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Keynote points

 • As of 2019, 153,434 marine benthic inverte-
brate species had been described globally.

 • Since 2012, researchers have described 
10,777 new marine benthic invertebrate 
species; at the same time, biodiversity is 
changing globally at rates unprecedented 
in human history, creating the potential for 
species extinction before they have been 
described.

 • The deep sea covers 43  per  cent of 
the Earth’s surface, with an estimated 
95 per cent of marine invertebrate species 
still undescribed.

 • Major pressures on marine invertebrates 
include temperature increase, ocean acid-
ification, physical impacts on the seabed, 

the extraction of living and non-living re-
sources, coastal use, invasive species and 
pollution.

 • Large areas of the globe, including areas 
beyond national jurisdiction, still lack 
effective and adequate long-term ecosys-
tem monitoring and protection for marine 
invertebrates.

 • Despite new research regarding many im-
portant ecosystem processes, functions, 
goods and services, huge knowledge gaps 
remain in understanding the impact of 
reductions in benthic invertebrate biodiver-
sity on human well-being and ecosystem 
dynamics. 

1. Introduction

The present subchapter focuses on benthic 
shrimps, worms, gastropods, bivalves and 
other invertebrates living on or in the sea floor 
that are important food sources for fishes, ma-
rine mammals, seabirds and humans, as well 
as invertebrate species that are targeted by 
some commercial fisheries. Those taxa form 
the basis for some of the most productive 
ecosystems on the planet (e.g., estuaries and 
coral reefs), rivalling tropical forests (Valiela, 
1995) and creating habitats covering more of 
the Earth’s surface than all other habitats com-
bined (Snelgrove and others, 1997). Changes 
in ocean use, the harvesting of organisms, 

climate change, pollution and invasive species 
contribute to global alterations in nature at 
rates unprecedented in human history. Histor-
ically, coastal biota have experienced greater 
pressures and impacts than the deep sea, but 
the depletion of coastal marine resources and 
new technologies create both the capacity and 
incentive to fish, mine and drill in some of the 
deepest parts of the ocean (McCauley and 
others, 2015). Alterations of biodiversity often 
erode economies, livelihoods, food security, 
health and quality of life worldwide (Intergov-
ernmental Science-Policy Platform on Biodi-
versity and Ecosystem Services (IPBES), 2019).

2. Summary of the situation recorded  
in the first World Ocean Assessment

In the first World Ocean Assessment (United 
Nations, 2017b), major drivers and patterns 
of marine invertebrate biodiversity were 

identified, from regional to global scales. Com-
plex interactions among drivers, as well as their 
individual and collective impacts on marine 
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biodiversity at multiple scales of biological 
organization and observation, limit current 
capacity to predict regional diversity with con-
fidence. Coastal and oceanic patterns differ 
globally, and coastal benthic species richness 
generally peaks near the equator and declines 
polewards, in contrast to mid-latitude peaks in 
oceanic species. However, strong longitudinal 
gradients complicate coastal patterns, with 
localized hotspots of biodiversity across many 
taxa in areas such as the tropical Indo-Pacific 
and the Caribbean. 

Areas of low oxygen, bottom instability, varia-
tion in ocean chemistry, habitat variables and 

1 Distribution information is not available for all species described in the World Register of Marine Species 
(WoRMS). The Ocean Biodiversity Information System (OBIS) constantly receives input from many data 
providers and shows the exact ocean locations where marine species have been recorded. Because WoRMS 
documentation of benthic traits is ongoing, some 11,000 of the invertebrate species in OBIS still lack functional 
group designations, and the overview therefore omits those marine benthic invertebrate species.

maritime activities complicate the prediction 
of marine invertebrate diversity patterns in 
space and time. The multiple drivers of change, 
often acting in tandem, make it extremely dif-
ficult to disentangle natural changes from hu-
man-induced pressures. Biodiversity hotspots 
often attract and support human extractive 
activities, directly linking ocean biodiversity 
and ecosystem services. Moreover, those hot-
spots also often support important ecosystem 
functions, such as nutrient recycling, food web 
support and habitat creation that, in turn, con-
tribute to ecosystem services of direct benefit 
to humans. 

