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Preface

The previous version of this strategic environmental impact assessment cov-
ering the western Greenland Sea (Boertmann & Mosbech 2012) included a 
section on information needs. These needs were transformed into a catalogue 
of relevant research projects (Strategic Environmental Study Plan for Northeast 
Greenland
the Northeast Greenland shelf. The licence obligations include support to en-

-
ment of Greenland) a number of the studies proposed in the catalogue. The 
results of these studies are the foundation of the new information incorporat-
ed in this updated strategic environmental impact assessment.

off Northeast Greenland for new applications in 2021 and the sea off central 

Preface to 2nd revised edition

which ended 30 Nov. 2020. This coincided with the decision of new manage-
ment plans for activities in the Norwegian waters in 2020 including new lim-
its for oil and gas exploration in the Barents Sea. This new regulation is re-
ferred to in the present update.



Summary and conclusions

This document is an updated strate-
gic environmental impact assessment 
(SEIA) of activities related to explora-

and gas in the sea off Northeast Green-
land between 68° and 82° N; the Green-

-
ure 1).

The previous version was issued in 2012 

is now updated with new environmen-
-

ing the Strategic Environmental Study Pro-
gram for Northeast Greenland

Northeast Greenland developed in 2013 
which included the information needs 

SEIA (see Annex C). The aim of this was 
-

tal information for planning and regu-
lating oil exploration activities and oil 
spill response in the western Greenland 
Sea. The plan included projects on ma-

-
-

which address the main environmental concerns related to oil activities in the 
area:
1. How to conduct and regulate increased seismic activities in the Greenland 

populations are avoided or minimized?
2. How to regulate discharge of drilling mud and chemicals from exploration 

3. How to minimize the environmental impacts if an oil spill occurs based on:
-

ods are avoided.
-

-
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-
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• 

• 
• 

• 

• 
-

-

• 

• 
• 

• In situ burning: environmental impacts of residues and burning in ice 

• -
east Greenland (in preparation).

• 

The results of these studies are incorporated in the chapters and text boxes in 
this report and are presented in the above mentioned references and summa-

base on both ecological and oil spill issues in the assessment area.

Strategic Environmental Study Program for North-
east Greenland

-

-

-
-

Glossary to some terms used in the SEIA

Environmental pressures
-

ping or mineral extraction and on a larger scale also climate change. The term 



Environmental impact

population of narwhals. See also environmental effect. 

Environmental effect
the toxic effect of a chemical in the drilling mud or the effect of noise generated 

-

Sensitive. This is an intrinsic characteristic of the ecological elements (organ-
-

term which sensitive to some degree overlaps with in meaning.

Vulnerable

some degree overlaps with in meaning.

Environmental risk -
-

ploration drilling.

The physical environment

-
-
-

throughout the winter. 

(Hvidegaard et al.

The biological environment

-

-
-



higher levels of the food chain. The large copepods (Calanus
-
-

Calanus were abundant. High 

of the water: the North Atlantic  was present at all sta-

Sea. The larger Arctic Calanus species C. glacialis and C. hyberboreus
-

-

coupling).

There is no vegetation in the tidal zone due to the impacts of sea ice. Below 
-
-

Benthos is the fauna living on and in the seabed. Benthic macrofauna spe-

-

mammals. Studies in 2017 (Strategic Environmental Study Program for Northeast 
Greenland) found rich benthic communities in coastal waters and also on the 

-

-
-
-

side of the ice. 

predators. 

-
-

mals. It was caught on almost all trawl stations during the Strategic Environ-
mental Study Program for Northeast Greenland

-
-



10

-

high numbers. Some of the seabird species utilise the adjacent waters more 

bird species which occur in the marine part of the assessment area include 

is a stronghold for this species.

-

-

-

whelping season (harp seal movements documented in 2017-2018); and wal-

-
portant habitat for the now increasing population of bowhead whale both in 

-
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-

-

-
shore areas in the southern part of the assessment area. The catches are small 

-

Other environmental pressures

-

(April) and throughout the summer. There is a local operator and a few Ice-

-

Assessment

-
ing the distribution of species and their tolerance and threshold levels toward 

-
-
-

adjustments of assessments and conclusions.

might change under changing environmental conditions. Changes in habitat 
-
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Normal operations 

-

the seabed.

-
-

around the drill platform. The degree depends on the amounts and content of off-

Act of Greenland.

the environment. The impact giving most concern will be the continuous un-
-

environmental concern relate to produced water from production facilities. 
Some studies have indicated that low concentrations of oil and nutrients from 

-

concentrations below ice could be exposed and impacted if oil from produced 
water accumulates in the upper waters below the ice. 

-

and sea water temperatures. It will therefore be important to implement high 

-



and/or over long time periods could be of concern. 

-

-
cern as BC contributes to increased snow and ice melt in the Arctic.

-

-

-

This issue will be relevant to consider when planning activities in the south-

tourist activities.

-
tion. Shipping contributes to the underwater noise and to emissions to the at-

has potential to disturb both marine mammals and seabirds. Some of these 

Mitigation

All these environmental impacts related to the normal operations can be miti-
-

-
plemented in Greenland.

Oil spills

-
tal impact from oil and gas exploration and exploitation in the assessment 

assessment area due to icebergs and sea ice. The effects of a large oil spill in 
-

be described. 

Primary production and plankton
-

Deepwater Horizon. The same 



along the underside of the sea ice where spilled oil also tends to accumulate. 

-
tribution of spawning polar cod.

Benthic communities -

-
-

munities in deeper waters (cf. Deepwater Horizon

-
ment area has little marine life due to the effects of the sea-ice. The benthos 

cause toxic effects at the higher trophic levels.

Marine vegetation

Fish

-
sessment area spawn in the intertidal and subtidal zones.

Seabirds
-

-

-

Marine mammals: The whelping harp and hooded seals are among the most 
oil spill sensitive marine mammals in the assessment area. In the whelping 

feeding grounds can be impacted.

-

exposed to an oil spill in the ice-covered parts of the assessment area.

The whale populations most vulnerable to oil spills in the assessment area are 

-
-

-
view of the activities and their assessed impacts.



Impact Activity/ Spatial -

Underwater 
noise

Seismic sur- Displacement 
of marine mam-

Exploration Regional Short-term

Narwhal, bow-
head whale, wal-

Pot. 
high

Potential population im-
-

eas or spawning areas 
are abandoned. Fishery 
in southern part will 
not or only be slightly 

-
Production

Drilling mud 
and cuttings, 
release to 
seabed and 
water column

Drill ship and 
platforms

Sedimentation, 
suspended ma-
terial in water 
column, toxic 
chemichals

All Seabed organ-
isms

Pot. 
medium

-
fects in case of multiple 
drillings

Produced 
water

Production 
platforms Contamination Production Regional

Polar cod egg 

primary produc-
tion hotspots

Pot. 
high

species Ships

Replacement of 

food web dis-
ruption

All Regional The ecosystem Pot. 
medium

Sewage and 
waste water Rigs and ships

Eutrophication, 
chemical pol-

lution

Exploration Short-term The
ecosystem

Production regional
The 

ecosystem
Pot. 

medium

-
fects in case of multiple 
platforms

Emissions to 
atmosphere

All mechanical 
processes Climate change

Exploration The Arctic eco-
systemProduction

Installations 
and infra-
structure

Facilities on- Habitat loss, 

aestetics

Exploration Short-term Rare and species 
with localized dis-

tribution

The coral gardens lo-
calized in 2017, Arctic 

part are all example of Production Pot. 
high

Transporta-
tion

Ships, air-
crafts, helicop-

ters

Disturbing/
displacement of 

wildlife

Exploration Short-term Walrus haul-outs, 
moulting geese, 
seabird breeding 

coloniesProduction Regional Pot. 
high

Prescense of 
people

Primarily at 
shore-based 

facilities

Disturbing/
displacement of 

wildlife

Exploration Short-term Walrus haul-outs, 
moulting geese, 
seabird breeding 

coloniesProduction Pot. 
high

Accidents 
with ships, 

rigs, pipelines, 
blowouts at 
surface or 

seabed

-
ing, intoxication, 
direct mortality, 

Drilling and 
transport

Regional The entire eco-
system, particu-

are seabirds, 
seabed com-

spawning in shal-
low water

Pot. 
extreme

Pot. = potential. Spatial extend: Local refer to the near surroundings of the source and the project area. Regional refer to the region 
Short-term

Long-term 
is longer than that and often much more. In the case of the Exxon Valdez impacts more than 25 years, but also the lifetime of a 

Low
Medium

High are when e.g. populations are reduced and 
Extreme are when the 



Response

careful planning of the entire process. 

-
cal dispersion and in situ burning. All three methods have their limitations in an 

oil from a sea surface covered with more or less ice is challenging and not a re-
alistic option for a large spill in the assessment area. Ice edges can act as barriers 

-

parts of the assessment area.

Strategic Environmental Study Program for Northeast Greenland. 

-

intrinsic potential for oil biodegradation in the water column and sediment on 

-
-

not a removal process to be counted on.

DCE and GINR recommendation on area restrictions 

a.  A large part of the Greenland Sea must be considered critical habitat for na-

-

to have increasing importance to secure habitats for the high Arctic biodiver-

-
fects for seabirds and some marine mammal populations in the Greenland Sea 

Exxon Valdez spill indicates that impacts can 



the southern part at least in winter and spring. Climate modelling predicts that 
the Greenland Sea will continue to be a main outlet of drift ice from the polar 

-

the challenge. The potential for natural biodegradation of oil following a large 

oil will be transported south along the Greenland coast with the prevailing cur-

-

-

• 
• -

water noise. 
• -

• 

the potential environmental impact of a large oil spill in the assessment area is 

-

-

the Arctic 
recommended to prolong the 2016 moratorium on oil and gas development in 

-

and disturbing activities) of the assessment area.

-

part at least in winter and spring. No methods for large-scale countermeasures 

that exploration drilling and production of oil should not be initiated before such 
methods are developed.



 Dansk resumé og konklusioner*

-
-

-
givet i 2012 i forbindelse med åbningen af havet ud for Nordøstgrønland for 

-

Nu planlægges havområdet udbudt igen i 2021 og 2022.

-
nes som vurderingsområdet i Grønlandsha-
vet (Greenland Sea assessment area). 

Blandt betingelserne for tildeling af tilla-

-

-
Strate-

gic Environmental Study Program for Northe-
ast Greenland,

-
-
-

-
-

-
-

atlas over områder følsomme overfor olie-

-

-
ler minimeres. 

-
-
-

-
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steder: Én by (Ittoqqortoormiit), en 

-



-

-

-

-
teret i parentes):
• 

• -
berg 2020b).

• 

• 

• 

-

• -

• 
• 
• 

• 

• 

-

-
deringsområdet. 

-
lands Naturinstitut (GN).

-

-
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-

-

Forklaring af termer benyttet i det følgende

Environmental pressures

impact

effect -
-

midlertidigt høretab.

sensitive
-

vandsstøj. Se også sårbar nedenfor. Grænsen mellem følsom og sårbar er dog 

Sårbar (vulnerable

Environmental risk -

Biologien

-
listede arter som polarlomvie (nationalt rødlistet) og ismåge (internationalt og 

mange fugle gennem eller langs med østsiden af vurderingsområdet på vej mel-

en meget stor del af den samlede bestand af den fåtallige ismåge foretager dette 

hav mellem Svalbard og Grønland. 

-
-
-
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-
opholdssted under undersøgelserne i 2017 og 2018. Grønlandshvaler opholder 

-

samles på isen om foråret i den centrale del og føder her deres unger. Hvalros-

-

-

-

-

-

-
tigt. 

-

Vurderingsgrundlag

-

-
-

Arctic Oil and Gas Assessment

-
-

-
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Efterforskning

-
rioden 2010-2016.

-

efter en vurderingsperiode (appraisal

faciliteter og derpå en egentlig udvinding af den fundne olie (se nedenfor).

-
-
-

-

-

-

-

-

-

-
-

-



i sommermånederne. 

-
-

-

op til platformen. Er dette vandbaseret udledes det ofte til havet efter endt bo-
-

-
3 

-

-
-
-

i stedet bringe det i land eller pumpe det tilbage i borehullet ved endt boring. 
-

ningen.

-

opstår i forbindelse med uheld (blowout -
lige følger af oliespild er omtalt nedenfor. 

Udvikling og produktion 

-

Health, Safety and 
Environment Best Available Technique (BAT) og Best En-
vironmental Practice -

-



-
3 -

3 -

-

at pumpe vandet tilbage i oliebrønden (re-injection).

-
-

udledning være miljømæssigt acceptabelt.

stort oliefelt i Grønlandshavet vil bidrage meget væsentligt til Grønlands sam-

2 som Grønlands samlede bidrag. 

-
-

placering af installationer på havbunden.

turistmål. 

-

ruter og i fastsatte højder. 

-

-
ringszone i en afstand ud til 500 m fra sådanne installationer. 

-

følge de internationale regler for udpumpning og behandling af ballastvandet. 

-



Oliespild
-

blowouts

-
frontier-

-

-

-

af oliespild fra fremtidige oliebrønde.

oliespild på åbent hav. Men i et område som Grønlandshavet må denne generali-

-
-

-

.

-
-

-

up-welling -
isen (marginal ice zone

Deepwater Horizon

-



-

-

også andre hvaler) viste sig efter Exxon Valdez
-

spild i is (se nedenfor).

-
giftet af den indtagne olie. 

-

-
-

på dem. 

Deepwater Horizon -

-

store Ixtoc

Områder følsomme overfor oliespild

-
overlay

-

olieaktiviteter i vurderingsområdet

-
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Bekæmpelse af oliespild

-
-
-

-

derfor en sammenlignende miljøafvejning (Environment & Oil Spill Response
-

-

-

-

-
-

-

sender store mængder sod op i atmosfæren og danner reststoffer på vand-
-

ne bringes i anvendelse (Spill Impact Mitigation Assessment

DCE og Grønlands Naturinstituts anbefalinger vedr. 
områdebegrænsninger

-

-

-

Exxon Valdez -



-

-
-

-

 i 
Grønlandshavet (og 

• 
• Høj følsomhed overfor oliespild og undervandsstøj blandt vigtige arter i 

• 

• 

-
rådet vurderes til at blive væsentligt værre sammenlignet med en tilsvarende 

-

-
-
-
) 

-

-
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(

Strategic Environmental Study Program for Northeast 

• 

• 
• 

• 

• 

2017).
• 

• 
• 
• 

• 
• 
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Deepwater Horizon

Exxon Valdez-ip ajutoornerata 

Deepwater Horizon



Ixtoc

Uuliaarluernermik akiuineq

Environment & Oil Spill Response

Uuliaarluernerup sunniutaanik minnerpaatitsiniutinik naliliinerit, SIMA).

-
viullu kaammattuutaat



aammalu ungasinnerusumi) Exxon Valdez

• 
• 
• 

• 



1 Introduction

This document comprises an updated version of the strategic environmental 
-

-
ing the Strategic Environmental Study Program for Northeast Greenland

.

improved planning and regulation and development of an oil spill response. 
The results will also be used for coastal zone mapping of areas sensitive to oil 
spill. The results will moreover be valuable in a broader context for manage-
ment of this region of Greenland.

and gas in Greenland are obliged to contribute to obtaining an understand-

-

consultation with a number of national and international partners.

-

contains over 20 different research projects involving a range of different ac-

1. How to conduct and regulate increased seismic activities in the Greenland 

populations are avoided or minimized?
2. How to regulate discharge of drilling mud and chemicals from explora-

3. How to minimize the environmental impacts if an oil spill occurs based on:

are avoided.
-

-
Strategic Environmental Study Pro-

gram for Northeast Greenland studies included:
• 



• 
• 

• 

• 
-

-

• Effects of oil compounds on Calanus hyperboreus

• 
• 

• In situ burning: environmental impacts of residues and burning in ice 

• -
east Greenland (in preparation).

• 

The results of these studies presented in the chapters and text boxes in this re-

Environmental Impact Assessments (EIAs). The SEIA provides an overview 
-
-

ronmental impacts associated with expected offshore oil and gas activities. 

-

-

-
-
-

-
tions described in this report.



1.1 Coverage of the SEIA
The offshore and coastal waters between 68° N and 82° N (from Kangerlus-

-

-

-

-
-

-

-
ment area. 

1.2 Impact assessment methodology

-

The potential impact on important ecological elements of activities during the 

-
-

-
-
-

major. A dash (-) is used when it is not relevant to discuss the described ef-



-

-
-

-

-

Exxon Valdez
the increasing literature from the Deepwater Horizon

Se also Chapter 7 for a detailed account of the effects of the two spills Exxon 
Valdez and Deepwater Horizon.

from research and EIAs carried out in other Arctic areas have been applied in 
-

species are listed in Annex A.

-
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2 The physical environment

Christian Mohn (AU), Eva Friis Møller (AU), Jørgen L.S. Hansen (AU) &  
David Boertmann (AU)

2.1 Weather

-

is another feature inhibiting human activities at sea.

2.2 Oceanography

sensu
-

The ice-free period in high Arctic areas around Northeast Greenland is gener-
-

-

part of the Strategic Environmental Study Program for Northeast Greenland. The 
-

2.2.1 Water masses

The different water masses of the Northeast Greenland shelf and in the deep-
er northern Greenland Sea during August/September 2017 are highlighted in 

-

Northeast Greenland shelf between 50 and 100 m water depth and was char-

et al. 2002).



-

-

 Top: Schematic 
representation of the warm to 

al. 2017). Bottom: Bathymetry of 
the assessment area based on 

grid. Symbols in cyan indicate 
locations of CTD stations during 

The white line on lower map 
shows the location of the transect 
presented in Figure 5.

-
ments conducted in Aug/Sep 2017. (a) All stations, (b) only stations at water depths > 100 
m. The location of CTD stations are shown in Figure 2.



-

2.2.2 Currents

The Greenland Sea is important in the global thermohaline circulation as a re-
gion where the ocean loses heat to the atmosphere. The Greenland Sea is there-

currents in the eastern Greenland Sea to colder and fresher waters in the west-
-

The importance of this process for the global thermohaline circulation (‘the cold 

Northern Greenland Sea and forms the outer East Greenland Current (EGC). 
Another important feature of the circulation in the Greenland Sea is the Green-

-

-

surface currents) showed surface current speeds of up to 30 cm/s during the 
-

Greenland between 75 °N and 78 °N.

Surface currents 
-

period of the cruise in August/
September 2017.



2.2.3 Frontal systems 

-

boundaries as well as along ice edges (including marginal ice zones) upwelling 
-

ter depths. Another important factor driving up- and down-welling are tidal 

2.2.4 Long-term variability 

site (

-

-3 

-

The magnitude of all parameters increased with increasing distance from the 

 Temperature (top) and 
salinity (bottom) distribution along 
a transect crossing the East 

of transect see Figure 2) highlight-
ing the sharp water mass bound-
ary between the colder and less 

-
land Current and warmer and 
saline waters of Atlantic origin.



-

East Greenland Current and Greenland Sea for most of the time during this 
-

long-term mean) was resuming. 

2.3 Ice conditions

fast ice drift ice 

potential temperature T (°C), 
salinity S and mixed layer 

and September data in the 
upper 200 m of the water 
column from the period 1991 
to 2017 were considered. 
White squares indicate loca-
tions of time series presented 

lines indicate depth contours 
200 m, 500 m, 1000 m, 2000 
m, 3000 m from the East 

reanalysis from http://marine.
copernicus.eu/.



-
ther descriptions of the sea ice from the 
studies carried out in relation to the pre-
vious licence round: Hansen et al. 

.

2.3.1 The drift ice

Sea ice is an important element of the ma-
-
-

mum extension in March and a minimum 

-

is restricted to the northern part. 

-

months August and September. 

In recent decades the sea ice cover of the 
northern hemisphere has been reduced 

sea ice in the assessment area; during the 

light ice conditions.

2.3.2 The fast ice

The fast ice covers the fjords and a shelf 
along the outer coast. The fjord ice disap-

also the ice shelves along the outer coasts 

or semi-permanent shelf made up from 
fast ice and consolidated drift ice is present 
throughout the summer. The most promi-
nent fast ice area is found between Ger-

the summer but have in recent decades 
proved less stable (Sneed and Hamilton 

 Time series of changes in potential temperature (top), salinity  

August and September data in the upper 200 m of the water column from 

from http://marine.copernicus.eu/.



2.3.3 Icebergs

deep-drafted and with appreciable heights above sea level and pose a hazard 

-

Seaice cover (%)
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sea ice extension through 
2019, as recorded by sat-
ellite in mid-month in the 
assessment area. Data 
source: Sea Ice Concen-

(Spreen et al. 2008).
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 Arctic sea ice extent for 
-

extent for that date 1981-2010 
indicated by the orange line. Data 
source: National Snow and Ice 
Data Center ( ).

 The graph shows 
Arctic sea ice extent as of Sep-

years and the record low year 
2012, compared to the median for 
1981-2010. Data source: National 
Snow and Ice Data Center ( ).



the icebergs from glaciers in Northeast Greenland.

The general movement of icebergs from the Northeast Greenland glaciers is 
-

land Current.

2.3.4 Polynyas, shear zone and MIZ

-

marine mammals and seabirds have access to open waters and foraging oppor-

-

The zone between the dense drift ice and the open ocean is the Marginal Ice 

2.4 Bathymetry and seabed properties

2.4.1 Bathymetry

in the northern and central part of the assessment area the shelf reaches more 

2.4.2 Seabed properties

The Strategic Environmental Study Program for Northeast Greenland carried out 
in the assessment area in 2017 also included studies of seabed properties. Sed-

classes. The fraction of the oldest 



All stations sampled for fauna in 2017 consisted of soft sediments composed 

gravel. The video recordings were contrasted to the sampled sediment in the 

These observations are interpreted as being a result of erosion of the sediment 
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 The most prominent 
polynyas in the assessment area.



-
-

fered from the other shelf stations in that there were no stones on top of the 
sediment and no clear sign of erosion or bioturbation. This was evident from 

elapsed since the iceberg scouring event. 

76B where the largest gardens of bamboo corals Keratoisis sp. were observed 

-
-

which were also attached to sponges above the sediment.

stones were found deeper in the 
sediment. To the right some hex-
actinellid sponges of the genus 
Asconema, probably the species 
foliatum.

Seabed scoured by 
iceberg; note the sharp edges, in-

also the numerous brittle stars.



2.5 The coasts

-



3 The biological environment

3.1 Primary productivity

Thomas Juul-Pedersen (GINR), Eva Friis Møller (AU) & Signe Lemcke (AU)

not been studied). The 2017 studies showed that nitrate depletion occurred on 

3.1.1 Primary productivity in the Arctic - background information

-

-
-

Biogeochemistry and phytoplankton

-
-
-

ice conditions and water depths. The relative importance of the four sources 
-

. -

carbon source for pelagic grazers in marginal ice zones of the Barents and 

-

-
-

-

round ice-free conditions. 



-

-

-

3.1.2 Primary production in the assessment area

-
-

-
-

Strategic Environmental Study Program for Northeast Greenland -

3.1.3 The Northeast Greenland shelf area

-

Nutrients
-

-
umn are principal factors controlling the nutrient replenishment (e.g. Trem-

-
-

-
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Phytoplankton
-

a -

a -
-

a maxima (up to 50 m) were oc-

-

-

and warmer waters of Atlantic origin resulting in elevated mixing of the wa-
ter column sustaining a higher nutrient replenishment to the surface water 

a

-
-

a

Calanus spp. are limited to the larger food par-

marine mammals and seabirds. 

-

3.1.4 The Greenland Sea and the marginal ice zone (MIZ)

-

-



-
Phaeocystis pouchetii

Phaeocystis -

estimated overall mean production was 81 g C m-2 -1.

3.1.5 Coastal areas

-

-

-
riod (50-200 mg C m-2 d-1 -

-
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-

-

-
-

-

Gross primary 
productivity 
of carbon (mg/m²)

0 - 223
224 - 613
614 - 1058
1059 - 1615
1616 - 2117
2118 - 2618
2619 - 3119
3120 - 3621
3622 - 4066
4067 - 4512
4513 - 4958
4959 - 5403
5404 - 5849
5850 - 6295
6296 - 6796
6797 - 7241
7242 - 7687
7688 - 8077
8078 - 8467
8468 - 8857
8858 - 9303
9304 - 9804
9805 - 10305
10306 - 10751
10752 - 11196
11197 - 11642
11643 - 12143
12144 - 12700
12701 - 13369
13370 - 14204

April May

June July

August September

-
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3.1.6 The Northeast Water Polynya (NEW)

2

-

-

-
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-
-

-

interactions.

