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The fluke of a sperm whale (Physeter macrocephalus) diving with 
Greenpeace sailing vessel, the Witness in the horison. The ship was on 
a scientific expedition in August 2024 with a team from Greenpeace 
Nordic, Greenpeace Germany and researchers. 
© Christian Åslund / Greenpeace
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The Arctic is a unique and vital marine 
environment, home to one of the world’s 
most fragile and diverse ecosystems, 
crucial for global climate regulation 
and supporting a wide array of species 
found nowhere else on Earth. The 
recent decision by Norway to open up 
281,200 km2 of its claim to an extended 
continental shelf to deep sea mining is 
putting ocean life and the livelihoods of 
those who depend on it at grave risk. 

The remote offshore waters 
of the Arctic seas teem with life. 
Deep-diving sperm whales and 
northern bottlenose whales in their 
search for squid are among the 
animals that connect the surface 
waters with the deep ocean below. 
The underwater environment of 
the Mid-Atlantic Ridge is made up 
of a diverse mix of seamounts, 
ridges, canyons and extraordinary 
hydrothermal vent fields, the 
result of the volcanic activity that 
occurs where two tectonic plates 
rub up against each other. The 
spring explosion of phytoplankton 
fuels a complex and dynamic food 
web where tiny copepods and 
other zooplankton are fed on by 
numerous creatures. These include 
huge shoals of herring, mackerel 

and blue whiting, and thousands of 
baleen whales that make their way 
north from the warm waters where 
they breed to make the most of the 
annual Arctic bonanza. It is also a 
seasonal migration route for globally 
important populations of seabirds.

Despite the absence of light,  
the marine life thousands of metres 
under the waves is remarkably 
diverse. A mosaic of sponge 
assemblages and coral gardens 
provide habitat for many invertebrate 
and fish species that utilise them 
as spawning, nursery and foraging 
grounds, and as areas of refuge.

The communities that live around 
the deep sea hydrothermal vent 
fields are even stranger: they are 
home to creatures such as stalked 
jellyfish, tube worm ‘forests’, fish that 
produce antifreeze and ‘hairy’ shrimps 
hosting colonies of bacteria that can 
convert toxic hydrogen sulphides 
and methane into energy.1 These are 
unique habitats with endemic species 
that can be found nowhere else on 
Earth, including ones that have yet to 
be scientifically described. 

It is these vulnerable habitats that 
the Norwegian government wants 
to carve up with underwater robots 

and other noisy machinery for the 
metals found in the manganese crusts 
formed on seamounts and the seafloor 
massive sulphide (SMS) deposits around 
hydrothermal vent fields.

Deep sea mining companies’ 
disregard for marine life and the 
warnings of scientists extends beyond 
Arctic ecosystems, more precisely in 
the Clarion-Clipperton Zone (CCZ), a 
vast area in the Pacific Ocean between 
Mexico and Hawaii where highly risky 
plans to extract polymetallic nodules 
are being pursued. A recent scientific 
study has revealed that these nodules 
may be playing a key role in producing 
oxygen in the deep sea without 
photosynthesis.2 This unexpected 
finding is indicative of how little we 
know about how deep sea ecosystems 
function. It has quickly influenced the 
political agenda, spurring calls for 
further investigation into the ‘dark 
oxygen’ phenomenon, and represents 
yet another reason why we must take a 
precautionary approach. Gathering the 
baseline data for deep sea ecosystems 
requires time, and deep sea mining is a 
dangerous gamble against it. 

This report showcases much of what 
is known about the amazing marine life 
of the Arctic seas – but more than that, 
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it reveals how many questions there 
are still to be answered. This requires 
gathering more information about the 
distribution of species and habitats in 
the area, their ecosystem functions and 
the oceanographic conditions and how 
they might be impacted by any future 
mining operations. As Norway’s own 
Institute of Marine Research (IMR) has 
stated, the lack of baseline data means 
that it is impossible to comprehensively 
assess the full environmental impact 
of any proposed deep sea mining 

operations.3 In the context of the rapid 
environmental changes, rising sea 
temperature and ocean acidification 
that the area is currently experiencing, 
the need for more baseline research is 
even more urgent. Enough knowledge is 
already available to understand that, as 
the Deep Sea Mining Science Statement 
puts it, ‘deep-sea mining would add 
to these stressors, resulting in the 
loss of biodiversity and ecosystem 
functioning that would be irreversible 
on multi-generational timescales’.4 This 
statement is signed by more than 800 
marine science and policy experts, 
and the list of scientists, governments, 
companies and further stakeholders 
warning against deep sea mining is 
constantly growing. 

While the deep sea mining industry 
is being held at bay across the world, 

there is growing evidence that any 
future deep sea mining operations 
will have multiple ‘extensive 
and irreversible, permanent and 
immitigable’ impacts on the marine 
ecosystem.5 There is the distinct 
possibility of making species extinct 
even before scientists have had a 
chance to describe and catalogue them. 
And these impacts won’t be confined 
to the destruction of the seabed and 
associated benthic communities. 
Sediment plumes generated at the 

seafloor and as discharge from vessels 
on the surface risk impacting on species 
beyond the mine site and in the water 
column.. Noise pollution will pervade 
the underwater world and disrupt 
the behaviour of whales and other 
creatures. Even the artificial lighting 
used is expected to interfere with 
ecosystem functions in ways that are 
only just being uncovered.

Then there is always the inherent risk 
of major accidents occurring with the 
use of new technology far from land, in 
an extremely tricky environment – there 
is, on average, one underwater volcanic 
eruption in Norwegian deep sea areas 
every single year.

The Norwegian government 
appears to be hellbent on extraction, 
which may seem surprising as so 
many other countries are heeding 

the science and supporting the 
growing consensus on the need for 
a deep sea mining moratorium. In 
reality, Norway has put considerable 
effort into creating an image for 
itself as a leader on sustainable 
management in international forums, 
while continuing an aggressive 
extraction policy within its own 
waters, particularly as it relates to 
the oil and gas industry.

Criticism of the plans and the 
processes by which they are being 
implemented has come in a wide 
variety of forms from both domestic 
and international actors. For example, 
Norwegian fishermen are deeply 
concerned as to possible future impacts 
on their industry, and WWF Norway is 
mounting a legal case.

International commitments – 
namely the Convention on Biological 
Diversity’s Kunming-Montreal Global 
Biodiversity Framework ’s mission to 
halt and reverse biodiversity loss by 
2030 and its target to protect 30% 
of the ocean by 20306 and the Global 
Ocean Treaty7 that aims to safeguard 
the marine biodiversity inhabiting 
the high seas – signpost a different 
approach: one that confers protection 
on the marine ecosystems that, 
through various ecological processes, 
sustain us all.

Greenpeace urges the Norwegian 
government to listen to the multitude 
of voices that are opposed to deep 
sea mining, halt its plans and support 
a moratorium on deep sea mining 
globally. Norway should seize the 
opportunity to conduct further 
research into the ecological functioning 
of the Arctic waters, progress the 
initiative to establish a network of 
benthic marine protected areas (as 
described later in this report) and work 
with other countries in the region to 
apply the provisions of the Global 
Ocean Treaty to the overlying waters.

Now, when six of the nine planetary 
boundaries have been exceeded,8 is 
not the time to be opening up a new 
frontier to extraction, but one when we 
should all be doubling down on doing 
what is needed to safeguard the wildlife 
and ecosystems that we share this 
wonderful blue planet with.  

International activists and environmental 
organisations gather outside the 
Norwegian Parliament to prostest against 
deep sea mining in January 2024. 
© Will Rose / Greenpeace
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NORWAY’S DEEP SEA
MINING PLANS 
The seabed of the Arctic Mid-Ocean Ridge (AMOR) opened 
up by Norway for deep sea mining exploration and future 
extraction is part of Norway’s claim to an extended 
continental shelf, but lies outside the Norwegian exclusive 
economic zone (EEZ). It is situated north of the Arctic Circle 
and almost entirely outside of the maximum sea ice extent.

Volcanic activity in the area has resulted in raggedy 
crusts that are heterogeneous in character, with features 
including seamounts, ridges and canyons. Norway plans to 
mine for minerals such as manganese, cobalt, copper, nickel 
and rare-earth metals found in these manganese crusts 
on seamounts and sulphide deposits on active, inactive or 
extinct hydrothermal vents. All the hydrothermal vents on 
the AMOR are relatively recent discoveries, with the most 
recent vent system, Deep Insight, reportedly being identified 
in 2023.9 Located at depths of 1,000 to 4,000 metres, where 
no light penetrates, these areas harbour surprisingly diverse 
marine life and biological communities, making them both 
scientifically significant and ecologically fragile.

The biodiversity of
the Arctic deep sea 
Deep sea species commonly exhibit a set of fundamental 
biological characteristics and life history traits – slow growth, 
high or extremely high longevity, late sexual maturity and low 
fertility – that make them inherently vulnerable to disturbance 
and habitat damage. Habitat-forming animals such as deep sea 
sponges and corals, sea pens and sea fans create what have 
been referred to as underwater ‘forests’ that are classified as 
vulnerable marine ecosystems (VMEs).10 Hydrothermal vents 
provide remote and isolated habitats that support unique and 
vulnerable biological communities. The deeper hydrothermal 
vents host chemosynthetic ecosystems in which microbes use 
chemical energy to create biomass that is consumed by other 
organisms. Some of the species found at the Jøtul vent field 
on the Knipovich Ridge include armoured crustaceans, ‘hairy’ 
shrimps and stalked jellyfish, as well as ‘forests of tube worms, 
fish with antifreeze proteins in their blood and animals living 
with bacteria that can turn toxic chemicals into energy’.11 

KEY
INSIGHTS
• Deep sea species are characterised by slow 

growth, high or extremely high longevity, late 
sexual maturity and low fertility. This makes them 
inherently vulnerable to disturbance and habitat 
damage. Therefore, habitats formed by animals such 
as deep sea sponges, stony corals, sea pens, sea fans, 
lace corals and black corals are classified as VMEs.

• Twelve species of marine mammals are regularly found 
in the area where Norway plans to start deep sea 
mining: minke whale, humpback whale, fin whale, blue 
whale, bowhead whale, northern bottlenose whale, 
sperm whale, orca, narwhal, white-beaked dolphin, 
harp seal and hooded seal.

• The strong ocean currents and unique underwater 
topography in the Nordic Seas create the conditions 
necessary for the spring phytoplankton bloom, which 
drives the region’s high biological productivity. This 
bloom supports a vast biomass of zooplankton, which 
sustains many species, including three key small pelagic 
fish: herring, mackerel and blue whiting. These pelagic 
fish species are predated on by larger marine animals 
and are also targeted by fishermen, who see Norway’s 
plans as a threat to fishing populations.

• The lack of certain baseline data regarding the 
biodiversity and associated conditions such as the 
prevailing bottom currents mean that it is impossible to 
comprehensively assess the scale of the environmental 
damage of any deep sea mining operations.

• The area is important to many globally significant 
populations of seabirds, especially as a migration route. 
Many of these populations are in decline, particularly the 
Arctic species.

• The Nordic Seas are a major transition zone where 
warmer, saltier Atlantic waters meet colder, fresher 
waters from the Arctic. They are undergoing rapid 
environmental change, getting warmer and more acidified.

SUMMARY 



Figure 1. Norway’s proposed 
area for commercial 
exploitation of seabed 
minerals, including applied 
licence blocks 
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A schematic showing the 
potential impacts of deep-sea 
mining on marine ecosystems. 
Not to scale.
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Main impacts
of deep sea
mining

Deep sea mining is a destructive 
industry that will lead to removal 
of deep sea habitats and loss of 
biodiversity. Evidence is accumulating 
that the potential impacts of deep 
sea mining are likely to be extensive, 
permanent and immitigable. The extent 
of the damage that sediment plumes 
could cause is unknown, but strong 
currents could mean they would be 
extensive. The deep-diving northern 
bottlenose whales and male sperm 
whales that target the Arctic squid, 
Gonatus fabricii, in the deep waters rely 
on sound to forage successfully, and 
they may be particularly sensitive to 
noise pollution. 

The impacts of deep sea mining 
include, but are not limited to:

•	 Direct	removal	of	seafloor	habitat	
and organisms

•	 Alteration	of	substrate	and	its	
geochemistry

•	 Modification	of	sedimentation	
rates	and	food	webs

•	 Creation	of	changes	in	substrate	
availability,	heterogeneity	and	
flow	regimes

• Release of suspended sediment 
plumes

• Release of toxins and 
contamination from extraction 
and	removal	processes 

• Noise pollution

• Light pollution

• Chemical leakage from mining 
machinery and equipment

• Unintentional transport of species 
(in	ballast	water	or	on	equipment)	
to	a	different	location

Greenpeace
demands to stop
deep sea mining

The Norwegian government’s 
opening of its claim to an extended 
continental shelf to deep sea 
mining has led to extensive 
criticism both domestically and 
internationally, including from its 
own environmental agency and 
the European Parliament.12 The 
Norwegian government must stop all 
deep sea mining activities and instead 
support a moratorium on deep sea 
mining globally, as more than 30 
governments have already done. 
To secure a future for the wealth of 
biodiversity in these Arctic waters, 
the Norwegian government should 
promote their protection as part of a 
global network of ocean sanctuaries, 
off limits to all extractive activity. 

In order to meet its international 
commitments, such as those 
enshrined in the Kunming-Montreal 
Global Biodiversity Framework, 
the Norwegian government should 
establish an effective and fully 
representative network of ocean 
sanctuaries covering at least 30% 
of its jurisdiction. It should also 
work with others to ensure that 
equivalent protection is conferred 
for the overlying international 
waters and that the other ambitions 
of the Global Ocean Treaty are met. 
Allowing scientific research into 
the deep sea is paramount in order 
to highlight its central importance 
for the ocean and the climate, 
and species protection must be 
supported. The destruction of these 
ecosystems is unnecessary. Rather 
than pushing for the exploitation 
of the deep sea frontier to meet 
onshore raw material demand, 
the Norwegian government must 
promote the circular economy 
through sustainable product design, 
right to repair and efficient recycling.