3. Description of environmental changes (2010–2020)

3.1. Marine invertebrate biodiversity
Records in the World Register of Marine 
Species (WoRMS) (Vandepitte and others, 
2018; WoRMS Editorial Board, 2019), indicate 
that 10,777 new valid marine benthic inverte-
brate species were described between 2012 
and 2019, bringing the total number of such 
species described globally to 153,434. The 
taxon Mollusca contain the highest num-
bers of described marine benthic inverte-
brate (31  per  cent), followed by Arthropoda 
(24 per cent). 

The Ocean Biodiversity Information System 
(OBIS) contains distribution information 
for 124,372 marine species, representing 
56.4 million distribution records. Among those, 
WoRMS currently identifies 80,132 species as 
marine benthic invertebrates, representing 
8.1 million distribution records. 

According to the data available in OBIS and 
WoRMS in 2019 (see figure I), the well-sam-
pled North Atlantic Ocean contains the highest 
numbers of recorded marine benthic inverte-
brate species (24,214 species), followed by the 
comparatively undersampled South Pacific 
Ocean (23,245 species), including the Coral 
Sea (18,224 species), which will certainly yield 
many more yet undiscovered species. 

A study based on bathymetric zones (see 
figure I) reveals that the Coral Sea contains 
the highest number of species recorded at 
depths shallower than 200 m (11,353 species), 
followed by the Indian Ocean (9,971), the North 
Atlantic Ocean (9,915) and the South Pacific 
Ocean (7,498). In some instances (e.g., Bering 
Sea, Arctic Ocean and Norwegian Sea) simi-
lar latitudes differ in benthic diversity. Below 
1,000 m, the better-sampled (relative to other 
basins) North Atlantic Ocean contains the 
highest number of species (8,027).1
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Total numbers of recorded marine invertebrate benthic species represented as three 
depth categories (< 200 m, 200–1,000 m and > 1,000 m)
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Source: OBIS (2019) for species occurrences; WoRMS for species group information; EMODnet (2016), GEBCO (2015) 
and Provoost and Bosch (2018) for bathymetry data; and adapted from Marineregions.org (Claus and others, 2014; 
Flanders Marine Institute (2018)) for sea areas.

http://Marineregions.org
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3.2. Assessment and state of marine 
invertebrate biodiversity 

Globally, multiple pressures and drivers affect 
marine benthic invertebrates simultaneously 
(see table below). While those impacts have 
been the subject of many studies around the 
globe, the present section and the table below 
highlight only some recent targeted or valua-
ble time series studies that illustrate increased 
understanding since the first Assessment.

3.2.1. Climate warming
Strong evidence indicates unabated warming 
of the global ocean since 1970, which has 
taken up more than 90 per cent of the excess 
heat in the climate system. Since 1993, the 
rate of ocean warming has probably more than 
doubled (Intergovernmental Panel on Climate 
Change (IPCC), 2019). Impacts on marine ben-
thos are particularly profound for polar and sub-
polar regions. Sea ice reduction in the Arctic will 
increase ship access to the region, potentially 
increasing local anthropogenic pressure on 
benthic communities, in particular in harbours. 

Recent findings
 • In the Arctic,2 the Barents Sea (Jørgensen 

and others, 2019), other seas to the north 
of Eurasia and the Far Eastern seas in 
the North Pacific (Lobanov and others, 
2014), marine invertebrates are shifting 
northwards as a result of warming waters 
(see table). Invertebrate biomass has 
declined in areas of the Alaska seas (see 
table) (Grebmeier and others, 2015) with 
consequences for higher trophic levels 
(Grebmeier, 2012); native elders link this 
change to decreased sea ice coverage, the 
movement of sand bars and alterations in 
ocean currents (Metcalf and Behe, in Jør-
gensen and others, 2017). 

2 See www.arcticbiodiversity.is/index.php/findings/benthos.
3 See FCCC/CP/2015/10/Add.1, decision 1/CP. 21, annex.

 • In the North Atlantic, climate warming has 
enabled the arrival of warm-water species 
in inshore areas of the United Kingdom 
of Great Britain and Northern Ireland (see 
table) influenced by the Gulf Stream (Birch-
enough and others, 2015). 

 • In the Pacific, marine heatwaves have led 
to severe bleaching and mass mortality 
of corals around Australia (Le Nohaïc and 
others, 2017; Hughes and others, 2018; 
Stuart-Smith and others, 2018), the Central 
American coast (Cruz and others, 2018) 
and the South China Sea (see table).