3.1.7 Important areas for primary production

-
calised important and/or critical areas except for the special productive zones 

3.2 Zooplankton

Eva Friis Møller (AU)

3.2.1 Zooplankton in the Arctic

-
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lipids that are accumulated in the large lipid rich copepods of the genus Ca-
lanus -

 Møller 

Calanus can be transferred through 
the food web and be incorporated into the lipids of consumers through sev-

Calanus can be found 
-

monsen et al. 2006).

Three Calanus species exist in the Arctic: C. glacialis C. hy-
perboreus

2011). Metridia longa is another large important copepods species; it is often 

Oithona similis Pseudocalanus Microcalanus 
pygmaeus

-
cus is expanding and to some extent replacing its Arctic relatives C. glacialis 
and C. hyperboreus

-

-

Calanus populations 
Parathemisto

Themisto

a notable proportion of the Calanus
-

Phenology of zooplankton
Ca-

lanus Calanus species 
can store large amounts of lipid based on their grazing in the surface waters 



Calanus -

Calanus -
 Møller et al. 2018).

Predictability of zooplankton

-

-

Calanus -

-
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stages of copepods dominate the copepod biomass in the surface waters dur-
ing the late summer. This is possible because Calanus leave the surface waters 

-

be able to extrapolate from one Arctic region to another as well as to predict 
implications of a changing climate (Baumgartner & Tarrant 2017). 

-

-

Indications from the North Atlantic show changes in the distribution of spe-

-

3.2.2 Zooplankton in the assessment area

As a part of the Strategic Environmental Study Program for Northeast Greenland
-

-
-

scribed below.

The Northeast Greenland Shelf area
-

-

-
-

Calanus 

species were Pseudocalanus Microcalanus Oithona similis Oncaea bo-
realis and Metridia longa. The North Atlantic  were present 
at all stations but most abundant at the stations off the shelf in the Greenland 

Calanus spe-
cies C. glacialis and C. hyberboreus

-
nant Calanus
important for visual predators and predators feeding from the surface e.g. 



Meganyctiphanes norvegica, Thysanoëssa inermis, 
Thysanoëssa longicaudata Themisto libellula, T. abyssorum) and 
Chaetognatha. Acoustic measurements gave a high-resolution distribution of 

The eastern part of the Greenland Sea

-
-

to other polar regions and species distributions indicate the origin of the two 
-

 The biomass of copepods in August/September 2017 in the upper 50 m of the water column (map to the left) and 

The species composi-
tion of the copepod community in 
the upper 50 m of the water col-
umn in August/September 2017.



-

Coastal areas
Ca-

lanus C. glacialis C. hyperboreus and -
pear from the surface water smaller species dominate but the total biomass is 

-
a

-
pared to the outer station. Copepod grazing rates were low on these small 

-

producers and reduces transfer to higher trophic levels. The fjord has experi-
enced changes in both sea ice coverage and freshwater content between 2003 
and 2015. The copepod species composition shows inter-annual variation but 

-

The biomass of mac-

m of the water column sampled 

net) in August/September 2017.



Northeast Water Polynya (NEW)
-

east Greenland continental shelf and the surrounding ice-covered areas were 

Calanus Calanus glacialis C. hyper-
boreus and 

polar water on Arctic shelves (C. glacialis
(C. hyperboreus) and Atlantic water in the North Atlantic Current ( -
chicus). 

C. glacialis inhabited areas of low current speeds on Belgica and 
C. hyperboreus C. 

-

-
-

gested that a large portion of the organic matter is not utilised in the water 

-

-

3.2.3 Important areas for zooplankton

anthropogenic impacts (such as oils spills) can be expected in seasons when 
-
-

Calanus 
Deepwa-

ter Horizon spill). 

3.3 

Susse Wegeberg (AU) & Ole Geertz-Hansen (GINR)

-



-

-
-
-

-
sitive to oil spill.

3.3.1 Benthic vegetation communities in the assessment area

-
ings from approx. 5 to 50 m depth at more than 200 sites as well as samples 

-

-

-

-

-
-

needed to evaluate potential effects of for example oil spills.
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Marine macroalgae are found along shorelines with hard and stable substra-

Fucus and As-
cophyllum nodosum

-

of turbid melt water from the glaciers or due to variation in ice cover. In the 

-

-

for Laminaria solidungula and Saccharina latissima -
L. solidungula S. latissima

S. latissima from the 
-

-

-
-
-

-

The sea ice is a complex driver on the macroalgal vegetation (Box 3.1). The 

Ulothrix 
and Urospora -



Box 3.1 

Submerged vegetation communities along the coast of Northeast Greenland

Knowledge concerning the marine benthic flora and associated fauna in the Northeast Greenland assessment area has 
been very limited. In order to assess any potential impacts due to oil exploration or other activities, there is a strong need 
for establishing a baseline with regard to the occurrence and distribution of the benthic flora along the Northeast Green-
land coast.

In August/September 2016 and 2017, a ship-based survey was carried out to document occurrence, composition and cover-
age of the benthic macroalgae in the Northeast Greenland (NEG) assessment area. In 2016, the survey covered the stretch 
from Ittoqqortoormiit (70° N) to just north of Danmarkshavn (76° N), and in 2017 the stretch from just south of Tasiilaq (65° 
N) to Ittoqqortoormiit. In total, the survey covered more than 1700 km and a range of app. 12 degrees latitude and resulted 
in underwater video recordings from 286 sites (Figure 1). The underwater video recordings were obtained along transect 
perpendicular to the coast at app. 5-50 m’s depth to describe vegetation composition, coverage and depth distribution. In 
addition, at a limited number of sites (Figure 1), a total of 45 samples covering an area of 0.1 m2 were collected by SCUBA 
divers from 5 and 10 m’s depth. Associated fauna was sampled by everting a net (mesh size 1 mm) over the vegetation sam-
pled. These samples were analysed for species, biomass, fauna abundance and kelp growth rate. At each site, visual observa-
tions of tidal vegetation (presence/absence) were obtained and documented by photos.

The results of this study together with data from the limited previous investigations along the Greenland east coast have 
been used to update our knowledge and establish a baseline on the benthic submerged vegetation communities in the as-
sessment area.

 The study area along the 

on the map to the left. The map in 
the middle show the area studied in 

area studied in 2017. Red triangles 
show where underwater transects 
were performed and yellow dots 
were samples were collected by di-

Fucus distichus 



The seaweed communities along the coast 
of Northeast Greenland

Littoral vegetation

In general, no littoral communities were observed north of 
Kangerlussuaq. However, at the Kangerlussuaq abandoned 
settlement, tidal Fucus distichus communities occurred (Fig-
ure 2), which is in accordance with observations by Rosen-
vinge (1933). In Tasiilaq, also F. vesiculosus was observed. Here, 
Ascophyllum nodosum have earlier been registered as abun-
dant (Kruuse 1912), although not in this study, but that may 
be due to limited access to and exploration of the coastline.

Seaweed meadows 

In the northern leg of the study (north of Ittoqqortoormiit), 
a distinct vegetation community was observed in the depth 
range of app. (5) 8–20 m (typically around 10 m depth), and 
which is here referred to as seaweed meadows. These sea-
weed meadows were characterised by a cover of low macroal-
gal vegetation dominated by Fucus distichus and Chaetopteris 
plumosa inter-mixed with Punctaria glacialis. P. glacialis is con-
sidered a high Arctic species by Rosenvinge (1910), and has so 
far only rarely been observed in Greenland (Pedersen 2009). 
This macroalgal vegetation type was only observed along the 
coastline between app. 71° N and 73° N (Figure 3), but similar 
vegetation may have been described from the Inglefield Inlet 
at Qaannaaq (77° N) in Northwest Greenland (Wilce 1963), al-
though without the element of P. glacialis.

Kelp forests

The kelp forest along the east coast of Greenland is characteristic in particularly two ways:
1) A characteristic component of the east coast kelp forest is Laminaria solidungula, a species not common in West Greenland, and 
usually occurring there as smaller plants. In the present study, this species formed the kelp forest, especially at the northernmost 
localities, together with Alaria esculenta. L. solidungula had up to three generations of lamina, which is also described by Rosen-
vinge (1910) for the east coast. Each lamina section represents the production of one year, as the species grows from a meristem lo-
cated between stipe and lamina, pushing up the older lamina. Three lamina as observed in August 2016 hence represents growth 
from the years of 2014, 2015 and 2016, and from the weight of these generation blades, growth rate was calculated. 

2) The absence of Agarum clathratum from Kangerlussuaq fjord (68° N) and northwards (Figure 4) is also characteristic for the kelp 
forests along the Northeast Greenland coast. The species is a characteristic component of the kelp forest and actually the dominant 
species at more sheltered locations and at greater depths around Tasiilaq and at the Greenland south and west coasts (unpubl.).

In addition, Saccharina latissma is a characteristic element of the kelp forest along the Greenland east coast. As a note, no specimens, 
which unequivocally can be assigned to S. longicruris were observed, and hence all sugar kelp specimens were assigned to S. latissima.

Deep red algae community

A characteristic deep red algal com-
munity consisted of Coccothylus 
truncatus and Turnerella pennyi, of-
ten together with coralline red algal 
species. T. pennyi, in this study, is the 
holder of the depth record being 
registered at 45–47 m depth at, e.g., 
Borg Island (73° N) (Figure 4).

-
Fucus distichus and -

sa inter-mixed with Punctaria glacialis.

Depth range of dominant spe-
-

tigated in this study. The blue and red 
lines represent the linear regression of 
minimum and maximum of the depth 

from top to bottom Agarum clathratum, 
Alaria esculenta, 

-
sima and .



No change in depth limits within latitudes
There is no obvious trend in decreasing depth range with increasing latitude, which may have been expected due to in-
crease in length of season with suboptimal light conditions (Figure 4).

At sites, the seaweed vegetation penetrated down to more than 40 m depth. The species depth distribution in the kelp 
forests generally followed a pattern where Alaria esculenta and Saccharina latissima dominated the more shallow subtidal 
zone until app. 25 m, and wheras Laminaria solidungula together with Agarum clathratum, when present, dominated the 
deeper part of the kelp forest until > 30 m. However, the species intermixed and in some sites, A. esculenta and S. latissima 
penetrated to deeper waters (Figure 4).

A. esculenta belongs generally to the more shallow subtidal zone, which may be related to light conditions, and also to ex-
posure to more dynamic water movements (a more efficient supply of nutrients) (Wegeberg 2007). Such environmental pa-
rameters cannot, in this study, be separated, as sea ice influence both the local light conditions and the wave dynamics by 
calming the sea surface (see also later).

The depth penetration of kelp found in the study area are a little less than found in the Disko area in West Greenland, where 
the depth record in the North Atlantic was recorded at 50 m (Krause-Jensen et al. 2019). Local conditions influencing, e.g. 
light penetration, such as turbid waters from river and glacier outlets, may influence depth range as also observed in this 
study (Figure 4).

No change in biomass and production within latitudes
At eight sites, quantitative samples were taken by SCUBA divers. The samples were not randomly taken, but represent ar-
eas where macroalgal vegetation was representative. It was a semi-quantitative approach to elucidate a north-south gradi-
ent. The biomasses of neither flora nor fauna showed correlation with latitude within the investigated area (Figure 5 and 6).

Latitude (°N)

M
ac

ro
al

ga
 b

io
m

as
s 

(g
 w

w
/m

2 )

0

5000

10000

15000

20000

25000

70° 26' 71° 05' 71° 07' 73° 29' 74° 13' 74° 31' 75° 18' 76° 41' 76° 47'

Other A.esc L.sol S.lat S.nig

Latitude (°N)

Fa
un

a 
bi

om
as

s 
(g

 w
w

 0
.1

 m
-2
)

0

500

1000

1500

2000

2500

70° 26' 71° 05' 71° 07' 73° 29' 74° 13' 74° 31' 75° 18' 76° 41' 76° 47'

 Total macroalgal 
biomass in wet weight per 
0.1 m2 -
nating species, Alaria es-
culenta (A.esc), Laminaria 
solidungula Sac-
charina latissima (S.lat), 

(S.nig) and other species 

latitudes along the north-

 Total fauna bio-
mass associated and col-
lected with the macroalgal 

-
tudes along the northeast 



-
munities.

Laminaria solidungula 

Latitude (°N)

Sp
ec

ifc
 g

ro
w

th
 ra

te
 (y

-1
)

71° 05' 71° 07' 73° 29' 74° 31' 75° 18' 76° 41' 76° 47'
0

0.5

1.0

1.5

2.0

2.5

  Scouring

 Glacier ice Water transparency

  Shading

 Sea ice
 Easing of water action

  Scouring

  Protection from low air temperatures

 Ice foot Protection from scouring

  Scouring

The relatively high biomass at 
the higher latitudes may be ex-
plained by the large and poten-
tially old plants, which consti-
tutes a generally undisturbed 
kelp forest, although the pro-
duction could be expected to be 
relatively low due to, e.g. subop-
timal light conditions through a 
large part of the year. However, 
no correlation between growth 
rate and latitude was observed 
in, e.g. Laminaria solidungula 
(Figure 7). The growth rate of 
L. solidungula was higher than 
what have been found for Sac-
charina latissima in Young Sound 
(74° N) (Borum et al. 2002).

Ice, a complex and important driver?
Ice may occur along the Northeast coast of Greenland in several conditions; as stable 
sea ice, as dynamic drift ice formed locally or from the Polar Sea; as glacier ice (ice bergs 
and floes); and as an ice foot, a brim of ice attached to the coastline. These ice types 
may impact the tidal and subtidal vegetation in different ways (Figure 8). Glacier ice 
may scour on the seabed and shoreline and prevent vegetation to establish. Moreover, 
melting glacier ice may release fine particles into the water column and reduce water 
transparency and hence light penetration (AMAP 2017). Sea ice, when drifting as floes, 
may have similar scouring effects on the shoreline. On the contrary, when the sea ice is 
stable it protects the coast from wave exposure and also ice scouring, although it may 
have a shading effect depending on the overlay of snow (Glud et al. 2007). An ice foot 
may protect littoral vegetation from other ice scouring and also exposure to low air 
temperature. However, when released, unless just thawed, it may cause scouring.

Hence, ice seems a complex and important driver on both littoral and sublittoral veg-
etation and communities. Future analyses of the data set will reveal whether the impact 
from ice can be explained and predicted.

Potential environmental impact of oil spills reaching the coast
So far, our mapping of the macroalgal vegetation along the coastline of Northeast Green-
land has revealed unknown and unexpected occurrences of dense kelp forests and also 
seaweed meadows. Seaweed meadows, understood and defined as subtidal Fucus disti-
chus beds intermixed with particularly Chaetopteris plumosa, but also Punctaria glacialis, 
a species considered high Arctic and rarely registered before this study, was characteristic 
and identified at nine sites, solely within the assessment area. This habitat type is hence 
considered unique for the assessment area on the east coast of Greenland. On the other 
hand, no intertidal vegetation was observed in the assessment area.

of Laminaria solidungula at 10 m’s depth based on the weight of each blade 



-

macroalgal vegetation then remains intact as observed in more sheltered lo-

Substratum characteristics are also important for the distribution and abun-

from the numerous glaciers along the coast is causing re-suspension of parti-

-

Asco-
phyllum nodosum Agarum clathratum

-

-

occur to approx. 20-25 m depth (unpublished data).

3.3.2 

-

-

establishment of fucoid species, 



case an oil spill should be combatted in the assessment area.

3.4 Benthic fauna

Jørgen L.S. Hansen (AU)

The seabed communities of macrofauna in the assessment area are character-

seabed communities are important food resources for seabirds and marine 

deep-sea corals and sponges were abundant.

3.4.1 Benthic fauna in the Arctic

-

-
-

Ice conditions at the 

gyres are gathering ice along the 
coastline. Data source: NASA 

).



-

mammals and birds if water depths allow them to dive to the bottom. 

-
-

-

assemblages in the Arctic. 

up to 200 different macrofauna species are found per m2

The overall biomass and richness of the seabed fauna is related to the input of 

-

-

-
-

3.4.2 Benthic fauna and its role in the assessment area

-

Strategic Environmental Study Program for Northeast 
Greenland
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the tidal zone to almost 3000 m depth. It ranges from the innermost parts 

-

sedimentation of inorganic particles (from rivers or glaciers) or grounding sea 

range 200-500 g wet weight per m2 from East Greenland fjords.

-

Benthic life has also been studied along the East Greenland continental margin 

( -

-

2

Ophiocten 
sericeum and Ophiura robusta

-

distinguished which correspond to different depth regions of the continen-

Box 3.2 on the deep-water corals found in 2017.



-

-
-

coastal zone bivalves are a dominant component of the benthos. At depths be-
tween 5 and 20 m the genus Astarte is often found at abundances of 100-300 in-
dividuals per m2

-

Mya truncata
Hiatella arctica and Serripes groenlandicus can be found at abundances of 50-100 
individuals per m2 -
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Box 3.2

Cold water corals and epibenthic megafauna on the Northeast 
Greenland continental shelf slopes

Among the wealth of species recorded during the NEG 
2017 cruise, findings of the giant sea pen, Umbellula encri-
nus (Linne 1753), and the soft cold water coral Keratoisis sp. 
are of special interests as these species indicate undisturbed 
conditions of the seabed. Furthermore Keratoisis form a 
type of biogenic habitat which is presently endangered 
worldwide. A search of the scientific literature indicate that 
the present findings are the first of this genus on the NEG 
continental shelf area. Keratoisis, also known as bamboo 
corals, were observed both from semi-quantitative video re-
cordings (Figure 1), as well as from 0.1 m2 quantitative grab 
samples. The distribution of the Keratoisis populations was 
scattered in patches or “gardens” on the steep slope of the 
continental shelf at about 1100 m depth, but only with sig-
nificant coverage on one station (St. 74; 74 N, 13° 40’ 
W). Video observations showed that the individual patch-
es with up to 100% coverage had sizes of >100 m2 of the 
seafloor. Within these patches, the more or less unbranched 
erect stems of Keratoisis formed stands of 1-2 m high colo-
nies. Furthermore the densest stands seemed to be associ-
ated with a local elevation of the seafloor. This is interpreted 
as a result of locally enhanced sediment deposition within 
the stands. This hypothesis is consistent with observations 
from the grab samples, showing that the living branches of 
Keratoisis above the sediment surface were directly inter-
connected with dead branches below in the sediment. It is 
therefore possible that there exists a self-organizing habi-
tat formation process where growth of the coral colonies 
are balanced by sediment deposition within the coral gar-
dens and that this process (over centuries?) grow small hill 
or dune like structures of deposited sediment covering old 
and dead parts of the bamboo corals. 

The bamboo corals had a rich associated epifauna of spong-
es, fish, crustaceans, and echinoderms which altogether, 
contrasted the rather poor epifauna community surround-
ing seabed on the shelf and shelf slopes. The video showed 
that the Keratoisis polyps were actively filtering and par-

ticulate organic matter (marine snow) was present in the 
bottom near currents. The patches of Keratoisis are local 
biodiversity hotspots, and although the total community 
biomass associated with these coral gardens was not quan-
tified, it was evident from the videos that the bamboo cor-
al and associated epifauna constituted a biomass hotspot 
as well. Aggregation of biomass can be due to both attrac-
tion of organism to the reef habitat (reef effects) or biomass 
could have been produced on the reef by filtrating organ-
isms taking up suspended particulate organic matter from 
the bottom near currents.   

The erect braches of Keratoisis were extremely fragile and 
broke easily when hit by the sampling equipment. This to-
gether with the slow growth of the coral emphasis that 
these location were undisturbed. Counting of year rings 
of the central stem of U. encrinus in this and other studies 
(Neves et al. 2018) suggest that the largest specimens were 
about 75 years old. Keratoisis also grow very slowly with an 
annual length growth of about 7 mm (Andrews et al. 2009). 
The longest unbroken piece recovered from the grab sam-
ples was 60 cm corresponding to about 90 years of growth. 
However, the Keratoisis gardens on the video had longer 
skeletons, and the fact that the branches were inter-con-
nected with older and dead parts of the skeleton below in 
the sediment indicate that these habitats and communities 
were considerable older. 

The gardens of Bamboo corals on the NEG continental slope 
indicate that these locations presently are preserved in pris-
tine and undisturbed conditions and therefore have special 
interest for conservation of the seafloor biodiversity. The NEG 
2017 survey furthermore showed that these biogenic habi-
tats are very vulnerable to physical disturbance and their re-
coverability upon disturbance may be extremely low due to 
the very slow growth rate of the bamboo coral. However, the 
distribution range of bamboo corals along the wider conti-
nental slope of the east Greenland shelf needs to be docu-
mented further to add perspective to the present records. 

cold water corals Kerat-
. at 1100 m depth 

on the eastern margins 

Shelf.  Note tentacles on 
the polyps are open and 

-
actinellid sponge below is 
an Asconema, probably 
the species foliatum.



-

The 2017 studies
The studies carried out in 2017 in the northern part of the assessment area 
as a part of the Strategic Environmental Study Program for Northeast Greenland 
established a baseline for Northeast Greenland shelf area benthos and pro-

-2 as an average for 
-

mass of 1.8 g m-2

-
sessment area. The differences in the benthic fauna communities between the 
western and eastern shelfs are in agreement with the differences in productiv-

2 sam-

same values of the two shelfs and species accumulation plots of arthropods 
-

-
Umbellula encrinus both 

of cold-water corals Keratoisis sp. were observed on the continental slopes. 
Umbellula encrinus was de-

Keratoi-
sis
communities document the pristine conditions of the Northeast Greenland 

-
turbance (Box 3.2).

community (at approximately 30 
m depth).



3.4.3 Important areas for benthic fauna

-

-

-

-

prominent in areas with less intense ice cover. 

The distribution of the sea pen and the vulnerable coral gardens need to be 
-

tiated off Northeast Greenland. 

3.5 

Susse Wegeberg (AU), David Boertmann (AU) & Thomas Juul-Pedersen (GINR)

The information on sea ice communities in the assessment area is limited. In 
-

underside of the ice.

-



-
gimes below the ice. 

-

-

-
Melosira arctica

Nitzshia frigida

-

-

Cosinodiscus

Melosira arctica (Table 2). This diatom is 

-

range from 5-15 g C m-2 -1

al. 2008). The ice algal production in the northern part of the Barents Sea is re-
ported to be 5 g C m-2 -1

production (15 g C m-2 -1

-
-2 -1

X

X

Quillfeldt et al. 2009 Barents Sea X



-
-

thic grazers during spring.

snow and ice (i.e. on top of the ice) concluded that these environments rep-

-
ent climate future scenarios showed distinct latitudinal patterns (Tedesco et 

The annual production estimates of the ice algae communities in Arctic seas 
are presented in Table 3.

-
nate from the pelagic environment. The role of sea ice algae in seeding pelagic 

-

-

Ice algal annual production (g C m-2 year-1

8,55*

Rysgaard et al. (2001) < 1

Quillfeldt et al. (2009)
-2 year-1).



-
-
-

-

-

Ice-associated fauna does differ according to age and origin of the ice in the 

-

-

spawn here; the eggs rise in the water column to accumulate under the ice 
(see below).

3.5.1 Important areas for sea ice communities

-

-

3.6 Fish

Caroline Bouchard (GINR) & Ole Jørgensen (GINR)

in 2017 as part of the Strategic Environmental Study Program for Northeast Green-
land



 
while the less numerous ice cod is also common. The coastal part of the region 

value in several Arctic regions. The 2017 studies also revealed aggregations of 

3.6.1 

-
-

-

-

Polarstern

-

2 Artediellus atlanticus (up 
2 Icelus bicornis 2 Triglops nybelini (up to 

2) and Liparis fabricii 2). 

Both the polar cod and its near relative the Arctic cod were present in the pol-

-

species belonging to 13 families were recorded (Christiansen 2003). The most 

Liparis fabricii
polar cod and Arctic cod.