Acronyms

ABMT  Area-Based  
Management Tools

AMOR Arctic Mid-Ocean Ridge
BBNJ  Biodiversity Beyond National 

Jurisdiction
CBD  Convention on Biological 

Diversity
CLCS  Commission on the Limits  

of the Continental Shelf
EBSA  Ecologically or Biologically 

Significant Area
EEZ Exclusive Economic Zone
EIA  Environmental Impact 

Assessment
ICES  International Council for  

the Exploration of the Sea
IFBs  Legal instruments and 

frameworks and relevant 
global, regional, subregional 
and sectoral bodies

IMO  International Maritime 
Organisation

IMR Institute of Marine Research
IPBES  Intergovernmental 

Science-Policy Platform on 
Biodiversity and Ecosystem 
Services

IUCN  International Union for the 
Conservation of Nature

IWC  International Whaling 
Commission

MGR Marine Genetic Resources
MPA Marine Protected Area
NEAFC  North-East Atlantic Fisheries 

Commission
NPD  Norwegian Petroleum 

Directorate
OSPAR  The Convention for the 

Protection of the Marine 
Environment of the North-
East Atlantic

ROV Remotely Operated Vehicle
SMS Seafloor Massive Sulphides
UNCLOS  United Nations Convention 

on the Law of the Sea
VME  Vulnerable Marine 

Ecosystem



1H DEEP SEA MINING IN THE ARCTIC: LIVING TREASURES AT RISK 1H DEEP SEA MINING IN THE ARCTIC: LIVING TREASURES AT RISK

CONTENTS

INTRODUCTION
NORWAY’S DEEP SEA  
MINING PLANS 3

MINERAL DEPOSITS 
ON THE NORWEGIAN 
CONTINENTAL SHELF 5

SEAFLOOR MASSIVE 
SULPHIDES 6

MANGANESE CRUSTS 7

BIODIVERSITY 9

OVERALL STATE OF THE 
NORWEGIAN SEA ECO-REGION 9

DEEP SEA HABITATS AND 
BIOLOGICAL COMMUNITIES 11

ACTIVE AND INACTIVE 
HYDROTHERMAL VENTS
Loki’s Castle Vent Field 13
Ægir’s Kilde Vent Field 13
Fåvne Vent Field 13
Jan Mayen and Seven 
Sisters Vent Fields 13
Jøtul Vent Field 13
Inactive Vents 14
Mohns Treasure 14
Seamounts 14
Schulz Bank 15

PELAGIC ECOSYSTEM
Plankton 19
Copepods (Calanus spp.) 19
Macroplankton 20
Cephalopods 21

FISH
Northeast Atlantic pelagic 
fish complex – mackerel,  
herring and blue whiting 23
Greenland shark 23

MARINE MAMMALS
Baleen whales 25
Toothed whales 28
Sperm whales 28
Northern bottlenose whales 29
Orcas 29
White-beaked dolphins  30

BIRDLIFE 31 
UNCERTAINTIES AND  
LACK OF BASELINE DATA 34

THREATS TO ARCTIC 
BIODIVERSITY FROM  
DEEP SEA MINING
Impacts on SMS deposits 36
Impacts on seamounts 36
Sediment plumes 36
Noise pollution 37
Light pollution  38
Accidents 39
Other industries 40
Widespread criticism  
for Norway’s proposed  
deep sea mining 40

PROTECTION, 
NOT EXTRACTION 43

WAY FORWARD 45

ENDNOTES 49



32 DEEP SEA MINING IN THE ARCTIC: LIVING TREASURES AT RISK

Lion’s Mane Jellyfish in the Arctic  
© Greenpeace
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INTRODUCTION

There is a growing consensus that 
deep sea mining poses a huge 
threat to marine wildlife and the 
functioning of marine ecosystems 
wherever it is proposed in 
the ocean. Consequently, the 
Norwegian government’s 
decision to open up an area of 
its continental shelf to deep sea 
mining exploration with a view to 
possible extraction in the future 
has been received with great 
consternation, both nationally  
and internationally.
This report aims to show what is at stake by presenting an 
overview of what is known about the Arctic biodiversity 
inhabiting the area, identifying associated knowledge 
gaps, investigating the vulnerability of species and 
habitats to the expected impacts of any future mining 
operations and examining the policy context, including 
the need to confer effective protection. To achieve this, a 
review of the scientific literature was undertaken and the 
policy context researched.

The information and analysis presented in this 
report point to a way forward that will ensure that the 
remarkable marine life of the proposed mining area is 
safeguarded for this and future generations.

NORWAY’S DEEP SEA
MINING PLANS
On 9 January 2024, the Norwegian Parliament (the 
Storting) endorsed a Norwegian government proposal 
and voted to authorise the opening up of substantial 
parts of the Norwegian continental shelf and Norway’s 
claim to an extended continental shelf to industry 
for deep sea mining exploration.13, 14 The decision will 
allow the Norwegian government to issue exploitation 
licences, but before any mining can start, the Norwegian 
Parliament will be required to vote again and give its 
approval to the plan of work of the mining project.15, 16

The area of seabed opened up for deep sea 
mining exploration by the Norwegian government is 
located beyond Norway’s 200 nm EEZ, and much of 
it lies on Norway’s claim to an extended continental 
shelf. It covers a massive 281,200 km2 of mid-ocean 
ridge (larger than the total land area of the United 
Kingdom) and is located between Svalbard and Jan 
Mayen Island.

In 2006, Norway submitted a claim to the 
Commission on the Limits of the Continental Shelf 
(CLCS).17 The CLCS made its recommendations in 2009, 
and consequently Norway’s continental shelf was 
extended to include areas in the Barents Sea, the 
Arctic Ocean and the Norwegian Sea. Significantly, 
Norway’s claim to an extended continental shelf now 
includes seabed that underlies the high seas part 
of the Norwegian Sea, known as the ‘Banana Hole’. 
Under the United Nations Convention on the Law of 
the Sea (UNCLOS), Norway has the exclusive right to 
explore and exploit natural resources on its extended 
continental shelf, once established, but its sovereign 
rights do not apply to the water column above18.

On 26 June 2024, the Ministry of Energy 
presented a proposal for public consultation that 
sets out the areas where the companies will be able 
to apply for exploitation licences.19 The 386 blocks 
span approximately 38% of the area that was opened 
in April. The public will be able to respond on this first 
licensing round until 26 September 2024.
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Figure 2. Map 
showing the 
proposed mining 
area by Norway in 
the Arctic Seas 
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MINERAL DEPOSITS
ON THE NORWEGIAN
CONTINENTAL SHELF

The mineral deposits found on Norway’s claim to an 
extended continental shelf are the result of the dynamic 
geology and hydrography of the area – factors that also 
create unique habitats that host diverse, vulnerable and 
often unique biological communities.

The area opened up for deep sea mining 
exploration and mapping is known as the Arctic 
Mid-Ocean Ridge (AMOR), which itself is part of the 
65,000 km mid-ocean ridge, an underwater chain of 
mountains that snakes its way through every ocean in 
the world. Ridges occur where two tectonic plates are 
moving apart. Along these divergent plate boundaries, 
earthquakes and volcanic activity cause molten rock 
to spew from the resulting fissures, creating new 
ocean crust at the ragged edge of the plates. 

In the Norwegian Sea, the ridges are considered 
‘ultraslow-spreading’, with the plates moving away 
from each other at a rate of about 15 mm per year.20 

Such slow-spreading ridges display a steep, irregular 
topography and are relatively narrow compared to 
faster-spreading ridges, such as those found in the 

East Pacific Rise, which present a much wider profile 
and gentler slopes.21 Water depths in the Norwegian 
Sea vary from 100 to 4,000 m, with the majority 
deeper than 1,500 m. The shallower waters are 
located around Jan Mayen and above some of the 
taller seamounts.

There is much underwater volcanic activity along 
the spreading axis where new seabed is being formed, 
and on average one underwater volcanic eruption 
occurs in Norwegian deep sea areas every year.22 It is 
this volcanic and associated hydrothermal activity 
that has resulted in the formation of manganese 
crusts and sulphide deposits – two of the three 
types of polymetallic mineral deposits of interest 
to the deep sea mining industry – on the Norwegian 
seabed. The Norwegian Petroleum Directorate (NPD) 
has assumed that conditions for the formation of 
manganese nodules – the third type of polymetallic 
mineral deposit of interest to the deep sea mining 
industry – are not present on the Norwegian 
continental shelf, due to a high sedimentation rate.23

Knipovich venting on the Arctic Mid-Ocean Ridge 
©MARUM – Center for Marine Environmental Sciences, University of Bremen
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SEAFLOOR
MASSIVE
SULPHIDES

Seafloor massive sulphides (SMS) 
are associated with both active and 
inactive hydrothermal vents located 
along the ridges of the Norwegian 
continental shelf (see Figure 2).

Hydrothermal vents occur 
when cold seawater seeps into 
cracks in the seafloor and becomes 
superheated by the underlying 
hot magma, sometimes up to a 
temperature of 400oC. At these 
temperatures chemical reactions 
occur and minerals are pulled out 
from subsurface rocks, dissolved and 
concentrated. When the percolating 
mineral-rich waters are blocked in 
their downward path, they spew back 

out through vent openings. As the 
particle-laden vent fluids come into 
contact with near-freezing seawater, 
the fine-grained minerals cool and 
precipitate, forming chimneys known 
as ‘smokers’. 

At the deep, northern parts of 
the AMOR, the vent fields are made 
up of ‘black smokers’, whereas the 
cooler vents located in the shallow 
waters around Jan Mayen are made 
up of ‘white smokers’.24 The black 
smokers derive their colour from 
deposits of black iron sulphide, 
whereas white smokers owe their 
colour to deposits of barium, calcium 
and silicon.

Active vents, where there 
is ongoing outflow of high-
temperature fluid from underground 
magmatic activity, may remain 
active for thousands of years 
before they die out and leave the 
sulphide mounds that constitute 
the majority of the recoverable ore. 
Typically, SMS deposits contain high 
concentrations of metals such as 
copper, zinc, lead, cobalt, silver and 
gold.25 The exact composition of the 
deposits depends on a number of 
factors, including the temperature, 
depth and the mineralogy of the 
underlying rock through which the 
hydrothermal fluid flows. 

Knipovich venting on the Arctic Mid-Ocean Ridge 
©MARUM – Center for Marine Environmental Sciences, University of Bremen
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MANGANESE
CRUSTS

Manganese crusts form as a result 
of minerals precipitating out of 
hydrothermal effusions as they 
cool and react with seawater and 
the rocky substrates found on the 
slopes and summits of seamounts. 
While the minerals are precipitating 
everywhere, crusts won’t form if 
there is sedimentation, so slope is 
one of the factors that determines 
whether a crust will form. A slope 
of 20o or more is required, but if the 
slope is too great the crust will fall 
off. The rate at which crusts form 
is very slow – typically about 1 mm 
every 100,000 years. Hence, the 
thickest crusts are to be found on the 

older seamounts and ridges further 
away from the spreading axis. If 
conditions are relatively stable, 
crusts as thick as 20 cm or more 
may be found on the steep slopes of 
seamounts that are estimated to be 
25–30 million years old. 

The composition of the 
manganese crusts will vary with 
the chemistry of the hydrothermal 
effusions, and as well as manganese 
and cobalt they may contain precious 
rare-earth elements. Rare earths are 
in high demand by industrial users on 
account of their unusual magnetic, 
luminescent and electrical properties.

Many of the aspects around raw 

material supply and deep sea mining 
are examined in the 2023 Oeko-
Institut report The Rush for Metals 
in the Deep Sea: Considerations on 
Deep-Sea Mining, which, among other 
things, challenges the assumptions 
on mineral demand made by the 
advocates of deep sea mining, 
especially in the light of rapidly 
changing battery technologies.26 The 
report also emphasises the urgent 
need to shift towards building a 
circular economy and significantly 
reducing the need for raw materials 
by various means, including fostering 
the reuse and repurposing of 
manufactured products.

Knipovich venting on the Arctic Mid-Ocean Ridge 
©MARUM – Center for Marine Environmental Sciences, University of Bremen



Figure 3. Map showing major ocean 
current systems in Norwegian 
coastal and open sea areas
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BIODIVERSITY
The area opened up for deep sea mining exploration is 
situated in the Nordic Seas – the collective name given to the 
Greenland, Iceland and Norwegian Seas, which are all located 
west of Norway and east of Greenland. The opened-up area sits 
wholly above the Arctic Circle but is almost entirely outside 
the maximum sea ice area. It also lies within the International 
Council for the Exploration of the Sea’s (ICES)27 ‘Norwegian 
Sea’ ecoregion, which covers the Norwegian Sea and part of 
the Greenland Sea.28 Furthermore, the area falls within Region 
I (Arctic Waters), the most northerly of the regions covered by 
the Convention for the Protection of the Marine Environment 
of the North-East Atlantic (OSPAR).29

The major currents in this transition zone are shown in the 
map in Figure 3: the Norwegian Atlantic Current is a poleward 
extension of the Gulf Stream, and the North Atlantic Current 
carries warm, saline water from the North Atlantic to the 
Barents Sea and Arctic Ocean, while cold, fresher Arctic 
waters flow down from the north. This physical oceanography 
demonstrates the Norwegian Sea’s interconnectedness with 
the colder waters to the north and how conditions in one 
region affect the other.

These currents are very important in driving important 
ecological processes, and fluctuating sea temperatures in 
the region have been seen to result in changes in primary 
production and zooplankton communities.30 An important 
feature of this region is the Arctic Front, where the boundary 
between the two distinct warm and cold water masses is 
sharpest. The Arctic Front is most pronounced near the Faroe 
Current in the southwest Norwegian Sea and along the Mohns 
Ridge, and like other ocean fronts it is highly biologically 
productive, supporting for example large feeding schools of 
pelagic fish.31

OVERALL STATE OF
THE NORWEGIAN
SEA ECO-REGION
In 2023, a panel of 15 experts from the IMR and the Norwegian 
Institute for Nature Research published an assessment of the 
pelagic ecosystem of the Norwegian Sea.32 The systematic 
analysis conducted for the Norwegian Environment Agency 
found that the ecosystem exhibits some impacts from human 
pressures, but acknowledged that more substantial impacts 
may not have been picked up because important indicators are 
lacking and many of the time series for key data are too short. 
The report states, however, that the increase in sea water 
temperature seen in the 70-year time series is clear evidence 
of climate change. There is also evidence of increasing 
acidification. The assessment notes that such changes may 
already be affecting primary production and zooplankton, but 
that there is insufficient data to determine trends. It also notes 
that overfishing has led to decline in some fish populations and 
that there has been a decline in some seabird populations.

A Fulmar steps on a Great Skua 
© Marten  van Dijl / Greenpeace

Humpback Whale 
© Kevin McElvaney/Greenpeace

A Sea Angel 
© Greenpeace
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Sperm whales 
© Alex Westover

Copepod Copepods  
© Solvin Zankl/Greenpeace
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Acidification of the Nordic Seas is of grave concern, having 
advanced further than the global average.33 Significant 
pH reductions have been recorded throughout the 
upper layer (0–200 m) of the Nordic Seas (except in the 
Barents Sea Opening), and in some areas acidification is 
detectable down to 2,000 m, due to deep water formation 
and spreading of these water masses at depth.34 As the 
waters of the Nordic Seas become more acidified, there 
will be impacts to species, ecosystems and ecosystem 
functioning as a result of changes to organisms’ structure, 
distribution and ability to function.35

A description of the fisheries taking place in the 
Nordic Seas is beyond the scope of this report, but a 
good overview is available from ICES.36 The Northeast 
Atlantic pelagic fish – herring, mackerel and blue whiting 
– support large-scale fisheries in all major fishing nations 
in the region, and while the latest scientific advice (for 
2023) for these three pelagic species indicates that 
stock biomasses are currently healthy, the lack of an 
effective management regime means that they have 
been caught at above the sustainable levels advised 
by ICES for many years.37 Fishing pressure on herring 
and blue whiting is higher than the precautionary 
reference points, which is of concern when variations in 
environmental conditions and fishing pressure can both 
cause big fluctuations in the biomass of these species.