Some researchers predict increasing frequen-
cy and severity of marine heatwaves (Frölicher 
and Laufkötter, 2018) in the coming decades, 
even if emission-reduction targets established 
under the Paris Agreement3 are met. This 
warming could eliminate key biogenic habitats 
in coastal regions of temperate and Arctic 
seas worldwide (Krumhansl and others, 2016) 
and affect reef ecosystems located in poorly 
monitored waters with unknown damage (Ge-
nevier and others, 2019).

3.2.2. Bottom trawl fisheries

Bottom trawl fisheries are the most wide-
spread source of anthropogenic physical 
disturbance to global seabed habitats, and 
almost one quarter of global seafood landings 
were caught by bottom trawls from 2011 to 
2013 (Hiddink and others, 2017). Trawl gear 
removes 6–41 per cent of faunal biomass per 
pass and median recovery times are 1.9–6.4 
years (excluding the deep sea), depending on 
the fishery and environmental context (ibid.). 
Trawling impact studies demonstrates that de-
creases in the relative abundance of long‐lived 
fauna (> 10 years) in trawled areas are greater 
than those of fauna with shorter life spans 
(1–3 years) (Hiddink and others, 2019).

http://www.arcticbiodiversity.is/index.php/findings/benthos
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Selected national case studies and related natural and anthropogenic drivers and pressures

Arctic 
Ocean North Atlantic Ocean

South 
Atlantic 
Ocean

Indian 
Ocean

North 
Pacific 
Ocean

South 
Pacific 
Ocean

Indian Ocean- 
South Pacific 

Ocean boundary

N
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ay and Russian Federation, 
Barents Sea

Russian Federation, A
rctic seas

U
nited States, A
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Canada, north-east 

G
reenland, w

est and south-east

U
nited Kingdom

, N
orth Sea

Portugal, south-w
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G
reece, bays and gulfs

M
alta, coast

Trinidad and Tobago

Brazil, coast and bays

Bangladesh, coast

A
ustralia, w

est

Viet N
am

, coast

South C
hina Sea

Russian Federation, eastern seas

A
ustralia, north-east

N
ew

 Zealand, east

A
ustralia, south

Climate warming x x x x x x x x x
Temperature events (e.g., El Niño) x x x
Sedimentation x x x x x
Storms and wave action x x x x
Bottom trawl fisheries x x x x x x x x x x x x
Overharvesting of invertebrates x
Spreading of new species x x x x x x x
Outbreaks of species x x x
Pollution x x x x x
Eutrophication (from agriculture, 
aquaculture and sewage) x x x

Oil and gas exploitation and extraction x x x x x x
Offshore wind farms x
Large ship-breaking activities x
Anchoring x x x
Coastal infrastructure development x x x x
Tourism x x x x
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Recent findings
 • Bottom trawling alters native benthic 

communities, with impacts characterized 
as “some modifications” in the North Sea. 
Studies conducted elsewhere in the North 
Atlantic and beyond report similar changes 
in benthic communities resulting from ag-
gregate dredging (Cooper and others, 2017) 
and experimental trawling (Kenchington 
and others, 2006), the imposition of “one of 
the largest footprints per unit of biomass 
landed” in south-west Portugal (Ramalho 
and others, 2018) and negative impact on 
macro-epibenthic composition in southern 
Greenland (Yesson and others, 2016). 

 • On bathyal seamounts in the South Pacif-
ic, east of New Zealand, the recovery of 
coral communities after the use of heavy 
ground gear will likely take many decades 
(Clark and others, 2019).

 • In the North Pacific, negative impacts 
of bottom trawling on macro-epibenthic 
composition were reported in the East Chi-
na Sea (Wang and others, 2018). 

 • Discarded or lost fishing gear has signifi-
cant impacts on cold-water coral assem-
blages (Deidun and others, 2015) at depths 
of hundreds of metres.

 • Invertebrate fishery catches (see also 
chap.  15) have rapidly expanded globally 
to more than 10  million tons annually 
and contribute significantly to global 
seafood provision, export, trade and local 
livelihoods. On average, 90  per  cent of 
invertebrate catch can be achieved at a 
25  per  cent depletion rate, requiring less 
fishing effort, thereby raising profits, while 
strongly reducing impacts on other trophic 
groups (Eddy and others, 2017).