-

There was a clear latitudinal cline with the Arctic cod being most abundant 

their abundance and importance as food for seabirds and marine mammals.
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3.6.2 The 2017 survey

Strategic Environmental Study Program 
for Northeast Greenland carried out on the Northeast Greenland shelf in the 
northern part of the assessment area in August/September 2017. Bottom 
trawling was performed for 30 min. at 10 stations in depth ranging between 

was caught at all stations except two deep stations with water depths of 1010 

The small sculpin species Triglops nybelini and Artediellus atlanticus were also 

cod (6 cm) were caught.

different species from four families were noted. Crangonidae was the most 
-

Pandalus borealis (the commercial 
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See legend on page 82.



truth acoustic signals seen on real-time echograms (see acoustic section be-
low) (Bouchard 2020). 

-

Triglops nybelini Liparis fabricii. 
Two specimens of Gymnocanthus tricuspis were also captured. The Cottidae 

assemblages on the continental slope and offshore.

-

-

Benthosema glaciale Liparis fabricii Triglops nybeli-
nii 
the invertebrates Gonatus fabricii Parathemisto libellula Pe-
riphila periphila Meganyctiphanes norvegica -

species collected in the pelagic trawl corresponded to the species captured as 
Triglops nybelinii and Liparis fabricii. Krill (Eu-

phausids) was the species collected in the highest biomass in the midwater 

Acoustic surveys
-

18:00 whenever the ship was transiting between stations. Two dedicated ten-

sampling area.



-

Gonatus fabricii.

-
-

-

et al. 2011). 

deep areas and provided further support to the notion that upwelling at the 

3.6.3 Important species

Polar cod
-

shelf waters. It also occurs in coastal waters and is often associated with sea 

ice or in open waters during a long incubation period. The larvae hatch over 
-

-
umn and join the adult population in deep overwintering grounds.

-

(Hop et al. 2000). 

Arctic char

throughout the circumpolar region. It is widespread in Greenland including 

while anadromous populations migrate to the sea during summer to feed and 

-



The eggs of the char are deposited during the autumn in gravel in deep river 

-

-

-

-

-

-
ging experiments mentioned above showed that char populations from dif-

-
tions carried out in a river in Southwest Greenland showed that the annual 

-

-

although no comprehensive overviews are available.
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Capelin

-

summer. 

shifted both their larval drift and nursing areas far to the west to the colder 
waters off East Greenland (Carscadden et al. 2013). The arrival of adults on 

migration routes to the spawning grounds off south and west Iceland became 

Capelin also spawn in intertidal and subtidal waters in Southeast Green-

sites further north in East Greenland.

Greenland halibut

distribution and migration routes 
-

-

blue arrows: Return migrations; 
Red arrows: Spawning migra-
tions. Depth contours are 200, 
500 and 1000 m (ICES 2008).
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-

-
-

eas into the area being assessed in this report. 

et al. 2007). Greenland halibut was caught in the entire area. Apart from the 
-

-

Other species

have proved the presence of several species of potential economic interest e.g. 

-

support survival for Northeast Arctic cod offspring (Strand et al. 2017).

3.6.4 

-

-

is needed.
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-
posed to accumulations of oil. Narhgang et al. (2016) showed that polar cod 

-

-

is no information on where and how concentrated spawning polar and Arctic 
cod occur in the assessment area.

-

3.7 Seabirds

David Boertmann (AU)

-

-

Almost all birds leave the assessment area for the winter.

-

from the sea to the land around the breeding colonies. About 17 species breed 

spring and summer. 

Knowledge on birds associated with the marine environment varies between 



-

-

when several bird studies were carried out in the assessment area as a part of 
the Strategic Environmental Study Program for Northeast Greenland carried out 

coasts and in offshore areas in spring and summer of 2008 and again in the 
-

-

-

webside (

-

-

-

narrow straits with strong tidal currents. Such sites are presumed to hold con-
-

,
and freshwater habitats to become accessible after the winter.
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An overview of the seabird species occurring in the assessment area is given 
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 Expected autumn 
migration routes for seabirds in 
the assessment area. At least 

migrate through or along the 
eastern margin of the assess-
ment area each year. The main 

-
bard, but also birds from Arctic 

through the assessment area. 
In addition to these extralimital 
breeding birds, the populations 
breeding within the assessment 

Iceland (common eider), the 

and further away (see Boxes 3.3 
- 3.11).



-
-

data to a database with offshore observations of seabirds and marine mam-

The Strategic Environmental Study Program for Northeast Greenland carried out 

• Offshore seabird concentrations in the Greenland Sea. This included both aer-

September 2017 (see Box 3.3).
•  Population size and habitat use of breeding seabirds in Northeast Greenland. 

3.7.1 Important bird species occurring in the assessment area

This section gives an account of important birds in the assessment area. See 

Northern fulmar 
Breeding distribution: Small breeding colonies are located in and near the 

Northern fulmar b/s/w year-round
Brent goose b summer c Near Threatened (NT) High
Common eider b/m summer c High

b/m summer c (in spring)
b/m summer c (in spring)
b/mi summer c (in spring)
s summer o
b summer c
b/s/mi summer
b/s/mi summer c

Sabine’s gull b summer c Near Threatened (NT)
Ross’s gull b/s summer

b/s/w year round High

Arctic tern b summer c Near Threatened (NT)
b/s/mi summer High
b/s/w year round
b summer
b/mi summer High



Offshore distribution -

-
-

-

western Greenland Sea compared to the eastern part off Svalbard and the Bar-

Conservation status: The fulmar population in the assessment area has a fa-
vourable conservation status and there are no apparent threats within the 

-

Biology

and are also able to perform short dives. 

Sensitivity and critical areas: The breeding colonies are sensitive to oil spills be-

along the marginal ice zone in spring. No large offshore concentrations were 

Geese 

habitats of which salt marshes are the most important. There are several spe-

-

brent geese belong to a small population (unfavourable conservation status) 
-
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Common eider 
Breeding distribution: Breeding common eiders occur along most of the coasts 

-
-

-

Non-breeding occurrence
-

Box 3.3 

Aerial surveys for seabirds in the Greenland Sea

In August and September 2017 an aerial sur-
vey for seabirds in the Greenland Sea was 
conducted as part of the Strategic Environ-
mental Study Program for the Northeastern 
Greenland area. The aim was to search for 
concentrations of particularly migrating sea-
birds, which could be vulnerable to oil spills.

The survey platform was a DHC-6 Twin Otter, 
and the airstrips at Danmarkshavn and Dane-
borg was used as bases. The survey period 
was 24 August to 2 September 2017 and ap-
prox. 6000 km were flown along predefined 
transects spaced with 25 km (Figure 3). 

In general few birds were observed. Most nu-
merous and widespread were northern ful-
mar and black-legged kittiwake (Figure 2). 
The only species to be found in distinct ag-
gregations was the little auk (Figure 3), which 
were found in two concentration areas, where 
they apparently assemble to moult. Arctic 
terns were seen in several flocks on direct mi-
gration. Notably was the complete absence 
of thick-billed murres. These were expected 
to occur in the surveyed area, as they migrate 
in large numbers from their breeding sites in 
Svalbard to wintering sites off Newfoundland 
and Southwest Greenland. Apparently, this 
migration takes place east of the surveyed 
area. 

Danmarkshavn
DMH

Daneborg
DNB

74° N

75° N

76° N

77° N

78° N

79° N

21° W24° W 18° W 15° W 12° W 9° W 3° W6° W

Norske Øer

Dove Bugt

Hochstetter Forland

Shannon

Germania Land

Wollaston Forland

Store
Koldewey

Survey transect Greenland EEZ
Oil exploration license blocks

500 m depth
1000 m depth
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example of a widespread species.
-

-
-

Black-legged kittiwake
n = 3305

101-500
11-100

2-10
1
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12° W15° W18° W

-
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Sensitivity and critical areas: The most sensitive common eider habitats will be 

oil spills both colonies and moulting sites are sensitive to disturbance.

Conservation status: The common eider population of East Greenland has a fa-
vourable conservation status; it is not considered as threatened and is listed 

Biology
-

Black-legged kittiwake
Breeding distribution: Breeding colonies are found at a few sites along the coast 

(Boertmann et al. 2020). 
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Offshore distribution

-
-

were observed. 

months.

-
-

Biology

coast when breeding.
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Satellite tracking of common eider 
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-

the Daneborg colony 
(2007-2009) and from 

This study was initiated to study the migration pathways, the phenol-
ogy and the habitat use by East Greenland common eiders.

Between 2007 and 2011, 14 common eiders from the assessment area 
were tracked by means of implanted satellite transmitters. In June 2007, 
six females and four males were instrumented at the eider colony in 
Daneborg, and in 2009 further 3 females and 1 male were captured in 
vicinity of the eider colony in Myggbukta. The eider colony in Daneborg 
is by far the largest in East Greenland totalling about 3000 pairs, whereas 
the colony in Myggbukta is significantly smaller (minimum 120 pairs). 
Several of the eiders were tracked through more than 2 seasons.

All eiders from both colonies wintered on the north coast of Iceland (Fig-
ure 1). Males left Greenland territory about three weeks earlier than fe-
males (median day of departure 4 August and 27 August, respectively) 
and on the autumn migration neither males nor females staged for any 
length of time outside a 100 km radius of the respective colony sites. The 
eiders from Daneborg primarily staged scattered along the south and 
southeast coast of Wollaston Forland including Sandøen, but also at Ty-
rolerfjord, Grantafjord, Finsch Øer, around Lille Pendulum and off Hold 
With Hope near Holland Ø (Figure 2). The eiders from Myggbukta staged 
scattered along the south coast of Hold With Hope, but also further to 
the south by Scott Keltie Øer and around Kap Mackenzie (Figure. 3).

The eiders arrived back in Greenland in the second half of May, the 
males a little earlier than the females (median day of arrival 13 May and 
24 May, respectively). As was the case with the autumn migration, the 
eiders did not stage underway and flew more or less directly from Ice-
land to the area in vicinity of the colony sites. The eiders from Daneborg arrived on the south and east coast of Wollaston Forland 
and at Sandøen, whereas the eiders from Myggbukta primarily arrived on the south coast of Hold With Hope (Figure 2, 3).

pre-breeding locations are shown by blue dots, and locations 

-
resent an estimation the areas in which a certain percentage 

pre-breeding locations are shown by blue dots, and locations 

(summers 2009-2011).



Conservation status -

-

Sensitivity and critical areas -

-
-
-

Sabine’s gull
Breeding distribution

-
-

-
vent foxes from accessing the breeding islands. However the gulls arrive 

-

August. 

Offshore distribution and concentrations
-

-

Conservation status
-

Biology -

Sensitivity and critical areas



Glaucous gull 
Breeding occurrence: This is the most widespread and common breeding sea-

-

found in areas with high numbers of other breeding seabirds; for example in 

Offshore distribution -
land Sea compared with Svalbard waters during the Norwegian summer sur-

Conservation status: The glaucous gull population in the assessment area is of 
a favourable conservation status and the species is not considered as threat-

Biology: Glaucous gulls are omnivorous and act as top predators in the Arctic 
-

-

Sensitivity and critical areas: Glaucous gulls are less sensitive to oil spills than 
-

-
viduals.

Ross’s gull 
Breeding occurrence

-

Biology
-

Offshore occurrence

Conservation status



Sensitivity and critical areas -

Ivory gull 

edges and shore leads. 

Breeding concentrations

-

Strategic 

Arctic tern and Sabine's gull migration study

The Arctic tern and the Sabine's gull are both ground nesting seabirds breeding in colonies along the coasts of Northeast 
Greenland. Both species are trans-equatorial migrating birds wintering in high productive seas of the southern hemisphere.  

In order to map the migration and utilization of marine areas outside the breeding season, Arctic terns and Sabine's gulls 
were equipped with geolocators – small devices recording light intensity which subsequent can be transformed into geo-
graphical positions. Geolocators were deployed on 50 Arctic terns and 30 Sabine's gulls at Sandøen, Young Sund (74° 43° 
N, 20° 27° W) in July 2007. In July the following year, ten and eleven loggers were retrieved respectively from the two spe-
cies. The study revealed novel knowledge on some of the longest annual migrations performed within the animal kingdom 
(Egevang et al. 2010, Stenhouse et al. 2012). In the following the tracking results inside and near the assessment area are 
described. 

As the geolocator derived positions depend on the time of sunset and sunrise, positions from the Arctic summer with mid-
night sun (late May to August) are limited.   

Arctic tern: The post-breeding departure of the terns from the Young Sund area takes place immediately after fledging 
of the young. The study revealed that the Arctic terns left the Sandøen colony primo to mid-August and migrated south 
through the Denmark Strait region – likely without the use of significant stop-over sites along the way (Figure 1). The birds 
didn’t pause the migration until around 50° N (far south of Greenland waters) where they spend an average of 25 days at 
sea, before continuing the migration into and across tropical regions. The winter was spent in the Wendell Sea off Antarctica, 
and the north-bound migration was initiated mid-April. The Arctic terns of Sandøen entered southern Greenland waters late 
May. But at this time day-night light difference were too low to produce accurate geographical positions (Figure 2). How-
ever, primo June the Young Sund is still covered by sea ice and it is likely that the terns utilize the open water marine areas 
east of Young Sund, until egg laying is initiated in ultimo June/primo July (Egevang & Stenhouse 2007, Egevang et al. 2008).

Sabine's gull: The post-breeding migration of the Sabine's gulls differed from the Arctic terns by a more eastward migra-
tion from the Young Sund area. The Sabine's gulls left Sandøen medio August and moved into the marine areas east and 
southeast off the coast. Here, in the southern part of the assessment area the birds spend between 10 and 14 days before 
continuing their southbound migration (Figure 1). The winter quarters were identified to the marine areas off southern Af-
rica (Benguela Upwelling System), with distinct stop-over sites in autumn (in the Bay of Biscay) and in spring off the west 
African coast (Morocco, Mauritania, Senegal) (Stenhouse et al. 2012). By the time the Sabine's gulls of Sandøen returned to 
East Greenland late May/earlyJune day-night light difference were too low to produce accurate geographical positions and 
movements within the assessment area cannot be elucidated (Figure 2). 
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are attracted to human activities that create open waters in the ice as well as 

Distribution outside the breeding season

south in the drift ice belt off the East Greenland shore. Substantial numbers 
-

-
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hundreds were observed migrating north in the East Greenland Current be-
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Conservation status

-

 
-
-

Sensitivity and critical habitats

-

conditions nevertheless are able to habituate to disturbance (e.g. the former 

Arctic tern 
Breeding distribution

Offshore distribution
-
-

-

seen heading southwards throughout the assessment area.

Biology



Box 3.6

GPS tracking of ivory gulls 2018
-

Adult ivory gulls were tracked with GPS de-
vices during the breeding season (July-Au-
gust 2018) in the Station Nord area. Birds 
were trapped at the station kitchen, and in 
a newly discovered colony 18 km east of the 
station (Figure 1), and equipped with 10 g so-
lar-powered GPS devices mounted on a leg-
loop harness. GPS devices downloaded data 
automatically to a base station. Eighteen 
birds were tagged, and useful data were ob-
tained from ten of them. Two additional colo-
nies were located based on the tracking data. 
All birds tagged at the station showed at-
tachment to the colony area, although their 
breeding status was unknown. For more de-
tails on methods and results, see Frederiksen 
et al. (2019).

In total, 292 foraging trips were recorded 
(Figure 1), with an overall mean length of 214 
km and mean duration of 18.5 h. The longest 
trip lasted 182 h and covered 1850 km, with 
a maximum distance from the colony of 502 
km. The birds spent on average 65% of the 
time away from the colony, and were station-
ary (presumably at foraging sites) for on av-
erage 37% of the time they spent away from 
the colony.

Overall, the tracked ivory gulls used areas to 
the north of the colonies, mainly in and along 
the shores of the Wandel Sea (Figure 1). For-
aging trips fell broadly into three categories: 
1) Long meandering trips in the pack ice, pre-
sumably searching for unpredictable high-
gain food sources such as seal carcasses, 2) 
Shorter and more direct trips to the open-
water areas north of the colony, presumably 
searching for fish, crustaceans etc. at the sur-
face, or 3) Trips directed to the marine ter-
minus of the glacier Marsk Stig Bræ south-
southwest of Station Nord (Figure 2). Here, 
the birds presumably fed on marine inverte-
brates stunned or killed by exposure to fresh 
meltwater.

No ivory gulls bred at the intended study site 
Henrik Krøyer Holme in the Northeast Water 
Polynya in 2017 or 2018, and it was therefore 
not possible to track birds using the assess-
ment area. Although the tracked birds largely 
used the Wandel Sea to the north, it is likely 
that ivory gulls breeding along the shores of 
the Greenland Sea use similar habitats. Ivory 
gulls are generalist foragers and use all re-
sources available within at least 2-300 km 
around the colony during the breeding sea-
son, whether in the pack ice, along ice edges, 
in open-water areas or along shorelines.



Conservation status: The Greenland population is considered as ‘Near Threat-

-

Sensitivity and critical areas

Thick-billed murre
Breeding distribution -

-

numbers here (Boertmann et al. 2020). 

-

Offshore distribution -

-
-

2

-

-

-
-

sessment area in winter.

Biology

-



Box 3.7

Satellite tracking of thick-billed murres from Kap Brewster

This study was initiated to study the migration pathways, the 
habitat use and the phenology of the thick-billed murres breed-
ing on the colony at Kap Brewster. 

In late July 2009 three male and two female thick-billed murres 
from the colony at Kap Brewster were caught on the ledge with 
noose pole and equipped with implanted satellite transmitters. 
With an estimated maximum of 4800 birds, the colony at Kap 
Brewster is the larger of only two murre colonies in the assess-
ment area, both related to the Scoresby Sund Polynya.

Two birds remained in or near the colony after the transmitters 
had been implanted and did not embark on the autumn migra-
tion until approximately 6 August. One of these, a female, con-
tinued chick rearing and made several round-trips to a primary 
foraging area 20 km east of the colony and a secondary foraging 
area 120 km southeast of the colony (Figure 1). Due to the low 
precision of many of the coordinates the existence of foraging 
areas closer to the colony cannot be excluded.  

Three murres were tracked for a considerable distance of their 
autumn migration (Figure 2). One male (ptt ID 6934) left the 
colony 6 August, rounded Cape Farewell 24 August and trans-
mitted its last signal 8 September off the coast of Southwest 
Greenland. A female (ptt ID 36371) left the colony right after 
transmitter implant 22 July and staged for about a week with-
in a restricted area off the Blosseville Kyst 130 km south of the 
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colony. Thereafter it continued south along the coast and trans-
mitted its last signal just before Kap Farvel on 13 September. An-
other male (ptt ID 6938), which seemingly also left the colony 
right after instrumentation (on 26 July), rounded Cape Farewell 
on 10 August. It crossed Davis Strait in the course of September 
and October, continued south off the Labrador and Newfound-
land coast in October and November, and reached its presumed 
wintering area on Grand Banks in late November.

The tracks of the three murres revealed no significant staging 
areas within Greenland territory. Judging by the speed of move-
ment, the migration down the east coast of Greenland was 
a combination of swimming/drifting and short legs of flight. 
Moulting of flying feathers during the tracking period was only 
suggested by the male that was tracked all the way to Grand 
Banks (ptt ID 6938). During the crossing of Davis Strait it had a 
continuous period of 2 months with speeds consistently below 
1.6 km/h.



Conservation status -
ment area has an unfavourable conservation status due to the decline men-

Sensitivity and critical areas -

-

limited.

Black guillemot
Breeding distribution

-
-

-

Offshore distribution -

-

-
-

marginal ice zone. 

Biology

Conservation status

-

the ice in summer become more reduced.

Sensitivity and critical habitats
-

tive occurrences are the breeding colonies along the coasts of the assessment area. 



Little auk
Breeding distribution -

Offshore distribution

-

assessment area in autumn.

-

Biology

-

Conservation status

Sensitivity and critical habitats
the most sensitive occurrences are the breeding colonies along the coasts of the 

Other species
-

-



Box 3.8

Little auk ecology and key habitats in the assessment area

-

The little auk is the most numerous seabird in the North Atlantic and a key component of its ecosystem with significant impact 
on terrestrial and marine trophic networks (González-Bergonzoni et al. 2017, Mosbech et al. 2018). Greenland is estimated to 
hold 80 % of the world breeding population, making it a species of national responsibility. In the assessment area, a minimum 
of 3.5 mill little auk pairs are estimated to breed at the coasts in vicinity of the Scoresby Sund polynya (Kampp et al. 1987). Little 
has been known about the ecology and key marine habitats of this little auk population. However, since 2005, French researchers 
(CEFE and LIENSs) and DCE/GINR have conducted studies at Ukaleqarteq (Kap Höegh), Liverpool Land, to investigate the ecology 
of this high Arctic species. The main objectives have been to understand its responses to a changing environment (climate, food 
resources and contaminants) and locate important at-sea areas during the seasonal cycle. 

Migration and staging areas
In the breeding seasons of 2007 and 2008, little auks were caught at nests and fitted with small geolocators on tarsus bands (Mos-
bech et al. 2012). Five geolocators were retrieved the following breeding season and the recorded light regime data were down-
loaded and converted into geographical positions. The accuracy of the positions is quite coarse, typically within approximately 
200 km for individual locations. However, a model-based smoothing was applied, and coordinates predicted daily for each bird 
were connected in chronological sequence to reconstruct paths of movement during the non-breeding season (Figure 1). The 
daily predictions of longitude and latitude were also used for identifying staging areas. 
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For the five recaptured birds, the median post 
breeding departure time from the colony was 
8 August (range 25 July-13 august), while ar-
rival the following year could be determined 
for three birds, which arrived from the begin-
ning of May to mid-June. This is in accordance 
with data from a time lapse camera installed 
in the Ukaleqarteq colony, which revealed that 
the last birds departed 29 August in 2018 and 
the first birds arrived 29 April in 2019 (Mosbe-
ch, unpublished). A remarkable result is that 
after breeding all birds moved towards north-
east and staged in the Greenland Sea between 
Jan Mayen and Svalbard during the end of Au-
gust and the beginning of October (Mosbech 
et al. 2012). This peculiar migration pattern of 
little auks from East Greenland has been con-
firmed by further tracking in the years 2009-19 
(Fort, unpublished), and little auks from Sval-
bard and Russia (Franz Josef Land) apparent-
ly also use the same staging area (data from 
SeaTrack.no; see Møller et al. 2019, Descamps 
et al. subm.). This northern staging and (pre-
sumably) moulting area was further confirmed 
in 2017 during both a ship-based oceano-
graphic survey (Møller et al. 2019) and an aer-
ial survey (Boertmann et al. 2018, see Box 3.3). 
During winter, the little auks from Ukaleqarteq 
mostly stay far offshore Newfoundland (Mos-
bech et al. 2012, Fort et al. 2013, Amélineau et 
al. 2018), but there is large individual variation: 
e.g. one bird staged most of November off-
shore Southwest Greenland and one bird re-
mained south of Iceland until February (Mosbech et al. 2012). Amélineau et al. (2018) analysed the winter distribution of 94 
little auks from Ukaleqarteq and found that they targeted areas with high prey densities and moderately elevated energy re-
quirements. Climate change will probably impact the little auks’ wintering strategies through reducing their energy require-
ments (Amélineau et al. 2018), sea ice melt (Clairbaux et al 2019) or latitudinal shift of their prey (Reygondeau & Beaugrand 
2011). Research indicates that the winter season may already be an important bottleneck for the little auk populations; the 
winter foraging effort is two-fold higher than the breeding season when the birds have to forage for both themselves and 
their chicks (Fort et al. 2009, Harding et al. 2009). In addition, little auks are exposed to elevated mercury concentrations 
at their wintering grounds. This negatively impacts their body condition as well as their subsequent reproduction through 
carry over effects (i.e. decreased egg size, chick mass and chick growth rate (Fort et al. 2013, Amélineau et al. 2019, Fort et 
al. unpublished)).