DEEP SEA HABITATS
AND BIOLOGICAL
COMMUNITIES
Most of the area opened to seabed mining exploration and 
mapping has depths of between 1,000 and 4,000 m, and the 
seabed lies within the aphotic/bathypelagic depth range, 
where no sunlight penetrates. With the exception of primary 
production associated with a few hydrothermal fields, nutrient 
availability in the aphotic zone is limited to particles (marine 
snow) that sink to depth from the productive shallow-water 
layers above. There are some shallower areas extending into 
the mesopelagic zone (twilight zone), at 200 to 1,000 m depth; 
these occur north and south of the Jan Mayen fracture zone 
and along the Mohns Ridge to the northwest. 

Within the designated area, both soft bottoms and a 
substantial proportion of hard substrates exist, the latter 
taking the form of scattered rocks, volcanic ridges, fault 
slopes and seamounts. This heterogeneity means that 
life in the deep sea is surprisingly diverse, with various 

combinations of biotic and abiotic conditions leading to 
the evolution of different deep sea biological communities, 
including those associated with active and inactive 
hydrothermal vents, coral gardens and sponge beds.38 

The following sections outline what is known so far 
about these communities in the area opened up by the 
Norwegian government. It is important to note that 
deep sea species commonly exhibit a suite of life history 
traits – slow growth, high or extremely high longevity, 
late sexual maturity and low fertility – that make 
them inherently vulnerable to disturbance and habitat 
damage. For this reason, habitats formed by animals 
such as deep sea sponges, sea pens and sea fans, and 
stony, lace and black corals, which increase the three-
dimensional complexity of the seabed, are classified 
as vulnerable marine ecosystems.39 Hydrothermal 
vent communities exhibit the same life history traits 
and characteristics as coral gardens and deep sea 
sponge aggregations, which means that the Food and 
Agriculture Organization of the United Nations has 
recognized them as VMEs hosting VME species.40, 41, 42

The hydrothermal vent fields and the manganese 
crusts found on seamounts that are of interest to the 
advocates of deep sea mining do not exist in isolation, but 
are key components of the mosaic of other important 
habitats that comprise the larger ridge system. The 
quasi-linear nature of ridge systems with their along- and 
cross-axis bathymetric complexity, together with their 
complex and turbulent flow environments, shape the 
biological communities that inhabit them and make these 
communities very different to those found in the abyssal 
plains that comprise much of the deep sea.43

How these factors affect habitat variability and faunal 
zonation is illustrated by the findings of a study conducted 
along the Ægir Ridge, located in the Icelandic EEZ and 
therefore near to the proposed mining area.44 By analysing 
images obtained using a remotely operated vehicle (ROV) 
and epibenthic sledge, researchers were able to determine 
patterns of biodiversity associated with different depth 
gradients and a ‘biological canyon effect’ that led to 
increased densities of filter feeders. They also found a 
number of areas dominated by sponges and soft corals 
characteristic of the Arctic region that clearly constitute 
VMEs. The researchers believe that some of the ridge 
system would fulfil the Convention on Biological Diversity’s 
(CBD) criteria for an Ecologically or Biologically Significant 
Area (EBSA). It seems likely that if other areas further 
north were studied in the same way, similar patterns of high 
biodiversity in the benthos would be revealed. 
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All three photos, Knipovich venting on the Arctic Mid-Ocean Ridge 
©MARUM – Center for Marine Environmental Sciences, University of Bremen
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Hydrothermal vents are ‘globally diverse, vulnerable, 
rare, remote, and isolated habitats’ that support unique 
biological communities.45 Chemosynthetic bacteria form 
the basis of vent ecosystems and thus support large 
populations of various invertebrates, including molluscs, 
crustaceans and annelid tube-dwelling worms.46

As can be seen from Figure (on page 4), since 
2005 a number of active hydrothermal vents and 
inactive vents with SMS deposits have been found 
along the spreading axis at Mohns Ridge, Knipovich 
Ridge and the northern part of the Kolbeinsey Ridge. 
These range from relatively shallow vents (140–700 
m) at the Jan Mayen and Seven Sisters vent sites to 
much deeper vents (2,400–2,200 m) at the Loki’s 
Castle and Ægir’s Kilde sites. A mineral exploration 
survey commissioned by the Norwegian Petroleum 
Directorate in 2018 identified a new active site, 
Fåvne, more than 3,000 m deep on the Mohns Ridge 
between the Loki’s Castle and Ægir’s Kilde vent 
sites.47 In addition to the active sites, two inactive sites 
have been located: Copper Hill (900 m depth) on the 
central Mohns Ridge and Mohns Treasure (2,600 m), 
a massive sulphide deposit that is located at the edge 
of an inner rift wall, 30 km southwest of Loki’s Castle. 

In July 2022, another vent field, the Jøtul 
hydrothermal field, was discovered in the 500 km area 
between Svalbard and Greenland.48 The Jøtul field 
consists of a wide variety of fluid escape sites and 
inactive and active mounds, and differs from the other 
sites by being associated with a fault in an adjacent 
rift valley rather than with the volcanic ridge itself. 
According to Green Minerals, a deep sea mining company, 
another vent site, Deep Insight, was discovered in 2023.49 

Located west of Copper Hill at a depth of just below 
1,000 m, the company describes Deep Insight as one of 
the largest on Norway’s continental shelf and a candidate 
for future mining. No further information about the site 
could be found. 

As well as differences in depth, these sites are 
associated with different geological environments and 
exhibit large differences in water temperature and water 
chemistry, factors that influence the composition of 
associated biological communities.50

Loki’s Castle
Vent Field
73°34′0.0”N	08°09′0.0”E

Loki’s Castle, situated on the crest of an axial volcanic 
ridge with low volcanic activity, was the first black 
smoker to be discovered on the AMOR, in 2008. An 
unusually large hydrothermal deposit found at the 
site points to it being an extensive and long-lived 
hydrothermal vent system. Initial research revealed 
that the vent fauna was different from the fauna 
found at the vents further south along the Mid-
Atlantic Ridge, where shrimps, large bivalves and 
crabs are abundant.51 This may be due to migrational 
barriers preventing the establishment of the more 
southerly species in Arctic waters.

A later study employing photomosaic methods 
has helped characterise the biological communities 
found at Loki’s Castle.52 This study established that 
there are significant differences in density, diversity 
and distribution of the larger benthic species between 
diffuse venting areas, focused venting areas and 
peripheral areas of the wider site. The highest diversity 
and density are found at the diffuse venting site called 
the barite field.

In 2024, Nature published a study aiming to provide 
the first comprehensive inventory of the fauna at Loki’s 
Castle vent field and present a first insight into the food 
web of the vent community.53 The researchers found 
that chemosynthetic primary production by organisms 
at the barite field fuels the food web. As has been the 
case with many of the hydrothermal vents investigated 
to date, scientists have discovered a number of new 
species at the site. Thus far, 10 new species are awaiting 
formal description; most are hydrothermal specialists.

A key species in the food web is the tube worm 
Sclerolinum contortum, which, unusually for a vent-
associated species, has a cosmopolitan distribution 
that includes both polar regions.54 S. contortum 
provide structure, forming ‘bushes’ that act as three-
dimensional habitat for many species of crustaceans, 
snails and other small animals, and are considered a 
foundation species.

ACTIVE AND
INACTIVE
HYDROTHERMAL
VENTS
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Ægir’s Kilde
Vent Field
72°20′38.4”N	01°33′18.0”E

In 2020, scientists taking part in the 
Vent and Seep Fauna Project visited 
Ægir’s Kilde on a research cruise. They 
found ‘multiple chimneys with white 
or shimmering, warm fluids streaming 
out’.55 Tiny snails and amphipods, typical 
of other AMOR sites, were found at the 
base of the chimneys, and it is thought 
that the species at this site are similar 
to those present at Loki’s Castle. 
Eelpouts, a species of fish that feeds on 
the amphipods, were also observed.

Fåvne Vent Field
72°45′0.0”N	03°50′0.0”E

Fåvne has a distinctly different 
chemistry to the Loki’s Castle and 
Ægir’s Kilde vent fields.56 The site 
consists of both active and inactive 
vents. As yet, it is not well studied; 
preliminary research into the food 
web shows linkages between the 
species living there, but not with 
the active hydrothermal venting 
(although this may be a consequence 
of not yet having found the links). 
The vents can still have important 
ecosystem functions, however, 
including providing substrates for 
sessile species such as filter-feeding 
sponges. The destruction of these 
vents could result in species being 
removed permanently, leading to 
cascading effects on the food web and 
diminishing the ecosystem.57

Jan Mayen and
Seven Sisters
Vent Fields
71°9′0.0”N	12°47′24.0”W

The shallower white smoker vents at 
the Jan Mayen and Seven Sisters (Syv 
Søstre) vent fields support communities 
that are quite different from the fairly 
typical endemic vent communities 
seen at Loki’s Castle and Ægir’s Kilde. 
Notably, they are much more biodiverse 
than communities at the more northerly 
vents, with 180 taxa recorded at the 
Jan Mayen field. Of these, 138 were 

found in the diffuse outflow area at 
the Troll Wall (Trollveggen), a very 
hydrothermally active ridge that is part 
of the vent field.58 

The Jan Mayen vents host white 
bacterial mats, dense aggregations 
of the crinoid Heliometra glacialis and 
basket stars Gorgonocephalus eucnemis 
and generally few sedentary animals. 
Calcareous sponges were found 
amongst the sponges that are present, 
and they may be pioneers among the 
sessile species settling on these vents.59

At the bases of the active chimneys 
of the Jan Mayen and Seven Sisters 
vent fields, dense clusters of anemones 
occur. A study on anemones found 
at hydrothermal vents in the Indian 
Ocean determined that they possess a 
large number of genes geared towards 
producing proteins that move metals 
into a cellular area where they won’t 
harm the animal – an example of how 
deep sea vent organisms have evolved 
to withstand the extreme conditions of 
their environments.60

Jøtul Vent Field
77°26′22.8”N	07°42′33.0”E

The Jøtul hydrothermal field, named 
after a giant in Norse mythology, was 
discovered in 2022 by researchers 
who sent an ROV down 3,000 m to 
investigate after having detected 
indications of hydrothermal activity 
in the water column. On the seafloor, 
they discovered a black smoker and 
also ‘warm fluid leaks associated with 
white precipitates, microbial flocs and 
filaments, and many small organisms’.61

The precipitation of chemicals 
from other vents has created mounds 
on the seafloor that are sometimes 
several metres high. One particularly 
diverse hydrothermal structure made 
up of multiple chimneys and protruding 
flanges was named Yggdrasil, after the 
Norse tree of life that was believed to 
connect the nine realms of the cosmos.

In spring/early summer 2024, the 
Ocean Census Arctic Deep Expedition 
– a collaborative venture between 
the University of the Arctic, Tromsø, 
Norway, REV Ocean, and Ocean 
Census – conducted some further 
investigations into the biodiversity 

of the Jøtul hydrothermal field. The 
expedition collected hundreds of 
specimens for later detailed analysis. 
Among the animals documented by the 
researchers were ‘shrimps covered in 
hair-like bacteria feasting on methane, 
stalked jellyfish resembling underwater 
flowers, armoured crustaceans, forests 
of tube worms, fish with antifreeze 
proteins in their blood and animals 
living with bacteria that can turn toxic 
chemicals into energy’.62 

The discovery from the expedition 
that has most excited the researchers 
so far is that of the ‘unusual pairing 
of a stalked crinoid and octocoral’ 
found at a depth of 2,203 m. The coral 
was found attached to the crinoid as 
an epiphyte, comparable to lichen 
growing on a tree. This species is likely 
to be new to science. Talking about the 
discovery in a specially made video 
for the International Day of Biological 
Diversity, Professor Alex Rogers 
said, ‘Every new species we find has 
a particular function in the ocean. 
When we lose species, we lose those 
functions and eventually, it’s us who 
are affected.’63

Inactive Vents
As is generally the case worldwide, 
little is known about the ecology of 
inactive vents situated in the area 
opened up to deep sea mining by the 
Norwegian government.64, 65 There is a 
paucity of information about which 
species live in these habitats, and 
even less is known about what their 
functions are for ocean health.

A 2020 paper sets out a proposed 
set of criteria to distinguish active, 
inactive and extinct vents.66 The authors 
describe active vent fields as currently 
exhibiting fluid flow above ambient 
seawater temperatures, inactive vent 
fields as fields that are not currently 
exhibiting fluid flow but may potentially 
become active again and extinct vent 
fields as ones that are not expected to 
become active again. 

It is important to note that while 
inactive vents and deposits may not 
host chemosynthetic macrofauna, 
they do host important and 
vulnerable communities.
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Mohns Treasure
73°44′N	07°27′E

Mohns Treasure is an extinct vent field 
that has been investigated. Employing 
ROV photo transects and sampling, 
researchers have identified 46 species, 
with different fauna characterising the 
areas that are covered by sediment 
to those occupying rocky outcrops 
and ridges.67 Large fields of stalked 
crinoids are distributed over the areas 
of sediment, whereas sponges and 
associated fauna dominate the hard 
substrates. Common species include 
siliceous sponges such as Lissodendoryx 
complicata, Hymedesmia sp., calcareous 
sponges such as Brattegardia spp., glass 
sponges and carnivorous sponges. 
This deep sea assemblage is distinct 
from that found in the shallower areas 
around Jan Mayen.

Seamounts
Seamounts are often ‘hotspots’ of 
biodiversity, and with their combination 
of exposed hard substrates and 

associated current conditions they are 
often conducive to the development 
of dense assemblages of filter-
feeding organisms such as corals 
and sponges.68 Cold-water coral and 
sponge assemblages provide habitat 
for many invertebrate and fish species, 
functioning variously as spawning, 
nursery and foraging grounds, areas 
of refuge and substratum for certain 
sessile species. 

The knowledge of the biodiversity 
and ecological functioning of 
seamounts in the Nordic Seas 
ecoregion is limited, with studies 
occasionally focusing on the 
Vesterisbanken seamount, which is 
located in the Greenland EEZ, but 
more frequently on the Schulz Bank 
seamount ecosystem, which is located 
in the transition zone between the 
Mohns and Knipovich Ridges and so 
falls in the area opened to mining.69 Two 
other banks associated with the Mohns 
Ridge, the Myrseth Bank and the 
Louise A. Boyd Bank, have been named 
and mapped by hydrographic surveys, 
but no information on the biological 

communities inhabiting these areas 
could be found.70

Schulz Bank
73°52’0”N	7°30’0”E

The Schulz Bank hosts a high diversity 
and biomass of benthic megafaunal 
communities, predominantly sponge 
grounds, with different species found at 
different depths. Taxonomic knowledge 
of the sponge fauna in the area is very 
limited, as much of the research has 
involved the analysis of video footage.

Utilising an autonomous 
underwater vehicle, scientists have 
undertaken some fine-scale (<10 m) 
survey work on the spatial distribution 
of species inhabiting the summit (depth: 
577–600 m) of the Schulz Bank.71 

Other than the odd boulder, there is 
little exposed rock on here; rather, it is 
covered in soft sediment and in places 
a mat of accumulated spicules – the 
skeletal remains of dead sponges – that 
form habitat for other species. In some 
places the spicule mats have built up to 
depths of 20 cm.

