estuarine groups such as croak-
ers (Sciaenidae), and cold-water wolf-fishes (Anarhichas).
The documentation of these species should be a priority from
the perspective of population (status, distribution and trends)
and use (i.e., fisheries catches). However, for all taxa there is
also a need to collect data on less well-understood aspects of
impacts on populations, such as from unintentional catch/
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bycatch or through destruction of key life history areas such
as spawning or nursery grounds. Such data are collected for
some fisheries but by no means all, and data are often aggre-
gated at higher taxonomic levels that render them useless for
species-level assessments.

34 Drivers of Species Decline

We analysed the identified drivers of extinction risk for spe-
cies listed as critically endangered, endangered or vulnerable
for the 12 groups in Fig. 10.3. This was achieved by looking
at each threatened species in the [IUCN Red List and record-
ing the drivers of extinction risk. Whilst many of the [UCN
drivers of biodiversity decline are relatively straightforward
to interpret, the category ‘biological resource use’ requires
some explanation. This refers to the effects that harvesting
activities have on the extinction risk, including those caused
by targeted catch and bycatch for commercial and artisanal
fisheries, the aquarium trade, marine curio trade, shell col-
lecting and traditional medicine. We also note a controversy
that began in the 1990s regarding the use of the [IUCN extinc-
tion threat categories for commercially fished species (Rice
and Legace 2007). The main policy instruments used for
fisheries management such as the United Nations Convention
on the Law of the Sea (UNCLOS), the United Nations Fish
Stocks Agreement and the Code of Conduct for Responsible
Fishing (CCRF) by the Food and Agricultural Organization
of the United Nations (FAO) all highlight biomass at maxi-
mum sustainable yield (B,,,) as a target for sustainable fish-
eries management. Under a sustainable management regime,
it is possible to reduce a stock size to below levels which
would trigger categorising a species or stock as threatened
with extinction under the [IUCN Red List criterion of decline
in population size while other fisheries management refer-
ence points indicate the stock can still be exploited (Rice and
Legace 2007).

Whilst this has been a subject of debate (see Rice and
Legace 2007), more recent studies have demonstrated that
conservation metrics as assessed by Red List criteria align
well with fisheries assessments of stock status (e.g., Davies
and Baum 2012; Fernandes et al. 2017). Thus, it can be con-
cluded that threat categories identified through the Red List
criteria do not exaggerate extinction or extirpation risk and
occurrences of disagreement between the two approaches
are rare (Davies and Baum 2012; Fernandes et al. 2017). The
TUCN has specifically identified this issue in the guidelines
for applying extinction risk criteria TUCN 2017).

For invertebrates, the most significant threat for mobile
taxa was biological resource use (Fig. 10.4), including over-
exploitation of populations through directed fishing
(Holothuroidea), bycatch (Cephalopoda) or for shell collect-

ing (Gastropoda). For sessile taxa, Anthozoa and Hydrozoa,
drivers of extinction risk are evenly distributed amongst mul-
tiple drivers, reflecting a range of anthropogenic stressors in
coastal ecosystems. The assessed Gastropoda are also pre-
dominantly coastal, and this is reflected in the broader range
of drivers of extinction risk in this taxon. Other contributing
factors to extinction risk included small geographic range
(e.g., cone shells; Peters et al. 2013), life history factors (e.g.,
Cephalopoda, Holothuroidea; Bruckner et al. 2003; Collins
and Villanueva 2006) and high commercial value (e.g.,
Holothuroidea; Purcell et al. 2014). We also note that the first
assessment of threat from deep-sea mining has just occurred,
with the first of 14 hydrothermal vent invertebrates (a snail)
being listed as ‘endangered’ (Sigwart et al. 2019). This
assessment was on the basis of the small geographic range
and number of populations of this species, an attribute shared
by other vent-endemic taxa. Deep-sea mining is currently
controversial, and regulations for environmental manage-
ment of this activity are still being formulated by the
International Seabed Authority (ISA) of the United Nations.
Whether these measures will be sufficient to protect vent-
endemic species with small ranges from the effects of exploi-
tation of seabed massive sulphides remains to be seen
(Durden et al. 2018; Washburn et al. 2019).

Across the marine vertebrate taxa assessed (except
birds), the major driver of extinction risk is resource use,
including by both small- and large-scale fisheries and both
targeted and incidental catch (Fig. 10.4). This is in general
agreement with the key messages of the IPBES Global
Assessment Report (2019). In particular, larger species at
higher trophic levels have been heavily reduced by exploi-
tation whether as high-value target species or because they
are taken incidentally as bycatch, and many have shown a
sharp decline (Christensen et al. 2014; Suazo et al. 2014,
Fernandes et al. 2017). However, the full impacts of inci-
dental catch are little understood for smaller fish species
and many invertebrates, because catch data poorly docu-
ments them at the species level. Despite little evidence that
overexploitation or bycatch have caused global extinctions,
local extinctions and commercial extinctions (in which a
species is reduced to a level at which it is no longer com-
mercially viable) are much more common (Dulvy et al.
2003). In addition, overexploitation has dramatically
reduced the abundance of numerous species worldwide,
both large and small (McCauley et al. 2015), caused large
range contractions (Worm and Tittensor 2011) and impacted
body mass (Ward and Myers 2005). At the ecosystem level,
overexploitation has triggered trophic cascades (Worm and
Myers 2003; Frank et al. 2005; Daskalov et al. 2007),
reduced total community biomass (Ward and Myers 2005)
and degraded habitat structure (Thrush and Dayton 2002;
Clark et al. 2016). Within species, it has also affected
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Fig. 10.4 The proportion of the threatened species of each taxon
affected by different drivers of extinction risk. Note: The percentage is
reported within each cell. Threatened species out of those assessed for
each taxon were: 5 out of 16 Hydrozoa; 226 out of 868 Anthozoa; 58
out of 831 Gastropoda; 5 out of 52 Cephalopoda; 16 out of 371

genetic diversity and induced evolutionary effects (Pinsky
and Palumbi 2014; Heino et al. 2015; Kuparinen and Festa-
Bianchet 2017), both of which can potentially reduce the
capacity of populations to adapt to threats such as climate
change (Blasiak et al. 2020).

A growing number of species are part of high-value con-
sumer markets. As with the Holothuroidea (Purcell et al.
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Holothuroidea; 197 out of 1085 Chondrichthyes; 334 out of 8200
Actinopterygii; 19 out of 95 Reptilia; 177 out of 868 Aves; 37 out of 137
Mammalia. Note that drivers are drawn from the IUCN (2019) Red List.
Several drivers are often listed for an individual species. (Source:
IUCN Red List)

2014), greater rarity pushes their value even higher, which
means that they continue to be sourced even if they become
more difficult to procure (Courchamp et al. 2006; Sadovy de
Mitcheson et al. 2018). Examples of this include shark fins
and fish swim bladders, exotic pet species and a range of
animals highly valued as luxury food, traditional medicines
or ornamentals.
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Box 10.2 Fish Spawning Aggregations as Key Biodiversity
Areas

To illustrate the importance of key biodiversity areas
(KBAs), we selected fish spawning aggregations to con-
textualise the term “site” in the KBAs,a a seascape unit
that (1) can be delimited on maps, (2) encompasses the
important habitat used by the species of conservation con-
cern and (3) can actually or potentially be managed as a
single unit for conservation. Fish spawning aggregation
‘timing’ is also part of the context of KBAs. Unlike the
conspicuous and betterunderstood breeding colonies of
birds and mammals, or the well-known turtle nesting
beaches, spawning aggregations of fish are relatively less
well-known. But like bird colonies and turtle nesting
beaches, they can remain consistent from year to year in
time and space and are often appealing targets for fishing
because catchability can be particularly high.

Many medium- to large-sized demersal and benthope-
lagic species in the global ocean form temporary aggrega-
tions solely for the purpose of reproduction; these
gatherings are the only occasions known for locating a
mate and spawning. In the case of tropical groupers
(Fig. 10.5a, b) and snappers, many aggregations are
highly predictable both spatially and temporally; typi-
cally, they form for a week or two over several consecu-
tive months each year. Among temperate species, of the
top 25 fishes by weight supplying global fisheries,b many
undergo regular spawning migrations, aggregate to spawn
for short or extended periods in small or extensive areas,
and are exploited at these times. Examples range from
Alaska (walleye) pollock (Theragra chalcogramma),
Atlantic cod (Gadus morhua) and Atlantic mackerel
(Scomber scombrus) to largehead hairtail (Trichiurus lep-
turus) and European pilchard (Sardina pilchardus).

Overfishing of spawning aggregations, or of migra-
tions towards these, was a major factor in several fishes
declining to threatened status, including the Nassau grou-
per (Epinephelus striatus), the totoaba croaker (Totoaba
macdonaldi) and the 74 sparid, Polysteganus undulatus
and other species, none of which were effectively man-
aged prior to declines. Aggregation fishing is likewise
implicated for certain populations of orange roughy
(Hoplostethus atlanticus) (Fig. 10.5c), barred sand bass
(Paralabrax nebulifer) and large yellow croaker
(Larimichthyes crocea).© Spatial concentration from

spawning was also identified by fuzzy logic as an intrinsic
extinction vulnerability factor in marine fishes.® A global
assessment of the known status of 948 spawning aggrega-
tions (mainly reef fishes) shows that 26% are decreasing
(as determined by reduced catches or underwater visual
census counts), 13.5% are unchanged and 3—4%, each,
are either increasing or have disappeared entirely; the
remaining 53% are of unknown status (Fig. 10.6). These
aggregations occur in the global ocean, in over 50 coun-
tries, in almost 50 families and in more than 300 fish
species.

As productivity hot spots that support a massive pro-
portion of fish biomass, spawning aggregations are key
components of the marine ecosystem. Because they are
particularly vulnerable to fishing—yet are important to
fisheries—they need more conservation and management
attention than they have attracted to date, especially from
spatial and/or seasonal protective measures.© Although
conventional management controls may be used for
aggregating species—such as minimum sizes, fishing
effort or gear controls—and assessments consider maxi-
mum sustainable yield or recruitment overfishing, the
spawning aggregations themselves are not often explicitly
the focus of management, partly because they are so
appealing to target. Their management, for example, is
not included as a criterion in the Marine Stewardship
Council fishery assessment Principle 1, except in relation
to habitat protection or access to spawning grounds.
However, given issues such as hyperstability and possible
depensatory effects at low population levels associated
with assessing and managing exploited aggregating spe-
cies, a specific focus on protecting spawning fish deserves
higher priority and special management consideration,
especially for species forming large aggregations.” On the
other hand, well-managed spawning aggregations can
support valuable fisheries and contribute to food security
as well as conserving biodiversity.

Sources:

*Edgar et al. (2008)

®FAO (2018)

¢ Sadovy de Mitcheson (2016)

4 Cheung et al. (2005)

¢ Erisman et al. (2015); Sadovy de Mitcheson (2016)

fvan Overzee and Rijnsdorp (2015); Sadovy de
Mitcheson (2016)
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Fig. 10.5 (a) Spawning aggregation of the camouflage grouper,
Epinephelus polyphekadion in French Polynesia. (Photo © Yvonne
Sadovy-Micheson). (b) Gravid female camouflage grouper at spawning
site. (Photo © Stan Shea). (¢) Orange roughy, Hoplostethus atlanticus,
a deep-sea species which aggregates around the summits and upper
flanks of seamounts for spawning when it is targeted for fishing. (Photo
© IUCN Seamounts Project, AD Rogers)

Loss or compromise of key biodiversity areas (such as
key egg-laying, nesting, pupping or mating grounds) can
quickly reduce populations (see Box 10.2). The finding that
biological resource use is the number-one driver of species
decline, both in this study and in the IPBES Global
Assessment Report (2019), suggests that Aichi Biodiversity
Target 6° of the Strategic Plan for Biodiversity 2011-2020
has not been attained across the fisheries sector. This is a
surprise considering the reported stabilisation and rebuilding
of many fish stocks resulting from improved management
practices in recent decades (Fernandes and Cook 2013;
Hilborn and Ovando 2014; Fernandes et al. 2017; Hilborn
et al. 2020). Findings of stabilisation of fisheries are also in
contrast to observations that the overall trend, globally, is
one of increased overfishing (Pauly and Zeller 2016; FAO
2018). One explanation of the global trends of fisheries
declines is the massive increase in the size of the global fish-
ing fleet from 1950 to the present (2015 figures) from 1.7 to
3.7 million vessels (Rousseau et al. 2019). As a result of
improving technology (e.g., vessel power) over this period,
fishing effort has increased almost exponentially, and catch
per unit effort (CPUE) has declined exponentially (Rousseau
et al. 2019). The catches from artisanal fishing fleets are
often not reported in official government figures, and yet
globally the total power levels of these fishing fleets are com-
parable to those of industrial fishing fleets; they are also less
well managed (see below; Rousseau et al. 2019). Asian fish-
ing fleets, in particular, have increased dramatically in both
numbers of vessels and fishing power (Rousseau et al. 2019).

Fishing fleets in Europe and North America were reduced
in the 2010s, and evidence suggests that it is in these regions
CPUEs have stabilised and the decline has also decreased in
Oceania as a result of improved fisheries management
(Rousseau et al. 2019). Despite a continued increase in over-
fishing and the decline in CPUEs, global fishing fleets have
continued to increase in size and power (Rousseau et al.
2019). If past trends continue, a million more motorized ves-
sels could appear in global marine fisheries in the coming
decades.

Both small-scale fisheries and those undertaken by devel-
oping states are performing worse than those of developed

SBy 2020 all fish and invertebrate stocks and aquatic plants are man-
aged and harvested sustainably, legally and applying ecosystem-based
approaches, so that (i) overfishing is avoided, (ii) recovery plans and
measures are in place for all depleted species, (iii) fisheries have no
significant adverse impact on threatened species and vulnerable ecosys-
tems, and (iv) the impacts of fisheries on stocks, species and ecosystems
are within safe biological limits.
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Fig. 10.6 Proportion of invertebrate species assessed on the IUCN
Red List compared to the total number of species currently described on
the World Register of Marine Species. Note: A total of 948 documented
spawning aggregations are shown. The database is weighted towards

states (Hilborn and Ovando 2014; Ye and Gutierrez 2017). A
conservative estimate that 23% of global fish catch comes
from unassessed fisheries indicates that the lack of data gath-
ering is a significant barrier to sustainable management of
target and non- target (bycatch) species (Costello et al. 2012;
Gilman et al. 2014; Rousseau et al. 2019). Unassessed fisher-
ies perform poorly in terms of sustainable management com-
pared to those which are subject to scientific stock assessment
(Hilborn and Ovando 2014). A large proportion (though not
all) of the unassessed fisheries are small, mostly coastal and
often artisanal, and many of them are located in the develop-
ing world. The costs of scientific fisheries assessments are
high and therefore may be uneconomical for implementation
in small fisheries, particularly for developing coastal states.
In such cases, methods for data-poor fisheries assessment—
which rely on broader life history characteristics and/or
catch trends, including catch-per-unit-effort estimates—may
be a more cost-effective and practical means of management
(Hilborn and Ovando 2014), although less reliable (Edgar
et al. 2019). Ecosystem-based fisheries management may
also be appropriate for small-scale, multispecies fisheries but
there is a challenge between the need for complex data with
that of practical implementation (Hilborn and Ovando 2014).

Studies that have found standards of fisheries manage-
ment to be generally poor amongst coastal states with many
fisheries exhibiting overcapacity, capacity-enhancing sub-

tropical reef fish species and underrepresents non-reef and temperate
or polar regions. (Source: Science and Conservation of Fish
Aggregations (database), https://www.SCRFA.org. Accessed 14 July
2019)

sidies, problems with foreign access agreements and issues
around the transparency of management and decision-mak-
ing, show that such problems are worse within developing
states (Mora et al. 2009; Pitcher et al. 2009). This empha-
sises the lack of capacity to manage fisheries in these coun-
tries (Pitcher et al. 2009; Hilborn and Ovando 2014; Ye and
Gutierrez 2017). This situation is magnified because devel-
oped countries either import fish from other regions of the
world or establish fisheries partnership agreements, effec-
tively externalising their costs for fisheries management
(Ye and Gutierrez 2017). As with smallscale fisheries,
investment in management methods that are appropriate for
developing countries are needed to establish more even
standards for global fisheries sustainability. However, this
may need reciprocal arrangements between developed and
developing countries, especially where the former benefit
from the fisheries resources of the latter, to enhance fisher-
ies management capacity through finance, training and
technology transfer (Ye and Gutierrez 2017). Seafood trad-
ing mechanisms that promote sustainability may also be
useful for addressing the management of fisheries in devel-
oping countries. Carrot-and-stick approaches may be use-
ful as well, such as marketbased measures (e.g., certification
or eco-labelling) which promote sustainable fishing or
impose import restrictions on overfished stocks (Ye and
Gutierrez 2017).
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We also point out that overfishing is by no means restricted
to developing states, and a cursory examination of the litera-
ture indicates that even in the waters of regions such as
Europe, a significant number of stocks are in decline or are
overfished, especially smaller stocks (Fernandes et al. 2017).
Studies of fisheries sustainability also often neglect to
acknowledge that even modern fish stock assessment meth-
ods have levels of uncertainty associated with them and rela-
tively few use, or are validated by, fisheries independent data
(Edgar et al. 2019). Improvements in catch efficiency in
fleets may also be difficult to represent in stock assessments
(Edgar et al. 2019). An increasing issue is also that stock
assessments are often based on historical assessments when
current climate change means that the environment is chang-
ing rapidly and such data may not reflect alterations in stock
dynamics or distribution (Edgar et al. 2019). Stock assess-
ments also concentrate on management of single species or
stocks, ignoring interspecies interactions (e.g., with preda-
tors and prey) and other aspects of ecosystem structure, func-
tion and health (Edgar et al. 2019).