Foraging ecology during the breeding season
The chick meals at Ukaleqarteq (Kap Höegh) are dominated by Calanus copepods (95 %) (Harding et al. 2009, Amélineau 
et al. 2019), and it has been estimated that chick-rearing little auks need to catch about 59,800 copepods per day. This is 
equivalent to about six copepods per second spent underwater by the chick-rearing adults, which use suction-feeding to 
efficiently catch so many prey items (Harding et al. 2009, Enstipp et al. 2018). These astonishing results underline the impor-
tance of areas with dense patches of large, energy-rich copepods available to the little auks. The quality of little auk foraging 
areas is to some extent determined by ocean temperature, which conditions the distribution and abundance of the large 
lipid-rich Calanus copepod species associated with cold water (Falk-Petersen et al. 2007, Loeng & Drinkwater 2007, Møller 
et al. 2018).

Welcker et al. (2009) did a comparative study of foraging ecology during chick rearing involving Ukaleqarteq (Kap Höegh) 
and three colonies in Svalbard (Hornsund, Isfjorden and Kongsfjorden). They found that at Ukaleqarteq, sea surface temper-
ature was lower (0.34° C compared to between 1.96° C and 5.64° C at the Svalbard colonies), little auks spent less time forag-
ing (80 % compared to 87-93 % at the Svalbard colonies) and their “long” foraging trips where shorter (69 ± 11 km compared 
to between 129 ± 16 km and 219 ± 17 km at Svalbard). These results highlight the relatively favourable foraging conditions 
present at Ukaleqarteq for this high Arctic seabird. Little auks at Ukaleqarteq forage mainly at the shelf break approx. 85 km 
east of the colony and in a nearshore foraging area close to the colony (Figure 2, see also Amélineau et al. 2016). Contrary 
to previous hypotheses, they seem not to be dependent on the presence of sea ice in their foraging area (Gremillet et al. 
2012, Amélineau et al. 2016). In fact, foraging success, as indicated in adult body condition and chick growth rate, seems to 
improve in years with less sea ice (Amélineau et al. 2019). 
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Several species of waterbirds breeding at the freshwater habitats of Northeast 
Greenland are dependent on the marine environment for spring staging in a 

-

-

these birds also forage in the marine environment during the breeding season. 

marine environment of the assessment area. 

-

attract birds from terrestrial and freshwater habitats during the summer and 

3.7.2 Important areas for seabirds

-
eas are important to seabirds within the assessment area.

-

from a large region for a short period of time.

waterbirds before the inland breeding habitats become accessible. Such sites 



-
-
-

-

these birds have their breeding grounds in Svalbard and their wintering 
grounds in Southwest Greenland and Newfoundland waters. In the Barents 

-

3.8 Marine mammals

of their occurrence and status in the assessment area). The marine mammals 
-
-

regular migrations between distinct summer habitats in the fjords and winter 

-
-

ments documented in 2017-2018); walrus males and females assemble on spe-

-

2018 narwhal response to seismic noise was studied in the assessment area.



3.8.1 Polar bear

Kristin Laidre (GINR), Erik W. Born (GINR) & Ben Cohen (UW)

The historical distribution of polar bears in East Greenland was summarised 

-

-

-

 
 

 
List status

 

Polar bear Whole year waters Widespread Hunting 
regulated High

Walrus Whole year Shallow coastal 
waters Northern part

Hunting 
regulated

Near Threatened 
(NT) High

Hooded seal Whole year and moult on drift ice
Numerous,  
widespread

Hunting 
unregulated High

Harp seal Whole year Numerous,  
widespread

Hunting 
unregulated High

Bearded seal Whole year waters widespread
Hunting 

unregulated High

Ringed seal Whole year waters
Common and 
widespread

Hunting 
unregulated High

Bowhead whale Whole year widespread, 
Protected 

(since 1932) High

Fjords and Atlantic waters Hunting 
regulated Pot. medium

Sei whale East of Atlantic waters Protected Endangered 
(EN)

Blue whale East of Atlantic waters Protected Pot. high

Fin whale Fjords, Rather common, 
whole area

Hunting 
regulated Pot. medium

whale
Numerous, 
whole area

Hunting 
regulated Pot. medium

Pilot whale  Fluctuation, 
Southern part

Hunting 
unregulated

dolphin
 Rather common, 

southern part 
Hunting 

unregulated

waters, whole area
Not common,  

mainly southern part 
Hunting 

unregulated (DD)

Narwhal Whole year Fjords, ice edges Certain fjords and Hunting 
regulated

Endangered 
(EN) High

Sperm whale Deep waters southern part
Protected 

(1985)

Northern bottle-
nose whale Deep waters only Probably rare,  

mainly southern part
Hunting 

unregulated (DD)



Box 3.9

Satellite tracking of long-tailed ducks from Myggbukta
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This study was initiated to study the migration pathways, the 
habitat use and the phenology of long-tailed ducks breeding in 
Northeast Greenland.

Myggbukta is a pond-rich wetland area on the south coast of 
Hold With Hope with a high density of breeding long-tailed ducks 
(Elander & Blomquist 1986). In mid-June 2007 three presumed 
pairs caught in mist nets during courtship flight were equipped 
with implanted satellite transmitters. In late July 2009 the area 
was revisited and another four females and one male caught in 
mist nets at a coastal foraging area were instrumented.

The long-tailed ducks stayed in the Myggbukta area (60 km radi-
us) until the onset of the autumn migration in September (Figure 
1). The males left Myggbukta about two and a half weeks earlier 
than the females (median day of departure 10 and 26 September, 
respectively) and neither males nor females staged for any signifi-
cant length of time along the East Greenland coast. 

Five of the long-tailed ducks wintered in northern Iceland and 
five went to Julianehåb Bugt in South Greenland (Figure 2). Some 
of the latter presumably stayed in Julianehåb Bugt throughout 
the winter, others made return trips from Julianehåb Bugt to 
the coast of Southwest Greenland, and some only staged in Ju-
lianehåb Bugt on their way to Southwest Greenland. One female 
went directly from Myggbukta to the wintering area in Southwest 
Greenland. 

an estimation of the areas in which a certain percentage of the loca-

Of the three pairs instrumented in 2007, one pair migrated to 
Iceland, one pair migrated to Julianehåb Bugt and one pair 
split between Iceland and Julianehåb Bugt during the winter. 
None of the pairs stayed together during migration.

Only three long-tailed ducks were tracked throughout a 
whole season. One female, which wintered in Southwest 
Greenland, went up the west coast of Greenland to Uumman-
naq Fjord where it spent the summer as a non-breeder. Of two 
females, which wintered in Iceland, one stayed in Iceland the 
following summer whereas the other returned to the Mygg-
bukta on 4 June.



Box 3.10

Satellite tracking of king eiders from Myggbukta

This study was initiated to study the migration pathways, the habitat use and the phenology of king eiders breeding in Northeast 
Greenland.

In late July 2009 two female king eiders were caught in mist nets at a coastal foraging area in Myggbukta and equipped with im-
planted satellite transmitters. Both individuals were tracked for approximately two complete seasons between 2009 and 2011.

The king eiders remained in the Myggbukta area until the onset of the autumn migration in the beginning of August (median 
day of departure 9 August, range 2 August-15 August). During all tracked seasons, one of the birds made a very short stop on the 
south coast of Shannon Ø (1 location each 3 seasons). Otherwise, both individuals went directly to the southwest coast of Spits-
bergen without any staging in Greenland territory (Figure 1). 

The king eiders spent the autumn period from approximately 12 August-13 November along the southwest coast of Spitsbergen, 
whereas during the winter (median dates 13 November-6 April) they moved to the shallow offshore Spitsbergen Bank and the 
coast of Bjørnøya. In the spring, the king eiders returned to the southwest coast of Spitsbergen (median arrival 6 April) and stayed 
there for some time before they embarked on the spring migration to Greenland.

During the spring migration one of the king eiders left Spitsbergen early and staged on the way to Myggbukta, whereas the other 
left much later and seemingly flew directly from Spitsbergen to Myggbukta without significant staging underway. The former ar-
rived at the polynya off the southeast coast of Wollaston Forland in the beginning of May (3 May 2010, 6 May 2011), staged there 
for about a month, and was first recorded back in Myggbukta on 15 June both years (Figure 2). The latter arrived in Myggbukta 
on 3 June 2010 but seemingly gave up breeding this summer and returned to Spitsbergen after spending a month at mouth of 
Loch Fyne. In 2011, transmission from this bird unfortunately terminated shortly after arrival in Greenland at coast of Lille Pendu-
lum on 6 June.
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Spitsbergen

Spitsbergen Bank

Bjørnøya

Myggbukta

30°E20°E10°E0°

10°W20°W30°W

78°N

84°N

72°N

72°N

0 100 200 Km

King eider
Myggbukta

Migration routes
ptt ID 40472

ptt ID 41194

Positions
ptt ID 40472

ptt ID 41194

Assessment area

Wollaston 
Forland

Hold With 
Hope

Loch
Fyne

Lille Pendulum

Clavering Ø

Myggbukta

0 10 20 Km

King eider
Locations after 1st of July
Locations before 1st of July
Deployment site

Kernel density %
10
20
30
40
50
60
70
80
90



Box 3.11

Satellite tracking of a red-throated diver from Myggbukta

This study was initiated to study the migration pathways, the habitat use and the phenology of red-throated divers breed-
ing in Northeast Greenland.

The pond-rich wetland area of Myggbukta on the south coast of Hold With Hope is a well known breeding area of red-
throated divers (Elander & Blomquist 1986). In late July 2009 a red-throated diver breeding on one of the ponds was caught 
with a nest trap and equipped with an implanted satellite transmitter. It was tracked for two complete seasons between 
2009 and 2011.

During the breeding season the diver undertook regular forging trips from the nesting site to coastal foraging areas (Figure 
1). The positions indicate use of the same pond for nesting all three summers. The two coastal foraging areas located 4 and 

5 km from the nesting site were used in 2009 and 
2010, whereas the foraging positions from 2011 
were much more scattered, although still concen-
trated in the inner part of Myggbukta Bay 4-15 km 
from the nesting site.

The diver remained in Myggbukta until the onset 
of the autumn migration in the beginning of Sep-
tember (day of departure 6 September 2009 and 
14 September 2010). It staged on the southwest 
coast of Iceland for 12-30 days (9-21 September 
2009, 20 September-19 October 2010) before it 
embarked on the last leg of the trip to the win-
tering area along the coast of southeast England 
(Figure 2). Here it arrived 23 September in 2009 
and 19 October in 2010 and remained until spring.

The spring migration started 21 April 2010 and 3 
April 2011. Both years the diver initially took a de-
tour east along the southern coast of the North Sea 
before it set off for the northwest coast of Iceland. 
In spring 2010 there was only one position from 
Iceland (23 May), indicating a very short stopover, 
whereas in 2011 it probably staged for about two 
weeks from 21 May-4 June. From Iceland the diver 
went more or less directly to Myggbukta where it 
arrived on May 31 2010 and June 4 2011.

dots represent Argos positions dif-
ferentiated by year (color) and accu-
racy (small = low, large = high). High 
accuracy positions from the whole 

-

contours represent an estimation the 
areas in which a certain percentage 
of the locations will be found. Thus 

-

-
ing site on the pond, two other ponds 
used for resting in 2010, and coastal 
two foraging areas used in 2009 and 

-
age from 9 August 2008.
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-
ual polar bears and habitat selection. More recent information is provided 

Distribution and movements

-
-

-
ing whether polar bears using the coastal fast ice inshore also use the previous 

-

-

Adult

2yr Old

COY

Biopsy/Sighting

Subadult

Yearling

License Area

Helicopter Track

Assessment Boundary

Fuel Depot

Blaso

4 Barrels Slung

Danmarkshavn

Kap Rink

4 Barrels Slung

 Flight paths during 
April 2018 searching for polar 
bears; tagging sites and the 
original licence area are shown. 

-

depots placed in summer 2017.



central eastern coastline and offshore into the assessment and the previous 

within the previous licence area boundaries during the same period while the 

2 

2 and their 
range was extensive covering the entire previous licence area and much of the 

2.

Note that 10 bears were collared as part of the 
10 bears were collared as part of an externally funded program (Dancea).

-  - -  

4/8/2018 9/25/2019 No 117 0 0.0 Dancea

4/8/2018 8/17/2018 No 42.0 34 0 0.0 Dancea

4/8/2018 7/15/2019 No 885.1 104 0 0.0 Dancea

4/9/2018 9/17/2019 No 91 9 9.9

4/9/2018 8/12/2018 N/A N/A N/A N/A Dancea

4/10/2018 9/29/2019 No 1737.3 98 0 0.0

4/10/2018 9/29/2019 No 1449.4 105 1 0.9 Dancea

4/10/2018 9/28/2019 No 127 0 0.0 Dancea

4/10/2018 9/28/2019 No 121 2 1.7 Dancea

2018128259 4/11/2018 9/28/2019 No 100 15 15.0

2018128258 4/11/2018 7/30/2019 No 2050.1 111 8 7.2

4/14/2018 9/20/2019 No 99 10 10.1 Dancea

4/14/2018 9/28/2019 No 7352.0 91 5 5.5

4/14/2018 9/1/2018 N/A N/A N/A N/A Dancea

4/15/2018 8/23/2019 No 5745.7 90 14 Dancea

4/17/2018 9/28/2019 No 117 32 27.4

2018131875 4/17/2018 5/12/2018 N/A N/A N/A N/A

4/18/2018 7/7/2018 N/A N/A N/A N/A

2018131877 4/20/2018 9/28/2019 No 3477.8 111 13 11.7

2018131878 4/21/2018 1/3/2019 No 3329.3 4
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This indicates that the original licence area (yellow) is important for family groups (e.g., females with newborn cubs). Female 



-

-
-
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-
lared bears (middle panel) and inshore collared bears (lower panel). The original licence area is shown in yellow and the bound-
ary of the entire assessment area is shown with a dashed line.



-

-

-

East Greenland and the Svalbard subpopulations (Born et al. 2012).

-

few individual polar bears that were tagged in the Northern Beaufort Sea and 
the Barents Sea subpopulations support the notion that the East Greenland 

Size of the East Greenland population

-
ment area) in spring 2021 will shed more light on densities and abundance 

inventories covering this vast area and data are sparse (e.g. Aars et al. 2006). 

estimate of approx. 180 polar bears in the coastal areas between approx. 72° 

Maternity denning sites



-

-

of the total capture sample suggesting the area is important for adult females 

 -
-

tween 71° and 72° 

-

-
-

-
-

-
-

-

-

coast and with the resemblance to the ice situation off the northern coast of 



-
-

male polar bears.

Harvest recoveries and the relationship with other polar bear populations

15) were bears that were tagged in the central parts of East Greenland between 

-

other polar bear management 

2010; coloured dots are unique 
for each bear.



were also recovered in East and Southwest Greenland. Three polar bears (2 

-

-
lar bears from other populations migrate to East Greenland (Born et al. 2012). 

northwest and had some overlap with East Greenland polar bears in the 

-

In addition to the data summarized here there is information from satellite 

instrumented with satellite transmitters in the Southern and Northern Beau-

-

-
lar bears have been tagged in the Southern and Northern Beaufort Sea (e.g. 

from these areas to East Greenland appears to be negligible. 

-
-

in total (including juveniles) have been tagged in the Svalbard archipelago 

East and Southwest Greenland.

Movement of polar bears that were instrumented with satellite transmitters 

-

Existence of separate populations in the East Greenland and Barents Sea re-
-



-

-
strumented in this area made an excursion west where it came as close as ap-

-

-
ern Svalbard in 2006 and 2007 made migrations north of Svalbard and towards 

polar bear tagged in central East Greenland during March 2007 came as close as 
-

tween the ranges of East Greenland and Svalbard polar bears and that a certain 

between the East Greenland and Barents Sea population of polar bears. Al-
-

-

oil activities in East Greenland. 

monitored with satellite transmit-

region (2000-2008, n = 5, red). 

represent a sub-set of polar bears 

the assessment area. The map 

during spring and summer in 
Fram Strait and the northern 

and the Barents Sea populations.



The catch
-

-
west Greenland and these bears have their origin in the East Greenland popu-
lation (Born 2007). 

-

on the fast ice in the fjords and along the coast to hunt polar bears as far north 

-

hunters indicate that these trips have all but ceased and most bears are caught 

ice around the communities bringing polar bears closer to populated areas 

-

-

-

-

-
all decrease in the exploited population.

Future scenario and conservation status

-
-

casted that optimal polar bear habitat in East Greenland will decrease sub-

during spring and summer. A decrease in sea ice in the southern range of the 

(2015) also reported that bears in East Greenland were using poorer habitats 
(reduced ice concentrations and areas closer to open water) in the 2000s com-

-
-

land population of polar bears.



The prognosis of the increasing negative effects on polar bears of a future de-

Sensitivity and critical habitats

-

-

seems to be large variation in the individual thresholds among female bears 

cubs which have been forced to leave their den showed elevated cub mortal-

-

important for bears collared both inshore and onshore. This is important be-

-

in the coastal area to search for food offshore. The bears show a clear prefer-
ence for areas with dense sea ice and shift their distribution north in the as-
sessment area during the open water season to exploit areas where drift ice 

-

3.8.2 Walrus

Erik W. Born (GINR)

General biology

-

Northwest Greenland (Garde et al. 2018b). 



Sjare et al. 2003).

Distribution
The walruses in East Greenland are distributed across most of the shelf areas 

-

° N and 77° 

range of the female portion of the East Greenland subpopulation. Some males 

distribution of catches there indicates that walrus stragglers can occur in south-

-
-

-

-

-
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Important habitats – terrestrial haul-outs 
-

-
-

° N (Clavering Island) 
and 77° 

o -
-
-

-

-

-

have been observed at some of the sites and one site seems to be used exclu-

Important habitats – wintering areas
-
-

dicate that walruses winter in the following areas in East Greenland of which 

-

-

Movements
-

-



eastern edge of the continental shelf in the Greenland Sea. Three of these wal-

winter (Born et al. in prep.). 

-
-

-

walruses occurring in Northeast Greenland constitute one coherent group. 

Delineation of populations
Genetic studies indicate that the walruses in East Greenland constitute a sepa-
rate subpopulation, -

has supported the notion that walruses in East Greenland and at Svalbard-

-

Sporadic observations of walruses between eastern Greenland and Svalbard 

East Greenland subpopulation size
-

-

were present along the coast south of ca. 77° N and the remaining approx. 

-

-



-

The catch
The East Greenland subpopulation of walruses is subject to hunting at a lim-

-

the reported annual catch in East Greenland (2007-2018) has averaged ca. 6 

-

-

-
tion of the population before regulations to protect the subpopulation were 

Conservation status

-

(Kovacs 2016c).

Sensitivity and critical habitats



-

-

long-term exposure. 

-

-
viduals.

2. Their pronounced thigmotactic behaviour (occurring in groups where in-

oil-fouled walruses will transfer oil to other individuals.
3. In ice-covered waters spilled oil will accumulate in the restricted open 

food or relocate to other feeding areas. It cannot be assumed that alter-

their traditional habitats.

The most important areas for walrus in the assessment area are the terrestrial 
haul-outs and their surrounding waters which are used for foraging. Based 

-

3.8.3 Seals

Aqqalu Rosing-Asvid (GINR)

-

-

Hooded seal 



-

below 500 m. The deepest registered dive is 1652 m (Andersen et al. 2013). 

Distribution: The Greenland Sea population of hooded seals whelp in the 

° N and 76° 
N

to that of the adult seals. Hooded seals will often sleep in the water (Anders-

Population: The hooded seals are believed to have been reduced from more 

sealing stopped in 2007. The estimated total 2018 population of hooded seals 

-

The catch
-

-

population.

Conservation status -

Sensitivity and critical habitats

 2010). 

-

-
turbance.
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Harp seal
Harp seals are medium sized seals; adult males grow to 1.70 m on average 

-
phipods (Parathemisto spp.) might also be important.

Distribution: Harp seals assemble in large concentrations to whelp and nurse 

moulting seasons. 

Strategic Environmental Study Program for Northeast 
Greenland

the seasonal distribution of the tagged pups in different parts of the north-

Population -

The catch -

-

Conservation status

Sensitivity and critical habitats: Almost all harp seals concentrate in the whelp-

impact a large proportion of the seals from this population. 

Bearded seal 
-



(see also Figure 53).

- -   

April (n = 20) 

August (n = 10) 

September (n = 8) 

December (n = 7) 

February (n = 5) 

April 1 yr. (n = 5) 

-
east Atlantic into to the four des-
tination areas for the harp seals 

area. See also Table 7 for the 



-

Distribution
-



a pup tagged in Svalbard swam to the coastal areas in the assessment area 

-
cation of bearded seal densities. 

Population: There are no population estimates for bearded seals in the assess-
ment area. 

The catch -

Conservation status: The widespread distribution of bearded seals is a good 

Sensitivity and critical habitats
-

Ringed seal 

Parathemisto spp).

Distribution

birth in lairs made in snowdrifts associated with a breathing hole. The pups are 

-

2

As part of the Strategic Environmental Study Program for Northeast Greenland 20 

-

breathing holes throughout the winter. The migrating seals explored the en-
-



-

The catch -

settlements where the seals are hunted.

Conservation status: The widespread distribution of ringed seals is a good pro-

Sensitivity and critical habitats

-
-

3.8.4 Baleen whales

Fernando Ugarte (GINR)

Baleen whales occurring in the assessment area include bowhead whale and 

Bowhead whales are associated with cold polar water and use the assessment 



-
-

whales has been available from the assessment area (Table 5). 

Strategic Environmental Study Program for Northeast Greenland) also recorded 
baleen whales.

-
bution changes due to geographic shifts in the locations of frontal and up-
welling areas that concentrate their food. Such oceanographic changes are 

for these species.

-

-

2010). See also Chapter 7.2.1. 

Strategic Environmental Study Program for Northeast 
Greenland -

Bowhead whale
-

-
lar high numbers were recorded along the ice edge between 76° and 78° N (de 

the Strategic Environmental Study Program for Northeast Greenland) located 301 
-

Distribution and stocks: The bowhead whales occurring in the Greenland Sea 

-
-
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-

the studies in 2017 (part of the Strategic Environmental Study Plan for North-
east Greenland

-

en route 

The studies of the Strategic Environmental Study Program for Northeast Greenland 

2018. This also documented the presence of bowhead whales on the shelf with-
in the assessment area as well as a seasonal shift between on-shelf areas in sum-

Conservation status: Bowhead whales have a high conservation value due to 
-

-

Sensitivity and critical habitats: Bowheads are sensitive to disturbance (noise) 



-
-

Box 3.12

Passive acoustic monitoring of marine mammals and noise in the 
Northeast Greenland assessment area.

In September 2016 and 2017 a total of nine passive acoustic data loggers (Aural M2s) were moored to the seabed at various 
positions covering the oil licence area within the Greenland Sea (Figure 1). Three operated in 2016-2017 and three other 
from 2017 to 2018. One was lost and the last two were retrieved too late for inclusion in this report.

Three of the analysed recorders were positioned on the bank closer to shore whereas another two were positioned further 
off shore close to the shelf break and the last one positioned further north (Figure 1).

Both abiotic and biological sounds contributed to the sound-
scape in each location. Seismic noise was represented mainly 
in the 20 Hz and 63 Hz bands while noise from the ice covered 
all frequency bands. Bowhead whales mainly produced song in 
the 500 Hz and 1000 Hz band. Bearded seals produced trills that 
also dominated in the 1000 Hz band. Narwhal clicks could be 
detected in the 4000 Hz band while sperm whale clicks were 
visible in the frequency bands between 1000 Hz and 4000 Hz.

There was a clear time dependent shift in the distribution 
of the marine mammal species. Bowhead whales, narwhals 
and sperm whale were all registered on the recorders close 
to shore during summer and fall. However, from fall to spring 
their detections shifted to the recorder near the shelf break. 
The formation of fast ice likely forces these three species fur-
ther off shore. Bowhead whales were especially detected on 
N7 and NE1 and narwhals year-round on NE4, NE5 and NE7. 
Bearded seals were only heard just prior to and during their 
mating season (February-July) which was expected as they call 
very little outside this season. They were detected on all re-
corders but were especially loud at a location in the middle 
of the licence area, meaning that this area plausibly serves as 
good a mating area.

The seismic noise (from airguns) recorded at NE1, NE2 and NE3 
in the autumn of 2016 derived from a seismic survey on the 
Northeast Greenland shelf, while the recorded seismic noise at 
other times derived from surveys taking place far away, at least 
outside Greenlandic waters, as no seismic surveys were carried 
out in Greenland that year.

Table 1 and 2 below show the temporal distribution of record-
ings of different species of marine mammals and noise from 
seismic surveys.