 • The harvesting of scallops (Chlamys island-
ica) in the Arctic (Barents Sea) (Nosova 
and others, 2018) and of sea cucumbers, 
scallops and crabs in the eastern seas of 

4 www.invasivesnet.org/news.
5 Available at: www.dfo-mpo.gc.ca/species-especes/ais-eae/about-sur/index-eng.html.

the Russian Federation (Lysenko and oth-
ers, 2015) is altering biogenic habitats. 

3.2.3. Invasive species
Invasive species (see also chap. 22 and the 
International Association for Open Knowledge 
on Invasive Alien Species)4 occasionally be-
come a dominant pressure on native benthos. 

Recent findings
 • According to studies on the expanding 

range of the commercial, predatory snow 
crab (Chionoecetes opilio) in the Arctic, C. 
opilio removes nearly 30,000 tons of mac-
robenthos in the eastern Barents Sea annu-
ally (see table) (Zakharov and others, 2018). 

 • In the North Atlantic, the invasive green 
crab (Carcinus maenas) has had an impact 
on seagrasses and sea floor invertebrates 
in some Canadian coastal areas5 (see ta-
ble) (Garbary and others, 2014, Matheson 
and others, 2016). Extensively invasive Sar-
gassum algae (see also chaps. 6E and 6G) 
now cover beaches and inshore coastal 
habitats of Trinidad and Tobago and other 
Caribbean islands (Gobin, 2016). Extensive 
Sargassum beds can alter the abundance 
of many native marine invertebrates and 
may provide a suitable habitat for species 
not previously represented in the local ben-
thic community.

 • In the Mediterranean, more than 500 
non-indigenous marine invertebrate spe-
cies have been recorded (Tsiamis and 
others, 2019), many of which have become 
established, at least locally, at many sites.

 • Outbreaks of the sea urchin Centrostepha-
nus rodgersii are degrading kelp forests off 
the coast of Tasmania, Australia (Ling and 
Keane, 2018). 

 • In the South Atlantic, invasive species fre-
quently dominate some Brazilian coastal 
reefs (Creed and others, 2016, Mantelatto 
and others, 2018) (see table). 

http://www.invasivesnet.org/news
https://www.dfo-mpo.gc.ca/species-especes/ais-eae/about-sur/index-eng.html
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3.2.4. Consequences of pollution on seabed 
communities

The consequences of pollution on seabed 
communities were well documented in the first 
World Ocean Assessment and by IPBES (IPBES, 
2019). To assess the environmental state and 
the resilience of benthic invertebrates, their 
behaviour, dynamics and multiple interactions 
with the environment need to be studied (Neves 
and others, 2013, Pessoa and others, 2019).

Recent findings
 • Agricultural run-off and the disposal of 

municipal waste into the ocean add nu-
trients that produce algal blooms, which 
eventually sink to the bottom, creating hy-
poxic conditions and low pH that typically 
reduce benthic species diversity. Since the 
first Assessment, additional algal blooms 
have been reported by researchers in the 
Indian Ocean, along the coast of Bangla-
desh (Kibria and others, 2016; Mallick and 
others, 2016; Molla and others, 2015), and 
in the South Atlantic, along the coast of 
Brazil (Cruz and others, 2018) (see table). 

 • In the North Atlantic, outflow (sedimenta-
tion) from the Orinoco River (Trinidad and 
Tobago) (see table) increases potential con-
tamination and mortality of benthic inver-
tebrate communities (Gobin, 2016), while a 
metalliferous discharge caused a multi-year 
decline in the ecological status of benthic 
communities along the coast of Greece 
(Simboura and others, 2014) (see table). 

3.2.5. Storms and wave action
Cyclones and tsunamis are among the most 
critical variables in shaping the biological 
richness and structure of marine benthic 
communities and significantly challenging 
their resilience and stability (Betti and others, 
2020). Hurricane frequency and intensity have 
increased in recent decades along the tropi-
cal Atlantic, in close association with climate 
change-related influences (see references in 
Hernández-Delgado and others, 2020).