There have been increasing measures to incorporate bio-
diversity considerations into fisheries management (Garcia
2010; Rice and Ridgeway 2010; Friedman et al. 2018). These
measures can be seen as part of a broader shift in societal
views on the use of natural resources from one of straightfor-
ward economic exploitation to one of sustainable develop-
ment whereby the use of ecosystem goods and services must
be traded off against the resilience of the environment
(Garcia 2010; Friedman et al. 2018). These concepts were
introduced into the arena of resource management following
World War II, but they were significantly strengthened
through the adoption of the World Conservation Strategy in
the 1980s, the outcomes of the United Nations Conference
on Environment and Development and the Brundtland
Commission (1983-87), culminating in the CBD which
entered into force in 1993 (Friedman et al. 2018). UNCLOS
and the subsequent 1995 Fish Stocks Agreement both
included specific provisions with respect to sustainability of
both target fish stocks and the wider ecosystem. At this point,
states began to incorporate increasing measures to address
sustainability and to decrease the environmental impact of
fishing. These measures have been reviewed on a regular
basis through the United Nations General Assembly, and
biodiversity considerations have been gradually main-
streamed in fisheries management through a variety of vol-
untary agreements and measures by the FAO (e.g., the CCRF,;
international plans of action to reduce fishing impacts on
sharks, seabirds and turtles; see Friedman et al. 2018 for a
more comprehensive list). Likewise, the fisheries manage-
ment and environmental sectors have increased their collab-
oration to improve the environmental performance of
fisheries (Friedman et al. 2018). However, given the impact

on extinction risk in marine species (this study and the
IPBES Global Assessment Report 2019), there is clearly a
long way to go in improving the environmental sustainability
of marine capture fisheries. It is also notable that reducing
overfishing would in itself reduce impacts on threatened spe-
cies affected by bycatch (e.g., mammals, seabirds and tur-
tles; Burgess et al. 2018).

Uneven implementation at the global level is also an
issue with measures to conserve biodiversity from the
destructive effects of fishing. For example, the Convention
for the Conservation of Antarctic Marine Living Resources
(CCAMLR), which manages fisheries in the Southern
Ocean, has worked with the nongovernmental organisation
(NGO) Birdlife International to massively reduce interac-
tions (often fatal) of albatrosses and petrels with longline
fishing in the region by 67,000 per annum (Friedman et al.
2018). However, at present it is estimated that seabird
bycatch in longline fisheries globally range from an average
of 160,000 to an upper range of 320,000 per annum and is a
major driver of the decline of albatrosses and petrels
(Anderson et al. 2011; Dias et al. 2019). Technical measures
for longline fishing, including setting lines at night, are
known to decrease bycatch and have been successful at
reducing this source of mortality in albatrosses and petrels
in areas of the Southern Ocean such as South Georgia
(Anderson et al. 2011; Phillips et al. 2016). Yet recent analy-
sis of the behaviour of pelagic longline fishing vessels in the
southern Atlantic, Indian and Pacific Oceans indicate that
less than 5% of vessels may be complying with require-
ments south of latitude 25° south by setting in the daytime
(Winnard et al. 2018). We point out that obtaining data on
fisheries bycatch is problematic for many fisheries, espe-
cially on the high seas and where observer coverage is low
and reporting mechanisms are weak (Anderson et al. 2011;
Gilman et al. 2014; Phillips et al. 2016), while the impact of
purse-seine fisheries, such as for forage fish, have not been
properly evaluated.

Another example of uneven implementation of actions to
conserve biodiversity has been in the uptake of the FAO’s
International Guidelines for the Management of Deep-Sea
Fisheries in the High Seas (FAO 2008). These guidelines
were established to protect vulnerable marine ecosystems
(VMEs), such as deep-sea cold-water coral reefs and sea-
mounts, from the impacts of bottom trawling as well as to
improve the management of low-productivity deepwater
fisheries. The guidelines have resulted in significant actions
to protect biodiversity by regional fisheries management
organisations (RFMOs) or agreements through the use of
spatial conservation measures, gear restrictions and encoun-
ter rules, which require a vessel to move away from an area
where VMEs are encountered and to report the encounter
(Rogers and Gianni 2010; Wright et al. 2015; Bell et al.
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2019). There have also been efforts to implement biodiver-
sity conservation measures using RFMOs and Regional Seas
Agreements to implement biodiversity conservation mea-
sures (Friedman et al. 2018).

A good example is the action by the North-East Atlantic
Fisheries Commission (NEAFC) and the Oslo Paris (OSPAR)
Commission to initiate MPAS in areas beyond national juris-
diction, such as the Mid-Atlantic Ridge (Wright et al. 2015).
The collaboration between the NEAFC and the Oslo Paris
(OSPAR) Commission was formalised first through a memo-
randum of understanding (NEAFC/OSPAR 2008) and then
through a collective arrangement (NEAFC/OSPAR 2014).
However, implementation of the FAO guidelines has pro-
gressed much more slowly and unevenly with other RFMOs
and agreements (Rogers and Gianni 2010; Wright et al.
2015) with some showing poor progress even to the present

Box 10.3 The Global Risk to Marine Biodiversity

In order to estimate the patterns of global risk to biodiver-
sity, we overlaid spatial data on human impacts from
Halpern et al. (2008) onto the data on species diversity
used to generate Fig. 10.1. Human impact index data were
regridded on a 110-by-110-km equal area grid and over-
laid with the species richness data (Fig. 10.7a). The rela-
tionship between species richness and the corresponding
human impact index was assessed by computing the cen-
troid of the relationship in a log-log dimension
(Fig. 10.7b). Based on the position of the geographical
cell, we established four categories: high richness and
high impact in red, low richness and high impact in violet,
high richness and low impact in green and, finally, low
richness and low impact in blue. Then the Euclidean dis-
tance among each geographical cell to the centroid of
each category was computed, and the shades of colour in
Fig. 10.7b represent these distance intervals.

The multitude of impacts from human society on the
ocean have been summarised at a global level, showing
alteration of all marine ecosystems.* The examination of
the relationship between biodiversity® and anthropogenic
pressures® (Fig. 10.7a, b), reveal four different scenarios:

1. Regions where the level of biodiversity and human
impact are very high include the Indo-Pacific Coral
Triangle; Southeast Asia, including the seas off Thai-
land, China and Korea; northern Australia; the western
Indian Ocean; the Mediterranean; the coasts of north-
ern Europe (North Sea); and some western Pacific
Islands. Although this analysis specifically aimed to
reduce sampling bias, the levels of sampling for spe-
cies from different regions of the ocean vary dramati-

(Bell et al. 2019). In some cases, this seems to be linked to a
lack of capacity and financial support to achieve a better per-
formance of fisheries in areas beyond national jurisdiction in
terms of sustainability of stocks and protection of biodiver-
sity (Bell et al. 2019).

For birds, the major threats are invasive species for breed-
ing colonies and unintentional bycatch at sea, with the latter
being solely responsible for many species becoming threat-
ened (Paleczny et al. 2015; Dias et al. 2019). For mammals,
it is notable that transportation corridors are a major threat
given the increasing impacts of ship strikes on cetacean pop-
ulations (Ritter and Panigada 2019). Climate change and
extreme weather are also significant threats for four of the
five vertebrate groups assessed. Additional threats include
coastal activities such as residential and commercial devel-
opment and pollution.

cally. Therefore, it is likely that sampling bias has
resulted in some areas being classified as having a high
biodiversity as a result of intense sampling rather than
in having a high inherent species richness; the North
Sea is the most obvious example. Some areas have
been identified as high impact with a high diversity in
other studies (e.g., Indo-Pacific Coral Triangle, north-
ern Australia, some of the western Pacific Islands,
areas of the Indian Ocean).! In some cases, they are
also in locations where there is a rapid increase in
human pressures (e.g., Australia and parts of the Indo-
Pacific Coral Triangle).© The explanation for some
areas of the ocean having high levels of diversity and
impact vary. In some cases, there is a high coastal pop-
ulation and/or high levels of direct (e.g., fisheries) and
indirect (e.g., pollution) exploitation of coastal and
offshore marine ecosystems. These waters include
those of both developed and developing coastal states.

2. Areas where human pressures and biodiversity are
moderately high include the central Indian Ocean and
Caribbean, the eastern seaboard of the United States
and Canada, and the western coast of the United States
as well as northern Brazil. Some of these areas have
been identified as high impact with a high diversity in
other studies (i.e., the Caribbean and parts of the Indian
Ocean)." The recent rapid increase in human pressures
has also been observed for the coast of Brazil.¢

3. Areas of high biodiversity and low human pressure
include some of the islands in the western and central
tropical Pacific, parts of Hawaii, the Galapagos Islands,
the Seychelles and areas of the open ocean, Russian
Arctic and Alaska. Some regions with a high diversity
and a low level of human threat include those in which
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significant fully or highly protected MPAs have
been established and have reduced pressures as
well as being relatively remote (e.g., Kiribati and
the Galapagos Islands).

4. We note that there is also a lack of areas which have
a lower diversity which are highly impacted (i.e.,
points in the lower right quadrant of Fig. 10.7b).
This may be explained by relatively low observed
impacts in polar and open ocean ecosystems,
regions with a lower diversity than the tropics and
coastal ecosystems. Lack of data on human impacts
may be a factor here.

Climate change, especially increasing temperature and
habitat impacts, is predicted to become an increasing threat
to many invertebrate and vertebrate species (IPCC 2019), but
there are uncertainties in terms of projections. The upper
thermal tolerance limits for shallow tropical reef-building
corals have been exceeded in multiple global stress events
from 1998 to 2017 (Hughes et al. 2018a; Stuart-Smith et al.
2015), resulting in large-scale coral loss, local and regional
scale shifts in species composition and ultimately reef func-
tion. This impacts ecosystem function and the provisioning
of ecosystem services (Hughes et al. 2017), and as waters
warm, such thermal limits will be more frequently exceeded.
There is already evidence that reproductive synchrony in
broadcast-spawning corals is breaking down (Shlesinger and
Loya 2019), and in fish species, spawning times could be
radically affected; these are often temperature-associated
changes, and they may impact reproductive success (Asch
and Erisman 2018). Some fish appear to go deeper, tracking
cooler waters in warming seas, illustrating the rapid responses
of marine life to ocean warming (Burrows et al. 2019). It is
also stressed here again that the taxa assessed for the [UCN
Red List are a biased sample often focusing on those which
are heavily exploited (e.g., the Holothuroidea for the inverte-
brates). Many groups of organisms, especially poorly known
invertebrates, are likely to be significantly impacted by cli-
mate change either directly as their environmental tolerances
are exceeded or indirectly as their habitat is destroyed. The
overall impacts of climate change on marine biodiversity is
therefore likely to be currently underestimated.

Particularly in the coastal zone, development and pollu-
tion, which are often connected, have been the other major
drivers of species declines. As with the lack of information
on small-scale fisheries, it is notable that the monitoring of
biodiversity within the waters of coastal states is weak
despite it being a requirement in several of the conventions

In conclusion, more than half of the ocean is consid-
ered to be heavily perturbed by human activities; this
includes more than half of the hot spots of marine spe-
cies richness.

Sources:

* Halpern et al. (2008, 2019)

® Reygondeau (2019)

¢ Halpern et al. (2019)

d Jenkins and Van Houten (2016)
¢ Halpern et al. (2019)

f Jenkins and Van Houten (2016)
¢ Halpern et al. (2019)

and agreements reviewed in this report. An indicator of this
is the number of species categorised as DD in Red List
assessments (see Fig. 10.3). There is overwhelming evidence
from a broad range of taxa that loss of habitats formed by
foundation species, including corals, mangrove forests, sea-
grass beds, saltmarshes and kelp forests, continues unabated
in many regions of the world (see Sect. 3.5), despite specific
agreements or conventions which are aimed at conserving
such ecosystems (e.g., the Ramsar Convention on Wetlands).

In summary, biodiversity impacts in the ocean have gen-
erally manifested as population declines, habitat degradation
and loss, and ecosystem-level changes rather than as global
extinctions. Although overexploitation has been the primary
driver of loss to date for many groups, it is notable that habi-
tat destruction through coastal development and pollution
are major contributors to species being added to the Red
List’s threatened categories. Climate change impacts are
expected to grow in the future.

Although few marine extinctions have been observed
(Dulvy et al. 2003), in the best-assessed groups of marine
species around 11-46% are judged to be at risk of extinction,
a range that spans the proportion of threatened terrestrial
species in well-assessed groups (20-25%; Webb and Mindel
2015) with individual groups falling above and below this
range. Global extinctions in the marine environment are rela-
tively rarely documented (Dulvy et al. 2003; McCauley et al.
2015), and trends in the species richness of local communi-
ties can be relatively flat, though with turnover in species
composition (Dornelas et al. 2014). OBIS currently holds
over 50 million occurrence records of 125,000 marine spe-
cies; about half of the total number of marine species
described to date according to the World Register of Marine
Species (WoRMS). Given this, extinction rates in marine
species may be higher than previously estimated because
they have simply not been documented.
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3.5 Habitat Degradation and Its Drivers

The IPBES Global Assessment Report (2019) summarised
key threats to the ocean. Overall, 66% of the ocean is experi-
encing increasing cumulative impacts (Halpern et al. 2015).
The area of ocean still classified as ‘wilderness’, character-
ised by having a low impact across a range of anthropogenic
stressors, is as low as 13% (Jones et al. 2018), and the area
with no discernible human footprint is down to 3% (Halpern
et al. 2015). Seagrass meadows decreased in extent by over
10% per decade from 1970 to 2000, the global cover of man-
groves has declined about 40% (Thomas et al. 2017) and that
of saltmarshes by an estimated 60% (Gedan et al. 2009).
Regionally, kelp forests have also shown significant declines
in distribution, such as in the Great Southern Reef area of
Australia, where they are associated with a high level of
endemism (species restricted to a specific geographic loca-
tion) (Bennett et al. 2016). However, kelp forests are highly
dynamic ecosystems, and globally the picture is more com-
plicated; whereas in some areas no trends are apparent, in
others, kelp forests are extending their range (Krumhansl
et al. 2016).

The role of coral reefs as a flagship ecosystem is charac-
terised by their high biodiversity (Fisher et al. 2015) and
their benefits to people (Wilkinson et al. 2016; IPBES 2019).
Coral reefs have lost half of their live coral cover since the
1870s, and losses have accelerated over the last two to three
decades as a result of the direct effects of climate change
(Wilkinson et al. 2016; IPCC 2019) and the indirect effects
of other drivers, such as predator outbreaks or disease epi-
demics, some of which are exacerbated by climate change
(Wilkinson et al. 2016; IPBES 2019, BG 4, 5).

Projections for coral reef loss—even at the most optimis-
tic climate change scenarios—are dire: corals could be
reduced to 10-30% of their former abundance at warming of
1.5°C, and they could be reduced to only 1% at 2 °C (IPCC
2018). Estimates of coral loss generally conflate loss of cover
with loss of reefs. Most reefs will endure, but coral cover on
them will decline.

Marine habitats have experienced significant reductions
in area in the past century. Coastal reclamation and land-use
change, together with pollution and, more recently, climate
change, have led to the vast loss of many valuable coastal
habitats, estimated at an average of 30-50% (Pandolfi et al.
2003; Polidoro et al. 2010; Waycott et al. 2009; Barbier
2017; Duarte et al. 2020). The first large-scale loss of coastal
habitats was documented in China more than a millennium
ago and in Europe around the 14th century, when seawalls
were built to prevent tidal inundations and to transform salt-
marshes into agricultural land (Loke et al. 2019). Such
coastal development sprawls throughout much of the world,
leading to significant saltmarsh losses in Europe, the United
States, Canada and Asia. In China, for instance, more than

60% of the coastline is now artificial (Liu et al. 2018). Land
reclamation and conversion to aquaculture ponds and rice
paddies has led to much of the observed mangrove loss
(Richards and Friess 2016).

Eutrophication and physical impacts, such as dredging,
are responsible for much of global seagrass losses (Waycott
et al. 2009). It is important to note that as well as causing the
loss of ecosystems such as mangroves and saltmarshes,
coastal engineering can also prevent such ecosystems from
adapting to climate change by preventing the landward
migration of such habitats as sea level rises which is known
as transgression (Hughes 2004; Alongi 2015; Lovelock et al.
2015).

The first losses of coral reefs were driven by siltation
derived from the deforestation of tropical watersheds, over-
fishing and reduced water quality from sewage and excess
nutrient inputs from agricultural land (Pandolfi et al. 2003;
MacNeil et al. 2019; Williams et al. 2019). Recent global
bleaching events, driven by El Nifio warming events exacer-
bated by anthropogenic ocean warming (Hughes et al. 2017,
2018a, b; Claar et al. 2018; Lough et al. 2018), have now
emerged as a major driver of present, and future, coral loss.
Under such a multiplicity of detrimental anthropogenic
stressors, coral reefs have a tendency to convert to alternative
stable states, such as dominance by fleshy algae or cyanobac-
terial mats (Ford et al. 2018a). This can be associated not
only with loss of positive ecosystem services, such as coastal
protection or fisheries, but also the potential for negative
impacts on coastal human communities (e.g., an elevated
risk of ciguatera or ciguatera-like diseases; Ford et al. 2018a).