-
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-



summer to warmer waters in winter. Summer feeding grounds extend from 

latitudes during winter.

Distribution and stocks

-

58). These management regions were established based on studies of catch 

2007). The assessment area includes parts of both the Northeastern (northern 
half) and Central management areas (southern half).

-

-

The authors also concluded that there are large annual variations in the num-
-

Conservation status: The population occurring in the assessment area has a fa-

-

The catch



Sensitivity and critical habitats: -

Sei whale

waters to high latitudes of the sub-Arctic or sub-Antarctic. It is assumed that 
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-
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-
-

Conservation status
-

Sensitivity and critical habitats: 

-

to the sei whale.

Blue whale

high latitudes for feeding during summer and to low latitudes for breeding 
Euphausia spp.). 

Distribution
-

-
birds in late August (Boertmann et al. 2018): two between 77° and 78° N and 

-
ment area between 78° and 68° N.

-

N (southern part of the assessment area) and in the north Atlantic around Ice-
-

(east of the drift ice). 

Conservation status



Sensitivity and critical habitats: Blue whales produce distinctive calls with low 
-
-

information about the direction to other calling whales (Hoffman et al. 2010). 

documented that blue whales changed their vocal behaviour during a seismic 

-

-

-
tect changes in the behaviour of the whales.

-

-

Fin whale

East Greenland current. 

Euphausia spp.) and small school-
-
-

(Simon et al. 2010).

Distribution and stocks

-
-

-

-



-

-

-
ward shift in distribution also seems to have occurred.

-
rine mammals in the North Atlantic that cover a small southern portion of the as-

-

Conservation status

-

The catch

Sensitivity and critical habitats

-

changed in the presence of air gun events: the 20-Hz pulse duration were 

-
-
-

an area for an extended period (Castellote et al. 2010).

-
-

and distribution of such feeding areas.

Humpback whale 

-

and tropical or subtropical winter breeding and calving grounds. Known calv-



Distribution -

et al. 2018). 

occasional long-distance movements between four main feeding aggregations 

north to 71° N (southern part of the assessment area) and in the north Atlantic 

Conservation status

assessment area has a favourable conservation status as it is abundant and in-

-

Sensitivity and critical habitats

-
sons et al. 2008). 

-
tion of such areas.



3.8.5 Toothed whales

Fernando Ugarte (GINR)

descriptions below). The distribution of these species is not restricted to the 

-
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the narwhal. This is a North Atlantic Arctic species found in the assessment 

except for East Greenland. The white whale is a rare visitor to the assessment 
-

1 and communication. In 
-
-

including long-range communication and transmission of information about 

Distribution

-

-

(Hansen et al. 2018b). 

Population: The pilot whales occurring in the assessment area (and the rest of 
-

Biology

ranges of pulsed calls and whis-

(b) made by toothed whales 
-

ment area. True dolphins (family 

-

whale. Narwhal and white whale 
are also included. See legend in 

al. 2007).



over the continental slope in winter and spring and move over the shelf in 

The catch

although catch statistics were not available at the time of writing this report. 

Conservation status: 

Sensitivity and critical areas

whales above. 

White-beaked dolphin
Distribution

-

-

Biology
-

cur in deeper waters.

-

The catch: 



-

Conservation status
-

Sensitivity and critical areas

toothed whales above. 

Killer whale
Biology: Killer whales are top predators that occur in all oceans but tend to 

-

-

-
es) seldom interact and do not interbreed.

-

dispersal (review in Baird 2000). 

-

there was ongoing low-level genetic exchange between populations.

-

the Icelandic summer-spawning herring and the Norwegian spring-spawn-

-

Distribution: -
-



-

ice belt in East Greenland and on rare occasions during ice-free summers 

Strategic 
Environmental Study Program for Northeast Greenland

Conservation status: 

The catch -

caught in the assessment area. 

Sensitivity and critical areas: The effect of the Exxon Valdez
-

not recovered at all or showed rates of increase lower than expected.

Narwhal
Biology

-
-

Distribution

-

-

some as part of the Strategic Environmental Study Program for Northeast Green-
land

Population



120°E140°E160°E180°

20°W60°W 40°W

70°N
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0 300 600 Km

 The general distribution of narwhal.



 Distribution of nar-
-

2017 (blue) and 2018 (yellow).

 Results of satellite 



East Greenland was carried out in August 2008 when the number of narwhals 

In 2017 and 2018 narwhal abundance was estimated in three parts of the as-

-

abundance of narwhals in East Greenland. 

The catch -

-

-

in East Greenland should be reduced to zero in all three management areas 

Conservation status: The narwhal population in the northern part of the assess-
-

-

-

Sensitivity and critical habitats

-
gensen et al. (2010) for a detailed list of important fjords.

narwhals 



Box 3.13

percentage of time 

depth bins during 
seismic exposure at 

other occasions 
(white). Error bars in-
dicate one Standard 

Data includes two 
animals from 2017 

2018. 

-

on all other occasions. Data includes two animals from 2017 and three 
animals from 2018.

Other

Seismik at ≤15 km
–650

–600

–550

–500

–450

–400

–350

–300

–250

–200

–150

–100

–50

–20

0 20 40 60
Percentage (%)

D
ep

th
 (m

)

The sensitivity of narwhals to seismic exploration was 
studied in two experiments in august 2017 and 2018 
in Scoresby Sund, East Greenland. The study exposed 9 
narwhals instrumented with satellite transmitters and 
behavioral-physiological-acoustic sensors to seismic 
sound (Figure 1). The data were compared for periods 
with and without seismic activity and with different 
distances to the seismic sound source. Initial analysis 
showed a cessation of foraging activity measured as the 
absence of foraging related vocal signals and a change 
to diving in the upper water column (< 50 m) when seis-
mic activity was <=15 km from the whales (Table 1 and 
Figure 2). 

At that distance one reaction was to freeze and remain at 
the upper part of the water column and significantly re-
duce the vocal activity compared to the undisturbed situ-
ation. The whales in this category also showed a reduced 
level of activity measured with three different metrics 
(stroking, and two units of overall dynamic body accelera-
tion). The second reaction was a flee response where the 
whales increased their swim speed, presumably to avoid 
the source of the disturbance while remaining at the up-
per part of the water column and reducing their vocal ac-
tivity to include only calls. The whales also tended to ap-
proach the coast when exposed to seismic activity. 

These behavioral results together with direct measure-
ments of changes in physiological responses (breathing 
rates, heart rates associated with level of exertion), ena-
ble quantification of the energetic costs related to sound 
disturbances. Together, these can further on be used to 
asses both short-term and long-term effects of seismic 
activity on narwhals on individual to population scales.

4.9 7.2
97.1 5.8

Narwhal being equipped with satellite transmitter 



-

-

-
-
-

-

Strategic Environmen-
tal Study Program for Northeast Greenland (Box 3.13).

Sperm whale
Biology

-

Gonatus fabricii 

both at shallow depths of about 117 m and at the sea bottom at depths down 
-

Stomach samples from sperm whales caught between Iceland and Greenland 

Distribution

-

-

-
laugsson et al. 2002). There was dense sea ice in East Greenland at the time of 



-

-

(Hansen et al. 2018b). 

Conservation status: Sperm whales were the target of commercial whaling for 

of sperm whales stopped with the moratorium on whaling at the end of the 
-

Sensitivity and critical habitats: Sperm whales are often found feeding in deep 

-

-

be more tolerant to loud noises than other whales.

-

Northern bottlenose whale
Biology -

-

Gonatus 
, -



-

-

Distribution: -

just east of the assessment area.

in 2015 (Hansen et al. 2018b).

The catch: Northern bottlenose whales were the target of Norwegian whal-

Conservation status: 

bottlenose whales caught by 
Norwegian whalers in the period 

-



Sensitivity and critical habitats: Bottlenose whales are often found feeding in 

grounds for bottlenose whales have not been found in East Greenland waters.

-
lowing the onset of gas and oil development in Eastern Canada. The authors 
conclude that the change in contaminant levels over time in these whales was 

-

persistent contaminants from sediments on the seabed. 

Northern bottlenose whales are often curious and are attracted to ships oper-

See text about toothed whales and acoustic disturbance above. 

3.8.6 Important areas for marine mammals

Fernando Ugarte (GINR) & David Boertmann (AU)

The marine mammals of the assessment area are dependent on open waters: 
-

current and predictive open waters among otherwise ice-covered areas are 

-

bears and walruses and serve as whelping and moulting area for harp and 
-

-

The studies of the Strategic Environmental Study Program for Northeast Green-
land in 2017 also revealed several aggregations of both seabirds and marine 

-

be studied further. But at least one area between 76° and 78° N has shown to 

period 2015-1018. 

-



-
sessment area. Several mother and cub groups were observed during the po-

-

-

parts of the assessment area. Along these there are often open waters where 

-
-

tant summer feeding sites for walrus in the shallow coastal waters between 

Critical habitats on the ice edge are evident for the harp seal and the hooded 
seal whelping and moulting in dense aggregations. These areas are located on 

in their position due to the variation and movements of the drift ice.

important habitats.



4 Protected areas and threatened species

David Boertmann (AU)

4.1 International nature protection conventions
-
-
-

served as wetlands and should be incorporated in the national conservation 
-

area. (
). These are all designated due to the presence of 

population (Egevang & Boertmann 2001).

4.2 National nature protection legislation

The major part of the land and fjord areas adjacent to the assessment area is 

-
-

tion which is discussed.

-
-

-
lated in order to protect wildlife. There are several of these ‘areas important to 

-
ber of protection areas for whales and walrus have been designated along the 

-

-

4.3 Threatened species

species of mammals and thirteen species of birds (Table 8) occurring in the 
-
-

their global survival depends on a favourable conservation status in Green-



International.
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-
ed here but the total number of narwhals and the proportion in Greenland 

Red-listed species occurring in the assessment area.

Wolf**

Polar bear

Walrus Near Threatened (NT)

Hooded seal

Bowhead whale

Blue whale

Sei whale Endangered (EN)

Narwhal Endangered (EN)

Sperm whale

Near Threatened (NT)

Near Threatened (NT)

Near Threatened (NT)

Near Threatened (NT)

Whimbrel** Near Threatened (NT)

Near Threatened (NT)

Ross’s gull

Arctic tern Near Threatened (NT)*

Snowy owl Near Threatened (NT)
-

which may occur in marine habitats are included.

Polar bear

Hooded seal Bottlenose whale

Harp seal

Bowhead whale

Barnacle goose



Threatened species on a global scale and occurring in the assessment area are 
listed in Table 10.

4.4 NGO designated areas

-
ignated a number of Important Bird Areas (IBAs) in Greenland (Heath & Ev-

-

the IBA website ( global criteria). Some of the IBAs are in-

Near Threatened (NT)

Polar bear 

Walrus

Hooded seal

Bowhead whale, Spitsbergen population Endangered (EN)

Fin whale Endangered (EN)

Sei whale Endangered (EN)

Blue whale Endangered (EN)

Sperm whale

Narwhal Near Threatened (NT)



5 Biologically important areas

Kasper L. Johansen (AU), Anders Mosbech (AU) & David Boertmann (AU)

5.1 

5.1.1 Overlay analysis

-

-

area according to best available information on the spatial distribution of the 

-
trations areas receive a higher proportion of the species score than cells in low 

-

bear in mind that the maps show the relative importance of areas at a given 
-

-
bio-

logically most important areas

-

incomplete data it can also create some peculiar artefacts in the results. The 



most prominent example of this is the coral reef found in autumn 2017 (Box. 

-

-

-
important sensitivity of areas with respect 

-

under consideration (see Christensen et al. 2015). 

components with a limited spatial distribution. Both maps clearly highlight the polynyas (cf. 
Figure 12) as biologically important areas. The warmer colours to the south, especially in 

in the northern part of the assessment area (compare with Figure 1) is also highlighted as 

middle in the map to the right: it is the coral garden located during the 2017 oceanographic 

areas along the coast in the map to the right are caused by the presence of seabird breed-
ing colonies.



Winter
-

-
trated in these open water areas (see Chapter 3.8). Most of the walrus popu-

-
mals such as ringed seal and bearded seal occur widespread in the assess-

A

D

B

E



-
tion on particular concentration areas of spawning polar cod.

-

-

Spring

-

-
-

-

into their breeding colonies along its coasts and utilise the open water areas 

The most prominent difference compared to the winter maps is the large or-

includes the drift ice zone where large numbers of harp and hooded seals ag-
-

due to the presence of seabird breeding colonies.

Summer

its minimum (occurs in September) and most coastal areas are free of sea ice. 



-
head whales disperse over the shelf. Narwhals are in fjords and coastal wa-

whelp.

-
-

-

spills (breeding seabirds) and disturbing activities (narwhals).

Autumn 

-

both in the northern and the southern part of the assessment area.

5.2 Areas of importance

-



A

D

B

All year

C

(hatched), superimposed on re-
-

shows a synthesis of the whole 
year, whereas the bottom row 
shows designations on seasonal 
maps (A: spring, B: summer, C: 
autumn, D: winter). The areas 
are based on the results of the 

on important hunting areas from 



200

Ittoqqortoormiit

Uunarteq

(Kap Tobin)

Ittaajim
m

iit
(K

ap H
ope)

Kangikajik (Kap Brewster)

Nerlerit Inaat
(Constable Pynt)

Kangertertivarmiit
(Sydkap)

Ankervig

Hjørne-

dal

Blindtarmen

Knækket

Kap Lister

Ittertivaa
(Kap Dalton)

Ilimananngip Nunaa
(Kap Leslie)

Ujuaakajiip Nunaata
Akia (Gåsepynt)

Hagen

Innakajik
(Kap Stew

art)

Nuua
(Kap Swainson)

Jameson
Land

Liverpool
Land

Flakkerhuk

Sulussuutikajik (Steward Ø)

Immikkeertikajik (Turner Ø)

Volquaart Boon Kyst

Pukkitsivakajik (Manby Halvø)

Ilimananngip Nunaa
(Milne Land)

Tuttut Nunaat
(Renland)

Ujuaakajiip Nunaa
(Danmark Ø)

Måne-
Gletscher

Rathbone Ø

Rømer Fjord

Vestfjord

Harefjord

Rypefjord

Hall
Bredning

Kangersik Kiatteq (Nordvestfjord)

Ika
asakajik 

(Øfjord)

Rø
de

 F
jo

rd

Ujuaakajiip Kangertiva (Fønfjord)

Nertiit 
Kangersivat

(Gåsefjord)

Storefjord

Kolding Fjord

Lillefjord 
Vi

kin
ge

bu
gt

Nannut Qeqertaat
(Bjørneøer)

Te
rra

ss
ev

ig

Bo
rg

vig

Hartz Vig

Kangertittivaq
(Scoresby Sund)

R
osenvinge Bugt

Kangerterajiva (H
urry Inlet)

Nøkkedal

Dombravia

Uunartertaqarteq (Henry Land)

Kangerterajitta
 Itte

rterilaa

(Carlsbergfjord)

Gåseland

Geikie Plateau

Sc
hu

ch
er

t D
al

1212

4

6

7

9

1010

2

1

5

8

1111
3

12

4

6

7

9

10

2

1

5

8

11
3

0 40 80
Km

Kangerlussuaq
5-m

iippuud (Nansen Fjord)

3-m
iippuud (Rybjerg Fjord)

Nuuaali

Immikkortugai
Tagikkattagai (Deception Ø)

Kangikajik

Nuuluk

Kronprins
Frederik
Bjerge

13

0 100 200
Km

 Important hunting areas inside the assessment area for hunters in Ittoqqoormiit and the Tasiilaq area (small map), 



201

6 Environmental status and pressures in the 
assessment area

Igor Eulaers (AU)

6.1 Background levels of contaminants

6.1.1 Introduction

exploration and exploitation is important to provide a baseline for future en-
vironmental monitoring and assessment of potential contamination impacts 
resulting from the activities.

This chapter presents an overview of national and international monitoring 

number of other compounds are included as well. These comprise both re-
-

nants that have been documented to reach the assessment area via long-range 

-

-

-

-

6.1.2 Monitoring activities

-
-
-

-
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occurrence of contaminants (including the assessment area) using Thematic 

-

it contracting parties responsible for assessing and monitoring hazardous 

regular reporting on the impact of certain pressures from the offshore oil and 
-

-

on the occurrence of contaminants (including the assessment area) using a 

6.1.3 Background levels, regulations and spatiotemporal trends

Metals

-

drilling muds and produced water (Chapter 8).

-

-

concern as a substantial amount arrives via long-range transport from lower 

-

-

-



-

-

in the assessment area was therefore initiated (see Box 6.1). Table 11 shows Hg 
concentrations in a wide range of species spanning all trophic levels within the 

-

-

Flame retardants
-
-
-

-

-

-

-

-

-

in the assessment area remains to be conducted. 

Temporal trend investigations in ringed seal and polar bear within the as-
sessment area showed exposure to have increased up to the mid-2000s af-
ter which it levelled off. Spatial trends in seabirds and marine mammals are 

-

trends show lower concentrations at higher latitudes and show that populat-



-

exposure is elevated in the European Arctic and the highest concentrations 

-
bird and marine mammal species in the North Atlantic and European Arctic 

-
-

-

-

-
-

Box 6.1. 

the assessment area

As part of the Strategic Environmental Study Program for Northeast Greenland an interdisciplinary survey with the R/V Dana 
was conducted during August/September 2017 (Bouchard 2019, Hansen et al. 2019b, Møller et al. 2019). In parallel with the 
survey’s primary aim to identify offshore hotspots of biological activity, several surface sediment samples (0-2 cm depth) 
and a wide range of zooplankton, invertebrate, fish and seabird species were collected at several sampling stations, inven-
toried and primarily banked, i.e. frozen at -20 °C, to allow for future efforts to reconstruct baseline ecological and ecotoxico-
logical processes in the assessment area. However, in order to address some of the knowledge gaps in background levels of 
contaminants in the assessment area, a subset of the banked biota underwent chemical analysis for contaminants of sus-
pected concern. A wide range of species composing copepods, euphasiids, pteropods (Clione limacina), amphipods, fish, 
and seabirds spanning all trophic levels within the pelagic and benthic food chains were analyzed for Hg (Table 11 in main 
text). All seabird species as well as the prevailing copepod and amphipod species spanning the lower and higher levels of 
the local food web were analyzed for PFAS (Table 12 in main text). Finally, the collected sediment samples were analyzed for 
a wide range of PAHs (Table 13 in main text) and compared to other open-shelf waters, e.g. the Southern Barents Sea, White 
Sea and Pechora Sea (Table 14 in main text).



production of C8

Hg concentrations (μg g-1

chain in the assessment area.

    

Clione limacine whole 1* 0.10 0.10 0.10 - 0.10 0.01 0.01 0.01 - 0.01

Copepod Calanus glacialis whole 1* 0.18 0.18 0.18 - 0.18 0.02 0.02 0.02 - 0.02

Copepod Calanus  whole 19 0.03 ± 0.01 0.03 0.02 - 0.05 0.00 ± 0.00 0.00 0.00 - 0.01

 
norvegica

whole 1* 0.04 0.04 0.04 - 0.04 0.01 0.01 0.01 - 0.01

 
inermis

whole 1* 0.02 0.02 0.02 - 0.02 0.00 0.00 0.00 - 0.00

 
longicaudata

whole 1* 0.01 0.01 0.01 - 0.01 0.00 0.00 0.00 - 0.00

 Amphipod whole 1* 0.01 0.01 0.01 - 0.01 0.00 0.00 0.00 - 0.00

 Amphipod  
wilkitzkii

whole 1* 0.04 0.04 0.04 - 0.04 0.01 0.01 0.01 - 0.01

 Amphipod whole 1* 0.27 0.27 0.27 - 0.27 0.08 0.08 0.08 - 0.08

Amphipod Paraeuchaeta spp. whole 1* 0.01 0.01 0.01 - 0.01

American  
plaice

 muscle 10 0.28 ± 0.13 0.15 - 0.58 0.07 ± 0.03 0.07 0.04 - 0.12

Arctic char Salvelinus  muscle 10 0.27 ± 0.13 0.25 0.11 - 0.54 0.02 - 0.12

Arctic cod Arctogadus  
glacialis

muscle 10 0.14 ± 0.05 0.13 0.08 - 0.24 0.03 ± 0.01 0.03 0.02 - 0.05

 muscle 2 1.80 ± 0.30 1.80 1.59 - 2.01 0.27 ± 0.05 0.27 0.23 - 0.30

Atlantic poacher  
decagonus

muscle 0.70 ± 0.22 0.48 - 1.07 0.17 ± 0.04 0.13 - 0.24

muscle 1 0.08 0.08 0.08 - 0.08 0.02 0.02 0.02 - 0.02

Capelin Mallotus villosus muscle 5 0.03 ± 0.01 0.03 0.02 - 0.04 0.01 ± 0.00 0.01 0.00 - 0.01

Deepwater  muscle 10 0.12 ± 0.04 0.11 0.07 - 0.18 0.03 ± 0.01 0.03 0.02 - 0.04

 
halibut

Reinhardtius  muscle 10 0.20 0.15 - 0.33 0.07 ± 0.02 0.07 0.05 - 0.11

 Eumicrotremus 
derjugini

muscle 4 0.37 0.21 - 0.54 0.09 ± 0.04 0.09 0.05 - 0.13

Polar cod Boreogadus saida muscle 10 0.12 ± 0.04 0.12 0.07 - 0.19 0.02 ± 0.01 0.02 0.02 - 0.04

Anarhichas minor muscle 1 0.39 0.39 0.39 - 0.39 0.07 0.07 0.07 - 0.07

 muscle 2 0.47 ± 0.19 0.47 0.07 ± 0.03 0.07 0.05 - 0.09

 10 1.07 ± 0.20 1.07 0.74 - 1.35 0.37 ± 0.10

muscle 21 0.23 ± 0.07 0.23 0.08 ± 0.02 0.08 0.01 - 0.12

1 2.08 2.08 2.08 - 2.08

muscle 1 0.43 0.43 0.43 - 0.43 0.12 0.12 0.12 - 0.12

Alle alle
10 0.37 ± 0.15 0.32 0.12 ± 0.05 0.10

muscle 40 0.12 ± 0.08 0.09 0.05 - 0.43 0.03 ± 0.02 0.03 0.01 - 0.12

Northern fulmar Fulmarus glacialis
10 7.00 ± 8.09 3.87 2.29 ± 2.75 1.24

muscle 31 0.52 ± 0.34 0.44 0.10 - 1.85 0.15 ± 0.09 0.13 0.03 - 0.50



-
-

ment with general observations that open ocean water concentrations are 
-

-

-

-

-

and higher levels of the local food web. The results suggest that both the pri-
-

Organotins

-
-
-

the use of TBT-based ship paints since 2003 with full implementation of the 

blue mussels (Mytilus edulis
(Nucella lapillus

-

-

-



-

-
-

-

PFAS concentrations (ng g-1

 Copepod whole
acid

1* 2.50 2.50 2.50 - 2.50

   1* 0.05 0.05 0.05 - 0.05

   
acid

1* 0.01 0.01 0.01 - 0.01

   1*

 Amphipod whole
acid

1*

   1* 0.05 0.05 0.05 - 0.05

   
acid

1* 0.02 0.02 0.02 - 0.02

   1* 0.23 0.23 0.23 - 0.23

 
acid

3 8.94 - 14.35

   3 3.24 ± 0.91 3.22 2.33 - 4.15

   
acid

3 0.73 0.72 - 0.84

   3 15.72 11.99 - 19.24

1 21.34 21.34 21.34 - 21.34

   PFNA 1 4.10 4.10 4.10 - 4.10

   PFDoA 1 0.98 0.98 0.98 - 0.98

   1

Alle alle
acid

3 3.00 ± 1.25 2.71 1.92 - 4.37

   3 0.71 0.52 - 0.82

   
acid

3 0.31 ± 0.05 0.32 0.25 - 0.35

   3 3.99 ± 1.44 3.74

Northern fulmar Fulmarus glacialis
acid

3 3.18 - 9.49

   3 1.44 ± 1.27 1.21 0.30 - 2.80

   
acid

3 0.50 0.35 - 0.95

   3 8.41 ± 4.72 8.17 3.82 - 13.24
* pooled sample



-

-

-

populations across the Arctic show the assessment area to host the highest con-

Polychlorinated naphtalenes

-

-

-

Polycyclic aromatic hydrocarbons
-

pounds comprising at least two fused aromatic rings. Among several hun-

-

-

-

-
-

-

assessment area are of similar magnitude to those observed for other open-
-



-
-

-
-

-

PAH concentrations (ng g-1

locations within the assessment area.