3.2.6. Mining of deep-sea minerals

The mining of deep-sea minerals (see also chap. 
18) is a potential new industry that can help to 
support an expanding “green” economy based 
on new battery technology for electric vehicles, 
wind turbines and improved telecommunica-
tions and computing technology (Hein and 
others, 2013). Although no deep-sea mining is 
currently conducted in the high seas, the Inter-
national Seabed Authority administers 30 explo-
ration licences (covering an area of 1.5 million 
km2) in the Pacific Ocean and the Indian Ocean 
and along the Mid-Atlantic Ridge. In mining op-
erations, the direct physical removal of sea floor 
fauna and secondary effects from sediment 
plumes or the release of ecotoxins will potential-
ly affect benthic environments and will require 
careful evaluation (Miller and others, 2018). 
Lack of knowledge of deep-sea biodiversity is 
a major constraint to ensuring environmental 
sustainability (Glover and others, 2018).

3.2.7. Human recreational activities, coastal 
infrastructure development and ship 
anchoring and bunkering 

Human recreational activities, coastal infra-
structure development and ship anchoring 
and bunkering continue to have an impact on 
vulnerable habitats and associated inverte-
brate assemblages, as discussed in the first 
Assessment, with additional records from near 
Malta (see table) in the Mediterranean (García-
March and others, 2007; Mifsud and others, 
2006). In addition, ship-breaking activities on 
the coast of Bangladesh (see table), in the Bay 
of Bengal, have reduced benthic species diver-
sity (Hossain, 2010).

3.2.8. Crime

The criminal exploitation of marine species oc-
curs globally, as illustrated by the smuggling of 
abalones out of South Africa by crime groups. 
A request for assistance from law enforcement 
agencies in receiving countries may provide a 
solution (Warchol and Harrington, 2016).
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3.2.9. Consequences of changes in  
marine invertebrate biodiversity  
on human communities, economies 
and well-being

Biodiversity changes have both direct and 
indirect impacts on human well-being (IP-
BES, 2019). Unfortunately, there is a lack of 
large-scale and long-term monitoring of large 
marine areas, even though some Arctic and 
North Atlantic nations have established long-
term monitoring of invertebrate fisheries and 
by-catch from trawls within existing scientific 
national fish-assessment surveys (Jørgensen 
and others, 2017). 
Limited publications document specifically 
how marine benthic invertebrates contribute 
to human well-being (e.g., Officer and others, 
1982; Snelgrove and others, 1997). However, the 
first and the present Assessments document 
the importance of benthic invertebrates to ma-
rine food webs and the many habitat-forming 
or habitat-engineering benthic species. Some 
key issues are summarized below.

 • Under a business-as-usual emissions sce-
nario, the United Nations Educational, Sci-
entific and Cultural Organization predicts 
that the Great Barrier Reef of Australia, 
along with other World Heritage coral reefs, 
will have ceased to exist as a functioning 
coral reef ecosystem by 2100 (Heron and 
others, 2017). 

 • Corals, oysters and other living reefs 
(see also chap. 7F) can dissipate up to 
97  per  cent of the wave energy reaching 
them, thus protecting structures and hu-
man lives (Ferrario and others, 2014). This 
is potentially an important mitigation factor 
as sea level rises. Artificial coastal barriers 
to protect coastal infrastructure and hu-
man communities from climate-related sea 
level rise will cost an estimated hundreds 
of billions of dollars by the latter decades of 
the twenty-first century (IPCC, 2019).

 • Increased risk to food security linked to 
decreases in seafood availability varies 

greatly on the local and cultural scales. 
However, for many coastal indigenous peo-
ples and local communities, the harvesting 
of benthic invertebrates, in particular inter-
tidal species, contributes significantly to 
their culture and to community-scale food 
security (IPBES, 2018a, b; IPCC, 2019). 

 • Elevated sea surface temperatures have 
contributed to species range extensions 
globally, including into South Pacific Tas-
manian waters (Pecl and others, 2014), 
which will likely affect fisheries and possi-
bly tourism in the region, as well as ecosys-
tem services. 

 • Climate-induced changes in the distribu-
tion of many benthic invertebrates may 
cause an increase in food resource species, 
a decrease, including their local extinction, 
or even new such species becoming avail-
able to dependent coastal communities 
(IPCC, 2019). Several studies report chang-
es in the poleward range of sessile inverte-
brates at a slower rate than that of fishes, 
but also consider benthic invertebrates 
more likely to respond directly to chang-
es in temperature and pH (IPCC, 2019).
Invasive species, such as the snow crab, 
support increased commercial harvesting 
in the Arctic Barents Sea (Jørgensen and 
others, 2019), whereas the crab Portunus 
segnis, a Lessepsian migrant spreading in 
the Mediterranean, feeds on fish, shelled 
molluscs, crustaceans and organic mat-
ter, thus having a significant impact on 
trophic processes in native ecosystems, in 
addition to being the host of a variety of 
parasites (Rabaoui and others, 2015). In 
the Africa and Asia-Pacific regions, the 
impacts of invasive benthic invertebrates 
increase the risk of failing to meet food 
security needs (IPBES 2018b, c).