Upwelling regions, where most of the fisheries for forage
fish are located, have also been degraded by overfishing. This
results in food chain alterations and the risk of trophic struc-
ture breakdown, particularly when small pelagic fish—which
are the link between primary producers and the secondary
consumers in the typical wasp-waist trophic structure—are
removed from the food web (Cury et al. 2000). Such exam-
ples have already been observed affecting top predators and
lower trophic levels (Velarde et al. 2015a, b).

Overfishing of small pelagic or forage fish results in
increased population fluctuations (Cisneros-Mata et al. 1996;
Hsieh et al. 2006) and reduces their resilience to natural envi-
ronmental periodic changes such as the El Nifio Southern
Oscillation and the Pacific Decadal Oscillation, rendering
these forage fish populations more vulnerable to these natu-
ral variations, risking their final collapse. Furthermore, more
than one million square kilometres (km?) of the seabed are
subject to bottom trawling each year (about 14% of the total
trawlable area of 7.8 million km? which lies shallower than
1000 m depth; Amoroso et al. 2018). This degrades seabed
communities through physical impact, affecting biodiversity
and ecosystem function (Thrush and Dayton 2002; Pusceddu
et al. 2014; Ashford et al. 2018) and significantly alters eco-
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system processes such as sedimentation at large scales (Puig
et al. 2012; Pusceddu et al. 2014). Deep-sea ecosystems can
be especially vulnerable to the effects of fishing. Seafloor
ecosystems are fragile and have low resilience (Clark et al.
2016; Rogers 2018) and the targeting of deep-sea fish spe-
cies and the effects of bycatch have been observed to rapidly
overexploit stocks (Norse et al. 2012; Victorero et al. 2018).
The deep sea is increasingly contaminated with litter (Pham
et al. 2014; Woodall et al. 2015) and in the near future, it will
experience increased temperatures, stratification, decreased
oxygen concentrations, and ocean acidification (Rogers
2015; Sweetman et al. 2017). The increasing demand for raw
metals and minerals, coupled with the depletion of terrestrial
resources, is making deep-sea mining more attractive eco-
nomically (Petersen et al. 2016; Miller et al. 2018). The
impacts of this industry are likely to be extremely severe
(Niner et al. 2018).

3.6 Reducing the Provisioning

of Ecosystem Services

Biodiversity plays a significant role in ecosystem function-
ing, which underpins nature’s contribution to people (NCP).
The concept of NCP is elaborated in the IPBES Global
Assessment Report (2019), as the positive and negative con-
tributions of living nature to people’s lives. Here, we focus
specifically on positive ecosystem services, ‘the benefits
people obtain from ecosystems’ (MA 2005), a subset of
NCP. This is because we focus on the potential negative con-
sequences of biodiversity loss in the ocean, and the positive
provisioning of ecosystem services has been widely dis-
cussed in the context of the marine environment. The bene-
fits of ecosystem services include provisioning services; the
production of goods and materials such as food, raw materi-
als and pharmaceuticals; regulatory services; the control of
climate, atmosphere and other aspects of the environment
that maintain the Earth system; supporting services; those
that enable the provision of direct and indirect ecosystem
services to humankind; and cultural services, including rec-
reation, tourism, inspiration for art, culture, spiritual experi-
ence and cognitive development (de Groot et al. 2012;
Costanza et al. 2014; Barbier 2017).

There have been various attempts to estimate a monetary
value for marine ecosystem services (Costanza et al. 1997,
2014; WWF 2015; Martin et al. 2016), demonstrating that
conservation of species and ecosystems is economically
advantageous (Costanza et al. 2014). Specific examples
include the use of natural ecosystems for coastal defence
(Narayan et al. 2017; Hooper et al. 2019) and for sustainable
fisheries management (Costello et al. 2016, 2019; World
Bank 2017). Valuations for ecosystem services have been
developed for land-based systems where the ‘value’ of natu-

ral capital (abiotic and biotic elements of nature) can easily
be estimated from the areas of different types of habitat.
Such valuation methods run into difficulties when applied to
marine ecosystems, which are three-dimensional; contain
many mobile elements, both spatially and temporally; are
highly connected and often data-poor (Hooper et al. 2019).
Ecosystem services are also provided at different scales—
from the individual to human society as a whole (Pendleton
etal. 2016; Small et al. 2017)—and, as such, are often public
goods or the product of common assets that lead to problems
with simplistic systems of monetisation (Costanza et al.
2014). Also, whilst ecosystem services are generally posi-
tive, nature can also generate negative impacts on people
depending on spatial, temporal, social and cultural contexts
(IPBES 2019). This is particularly complicated by the fact
that many ecosystem services are strongly linked; thus,
enhancing provisioning services, for example, can have a
negative impact on regulating services (Raudsepp-Hearne
et al. 2010). This can be assessed through analysis of bundles
of ecosystem services and the trade-offs between them
(Raudsepp-Hearne et al. 2010). The cost-benefit analysis
approach inherent in the monetary valuation of ecosystem
services can be useful in some contexts, but a more compre-
hensive methodology is required to establish a value for eco-
system services that takes into account more than just
instrumental values (Colyvan et al. 2010; Hooper et al.
2019). One way of counteracting some of the difficulties in
valuing ecosystem services can be the development of a risk
register, which identifies those ecosystems and their services
in danger of loss (Mace et al. 2015).

The relationship between Biodiversity and Ecosystem
Functioning (the BEF curve), and thus the provisioning of
ecosystem services, is not well understood but is generally
observed to be positive (Hector and Bagchi 2007; Harrison
et al. 2014; Lefcheck et al. 2015), including in marine eco-
systems (Stachowicz et al. 2007; Danovaro et al. 2008;
Gamfeldt et al. 2014; Duffy et al. 2016). The shape of the
BEF curve has major implications for the impacts of biodi-
versity loss on ecosystem functioning and service provision
and can be saturating, linear or accelerating (Fig. 10.8).
These studies provide some scientific understanding of the
mechanisms that may underlie the degradation of ecosystem
services when biodiversity is lost, including biomass produc-
tion, resilience to disturbance and biological invasions
(Stachowicz et al. 2007; Duffy et al. 2016).

The impacts of biodiversity loss on ecosystem services
are multi-faceted. Regional changes in biodiversity have
been shown to affect fisheries and other services and gener-
ate risks, including harmful algal blooms, oxygen depletion,
coastal flooding, and species invasions (Worm et al. 20006).

High biodiversity may also result in greater resistance to
climate change impacts, potentially mitigating the effects on
fishery yields (Duffy et al. 2016). On coral reefs, ecosystem



10 Critical Habitats and Biodiversity: Inventory, Thresholds and Governance 355

a A b

an an

= £

= =

O o

= =]

3] [T}

= c

= =]

= =

= £

) [}

+~ -~

2, 2,

7] 7]

O o

O o

w w
> ~
e 7~

Biodiversity

Fig. 10.8 Three types of positive biodiversity-ecosystem functioning
relationships. Notes: (a) Ecosystem functioning relationships: saturat-
ing (red), linear (black), and accelerating (blue). (b) Relationship

functioing has been suggested to scale with biodiversity,
with human population density impacting both biodiversity
and ecosystem functioning (Mora et al. 2018). The loss of
coastal habitats renders coastlines more vulnerable to flood
risks from sea level rise (Guannel et al. 2016) and cyclones
(Barbier 2017; Hochard et al. 2019). In the case of coral
reefs, the reduction in damage to terrestrial assets conferred
through coastal protection is estimated at $4 billion annually
(Beck et al. 2018). For the top five countries that benefit from
reef protection (Indonesia, Philippines, Malaysia, Mexico,
Cuba), this is the equivalent benefit of $400 million annually
in mitigated damage (Beck et al. 2018). Annual expected
damage from flooding would double, and costs from fre-
quent storms would triple without coral reefs (Beck et al.
2018). The global loss of coral reefs has been estimated to
have an economic impact of more than $10 trillion per annum
(Costanza et al. 2014). Coastal habitats are important habi-
tats and nursery sites for many species, so their losses result
in reductions in fisheries and coastal food production
(Aburto-Oropeza et al. 2008; Barbier 2017; Robinson et al.
2019; Unsworth et al. 2019), and they increase threats to spe-
cies with a fragile conservation status.

Seagrasses, saltmarshes and mangroves are the three
internationally recognised blue carbon habitats that actively
sequester and store organic carbon from the environment
(Nellemann et al. 2009; Duarte et al. 2013a, b). Mangroves
are able to sequester more organic carbon on average than
seagrasses and slightly more than saltmarshes (Mcleod et al.
2011). However, seagrasses have an area of around
180,000 km? globally, more than twice the area of man-
groves, highlighting their importance as a significant carbon
sink in comparison to mangroves. However, some of the car-
bon that is stored in these marine macrophytes has an alloch-

Biodiversity loss

between biodiversity loss and the three types of biodiversity-ecosystem
Sfunctioning relationships. (Source: Modified from Naeem 2002, Strong
etal. 2015)

thonous source from other habitats. Kelp beds and other
macroalgae communities (Wernberg and Filbee-Dexter
2019) are only recently being considered important in blue
carbon storage (Trevathan-Tackett et al. 2015; Krause-Jensen
and Duarte 2016; Krause-Jensen et al. 2018). This may not
only be through the existence of natural kelp and macroalgal
communities but also through kelp aquaculture, where a sig-
nificant amount of carbon is sequestered prior to harvesting
(Duarte et al. 2017). Therefore, it is critical to focus on filling
the gaps in knowledge of the extent, distribution and role of
macroalgae in a global context, for both climate mitigation
and adaptation, and as providers of crucial ecosystem goods
and services.

Projected reductions in overall marine biomass associated
with climate change may further impact ecosystem services
such as fishery yields (Lotze et al. 2019). Any impact on fish-
ery yields may have knock-on effects on food security. It is
possible that some countries are likely to face a ‘double jeop-
ardy’ of impacts on both agricultural and fisheries sectors as
a result of climate change (Blanchard et al. 2017).

4 Thresholds and Tipping Points

There are ecological thresholds and other reference points
that—if exceeded through the alteration of marine habitats,
the exploitation of living marine resources or other human
impacts on marine ecosystems—could result in negative and
irreversible changes to ecosystems and the broader services
they provide (Rockstrom et al. 2009; Lenton 2013).

The ecosystem approach to management of marine
resources aims to preserve the integrity and resilience of
marine ecosystems by reconciling conservation and exploi-
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tation (Pikitch et al. 2004). Under heavy fishing and climate
pressures, many ecosystems are facing severe and abrupt
regime shifts. This results in alternate ecosystem states that
are most often less productive for fisheries, more prone to
booms and busts, weakly reversible and thus less manage-
able (Pine et al. 2009; Estes et al. 2011, Travis et al. 2014).
In this context, a major challenge for research and manage-
ment is understanding evolving species interactions while
identifying critical thresholds and tipping points involved in
the disruption of marine ecosystems.

4.1 Changes in Marine Ecosystems

Climate patterns have long been recognised as responsible
for regime shifts in both pelagic and benthic marine ecosys-
tems. Empirical evidence has accumulated to indicate that
shifts in species composition are initiated by large environ-
mental changes, such as in the California Current (Hooff and
Peterson 2006), the Gulf of Alaska (McGowan et al. 1998),
the northern Pacific (Hare and Mantua 2000), the northern
Atlantic (Aebischer et al. 1990) or the Humboldt Current
(Chavez et al. 2003). Likewise, regime shifts between tropi-
cal coral reefs and algal-dominated reefs have been reported
in response to thermal anomalies associated with El Nifo
events (Hughes et al. 2007; Diaz-Pulido et al. 2009), now
compounded with anthropogenic ocean warming (Graham
et al. 2015).

Long-term ocean warming and acidification—as well as
extreme events that are becoming more frequent, more
intense and longer lasting—alter the structure of ecosystems
and cause mortality and community reconfiguration. This is
particularly noticeable for sessile organisms that are impacted
by discrete, prolonged, anomalous warm-water events known
as marine heat waves (Hobday et al. 2018). The widespread
bleaching and mortality of reef-building corals (e.g., in the
Great Barrier Reef, the Caribbean Sea and the Gulf of
Mexico), seagrass meadows and kelp forests have been
strongly affected by localised, extreme warming of the ocean
(Smale et al. 2019). The density and diversity of corals on
reefs are declining, leading to vastly reduced habitat com-
plexity, loss of biodiversity and domination by macroalgae
that form stable communities relatively resistant to a return
to coral domination (Wilson et al. 2006; Hoegh-Guldberg
et al. 2007).

Climate change reinforces the frequency and strength of
ecosystem shifts by affecting the distribution of marine life.
Geographical shifts in marine species, from plankton and
fishes to mammals and seabirds, occur as the result of ocean
warming and have changed the distribution by hundreds of
kilometres or more since the 1950s (Poloczanska et al.
2013, 2016; IPCC 2019). Ocean warming and heat waves
also cause a poleward expansion of corals, leading to a

phase shift from kelps to corals in South West Australia,
facilitated by the poleward expansion of tropical herbivo-
rous fish that prevent kelp from reestablishing (Wernberg
et al. 2016). A poleward shift in species distributions is the
most commonly observed pattern; it leads to changes in
community structure, resulting in cascading impacts on
ecosystem structure (IPCC 2019). The tropics may be par-
ticularly sensitive to this phenomenon as well as the transi-
tion zone between tropical and temperate communities,
where the rate and magnitude of change will be highest.
However, in the Humboldt upwelling system off the coast
of Chile, most fish species do not show expansion of their
southern endpoint because of a weak warming trend, rein-
forcing the hypothesis that temperature is a major determi-
nant of species range dynamics (Rivadeneira and Fernandez
2005).

A global decrease in abundance and biodiversity of
marine species driven by ocean warming is projected to
diminish the catch potential for global fisheries in the 21st
century (Britten et al. 2017; IPCC 2019). Global rates of bio-
mass production as well as standing stocks are projected to
decrease in ocean ecosystems at all depths, from the surface
to the deep seafloor. The large-scale redistribution of global
fish and invertebrate species biomass is expected to occur by
2055, with an average increase of 30-70% in high-latitude
regions and a drop of up to 40% in the tropics under climate
change scenarios (Cheung et al. 2010).

These changes in distribution are already affecting the
species composition of catches. Fisheries are catching an
ever-increasing percentage of warm-water marine species, a
phenomenon identified as the ‘tropicalisation’ of the world
catch (Cheung et al. 2013). Displacement of tropical herbiv-
orous fish to temperate habitats also drives a similar tropi-
calisation of benthic habitats (Vergés et al. 2014; Wernberg
et al. 2016). Using an ensemble of multiple climate and eco-
system models, it is projected that even without considering
fishing impacts, mean global marine animal biomass will
decrease by 5% (+4% standard deviation) under low emis-
sions and 17% (+11% standard deviation) under high emis-
sions by 2100, with an average 5% decline for every 1 °C of
warming (Lotze et al. 2019).

In ecosystems stressed by overexploitation and climate
change, cascading effects that have promoted regime
shifts have been thoroughly documented in diverse marine
ecosystems, ranging from upwelling systems to coral
reefs. In the upwelling system of Namibia, following the
collapse of the forage fish during the 1970s, namely sar-
dines (Sardinops sagax) and anchovies (Engraulis encra-
sicolus), the ecosystem became dominated by two species
of very low caloric value: the bearded goby (Sufflogobius
bibarbatus) and a jellyfish (Cnidaria, Medusozoa). The
latter reached a biomass estimated at more than 40 million
tonnes during the 1980s and 12 million tonnes during the
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2000s. As a consequence, the predators of these forage
fish, the African penguin (Spheniscus demersus) and the
Cape gannet (Morus capensis), suffered a lack of adequate
prey and declined by 77% and 94%, respectively. Juvenile
penguin survival was found to be approximately 50%
lower than in proximate areas that were not food depleted,
revealing the extent and effect of marine ecological traps.
Cape hake (Merluccius capensis) and deepwater hake
(Merluccius  paradoxus)  catches declined from
295,000 tonnes in 1972 to 150,000 tonnes since 1990, and
the production of Cape fur seal (Arctocephalus pusillus)
pups was strongly affected (Roux et al. 2013; Sherley
et al. 2017).

In the Gulf of California, elegant terns (Thalasseus ele-
gans) experience low or failed breeding and nesting distri-
bution changes during years of positive sea surface
temperature anomalies associated with increased sardine
fishing effort by the local industrial fleet (Velarde et al.
2015b). In the Black Sea ecosystem, intense fishing of large
predators and eutrophication of the ecosystem resulted in an
outburst of an invasive comb jelly, Mnemiopsis leidyi, in a
system-wide trophic cascade (Daskalov et al. 2007).
Likewise, Wanless et al. (2005) observed that the major
reproductive failure of birds in the North Sea during the
1990s was caused by a change in the dominant trophic path-
way, which forced the birds to feed on sprats rather than
sand eels, with the latter constituting higher-energy feed. A
comprehensive fishery-independent data set of North Pacific
seabird tissues was recently used to inform pelagic ecosys-
tem trends over thirteen decades (from the 1890s to the
2010s), revealing a long-term shift from higher trophic level
prey to lower trophic level prey, from fishes to squids (Gagné
et al. 2018).

Most Caribbean reefs experienced a rapid shift from coral
to algal dominance during the 1980s. The regime shift was
initiated by a decline in the abundance of herbivorous fish
caused by overexploitation. The role of herbivory was
replaced by the urchin Diadema antillarum, but populations
of this animal were severely depleted by a disease epidemic.
Macroalgae proliferated over the reefs, thereby reducing reef
coral recruitment.