Stalked crinoid and an octocoral, 
found at 2,203 metres depth in 

the Vent Jøtul Field. 
© Martin Hartley/Ocean Census
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The survey revealed that the 
primary structure-forming sponge 
species Geodia parva and Stelletta 
rhaphidiophora were distributed evenly 
throughout the sample area, whereas 
some species, including Lissodendoryx 
complicate, were patchier in their 
distribution, displaying clear fine-scale 
spatial preferences. Other sessile 
species that have been recorded in 
large numbers among the sponge 
grounds include tunicates (Ascidiacea 
spp.), anemones (Actiniaria spp.) and the 
soft coral Gersemia rubiformis.

Moving among the sessile filter 
feeders, the researchers found various 
starfish, brittle stars and sea urchins, 
as well as deepwater shrimps in the 
genus Bythocaris. They were also able 
to observe how several demersal 
(bottom-dwelling) fish species utilised 
the sponge grounds. Roughhead 
grenadier (Macrourus berglax), 
Greenland halibut (Reinhardtius 
hippoglossoides) and Arctic skate 
(Amblyraja hyperborea) were all 
uniformly distributed in the study area. 
The proliferation of egg capsules of 
the ice skate suggests that the Schulz 
Bank is a spawning and nursery area 
for this species.

While much attention has been 
focused on the sponge grounds 
situated on the summit of the Schulz 
Bank, a 2023 study based on extensive 
video footage collected by an ROV 
in 2017 and 2018 has identified 
five distinct biotopes, or biological 

communities, on the seamount.72 
These occur at depths ranging from 
580 to 2,700 m and include two 
dominated by large structure-forming 
sponges. Changes in the biotype occur 
with changes in depth, gradient and 
substrate. The sponge-dominated 
communities located on the summit 
and lower slope were found to be 
denser and more diverse compared 
to the communities located on the 
upper slope and seamount base. With 
the finding that the bedrock walls 
on the lower slopes are home to a 
thriving assemblage of organisms, 
this research challenged the previous 
assumption that the community on the 
summit of the seamount would be the 
most dense and diverse.

Some research has been conducted 
to understand the environmental 
factors that enable the sponge 
grounds to thrive on the summit of 
the Schulz Bank. Researchers have 
concluded that the high abundance 
and diversity of sponges found at 
the seamount summit is probably 
due to a combination of factors that 
result from interactions between 
seamount geomorphology, the 
hydrodynamic regime and water 
column structure.73 In consequence, 
the summit is situated within relatively 
nutrient-rich waters, regularly flushed 
by Norwegian Arctic Intermediate 
Water that is richer in oxygen and 
slightly warmer. This, together with 
the occurrence of elevated levels 

of suspended particulate matter 
and oscillating currents, is likely to 
enhance food supply and prevent the 
sponges from being smothered by 
sediment. Furthermore, the detection 
of elevated chlorophyll concentrations 
above the summit may indicate 
that the circulation pattern around 
the seamount is enhancing particle 
retention.

Another study has investigated 
the relationship between the 
environmental conditions of the 
Schulz Bank and the microbial 
communities inhabiting the sponges 
living on the seamount and in the 
surrounding seawater. The findings 
show that the ‘interplay between 
the geology, physical oceanography, 
biogeochemistry, and microbiology’ 
does affect both the microbial 
community composition of the sessile 
benthic sponges and the seawater, in 
what can be described in the broad 
sense as ‘the seamount effect’.74

These studies help shed some light 
on the important functional role played 
by sponge grounds in nutrient uptake, 
biogeochemical cycling and bentho-
pelagic coupling (described below).

The vulnerability of the ecology of 
the sponge grounds on the Schulz Bank 
has been summarised by Furu Mienis 
of the Royal Netherlands Institute for 
Sea Research in this way: ‘It is a fragile 
equilibrium that consists of many tiny 
components. Take one of those away 
and the whole system can collapse.’75
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Knipovich venting on the Arctic Mid-Ocean Ridge 
©MARUM – Center for Marine Environmental Sciences, University of Bremen
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Copepod (Zooplankton) 
©Choksawatdikorn/Shutterstock.com

 
[Photo collage] Marine diatom (Coscinodiscus waleissi). Being 
a major part of the phytoplankton community, Coscinodiscus, 
like other diatoms, plays a role in carbon and silicon cycling 
in marine environments. When they die, their silica frustules 
sink to the seafloor, contributing to the marine silica cycle and 
sometimes forming diatomaceous deposits. Microscopic image 
with selective focus. St. Peter Ording, North Sea, Germany 
©Solvin Zankl [M] 
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PELAGIC
ECOSYSTEM
The deep sea benthic habitats described above, which 
would experience the major direct impacts of any future 
deep sea mining, cannot be considered apart from the 
water column and pelagic realm above them. The coupling 
of the benthic and pelagic habitats of the Nordic Seas, and 
in particular in the areas on and above the Mid-Atlantic 
Ridge, is not well understood, but energy, mass and 
nutrients are exchanged between them through multiple 
processes that are crucial to various functions such as 
nutrient cycling and sustaining food webs.76, 77 

Plankton
 
Life in the Nordic Seas is fueled by the 
spring bloom of phytoplankton, their 
growth triggered by increasing hours of 
sunlight.78 These tiny marine algae, which 
convert inorganic carbon in the ocean 
into biologically bound organic carbon 
through photosynthesis, are the basis 
of the food web. Phytoplankton are 
consumed by herbivorous zooplankton 
that build up their own biomass and 
are in turn eaten by carnivorous 
zooplankton, fish, seabirds and marine 
mammals. Production at the low trophic 
levels is high in spring/summer and 
much lower or absent in the winter 
months, due to the prevailing light and 
physical conditions. This affects other 
organisms in the pelagic ecosystem, 
the life histories of which have evolved 
to maximise the benefits derived from 
these strong seasonal dynamics. 

Copepods 
(Calanus spp.)
One of the most important groups is 
the copepods (raudåte in Norwegian) 
belonging to species of the genus 
Calanus. These small crustaceans 
dominate the mesozooplankton 
(zooplankton measuring between 0.2–20 
mm) in both numbers and biomass. As 
grazers of phytoplankton, they play 

a key role in the transfer of energy to 
higher trophic levels. In the Nordic Seas, 
young stages, known as copepodites, 
are considered the most important 
food resource for fish larvae, while 
older individuals are the main prey of a 
wide range of planktivorous predators, 
including some whale and bird species, 
herring and mackerel.79 

As well as playing a vital role in the 
food web of the pelagic ecosystem, 
copepods enhance the descent 
of organic matter to the benthic 
communities below by producing fast-
sinking faecal pellets.80 Moreover, one 
species, Calanus finmarchicus, has been 
found to undertake seasonal vertical 
migrations, spending the productive 
spring and summer period in the upper 
water layers before descending to 
great depths (~1,000 m) in winter, 
where it hibernates. While hibernating, 
the copepods continue to respire, 
metabolising the carbon-rich lipids 
they have built up over the spring and 
summer, and so slowly deposit this 
carbon in the deep ocean, where much 
of it remains. A 2015 study of this 
process estimated that including this 
copepod ‘lipid pump’ ‘almost doubles 
the previous estimates of deep-ocean 
carbon sequestration by biological 
processes in the North Atlantic’.81

Four species of copepod are 
found in the Nordic Seas: Calanus 

finmarchicus, C. hyperboreus, C. glacialis 
and C. helgolandicus. Each fulfils a 
different ecological role and represents 
a specific environment, although there 
are multiple areas of overlap between 
them. C. finmarchicus is numerically 
dominant and associated with 
both Atlantic and Arctic waters.82 C. 
hyperboreus and C. glacialis are mainly 
associated with regions in the Iceland 
and Norwegian Seas that are

 influenced by Arctic waters and 
south of Svalbard, respectively, 
whereas C. helgolandicus is a 
temperate species, common in the 
North Sea but found as far north as 
the entrance to the Barents Sea.83 

Given their importance to the wider 
ecosystem of the Nordic Seas, there 
are many studies on these species 
and much interest in how their 
distributions will change in response 
to environmental changes. Climate 
change is already impacting the 
distribution of C. finmarchicus, which 
has been observed shifting north at a 
rate of 8.1 km/year.84

Despite the many in-depth studies 
investigating the ecology of the various 
copepods in the region, there is still 
much to learn, and recent research 
suggests that experts may have been 
misidentifying them for decades. This 
underscores how much is still unknown 
about the Nordic Seas ecosystem.85
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Macroplankton
Amphipods (shrimp-like crustaceans), 
krill, pelagic shrimp, jellyfish 
(including ribbed jellyfish), arrow 
worms and mesopelagic fish are 
important groups of macroplankton 
(larger than ~2 cm) that do not make 
large horizontal migrations in the 
Nordic Seas.

Many species of amphipods are 
found in the Nordic Seas, filling a 
number of different ecological niches. 
Research into the biogeography, 
diversity and environmental 
relationships of shelf and deep sea 
benthic amphipods around Iceland has 
found distinct assemblages associated 
with different environmental 
conditions, and this is likely the same 
in the Nordic Seas.86 One important 
amphipod, Themisto abyssorum, is found 
at the Loki’s Castle vent field and is 
considered an important predator 
of the vent ecosystem, feeding on 
microorganisms and detritus.87

Three krill species, Thysanoessa 
inermis, T. longicaudata and 
Meganyctiphanes norvegica, 
predominate in the Nordic Seas and 
are widely distributed. All three 
are found from the southern coast 
of Norway to the Arctic waters to 
the northwest, though the highest 

abundances of M. norvegica occur in 
warmer Atlantic waters.

Arrow worms live in the deep sea, 
with the highest densities found below 
500 m. They feed on small crustaceans 
and are important food items for some 
fish species.

Mesopelagic fish are abundant 
around the world, with estimates 
of the global biomass showing huge 
variations ranging between 1,000 
and 10,000 million tonnes.88 The 
glacier lantern fish (Benthosema 
glaciale), silvery lightfish, also known 
as Mueller’s pearlside (Maurolicus 
muelleri), and spotted barracudina 
(Arctozenus risso) are the three most 
important species of mesopelagic 
fish in the Nordic Seas, and the 
possibility of their future commercial 
exploitation is now being considered 
in Norway, with the Institute of 
Marine Research initiating a project to 
investigate the function and structure 
of the mesopelagic ecosystem and 
develop methods for identifying, 
counting and catching these fish.89 
Rising towards the surface at night 
and migrating down to depth during 
daytime, mesopelagic fish, like 
amphipods and krill, play a crucial role 
in the biological carbon pump as well 
as being an important element in the 
food web. A 2021 study notes that, in 

the summer months, ‘at high latitudes, 
foraging mesopelagic fishes are 
exposed to sunlight in upper waters 
also at night’, which ‘makes them 
easy prey for visual predators’93. 
This limits their poleward distribution, 
explaining why ‘in Arctic waters north 
of Svalbard (> 79°N), myctophids (or 
lanternfish) only represent 2% or less 
of the biomass, while in most other 
areas they are a dominant taxon in the 
mesopelagic zone’.90

These groups of macroplankton 
collectively have a huge biomass, 
much of which is located below 
200 m.91 Rough estimates have 
suggested that the standing biomass 
of amphipods in the Nordic Seas may 
be in the order of 40–200 million 
tons in the third quarter of the year, 
while for krill it may be in the order of 
30–160 million tons. These estimates 
may be overly conservative, as they 
do not account for the swarming 
behaviour exhibited by both these 
groups of macroplankton. There 
is little available data regarding 
the biomass and density of pelagic 
prawns, and what there is doesn’t 
account for their vertical distribution; 
however, it has been suggested 
that the biomass of this group may 
constitute approximately the same 
biomass as the sum of amphipods, 

Meganyctiphanes norvegica 
©Solvin Zankl/Greenpeace

Captive Lepidophanes guentheri, a 
species of the large group of lanternfish 
©Solvin Zankl/Greenpeace

Captive Hyperia galba. The 
amphipod lives among jelly fish 

and is wide spread in the North Sea 
@Greenpeace
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krill and mesopelagic fish together. 
The biomass of arrow worms is also 
unknown but thought to be large.

The macroplankton are clearly 
important to the ecology and 
functioning of the Nordic Seas, in 
both the upper and deeper parts of 
the water column. More information 
is needed on their abundance and 
distribution (both horizontally and 
vertically) to help elucidate the 
dynamics of the ecosystem.

Cephalopods
Several species of squid are known 
to inhabit the Nordic Seas, but one, 
Gonatus fabricii (known sometimes 
in English as the boreoatlantic 
armhook squid), dominates. As such, 
it is the species about which the most 
information is available. The only squid 
to spend its entire lifecycle in the Arctic, 
its biomass reaches an estimated 8 
million tonnes in the Nordic Seas; 46 
species are known to feed on it, with 
most preying on the smaller juveniles in 
the early life stages.92 

As it grows through its 
lifecycle, G. fabricii has been found 
to descend through the water 
column and occupy several distinct 
ecological roles. Four life history 
stages have been identified: ‘1) 

epipelagic squid (ML [mantle 
length] < 20 mm), preying mostly on 
copepods; 2) epi- and occasionally 
mesopelagic squid (ML 20–50 mm), 
preying on larger crustaceans, fish, 
and cephalopods [making this the 
top invertebrate predator in the 
Arctic]; 3) meso- and bathypelagic 
squid (ML > 50 mm), preying mainly 
on fish and cephalopods and 4) non-
feeding bathypelagic gelatinous 
females (ML > 200 mm)’ that have 
lost their tentacles.93

Recent research has illuminated 
details of G fabricii’s lifecycle and 
reproductive biology. Unusually 
for a deep-water squid, G. fabricii 
has geographically restricted 
breeding sites, including within the 
deep sea mining exploration area. 
Elevated food availability in the 
epipelagic layers of the breeding 
areas likely increases the survival 
rate of young squids, and surface 
currents potentially help with their 
dispersal. It is worth noting that the 
putative breeding sites identified 
so far (excluding one in the central 
Arctic Ocean) are all areas where 
large concentrations of northern 
bottlenose whales – the squids’ main 
predator, along with sperm whales – 
are known to occur.94

Dumbo octopuses, so called 

because of their large, ear-like fins, 
are a group of deep sea octopuses 
belonging to the genus Grimpoteuthis. 
These octopuses live at depths of 
1,000 to 7,000 m below the surface, 
drifting freely through the water with 
their arms and web spread out widely 
and sometimes actively moving by 
flapping their fins and steering with 
their limbs.95 

Another octopus species, 
Cirroteuthis muelleri (sometimes 
referred to as the as the big-finned 
jellyhead), is found in cold seas in 
the boreal Arctic, the North Atlantic 
Ocean and the North Pacific Ocean 
and has been filmed in situ feeding in 
deep waters of the Fram Strait, west 
of Svalbard, and further south in the 
Norwegian Sea.96 Researchers have 
discovered that C. muelleri migrates 
down to the seafloor, where it catches 
crustaceans and polychaete worms. 
By doing this, the octopuses are 
moving in the opposite direction to 
the common feeding pattern adopted 
by many deep sea species, where they 
rise to the surface to feed by night. 
This counter-directional migration 
links the benthic and pelagic food 
webs and may also contribute to 
energy transfer to species such as 
sharks and toothed whales that in 
turn feed on cirrate octopuses.97

Healy Squid 
©NOAA Vents Program

BoreoAtlantic Armhook Squid,  
Gonatus fabricii 
© NOAA-OE Credit
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Greenland Shark  
© Uli Kunz

Killer whale / Orca large adult male 
stalking a large school of Herring in 
shallow water, Norway 
©tony wu/naturepl.com
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Northeast Atlantic
pelagic fish complex
– mackerel, herring
and blue whiting

As described earlier, the spring 
plankton bloom fuels the Nordic 
Seas food web, including a variety 
of fish. The three dominant pelagic 
fish species in the Nordic Seas 
are Norwegian spring-spawning 
herring (Clupea harengus), 
mackerel (Scomber scombrus) 
and blue whiting (Micromesistius 
poutassou), all of which make 
large-scale seasonal movements 
through the area to feed on the 
annual zooplankton bonanza. 
Collectively, the three populations 
are sometimes referred to as the 
Northeast Atlantic pelagic fish 
complex.98 They are important 
target species for commercial 
fisheries, and there have been 
numerous studies investigating 
various aspects of their ecology, 
including on the degree of 
competition between the three 
species and to what extent their 
biomass is controlled by the 
availability of prey or by predation 
at the next trophic level in the 
food web. 