 • In the Mediterranean, infrastructure de-
velopment (e.g., habitat modification for 
vessels), which has a direct impact on pro-
tected species (e.g., Cladocora caespito-
sa) and commercially important species, 
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decreases the value of marine ecosystem 
services. 

Despite some progress, there remains a 
need for addressing the huge knowledge gap 

6 See www.mpi.govt.nz/dmsdocument/7242-compliance-fact-sheet-7-benthic-protection-areas-and-sea-
mount-closures.

concerning the effects of biodiversity loss on 
human communities, economies and well-be-
ing. Understanding the underlying causes of 
change requires repeated time series studies.

4. International and governmental responses
Several ongoing initiatives reflect a growing 
priority being given to protecting marine 
biodiversity, in areas both within and beyond 
national jurisdiction. These initiatives include 
science processes, such as the World Ocean 
Assessment, and legal processes, such as 
the intergovernmental conference on an inter-
national legally binding instrument under the 
United Nations Convention on the Law of the 
Sea on the conservation and sustainable use 
of marine biological diversity of areas beyond 
national jurisdiction, as well as initiatives of 
Intergovernmental Organizations, such as the 
International Seabed Authority.

General Assembly resolution 61/105 of 8  De-
cember 2006, on sustainable fisheries, in 
which the Assembly called for fisheries using 
bottom-contacting gear to avoid significant 
adverse impacts on vulnerable marine eco-
systems, has been particularly influential on 
marine fisheries. The expert guidance from 
the Food and Agriculture Organization of the 
United Nations (FAO) (FAO, 2009) supported 
States and regional fisheries management 
organizations in identifying vulnerable marine 
ecosystems and operating fisheries in ways 
compliant with the resolution.

Actions taken in line with resolution 61/105 
enhanced existing efforts of regional fisheries 
management organizations to manage the 
impacts of fisheries on biodiversity. Targeted 
spatial and temporal closures and move-on 
rules, triggered by indicators of the presence 
of vulnerable marine ecosystems, are now 

applied in combination with a variety of target 
and limit catch levels spatial management ap-
proaches and gear and effort regulations. The 
aim of these efforts is to keep the impacts of 
fisheries on target species, by-catch species, 
seabed habitats and ecological communi-
ties within safe ecological levels (Garcia and 
others, 2014). The performance of regional 
fisheries management organizations in deliv-
ering the mandate to protect seabed habitats 
and species has been variable over time and 
among organizations (Gianni and others, 2016), 
but the frameworks are considered sound and 
progress is being made (Bell and others, 2019).

4.1. Recent governmental actions 
 • Some Arctic and North Atlantic nations 

have established time and cost-efficient, 
long-term monitoring of invertebrate by-
catch from trawls within existing scientific 
national fish or shrimp assessment sur-
veys (Jørgensen and others, 2017). 

 • In the South Pacific, New Zealand govern-
ment policies6 prohibit bottom trawling 
and dredging in order to conserve the 
deep-sea environment in seamount clo-
sure areas and benthic protection areas, 
and there is evidence that benthic species 
of concern have benefited from those pro-
hibitions (Kelly and others, 2000).

 • In the Arctic, in 2019, the Government of 
Norway closed 442,022 km2 to bottom 
trawling in the Barents Sea (Jørgensen 
and others, 2020).

http://www.mpi.govt.nz/dmsdocument/7242-compliance-fact-sheet-7-benthic-protection-areas-and-seamount-closures
http://www.mpi.govt.nz/dmsdocument/7242-compliance-fact-sheet-7-benthic-protection-areas-and-seamount-closures
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 • In the North Pacific Ocean and the Bohai 
Sea, strict ecological restoration and 
fishery resources conservation were intro-
duced in 2018.7

 • In the inlet of the Indian Ocean, despite 
rules and regulations to protect the marine 
ecosystem from hazards and destructive 
activities, actual implementation remains 
minimal.