Key interactions among four major tropical taxa—coral,
macroalgae, fish and urchins—have created a self-perpetuat-
ing process that locked reef ecosystems into an alternative,
nearly coral-free state (Travis et al. 2014), sometimes
together with increased nutrients, to cause and perpetuate
regime shifts cascading down to microbial components
(Bozec et al. 2016; Haas et al. 2016; Zaneveld et al. 2016).
Similarly, in the Humboldt upwelling system, the influence
of overfishing of carnivores has favoured the increase in the
biomass of herbivores, which subsequently changed the
structure of kelp forests (Pérez-Matus et al. 2017).

4.2 Quantifying Tipping Points

The above examples illustrate the need to quantify connec-
tivity in food webs, particularly the strength of predator-prey
interactions in order to identify thresholds that push marine
ecosystems past their tipping points.

Small pelagic fish exert a major control on the trophic
dynamics of upwelling ecosystems and constitute mid-tro-
phic level, ‘wasp-waist’ populations (Cury et al. 2000;
Bakun 2006). These small- and medium-sized pelagic spe-
cies are the primary food source of many marine mammals,
larger fishes and seabirds, transferring energy from plank-
ton to larger predators. They also are grazers/predators in
marine ecosystems, feeding upon phytoplankton, zoo-
plankton, and, in some cases, the early life stages of their
predators. Using 72 ecosystem models, a global meta-anal-
ysis quantified the required forage fish biomass to sustain
all fish predators in marine ecosystems, including marine
mammals (Pikitch et al. 2012). A minimum precautionary
biomass of 40% of forage fish is required to sustain
predators.

The cascading effect of the overexploitation of forage
fish is particularly detrimental to seabirds. The global and
substantial overlap and competition between small pelagic
fisheries and seabirds represents 48% of all marine areas,
notably in the Southern Ocean, Asian shelves, Mediterranean
Sea, Norwegian Sea, and California coast (Grémillet et al.
2018). Behind all of the diversity and complexity of the
world’s marine ecosystems and the multitude of adverse
drivers in bird declines, a striking pattern relating seabird
breeding success and their fish prey abundance was found
for 14 bird species within the Atlantic, Pacific, and Southern
Oceans (Cury et al. 2011). A threshold in prey (fish and
krill, termed forage fish) abundance, equivalent to one-third
of the maximum prey biomass, was found below which
there is the occurrence of consistently reduced and more
variable seabird breeding success. This threshold is also
equivalent to the long-term average prey abundance and
constitutes an evolutionary stable strategy for marine birds.
This empirically derived guiding principle embraces the
ecosystem approach to management aimed at sustaining
the integrity of predator-prey interactions and marine food
webs. In well-documented ecosystems, this universal
threshold can be revisited and sometimes adapted accord-
ing to specific ecological and environmental constraints,
such as the quality of food or the existence of specific
reproductive habitats that are accessible to birds
(Guillemette et al. 2018).

Coral bleaching events resulting from global warming
and ocean acidification will compromise carbonate accre-
tion, with corals becoming increasingly rare on reef systems
(Hoegh-Guldberg et al. 2007). Consequently, policies that
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result in atmospheric levels of carbon dioxide above 500
parts per million, appear extremely risky for the future of
coral reefs and should be strongly avoided. Moreover, near-
future increases in local sea temperature of as little as 0.5°C
will result in the protective mechanism of coral reefs being
lost, which may increase the rate of degradation of local
coral reefs (Ainsworth et al. 2016). The loss of ecological
resilience occurs because coral cover increases more slowly
after disturbances but also when competitive interactions
with macroalgae become more frequent and longer in dura-
tion. To reduce those interactions, coral reefs require higher
levels of grazing to exhibit recovery trajectories (i.e., about
40% of the reef being grazed; Hoegh-Guldberg et al. 2007).
Maintaining resilient coral reefs similarly requires harvest
limitations and maintaining the minimum biomass of graz-
ing fish species playing a key role, such as parrotfish (with a
harvest limitation of less than 10% of virgin fishable biomass
combined, with an enforceable size restriction of more than
30 cm) (Bozec et al. 2016).

4.3 Fisheries Management Perspective

With climate change and overexploitation, ecosystems are
more vulnerable to changes that previously could be
absorbed and may suddenly shift from desired to less
desired states in their capacity to generate ecosystem ser-
vices (Folke et al. 2004). Recovering ecosystems that have
experienced regime shifts and have moved past their tip-
ping points appears very difficult, to almost impossible
(Haas et al. 2016), so that adaptive practices work only
poorly or not at all (IPCC 2019).

For sustainable exploitation and conservation, it is crucial
to fully appreciate the fact that ecosystems have tipping
points, identify the potential thresholds, and implement them
into management (Suding and Hobbs 2009; Travis et al.
2014). In a global change context, multiple and confounding
factors influence the state of marine ecosystems. Reliable
detection and attribution appear to be fundamental to our
understanding of ecosystem changes (IPCC 2019), however,
the confident attribution of tipping points in ecosystem
dynamics remains challenging. Overexploitation and climate
change can promote tipping points and can potentially act in
synergy within ecosystems, increasing the risk of irreversible
changes. Marine conservation and adaptive management
approaches must consider long-term persistent warming and
acidification as well as consequent discrete extreme events
that are pivotal in shaping ecosystems. The limitation of CO,
emissions appears to be a strong constraint in the preserva-
tion of marine ecosystems, despite the difficulty in reaching
the Paris Agreement targets. However, the growing threat of

abrupt and irreversible climate change must compel political
and economic action on carbon emissions (Lenton et al.
2019).

Fisheries management will have to consider the struc-
turing role of key species, such as small pelagics in upwell-
ing systems or herbivorous fishes in coral reef ecosystems.
To avoid regime shifts, the ecosystem approach would
greatly benefit from the integration of readily available
limit reference points, defined by predator-prey interac-
tions between species, into fisheries management strate-
gies. Examples of such ecosystem-based management
approaches which go beyond the traditional single-species
stock assessment are plentiful. For example, the CCAMLR
has the principle embodied in its articles to ensure that tar-
get stocks and their dependent and related species are all
maintained at productive levels (Constable 2011). This has
steered the management of krill fisheries in the Southern
Ocean to ensure that stocks are fished sustainably but also
that the predators of this keystone species are supplied
with ample prey (Constable 2011). Similar approaches are
used to manage finfish in the Antarctic (Constable 2011).
Other successes of the CCAMLR ecosystem approach
include technical measures to prevent the mortality of
albatrosses and petrels in longline fisheries for Patagonian
and Antarctic toothfish (Dissostichus eliginoides and
Dissostichus mawsoni; Friedman et al. 2018). Many fisher-
ies, including those in the CCAMLR, employ observer
programmes to estimate the bycatch of endangered species
or non-target species which may be vulnerable to fishing
mortality and to alter fishing practices to reduce such
impacts should they be detected (see Gilman et al. 2017).
Integration of such ecosystem-based indicators will help to
sustain desired ecosystem states while protecting marine
species.

5 Monitoring

Humans and climate change continue to impact the marine
world and its resources. Thus, when evaluating policy and
management approaches, it is vital to be guided by indicators
that can capture the status, trends and drivers of ocean health
(Block et al. 2011; Miloslavich et al. 2018b; Cubaynes et al.
2019). The main indicators used in marine conservation
planning relate to habitat extent, species diversity and extinc-
tion risk. Nevertheless, quantifying habitat extent and its
associated diversity is difficult because of the high technical
and logistical requirements as well as funding constraints;
therefore, results are limited in statistical power and often
fail to provide the required spatial- temporal dimension
(Palmer et al. 2002).
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5.1 How Can We Effectively Monitor
and Manage Biodiversity and Enjoy
the Benefits of a Sustainable Blue

Economy in a Changing World?

Ocean monitoring and surveillance have been identified as
components of the blue economy needed to respond to ocean
health challenges (EIU 2015). The Framework for Ocean
Observing (Lindstrom et al. 2012; Tanhua et al. 2019) pro-
vided key concepts based on the delivery of a multidisci-
plinary system, focused on the use of Essential Ocean
Variables (EOVs). EOVs act as the common focus for obser-
vations to generate data and information products based on
the scientific and social requirements. Biological EOVs,
which are highly focused on understanding biodiversity
trends, were identified based on their relevance to address
such social and scientific requirements and their feasibility
for global measurement in terms of cost, available technolo-
gies and human capabilities (Miloslavich et al. 2018a). The
sustained observation of these EOVs will serve as the foun-
dation for implementing management and policy based on
science to promote a healthy and sustainable ocean, from
local to regional to global scales. These biological EOVs also
support the global climate observing system as plankton
communities and some coastal ecosystems (e.g., coral reefs,
seagrass beds, and mangrove forests) are considered to be
essential climate variables (WMO 2016). Planning is cur-
rently underway for the internationally coordinated and
global networks that measure these biological EOVs. Such
planning includes (1) identifying existing data sets for each
EOV at all geographical scales; (2) reviewing technological
monitoring approaches and standard operating procedures
along with the capacity needed to use them; and (3) recom-
mending approaches for data and metadata consolidation in
findable, accessible, interoperable and reusable (FAIR) sys-
tems. Building the system required to achieve the sustain-
ability of marine diversity and ecosystems, which is critical
for the blue economy, will require governance, broad com-
munication and establishing partnerships. It will also require
the development of new technologies and of human capacity.
Investing in people and their institutions, particularly for
developing countries, is required to build infrastructure and
long-term support networks with enhanced access to data,
tools and technologies. Additionally, collaborations that
combine multiple knowledges, including indigenous knowl-
edge, can provide an important role in understanding species
distribution (Skroblin et al. 2019) and may play an increas-
ing role in enhancing our capacity to have a more holistic
understanding of ecology (Ens et al. 2015).

This can be facilitated by international initiatives, but it
will require the long-term engagement of national institu-

tions and local communities as well as funding, including
major contributions from philanthropists and the private sec-
tor if it is to be sustained (Bax et al. 2018; Miloslavich et al.
2018b).

5.2 What Are the Technological Tools

for Biodiversity Monitoring?

The methods for monitoring marine biodiversity are quite
extensive and specific to the taxonomic group, type of eco-
system and/or spatial scale of the monitoring effort. Some
of the persistent technical challenges of marine biodiversity
monitoring include the need for clearly defined and stan-
dardised best practices and interoperable observation tech-
nologies. Data are collected through a combination of
remote sensing and in situ observations (see Canonico et al.
2019 for a recent review). Remote sensing allows for obser-
vations at broad, global scales repeatedly, with a resolution
highly dependent on the sensor. It provides information on
functional phytoplankton groups and on the cover and dis-
tribution of some coastal habitats, such as coral reefs, sea-
grass beds, mangroves and macroalgae, and some structured
habitats such as floating macroalgae (e.g., Sargassum). In
situ observations include a variety of methods, from simple
visual survey and/or sample collection to the use of sen-
sors, instruments, and platforms. At the most basic level
these observations rely on survey and/or sampling either on
shore or in shallow water using scuba divers. Large-scale
application of such methods can be used to tackle global
questions about spatial differences in coastal marine com-
munities or for monitoring over time if protocols are stan-
dardised (e.g., the Natural Geography in Shore Areas, or
NAGISA, sampling protocol used in the CoML; Iken and
Konar 2003; Cruz-Motta et al. 2010). Some of the most-
used newer technologies include acoustic monitoring,
which supports biomass and abundance estimates among
other parameters; animal telemetry for animal movement in
combination with environmental descriptions; ‘omic’
approaches to report on biodiversity across scales and taxa;
and video/photo imagery from automated underwater vehi-
cles (AUVs), remotely operated vehicles (ROVs), submers-
ibles and divers. These technologies are already generating
big data, which will require the use of artificial intelligence
and machine learning processes, improved (real-time) qual-
ity control and enhanced data capabilities (Edgar et al.
2016). In the next decade, it will be critical to develop tech-
nologies that enable increasingly automated real-time bio-
logical observations.

In this context, satellite based remote sensing is frequently
proposed as a cost-effective tool to lower the costs of obtain-
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ing spatially and temporally relevant information and moni-
toring changes (Mumby et al. 1999, 2004; Green et al. 2000).
As technology continues to advance, improving the resolu-
tion and accuracy of satellite imagery, our knowledge of the
distribution of habitats is improving. Although there has
been a progression in monitoring a number of coastal habi-
tats (Mumby et al. 2004; Giri et al. 2011), remote sensing has
certainly not reached its full potential (Andréfouét 2008)
because of technical limitations and difficulties classifying
habitats (Zoffoli et al. 2014). Often there is a need to supple-
ment this with existing field data and/or expert knowledge to
obtain a more complete picture (Andréfouét 2008). Moreover,
only the shallower component of subtidal critical habitats,
such as seagrass meadows and algal stands, can be resolved
by even the most advanced remote sensing technologies
(e.g., hyperspectral satellite imaging; Wicaksono et al. 2019).
Likewise, important habitats, such as deep-sea corals, are
beyond the reach of existing or future airborne remote sens-
ing technologies. The mapping of seabed topography at a
relatively coarse scale can be undertaken using satellite grav-
ity mapping (e.g., for seamounts; Yesson et al. 2011).

Habitats at shelf depths and in the deep sea were tradition-
ally mapped by using plumb lines which had a wad of tallow
in a cavity at the bottom of the plummet (the weight at the
end of the line). The tallow would pick up fragments of
whatever was on the seabed and a notation of the seabed type
was added to nautical charts, providing a navigational aid for
mariners.

As modern oceanographic science developed in the 19th
century, habitat mapping was undertaken by trawling, dredg-
ing or other forms of seabed sampling. A significant advance-
ment in seabed mapping was the development of single-beam
sonar. Using this technology, Bruce Heezen and Marie Tharp
constructed the first global topography maps of the seafloor.
In the present day, the main tool of habitat mapping in coastal
and deep waters is multibeam acoustic survey (Harris and
Baker 2012; Lamarche et al. 2016). These sophisticated
sounders not only accurately measure the depth of the sea-
floor but also give information on the hardness of substrata
through the strength of acoustic return as well as seafloor
microtopography (roughness) and volume heterogeneity,
which relates to sediment grain size and composition (Harris
and Baker 2012; Lamarche et al. 2016). This information can
be used to identify seafloor texture, whether it is made of
rock or sediment, for example, and can be used to classify
habitat (Lamarche et al. 2016). Coupled with the use of sea-
bed sampling using surface deployed gear (e.g., trawls or
cores) and/or image-based surveying using towed cameras,
ROVs, AUVs or submersibles for groundtruthing, these
methods can provide accurate maps of seabed habitats
(Harris and Baker 2012; Lamarche et al. 2016). An issue
with this approach is that it is time consuming and expensive,
and coverage tends to be restricted to areas targeted for spe-

cific study for scientific or industrial purposes. The global
Seabed 2030 mapping project is currently collecting multi-
beam data to produce a more comprehensive map of seafloor
topography than previously available.

Although it will certainly allow the identification of
larger-scale geomorphological structures such as seamounts,
canyons and plains, the extent this will be used in mapping of
finer-scale habitats is unclear. An alternative technology to
multibeam bathymetry is side-scan sonar. This produces a
photograph-like sonar image of the seabed and can be par-
ticularly useful in imaging small objects and finer-scale
structures on the seabed (e.g., sand waves; Lamarche et al.
2016). This technology is cheaper than multibeam systems
but has a poor georeferencing capability, and backscatter
calibration is usually not possible (Lamarche et al. 2016). A
relatively new technology now being carried by AUVs is
synthetic aperture sonar which provides very high resolution
imagery but at a longer range than side-scan sonar (Hansen
2011). AUVs with hyperspectral imaging capabilities are
now being developed to extend remote sensing capabilities
to deeper waters for high-resolution habitat identification
(Bongiorno et al. 2018; Foglini et al. 2019).

Many marine habitats and areas of the world still remain
under-studied at larger scales, such as rocky reefs, algae
beds, and large areas of the deep ocean for which there are no
publicly available global distribution maps at present (Rogers
et al. 2015). For the habitats where spatially referenced and
processed information are available, often data sets relate to
one point in time with very little indication of changes
through time (Halpern et al. 2015). This limits their utility in
understanding how, where and when the natural world is
changing. As new technology is made available, such as the
Google Earth Engine platform (Gorelick et al. 2017,
Traganos et al. 2018; Nijland et al. 2019),° and barriers for
information sharing are removed, there is a great opportunity
to increase our capacity to understand, monitor and develop
evidence-based policies and management plans to protect
marine ecosystems.

Satellite remote sensing has had a significant impact on
assessing the levels of fishing effort in the global ocean.
Access to fisheries data is often denied for reasons of com-
mercial confidentiality, but in a world where fisheries are
sustainably managed, it is not necessary to hide what is
taken or conceal the location, whether in national waters or
in ABNJ. Satellite surveillance is increasingly useful as a
means of spotting problems such as illegal fishing and tran-
shipments; it is also a useful way to assess patterns of fish-
ing even in the remotest parts of the ocean (Eigaard et al.
2017; Amoroso et al. 2018; Boerder et al. 2018; Elvidge
et al. 2018; Ford et al. 2018b, c¢; Kroodsma et al. 2018;

SFor more information about the Google Earth engine, see https:/
earthengine.google.com/
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Longépé et al. 2018; Rowlands et al. 2019). The develop-
ment of online platforms such as the Global Fishing Watch
has exposed the industry to societal oversight where previ-
ously it did not exist, especially in waters far from the
coast.”

The new model of fisheries surveillance has been taken up
by several coastal states, such as Chile, Indonesia and
Panama. These countries have now committed to making the
tracking data of vessels carrying their flags available to pub-
lic scrutiny. Such data can only improve the sustainability of
fishing; it will not only identify where and when fishing is
taking place but also provide insight into the enforcement of
MPAs (Rowlands et al. 2019) and destructive fishing prac-
tices (Winnard et al. 2018).