In recent decades, there have 
been some significant changes in 
the distribution of these important 
fish species. Between 1997 
and 2016, there was a massive 
threefold increase in the summer 
range of the mackerel population, 
with the centre of distribution 
shifting westward by 1,650 km 
and northward by 400 km. A 

subsequent analysis of data 
collected over this period suggests 
that the expansion was driven by 
increasing size of the spawning 
stock biomass and constrained 
by mesozooplankton abundance 
and the availability of habitat 
within the species’ preferred 
temperature range.99 Another 
modelling study suggested that 
additional variables – notably the 
distribution of herring and long-
term food availability as indicated 
by primary production – might 
also be influencing the mackerel 
distribution.100 

Mackerel are not the only 
pelagic fish that have changed 
their migratory patterns. 
The commercially important 
Norwegian spring-spawning 
herring has, on a decadal 
timescale, undergone large shifts 
in its annual migration patterns. An 
examination of data from 1996 to 
2020 showed that, ‘the youngest 
age classes are generally found 
close to the Norwegian shelf, 
whereas the older age classes 
display larger variations in where 
they are distributed. During the 
period 1996–1998, the oldest age 
classes were found in the central 
and western Norwegian Sea.’101 
This changed, however, during the 
period 1999–2004, when, ‘the 
whole stock migrated north after 
spawning, leaving the regions in 
the southern Norwegian Sea void 
of herring. Since 2005 the oldest 
herring has again congregated in 
the southwestern Norwegian Sea, 
in the frontal zone between the 
cooler East Icelandic water and 
the warmer Atlantic water.’102

Greenland shark
One of the more remarkable fish 
to be found in the Nordic Seas is 
the Greenland shark (Somniosus 
microcephalus), a large sleeper shark 
that has widespread distribution in 
Arctic waters. It has been observed up to 
2,647 m below the surface,103 although 
records from Baffin Bay and Greenland 
suggest it is more commonly found 
at depths between 300 and 700 m.104 
Known to be slow swimmers, Greenland 
sharks used to be thought of as 
scavengers, but more recent research, 
including a study conducted in the 
Kongsfjorden area, Svalbard, has led to 
the conclusion that the Greenland shark 
is an active predator that uses stealth 
to catch its prey. The main prey species 
were found to be Atlantic cod, Atlantic 
wolffish and haddock, some of which had 
been swallowed whole. However, of 76 
immature Greenland sharks examined 
in Svalbard, half had consumed seal and 
some had eaten minke whale. Scientists 
think that the only way a Greenland 
shark could take a seal is by cautiously 
approaching it while it is asleep.105 

The most remarkable fact about 
the Greenland shark is its longevity: 
radiocarbon dating of the eye lenses 
of 28 female Greenland sharks 
revealed that they had a lifespan of 
at least 272 years, with the oldest 
individual sampled having lived 
almost 400 years. It is suggested 
that the species reaches maturity 
at about 150 years of age.106 These 
findings mean that Greenland sharks 
are the longest-living vertebrates. 
Such longevity also has implications 
for the species’ conservation, 
including its susceptibility to 
environmental changes.107

FISH



Figure 4. Overview of the 
distribution and feeding 
areas of humpback, 
northern bottlenose and 
sperm whales
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MARINE
MAMMALS
Twelve marine mammal species regularly occur in the area where Norway plans to 
start deep sea mining, including five species of baleen whale, five toothed cetaceans 
and two seal species. In particular, these species are the minke whale (Balaenoptera 
acutorostrata), humpback whale (Megaptera novaeangliae), fin whale (Balaenoptera 
physalus), blue whale (Balaenoptera musculus), bowhead whale (Balaena mysticetus), 
northern bottlenose whale (Hyperoodon ampullatus), sperm whale (Physeter 
macrocephalus), orca (Orcinus orca), narwhal (Monodon monoceros), white-beaked 
dolphin (Lagenorhyncus albirostris), harp seal (Pagophilus groenlandicus) and hooded 
seal (Cystophora cristata).108

This list is not exhaustive; other marine mammals sometimes occur in the area, 
including the sei whale (Balaenoptera borealis), pilot whale (Globicephala melas), 
harbour porpoise (Phocoena phocoena), Sowerby’s beaked whale (Mesoplodon 
bidens) and beluga whale (Delphinapterus leucas). Three further species of seal 
may also occur sporadically: the ringed seal (Pusa hispida), bearded seal (Erignatus 
barbatus) and harbour seal (Phoca vitulina).

Baleen whales
The Arctic and subarctic waters of the 
Central and Northeast Atlantic provide 
a rich variety of habitats that support 
thousands of baleen whales. In the 
past, all species were the target of 
commercial hunts that greatly reduced 
their populations. Today, only minke 
whaling is permitted in Norway. 

Every year, humpback, fin and 
common minke whales migrate 
northwards from their lower-latitude 
breeding grounds to their feeding 
areas, where they spend the summer 
gorging on macro-zooplankton (mainly 
krill and copepods) and forage fish such 
as capelin and herring. Multiple studies 
show that there are considerable 
variations in migratory behaviour 
within and between species and much 
uncertainty regarding the routes and 
timing of these migrations.

A 2019 review of baleen whale 
ecology in Arctic and subarctic waters 
notes that minke whales are the 
most abundant, with about 122,000 
individuals found north of 60o; the fin 
whale population was estimated at 
around 23,000 (but exceeding minke 
whales in biomass) and the number of 
humpbacks, while having increased 

dramatically in recent decades, at 
somewhere between 10,000 and 
15,000.109 High abundances of all three 
species have been observed around 
the entire Arctic front and to some 
extent in the more Atlantic-dominated 
parts of the proposed mining area, 
with high densities of minke and fin 
whales observed in the areas around 
the Knipovich Ridge. Humpbacks have 
mostly been observed at the extremes 
of the axis from the Denmark Strait to 
West Spitsbergen, and also around the 
Mohn Ridge. Both fin and humpback 
whales are known to travel from the 
area around Jan Mayen to the Barents 
Sea via Vøringutstikkeren and the 
northern edge of the Vøring Plateau. All 
three species exhibit flexibility in their 
prey choices, and their distribution, 
both spatial and temporal, is related to 
the availability of suitable prey.110

Endangered blue whales also 
migrate to the region, but unlike the 
other subarctic baleen whales, they 
feed almost exclusively on krill.111 The 
fitness, survival and reproductive 
success of blue whales are highly 
contingent on individuals’ food intake 
during the intense feeding season, with 
about 4 tons of krill ingested daily.112, 113 
While still rare due to the ravages of 

commercial whaling in the preceding 
century, the blue whale population is 
increasing in the Northeast Atlantic, 
rising from an estimated 298 animals in 
1987 (coefficient of variation (CV) 0.25) 
to 1,012 (CV 0.23) in 2001.114 A more 
recent estimate suggests that there 
are now around 3,000 individuals.115 A 
2024 investigation of the population 
structure of North Atlantic blue whales, 
however, strikes a note of caution, 
in part because there is evidence of 
hybridization with the more populous 
fin whales, which could potentially 
lead to ‘genetic swamping’.116 In the 
summer months, blue whales tend to be 
concentrated around Iceland but also 
occur around Jan Mayen and Svalbard. 

A 2021 study has highlighted the 
dynamic nature of the ecology of the 
Norwegian Sea by revealing significant 
shifts in the diets and distribution of 
fin and humpback whales in response 
to ecosystem changes. From 1995 
to 2004, the distribution patterns 
for both fin and humpback whales 
were mainly associated with those 
of macro-zooplankton, but these 
distributions changed significantly in 
the period from 2009 to 2012, when 
fin whale distribution switched to 
being associated with the distribution 
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of pelagic fish – a clear response to 
the ‘historically large abundances 
of pelagic planktivorous fish in the 
Norwegian Sea’ recorded at that time.117 

Simultaneously, densities of 
humpback whales declined while 
those of toothed whales increased. 
Subsequent examination of the 
summer distribution of fin and 
humpback whales from 2013 to 2018 
suggested further changes, including 
a northerly shift in the distributions of 
both species. The research identified a 
‘feeding hotspot’ for fin whales located 
at the shelf area between Svalbard 
and Norway, and one for humpback 
whales near Bjørnøya (Bear Island). The 
distribution of fin whales was found 
to be associated with those of blue 
whiting and capelin, whereas that of 
humpback whales was associated with 
the distributions of capelin, herring and 
three species of krill (Meganyctiphanes 
norvegica, Thysanoessa longicaudata and 
Thysanoessa inermis).118

The shifts in associations show 
a high degree of plasticity in the 
whales’ feeding habits and indicate 
that in recent years fish have become 
increasingly important to both 
species. Furthermore, the research 
demonstrated a significant negative 
spatial correlation between where the 
whales were and the ‘widely expanding’ 
population of Northeast Atlantic 
mackerel. This negative association with 
mackerel may be because, although 
mackerel have a high fat content, they 
are difficult for baleen whales to catch. 
Alternatively, it could be because 
other potential prey species, such as 
herring, capelin and copepod-feeding 
krill, may have been outcompeted or 
displaced by large schools of mackerel. 
Another possible explanation is that fin 
and humpback whales avoid the areas 
where the mackerel occur because of 
the associated presence of orcas; orcas 
are the dominant predators of mackerel 
and may outcompete the baleen 
whales, and they are also a potential 
predator of humpback calves.119

The analysis of cetacean sightings 
data from Svalbard garnered by a 
citizen science programme from 2005–
2019 also detected shifts in distribution 
for minke, fin, humpback and blue 

whales. During the early period of the 
study the whales were mainly over 
the continental shelf break west of 
Spitsbergen, but later they moved into 
fjords and coastal areas, with the shift 
coinciding with ‘increased inflows of 
Atlantic water into the fjords along the 
west coast of Spitsbergen and across 
the north of the archipelago’.120

Historically, the area was also 
home to North Atlantic right whales 
(Eubalaena glacialis). Along with the 
other species of baleen whales, sperm 
whales and northern bottlenose 
whales, North Atlantic right whales 
were targeted by the commercial 
whaling industry, and their numbers 
were decimated. The population has 
never recovered, and today the North 
Atlantic right whale is classified as 
critically endangered by the IUCN 
Red List of Threatened Species, with 
the eastern population estimated to 
number somewhere between 20 and 
49 mature individuals.121 In 1999, one 
individual – identified as ‘Porter’ from a 
US photo-ID catalogue – was observed 
grazing for a week off Kvænangen, 
northern Norway, having travelled at 
least 5,700 km in 117 days from Cape 
Cod.122 Another individual, ‘Mogul’, was 
spotted off the Icelandic coast in 2018 
and a year later off the northwest 
coast of France,123 and in the summer of 
2024 another sighting of this species 
was made off the Irish coast,124 proving 
that although it is rare, they do cross 
over into the Northeast Atlantic. It 
is possible that other North Atlantic 
right whales in the Norwegian Sea have 
gone undetected. North Atlantic right 
whales are difficult to spot due to their 
dark colour, lack of a dorsal fin and 
the fact that they often travel alone. 
To date, there have been no targeted 
acoustic monitoring surveys that 
might have revealed their presence.125 
Habitat modelling suggests that the 
presence of high concentrations of 
their preferred copepod prey provide 
highly favourable grazing conditions for 
the species.126 

Of the regularly occurring cetacean 
species, two – the bowhead whale 
and narwhal – have strong affiliations 
with sea ice. Although there have 
been no observations of narwhals in 

the systematic surveys of the region 
conducted by the Institute of Marine 
Research,127 data from listening buoys 
has shown that narwhals are present 
all year round in the western part of 
the Fram Strait – the passage between 
Greenland and Svalbard – suggesting 
their distribution may overlap with 
parts of the mining area.128, 129 

Like the population of North 
Atlantic right whales, the Spitsbergen 
population of bowhead whales was 
brought to the brink of extinction by 
the commercial whaling industry – a 
hunt that began in the early 1600s. 
While it is now recovering, this is 
a slow process due to the species’ 
conservative life history strategy, 
which involves extreme longevity 
(possibly up to 200 years), late sexual 
maturation (females begin to have 
calves at roughly 25 years of age) and 
a long inter-calf interval of 3–7 years.130 
In recent years, studies have revealed 
some interesting behaviour exhibited 
by this population of bowheads: unlike 
the larger bowhead populations 
found to the west, they reportedly 
‘disperse from wintering grounds in 
the northernmost parts of their range 
during spring, returning northward 
again in autumn’.131 This is the opposite 
of the pattern exhibited by other Arctic 
bowheads and northern hemisphere 
baleen whale populations. 

Research employing acoustic 
monitoring methods has discovered 
that bowheads, like narwhals, are 
present in the Fram Strait throughout 
the year, with ‘elaborate and abundant 
singing’ 24 hours a day during the 
winter months, suggesting that this 
may be a mating ground for this 
population.132, 133 Also, while bowheads 
are generally associated with the ice 
edge, in recent years some younger 
bowheads have been observed much 
further south, in the ‘atypical’ ice-free 
habitat of both the Northwest and 
Northeast Atlantic. On these occasions 
the young bowheads have been feeding 
in habitat of the kind favoured by 
closely related North Atlantic right 
whales. It has been proposed that the 
behaviour of these younger whales 
is a consequence of the population 
increasing and that in the past, whales 
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that were deepest into the polynyas 
(open areas of water surrounded by 
sea ice) were the ones that escaped 
the whalers and so ‘trained’ their 
descendants to use the same habitat.134 

Toothed whales
Sperm whales, northern bottlenose 
whales, orcas and white-beaked 
dolphins are the key toothed whales 
(odontocete cetaceans) inhabiting 
the area proposed for future deep 
sea mining. All four species are 
top predators that find their prey 
in the dark marine environment 
by generating powerful ultrasonic 
clicks (biosonar) that enable them to 
echolocate their prey.

Sperm whales
The sperm whales found in the area 
proposed for mining are all males. 
Females live their entire lives in warm 
waters, but the males leave their family 
groups and, between the ages of 4 and 
21, join ‘bachelor schools’ composed of 
other males of similar age and size. Then, 

as they get older, the male sperm whales 
head polewards to feed in nutrient-
rich waters, and the bachelor schools 
shrink.135 These older males tend to be 
solitary, though sometimes they are 
found in loose aggregations of between 
10 and 30 individuals, spread over a 
large area. The oldest and largest male 
sperm whales are thought to be found 
at the highest latitudes.136 Puberty is 
prolonged in male sperm whales, and 
while they are sexually mature by the 
age of 20, they do not become sexually 
active until their late 20s, making 
occasional migrations to lower latitudes 
to mate.