 
naphthalene 11 0.82 9.04 ± 4.95 8.20 2.87 - 17.24 2.32 - 11.38
acenaphthylene 11 0.27 1.81 ± 1.98 1.28 ± 1.38 0.51
acenaphthene 11 1.00 1.74 ± 2.14 1.02 0.52 - 7.97 1.27 ± 1.49 0.74 0.41 - 5.58

11 1.00 4.41 ± 2.92 3.39 3.23 ± 2.04
phenanthrene 11 1.00 19.20 11.38 - 59.70 18.77 ± 11.57
anthracene 11 5.28 2.99 - 12.38 3.87

11 1.00 2.75 9.79 ± 15.4 2.15 1.34 - 49.80
pyrene 11 35.44 4.44 - 91.28 25.90
benzo[a]anthracene 11 0.91 17.93 ± 31.34 0.43 - 92.71 12.82 ± 22.19 0.48
chrysene 11 1.00 2.53 1.24 - 77.23 1.97

11 1.00 5.75 2.79 - 85.82 17.18 ± 23.14 4.49
benzo[a]pyrene 11 0.27 34.24 ± 19.84 24.29 ± 13.53 14.53 - 39.74
benzo[ghi]perylene 11 0.91 8.75 ± 13.09 1.00 0.50 - 32.88 0.72
indeno[1,2,3-cd]pyrene 11 1.00 2.13 1.11 - 71.85 12.03 ± 19.00 1.49 0.88 - 50.29
dibenzo[ah]anthracene 11 0.27 13.44 9.41
perylene 11 0.27 20.29 7.31 - 45.57 18.13 ± 15.37 14.20 5.11 - 35.09
dibenzothiophene 11 0.45 3.14 ± 0.98 3.05 1.88 - 4.48 2.28 ± 0.58 2.14
2-methylphenanthrene 11 1.00 2.17 3.41 ± 3.28

-
phenanthrene

11 1.00 1.45 ± 1.90 0.52 1.05 ± 1.35 0.40

11 1.00 5.03 ± 8.11 0.99 0.78 0.43 - 19.33
1-methylpyrene 11 0.27 28.04 22.95 ± 22.49 21.03
benzo[e]pyrene 11 0.82 30.14 ± 47.97 4.35 21.51 ± 33.84 3.35 0.53 - 98.48

  119.81 ± 157.15 24.03 - 477.15
  157.53 ± 213.52 44.93

anthracene/(anthracene + 
phenanthrene)

11 1.00 0.05 ± 0.08 0.00 0.00 - 0.22    

phenanthrene/anthracene 11    
11 0.77    

-
thene + pyrene)

11 1.00 0.80 ± 0.28 1.00 0.41 - 1.00    

11 1.00 0.78 0.48 - 14.81    
11 1.00 5.79 4.40 - 8.99    

indeno[1,2,3-cd]pyrene/
(indeno[1,2,3-cd]pyrene + 
benzo[ghi]perylene)

11 1.00 0.71 ± 0.11



210

strengthening earlier observations that the different basins of the Arctic are 

-

-
eral locations along transects between Northeast Greenland and the Svalbard 

-
tions of declining seawater concentrations with increasing latitude (Balmer 

-

-

-
-

-

-
-

-

-
-

sel and Icelandic scallop (Chlamys islandica -

-

6.1.4 

-
-

-
-

-
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-

gap with respect to biological or toxicological effects in Arctic biota. Nonethe-

-

-

-
-
-

6.1.5 Concluding remarks

-

atmospheric or oceanic transport from industrial areas in more southern lati-

-

-

-

high in assessment area decreasing or stable

Hg comparable to other regions increasing

FRs high in assessment area decreasing or stable

PFAS high in assessment area stable or increasing

SCCPs high in assessment area increased detection

PCNs comparable to other regions

PAHs comparable to other regions
1 

2 Based on temporal trend data for abiota or species within the assessment area
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-
-
-

as well as further oil exploration of the region can be assessed. Both climate 

-

6.2 Human activities

David Boertmann (AU), Kasper L.Johansen (AU) & Janne Flora (AU)

6.2.1 Hunting

-

hunt. In 2017-2018 this hunt was studied as a part of the Strategic Environmen-
tal Study Program for Northeast Greenland 

-

-
-

-
-
-

-

-



-

-

-

-

-

described for these months in 2017.
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6.2.2 Fishing

for domestic use is rather limited. The most important species in this subsist-
-

approx. 530 tonnes) compared to the total for Greenland as a whole (approx. 
-

10°W20°W

30°W

30°W

40°W

40°W

70°N

70°N

65°N

65°N

60°N

60°N

Greenland halibut
Mean annual catch (tons) 2014-2018

0.1 - 25

26 - 50

51 - 100

101 - 250

251 - 3004
0 200100 Km

 Distribution 
-

land halibut catches 
within and close to 
the assessment area 
in the period 2014 
to 2018 (data from 

assessment area (see 
text).



6.2.3 Tourism

-

again until 2015 when a new increase was apparent (Statistics of Greenland 

based on cruise ships. Tourists spending the night on land include those on 

-

-

areas. 

(Table 15). 

-

-
ter unspoilt nature in the assessment area and when cruise ship tourists come 

-
-

17.775 21.239

Cruise ship passengers, Itt. 1273 1754

Cruise ship passengers, Tas. 3971 5302 4074

International passengers, airport Nerlerit Inaat 434 357 851

International passengers, airport Tasiilaq 5219 5114



Expeditions
The terrestrial and coastal parts of the assessment area is the destination of 

Cruise ships

historical sites and visits to the settlements. Table 15 shows the number of 
-

sessment area). 

-

Destination Ittoqqortoormiit/Scoresbysund 

-
-

ganise activities. Activities for tourists include:
• 

-

• 

• 

• 

• 

The National Park

Tourism impacts
-
-

and aircrafts have the potential to disturb wildlife in both the water and on 
land to much greater extent. Cruise ships add to the discharge loads to the sea 

6.2.4 Shipping

-
-

ing cruise ships (see above). Smith & Stephenson (2013) projected the optimal 

-



Environmental impacts from shipping include noise in the underwater en-

-

most serious threat from shipping to the Arctic marine environment (Chris-

-
ploration and exploitation activities in the assessment area.

6.2.5 Mining

because access and the transport of ore and other products will be much easi-

-

and there are exploration activities going on here and there. The marine envi-
-

6.3 Plastic in the assessment area

Jannie Fries Linnebjerg (AU)

-
-

all oceans and has been documented in all compartments of the ocean from 

-

most of the plastic litter in the marine environment comes from land-based 

-
rents. The impact of plastic pollution is multiple and complex and can affect 

et al. 2016). The main impacts are through ingestion and entanglement. Mor-
-

-



-

-

-

-

-

-

-

-

transported to this area with the south-going current from the Arctic Sea. How-
-

indicating that deposition also sometimes can occur from the Northern Atlantic 

-
gana et al. 2018). 

-

-



6.4 Climate change in Northeast Greenland
Anders Mosbech (AU) & Eva Friis Møller (AU)

-
-

climate change signal from the impact of multidecadal poleward ocean heat 
-

-

-
-

-
mum sea ice extent occurred in 2012 and a record low maximum sea ice extent 
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that grows in the autumn and winter but melts during the spring and sum-

-

Arctic and global climate change. The later freeze-up of sea ice contributes to 

-

blooms (one in spring and one in autumn) have increased in regions with the 
greatest loss of sea ice. Sea ice loss also has direct impacts on species such as 

-

-
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 Arctic sea ice mini-
-

using data from Pan-Arctic Ice 

-
ton, Polar Science Center. Ani-
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6.4.1 What will happen in the coming decades?

-
al warming expected from rising concentrations of greenhouse gases in the at-

that depict plausible changes in future greenhouse gas emissions and concen-

Temperature

-
-

house gas emissions will not affect projected temperatures until the latter half 

-

Sea ice

-
els suggest that if global warming is stabilized at 1.5 

at 2 

exchange of moisture 
-

-
ue although it will decline. 

-

-
2 2

west and east of Greenland. The values are even higher than atmospheric 

2 in these waters (Swedish 
-
-

increasing with climate change and can cause areas corrosive to organisms 



Populations and ecosystems
The rate and magnitude of changes projected for the Arctic will push some 

due to the warmer waters and reductions in sea ice. As an example of the var-

Increasing numbers of southern species are moving into Arctic waters. In 

nutritious food source for Arctic species. The boreal copepod -
chicus is expanding north from the Atlantic and replacing its more nutritious 
Arctic relatives C. glacialis and C. hyperboreus

-
-
-

petition. The northward movement is easier for mobile open water species 
-

Projected changes in 
near-surface temperature (50th 

under the IPCC ‘intermediate’ 
RCP4.5 scenario (left panels) and 
the ‘worst case’ RCP8.5 scenario 
(right panels). Upper panels are 
for the decade of the 2050s, 
lower panels are for the 2080s 

Canada).



Summary of responses of Arctic marine organisms to climate change (Wassmann et al. 2011).

Range shift Northward displacement of sub-Arctic and temperate species, cross-Arctic transport of organ-

Abundance

Increased growth of some sub-Arctic species and primary producers, and reduced growth and 
condition of icebound, ice-associated, or ice-born animals

Community and regime shifts Changes in community structure due to range shifts of predators resulting in changes in the 

Box 6.2

As described in Chapter 5.2 the expected effects of climate change in the Arctic include reduced sea ice extent, longer 
growing season, and to some degree an increase in sea water temperature. Remote sensing has shown that reduced sea 
ice extent and longer growing season have led to an earlier phytoplankton spring bloom in some areas of the Arctic Ocean 
(Kahru et al. 2011), and that the annual net primary production (NPP) in the Arctic Ocean has increased 30% between 1998 
and 2012 (Arrigo & van Dijken 2015). The prolonged open water season has also, in some regions, led to development of a 
second bloom in the fall, which coincides with delayed freeze-up and increased exposure of the sea surface to wind stress 
(Ardyna et al. 2014). However, the phytoplankton productivity not only depends on the light availability, but also on the de-
gree of stratification and the supply of nutrients, and locally the patterns may not follow the general patterns just described. 
For example two sectors of the Arctic Ocean at each side of Greenland dominated by outflow shelves exhibited either no 
significant change in annual NPP over time from 1998 to 2012 (Baffin Bay) or saw a significant decline (Greenland Sea) (Ar-
rigo & van Dijken 2015). Proximity to land may also lead to decreases in phytoplankton biomass or production because in-
creased run off leads to increased turbidity (Pozdnyakov et al. 2007). The run off may increase production further away from 
the glacier by a combination of increased upwelling of nutrients driven by glacier terminations at sea, and establishment of 
a stratified water column (Lydersen et al. 2014, Juul-Pedersen et al. 2015, Meire et al. 2017). In contrast, the run off from gla-
ciers terminating at land will not create similar upwelling (Meire et al. 2017). Consequently, pronounced changes in primary 
production and higher trophic levels can be expected if sea terminating glaciers become land-based (Lydersen et al. 2014).

Increased stratification, and therefore reduced delivery of nutrients to the surface layers, have been suggested to lead to 
an increase in the smallest algae and bacteria along with a concomitant decrease in somewhat larger algae (Li et al. 2009). 
Hence, in a changing climate zooplankton may be influenced by both changes in the availability and size of their prey. At 
the same time zooplankton will also be affected by their predators. A study of zooplankton from the Barents Sea from a time 
series study from 1959-93 suggested zooplankton dynamics to be under shifting top-down and climatic control, the relative 
importance of the two processes varying spatially, seasonally, and inter-annually (Stige et al. 2009). The data series existing 
for zooplankton all show high inter-annual variation (Arendt et al. 2013, Dalpadado et al. 2012, Ershova et al. 2015, Aarflot 
et al. 2018, Møller & Nielsen 2019).

This and the limited data available or short time series may be the reason that no changes in the total abundance/biomass 
of zooplankton have been observed in connection to the changes in phytoplankton. At species level, increase or decrease in 
abundance/biomass has been found, or shifts in geographical distribution in response to temperature changes. This prob-
ably often reflects the presence of different water masses carrying along different species rather than a response by the or-
ganisms themselves (Dalpadado et al. 2012, Kraft et al. 2013, Bauerfeind et al. 2014). In Disko Bugt, western Greenland the 
dominating zooplankton genera Calanus, is now dominated by the North Atlantic species Calanus finmarchicus over the two 
Arctic species C. glacialis and C. hyperboreus. This change happened along with a decrease in the sea ice cover and increased 
Atlantic water influence (Møller & Nielsen 2019). On the other hand, in Young Sund, Northeast Greenland both the copepod 
abundance and the community composition at the genus level seem to have been relatively constant during the last dec-
ade, despite the open-water period varying between 72 and 140 days in the same period and an increase in the freshwater 
content (Sejr et al. 2017, Middelbo et al. 2018). 



communities in suitable habitats further north (see Box 6.3 for a discussion of 
climate change effects on benthos on the Northeast Greenland shelf).

-

-

declines coincide with reduction in their sea ice feeding areas (Strøm et al. 

Seals and the polar bears depend on sea ice for survival and reproduction and 

well as changes in the timing of ice formation and melt. See the Chapter 3.8.1 

polar bears in Northeast Greenland in relation to climate.

-
-

-
-

-
water input and how upwelling from marine terminating glaciers increase the 

Box 6.3

Predicted climate change effects in the Northeast Greenland 
shelf area include less sea ice cover and increasing water tem-
perature. Furthermore, this will probably result in a cascade of 
other small- and large-scale effects on the hydrographic con-
ditions, ranging from changes in the North Atlantic Gyre sys-
tem to local changes in bottom-near currents as well as dis-
placement of hydrodynamic hotspots. However, the effects 
cannot be predicted in detail. 

As described in Hansen et al. (2019) the Northeast Greenland 
shelf is a so-called outflow shelf characterized by low primary 
productivity, leading to low biomasses of the shelf benthos as 
compared with the West-Greenland shelf. Less ice cover in the 
future will probably lead to increased productivity in the wa-
ter column; presently there are extended periods where light 
is limiting for primary production due the presence of sea ice. 
This could lead to somewhat higher biomasses of the shelf 
benthos with a possible footprint on higher trophic levels. 

During the Strategic Environmental Study Program for North-
east Greenland in 2017, cold-water corals were discovered at 
the continental shelf slopes (Box 3.2) and these communi-

ties are of special concern with regard to anticipated climate 
change. Investigations of the holocene geological deep-sea 
depositions have documented that the coral responds to 
warm and cold periods possibly due to large-scale changes 
of the North Atlantic Gyre systems. Other studies have docu-
mented that hydrodynamic hotspots seems a prerequisite for 
their cold-water growth. Given that the 2017 findings of cold-
water corals coincide with such hydrodynamic hotspots, it is 
likely that any changes in hydrography will cause the present 
populations to die out. Thus, even though specific indirect ef-
fects of climate change on the hydrography are unpredictably, 
the change in itself could lead to a de facto disappearance the 
present biogenic habitats of cold-water corals. This is because 
it takes up to centuries for new recruits to grow to meter-long 
stands of corals as discovered during the 2017 cruise. There-
fore, even though general large-scale environmental condi-
tions favouring cold-water corals are retained, the critical en-
vironmental conditions for the corals are local stability and 
continuity which, on the other hand, is the most unlikely out-
come of climate change – on the Northeast Greenland shelf as 
anywhere else. 



6.4.2 Implications for industries

-
-

6.4.3 Implications for monitoring, assessment and management of the 
ecosystem

Calanus hyperboreus and the po-

-

for extensive monitoring and research feeding into an adaptive management 

6.5 

David Boertmann (AU) & Anders Mosbech (AU)

-

hunting) or indirect such as disturbance. Climate change is also often consid-

needed for the winter migration and breeding activities. 

Another example is produced water: The oil concentration in the discharged 

in the area the discharge would add up to substantial amounts.



Box 6.4

Seals and polar bears in Northeast Greenland in relation to climate

A Canadian study have documented that polar bears and ringed seals are found in a ratio of approximately 1:200 in areas 
where ringed seals are the main prey for polar bears (Stirling & Øritsland 1995). The 200 ringed seals can produce the ap-
proximately 40 ringed seals annually needed for a polar bear and nearly all ringed seal mortality is linked to polar bear pre-
dation in those areas. A drop in the ringed seal population will therefore also lead to a drop in the polar bear population and 
the two species will fluctuate around this equilibrium of about 1:200. 

The conditions in Northeast Greenland differ from this setup because the bears have access to alternative food sources: in 
addition to ringed seals there are bearded seals along the coast and large breeding and moulting concentrations of harp 
and hooded seals in the offshore drift ice zone (Figure 52). The harp seals that whelp in the Greenland Sea give birth in early 
April, about a month later than in the whelping areas off Newfoundland and in the White Sea, so that their whelping hap-
pens simultaneously with the whelping of ringed seals. The ringed seals mainly give birth on the land-fast ice and most 
polar bears are therefore hunting ringed seal pups when the harp and hooded seals give birth further off the coast. Prelimi-
nary results (Chapter 3.8.1) from recent satellite tracking studies of polar bears in the assessment area confirm that in spring 
(April-June) some bears venture into areas identified as ‘potential whelping areas’ for harp and hooded seal (Figure 44-47, 
see also Figure 52, Øigård et al. 2008). Laidre et al. (2015) also reported that bears in East Greenland were using poorer habi-
tats (reduced ice concentrations and areas closer to open water) in the 2000s compared to the 1990s.

Warming during the ringed seal nursing period can have great impact on the pup survival, because the roof of the sub-
nivean lairs may collapse, exposing the cubs, which can lead to significantly increased predation by polar bears and foxes 
(Stirling & Smith 2004). That is not necessarily an advantage for the polar bear, because a newly weaned ringed seal pup (ap-
proximately 6-7 weeks old) contain up to 50% fat (Stirling & McEwan 1975) and have a caloric value that is 7-8 times higher 
than that of a newborn pup. So, increased hunting success of newborn pups might actually lower the amount of blubber 
the polar bears get from ringed seals (Rosing-Asvid 2006).

In areas with tight ringed seal polar bear dynamics (with the 1:200 ratio mentioned above) this would lead to a decline in 
both the ringed seal and the polar bear population. As noted above, the polar bears that live along the East Greenland coast 
do have access to other prey species (especially harp and hooded seals) and there are reason to believe that periods with 
less sea ice increase the acessability of these prey species.

Only relative few polar bears find the harp and hooded seal breeding concentrations (see Figure 48), but the harp and 
hooded seals will gather again on the drift ice to moult in May and in June-July, respectively. At that time a year (especially 
June-July) the edge of the drift ice is closer to the coast in the southernmost parts of the assessment area, and south of the 
assessment area hooded seals in some years moult on ice right along the coast and even in the fjords. 

This is confirmed by a study on the fatty-acid compositions of a time-series of polar bear blubber (polar bears from Ittoqqor-
toormiit; McKinney et al. 2013). Harp and hooded seals mainly forage in the sub-Arctic East Atlantic and from a completely 
different food-chain than the ringed and bearded seals that are associated with the polar current along the Greenland east 
coast; these differences leave ‘fatty acids markers’ in prey and their predators. The study of polar bear fatty acids showed 
that periods with warmer temperatures and less sea ice (years with low North Atlantic Oscillation (NAO) index) were associ-
ated with more harp and hooded seal and less ringed seal in the polar bear diet (McKinney et al. 2013). It also showed that 
the East Greenland bears mainly consumed Arctic ringed seals (47.5%), harp (30.6%) and hooded (16.7%) seals and rarely, if 
ever, consumed bearded seals. During a 28 year period, ringed seal consumption declined by 14%/decade (90.1 in 1984 to 
33.9 % in 2011) while hooded/harp seal (hard to differentiate between those species by the fatty acids method) consump-
tion increased by 9.5%/decade (0% in 1984 to 25.9 in 2011). Those long-term changes may have implications for the con-
taminant exposure of the bears since the sub-Arctic seals have higher contaminant burdens than the true Arctic ringed seals 
(McKinney et al. 2013).

The human hunt on ringed seals is targeting seals that have left the breeding lairs (survived the main polar bear predation) 
and the catch statistics indicate that access to ringed seal by the east Greenland hunters have decreased during warm peri-
ods and increased during cold periods (Rosing-Asvid 2006). 

The harp and hooded seal populations that whelp and moult in the Greenland Sea have been strongly influenced by com-
mercial sealing. The hooded seals are belived to have been reduced from more than a million around World War II to around 
80,000 when the commercial sealing stopped in 2007. The surveys since then indicate that the population has been stable 
or slightly decreasing, not increasing as would have been expected (ICES 2019). The harp seal population has been stable 
or increasing since the 1970s, but the pup-production has declined significantly during the last three surweys from 110,000 
(2007) to 90,000 (2012) and 54,000 (2018). The reason for this decline (i.e. if this reflect a decline in the population or a drop 
in the reproduction rate), is somewhat unclear at the moment (ICES 2019).

If the ongoing reductions in sea ice extent, duration, thickness and composition continue, the interlinked population dy-
namics of the seal species and the polar bear in the assessment areas will continue to develop. A decrease in sea ice in the 
southern range of the polar bears will imply that areas with optimal polar bear sea ice habitat (ringed seal habitat) in North-
east and North Greenland will become more important (see Chapter 3.8.1). 



Bio-accumulation is another concern when dealing with cumulative effects of 
-

clides all have the potential to bio-accumulate in the fauna living on the sea-

-

-

-

enhance the population decline (Mosbech 2002). 

long-range pollution. The climate-induced reduction in sea ice will facilitate 

These developments will add to the cumulative effects. Climate change is ex-
pected to be the largest pressure in the coming decades.



7 Review of oil and gas activities and their 
environmental impacts

David Boertmann (AU) & David Blockley (GINR)

7.1 Phases of oil and gas activities

-

-

-

-
-

-

7.1.1 Exploration

-

-

An important aspect in relation to oil exploration in the Greenland Sea is that 

Environmental impacts of exploration activities relate to:
• 
• Cuttings and drilling mud.
• 
• Emissions to air.
• 



7.1.2 Appraisal

-

-
tracted within the same project. This information will be used to determine 

7.1.3 Development and production

-

-

reservoir. 

-

-

-
-

on the amount of producible petroleum products and the production rate. 
Environmental concerns from routine activities during the development will 

• 
structures on the seabed (wells and pipelines) and supporting infrastructure.

• Noise from facilities and transport.
• 
• 
• Emissions to air.

The two major areas of concern during exploitation are from discharge of pro-
duced water and emissions to the atmosphere.



7.1.4 Decommissioning

-
able. This phase of the project involves plugging of wells and removal of all 

of waste material which has to be disposed of or regenerated. In case of land-
-
-

-
ment and waste material. There is also the potential for the release of contami-

the structures as well as the removal of hard substratum that can form habitat 

-

-

-

important refuges for organisms that are subject to other anthropogenic im-
-
-

ment made that such infrastructure should be rendered safe and left in place. 
Such decisions need to consider whether the subsea structures themselves 

-

of monitoring and environmental data that needs to be collected throughout 
the production life.



7.2 Environmental impacts from exploration and exploitation 
activities

7.2.1 Seismic surveys

-

from the seabed. These sound sources are some of the most powerful noise 

-

-
3 = 71 l) that generate a powerful pulse (for example 

-

3

The main environmental concerns relate to effects on marine mammals and 

• -
manent) from the sound waves.

• 

relationship between sound pressure levels and distance to source cannot be 
-

-

-

-
tem components are discussed and assessed.



Impact of seismic noise on zoo- and ichthyoplankton
Calanus and larvae of benthic 

-

Calanus

non-affected volume and therefore population effects are considered to be 
-

-

Impact on marine invertebrates

research has been expressed as well as concern for long-term effects (Chris-

-

Palaemon serratus is responsive to 

-

Jasus edwardsii) in Australia showed that a full 

2018).