5.3 Overseeing the Monitoring

of Biodiversity

At the intergovernmental level, two major organisations pro-
vide a governance framework for marine biodiversity
observations.

The first, the IOC of UNESCO, through the Global
Ocean Observing System (GOOS), has led the implemen-
tation of the Framework for Ocean Observing (Lindstrom
et al. 2012) with the goal of serving users across climate,
operational services and ocean health (Tanhua et al. 2019).
GOOS is also co-sponsored by the World Meteorological
Organization, the United Nations Environment Program,
and the International Science Council. Within GOOS,
marine biodiversity observations are coordinated by the
Biology and Ecosystems Panel, or GOOS BioEco
(Miloslavich et al. 2018a). GOOS also provides gover-
nance at the regional level through the GOOS Regional
Alliances, examples of which are the Integrated Marine
Observing System (IMOS) of Australia, the Integrated
Ocean Observing System (IOOS) of the United States and
the European Global Ocean Observing System
(EuroGOOS) in Europe. Through expert panels, regional
alliances, the Observations Coordination Group, and affili-
ated projects, GOOS supports a broad observing commu-
nity, from individual scientists and research organisations
to governments, UN agencies, and international
programmes.

The second major organisation is the Marine Biodiversity
Observation Network (MBON) framed in the Group on
Earth Observations Biodiversity Observation Network (GEO
BON), which facilitates the coordination between individual
monitoring programmes and existing networks (Muller-
Karger et al. 2018). Both MBON and GOOS BioEco share

’See the Global Fishing Watch, https://globalfishingwatch.org/

common goals and encourage the use of best practices for
marine biodiversity monitoring, the contribution of data to
open access data systems and provide a framework for data
management, communication and applications (Canonico
et al. 2019).

Based on these shared goals, these organisations have
signed an agreement together with OBIS, which operates
under the IOC’s International Oceanographic Data and
Information Exchange (IODE) programme, to work
together to advance sustained, globally consistent observa-
tions of marine biodiversity with the commitment to open
access and data sharing, implementing best practices and
international standards and enhancing global capacity
(Miloslavich et al. 2018a). Having this overarching gover-
nance in place is a major step; however, much work still
needs to be done. To achieve the required level of coordina-
tion and communication across all networks, programmes
and countries, the organisations need to ensure the interop-
erability of the data and that the data contributes to the
development of indicators to address policy and manage-
ment requirements. Specifically related to governance in
coastal zones, an assessment carried out by the Economist
Intelligence Unit across 20 countries found that the Coastal
Governance Index is uneven, with developed countries
doing relatively well but still requiring work. Other impor-
tant factors that contribute to better coastal policies include
participatory inclusion in decision-making and account-
ability, the level of economic development, having the
capacity required for the implementation of policies, and
having marine spatial planning policies (EIU 2015).

With the proper training and quality control, citizen sci-
ence can be used both as a way of communication and as a
way for data collection on a broad range of scales. An
excellent success story of citizen science is the Reef Life
Survey (RLS) programme.® The RLS was established in
Australia in 2008 to collect data on the biodiversity of ben-
thic and fish communities on rocky and coral reefs through
trained volunteer scuba divers (Stuart-Smith et al. 2017).
Since its establishment, it has expanded globally to more
than 3000 sites in nearly 50 countries, providing invalu-
able data for ecosystem management and conservation
(Stuart-Smith et al. 2018). Furthermore, the Biodiversity
Indicators Partnership, which promotes the development
and delivery of biodiversity indicators to measure progress
on Aichi Biodiversity Targets and SDGs, has recently
accepted two of the RLS indicators (the ‘Large Reef Fish
Indicator’ and the ‘Reef Fish Thermal Index’) to inform
Aichi Biodiversity Targets 6, 10 and 11 and also SDG 14.2
(RLS 2019).

$More information about the Reef Life Survey can be found on its web-
site, https://reeflifesurvey.com
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6 Gaps and Challenges in Habitat
Protection

6.1 How Much of Key Marine Habitats Are

Protected?

To understand how MPAs are currently distributed across the
key habitats considered (Table 10.1), the March 2020 version
of the World Database of Protected Areas (UNEP-WCMC
and IUCN 2020) was used to calculate the extension of all
the coastal protected areas and MPAs (hereafter collectively
referred to as MPAs), or the number of reported locations of
each habitat, inside of an MPA within EEZs. We considered
three scenarios for the analyses: (1) all areas designated as
MPAs without distinction, (2) only MPAs reporting a man-
agement plan and (3) only fully protected MPAs (labelled in
the database as ‘no-take zones’).

B % within MPAs [l % within managed MPAs

a

o

10

n
L]
L[]
Q
8

Estuaries

Mangroves

Saltmarshes

Seagrasses

Coral Reefs

Kelp

Shelf Valley and Canyons

Cold Corals

Seamounts and Guyots

Trenches

Hydrothermal vents

Ridges

Fig.10.9 Current conservation efforts for key selected habitats. Notes:
Habitats on the x-axis are ordered according to their distance to the
coast, as a proxy for their average depth. (a) The bars represent the

B % within fully MPAs

111111‘11111
I-—-I——— =

We estimate that 12% of the habitats considered in this
study lie within an MPA. However, when we considered only
the MPAs with management plans, only 6% of the habitats
are included, and just 3% are in fully protected MPAs at a
global level. An example of how these three scenarios over-
lap is provided by kelps, where more than 40% of the world
extent of these habitats are recorded as protected within all
forms of MPAs (Fig. 10.9a). However, kelp protection
decreases to only 24% under MPAs with management plans
and only 1% in fully protected MPAs (Fig. 10.9a).

The deeper habitats show a similar trend, with the habitat
with most of its area protected being cold-water corals. They
have 24% lying within MPAs, which drops when only man-
aged and fully protected MPAs are considered to 14% and
4%, respectively.

It is important to consider that coastal habitats have argu-
ably received historically higher levels of human pressures
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percentage of the habitat within MPAs, within MPAs with a manage-

ment plan, and fully protected MPAs. (b) The percentage of wilderness
inside the habitat area. (Source: Authors)
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compared to oceanic habitats. Evidence of the destruction of
coastal habitats (see Sect. 3.5, Habitat Degradation and Its
Drivers), which has already severely reduced their original
distributional area, should be taken into account when con-
sidering the percentage of the current habitat extent in MPAs.

Estuaries and saltmarshes are the coastal habitats with the
lowest proportion in fully protected MPAs (Fig. 10.9a)
despite their importance in habitat provision for a wide range
of species and ecosystem services (e.g., carbon sequestra-
tion, nutrient cycling, coastal protection; Barbier 2017).

The area of the selected habitats lying within designated
MPAs declines moving from the coast to offshore (Fig. 10.9a).
However, this pattern is much less obvious for MPAs with
management plans and non-existent for fully protected
MPAs (Fig. 10.9a). This suggests that both coastal and off-
shore habitats are equally poorly represented within fully
protected MPAs. The offshore habitats had on average a
higher proportion in marine wilderness (based on the area
estimated by Jones et al. 2018); most likely the result of
decreased accessibility (Fig. 10.9b). At present the global
coverage of MPAs is 7.43%, with 17.22% of national waters
designated as MPAs, but this figure falls to 1.18% in ABNJ
(UNEP-WCMC and ITUCN 2020; accessed on 30 March
2020). The discrepancy between the coverage of MPAs in
EEZs and ABNJ results from the lack of a coherent interna-
tional legal framework for the establishment of marine pro-
tected areas on the high seas, putting at risk largely unknown
biodiversity (O’Leary et al. 2012; Rogers et al. 2015).
International efforts towards protecting habitats such as sea-
mounts in ABNJ have been made in regional or sub-regional
organisations such as RFMOs (e.g., New England seamounts
protected from bottom trawling by the Northwest Atlantic
Fisheries Organization), and the ongoing negotiations to
manage marine biological diversity in ABNJ, which are
aimed at establishing a new legal framework for protection
of biodiversity in international waters and on the seafloor.

Additionally, the existence of a habitat inside of an area
designated as an MPA does not mean it is protected. As can
be seen from the above analyses, many MPAs lack a man-
agement plan, and even where such plans exist, MPA objec-
tives and management might not involve the habitat, and
permitted activities may even be destructive and/or poorly
enforced (e.g., trawling in MPAs; Dureuil et al. 2018). In
many meta-analyses of MPA effectiveness, there are benefits
to conservation even where protection is partial (i.e., MPAs
where not all activities are banned; e.g., Lester and Halpern
2008; Sciberras et al. 2013; Gill et al. 2017; Sala and
Giakoumi 2017). Our analyses suggest that despite the
apparent progress reported in MPA designation (UNEP-
WCMC and TUCN 2020), reaching the Aichi Biodiversity
Target 11 of having 10% of representative habitats of our
oceans being well protected is still a remote target, as has
been found in other studies (Klein et al. 2015; Jenkins and

Van Houten 2016; Sala et al. 2018a; Jones et al. 2020). Key
shortfalls and key features that can hinder and enhance MPA
effectiveness, respectively, have been recognised in current
literature (Edgar et al. 2014; Gill et al. 2017). In particular,
the NEOLI features identified the most important character-
istics of an MPA: being No-take (i.e., fully protected), well
Enforced, Old (more than 10 years), Large (more than
100 km?) and Isolated. The main issue is that MPAs that ful-
fill some or all of these features, are not common globally
(Edgar et al. 2014; Sala et al. 2018a). Although, most exist-
ing MPAs could improve in some of the NEOLI features by
increasing the no-take area, fostering compliance and
enforcement, and extending the boundaries to isolate key
habitats to protect, these features are difficult to achieve. Our
analyses indicate that to reach international goals and mark-
edly increase the conservation benefits of the global MPA
network, it is important to improve existing MPAs while also
creating new ones.

6.2 Protection Gaps in EEZs

Humans are exerting pressures on marine habitats through-
out the world, often leading to significant damage to them as
well as loss of associated biodiversity (Halpern et al. 2015).
To understand this on a global scale, we calculated the aver-
age biodiversity value for each EEZ, using biodiversity data
from Reygondeau and Dunn (2018), and found the sum of
ecological and social factors that decrease the health of the
ocean. This analysis reveals that countries that have higher
biodiversity also experience higher pressure (p-value <0.001,
R? = 0.165; see Fig. 10.7). One might expect that countries
with high gross domestic product (GDP) would be capable
of protecting a larger fraction of their EEZ. Although we
found a significant relationship, GDP explains very little of
the variation in the area of MPAs that are implemented in the
national waters of each country (p-value <0.001, #=0.11; see
Fig. 10.10a). We would expect that countries with higher
investment capacities (i.e., GDP) would show a higher rela-
tive area of MPA coverage, especially because EEZs and
GDP tend to be related. Furthermore, although there are con-
siderable conservation efforts and investments—reflected in
MPA coverage—biodiversity and the relative MPA area to
each country’s EEZ are not correlated (p-value >0.05; see
Fig. 10.10b). These results indicate that areas with high bio-
diversity should be prioritised for protection not only for
their biodiversity per se but also to create resilience from the
high pressures they experience.

However, representative biodiversity from all regions
must be included in a global network of fully or highly pro-
tected MPAs, and this must be complemented by sustainable
management of all human activities in the ocean (see below;
Margules and Pressey 2000). The lack of correlation between
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Fig. 10.10 Relationships between biodiversity, GDP and MPA extent.
Notes: Panel (a) shows the gross domestic product (GDP) that a coun-
try has relative to the world and the amount of their exclusive economic
zone (EEZ) that is covered by marine protected areas (MPAs). Panel (b)

the biodiversity within an MPA and the amount of the EEZ
that is protected by a coastal state suggests that biodiversity-
rich countries do not develop more MPAs than biodiversity-
poor countries.

Further, Kuempel et al. (2019) found that MPAs with the
strictest protection were 6.3 times more likely to be found in
low-threat ecoregions, indicating that countries focus con-
servation efforts in the least threatened areas as opposed to
areas with high threats to biodiversity. Additionally, areas
with lower biodiversity can still be highly productive and
valuable in terms of ecosystem services provision to coastal
states as well as in ABNJ.

Even when considering the best-case scenario, using all
the MPAs reported and assuming that these have at least
some benefit to protect habitats, it is possible to see that
between 45% and 90% of countries are protecting less than
30% of habitat extent (Table 10.3). The numbers worsen, in
area terms, when the two other scenarios are considered,
with at best 23.3% of countries with 30% or more of a habitat
lying within a managed MPA (saltmarsh) and 4.2% in fully
protected MPAs (hydrothermal vents; Table 10.3).

For saltmarshes and estuaries, no countries include 30%
of the area of habitat in fully protected MPAs (Table 10.3).
Indeed, if we break down the conservation effort for each
country for the category of all MPAs, there is a large gap
where some countries are committing more effort whereas
others are not performing as well. Here, we propose to mea-
sure the proportional conservation efforts amongst countries
by using measures of central tendency, the mean and the
median percentage of habitat protected globally, as an alter-
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reveals that the relative size of a country’s MPAs are not correlated with
their biodiversity. The grey region in Panel (b) represents the countries
with less than 30% of their EEZ with MPA coverage. (Source: Authors)

native to absolute measures of habitat area. The overall pro-
tection effort is ‘fair’ when the mean and median percentage
of habitat protected globally coincide to form a normal dis-
tribution of the conservation efforts (Fig. 10.11). The mean
and the median percentages are reported as blue and red cir-
cles, respectively, which show that for most habitats there is
a wide gap between area present and area protected. This
indicates that current global conservation efforts are inade-
quate. Most countries are protecting very little (less than 1%)
of the habitats they could protect, and conservation efforts
are unevenly distributed. If MPAs with management plans
are considered, for some habitats the ‘effort gap’ metric is
even worse (e.g., saltmarshes, kelps and coral reefs;
Table 10.3). In other cases, the effort gap appears to decrease,
but this is mainly because the amount of habitat in managed
MPAs is so small compared to all MPAs. A very small
amount of habitat lies within fully protected MPAs, render-
ing the effort gap metric very small as all states are equally
performing badly. Through this effort gap metric, we see that
for fair habitat conservation globally, countries need to coop-
erate to reach international goals, thereby compensating for
the effort gap either by increasing their MPAs and/or aiding
conservation programmes in less wealthy countries or
regions. The effort gap highlights how even if some countries
are contributing towards achieving a ‘total conservation tar-
get’, the majority of countries are under-performing.

This proportional conservation approach could also be
applied to properly measure the effort each country should
give to the protection of the high seas. This approach can be
useful in a context where the use of ABNIJ is emerging and
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Table 10.3 Summary of the habitat protection target proposed
Habitat Percentage of countries below Percentage of area below  Mean percentage Median percentage Effort
30% 30% effort effort gap
Saltmarshes 51.2 87.9 41.0 28.1 12.9
(76.7/100) (92.0/100) (21.1/0.5) (1.8/0) (19.3)
Kelps 453 37.2 36.3 37.7 -1.4
(77.4/98.1) (52.6/100) (17.0/2.88) (1.0/0) (16)
Coral Reefs 61.6 44.5 30.7 17.5 13.2
(86.6/97.3) (91.7/95.8) (22.3/1.1) (0/0) (22.3)
Hydrothermal vents 64.6 62.6 29.5 0.0 29.5
(85.4/95.8) (94.1/99.3) (13.9/3.2) (0/0) (13.9)
Mangroves 59.1 59.2 29.3 19.9 9.4
(86.0/98.9 (92.3/97.3) (9.3/1.1) (0/0) 9.3)
Seagrasses 70.3 58.6 24.4 6.68 17.7
(89.0/99.2) (86.6/98.5) (9.0/0.8) (0/0) )
Estuaries 72.8 76.2 20.2 5.7 14.5
(88.8/100) (94.8/100) (8.5/0.1) (0/0) (8.5)
Cold Corals 76.6 71.5 18.7 0.0 18.7
(91.2/98.5) (87.3/99.8) (7.98/1.5) (0/0) (7.98)
Trenches 80.4 74.8 18.3 0.0 18.3
(93.5/97.8) (91.4/100) (6.59/2.34) (0/0) (6.59)
Ridges 82.0 73.1 16.4 0.0 16.
(92.6/98.4) (89.6/97.8) (7.77/2.26) (0/0) (7.77)
Seamounts and guyots  81.4 59.1 14.4 0.0 14.4
(92.0/96.5) (84.7/86.6) (6.3/2.5) (0/0) (6.3)
Shelf Valley and 90.6 97.1 11.1 0.1 11.0
Canyons (95/98.9) (98.0/99.9) (5.3/1.0) (0/0) (5.3)

Notes: For each habitat, the percentage of countries that have granted less than 30% protection is shown ( ‘Percentage of Countries below 30%’)
for all MPAs and then, in parentheses, the figure for managed MPAs/ fully protected MPAs that is below 30% protection. The ‘Mean’ and ‘Median
Percentage Effort’ refers to the percentage of habitat countries protect on average. The differences between these two values is reported as the
‘Effort Gap’, representing the percentage by which countries below the threshold should ideally increase their protection to make a fair contribu-
tion to conservation. We did not calculate this for fully protected MPAs as the amount of habitat lying within this category of protected area is so

low that the effort for all countries is equally very poor
Source: Authors

presents serious governance challenges (Merrie et al.
2014). For example, each country should deploy a conser-
vation effort relative to its use of ABNJ across all sectors
(e.g., fishing, shipping). ABNIJ are a special case of global
commons management. In these areas, establishing and
enforcing conservation measures will require new financ-
ing mechanisms, such as a levy on the use of the resources
and/or by establishing an international trust fund under the
new legally binding instrument for the conservation and
sustainable use of biological diversity of ABNJ. It is impor-
tant that ABNJ are managed fairly by a proportional con-
servation measure rather than international goals with total
conservation targets, which might disproportionately
favour some countries over others and imperil the health of
the high seas.