Sperm whales are the biggest of 
the toothed whales, but despite this, 
they may be difficult to spot because 
they spend most of their lives below 
the surface and make long, deep dives 
hunting for squid and other prey.137 Still, 
sperm whales are observed relatively 
often during minke whale surveys, 
particularly in the southern and 
eastern parts of the study area – for 
example, along the Vøringutstikkeren, 
the southern edge of the Vøring 
Plateau, the Mohn and Knipovich Ridges 

and towards the Barents Sea.138 The 
previously mentioned citizen science 
programme looking at cetacean 
populations around Svalbard also 
found that the area where most sperm 
whale sightings were reported shifted 
over time, from west of Bjørnøya during 
the years 2005–2009 to the north 
end of Prins Karls Forland, west of 
Spitsbergen, during the years 2015–
2019.139 Some observations have also 
been made around Jan Mayen.140 

A recent multiyear study using 
passive acoustic monitoring has 
established a baseline for the 
occurrence of sperm whales around 
Svalbard. This method involves the 
deployment of strategically placed 
hydrophones to record the sounds of 
the surrounding marine environment. 
Sperm whales lend themselves to 
this monitoring technique, which 
overcomes the inherent problems 
associated with visual sighting 
methods, by virtue of the distinctive 
clicks they make when hunting and 
navigating, as well as the repetitive 
clicks (codas) and slow clicks (clangs) 
they use to communicate amongst 

Sperm Whales  
© Paul Hilton / Greenpeace
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themselves. The analysis of data 
collected between 2012 and 2021 
revealed a rough pattern of sperm 
whale ‘hotspots’ observed in ice-free 
areas along the shelf break in the 
eastern Fram Strait and near the 
west coast of Spitsbergen between 
May and January. Another key finding 
of the study was that sperm whale 
detection rates were highest in the 
areas with the highest sea floor mean 
slope, also associated with complex 
underwater topography.141

Northern
bottlenose
whales
Like sperm whales, northern bottlenose 
whales are deep divers and are difficult 
to observe visually. Key aspects of their 
biology are still poorly understood. It 
is probable that northern bottlenose 
whales calve in the Norwegian Sea, 
but no specific calving areas have been 
identified. They are generally found in 
small groups (averaging 3 individuals), 
but exceptionally, larger groups of ~20 
animals have been seen around Jan 
Mayen.142 A long-term study conducted 
in the Northeast Atlantic showed that 

northern bottlenose whales mainly 
prey on cephalopods, but they are 
also known to eat some crustaceans 
and fish. Deep sea cephalopods, and in 
particular the squid Gonatus fabricii, 
constitute a large portion of the 
northern bottlenose whale’s diet, and 
it is likely that the whales’ distribution 
reflects the distribution of this preferred 
prey species, adults of which have been 
recorded at depths of up to 2,700 m.143

In recent years, most of the 
sightings of the northern bottlenose 
whale have occurred around Jan 
Mayen and along the Vøring Peninsula. 
Historically, however, catch records 
from the whaling industry, which 
between 1938 and 1971 significantly 
reduced the species’ population, 
suggest that Svalbard and the 
Knipovich Ridge were also important 
areas.144 This is supported by an analysis 
of cetacean sightings data collected 
between 2002 and 2014 from around 
the Svalbard Archipelago that found 
that northern bottlenose whales 
were primarily seen in deep offshore 
waters southeast of Spitsbergen, 
close to the Knipovich Ridge. Only 8 
of the 37 observations were in waters 
of less than 1,800 m depth and all 
of the sightings were just west of 

the entrance of Isfjorden, further 
underscoring the affinity of this species 
for deep water.145

In 2023, a study used habitat 
modelling to better understand the 
environmental factors that determine 
the presence of northern bottlenose 
whales around Jan Mayen and provide 
a tool to help predict where else 
they might be expected to occur. The 
study highlighted the importance of 
deep bathymetric features for this 
deep-diving species, which appears 
to prefer areas <1,000 m deep with 
a steep topography and between 
1,300–2,000 m with a gentler seafloor 
slope. The study also pointed out that 
some northern bottlenose whales 
had been recorded further north than 
the northern limit of their generally 
accepted range.146

Orcas 
Orcas are likely resident in most of the 
area all year round, but much of the 
available data comes from the summer 
minke whale surveys, which show a 
relatively high occurrence of orcas in the 
southwestern part of the area around 
Jan Mayen, along Vøringutstikkeren 
and in the area around Mohn Ridge.147, 148, 

Orca Whales 
© Robert Marc Lehmann / Greenpeace
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149 Orcas are also observed infrequently 
around Svalbard, where they swim right 
up to the ice edge.150 A 2019 review 
of current knowledge and threats to 
conservation of North Atlantic orcas 
notes that although multiple studies are 
increasing the scientific understanding 
of this species in the region, it remains 
‘patchy’.151 Surveys conducted over the 
1987–2015 period indicate that orcas 
number in the low tens of thousands in 
the Central and Eastern North Atlantic, 
but because of low precision of the 
abundance estimates it’s not possible to 
identify population trends.152

There is much scientific interest in 
the diet of the Northeast Atlantic orca. 
In 2009, it was suggested that North 
Atlantic orcas fell into two ecotypes 
based on some morphological 
differences in the wear of their 
teeth, with Type 1 cast as generalist 
predators feeding predominantly 
on fish, but with some individuals 
also eating marine mammals such as 
seals, and Type 2 cast as specialists 
predating solely on marine mammals.153 

Since the publication of the original 
paper, this separation of the two 
ecotypes has been called into  
question by the scientist who first 
made the suggestion, who now 
believes that more research in this 
area is needed.154, 155 

Satellite tagging of a small sample 
of orcas, identified as either ‘fish-
eaters’ (6 animals) or ‘seal-eaters’ (2 
animals) on the basis of observations 
of their foraging behaviour and 
biopsies, showed that they take 
distinctly different paths on leaving the 
herring wintering grounds in Norway’s 
northern fjords. Specifically, the seal-
eaters travel slowly south, hugging 
the coastline and visiting areas known 
to be favoured harbour seal haul-
outs, whereas the fish-eaters move 
offshore, travelling much faster along 
the continental shelf. The seal-eaters 
are mixed-diet opportunists, using 
diverse foraging strategies based on 
availability and preference.156

Other research investigating the 
movements of Northeast Atlantic 

orcas has provided other insights. The 
analysis of one photo-identification 
dataset spanning 32 years and 1,236 
individual whales, created from the 
merging of data from separate photo-
capture/recapture studies, illuminated 
how orcas’ distribution has changed 
with changes in the distribution of 
Norwegian spring-spawning herring. 
The study illustrates the orcas’ 
adaptability and potential resilience 
in the face of rapid changes in the 
ecosystem in this region.157

White-beaked
dolphins
Remarkably little is known about the 
ecology of the white-beaked dolphin, 
so it, like many other species, warrants 
more research. The species is thought 
to have a stable distribution, however, 
and white-beaked dolphins are often 
recorded along the continental 
shelf break to the west and south of 
Svalbard and Bjørnøya.158, 159, 160

White beaked dolphin 
© Suzanne Plunkett / Greenpeace
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BIRDLIFE 

Common Guillemots (white eye) 
and Brunich's Guillemot (centre) 
© Will Rose / Greenpeace

Although the Northeast Atlantic has 
some of the richest seabird populations 
in the world, there is less information on 
the distribution of seabirds inhabiting 
the Norwegian Seas ecoregion than 
some other sea areas, including the 
Barents Sea. The most complete 
synthesis of existing knowledge is 
presented in a report produced by the 
Norwegian Polar Institute in 2021.161 

The synthesis is largely based on 
information produced by the Norwegian 
government–funded seabird programme 
SEAPOP162 and data from the associated 
tracking programme SEATRACK163 and 
is supplemented with information from 
the scientific literature. The information 
presented below summarises 

information from this document unless 
referenced otherwise.

The area is important to 26 species 
of seabirds, including auks, gulls, 
skuas, sea ducks, divers and the Arctic 
tern. A full list is provided in Table 1, 
with their global conservation status 
on the IUCN Red List together with 
their status on the Norwegian national 
and Svalbard Red Lists. The table also 
shows whether Norway holds more 
than 25% of the global population. 
The IUCN Red List status does not 
necessarily reflect the Norwegian 
national or Svalbard assessment for 
some species, or the level of threat 
faced by the regional population. For 
example, the population of Brünnich’s 

guillemot (also known as the thick-
billed murre) is listed by the IUCN as 
of least concern, whereas the status 
of the Norwegian mainland population 
is critical and the Svalbard population 
is assessed as vulnerable. Similarly, 
the razorbill has a status of Near 
Threatened on the IUCN Red List, but 
the Norwegian mainland population 
is now considered vulnerable and the 
Svalbard population endangered. Five 
of the species found in the area are 
listed on OSPAR’s list of threatened 
and/or declining species, namely the 
ivory gull, black-legged kittiwake, 
lesser black-backed gull, Brünnich’s 
guillemot and Steller’s eider.164
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* Key to categories: CR = Critically Endangered, EN = 
Endangered, VU = Vulnerable, NT = Near Threatened, LC = Least 
Concern and NA = Not Suitable (for assessment)

 Species Scientific name Red List category* More than
25% of European
population?IUCN National

(2021)
Svalbard
(2021)

Guillemot Uria aalge LC CR NT

Brünnich’s guillemot
(thick-billed	murre)

Uria iomvia LC CR VU Yes

Black guillemot Cepphus grylle LC NT LC Yes

Razorbill Alca torda NT VU EN

Little auk Alle alle LC NA LC Yes

Atlantic	puffin Fratercula arctica VU EN LC Yes

Northern gannet Morus bassanus LC LC NA

Northern fulmar Fulmarus glacialis LC EN LC Yes

Black-legged
kittiwake

Rissa tridactyla VU EN NT

Common gull Larus canus LC NT NA Yes

Herring gull Larus argentatus LC NT NA

Lesser
black-backed	gull

Larus fuscus LC LC NA Yes

Great
black-backed	gull

Larus marinus LC LC NT Yes

Ivory gull Pagophila eburnea NT NA VU Yes

Glaucous gull Larus hyperboreus LC NA VU Yes

Iceland gull Larus glaucoides LC NA NA

Sabine’s	gull Xema sabini LC NA EN

Great skua Catharacta skua LC LC LC

Arctic skua Stercorarius parasiticus LC VU LC

Arctic tern Sterna paradisaea LC LC LC

Long-tailed skua Stercorarius longicaudus LC LC NT

Long-tailed duck Clangula hyemalis VU NT NT

Eider Somateria mollissima NT VU LC

King eider Somateria spectabilis LC NA NT Yes

Red-throated diver Gavia stellata LC LC LC

Black-throated diver Gavia arctica LC NA NA

Table 1. Status of seabird species 
occurring in the area opened up for deep 
sea mining. Adapted from the Norwegian 
government baseline report on seabirds.
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The occurrence of such large 
populations of seabirds in the area is 
due to the high primary and secondary 
production of phytoplankton and 
zooplankton, which sustains large 
populations of crustaceans and small 
pelagic fish, on which the seabirds feed. 
Of the small fish, capelin, sandeel and 
sprat are important food items for many 
seabirds throughout the year. Young 
year classes of herring are another 
important species, and polar cod, a 
species associated with the Arctic water 
masses, is important in the north of the 
region for some seabird species.

The proposed mining area is 
surrounded on all sides by important 
seabird breeding colonies. Some of the 
largest colonies are found on Jan Mayen 
and Svalbard, including Bjørnøya (Bear 
Island), but there are also large colonies 
on the east coast of Greenland and 
the coast of Norway, north of Lofoten. 
As part of an ecoregion assessment 
conducted by ICES in 2018,the total 
number of seabirds breeding in the 
Norwegian parts of the Norwegian 
Sea was estimated at 1,270,000 pairs, 
including 870,000 pairs of 20 species 
breeding along the mainland coast and 
400,000 pairs of 15 species breeding 
on Jan Mayen, including all six species of 
Atlantic auk.165 

How the area is used by different 
seabirds throughout the seasons is 
dynamic and not fully understood. For 
those populations that breed on Jan 
Mayen and Svalbard, the adjacent waters 
are an important feeding area. The same 
probably holds true for the colonies on 
Greenland’s east coast. At the end of the 
breeding season, male auks (guillemots 
and razorbills) and their chicks undertake 
a swimming migration away from the 
shore to staging grounds where the 
flightless chicks fledge. Populations of 
several species Brünnich’s guillemot, 
little auk and puffin are also known to 
overwinter partly in the area.166

The central part of the study area 
is a very important migration corridor 
for some of the world’s largest seabird 
populations, linking the ecosystems 
of the high Arctic with those of lower 
latitudes. Several million seabirds 
from internationally important 
breeding areas in the Barents and 
Norwegian Seas migrate through the 
area every spring and autumn. The 
migratory movements are primarily 
southwesterly in the autumn, with 
birds moving from their breeding areas 
in the Arctic to their wintering areas 
in lower latitudes, and northeasterly 
in the spring, when they make the 
return journey. A study looking at six 

seabird species (little auk, Atlantic 
puffin, guillemot, Brünnich’s guillemot, 
black-legged kittiwake and fulmar) 
that move across the area found that 
rather than flying straight across on 
their migrations they employ a ‘fly and 
forage’ strategy, stopping to graze and 
‘re-fuel’ along the way. This highlights 
the importance of the area to the 
survival and health of these species.167

ICES has noted that many seabird 
populations have decreased almost 
constantly since monitoring was 
initiated three to five decades ago, 
with a particularly sharp decline in 
recent years: ‘Over the last decade 
(2010–2020), most of the offshore 
feeding populations that are monitored 
have decreased with an average 
annual rate of 8.7% and more coastal 
species of 5.9%.’168 No single factor 
has been identified as the cause for 
these declines, but long-term breeding 
failures for pelagic-feeding species 
such as Atlantic puffin, black-legged 
kittiwake, common guillemot and 
Northern fulmar suggest that drastic 
changes in the availability of so-called 
‘0-group’ fish (i.e., fish in the first year 
of their life) has played a large part. 
The availability of suitable prey may be 
affected by commercial fisheries and is 
also linked to climate change.169

Northern Fulmar, Svalbard 
© Nick Cobbing / Greenpeace
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UNCERTAINTIES
AND LACK OF
BASELINE DATA

The information presented in the preceding sections 
of the report show that the area of the Nordic Seas 
opened up by the Norwegian government to deep sea 
mining exploration is highly productive, supporting a 
considerable biomass. Many kinds of marine wildlife 
are found in the area, some of which are resident while 
others travel there to feed following the spring plankton 
bloom. Many seabirds also cross it on their migrations to 
and from their breeding areas in the high Arctic.