 • In the Mediterranean, the conservation 
status of sponges has recently been lo-
cally assessed in the Aegean ecoregion 
(Gerovasileiou and others, 2018).

 • Competent authorities in the member States 
of the European Union are implementing 
the Marine Strategy Framework Directive.8 
In the areas concerned, among other de-
scriptors, the sea floor integrity shall be 
kept at a level that safeguards the structure 
and function of the ecosystems and does 
not adversely affect benthic ecosystems. 
The second cycle of the implementation 
plans under the Directive9 increases the 
protection from fishery impacts of seabed 
features important to benthic invertebrates. 
This includes, among others, the banning of 
mobile bottom-contacting gears at depths 
shallower than 50 m, to protect vulnerable 
habitats, such as seagrass beds.

The Convention on Biological Diversity Aichi 
Biodiversity Target 11,10 another major global 
policy initiative, has direct relevance for ben-
thic invertebrates. This initiative calls for a 
robust conservation strategy based on an ef-
fectively and equitably managed, ecologically 
representative and well-connected system of 
protected areas (see also Kenchington and 
others, 2019) and other effective area-based 
conservation measures, integrated into wider 
seascapes (see also chaps. 26 and 27). Target 

7 See www.mee.gov.cn/xxgk2018/xxgk/xxgk03/201812/t20181211_684232.html.
8 Available at https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008L0056.
9 See https://mcc.jrc.ec.europa.eu/main/dev.py?N=24&O=202&titre_chap=D6%20Sea-floor%20integrity&titre_

page=Implementation#2016331103713.
10 See www.cbd.int/sp/targets/rationale/target-11.

11 includes identifying and spatially delin-
eating areas of protection, ensuring scales 
matching the spatial and temporal needs of 
the biodiversity features. 

This approach is intended to achieve positive 
and sustained long-term outcomes for the 
conservation of biodiversity, in particular 
seabed invertebrate diversity and associated 
ecosystem functions and services and, where 
applicable, cultural, spiritual, socioeconomic 
and other locally relevant values.

Benthic invertebrate biodiversity could par-
ticularly benefit from those developments, 
given that, as documented in the present 
subchapter, seabed habitats experience pres-
sures and impacts from many sectors and 
their associated activities and are so diverse 
that the effectiveness of specific types of con-
servation measures vary greatly with specific 
environmental conditions, history and mixes 
of human pressures, including climate change.

In general, increasing marine protected area 
network coverage should reduce pressures 
on benthic invertebrates and facilitate the 
recovery of negatively affected areas. Aichi 
Biodiversity Target 11 contributes to a growing 
awareness that conservation strategies need 
to move beyond protecting individual, isolated 
marine areas (Secretariat of the Convention 
on Biological Diversity, 2011). Marine protect-
ed area networks are essential biodiversity 
conservation tools designed to improve ma-
rine biodiversity protection by encompassing 
spatial scales that better reflect the life his-
tory distributions of species. Target  11 also 
promotes conservation beyond boundaries 
by recognizing the crucial role of governance 
and economic, social and ecological factors 
working in concert to influence ecological out-
comes (Meehan and others, 2020).

http://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/201812/t20181211_684232.html
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX
http://www.cbd.int/sp/targets/rationale/target-11
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5. Achievement of relevant Sustainable Development Goals11 
and contribution to Aichi Biodiversity Target 11

11 See General Assembly resolution 70/1.

Current negative trends in biodiversity and 
ecosystems will undermine progress towards 
the achievement of Aichi Biodiversity Target 
11, which is aimed at the conservation and 
integration into the wider landscape and sea-
scape of 10  per  cent of coastal and marine 

areas of particular importance for biodiversity 
and ecosystem services by 2020, through ef-
fectively and equitably managed, ecologically 
representative and well-connected systems 
of protected areas and other effective ar-
ea-based conservation measures.

6. Key remaining knowledge gaps and capacity-building gaps
6.1. Knowledge gaps
 • Studies on the effect of protected areas 

remain limited.
 • Reviews do not break down impacts (e.g., 

climate change, resource exploitation and 
pollution) on marine biodiversity by spe-
cies group. This limits knowledge of the 
value and importance of invertebrates for 
human well-being. 

 • Baseline biodiversity studies (for ecore-
gions or for habitats that are hotspots for 
biodiversity) are lacking for the mesophot-
ic zone, underwater caves and many of the 
thousands of global seamounts.