Whilst we have emphasised the use of MPAs in biodiver-
sity protection mainly because their implementation can be
quantified and analysed spatially to some extent, MPAs are
not the only management measure that can conserve biodi-
versity (Duarte et al. 2020). It has been argued that the ocean
can be compared to a frontier system, both to within EEZs

and in ABNJ, where there is open access to resources, larger
and less differentiated jurisdictions than on land and fewer
laws that constrain human activity (Norse 2005). This situa-
tion has led to a free, open access scramble for resources.
This has resulted in increasingly unsustainable levels of
exploitation of marine living and other resources and the
impacts on biodiversity that have been documented here and
in other studies (Norse 2005). Marine reserves by themselves
do not necessarily reduce overfishing, competition amongst
fishers or the growth of global fishing fleets, and they may
even increase competition amongst fishers by reducing areas
available to fish, possibly even displacing fishing effort to
areas where levels of fishing have been low or nonexistent
(Kaiser 2005; Norse 2005; Agardy et al. 2011; FAO 2011,
Hilborn 2018).

Marine reserves also provide little protection from threats
such as long-range pollutants (e.g., many persistent organic
pollutants; Agardy et al. 2011) or invasive species (e.g.,
Burfeind et al. 2013). The connectivity of populations of
marine species and between habitats also means that even if
fully protected MPAs are designed to ensure maximum con-
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Fig. 10.11 Current conservation efforts for key selected habitats.
Notes: Best-case scenario, using all the MPAs reported. Habitats on the
x-axis are ordered according to their distance to the coast, as a proxy
for their average depth. Black circles represent countries hosting one of
the key habitats. The y-axis represents the percentage of area that each
country is protecting of that habitat within its exclusive economic zone

servation effectiveness, other measures are required outside
of reserves to ensure success (e.g., Lipcius et al. 2005;
Gaines et al. 2010). This concern applies also and increas-
ingly to climate change and ocean acidification. It is there-
fore important that all areas of the ocean are managed,
including global measures to improve the sustainability of
fisheries and aquaculture (Costello et al. 2019; Widjaja et al.
2020; Duarte et al. 2020), as well as of industries extracting
non-living resources. As such, it will be important to imple-

(EEZ). Most of the countries are below the 30% target (white line),
which has been identified as a threshold to ensure the maintenance of
the ecosystem services of a habitat. The blue circles represent the mean
percentage of all the countries’ protection efforts for that habitat,
whereas the red circles are the median percentage of all the countries’
protection efforts. (Source: Authors)

ment zoning or marine spatial planning to include all areas of
EEZs and ABNJ to reduce competition between ocean uses
(e.g., Norse 2005) and to reduce the occurrence of pollution
from all sources (Duarte et al. 2020) as well as opportunities
for alien species to invade non-native ecosystems (Molnar
et al. 2008). Reducing and mitigating greenhouse gas emis-
sions to hold global temperature increases to 1.50C or below
is also a priority (IPCC 2019; Duarte et al. 2020) in which
the ocean has a role to play (Hoegh-Guldberg et al. 2019).
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7 International Conventions
and Agreements

We have identified 23 international conventions and agree-
ments that relate to protection of the marine environment and
biodiversity (Table 10.4). It is important to consider that
these conventions and agreements are not exhaustive in
terms of the binding obligations on states. Below the level of
international conventions and agreements are regional and
sub-regional conventions and agreements (e.g., for RFMOs)

as well as voluntary actions such as the CCRF (for a list of
examples, see Friedman et al. 2018). Also, decisions under
the governance framework of such conventions and agree-
ments, as well as by their implementing agencies, put further
binding obligations on states. Added to this is national legis-
lation which provides a complex and interacting web of
marine legislation (for an example based on Europe, see
Boyes and Elliott 2014). Therefore, the absence of a ‘yes’ in
Table 10.4 does not necessarily mean that a signatory state is
not obliged to conform to the activity in the column.

Table 10.4 Characteristics of the International conventions and agreements to protect marine biodiversity and environments

Convention/Agreement A B C D ] I8 G H 1 J K
1.IWC Yes Yes Yes Yes

2.Convention on fishing Yes Yes

3. Convention on high seas oil casualties Yes Yes

4. Ramsar Yes Yes Yes Yes Yes Yes Yes
5. Dumping convention Yes Yes Yes Yes
6.Heritage Convention Yes Yes Yes Yes
7. CITES Yes Yes Yes Yes

8. Marine pollution (not oil) Yes Yes

9. Marpol Yes Yes Yes

10. CMS Yes Yes Yes Yes Yes Yes

11. UNCLOS Yes Yes Yes Yes Yes Yes Yes Yes Yes
12. Basel Yes Yes Yes Yes
13. CBD Yes Yes Yes Yes Yes Yes Yes Yes Yes
14. High seas fisheries compliance Yes Yes Yes
15. Part XI UNCLOS Yes Yes Yes
16. Straddling stocks agreement Yes Yes Yes Yes Yes Yes Yes
17. Protocol marine pollution Yes Yes Yes Yes Yes Yes
18. Cartegena Yes Yes Yes Yes
19. Stockholm Yes Yes Yes Yes Yes
20. Antifouling Yes Yes Yes Yes Yes

21. Ballast Yes Yes Yes Yes Yes
22. Port state measures Yes Yes Yes
23. Nagoya Yes Yes Yes Yes Yes

A. Sustainable management of living resources; B. Sustainable management of unexploited species; C. Habitat management or protection;
D. Implement protected areas; E. Precautionary principle; F. Monitoring of species, habitats or environment; G. Environmental impact assessment;
H. Prevention of environmental pollution; I. Biosecurity; J. Encourage or impel international cooperation; K. Capacity building

Notes: a. Where trade in that species may impact on an endangered species. The conventions and agreements are as follows: (1) International
Whaling Convention (1946); (2) Convention on Fishing and Conservation of the Living Resources of the High Seas (1958); (3) International
Convention Relating to Intervention on the High Seas in Cases of Oil Pollution Casualties (1969); (4) Convention on Wetlands of International
Importance Especially as Waterfowl Habitat (Ramsar; 1971); (5) Convention on the Prevention of Marine Pollution by Dumping of Wastes and
Other Matter (1972); (6) Convention Concerning the Protection of the World Cultural and Natural Heritage (1972); (7) Convention on International
Trade in Endangered Species of Wild Flora and Fauna (CITES; 1973); (8) Protocol Relating to Intervention on the High Seas in Cases of Marine
Pollution by Substances Other than Oil (1973); (9) Protocol of 1978 Relating to the International Convention for the Prevention of Pollution from
Ships, 1973, (Marpol); (10) Convention on the Conservation of Migratory Species of Wild Animals (CMS or Bonn Convention; 1979); (11) United
Nations Convention on the Law of the Sea (UNCLOS; 1982); (12) Basel Convention on the Control of Transboundary Movements of Hazardous
Wastes and Their Disposal (1989); (13) Convention on Biological Diversity (CBD; 1992); (14) Agreement to Promote Compliance with
International Conservation and Management Measures by Fishing Vessels on the High Seas (1993); (15) Agreement Relating to the Implementation
of Part XI of the United Nations Convention on the Law of the Sea of 10 December 1982 (1994); (16) Agreement for the Implementation of the
Provisions of the United Nations Convention on the Law of the Sea of 10 December 1982 Relating to the Conservation and Management of
Straddling Fish Stocks and Highly Migratory Fish Stocks (1995); (17) Protocol to the Convention on the Prevention of Marine Pollution by
Dumping of Wastes and Other Matter, 1972 (1996); (18) Cartegena Protocol on Biosafety to the Convention on Biological Diversity (2000); (19)
Stockholm Convention on Persistent Organic Pollutants (2001); (20) International Convention on the Control of Harmful Anti-Fouling Systems on
Ships (2001); (21) International Convention for the Control and Management of Ships’ Ballast Water and Sediments (2004); (22) Agreement on
Port State Measures to Prevent, Deter and Eliminate Illegal, Unreported and Unregulated Fishing (2009); (23) Nagoya Protocol on Access to
Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from Their Utilization to the Convention on Biodiversity (2010)
Source: Authors
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Notwithstanding this, Table 10.4 provides an overview at the
highest level of what what ocean management measures
states have enacted to protect marine biodiversity.

The 23 international treaties to protect the marine envi-
ronment and conserve marine biodiversity were analysed
using clustering and were found to fall into in three hierar-
chal groups (Fig. 10.12a): those that aim to protect biodiver-
sity, those dedicated to fisheries and regulation of
anthropogenic activities (navigation, ballast waters, etc.) and
those regulating pollution.

Beginning more than 60 years ago, the International
Whaling Convention (1946) was aimed at the sustainable
management of whaling but also concerns protected areas
specifically targeted at whale conservation. Almost all the
international treaties since then have required cooperation
between countries; capacity building; monitoring of species,
habitat or the environment; and the management of living
resources (Fig. 10.12b). In the last three decades, they have
evolved to include a wider range of considerations, including
prevention of pollution, conservation of non-commercial
species and habitats and biosecurity (Fig. 10.12¢). However,
many of these treaties focused on specific sectors (e.g., pol-
lution or fisheries management; see Fig. 10.12a) with some
specifically dealing with a narrow range of issues (e.g., the
Cartagena Protocol relating to biosecurity of organisms
modified through biotechnology). Of the 23 conventions, 11
represent the sustainable management of living resources in
the ocean and 10 pertain to preventing damage to the marine
environment by pollution. It is notable that only 8 conven-
tions and agreements deal with managing or conserving spe-
cies which are not fished commercially, and only 6 protect
marine habitats. Five of the conventions or agreements spe-
cifically require the implementation of MPAs.

7.1 Fisheries Governance, Sustainability

and Impacts on Biodiversity

On the face of it, the range of international and sub- interna-
tional conventions and agreements would appear to ade-
quately manage the marine environment and biodiversity.
However, as outlined in Sect. 3 of this report, marine species
and habitats are in decline, and this amounts to a loss in the
provisioning of ecosystem services. For fisheries, this has a
significant impact in economic terms; for example, the
Sunken Billions report suggests that lost revenue resulting
from overfishing amounted to $83 billion in 2012 (World
Bank 2017).

Improved management and judicious conservation of
wild fisheries would lead to increased biomass in the ocean,
higher profits for fishers and greater food provision (40%

more production in the future than under business as usual
and 20% more than now; Costello et al. 2019; see also World
Bank 2017).

No fewer than 11 conventions and agreements deal with
the sustainable management of living resources, and all but 3
of them also cover non-target species (Table 10.4). This does
not include the large number of regional and sub-regional
agreements and additional binding measures that states are
committed to for fisheries (Friedman et al. 2018). As already
indicated in Sect. 6 the problem in fisheries management is
one of uneven implementation of measures to increase sus-
tainability of catches of target species and to prevent harm to
biodiversity. There are many aspects of fisheries manage-
ment where this unevenness of implementation is apparent.
For example, compliance to the FAO’s CCREF, one of the pri-
mary pillars in placing biodiversity measures in fisheries
management (Friedman et al. 2018), is better in developed
countries than in developing ones, but for most it falls far
short of ‘good’ (Pitcher et al. 2009). Likewise, RFMOs have
been widely criticized for their performance both in terms of
managing target fish stocks on the high seas and also bycatch
(Cullis-Suzuki and Pauly 2010; Polacheck 2012; Gilman and
Kingma 2013; Gjerde et al. 2013; Gilman et al. 2014; Clark
et al. 2015; Leroy and Morin 2018; Pentz et al. 2018). Since
2006, the United Nations General Assembly has called for
the development of performance reviews (PRs) for RFMOs
(Haas et al. 2019). By 2016, all REMOs which had entered
into force by 2012 had undergone PRs, and some have been
reviewed twice (Haas et al. 2019). There is evidence that
these reviews have led to improvements, particularly in the
areas of compliance and enforcement, conservation and
management and international cooperation (Haas et al.
2019). Decision-making and dispute settlement and financial
and administrative issues were areas where lower improve-
ment scores were obtained (Haas et al. 2019). Other recent
reviews of RFMO performance reveal a more mixed picture
of improvement (Gjerde et al. 2013; Gilman et al. 2014; Pons
et al. 2018).

An analysis of the drivers of management effectiveness in
tuna RFMOs identified that those with a greater number of
member countries, a greater economic dependency on the
fisheries, a lower mean GDP, a greater number of fishing ves-
sels and a higher proportion of small vessels had lower levels
of research, management and enforcement (e.g., the Indian
Ocean Tuna Commission; Pons et al. 2018). There are mul-
tiple issues within RFMOs, but those most pertinent to biodi-
versity conservation include the fact that fisheries
management has paid insufficient attention to the environ-
mental management of a broader range of natural assets
(Gilman et al. 2014; Hooper et al. 2019). In the analysis on
tuna RFMOs by Pons et al. (2018), it was noted that scores
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Fig. 10.12 Analysis of 23 International treaties to protect the marine
environment and conserve marine biodiversity. Notes: Panel (a) shows
Ward’s hierarchical clustering with Euclidean distance of international
conventions/agreements according to their mission topics; the convention
acronyms are as follows: BCHW basel convention on the control of trans-
boundary movements of hazardous wastes and their disposal, CBD con-
vention on biological diversity, CITES convention on International trade
in endangered species of wild flora and fauna, CMS convention on the
conservation of migratory species of wild animals (or Bonn), CPB carte-
gena protocol on biosafety to the convention on biological diversity,
FCHS convention on fishing and conservation of the living resources of
the high seas, FVHS agreement to promote compliance with international
conservation and management measures by fishing vessels on the high
seas, HAFSS International convention on the control of harmful anti-
fouling systems on ships, HSCMPS protocol relating to intervention on
the high seas in cases of marine pollution by substances other than oil,
HSCOPC International convention relating to intervention on the high
seas in cases of oil pollution casualties, IWC International Whaling

(4)

(6)
(8)

1980 2000

Commission, Marpol protocol of 1978 relating to the International con-
vention for the prevention of pollution from ships, MPDW protocol to the
convention on the prevention of marine pollution by dumping of wastes
and other matter, MPDWOM convention on the prevention of marine pol-
lution by dumping of wastes and other matter, Ramsar convention on
wetlands of international importance especially as waterfowl habitat,
SFSHMFS agreement for the implementation of the provisions of the
United Nations convention on the law of the sea of 10 December 1982
relating to the conservation and management of straddling fish stocks
and highly migratory fish stocks, SPOPs Stockholm convention on persis-
tent organic pollutants, UNCLOS United Nations Convention on the Law
of the Sea, WCNH convention concerning the protection of the world
cultural and natural heritage, XI_UNCLOS agreement relating to the
implementation of Part XI of the United Nations Convention on the Law
of the Sea of 10 December 1982. Panel (b) shows the number of conven-
tions/agreements associated towards a main goal as listed in Table 10.4;
Panel (¢) shows how the number of each conventions/agreements changed
over time for each main goal. (Source: Authors)
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for fisheries management in general were low and, in partic-
ular, for discarding and bycatch measures. This was attrib-
uted to a lack of severe consequences for exceeding bycatch
quotas, with the result that non-target species such as marlins
and sharks scored low for all management dimensions (Pons
et al. 2018). Application of the precautionary principle can
be useful in such cases, but this has been included in few
international agreements or conventions (Table 10.4),
although its use in RFMOs is spreading (de Bruyn et al.
2013).

Illegal, unregulated and unreported (IUU) fisheries con-
tribute significantly to the overexploitation of fish stocks as
well as impacts on biodiversity. They are a particular prob-
lem for commercial species, which acquire a high value
because of their increasing scarcity. Examples of such spe-
cies include several croakers, giant clams and red corals
(Zhang and Wu 2017). These IUU vessels do not adopt fish-
ing practices to avoid bycatch or other forms of environmen-
tal damage (Petrossian et al. 2018). A very sad example of
this is the imminent extinction of the vaquita (Phocoena
sinus), a porpoise found in the Sea of Cortez. The vaquita is
suffering high mortality as bycatch in illegal gill nets set for
the totoaba (Totoaba macdonaldi), a croaker whose swim
bladder is prized in Chinese medicine and which is also
endangered with extinction (Jaramillo-Legorreta et al. 2019).

What is less recognised is the role of state-corporate
crime in marine fisheries (Standing 2015). This is an issue in
developing coastal states where fisheries access agreements
are used to allow foreign fishing vessels into their waters.
There is ample evidence that the licensing coastal states and
the vessels’ flag states often ignore overfishing, corruption
and the significant losses to the livelihoods and incomes of
local small-scale fisher folk (e.g., Belhabib et al. 2015;
Standing 2015; Zhang and Wu 2017). States can use their
political and economic power to impose such agreements on
countries, even where there is awareness of the likely out-
come in terms of overfishing and negative societal impact
(Standing 2015; Zhang and Wu 2017). There is also a signifi-
cant role in such activities by business elites and global
investment companies (Standing 2015). This is further exac-
erbated when political issues arise, such as in the disputed
waters of the South China Sea (Zhang and Wu 2017).

Whilst fisheries impacts are not the only drivers of loss of
species and habitats in the ocean, they illustrate the barriers
to tackling the biodiversity crisis. Setting specific targets as
policy objectives and then ensuring that their progress is
monitored and reported on is crucial. Despite the objectives
of increasing MPAs under the CBD (and other conventions
and agreements), it was the adoption of Aichi Biodiversity
Target 11 that has spurred the international community to
reach a specific goal of 10% of coastal and marine areas,

which are in ecologically representative and well-connected
protected areas or other forms of spatial conservation
management.