While some species and habitats are well 
studied, those inhabiting the deep seas are not. The 
distribution and nature of the benthic habitats of 
the ridge system are very poorly understood, and 
it will take considerable time and resources to map 
them properly and make comprehensive species 
inventories. Understanding how they interact with 
other components of the wider ecosystem will be a 
further immense challenge. The recent discovery of the 
Jøtul hydrothermal vent field suggests that there may 
be others still to be identified, and with each new vent 
discovery scientists are finding additional new species, 
many endemic to particular vent fields.

The area is also undergoing rapid environmental 
changes that are leading to significant alterations in 
biodiversity and ecosystem dynamics. Often, scientists 
are unable to determine trends and seasonality due to 
lack of sufficient time series data.

The information presented in this report highlights 
some of the many knowledge gaps and lack of 
certain baseline data regarding the biodiversity and 
associated conditions, such as the prevailing bottom 
currents. These gaps mean that it is impossible to 
comprehensively assess the full environmental impact 
of any proposed deep sea mining operations – a view 
that has been expressed by the IMR in its response to 
the consultation on the impact assessment for mineral 
activities on the Norwegian continental shelf and the 
draft decision on opening the area.170

THREATS TO ARCTIC
BIODIVERSITY FROM
DEEP SEA MINING

As yet there are no specific details about how the deep sea 
mineral deposits would be extracted by any future mining 
operations, but whatever the exact technologies used, 
the process will need to incorporate some mechanisms for 
collecting the mineral ore from the seabed, bringing it to 
the surface, conducting any required offshore processing on 
surface support vessels and transporting the minerals to land.

Each of these stages will have associated detrimental 
environmental impacts, as may the preceding exploration 
phase, which during initial bathymetric surveys is likely to 
involve a variety of acoustic methods, including seismic 
testing, that introduce anthropogenic noise pollution 
into the marine environment.171 It is worth noting that new 
technologies and processes are being developed for deep 
sea mineral exploration and surveying as well as for deep 
sea mineral extraction, and these may involve the use of 
unmanned surface vessels and the fleet or swarm operation 
of autonomous underwater vehicles.172

For the SMS deposits, large ROVs could be used, or drilling 
platforms and technology adapted from that used in the 
offshore oil industry. For the manganese crusts, however, 
powerful machines able to cut into the steep underwater 
cliff faces will be needed. Possible options that are being 
considered include developing tracked vehicles that can climb 
the cliff faces and either slicing off sections of the crusts or 
using powerful water jets or vibrators to crush them.173 

Evidence is accumulating that the potential impacts from 
deep sea mining are likely to be ‘extensive and irreversible, 
permanent and immitigable’.174 Harmful impacts include:175

•	 Direct	removal	of	seafloor	habitat	and	organisms
•	 Alteration	of	substrate	and	its	geochemistry
•	 Modification	of	sedimentation	rates	and	food	webs
•	 Creation	of	changes	in	substrate	availability,	

heterogeneity	and	flow	regimes
• Release of suspended sediment plumes
• Release of toxins and contamination from  

extraction and removal processes 
• Noise pollution
• Light pollution
• Chemical leakage from mining machinery  

and equipment
•	 Unintentional	transport	of	species	(in	ballast	 

water	or	on	equipment)	to	a	different	location



A schematic showing the 
potential impacts of deep-sea 
mining on marine ecosystems. 
Not to scale.
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Impacts on
SMS deposits
The drilling or suction of SMS deposits 
will have a direct physical impact on 
the seabed, by removing substrate and 
flattening the topography. Additionally, 
the movement of machinery will 
likely compress sediment. It may also 
alter the circulation of the vent fields. 
This destruction of vital habitat will 
consequently change or destroy the 
associated benthic communities and 
may leave the affected areas unsuitable 
for future recovery and recolonization. 
Endemic species may be made extinct.

While the Norwegian government 
has said future mining operations 
will not mine active hydrothermal 
vents but rather will focus on the 
SMS deposits associated with inactive 
vents, the evidence presented in this 
report shows that these activities 
will still destroy unique benthic 
communities. It should also be noted 
that inactive vents are not necessarily 
extinct and may be associated with 
active hydrothermal vents as part of 
a large vent field. In such cases the 
overall field will still be hydrothermally 
connected to its heat source, and so 
all the vents within the field have the 
potential to resume activity.176

The biological communities of 
the AMOR vent fields are only just 
beginning to be described, and little is 
known about the connectivity between 
them. Recent research investigating 
the relationships between vent sites 
in the Northwest Pacific found that 
though the sites were isolated there 
were pathways by which larvae of some 
species, aided by ocean currents, were 
dispersed to other vent sites.177 This 
research implies that the damage to a 
single hydrothermal vent could impact 
other vent sites.

Impacts on
seamounts
The removal of cobalt crusts from 
seamounts will cause widespread 
mortality to the benthic communities 
living there. Studies have shown 
how destructive deep sea trawling 

is to benthic communities, resulting 
in declines in faunal biodiversity, 
abundance and cover, and it can be 
expected that deep sea mining, with 
its complete removal of substrate, 
will cause even more harm.178 As well 
as the impacts of direct removal, the 
sponge beds located on the AMOR 
will be vulnerable to increased 
sedimentation from deep sea mining 
and may be susceptible to toxic effects 
of contaminants transported, possibly 
over long distances, by sediment plumes 
created by mining activities. 

A recent investigation into the 
effects of crushed SMS deposits on 
the boreal deep sea sponge Geodia 
barretti and associated brittle star 
species (Ophiura spp.) showed that 
‘deep-sea mining plumes are likely to 
have ecotoxicological effects on deep-
sea benthic fauna’.179 The researchers 
subjected the organisms to SMS 
particles for 21 days. All the brittle 
stars expired within 10 days, while the 
sponge’s metabolism was compromised. 
The researchers concluded that a 
precautionary approach to deep sea 
mining is vital to prevent indirect 
impacts and ensure that sponge-
mediated benthic-pelagic coupling 
mechanisms and other ecosystem 
services are not disrupted.

Sediment plumes
Sediment plumes may be generated 
at two stages in the mining process: a 
seafloor sediment plume is discharged 
during the extraction stage and a 
midwater plume is produced by the 
discharge of unwanted sediment and 
water when it is separated from the ore 
during ‘dewatering’. These plumes are 
likely to impact on species both at the 
seabed and in the water column, with 
the potential for fine sediments and 
dissolved metals to be dispersed over 
large areas.

A 2020 paper authored by 19 
scientists argues that the potential 
impacts of sediment plumes produced 
by deep sea mining operations 
have been somewhat overlooked 
compared to the benthic impacts 
and that they pose significant risks 
to midwater organisms – especially 

important suspension feeders such 
as crustaceans, polychaetes and 
salps – and ecosystems.180 The authors 
identified a number of ways in which 
sediment plumes may impact midwater 
organisms, including:

•	 Diluting	the	food	available	to	
suspension feeders and clogging 
fragile	mucous	filter	nets	with	
fine	sediment	particles

•	 Reducing	the	buoyancy	of	
gelatinous plankton through the 
adhesion	of	fine	sediment

•	 Shifting	the	structure	and	
function	of	microbial	communities	
that regenerate essential 
nutrients for the pelagic 
ecosystem

• Introducing toxic metals to the 
pelagic environment that may 
persist for years and travel vast 
distances 

•	 Altering	the	absorption	of	
light	and	change	backscatter	
properties,	thus	interfering	with	
the visual communication and 
bioluminescent	signalling	that	
these animals rely on for prey 
capture and reproduction186

•	 Creating	population	effects,	such	
as	changes	in	both	horizontal	and	
vertical emigration and changes 
in	community	composition,	
which could then lead to further 
reductions in ecosystem services.

How the plumes behave will be 
dependent on the type of deposit 
mined, on local currents, and on the 
mining technology, but the volumes 
of these plumes will be immense. For 
example, it has been estimated that 
a hydrothermal vent operation could 
discharge as much as 22,000 to 38,000 
m3 per day of a mix of seawater and 
fine sediments.181 As yet no information 
is available regarding the potential 
impacts of sediment plumes from 
future mining operations on the 
Norwegian extended continental shelf, 
but a modelling exercise investigating 
the dispersion of SMS plumes in the 
Mid-Atlantic Ridge around the Azores 
showed likely far-reaching effects 
and how sediment would be carried 
to areas inhabited by vulnerable 
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cold-water corals and other areas 
important for fisheries. The authors 
also note that ‘climate-related changes 
in ocean circulation and deep water 
mass properties (e.g., warming, ocean 
acidification, and deoxygenation)’ 
will have an effect on the dispersal of 
plumes and the toxicity of associated 
metals and so need to be considered 
when assessing future impacts.182 

Noise pollution
Underwater noise – at a range of 
frequencies and throughout the water 
column – will be generated by the 
undersea machinery, the powerful 
pumping systems that lift the mined 
ore and the surface support vessels, 
all of which are expected to be working 
around the clock in any future deep sea 
mining operations. 

As Jeffrey Drazen, professor in 
the Department of Oceanography at 
the University of Hawaii, describes 
it: ‘If you’re mining sulphide deposits 
or crusts on sea mounts, you have to 

actually grind that hard substrate off 
of the bottom or out of the sea floor. 
That’s going to be incredibly noisy … 
[and] because of the temperature and 
salinity profiles of the ocean sound is 
conducted for very long distances. So 
this is bad news.’183

It has been noted by others that 
‘anthropogenic noise is known to 
impact a number of fish species and 
marine mammals by inducing behaviour 
changes, masking communication and 
causing temporary threshold shifts 
in hearing or permanent damage, 
depending on the species, type of noise 
and received level’.184 Similar and other 
issues may arise with other types of 
marine life, including invertebrates.185, 186

As most deep sea species 
naturally experience only low 
levels of noise, noise arising from 
deep sea mining operations will be 
expected to increase ambient sound 
levels substantially. Researchers 
are discovering how some deep sea 
fish species communicate using low 
sound frequencies,187 and one study on 

deep sea scavenging shrimp suggests 
they may use sensitive acoustic 
systems to detect food falls up to 
100 m away.188 

Of special concern are the 
potential impacts from noise pollution 
on cetaceans. It has recently been 
recognised that ‘the sounds produced 
from mining operations, including from 
remotely operated vehicles (ROVs) 
on the seafloor, overlap with the 
frequencies at which many cetaceans 
communicate, which can cause auditory 
masking and behaviour change’.189 

Typical behavioural responses include 
avoidance of the area and/or changes 
in behaviours such as feeding, nursing, 
resting or communication.190

Baleen whales communicate 
using mid- and low-frequency 
sounds that largely overlap with the 
frequency range of anthropogenic 
noise emitted by ships, seismic 
operations and military sonar, which 
means their calls can be partially 
or completely ‘masked’ by them. 
To compete with the fog of human 

Seismic Blasting off North-East Greenland 
© Christian Åslund / Greenpeace
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sound, baleen whales may adjust 
the frequency or strength of their 
calls, which may be energetically 
expensive and not necessarily 
effective.191 Blue whales, which 
regularly vocalise during the 
summer feeding season in the Nordic 
Seas, have been found by research 
conducted in waters of the Southern 
California Bight to alter their calling 
in response to anthropogenic noise, 
stopping calling in response to sonar 
and increasing calls in response to 
shipping noise. Behavioural change 
was recorded even at frequencies 
above their own vocal range.192

Northern bottlenose whales, like 
other beaked whale species, are thought 
to have a high sensitivity to acoustic 
disturbance and are at risk from 
increasing industrialisation. Studies have 
shown that in response to anthropogenic 
noise this species may perform abrupt 
deep dives, cease foraging behaviour 
and avoid source areas for up to 
24 hours.193 An experimental study 
investigating the response of tagged 
northern bottlenose whales to noise 

from mid-frequency sonar, conducted 
in the acoustically near-pristine waters 
of Jan Mayen, found that the animals 
reacted particularly strongly.194 Both 
onset and intensity of response were 
better predicted by received sound 
pressure level than by source distance. 
The research did not indicate that the 
source distances tested (0.8–28 km) 
modulated the behavioural effects of 
sonar, as some scientists have suggested 
it might for locations where whales are 
frequently exposed to sonar.

A more recent study comparing 
the response of four species of 
whale – northern bottlenose, sperm, 
long-finned pilot and humpback 
– found in Norwegian waters to 
underwater noise pollution showed 
that all four respond in the same 
way as they have evolved to when 
detecting the sounds of predatory 
orcas.195 On being exposed to the 
noise, the whales stop foraging, 
which impacts their energy budgets 
and makes them more vulnerable, 
choosing, as one researcher put it, 
‘life over dinner’.196

Light pollution 
The machinery used to cut, scrape or 
suction up SMS deposits and cobalt 
crusts will most likely be equipped 
with strong lights to illuminate the 
seafloor to enable camera control of the 
operations. Additional light emissions 
will come from ROVs used for surveying, 
inspection and maintenance. On the 
surface, the support vessels will also 
be sources of light, similar to those of 
offshore oil and gas operations.

The introduction of artificial light 
into the deep ocean beyond where 
sunlight penetrates may impact deep 
sea life in various ways, some of which 
have likely not been considered yet 
because this would be an entirely 
novel practice in a realm where the 
current state of knowledge is limited. 
While many deep sea organisms lack 
or have reduced eyes or light-sensing 
organs, others, including many 
deep sea fishes and invertebrates, 
have fully developed eyes that are 
sensitive to the low light levels of 
bioluminescence.197 Bioluminescence 

Hydrozoan Jellyfish 
© Greenpeace
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occurs across the deep ocean and 
is produced by lots of different 
organisms ranging from bacteria to 
fish, which may use it to communicate, 
hunt or defend themselves. Similar 
to underwater noise, artificial light 
might mask signals of species that 
use bioluminescence to communicate. 
Some species may be attracted to the 
artificial light produced by deep sea 
mining machinery, and others may 
avoid it. One possible detrimental 
impact is that organisms attracted 
to the light might be harmed or 
killed by the machinery; another is 
that the brightness of the artificial 
light might damage sensitive eyes 
or photoreceptors. This has been 
suggested as the cause of retinal 
damage observed in vent-inhabiting 
shrimps following scientific surveys.198 

Light from deep sea mining 
vessels and platforms may also 
have an impact. Recent studies 
conducted around Svalbard have 
shown that artificial light from both 
ships and instrumentation disrupts 
the behaviour of fish and zooplankton 

down to at least 200 m depth.199 

Offshore oil and gas platforms 
are known to sometimes cause 
detrimental impacts to migrating 
seabirds, and given the importance 
of the Nordic Seas to many seabird 
populations, the possibility that 
large numbers of them might be 
attracted to deep sea mining sites is 
a matter for concern.200 In the North 
Sea, migrating seabirds are attracted 
to platforms and some die, perhaps 
because the light affects their 
internal compasses.201 The waters of 
the Grand Banks in the Northwest 
Atlantic are, like the Nordic Seas, an 
important area for migrating seabirds 
including planktivorous puffins and 
guillemots/common murres, and 
scientists have raised concerns about 
offshore hydrocarbon developments 
there because of the possible impacts 
on seabirds.202

Accidents
With all industrial activities in the 
maritime environment there comes 

the concomitant risk of accident. 
For deep sea mining using new and 
untested technologies in extreme 
environments, the risks are high, 
with accidents potentially leading 
to damage to or loss of vessels and/
or mining equipment. In the worst 
instances, accidents could result in 
unsalvageable wreckage littering 
the seabed and/or the release of oil 
and other pollutants.