-

-
-

-
-

-

This concern is the reason behind a regulation of seismic activities in Norwe-
-

-

-

3

-
vertebrates monitored with a video camera in an inshore reef did not move 

-

-

-

-
ing had a moderate effect on the behaviour of the lesser sandeel (Hassel et al. 

-

applied. Generalisations should therefore be made with caution. 

-



-

-
-

the effect was short-term and catches would return to normal after the stud-

the shooting area.

-

-

-

-

-
-

-

-



-

grounds for Greenland halibut.

Impact of seismic noise on birds
Most research on the hearing of birds has focused on terrestrial species address-

-
-

-
-

gregations due to the presence of the vessel and the related activities.

the hearing thresholds are comparable to seals and toothed whales in the fre-

made to assess possible impacts of exposure to airgun sounds when seabirds 
are in the water column. 

Impact of seismic noise on marine mammals
-
-
-

affected area or reduced feeding success. The acoustic response is based on 

-

There is strong evidence of behavioural effects on marine mammals from seis-

-

-
-



-
-

-
proach; 1/maximum instantaneous sound pressure and 2/total acoustic en-

exposed to seismic sounds. The extent of displacement varies between species 
-
-

-

-
-

-
-

and became silent when sound exceeded a certain threshold.

-
-

have also been recorded to change the acoustic characteristics of their sounds 

to detect changes in the behaviour of the whales at these distances.

-

-



A tagged northern bottlenose whale was exposed to strong noise from naval 

-
bance (Miller et al. 2015).

3

2 s-1 -
turned after a few hours and also showed habituation (Thompson et al. 2013).

-

-

-

whales favoured a zone on the shelf with high concentrations of sandeel (Hei-

-

-

-

-

-
-
-



-

al. 2005).

Sperm whales showed diminished forage effort during air gun emission. It is 
-

-
-

Two of the studies of the Strategic Environmental Study Program for Northeast 
Greenland 

-

-

noise can be detected on.

-

discussed.

7.2.2 Exploration, appraisal and production drilling

determine if a prospect exists and to gain further data on the subsurface con-

-

-

-

-
ing long sub-surface horizontal as well as vertical sections. 



-

-

-

marine riser containing the drill and different pipes for circulating the drill 

It is assumed that the drilling season in the waters of the Greenland Sea will 
be limited to summer and autumn due to the presence of ice and harsh weath-
er conditions during winter and spring. The potential drilling season is fur-

-
fore ice prevents operations if a blowout does occur. 

-

-

-
-

ted noise from the drill ship Stena Forth

were above those reported from semi-submersibles and drill rigs. The noise 
levels corresponded to fast-moving merchant ships with source levels of up 

-

-

-

-

-



7.2.3 Drilling mud and cuttings

-

-

piles can be cm to metres deep in a radius around the well head that can ex-
tend for tens to hundreds of metres depending on oceanographic conditions. 

-

-

-

-

-
3 cuttings are produced and approx. 2000 m3 mud is used per well 

3 cuttings/well 
and in total 6000 tonnes of drilling mud.

-

-
ported to land for treatment at specialised facilities. According to the experi-

-



-

effects on the fauna. 

improved the environmental conditions on the seabed around the offshore in-

-
-

-

Lophelia, and sponges 

Lophelia corals 

-
-

-

-

Keratoisis 

-

be the lowest possible in accordance with the Minimata convention. 

7.2.4 Produced water discharge

-



m3

3

a level of around 160 million m3 -
ter contains small amounts of oil and chemicals from the reservoir or added 

-

-
-

-
-

-

-

-

including damage to genes and disrupted reproduction. The concentrations 
of produced water used for the experiments were similar to concentrations 

-
ous distances (0-5000 m) and different directions from offshore oil platforms 



-

Nutrient concentrations can be high in produced water (for example ammo-

-

The release of produced water into areas with ice gives reason for concern 

7.2.5 Other discharged substances

-
-

and these standards must be applied to minimise impacts in case of produc-
tion in the assessment area. 

-
-
-

Mnemi-
opsis

-

7.2.6 Air emissions

-

-

million m3

2

2 2



2

2 -
lents from all the oil and gas activities on the Norwegian continental shelf was 
in 2017 13.6 million tonnes. The drilling of the three exploration wells in 2010 

2. 

2 emission from Statfjord 
-

2
-

-
2 in the atmosphere.

2 x

x -
x

-

x 2

also applies to the terrestrial environment bordering the assessment area.

-

7.2.7 Infrastructure construction

-
cal infrastructure to support it. Construction activities cause a number distur-

-
-

further subsea pumps and pipes). Most of the disturbances related to the con-

structures themselves.

-

-
-



The presence of structures as well as the noise associated with their construc-

migration and distribution patterns. Most vulnerable in this respect are wal-

-

-

conditions large numbers of passerine birds are attracted to light from illumi-

-

-

-
struction phase. Experience from the North Sea indicates that large ships will 

7.2.8 Transportation

-

-



-

Helicopters produce strong noise that can scare and displace marine mam-
-

narrow foraging niche restricted to the shallow parts of the shelf and activi-

-

-

to the disturbance.

7.3 Environmental impacts from oil spills

7.3.1 Probability of oil spills

-

-

2 and ultra-deep waters3

to cap the Macondo-well (Deepwater Horizon) in 2010 (Graham et al. 2011). Con-

(combined with icebergs).

7.3.2 The fate and behaviour of spilled oil

-
-

Graham et al. 2011).
et al. 2011).



-

7.3.3 Surface spills

-

-

on the surface. 

much larger than in open water.

-
dressed the drift of oil on the sea surface (except the Statoil simulations 

-
cles in the water column (Hjermann et al. 2007). Sediment particles are found 

-

7.3.4 Subsurface spills

start or continue as a subsurface spill if the riser from the wellhead col-

-

-

The Deepwater Horizon
Ixtoc

during the Ixtoc



that a substantial fraction of the released oil and gas will be suspended in pe-

-

Macdonald 2010). Microbial oxidation and perhaps sedimentation on the sea-
-
-

(presence of the relevant microorganisms). Bio-degradation rates faster than 
expected in the deep plumes at 5 °C was reported in accordance with this 

communities of oil-degrading bacteria were enriched (Montagna et al. 2013). 

a serious problem during the Deepwater Horizon

The amount of spilled oil from the Deepwater Horizon disaster has been esti-
3 -

-

-
-

bed or at coastlines. 

the formation of a huge plume of dispersed and dissolved oil in depth be-

-

Deepwater Horizon
-

2

Deepwater Horizon oil 

7.3.5 Oil spill in ice-covered waters

3 -
2



-

-

-
merged and can also accumulate in melt ponds on the surface of the ice. The 

-

-
ments.

7.3.6 Dissolution of oil and toxicity

The amount of oil in the water column from a surface oil spill depends on 
-
-
-

-

turbulent diffusion processes. The vertical transport of oil in the water col-

-

et al. 2000). 

-

-



aromatic sulfoxide compounds and low amounts of benzothiophenes.

-

2005). The results showed that the concentration of water-soluble components 

even in the bottom ice core. A concentration gradient as a function of time was 

porous ice and out into the water through the brine channels. The concentration 
of water-soluble components in the bottom 20 cm ice core was reduced from 
30 ppb to 6 ppb in the experimental period. Although the concentrations were 

the ice fauna could be exposed to a substantial dose of toxic water-soluble com-

accidental oil spills and release of produced water.

7.3.7 PAHs in the environment

-

long-term environmental effects (Martínez-G
-
-
-

mission 2001). 

-

-

-

-

-

-



the Strategic Environmental Study Program for Northeast Greenland in 2017 (see 
Chapter 6.1 and Box 6.1).

-
-

-

-
ão et al. 

Calanus (2018) 
(Calanus Calanus

Experience from the Deepwater Horizon blowout
-

Deepwater Ho-
rizon

-

-

-

-
-

Boehm et al. (2011) also reported other substances from water column sam-
ples near the Deepwater Horizon

-



7.3.8 

The effects of an oil spill on organisms in the marine environment can be di-

cause both acute and chronic effects. 

-

Such effects are also important to consider and assess when effects of oil pol-

Oil spill impact on primary production

Deepwater Horizon a concentra-

2

2

-

-
posure to sunlight (phototoxic effect). 

-

Effects on copepods

Calanus species C. hyperboreus 
and C. glacialis

-

exposure experiments with Calanus
-

-

of a subsurface spill affecting hibernating Calanus in deep waters.

-
Calanus -

Microsetella spp. 

-
-

 and C. glacia-



lis have also been demonstrated (Hjorth & Nielsen 2011). Effects from both 

 have 

(Hansen et al. 2012). 

-
ods (Acartia tonsa Skeletonema 
costatum

et al. 2018).

-
-

-

-

Sea (Melle et al. 2001): populations were distributed over such large areas that 

to the populations. 

Deepwater Horizon

assemblage structure in the northern Gulf of Mexico following the Deepwater Ho-
rizon

-

Deepwater Ho-
rizon -
sure to oil and to oil with added dispersant (Elarbaoui et al. 2015). 



-

-
-

-

-

-
ferent coastal sites in the Gulf of Mexico following the Deepwater Horizon

to the Deepwater Horizon
-
-
-

oil spill from Exxon Valdez

Deepwater Horizon 

Sublethal effects on penaeid shrimps have been shown through exposure to 
-

Menon 2005).

Fish and shrimp larvae

-

-



Deepwater 
Horizon

-

-

-
persant alone. Capelin that spawn in Greenland use the subtidal part of the 

-

Deepwa-
ter Horizon

-
-
-

spawning grounds (Incardona et al. 2015).

-

Based on oil spill simulations for different scenarios and different toxicities 

-

occur for a short period when the oil is fresh) and the highest egg and larvae 



-

-

-

-
-

and chemical properties of the oil. Ample exposure to water and wave-wash 

(Gustavson et al. 2020).

tidal macro-algae Fucus distichus
-

F. distichus tips showed that oil removal half-

Estimated reduction 

spawning biomass following large 

large ’worst case’ oil spills. The 

Sources: Anonymous (2003b), 



-

F. disti-
chus

There are different reports on the impact of oil contamination on macroal-
gal vegetation and communities. After the Exxon Valdez

Fucus gardneri) was 

-

after the Torrey Canyon

Fucus population (for example genet-

impacts (for example no adult Fucus
thus resulting in a longer time span to restore Fucus population heterogene-

The conditions of the Exxon Valdez

-

were observed in connection with the Exxon Valdez
-

After the Exxon Valdez Fucus
-

ing of shores with large volumes of hot water. This treatment caused almost 
Fucus

Fucus -
Fucus

-

after the Torrey Canyon

-
-

ments suggested that Laminaria solidungula
than Saccharina latissima
and dispersants. 



-
-
-

which in turn stimulated bacterial degradation. 

Antarctic benthic diatom communities were exposed to oil and showed sig-

-
-

Fucus vesiculosus

-

indicates that results of experimental studies should be interpreted with cau-
tion.

Oil spill impacts on benthic fauna

and a range of sub-lethal effects have been demonstrated from exposures 

-

Prestige 
oil spill off northern Spain in 2002. No effects on the benthos were detected 

following the Prestige -

-
tion to subsurface spills. 

After the Deepwater Horizon -

2 around the wellhead (Montagna et al. 2013). The effects were cor-



Studies on and experiments with oil contaminations in benthic communities 
-
-

real (structural and functional) and long-term effects of oil contamination on 
benthic communities (Gilbert et al. 2015).

Oil spill impacts on ice habitats

-
-

-

-

resilient as the communities has to re-establish each season when new ice is 

Oil spill impacts in coastal habitats 
Exxon Valdez oil spill was that the near-

-
-

-
ing on how the shores were treated after the spill. 



-

A much smaller spill (600 m3 Bahia 
Paraiso

-

spilled oil (Sweet et al. 2015).

gravel or absorbed in peat. Some of the buried oil was sealed from the atmos-
-

the Exxon Valdez oil spill.

-

Braer-

The oil spill from Deepwater Horizon

Oil spill impacts on seabirds

-

-

following an oil spill is direct oiling of the plumage.

-

-

After the Deepwater Horizon
-



The toll after Exxon Valdez
while a much lesser oil spill (350-500 m3 -

-

-

The seabirds most vulnerable to oil spill impacts are those with low reproduc-

-

-

-

-

Analysis for assessment and mitigation

Probability of an oil slick in time and 
space in the assessmant area
– spill probability
– spill trajectory statistical analysis

General status and 
population dynamics
(baseline knowledge)
– delineation
– size
– trends
– fecundidity
– hunting bag
– “bottlenecks”
– other factors

Identification of important 
areas to:
– avoid oil activities in sensi-

tive periods and areas
– priority protection in oil 

spill contingency plans 

Population supportive 
measures like:
– avoid oil activities in sensi-

tive periods and areas
– priority protection in oil 

spill contingency plans 

Potential bird mortality

Potential population effect

Risk of bird–oil contact
– general bird behaviour (sea surface contact)
– distribution patterns(occurrence in concentrations)

Bird distribution and abundance in 
time and space in the assessment 
area (baseline knowledge)
– seabird at sea surveys
– coastal surveys (moulting areas)
– colony surveys

 Basic principles of 

seabird populations to oil spills. 

on bird populations, red lines 
-

included for simplicity (based on 



Oil spill impacts on marine mammals
-

-
-

posed to the Exxon Valdez -

Marine mammals in the water need to breathe at the surface. Inhalation of va-

Exxon Val-
dez

-

spaces.

Seals and walrus
-

oil have a strong negative effect on the insulating properties of this fur. The 

Exxon Valdez oil spill 

from the oil. 

to oil contaminated food.

in contrast to the more dispersed species as ringed seal and bearded seal (Born 



.

-
lations. This latter effect could be critical for walruses wintering in limited 

-

vapours (see above).

Whales

-

-

Exxon Valdez

rates lower than expected (Esler et al. 2017).

After the Deepwater Horizon

Polar bear

-

tend to feed along ice edges where oil spills would accumulate.

-



2011). The problem is most pronounced in shallow waters where high oil con-
-

-

where oil-contaminated drill cuttings have been disposed of.

-

-

after the Braer
after the Exxon Valdez

Braer
the Deepwater Horizon 2 were closed for 

2 

-

Oil spill impacts on tourism 

-
-

table that recreation and tourism industries still were considered to be ‘recov-
Exxon Valdez

Long-term effects
The long-term effects of the Exxon Valdez

-

induce chronic biological exposure and caused long-term impacts at the pop-

. 



-

-

Prestige oil spill off north-

Exxon Valdez 

-



8 Assessment

David Boertmann (AU), Anders Mosbech (AU) & David Blockley (GINR)

This chapter gives an overview of potential environmental impacts from oil 
and gas activities and their effects on the ecological elements in the Greenland 
Sea assessment area. 

might change under changing environmental conditions. Changes in habitat 
-
-
-

8.1 Potential environmental impacts from oil and gas 
activities in the assessment area

-

8.1.1 Impacts from seismic noise

critical habitats.

and when the fast ice disappears most of them move into coastal areas and 

-

habitat was one of the studies in the Strategic Environmental Study Program for 
Northeast Greenland (Box 3.13).

-
tential displacement from critical habitats. Important areas for this species 

-



sensitive to displacement.

-

-

-

-

-

in the assessment area. 

-

-
-

ing grounds for Greenland halibut has occurred.

-

Table 17 provides an overview of potential impacts from a single seismic sur-
-

be affected.



8.1.2 Impacts of noise from exploration drilling rigs

-

bowhead whale and walrus. If drilling rigs are placed in areas where these spe-

-

Table 18 gives an overview of potential impacts of noise and discharge from a 
single exploration drilling in the assessment area.

8.1.3 Impacts of drilling muds and cuttings

phases. The release of drilling mud and cuttings to the seabed can be a major 
impact on the environment. Effects on the seabed communities will occur de-

-
fore important to conduct baseline studies and monitoring at the drill sites in 

Typical  
 

critical   
mortality

Pelagic hotspots copepods, 
amphipods, 

small no no no

Tidal/subtidal zone no no

 
seabed fauna halibut

pot. large no none no

Ice fauna polar cod small no none no

Seabirds small no

Walrus small yes no

Seals ringed seal, 
harp seal, 

hooded seal

small no no

Whales narwhal, 
bowhead, 
blue whale

pot. large yes potential no

Polar bear small no no

pot. large yes

Hunting small no



-
cies that could be impacted.

-

expected on the benthic communities near the release sites (Table 18). Envi-

-
-

for discharge at the drill site. If muds are transported to land or reinjected it 
can contribute to reduce environmental impacts.

8.1.4 Impacts of other discharges and emissions

Besides drilling mud and cuttings the discharges from production facilities 

of production water in such sites could also be of concern.

-
-

are initiated.

-
plication of the current mitigation guidelines, see text and Table 17 for details and explanation.

  

  
mortality

Pelagic hotspots small no

Tidal/subtidal zone no no

fauna sponges
small yes minor yes*

Arctic char no no

Ice fauna polar cod small no minor no

Seabirds small no no no

Walrus small yes no no

Seals ringed seal, harp seal, 
hooded seal

small no no no

Whales narwhal, bowhead, blue small yes minor no

Polar bear small no no no

small no

Hunting small no
* benthos such as coral reefs



-
-

-

-

x (sulphur) 
that will be emitted from all platforms and vessels supporting the operation.

8.1.5 Impacts from construction and presence of infrastructure

-
-

the assessment area. But habitat loss is also an important issue to consider in 

-
Strategic Environmen-

tal Study Program for Northeast Greenland

the area planned to be opened for exploration in 2022.

environmental impacts in the assessment area: 
• 

-
-

• -

• Aesthetic aspects must be considered in a landscape conservation context 
-

8.1.6 Impacts from transportation



An increase in shipping in the assessment area will result in greater distur-

air emissions and discharges to the ocean (see above). 

8.2 Potential impacts from accidental oil spills

8.2.1 Oil spills

-

-

and ice ridges.

Several factors also increase the potential for severe impacts of a large oil spill 

-
tial accumulation in the environment as well as exposure to toxic compounds. 

the distribution and fate of oil and also hinder an effective oil spill response or 

-
other potential source in the assessment area will be a blowout during drill-

Deepwater Horizon 

8.2.2 Environmental impacts of oil spills in the assessment area

-

compared to areas with solid shore fast ice. Moreover spilled oil in an almost 
-

ters far from the spill site.

-



-
ing there will be impacted. 

Plankton and primary production
-

be given to the implication of oil spills in connection with such sites in the 
-

-
-

Deepwater Horizon
hibernating Calanus
be exposed.

-

-

distribution of eggs and larvae. Eggs of Atlantic cod are concentrated in the 

halibut also are found in deeper waters and therefore would be less exposed 
to harmful oil concentrations from a surface oil spill. This suggests that im-

Deepwater Horizon -

-

have a long development time and hatch when the ice starts to disintegrate 
-

accumulation of eggs and larvae in the assessment area. But if such aggre-

Benthic communities
-

available to species on the higher trophic levels such as eiders and walruses. 
Another characteristic of the benthic communities in the assessment area is 



-

-
-

communities.

Strategic Environmental Study Program for 
Northeast Greenland) found rich benthic communities in much deeper waters 

corals (Box 3.2) are sensitive both to disturbance and to deposition of oil on 
the seabed from a subsea blowout (as was the case during the Deepwater Ho-
rizon

sensitive to oiling compared to similar zones at lower latitudes. This is caused 

during the Exxon Valdez spill.

° 
N. The impacts of oil (dispersants and oil spill response activities) on such 

-
sponse methods applied. 

Sea ice communities

-

Fish in the coastal zone

this environment of the assessment area. At least Arctic char occur here when 
-

There are indications that this species is expanding the spawning range to-

in the nearshore environment in the future. Both capelin and Arctic char will 

Seabirds
Species most exposed to direct impact of oil spill are those that tend to con-
gregate and spend much time at the sea surface as described for each species 



foraging or moulting areas.

-

-
tensive areas (Box 3.7). 

-
-

-

Exxon Valdez
This happened in an area with several neighbouring colonies and no hunting; 

-
-

-

the islands.

Concentrations of moulting seabirds are also vulnerable to oil spills and high 

-

-
-



-

-

the population are outside the reach of oil spills in the assessment area in the 
moulting period.

grounds. High fractions of the breeding population in Northeast Greenland 
could be exposed to an oil spill in these waters and effects on the populations 

The most numerous seabirds in the assessment area during autumn migration 
-
-

and fulmars are found almost all over the shelf in low numbers and smaller 

-

Strategic Environ-
mental Study Program for Northeast Greenland -

the shelf. 

-

-
ulations.

-
-

-

-

Marine mammals
The whelping harp and hooded seals are the most vulnerable seals in the as-

-



-

-

less vulnerable to oil spills.

The walrus population in the assessment area is small and concentrated at 

The whale populations most vulnerable to oil spills in the assessment area are 

-
-

can be forced to surface in oil-covered leads.

-
-

-

Fisheries

-

place from here. 

Long-term effects

Exxon Valdez incident 
-

also prevent oil from reaching the coast and give some extra time to respond.

-

et al. 2017). Similar effects must be expected in the assessment area but it is 
-



cies. There were numerous local environmental and climatic factors that were 

compared to the Northeast Greenland conditions.

those from the Exxon Valdez
-

ing Exxon Valdez Deepwater Horizon spill. In the 

-

the assessment area in the western Greenland Sea. 

Greenland Sea assessment area due to the Arctic conditions and due to much 

-
ated important occupations. The assessment of potential impacts assumes the application of current mitigation guidelines, see 
text and Table 17 for details and explanation.

  

  
mortality

Pelagic hotspots large yes moderate moderate 

Tidal/subtidal zone large yes major major 

seabed fauna fauna
large yes moderate moderate 

Ice fauna Polar cod large yes major major

Arctic char large yes major moderate 

Seabirds large yes major 
(R)

major 
(R)

Walrus large yes major (R) moderate 
(R)

Seals ringed seal, harp seal, 
hooded seal, bearded seal

large yes moderate 
(R)

moderate 
(R)

Whales narwhal, bowhead, blue 
whale

large yes moderate 
(R)

moderate 
(R)

Polar bear large no major 
(R)

major 
(R)

large yes long term (R)
Hunting large yes long term (R)
Tourism large yes long term (R)



8.3 Mitigation of impacts
David Boertmann (AU)

8.3.1 Mitigation of impacts from normal operations

Mitigation of impacts from seismic noise

-
low marine mammals to detect and avoid the sound source before it reaches 

around the vessel.

-

emit sounds when present. 

-
-

A third mitigating measure is to close areas during sensitive periods. Such 
-

-

-
ing of them (Miller et al. 2005). Some measures are identical to those men-

-

(
-

including:
• 



• 
output (dB) and volume (in3

the mitigation gun as outlined below. 
• -

must be reduced to the mitigation gun until the mammal has left the zone.
• 

search must be extended to 60 min. If marine mammals are spotted within 

from the time when the animal has left the mitigation zone (or the ship has 
moved so far that the animal is outside). The pre-shooting search can be 

• 

start procedure). 
• The ramp-up procedure must span a period of about 20 min and can be 

transect line. 
• 

airguns must be reduced to the mitigation gun and a new ramp-up proce-

min. after the last sighting.
• -

-
gation zone at start up.

• -

• 

seals during the pre-shooting search and when airguns are operated. Two 

• -

the mitigation gun until the marine mammals are outside the 500 m zone.
• -

ported as part of the cruise report. 
• 

mentioned above (ramp-up prior to arrival and on short transit lines) and 

be initiated with a ramp-up procedure as above.
• -

-

above.



Mitigation of noise from drilling
Noise from drilling and the positioning of vessels continue during the de-

In order to mitigate for the potential impacts of noise production from drill 
-

-
-

Mitigation of impacts from the release of drilling mud and cuttings
It is important to limit discharges of environmental harmful chemicals and 

chlorinated organic compounds as well as oil components do occur in the as-
sessment area.

-
rine environment is to re-inject the material into the wellbores or to transport 

-
vironmental impacts such as increased emissions of greenhouse gases in re-

the environment. 

The Before-After-Control-Impact (BACI) studies on the seabed which the op-
erating companies must perform as a part of the environmental studies and 

learned will be incorporated in future regulation.

-
-

in Greenland.

-

-



them on board for deposition or cleaning on land at specialised treatment fa-
cilities.

) pre-
scribes that:
• 

• 
-

shore chemicals.
• 

-

temperature regimes and with Arctic organisms.
• 

-

-

-

-

-
-
-

-

basis.