Likewise, SDG 14 has reinforced Aichi Biodiversity Target
11 by also calling for the protection of 10% of coastal and
marine areas (SDG 14.5); the elimination of overfishing, [UU
fishing, and destructive fishing practices (SDG 14.4); and the
prohibition of fishing subsidies which enhance overcapacity
and overfishing and which contribute to IUU fishing (SDG
14.6).° These targets also come with indicators against which
progress can be monitored. By setting such clear goals and
guidelines for reporting progress, coastal and flag states can
better manage their ecosystems (Lidstrom and Johnson 2019).

Along with the clear setting of targets for achieving stan-
dards of fisheries sustainability, biodiversity and environ-
mental protection, high seas fisheries management
organisations should be operating to clear international stan-
dards and a system of monitoring progress to achieve such
standards should also be put in place. Further improvement
in the sustainability of fisheries can also be achieved by
using innovative technologies to improve the monitoring of
fishing activities and catches (Kroodsma et al. 2018; Bradley
et al. 2019) as well reducing bycatch (Avery et al. 2017) and
other environmental impacts of large- and small-scale fisher-
ies. Implementing these measures will require adequate
funding and increased capacity, especially amongst develop-
ing coastal states (Friedman et al. 2018).

A significant improvement in fisheries management
would also be attained through the adoption of several volun-
tary codes and guidelines as clear international standards for
management of fisheries (e.g., the FAO’s CCREF, 1995, and
Voluntary Guidelines for Flag State Performance, 2014), but
again, without mechanisms for monitoring and reporting
such standards will be slow in improving performance.

The implementation of new conventions and agreements
should also be more rapid, and we note that the Agreement
on Port State Measures to Prevent, Deter and Eliminate
Illegal, Unreported and Unregulated Fishing 2009) to date
only has 61 parties. A new implementing agreement for
UNCLOS, known as the biodiversity beyond national juris-
diction (BBNJ) agreement, currently under negotiation, rep-
resents a step forward in putting in place a framework for
spatial conservation and other measures to protect biodiver-
sity in ABNJ. The text of this agreement contains strong pro-
visions for monitoring and reporting on progress in
implementation as well as the establishment for international
standards through the operation of a Scientific and Technical
Committee and a decision body (e.g., a Conference of Parties

“For more information on SDG 14, see https://sustainabledevelopment.
un.org/sdgl4
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in collaboration with existing agreements and implementing
agencies). It also includes the precautionary principle and
significant improvements in transparency and the involve-
ment of civil society in aspects of decision-making, particu-
larly in processes related to environmental impact assessment.
The inclusion of provisions for capacity building and tech-
nology transfer among states in the BBNJ agreement may
also be extremely important not just for improving the capac-
ity of developing states to monitor and manage biodiversity
in ABNJ but also within their own coastal waters.

8 Opportunities for Action

The IPBES Global Assessment Report identifies that biodi-
versity is declining faster than at any other time in human
history, and rates of species extinction are likely tens to hun-
dreds of times higher than any time in the last ten million
years (IPBES 2019). Despite the data limitations, we have
presented evidence in this paper that marine ecosystems, like
their terrestrial and freshwater counterparts, are suffering
from severe habitat degradation, species population reduc-
tions and ecosystem impacts at multiple levels, with signifi-
cant consequences to society through loss of ecosystem
services provision which is the cause of direct economic
losses, impacts on livelihoods and ultimately on human
health and security.

Although these findings present a gloomy prospect for the
future there are notable successes in reversing the decline of
marine species through strong management and conserva-
tion measures (Duarte et al. 2020). The most notable of these
is the recovery of populations of the great whales following
the moratorium of whaling imposed by the IWC (Duarte
et al. 2020). As related in the present report, reduction of
fishing fleet capacity, coupled with modern fisheries man-
agement approaches and strong monitoring, control and
enforcement has led to the stabilisation and recovery of fish
stocks in the waters of Europe, the United States and else-
where (Fernandes et al. 2013, 2017; Hilborn and Ovando
2014; Rousseau et al. 2019; Hilborn et al. 2020). Some habi-
tats have also showed some recovery from past losses, an
example being the recovery in seagrass beds in northern
Europe (de los Santos et al. 2019).

This recovery was attributed to management actions
including those reducing coastal pollution, measures to pre-
vent anchoring and trawling in seagrass beds, as well as nat-
ural recovery (de los Santos et al. 2019). There are also
examples of habitat restoration leading to local rehabilitation
of habitats such as mangrove forests in the Mekong Delta
(Duarte et al. 2020). Duarte et al. (2020) suggest that strong
management action could lead to substantial recovery of
abundance of species and structure, function of communities
with increased provision of ecosystem services by 2050.

Given the evidence for strong recovery of species and some
recovery of specific habitats over decadal timescales we
believe that such optimism is justified. However, recovery
will only take place at large scales following strong and
coordinated management action. Based on this evidence and
our analysis of drivers of biodiversity loss, we find these
opportunities for urgent action at local to international
levels.

There are opportunities to improve monitoring, increase
efficiency in MPAs, and achieve sustainable ecosystem-
based fisheries management. Some specific actions/ deliver-
ables for these high-level policy decisions include no net loss
of habitat; establishing a blue bond market for investing in
marine environmental sustainability; marine spatial planning
to identify (on a regional basis) best options to increase no-
take areas, including in the vicinity of offshore renewable
energy projects; moving intensive aquaculture operations
offshore, where feasible; and planning conservation
responses to future coastline inundations (e.g., determining
where the new sea grass meadows and mangroves will exist
with sea level rise). Bringing the entire ocean under sustain-
able management is also a critical element in reducing open
access and overexploitation of resources which has led to
declines in marine species and ecosystems (Norse 2005).

8.1 Technology for Mapping
Technological advancements in remote sensing, including
satellites, lidar, unmanned aerial vehicles, AUVs, and the
computational ability to process such multidimensional big
data in the past few decades has drastically expanded our
capacity to understand the world. With increasing spatial and
temporal resolution of the data captured, there is a large
opportunity to further enhance our understanding of the sta-
tus and trends in marine habitats and ecosystems, the drivers
of change and the impacts of degradation on their contribu-
tion to people and, thus, improved visualisation and maps to
support the decision-making process. The advancements in
the field of artificial intelligence have also paved the way for
the application of data mining and natural language process-
ing into biodiversity and ecosystem studies. Therefore,
marine scientists have the unique opportunity to extract
knowledge from historical and unstructured sources (e.g.,
text, images, audio), store complex information in machine-
readable formats and connect with expert systems to set up
knowledge bases—all areas of marine science that have yet
to be well explored. For effective management, governments
need to know where, what, why, and how much of an activity
is sustainable because anthropogenic impacts expand into
deeper and deeper waters (Baker and Harris 2020).
However, there are challenges to overcome with regard to
harnessing the above-mentioned technological advance-
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ments into global marine studies. Utilising the technological
advancements into a thematic discipline requires multidisci-
plinary experts, dialogue and knowledge exchange across
disciplines as well as basic scientific programming skills and
knowledge of machine-readable data and metadata formats.
The lack of interoperable web services and a catalogue for
referencing remote sensing products and geospatial data sets
limits the smooth communication of needs from a thematic
discipline to the technology developers.

There is an opportunity for NGOs, industry, researchers,
and government institutions to collaborate to increase the
application of current advancements in technological capac-
ity. To accomplish this cross-disciplinary discussion, there
needs to be an exchange of knowledge, and scientists need to
be trained to make their analysis and work interoperable.
Streamlined services are also needed to support the produc-
tion of standard essential variables and indicators in the field,
including a catalogue of key data sets, which would integrate
a wide variety of primary data, and standardised processing
services (i.e., web rest services), which would improve
access and maintain frequently used data resources.

We envision that by 2030 a catalogue of marine habitats,
including those that we currently have limited information
on, such as kelp forests and rocky reefs, will have their EOVs
monitored spatially and temporally, and variation and distri-
bution changes within them will be automatically generated
over time and publicly accessible. We support the develop-
ment of a comprehensive ocean observing system which has
been identified as a priority for the United Nations Decade of
Ocean Science for Sustainable Development and
GOOS. With this information accessible, organisations can
effectively monitor the global distributions of economically
important marine habitats, such as coral reefs, mangroves
and seagrasses. On a local level, governments should col-
laborate with industry and NGOs to effectively map drivers
of habitat degradation and ground truth the data produced
from the global habitat mapping efforts. Such mapping and
monitoring of marine ecosystems has been among recom-
mendations for improved management of marine biodiver-
sity for almost 30 years (Norse 1993).

To be able to develop the collaborations and technological
capacity to make this vision a reality, we suggest the follow-
ing high-priority opportunities for action:

e The present intergovernmental organisations (e.g.,
UNESCO-IOC), biodiversity monitoring networks
(GOOS BioEco, GEO BON/MBON), databases (e.g.,
OBIS) and philanthropic efforts involved in gathering and
making ocean data available for management purposes
(e.g., Google Earth Engine; Ocean Data Foundation)!®

"Information about the Ocean Data Foundation can be found on its
website, https://www.oceandata.earth/

require a coordinated approach to face the challenge of
comprehensive and global monitoring of biodiversity.
These organisations, under the leadership of UNESCO-
IOC, in partnership with national ocean biodiversity mon-
itoring networks (e.g., IMOS, I00S, EuroGOOS) and the
CBD, should— through workshops or other means—cre-
ate maps of both habitat extent and environmental drivers
to identify conflicts and gaps in knowledge, including in
the distribution of marine habitats, technological limita-
tions and solutions with explicit goals and institutions/
organisations assigned to meeting the goals. These efforts
should include multidisciplinary scientists, including, but
not limited to, marine, artificial intelligence and data
experts.

e The Decade of Ocean Science for Sustainable Develop-
ment provides an ideal jump-off point for such a coordi-
nated approach to ocean biodiversity monitoring,
especially as it recognises the importance of producing
actionable data but will also produce significant new data
sets on species and habitat distribution in the ocean.

* By 2025 this should culminate in collaborative research
platforms where global habitat maps and EOVs can be
compiled based on interoperable data sources, be visual-
ised and be made publicly available in a way that facili-
tates ecosystem-based management of human activities in
the ocean whilst enabling biodiversity conservation.

* By 2028, integration of novel technological developments
with quality-control standards increase temporal resolu-
tion of habitat maps and drivers so that quality annual
maps of habitat extent and impacts are made available.

e Throughout 2020-30, knowledge bases and technology
transfer between governments is promoted to equip all
countries with the tools necessary to sustainably manage
and map the ocean. Capacity-building efforts are targeted
at providing all countries with the expertise to access and
act upon biodiversity data for meeting international tar-
gets and ocean management needs.

e By accomplishing these goals, we believe there will be
numerous additional benefits past increasing our under-
standing of the planet, including improved environmental
and biodiversity monitoring plans, technological advance-
ments, the training of new generations of scientists from
diverse backgrounds and increased collaboration between
stakeholders.

8.2 Addressing the Biodiversity Data Gap

There is a pressing need for a greater coordinated effort to
gather information on marine biodiversity and extinction
risk, from baselines of diversity and ecosystems to the long-
term monitoring of population genetics, species, habitats and
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ecosystems. Again, despite recommendations to develop
such coordinated knowledge gathering on marine biodiver-
sity, as well as improving the capacity to do so by all nations
nearly 30 years ago (Norse 1993), this has not happened to
date. The IUCN Red List shows that although there are a
good range of assessments for marine vertebrates (fish, sea-
birds, marine mammals), extinction risk assessments on
marine invertebrates are restricted to a few scattered groups.

There is now an opportunity for states, intergovernmental
organisations, foundations and other philanthropic organisa-
tions to invest in the infrastructure, including human
resources, to meet their international commitments (e.g.,
under the CBD) to establish baselines of biodiversity and
long-term monitoring of the status of species and habitats
both within their EEZs and in ABNJ, especially where their
flagged vessels are or will be undertaking activities such as
fishing or other extractive activities. Such an effort should
focus on the already established networks for biodiversity
monitoring, including GOOS BioEco and the marine compo-
nent of GEO BON, MBON.

The first has developed a framework and a globally
coordinated strategy for monitoring biodiversity change
using biological EOVs which are complemented by the
EBVs coordinated by the latter. Data repositories already
exist to receive such information (e.g., OBIS; Navarro et al.
2017). GOOS BioEco is facilitating the establishment of
coordinated networks to implement monitoring of these
essential variables. These will be established in collabora-
tion with MBON and will include oceanographic research
centres, government institutions and universities, and natu-
ral history museums. These networks should also build on
existing efforts, such as the Global Coral Reef Monitoring
Network.

By establishing such networks, states will be able to
establish a baseline of marine biodiversity in their waters and
in ABNJ, allowing the subsequent monitoring of changes in
biodiversity through time. This will enable the continual
assessment of the success of measures to reduce biodiversity
loss by states and allow them to actively manage their activi-
ties to mitigate or reverse biodiversity loss. For developing
states, assistance in capacity building will be required.
Associated benefits from such an effort will include

* maintenance or enhancement of marine ecosystem ser-
vices provision (e.g., fisheries, coastal protection,
tourism);

e identification of marine genetic resources (Blasiak et al.
2020);

* the training of a new generation of marine scientists;

 increased opportunities for citizen science and education;
and

 increased effectiveness of investment in biodiversity con-
servation through specific targeting of interventions.

At present, there are no alternative measures to achieve such
a goal, and without it, undocumented biodiversity loss will
continue in the face of pressures arising from poverty, the
increasing human population and the drive for economic
development. We envision a pathway to improved biodiver-
sity monitoring to include the following milestones:

* The identification or establishment of national centres for
marine biodiversity monitoring and developed capacity in
taxonomy and field ecology, including training in new
taxonomic tools such as environmental DNA (eDNA) and
other emerging technologies, to undertake baseline
assessments and long-term monitoring.

* A baseline biodiversity inventory and the establishment
of key monitoring sites as part of the GOOS BioEco net-
works or of an existing MBON and expanding geographic
coverage through the establishment of new MBON sites/
regions (2023-25).

e The coordination of biodiversity monitoring activities at a
regional basis implementing best practices to exchange
knowledge, deliver FAIR and open-access data and share
resources where appropriate (2020-25).

e The establishment of a marine biodiversity programme
that feeds into national policies and management actions
to mitigate biodiversity loss as well as into regional organ-
isations, such as RFMOs, to manage activities in a way as
to protect and conserve biodiversity. Biodiversity man-
agement becomes embedded into national institutions and
legislation and into regional bodies (2025-30+).

There are a range of habitats formed by foundation species
that are overwhelmingly important to biodiversity because
they are connected to ecosystem functions over a wider geo-
graphic area than their immediate occurrence. These include,
most notably, coral reefs, mangrove forests, seagrass beds,
saltmarshes, kelp forests and other coastal ecosystems. In
ABNIJ, these are probably strongly represented within
EBSASs and may include habitats such as seamounts.

We recommend that coastal states and regional ocean
management organisations should adopt a policy of zero net
loss for such ecosystems. Because the costs of habitat resto-
ration are often much higher than conservation (Friess et al.
2019), such a policy should prioritise avoidance of activities
which lead to significant damage in the first place.

We believe that by establishing or further developing a
national MBON coordinated at a regional level, including
ABNJ, it could—if used to support effective management
and conservation—help to improve and secure economic and
other societal gains from the provisioning of ecosystem ser-
vices. Additional benefits from developing marine genetic
resources (Blasiak et al. 2020) and improving environmental
awareness and education within society are difficult to esti-
mate but would certainly be positive.
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8.3 Citizen Science and Education

Programmes

Citizen science provides a great opportunity to increase pub-
lic participation in science, overcome significant barriers to
the scientific process and improve natural resource manage-
ment (Theobald et al. 2015; McKinley et al. 2017). Citizen
science and environmental education programmes are also
scientific projects that can produce reliable information in
which members of the public directly engage in research to
answer particular questions (Parrish et al. 2018; McKinley
et al. 2017). Biodiversity-related projects have been shown
to span greater geographic and temporal ranges than conven-
tional academic research, engaging millions of volunteers
and generating up to $2.5 billion in kind annually (Theobald
et al. 2015). There are many goals and benefits for citizen
science, spanning publishing results in peer-reviewed jour-
nals, education, community empowerment and personal ful-
filment (Parrish et al. 2018).

Despite many long-term citizen science projects creat-
ing robust data sets,!' many academic researchers still show
abias against citizen science (Bonney et al. 2014). Theobald
et al. (2015) found that only about 12% of projects out of
388 provide data to scientific publications. Therefore,
methods of quality assurance (actions taken to ensure the
quality of measurements taken) and quality control (post
hoc actions to ensure the quality of results) are pivotal to
many projects where the primary goal is science generation
and should continue to be developed (Bonney et al. 2014;
McKinley et al. 2017). A participant’s time and success in
mastering a task is a function of the complexity of the task
(Sauermann and Franzoni 2015), which supports that proj-
ects should be simply designed at scale, and projects at
smaller scales, with higher complexity, can be more
involved (Parrish et al. 2018).

Citizen science programmes can also generate significant
social outcomes, including increasing science education,
engagement in policy and collaboration. As such, they repre-
sent the following opportunities for action:

e Governments increase general science education in line
with SDG 4 to ‘Ensure inclusive and equitable quality
education and promote lifelong learning opportunities for
all’ (2020-25).

» Citizen science programmes coordinate and organise to
ensure that the wealth of information gathered is accessi-
ble, usable, known to decision-makers and connected
with networks of biodiversity monitoring, including
GOOS BioEco and the marine component of GEO BON,
MBON, starting in 2023.