According to Xingsen Guo, 
a research fellow at University 
College London, the extreme 
environmental conditions present 
significant challenges to mining 
operations, with machines operating 
on steep seamount slopes facing 
an elevated risk of serious accident 
due to possible issues such as 
subsidence and slippage.203 Although 
mining activities exacerbate the 
risks, even without the presence of 
mining vehicles ‘geologic disasters 
may occur in seabed mining sites 
due to the instability of the seabed 
under the action of external loads 
[including] tectonic action, gravity, 

Shrimp on live Lophelia, 
Trondheimfjord, North Atlantic Ocean 
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hydrodynamic action, gas release and 
changes in pore pressure’.204

Cumulative and synergistic 
impacts of deep sea mining It has 
been argued that the various 
impacts of deep sea mining will 
‘cause unavoidable, irreversible 
harm to deep-sea ecosystems 
and [put] the health of the wider 
ocean at risk’, with these activities 
‘adding to other stressors, 
including various forms of pollution 
(litter, noise and chemical), poor 
fisheries management and climate 
change’.205 There is also potential 
for synergistic effects, and impacts 
could become more unpredictable 
over time. For example, changes in 
ocean chemistry may disrupt key 
ecological processes affecting deep 
sea biological productivity, which 
in turn could result in ‘knock-on 
effects that we cannot currently 
comprehend or predict’.206

Connectivity between deep 
seabed habitats and broader 
ecosystem functions, such as 
carbon fixation, cycling and storage, 
nutrient cycling, metal cycling and 
productivity, are poorly understood. 
Recent research is revealing new 
insights, such as the finding that the 
contribution of hydrothermal vents 
to surface productivity is greater 
than expected. This adds to the 
body of knowledge that implies that 
damage to deep sea ecosystems by 
deep sea mining would likely have 
far-reaching consequences.207

Given the disturbance deep sea 
mining will cause to the seabed, the 
potential for significant effects on 
carbon cycling and storage in the 
deep ocean has been raised.208 

Other industries
It is not only the marine life of the 
Nordic Seas that may be put at 
risk by any future deep sea mining 
activities. The decision to pursue 
deep sea mining and the likely 
impacts on deep sea communities 
clearly have the potential to 
undermine and restrict future and 
current decisions on other uses 
of the ocean. Representatives of 

commercial fisheries have voiced 
strong concern: the Norwegian 
Fishermen’s Association (Norges 
Fiskerlag) has been highly critical 
of the Norwegian government and 
the huge gaps in knowledge, while 
the Norwegian Pelagic Association 
(Pelagisk Forening) is strongly 
opposed to the proposal, stating 
that ‘the area that is proposed to be 
opened is enormous, there is a great 
lack of knowledge about its effects 
and the impact of exploration and 
extraction is very uncertain’.209

The Managing Director of 
Fiskebåt, Audun Maråk, has also 
voiced concern, stating that ‘Mining 
activity on the seabed is a major 
intervention, and it is therefore 
important that you take enough 
time before you start.’210

The deep sea mining industry 
is not the only one interested 
in hydrothermal vents – the 
organisms that live in the extreme 
conditions around vents are of 
great scientific interest, and the 
bioprospecting industry sees 
potential in research on the 
genetic makeup of so-called 
extremophiles, thinking this 
may lead to innovations that will 
produce novel medicines and 
have commercial applications in 
multiple sectors including food 
and cosmetics. Norway has had a 
marine bioprospecting strategy 
since 2009, and authorities 
and researchers view its future 
potential with high hopes.211, 212

Amidst all the unknowns, the 
one certainty is that any future 
deep sea mining activities will 
result in a range of direct and 
indirect impacts that will affect 
both benthic habitats and species 
and the water column above and its 
pelagic inhabitants. Some effects 
will be local and others will be 
far-ranging. Some of these effects 
may be temporary while others are 
likely to be permanent, while the 
repercussions may be synergistic 
and will have a cumulative impact 
over time. As there are no-large 
scale operations happening yet, 
these cannot be fully assessed.

Widespread
criticism for
Norway’s proposed
deep sea mining 
The Norwegian government’s plans 
and processes have been met with 
widespread consternation and 
opposition from many different 
actors, both nationally and 
internationally.213 

The plans also rely on a highly 
doubtful assumption about the 
main intended market for the 
products of deep sea mining: 
including the EU. Meeting the EU’s 
projected future demand for critical 
raw materials used in various high-
tech industries, including those 
supporting the transition to green 
energy and transport, is one of the 
key drivers behind the Norwegian 
Petroleum Directorate’s deep sea 
mining push. The EU Commission 
and the Parliament, however, have 
expressed strong concern about 
the environmental impact of deep 
sea mining.214, 215 Furthermore, 119 
European parliamentarians wrote 
an open letter to their Norwegian 
colleagues in November 2023 
asking them to stop the opening 
process,216 and on 31 January 
2024 the European Parliament 
voted in favour of Resolution 
B9-0095/2024, expressing its 
concerns about the Storting’s 
decision to open areas of the 
continental shelf for mining seabed 
activities.217 A previous resolution 
of the EU Parliament called on the 
Commission and member states to 
back an international moratorium 
on deep sea mining.218

Norway’s own Environment 
Agency has also been highly 
critical, casting the government’s 
environmental impact assessment 
as inadequate, providing neither 
sufficient scientific information nor 
the legal basis to open the area 
to deep sea mining exploration or 
exploitation.219 In addition, Norway’s 
Institute of Marine Research – one 
of Europe’s largest marine research 
organisations and affiliated to 
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the Norwegian Ministry of Trade 
– released a statement detailing 
the extent of the knowledge gaps 
relating to the natural environment 
and bottom currents in the deep 
sea mining area, which it says make 
it ‘impossible to assess the impacts 
of exploring for and extracting 
deep-sea minerals in the affected 
area’.220 The IMR’s response to the 
consultation on the Norwegian 
government’s environmental 
impact assessment elaborates on 
the statement, emphasising the 
government’s lack of a plan for filling 
in the knowledge gaps and pointing 
out how going ahead with the plan 
will impair Norway’s reputation as a 
responsible ocean state.221 

With the decision to open up its 
claim to an extended continental shelf 
to deep sea mining activities, Norway 
is rowing against the tide: more than 
800 scientists have called for a pause 
on deep sea mining globally, and a 
growing number of countries are 
either calling for an outright ban, a 
moratorium or a precautionary pause 
unless and until a set of conditions 
around preventing environmental 
damage, understanding deep sea 
ecosystems and securing social 
licence can be met.222, 223 An editorial 
in the prestigious journal Nature 
said the decision has undermined 
ongoing efforts to protect the ocean 
and broken Norway’s promise to the 
other nations on the Ocean Panel 
and to scientists by going against the 
advice of the Ocean Panel’s scientific 
advisers and other researchers.224 Anne 
Larigauderie, executive secretary 
of the Intergovernmental Science-
Policy Platform on Biodiversity and 
Ecosystem Services (IPBES), has also 
been critical of the move, telling NRK 
that deep sea mining is harmful to 
biodiversity and should be avoided.225

On 23 April 2024, WWF 
Norway announced that it was 
taking the Norwegian government 
to court, arguing that the decision 
to open up the area was made 
based on a strategic impact 
assessment that does not meet 
the minimum requirements under 
Norwegian law.226



Figure 6. Particularly 
valuable and vulnerable 
areas (VMEs) cover large 
parts of the Nordic waters 
and the Banana Hole. 
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PROTECTION,
NOT EXTRACTION 

The extraordinary biodiversity and productivity described 
in this report clearly warrant protection, especially in the 
context of the inherent vulnerability of many of the species 
and habitats that would be affected and the rapid and major 
environmental changes that are currently underway in the 
region. Norway’s deep sea mining plans, if allowed to proceed, 
risk widespread, significant and enduring harm to the area’s 
marine life and interlinked ecosystems. For these reasons, the 
Norwegian government must immediately halt the national 
process and join the growing number of nations supporting a 
global moratorium on deep sea mining.

Currently, of all the regions covered by OSPAR, Region 
I (Arctic Waters), which includes the entire area being 
opened up to mining, has the lowest marine protected area 
(MPA) coverage, at only 2%.227 By comparison, the other 
four OSPAR regions have an average MPA coverage of just 
under 16%,228 which is still only half of the minimum that 
the science demonstrates is required to safeguard marine 
ecosystems.229 Significantly, there are no MPAs for deep sea 
hydrothermal vents or seamounts – the primary geological 
focus of Norway’s deep sea mining proposal. This lack of 

protection underscores the urgent need for a step-change 
in the Norwegian government’s marine protection efforts 
so that effective conservation measures can be put in place, 
underpinned by the establishment of a network of fully 
and highly protected areas that have been demonstrated 
to protect marine life on the seabed and throughout the 
water column, preserve ecosystem functioning and build 
resilience to environmental change.230, 231

The Norwegian government has an obligation to halt 
and reverse biodiversity loss through its international 
obligations as a party to the Convention on Biological 
Diversity, and importantly has committed to conserve at 
least 30% of Norway’s marine area by 2030, in line with the 
targets established under the CBD’s recently ratified COP15 
Kunming-Montreal Global Biodiversity Framework.232

The Norwegian Environment Agency has already made 
some first steps in this direction by commissioning the 
IMR to conduct a knowledge status review and to make 
recommendations for ‘how to achieve the best possible 
protection of benthic ecosystems, including ecologically 
important species and habitats, in deeper parts of the 

Minke Whale, Svalbard 
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Nordic Seas’.233 Applying the principles and criteria set 
out by the CBD for the design of marine protected area 
networks, the IMR arrived at three different MPA network 
scenarios with a protection target of 30% of the study 
area. Scenarios representing 40% and 50% protection 
were also developed, ‘based on empirical evidence that 
this is the minimum size needed to fully protect the range 
of different aspects of biodiversity components, as well as 
threatened species’. Of these different network designs, 
the authors selected as most favourable one that covers 
407,968 km², representing 33% of the total study area. 
The network design is composed of 22 MPA units ranging in 
size from 85 to 77,242 km². Importantly, it protects ‘100% 
of all known active and inactive hydrothermal vents and 
cold seeps, as well as 100% of the areas defined as coral 
and sponge hotspots’ that constitute VMEs.

Implementing this network design would constitute 
a significant step toward mitigating further biodiversity 
loss. As is clear from this report, the ecology of benthic 
communities is intrinsically coupled with the water column 
and pelagic realm above, and the impacts of any future 
deep sea mining activities would not be confined to the 
benthos. For these reasons, achieving holistic protection 
of the Nordic Seas will require that other measures are 
developed to protect the overlying pelagic ecosystem.

Meeting this goal would require Norway to work 
collaboratively with its neighbours, because the 
northernmost part of the proposed area overlaps with 
Svalbard’s Fisheries Protection Zone and two parts of 
the seabed proposed for deep sea mining lie beneath 
international waters.234 This part of the high seas, 
commonly known as the ‘Banana Hole’, is bordered not 
only by Norway, but also by Iceland, Greenland and 
Denmark/the Faroe Islands. 

The current governance of human activities taking 
place in the water column of the Banana Hole falls to 
a patchwork of organisations with different sectoral 
competencies and geographies. These include global 
instruments with different sectoral competencies, such 
as the International Maritime Organisation (IMO) and 
the International Whaling Commission (IWC), as well as 
relevant regional fisheries management organisations, the 
North-East Atlantic Fisheries Commission (NEAFC) and the 
regional seas organisation, OSPAR. Collectively, these ‘legal 
instruments and frameworks and relevant global, regional, 
subregional and sectoral bodies’ are known as IFBs.235 

Working in this complex context has been made 

somewhat easier with the adoption of the Global Ocean 
Treaty – shorthand for the UN Biodiversity Beyond 
National Jurisdiction (BBNJ) Agreement. The Global Ocean 
Treaty is a legally binding instrument that provides both 
a mandate to safeguard the biodiversity that inhabits 
areas beyond national jurisdiction and a mechanism and 
pathway to coordinate action via the various IFBs.

On adoption of the Treaty in June 2023, the head of 
the Norwegian delegation, Christine Finbak, expressed 
Norway’s support for the Treaty, including the use of 
area-based management tools (ABMTs) such as MPAs 
as a means to help deliver the goal of conserving at 
least 30% of land and sea areas by 2030.236 In the same 
statement, she also noted the need for ratification to 
ensure swift entry into force and implementation of the 
Treaty. Norway signed the Treaty on 20 September 2023 
but has not yet ratified it.

The Global Ocean Treaty enables the use of ABMTs 
and the establishment of high seas MPAs, includes 
measures relating to marine genetic resources 
(MGRs) and introduces the requirement to conduct 
environmental impact assessments in a transparent 
manner, as well as having provisions for capacity 
building.237 All of these elements of the Treaty package 
are relevant to Norway’s proposed deep sea mining 
exploration and extraction activities.

As the waters of the Banana Hole are international 
waters and any seabed mining activities carried out by 
Norway are bound to impact the water column, Norway 
will, once the Treaty comes into force, at a bare minimum 
have a duty to provide relevant information regarding 
its EIA to other parties through the Clearing-House 
Mechanism, with an opportunity for the Scientific and 
Technical Body to provide comments. The current rush 
by the Norwegian government to expedite its deep 
sea mining plans runs contrary to the objectives of the 
Treaty and its previously stated support.

The possibility of putting protection measures in place 
and creating an effective network of ocean sanctuaries in 
the Nordic Seas exists, but it will require the Norwegian 
government to change its current direction of travel and 
arrest its deep sea mining plans. Only by disregarding the 
false solutions presented by advocates of the deep sea 
mining industry, studying and understanding the ecological 
functions of the Nordic Seas ecosystem and conferring 
effective protection can the area’s marine life and long-
term sustainability be ensured. 
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WAY
FORWARD

This report provides an overview of the 
biological richness of the Arctic areas 
being opened up to deep sea mining by the 
Norwegian government. 

While some species have been extensively 
researched, others, including many found 
in various benthic communities, are not 
well understood. Scientists continue to 
discover and describe new species as 
they research the deep, and there may be 
other vent fields with their own unique 
communities that have yet to be detected.

The general lack of environmental and 
biological baseline data combined with 
the limited understanding of the full 
environmental impacts of deep sea mining, the 
multiple failings of their environmental impact 
assessment and the rushed process all argue 
that the Norwegian government must freeze 
all ongoing deep sea mining–related activities 
and not award any licences for exploration 
or exploitation. The Norwegian government 
should instead invest in undertaking research 

to fill in the host of knowledge gaps regarding 
the biodiversity of the area to enable its 
conservation.

The area in question is undergoing 
rapid environmental change, and 
governmental focus needs to be shifted 
from exploitation to protection in order 
to safeguard marine life and build 
ecosystem resilience.

To to meet its international  
commitments and ensure that the 
ambitions of the Kunming-Montreal 
Global Biodiversity Framework and the 
Global Ocean Treaty are fully delivered, 
the Norwegian government must halt 
destructive activities in the seabed and 
waters under its jurisdiction, establish 
an effective and fully representative 
network of ocean sanctuaries covering 
at least 30% of its jurisdiction and work 
with others to ensure that equivalent 
protection is conferred for the overlying 
international waters. 
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