6.2. Capacity-building gaps  
in the field

 • The large-scale protection of the seabed, 
at both the national and international 
levels, must continue in order to sustain 
benthic biodiversity and avoid the extirpa-
tion of species before they have even been 
recorded.

 • Listing species with restricted geographi-
cal ranges, often arising from specialized 
habitat requirements, represents the most 

urgent need. Even describing 100 taxo-
nomic units every year over the next dec-
ade would add just 1,000 species before, 
according to some experts, commercial 
scale deep-sea mining is expected to be-
gin (Glover and others, 2018).

 • To increase knowledge on biodiversity and 
ecosystem understanding, marine national 
regular assessment cruises should report 
both targeted and non-targeted scientific 
catch. 

 • Integrated ocean management should be 
prioritized to coordinate conservation and 
management among all relevant activities. 

 • Managers should develop and implement 
common, well-defined measures to identi-
fy and respond to declining benthic habi-
tats in national and international waters.

 • Studies are needed to determine the ef-
fects on ecosystems of reduced or lost 
benthos, in particular in the context of 
food web interactions.

 • Studies are needed to determine the effect 
on food supply if harvested benthic com-
munities disappear.

 • The cumulative impact of drivers and pres-
sures that can have a combined effect on 
marine biodiversity needs to be assessed.
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Addendum by the Group of Experts of the Regular Process for 
Global Reporting and Assessment of the State of the Marine 
Environment, including Socioeconomic Aspects

Status of pelagic invertebrates:  
cephalopods
Of the 750 species considered by the Interna-
tional Union for Conservation of Nature (IUCN), 
only one species is classified as Critically 
Endangered, two as Endangered and another 
two as Vulnerable, all of which are deep-sea 
umbrella octopuses (IUCN, 2020). 

However, more than 419 species are consid-
ered Data Deficient, and they include many 
deep-sea dwellers (IUCN, 2020). Ten nautilus 
species were included in appendix II to the 
Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora in 2017 
to regulate international trade therein. 

Although information on many deep-sea dwell-
ers is still scarce, recent advances in deep-sea 
research has increased understanding of the 
ecology and biology of deep-sea cephalopods. 
In the central Pacific Ocean, a rare observation 
of the mating and reproductive behaviours of 
the deep-sea squids Chiroteuthis spp. has 
been recorded (Vecchione, 2019). A specimen 
of giant squid, the largest species (up to 13 
m) and one of the most enigmatic, was filmed 
in the Gulf of Mexico in 2019, which was only 
the second time ever that the species was 
recorded since it had been first observed in 
2012. Analysis of the mitochondrial DNA of 
43 specimens from the North Pacific Ocean, 
the Atlantic Ocean and Oceania supports the 
hypothesis that giant squids belong to a single 
species (Architeuthis dux) (Winkelmann and 
others, 2013). Ontogenetic changes in the 

feeding strategy of the vampire squid (Vampy-
roteuthis infernalis) have been established 
using stable isotope analyses (Golikov and 
others, 2019).

Recent work has identified a common mul-
ti-decadal increasing trend in the catch rates of 
dozens of cephalopods species with different 
biological and ecological strategies (demersal, 
benthopelagic and pelagic) in diverse oceanic 
regions (Doubleday and others, 2016). This 
proliferation has been attributed to their high 
adaptability and resilience to environmental 
fluctuations thanks to their rapid growth and 
flexible development. As an example, shoaling 
of the oxygen minimum zone in the California 
Current System has been thought to optimize 
feeding conditions for the Humboldt squid (Do-
sidicus gigas). This has allowed the species to 
thrive and expand its distribution northwards 
up to the Gulf of Alaska (Stewart and others, 
2014). In the North Sea, a warming trend from 
the mid-1980s to the mid-2010s is thought 
to have been responsible for an increase in 
overall abundance of several squid species 
and in an northward expansion of their distri-
bution (van der Kooij and others, 2016). Future 
warming of the Arctic Ocean may facilitate the 
trans-Arctic expansion of the European cut-
tlefish (Sepia officinalis) into North Canadian 
waters by 2300 (Xavier and others, 2016). In 
Australian waters, warming waters associated 
with a poleward extension of the Eastern Aus-
tralian Current are facilitating the expansion of 
the distribution of the gloomy octopus (Octo-
pus tetricus) (Ramos and others, 2018).
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