1See eBird (https://ebird.org/home), COASST (https://coasst.org/) and
Zooniverse (https://www.zooniverse.org/)

e Industry and governments that benefit from this informa-
tion provide increased funding for the development of
community-based programmes in developing countries to
increase exposure to science and raise a new generation of
scientists by 2025.

* Academia generates best practices and resources to
increase the amount citizen science can be used to gener-
ate robust data and science, thus removing the bias against
this information by 2030.

By accomplishing the previous recommendations, we see a
future defined by increased scientific literacy around the
world, improved efficiency of moving conservation science
into conservation action, and higher awareness and knowl-
edge of the planet around us.

8.4  Well-Enforced, Green-Listed, Fully

Protected Marine Reserves

There is strong evidence that the implementation of well-
enforced, fully protected MPAs that include 30-40% of key
marine habitats will conserve biodiversity, enhance biomass
and abundance of marine life as well as improve the resil-
ience of marine ecosystems (Roberts et al. 2001; Lester and
Halpern 2008; Gaines et al. 2010; Sciberras et al. 2013;
Edgar et al. 2014; Mellin et al. 2016; Sala and Giakoumi
2017). These MPAs can also benefit fisheries (Roberts et al.
2001; Gaines et al. 2010; Di Franco et al. 2016; Ban et al.
2017), provide coastal protection (Roberts et al. 2017) and
improve the resilience of ecosystems against the impacts of
climate change (Mellin et al. 2016; Roberts et al. 2017).
However, poor capacity for the enforcement of MPAs (Gill
et al. 2017) and poverty alleviation—specifically, the genera-
tion of jobs (Cinner et al. 2009; Gurney et al. 2014)—can
undermine MPA objectives. Additionally, the social impacts
of protected areas are poorly understood largely because
MPA evaluations have tended to focus on one or very few
outcomes, and few have had the requisite data to assess
causal effects (Gurney et al. 2014). Opportunities over the
next two years (e.g., the BBNJ agreement and the CBD
Conference of Parties in 2021) offer the chance to adopt a
new target beyond the 10% of marine protection and to
accelerate the slow progress made to date. Whatever targets
for biodiversity protection are set, they must represent the
full range of marine ecosystems and species. The aims
should include no net loss of important habitats which struc-
ture marine ecosystems, such as coral reefs, mangrove for-
ests, seagrass beds, saltmarshes and others.

Experts, conservation practitioners, philanthropic organ-
isations and representatives from government should come
together convened by the IUCN, the United Nations
Environment Programme (UNEP) and the CBD to establish
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the best strategy for increasing and improving existing MPAs
on the basis of the approach we have outlined in this paper
for coastal states.

Strategies tailored for each group of countries—and ulti-
mately each individual country—can be developed, and
international assistance, including economic, capacity build-
ing and technical advice, can be targeted to effectively
achieve global, regional and national targets. For ABNJ, a
different approach can target areas of conservation impor-
tance whilst balancing these with economic need. The frame-
work developed by O’Leary et al. (2018), with input from
the CBD EBSA process, offers a practical approach to
achieve this. We envision the pathway as follows:

e The MPA targets are established internationally, at the
CBD’s Conference of Parties or (for the ocean) at the
United Nations Ocean Conference in 2021.

* Animplementation conference is initiated to identify spe-
cific targets at global, regional and national levels to pro-
tect representative marine ecosystems and the best
strategic approaches and practical measures to achieve
these targets. The conference should be convened by the
ITUCN, UNEP and the CBD, with attendance from experts
and governmental, intergovernmental and non-govern-
mental organisations as well as potential funders (Global
Environment Facility, government-funding agencies, pri-
vate philanthropists and foundations). The target year for
the conference is 2022.

e By 2022, alarge campaign and economic support should
be in place to involve communities and stakeholders to
implement community-based MPAs (Pollnac et al. 2001;
Aburto-Oropeza et al. 2011). By 2023, a global map to
implement community- based MPAs should be gener-
ated by states. In the Philippines, where government
policy, international aid, universities and NGOs have
invested a great effort to implement community-based
MPAs, there are over 400 of these management areas.
Although only 25% of them are effective in the protec-
tion of the resources, clear common factors have been
described as the path to successful community-based
MPAs: (1) relatively small communities, (2) community
census statistics to prioritise targeted interventions, (3)
overfishing challenges, (4) movement to alternative
income projects, (5) increased level of community par-
ticipation in decision-making, (6) strong local leader-
ship, (7) receiving scientific and MPA-implementing
advice and (8) closely working with local or municipal
governments (Pollnac et al. 2001; Crawford et al. 2006;
Rossiter and Levine 2014). These small but successful
examples of community- based MPAs have proven that
not only is it possible to recover marine biodiversity in a

short time period (one decade), but they are also produc-
ing significant economic benefits for local communities.
Cabo Pulmo National Park in Mexico is considered a
success according to both biological and social mea-
sures: the MPA has seen significant recovery of biomass
(Aburto-Oropeza et al. 2011) and demonstrable commu-
nity engagement and participation, along with extensive
socio-political support (and media attention) at the local,
national and international levels. Cabo Pulmo has
achieved a kind of symbolic power in the world of
marine conservation (Anderson 2019), and it has influ-
enced the transition of a governance system into a new,
adaptive tourism model (Langle-Flores et al. 2017).
There is a need for scaling up community-based MPAs
to increase the social and ecological benefits for coastal
areas. Evaluating approaches has demonstrated that
‘opportunistic ~ approaches’ and  ‘donor-assisted
approaches’ do not create the necessary outcomes
requested by global conservation targets. Rather, a sys-
tematic conservation planning approach of community-
based MPAs can improve ecological and social
outcomes, particularly if this planning incorporates
equity for stakeholders (Kockel et al. 2019).

e The implementation conference should lay out a clear
road to attaining established targets, with appropriate
milestones (2023-30). We suggest that a single agency be
tasked with measuring progress towards milestones and
the final targets (e.g., UNEP- WCMC). Reports should be
produced for the CBD’s Conferences of Parties in 2024,
2026 and 2028 prior to 2030. Reporting should also
extend to other relevant meetings (e.g., the Our Ocean and
United Nations Ocean Conferences).

Balmford et al. (2004) estimated the costs of running a global
MPA network covering 20-30% of the ocean at $5-$19 bil-
lion per annum. However, the potential gain in direct
enhancement of fisheries and tourism and the avoided costs
in environmental damage through reduction/mitigation of
coastal inundation is likely to dwarf these costs. This is with-
out accounting for other ecosystem services, such as CO,
sequestration, nutrient cycling, waste remediation, protec-
tion of marine genetic resources and cultural services, which
represent a value in the trillions of dollars overall (Costanza
et al. 2014).

Furthermore, we point to the already estimated erosion in
the value of marine ecosystem services as a result of the ero-
sion of habitats which amount to a loss of more than $10
trillion per annum in just over a decade between 1997 and
2011. Much of this loss was focused on coastal ecosystems,
with coral reefs losing nearly half their value as a result of
the loss of this habitat (Costanza et al. 2014).
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8.5 Ecosystem-Based Fisheries

Management

There is an extreme urgency to eliminate IUU fishing and
accelerate the reform of fisheries management to reflect
modern ecosystem-based concepts where biodiversity is
managed sustainably alongside target stocks. Both the
IPBES Global Assessment Report (IPBES 2019) and our
own analyses indicate that overfishing, illegal fishing and
destructive fishing practices are the prime drivers of biodi-
versity loss in the ocean. Whilst much progress has been
made in sustainable ecosystem-based fisheries management
(Hilborn and Ovando 2014; Friedman et al. 2018; Hilborn
et al. 2020), progress remains fragmented. The fishing power
of the global fishing fleet is continuing to grow and underlies
overfishing in much of the global ocean (Rousseau et al.
2019). We have identified clear barriers to accelerating prog-
ress in fisheries sustainability and increasing consideration
of biodiversity conservation in fisheries. These barriers
include a lack of capacity and funding, whether being associ-
ated with institutions or developing states, and overwhelm-
ing pressure in some parts of the world to exploit living
marine resources exacerbated by growing industrial and
small-scale fishing fleets. There is also evidence that in some
states, elements of the fishing industry and financial institu-
tions are complicit in allowing overfishing and illegal fishing
to continue (Standing 2015; Zhang and Wu 2017). This is not
only immensely damaging to biodiversity but also leads to
massive economic losses (Costello et al. 2016; World Bank
2017) and the loss of livelihoods and impacts food security
(Sumaila et al. 2013; Standing 2015; Freduah et al. 2017). In
the face of climate change impacts, overfishing will exacer-
bate these problems (Badjeck et al. 2010). If biodiversity loss
in the ocean is to be halted or reversed, this elephant in the
room cannot be ignored.

The reform of fisheries management practices and of the
institutions charged with their management is already under
way (Friedman et al. 2018). This reform process must be
accelerated and driven through the adoption of appropriate
targets by the competent authorities. The most important of
these reforms include the following:

e Good data underlies all fisheries management both in the
context of target species, bycatch species and the environ-
mental impact of fishing. Given the development of mod-
ern technologies, from remote sensing to mobile
computing and phones, there is an opportunity to greatly
improve the monitoring of catches of target and bycatch
species in all industrial fisheries. Given the importance of
small-scale fisheries in terms of global fishing power, spe-
cial measures to include these in fisheries catch statistics
as well as fisheries management (including co- manage-
ment/community management arrangements) is critical.

Such measures will also allow an assessment of the nutri-
tional and economic benefits of small-scale fisheries at
the national level so they are accounted for in decisions on
fisheries policy.

e Uniformly adopting modern principles of ecosystem-
based fisheries management and the precautionary prin-
ciple for all fisheries management as expressed in the UN
conventions and agreements, the FAO’s CCRF and other
FAO guidelines and codes.

e Eliminating IUU fishing and other illegal practices in
fishing through improved monitoring, control and
enforcement. It is especially important that measures to
eliminate IUU fishing are adopted rapidly by all fishing
and port states.

e Stabilising, and then reducing, fishing pressure should
be a priority in regions where growth in fishing capacity
continues, undermining efforts to sustainably manage
fisheries pressure and to conserve biodiversity. It is criti-
cal to ensure that measures to reduce fishing capacity
protect the basic needs for food, nutrition and liveli-
hoods in coastal communities, particularly in develop-
ing countries.

We also note the opportunities for other important reforms in
fisheries management:

e Develop and fund infrastructure and human capacity to
enable sustainable management of biodiversity as well as
target fish stocks.

e Reform decision-making processes and adopt greater
transparency by fisheries management organisations to
speed up progress in eliminating overfishing.

e Make all fisheries data public, including data on vessel
tracking, catch and bycatch within 12 months of
collection.

e Specify measures to address issues of overfishing by
developing states and in small-scale fisheries, including
investment in data-poor stock assessment methods and
the use of reciprocal mechanisms to enhance institutional,
management and governance capacity in developing
states through finance, training and technology transfer.

e Establish community-based fisheries management to
assist in increasing the biological and socio-economic
sustainability of fisheries.

* Continue efforts to merge and coordinate the objectives of
the fisheries and environmental sectors at all levels of
fisheries management (international to local).

e Develop a set of investment standards for the investment
in fisheries, and especially infrastructure such as vessels,
so only sustainable fisheries/fishing operations are
financed.

 [Initiate a formal regular review of REMOs, ensuring they
are meeting new standards of fisheries management; the
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following areas specifically require attention: (1) updat-
ing conventions and agreements to implement modern
standards of ecosystem-based fisheries management,
including specific provisions for the conservation and
protection of biodiversity; (2) further convergence
between fisheries and environmental sector governance
structures to integrate biodiversity considerations into
fisheries management; (3) implementing mechanisms to
ensure the rapid and accurate reporting of catches of tar-
get and bycatch species; (4) more rigorous target-based
efforts to ensure rapid implementation of rules and rec-
ommendations; (5) a transformation of transparency for
both fisheries-related data and decision-making pro-
cesses; (6) reforming decision- making structures to pre-
vent ‘opt-out’” or lowest- common-denominator
regulations within fisheries management organisations;
and (7) greater clarity on participatory rights, such as allo-
cation of catch levels or fishing effort (Gjerde et al. 2013;
Friedman et al. 2018).

* Develop a set of minimum standards for fisheries partner-
ship agreements to ensure (1) sustainable fishing; (2) fair
and equitable financial benefits for parties; (3) clear finan-
cial structures and reporting arrangements to ensure
licence fees or other financial benefits flow to society; (4)
adequate arrangements for monitoring, control, surveil-
lance and enforcement of fisheries; and (5) formal struc-
tures for dispute resolution amongst partners with
arbitration by an impartial third party.

Aichi Biodiversity Target 6 and SDG 14 embody specific tar-
gets for fisheries sustainability, and the measures above will
clearly help to attain these goals. The SDGs are set for 2030
(with some interim targets due in 2020), but the CBD post-
2020 biodiversity framework also provides a timetable for
achievement of these goals and an opportunity to finally
achieve the objectives of Aichi Biodiversity Target 6. We
view the next decade, therefore, as critical in accelerating
reforms of fisheries and biodiversity objectives to protect
marine living resources.

By adopting these reforms, overfishing and IUU fishing
will be eliminated, and fish stocks and associated ecosystems
should be able to rebuild. The financial benefits of this just in
fisheries revenue alone has been estimated at $83 billion
per annum (World Bank 2017). Broader benefits will include
increasing fish catches (Costello et al. 2016) and securing
both livelihoods and food supplies as well as increasing their
resilience to climate change impacts for the future. Given
that destructive fishing impacts, such as bycatch, are the
main drivers of biodiversity loss for a number of marine spe-
cies, the benefits of reducing extinction risk and restoring
ecosystem function and services provision will be enormous.
This will also increase ecosystem resilience against climate
change and other impacts.

9 Limitations of the Paper
and Conclusions

As identified in several parts of this study, a lack of FAIR and
open data on marine biodiversity is problematic when trying
to identify patterns of species and habitat diversity as well as
changes in these parameters over time. For example, in the
TUCN Red List data, many species are classified as DD, and
many groups of invertebrates have not been assessed at all.
Without this information, it is very difficult to estimate the
current state of, and trends in, marine biodiversity in the
ocean.

There are significant gaps in our analyses because compa-
rable global data sets were not available for many coastal
habitats, including rocky reefs. Within the available data
sets, there are many gaps and sampling biases, leading to
higher diversity values in areas which likely do not corre-
spond to species or habitat diversity. Likewise, particularly
for deep-sea and offshore parts of the ocean, only large-scale
oceanic habitats that can be identified through physical fea-
tures (e.g., seamounts) could be identified, and the water col-
umn, the largest ecosystem on Earth, was largely neglected
in this study. A trend analysis for the marine habitats exam-
ined here was not possible with the current publicly available
data but should be pursued in future efforts as outlined in
Sect. 8.

Despite these gaps, we have sufficient information to
understand the broad state of marine species and habitat
diversity to generate effective management responses.
However, to reduce habitat loss and degradation, we need
an increase in multi-decadal monitoring because it is essen-
tial to be able to understand, prevent future damage and
monitor potential recoveries of marine ecosystems
(Bayraktarov et al. 2016; Gangloff et al. 2016). Monitoring
will establish baselines so that we can quantify changes in
habitat extent and impacts from anthropogenic activities
and use this information effectively to manage our natural
resources.

A lack of adequate funding and capacity—particularly in
developing countries but also in the organisations charged
with sustainably managing economic activities in the
ocean—is repeatedly highlighted in this study. Urgent mea-
sures are required to build capacity, transfer technology and
build the global financial supporting structures so the blue
economy can grow in a sustainable fashion that neither
depletes marine species or habitats nor undermines the eco-
system services on which humankind relies. Current biodi-
versity loss in the ocean is at least partially due to a lack of
equitability in states’ ability to monitor biodiversity and
manage activities within their EEZs and ABNJ.

The current crisis of biodiversity loss in the ocean may
require developing and implementing further international
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agreements and national measures to protect habitats and
species. A new legally binding instrument under UNCLOS
to conserve and sustainably use marine biodiversity of areas
beyond national jurisdiction (the BBNJ agreement) is cur-
rently being negotiated and should become an important
legal framework for the conservation of 50% of Earth’s sur-
face area. In addition, new protocols could be developed as
part of existing conventions, specifically the CBD, the World
Heritage Convention and the Convention on Migratory
Species, among others. Such protocols should include provi-
sions that human activities should not result in the long-term
or permanent loss of biodiversity in the ocean, with clear
mandates for monitoring their effectiveness. They should
also lay out renewed commitments for implementing biodi-
versity protection measures as well as monitoring and data-
gathering activities which are already embodied in existing
conventions and agreements. These new protocols should
apply to all sectors operating in the ocean and should include
the broad family of UN specialized agencies, including the
FAO and associated RFMOs, the International Maritime
Organization and the ISA.

The fisheries reforms described in this Blue Paper would
likely cost millions to tens of millions of dollars on a state-
by-state basis; yet in economic returns from fisheries alone,
there is the potential for billions of dollars in return. Not
undertaking these reforms will lead inevitably to commercial
and/or local to wide-scale extinction of both exploited and
non-target species, undermining ecosystem resilience and
service provision. By extending this to the broader values to
society and to the restoration of biodiversity and ecosystem
services, reforms could be transformative.

The speed of the decline of marine species and habitats
means that the opportunities for action we have identified
should be taken up with urgency. Such an international effort,
spanning all sectors involved in the blue economy as well as
the implementing organisations involved in their manage-
ment, may require a coordinated effort on the scale of that
currently addressing climate change. A large-scale global plan
of action for ocean biodiversity conservation may be required
to expedite these opportunities with the speed required.
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Interactive versions of the major figures in this paper
with statistics broken down to coastal state EEZs are
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