Mitigation of impacts of produced water

3 produced water was reinjected 
-



-

Mitigation of impacts from other discharges
-
-

-

-

relevant Canadian regulations ( ).

Mitigation of impacts from emissions to the air

should be used to reduce emissions into the atmosphere. This will include us-
ing renewable technologies for power generation and avoiding fuels that are 

-

water.

Mitigation of impacts from infrastructure 
There are few mitigation measures for the presence of infrastructures them-

avoided in sensitive areas and in sensitive periods and that infrastructure is 



-
tures will exist in the marine environment for decades there will also be need 

-

-

Mitigation of impacts related to transportation
-
-

-

protection and hunting of birds): In the period 15 April to 15 September a dis-
-

8.3.2 Mitigating impacts from oil spills

-

weather conditions contribute additional challenges to an oil spill response.

-
-

hibited drilling.

-

-

available for drilling a relief well) adopted in Greenland.



-
-

8.3.3 Monitoring

Monitoring of the surrounding environment is an essential part of mitigation 

a proper baseline is needed. The environmental studies plan which is part of 
) 

shall secure such a baseline.

-

The results of the monitoring also provide an important tool for assessing 
-

Monitoring must be carried out at several levels:
• 

-

• 
impacts have occurred. This monitoring should proceed after the activities 

• 
monitoring should focus on selected indicators and document potential 
cumulative impacts. This is most relevant if production is initiated.

-
-

8.4 
Greenland

The regulation of offshore exploration and exploitation activities in Green-
land include the mitigation of environmental impacts described above and is 

-
). 



-
ous sections of Chapter 8.

Drilling mud and cuttings
• 
• 

• -
-

• 
cuttings are discharged to the marine environment.

• -

Ballast water
• -

) or the relevant Canadian regu-
lations ( ).

Produced water
• 
• 

• 
• -

vention.

Emissions to air
• 

should be used to reduce emissions into the atmosphere. 

Seismic surveys
• 

).



9 Oil spill countermeasures

9.1 Biodegradation of oil

Anders R. Johnsen (GEUS)

Deepwa-
ter Horizon

-

therefore studied under the Strategic Environmental Study Program for North-
east Greenland

9.2 Response and preparedness

Janne Fritt-Rasmussen (AU) & Susse Wegeberg (AU)

The most serious threat to the environment from oil exploration/exploitation 
activities in the sea off Northeast Greenland will be a large oil spill (see Chap-

-

small brine channels and will be released in spring when the ice melts (see 

Exxon Valdez 
3 of crude oil were released and impacted 

Another more recent and vast oil spill incident occurred in 2010 when an explo-
sion on the Deepwater Horizon drilling rig resulted in a blowout of oil and gas from 
the Macondo 3 of oil were released in the Gulf 



Box 9.1

Microbial crude oil degradation in water and sediment from the 
Greenland Sea

Characterization of sediments (experiment 1)
The stations were distributed on the continental shelf ranging 
from close to the coast (stations 49 and 57) over stations on the 
shelf (stations 27, 29, 36 and 41) to station at the shelf break 
(stations 12, 15, 20 and 73), see Figure 6.4 in Møller et al. (2019). 
The concentration of alkyl-PAHs (oil PAHs) were below the de-
tection limit except for C1-naphthalenes (0.010-0.028 mg/kg) 
and C1-phenanthrenes (0.011-0.020 mg/kg). All stations with 
detectable C1-naphthalenes (stations 12, 15, 20, 27, 29 and 73) 
were situated at the shelf break or close to the shelf break. The 
three stations with detectable concentrations of the less mobile 
C1-phenanthrene (stations 15, 20 and 73) were the deepest sta-
tions right at the shelf break. The concentration of alkyl-PAHs 
was in all cases low and without heavier alkyl-PAHs, suggesting 
that the six stations may have had only little pre-exposure to oil. 
The absence of detectable alkyl-PAHs in the shelf station sedi-
ments suggests that these stations have had no oil pre-expo-
sure. Oil-degrading microorganisms were not detected by MPN 
in any of the sediments, not even degraders of the easily degra-
dable n-hexadecane. 

Introduction
The Strategic Environmental Study Program for Northeastern 
Greenland included a study of the degradation potential of oil 
in the assessment area (Joensen et al. 2019).This study evalu-
ated the capacity for microbial oil degradation in the marine en-
vironment in the assessment area. The total absence of bacterial 
strains with hydrocarbon degradation capability is unlikely in 
any location (e.g. Roubal & Atlas 1978), but the metabolic diver-
sity of the hydrocarbon degrader community may range from 
degradation of only simple n-alkanes to very diverse commu-
nities that can degrade a multitude of structurally different oil 
compounds. Natural oil pre-exposure from seeps presumably 
induces microbial degrader communities with broad substrate 
diversity by selecting and enriching rare degraders with the nec-
essary metabolic machinery to “handle” a great number of dif-
ferent oil compounds. A central point in marine oil degradation 
is therefore the degree of pre-expose and the consequent adap-
tation, so that the degrader community may be able to “handle” 
a great number of oil compounds with widely different molecu-
lar structures. The focus of the study was therefore to determine 
to which extent oil-degrading bacteria are present in the assess-
ment area. Any indications of natural oil pre-exposure would be 
important for the strategic environmental impact assessment, 
as pre-exposure would increase the potential for natural attenu-
ation of oil spills. 

Experimental setup
Sediment and/or sea water was sampled at 11 stations within 
and outside of the licence areas. We carried out four sub-exper-
iments. 1) Sediment from 10 stations was analysed for the con-
tents of natural oil compounds and the contents of oil degrad-
er microorganisms. 2) Six sediments from the continental shelf 
were spiked with crude oil and/or mineral nutrients to investi-
gate the potential for oil degradation and to which extend this 

potential is dependent on the addition of mineral nutrients. 3) 
Crude oil degradation was investigated in seawater from a se-
lected station by comparing the intrinsic degradation and deg-
radation in water spiked with mineral nutrients and/or a dis-
persion agent. 4) The metabolism of microbial oil degraders at 
different depths of the water column at three stations was quali-
tative characterized by extracting microorganisms from water 
samples and incubating them with crude oil under optimized 
conditions.

We used different methods to evaluate the experiments. The 
first approach was to determine the population size of differ-
ent types of microbial oil degraders and how these populations 
changed over time. This was done by using a most-probable-
number (MPN) method that counts the microbes that can utilize 
selected oil compounds (n-hexadecane, 2,2,4-trimethylpentane, 
1,3-dimethylcyclohexane, isobutylbenzene, 2-methylnaphtha-
lene or phenanthrene) for growth. MPN was followed by differ-
ent ways of interpreting the concentration of specific oil com-
pounds determined by GC-MS (Gas chromatography–mass 
spectrometry). For characterization of sediment samples (exper-
iment 1), we determined the absolute concentrations of a range 
of PAHs to investigate in situ oil pre-exposure. For the incuba-
tion experiments with water or sediments (experiments 2-4), we 
determined how the relative concentration of alkanes and se-
ries of alkylated PAHs changed over time. Finally, the changes in 
oil concentration were related to biodegradation by calculating 
diagnostic oil compound ratios that can discriminate between 
physical removal of oil compounds and microbial oil removal. 
The principle of diagnostic ratios relies on the assumption that 
bacteria degrade isomers within a compound class, typically 
alkylated aromatics, at different rates, whereas physicochemi-
cal processes such as evaporation and dissolution affect the iso-
mers equally (Wang et al. 1998). Biodegradation is therefore re-
flected in changing isomer ratios whereas physicochemical oil 
removal will not change the diagnostic isomer ratios. 
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Microbial oil degradation in shelf sediments (experiment 2)
Six sediments from the continental shelf were spiked 
with weathered crude oil to test how the potential 
for oil degradation and populations of degrader mi-
croorganisms evolved over time. The sediments were 
tested both as they were and with addition of miner-
al nutrients. Cultivable degraders that could grow on 
2,2,4-trimethylpentane, 1,3-dimethylcyclohexane, 
2-methylnaphthalene or phenanthrene were non-
detectable in all microcosms, indicating the absence 
of specialized oil degraders and the absence of sig-
nificant oil pre-exposure. There was almost no culti-
vable hexadecane degraders in microcosms without 
added nutrients, but hexadecane degraders showed 
strong growth when mineral nutrients were added. 
The degradation of oil compounds was similar in the 
shelf sediments. The branched isoprenoids phytane 
and pristane and the medium- and long-chain n-al-
kanes showed very little degradation without added 
mineral nutrients, whereas mineral nutrients stimu-
lated alkane degradation (Figure 1). 

Non-biological versus biological oil removal was eval-
uated by examining diagnostic isomer ratios. The ra-
tios nC17/pristane and nC18/phytane changed only 
slightly without mineral nutrients, whereas the ratios 
changed substantially showing alkane biodegrada-
tion when mineral nutrients were added (Figure 2). 
The absence of cultivable 2-methylnaphthalene de-
graders and phenanthrene degraders, together with 
very small changes in diagnostic alkyl-PAH ratios (if 
any), suggest that the potential for PAH biodegrada-
tion of in the sediment is very low, even when min-
eral nutrients are not a limiting factor.

We investigated how oil degraders in the water from 
station 70 at the shelf break responded to addition of 
oil, mineral nutrients and a dispersing agent. Without 
mineral nutrients, there was very little alkane removal 
and hardly any PAH removal in surface water, and sub-
stantial removal of only light n-alkanes in deeper wa-
ter. Addition of mineral nutrients had a strong effect 
leading to complete n-alkane- and isoprenoid remov-
al and removal of a large proportion of the alkylated 
PAHs (Figure 3). Degradability followed the normal 
patterns with decreasing removal with increasing 
number of rings in the PAH molecule and decreasing 
removal with increasing number of alkyl substituents 
within classes of PAHs (Wang & Fingas 1995, Wang et 
al. 1998, Kristensen et al. 2015). Oil removal was sup-
ported both by changes in isomer ratios and counts 
of cultivable oil degraders. The cultivable degrad-
er community had a broad substrate spectrum with 
the ability to utilize hydrocarbons with different mo-
lecular structures that requires many different meta-
bolic pathways. This corresponds well with the fact 
that petrogenic PAHs (C1-naphthalenes and C1-phen-
anthrenes) were present in sediments from the shelf 
break, suggesting some natural oil pre-exposure.

Mineral nutrient limitation was stronger in the surface water than in the deeper water, probably due to nutrient depletion in 
the photic zone (Thingstad et al. 2008). The dispersion agent Slickgone NS was efficient at dispersing the oil. The increased oil 
surface area itself, however, did not stimulate degradation in the surface water, and stimulation was barely detectable when 
Slickgone NS was added together with mineral nutrients in microcosms containing water from greater depth. 
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Metabolic capacity for degradation of structurally diverse oil 
components in water from shelf stations (experiment 4)
In the fourth experiment, we determined the potential diversity of oil compounds that 
could be metabolized by oil-degrading microorganisms at the top, middle and bottom 
of the water column on the continental shelf. Microorganisms were extracted from the 
water samples and exposed to oil with excess mineral nutrients. All n-alkanes were ef-
ficiently removed, which was supported both by changes in alkane isomer ratios and 
large populations of cultivable n-hexadecane degraders. The results were more ambig-
uous for the alkyl-PAHs where changes in concentrations and isomer ratios were similar 
to abiotic controls. There was only few types of cultivable degraders in the water col-
umn compared to station 70, mostly n-hexadecane degraders. Lack of oil pre-exposure 
at the shelf stations, where the water originated, is the most likely explanation.

General conclusions
The concentration of alkyl-PAHs was low in sediments from the shelf break, but light 
alkyl-PAHs were detectable in trace concentrations, suggesting that the shelf break 
stations may have had some form of limited oil pre-exposure. Microcosms did show 
a large potential for biodegradation of many different oil compounds in the water col-
umn, even “difficult” compounds such as C1-pyrene and C3-phenanthrene were par-
tially degraded after 90 days. This suggests, that bioremediation of surface spills in this 
area may have a large potential if the intrinsic microbial degraders can be activated.

Alkyl-PAHs were non-detectable in the shelf sediments, except trace amounts of C1-
naphthalenes at the outer stations 27 and 29. The absence of other alkyl PAHs suggests 
that the shelf stations have had no oil pre-exposure. The potential for biodegradation 
of weathered PAHs in the shelf sediments was very low, even when mineral nutrients 
were not a limiting factor, which is in line with the absence oil pre-exposure. Water from 
within the shelf area also showed low degradability of especially the PAHs, which was 
confirmed by the absence of specialized oil degraders compared to the water from the 
shelf break.

The geologically relevant Statfjord model oil (Boertmann & Mosbech 2012) has a high 
content of paraffins, which makes it relatively easy for the indigenous microorganisms 
to degrade with respect to the n-alkanes and the smaller aromatics, given that there is 
sufficient mineral nutrients. The slow isoprenoid (phytane and pristane) degradation in 
many microcosms and the complete lack of cultivable 2,2,4-trimethylpentane degrad-
ers, however, suggest that branched paraffins may show higher persistence even when 
mineral nutrients are not limiting degradation. The lack of cultivable 1,3-dimethylcy-
clohexane degraders in all microcosms also suggests that the potential for naphthenic 
compounds is very limited even when the microbial communities have plenty of min-
eral nutrients and have had some in situ exposure to oil at the shelf break.

It was also clear that in situ concentrations of mineral nutrients are strongly limiting for 
oil degradation. Oil biodegradation will thus be very limited in the water column with-
out addition of mineral nutrients. Contingency strategies based on the intrinsic poten-
tial for microbial oil removal should therefore include strategies for applying mineral 
nutrients for degradation to be efficient. The dispersing agent Slickgone NS was efficient 
at dispersing the oil under the tested conditions, but may have little effect on oil bio-
degradation when mineral nutrients are limiting, probably because degradation of the 
dispersant itself requires mineral nutrients. 



-

9.2.1 Oil spill response planning

and careful planning of the entire process. 

-

-

the environment. A fast and effective oil spill response is dependent on realis-

) for the target area of the 

-

-

-

spill situation.

drilling a relief well before the winter ice stops the activities. If this is applied 

in summer.

9.3 

-
scribed in an Arctic context including environmental pros and cons of the 
methods.

9.3.1 Mechanical recovery

-

-



water are often recovered. 

-
-
-

-

natural containment barrier to the oil.

ice cover) and non-arctic conditions. Such conditions might occur during the 

-

be able to perform effective ice processing to gain access to the oil for an ef-

-

hence less evaporation and dissolving/dispersion. 

-

methods for detection of the oil.

9.3.2 Chemical dispersants

-

which are mixed into the water column for possible further dilution and deg-

Another approach using dispersants in case of a blowout is subsea dispersant 

method was developed and used during the Deepwater Horizon incident. 

-

-

-



-

-

-

-
venting sea surface-associated organisms to be smothered in oil as well as 
prevents the oil from beaching. But the concentration of oil will increase in the 

the dispersed oil is diluted. The dilution rate depends on the dilution capac-
-

vironmental side effects from the use of dispersants are related to the (initial) 

oil/dispersant mixtures. 

Another rationale behind using chemical dispersants (or mechanical disper-

oil from the environment. The potential for oil degradation in the Greenland 

that the in situ concentration of mineral nutrients was a limiting factor for the 
Slickgone NS

the authors suggested that if chemical dispersant are to be used as an oil spill 
-

-
-

9.3.3 In situ burning

-
-

2

-

Deepwater Horizon

-



-

organisms. The environmental impact from the burn residue is still little in-

-

of the sea ice and end up in melt pools on the ice surface. This oil had not 
-

ice in the assessment area.

-

9.3.4 Coastline oil spill clean-up

areas. In remote Arctic areas this might be even more demanding in terms of 

-

-

2018). 

-



9.4 Oil spill drift simulations 
Anders Mosbech (AU), Janne Fritt Rasmussen (AU) & David Boertmann (AU)

-

areas of potential impact from an oil spill in the assessment area.

-

of oil. The oil included in the simulations was Statfjord crude oil. This crude 
-

than seawater and from weathering studies it has been found that around one 

-

-

A total of 18 oil spill scenarios with continuous release were simulated: 3 re-

-

-

9.4.1 Sea surface area covered

-



1

2

3

20°E10°E0°10°W

20°W

20°W

30°W

30°W

40°W

40°W50°W

80°N

75°N

70°N

65°N

1

0 25 50 Km

20°W

25°W

25°W

72°N

70°N

70°N

68°N

68°N

2

0 25 50 Km

15°W

20°W

20°W

25°W

76°N

75°N

75°N

74°N

74°N

73°N

3

0 25 50 Km

5°W10°W

15°W

15°W

20°W

20°W

25°W

78°N

76°N

76°N

74°N

A B

C D

75°N

70°N

Maximum surface
thickness of oilspill
Micron

6.1 - 10
10.1 - 20
20.1 - 30
30.1 - 40
40.1 - 50
50.1 - 60
60.1 - 70
70.1 - 80
80.1 - 90
90.1 - 100
100.1 - 125
125.1 - 150
150.1 - 200
200.1 - 300
300.1 - 400
400.1 - 500
500.1 - 700
700.1 - 900
900.1 - 1,100
1,100.1 - 1,600

Spill sites

Assessment area

0 125 250 Km

Note that the oil spill in map C hits the coasts, the spill in map B almost do and that oil spill in map D is far from any coasts.



 

strong wind. 

high concentration interspersed with regions with no oil at a given time. This 

-
er the actual oil-covered area was.

9.4.2 Subsurface concentrations

mixed down. The average mixing depth was 2 m or less. The maximum mix-
ing depth of an oil particle was 11-20 m depending on the site and the wind 

were thus not mixed down. 

9.4.3 

-

9.4.4 The SINTEF oil spill drift simulations

-

-

-

-



site East 1 in the SINTEF model-

shows probabilities of oil on the 
sea surface.

site East 2 in the SINTEF model-

shows the probability of oil on the 
coast.



-

-

-
-
-

the oil due to spreading and drifting of the oil. This process however is much 

large amounts of oil (emulsions) and oil sheen could be found on the surface 
-

pending on the ice conditions.

9.5 Concluding remarks on countermeasures

Anders Mosbech (AU, Janne Fritt-Rasmussen (AU) & Jose Nymand (GINR)

Three overall countermeasures are available for combating oil spills in the 

burning. 

-

-

-
sessment area.

-

-
-

-
-
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in removing oil from the surface and facilitate a dilution process, it is only ex-
pected to cause a limited increase in the biodegradation processes. 

Since the last SEIA for the Northeast Greenland Sea was completed in 2012, 
the large Arctic Response Technology Joint Industry Project has been under-
taken to improve the Arctic oil spill response capabilities (Link). In spite of 
this effort and other studies in recent years, the available response methods 
have not yet proven effective during a realistic spill situation in dynamic drift 
ice as in the assessment area.

In 2017, the Arctic Council’s Emergency Prevention, Preparedness, and Re-
sponse (EPPR) Working Group commissioned a viability analysis to better 
understand how often weather and sea conditions may hinder or impede 
marine oil spill response systems in the Arctic. The analysis (Circumpolar 
Oil Spill Response Viability Analysis – COSRVA) was published in a report 
and recently, the results of the report was made available in an online portal 
(Link). COSRVA build on different metocean conditions: wind, waves (sea 
state), sea ice, air and sea temperature, and visibility. The sea ice dataset was 
prepared by the U.S. National Snow and Ice Data Center (NSIDC). The analy-

response systems for the assessment area were prepared and compiled in Fig-
-

tion of time with favourable4, marginal5 and impossible conditions. The result 
does not include information about the systems effectiveness, but solely on 
operational viability. 

The analysis is here performed for an area including the northernmost release 
site in the oil spill drift modelling presented in Section 9.4. The results show 
that from November through April, only recovery methods which include 
the ice as a means of containment are viable and that these methods are op-
erational for less than 20% of the period for mechanical recovery and 4% for 
dispersion and insitu burning. In November, the conditions will be marginal 

systems adapted to icy conditions and when using the ice as containment. In 
the same period, only 2% of the time the conditions will be marginal (blue) for 
applying dispersants from a similar vessel. For the rest of this period the con-
ditions will be impossible for oil recovery (grey). The analysis do not account 

it account for the remoteness of the spill site and the associated challenges 

Much more details and variations in the results can be found by accessing the 
portal Circumpolar Oil Spill Response Viability Analysis (Link). Neverthe-
less, it is clear that oil spill response systems aided by ice is not a viable option 
and that airborne applications have limited operational potential compared to 
vessel applications in the assessment area. 

4 Favourable conditions are when the tactic can be expected to be deployed safely and 
operate as intended

5 Marginal conditions are when the tactic can be deployed but operations may be challenged 
or compromised
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The 2017 studies found that that there is a potential for biodegradation in the 
water column at the shelfbreak if the intrinsic microbial degraders can be acti-
vated, but the degradation will be hampered by nutrient limitation. The study 
also showed that the intrinsic potential for oil biodegradation in the water col-
umn and sediment on the shelf was very low, even when mineral nutrients 
were not a limiting factor.

As oil spill response also is challenged by the dark winter period, the general 
weather conditions and the remoteness of the assessment area, it is likely that 
very little – if any – oil can be recovered in case of an oil spill in the ice-covered 
parts of the assessment area (cf. the COSRVA-analysis described above). The 
low intrinsic potential for natural degradation of spilled oil adds to increase the 
environmental impacts in a spill situation.

Conditions favourable Conditions marginal Conditions make recovery impossible

0 20 40 60 80 100

Dispersants: Vessel application

Mechanical recovery: Single vessel in ice

Mechanical recovery: Two vessels with boom

Dispersants: Vessel application

In-situ burning: Helicopter-based ignition,
using ice for containment (no boom)

Mechanical recovery: Single vessel in ice

Dispersants: Vessel application

In-situ burning: Helicopter-based ignition,
using ice for containment (no boom)

Mechanical recovery: Single vessel in ice
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Figure 84. The result of the 
COSRVA-analysis carried out 
around the northern spill site in 
Figure 81A (% operability). The 



10 DCE and GINR recommendation on area 
restrictions 

Anders Mosbech (AU), Josephine Nymand (GINR), David Boertmann (AU) &  
David Blockley (GINR)

10.1 Area restrictions
-

mented that:
A. A large part of the Greenland Sea must be considered critical habitat for 

for example to narwhal (both inshore and offshore) and bowhead whale 

-

-
-

-
-

effects for seabirds and some marine mammal populations in the Green-

from the Exxon Valdez spill indicate that impacts can be expected to last for 

the southern part at least in winter and spring. Climate modelling predicts 
that the Greenland Sea will continue to be a main outlet of drift ice from the 

-

area will further increase this challenge. The potential in the assessment area 
for natural biodegradation of oil following a large oil spill is moreover mea-

be transported south along the Greenland coast with the prevailing current. 

-
“A major oil spill in the sea may have major 

and long-term effects. Oil exploration drilling should therefore focus on safety. So 
far, practice has been that exploration drilling could only be carried out during the 
ice-free season and with a safety margin to the expected arrival of sea ice to ensure a 

to continue this practice and continue to set high standards for safety and oil spill re-
sponse and preparedness in exploration drilling.



No well-documented methods are yet available for handling major oil spill in drift ice 
and in the dark. As a result, considerable technological advancement is necessary be-
fore it can be considered environmentally safe to explore and exploit oil in Greenland 
offshore areas all year round.

The development and establishment of oil spill contingency plans and preparedness 
for the activities of the mineral resource industry is a substantial task, which is, how-

strategy for combating oil spill requires technological advancement, research into any 
harmful effects of the oil and the control methods, analysis of vulnerable biological re-
sources and mapping of the potential for degradation and spreading of oil in the vari-
ous waters.”

-
land Sea (and north of 75° N

based on an assessment of:

• 
• -

water noise. 
• 

• 
-

ness. 

-
-

Critierion 1: Especially valuable areas. These are the three areas recommend-

-
-

sessment area (see below). 

Critierion 2: Distance to coast.

-

-

-

-

-



Critierion 3: Areas covered with ice for a part of the year. -

-

for oil and gas exploration.

10.1.1 International environmental standards for area restrictions in rela-
tion to oil activities in seasonally ice-covered waters in the Arctic

-

Sea.

-

-
-

“Given the im-

gaps in knowledge of the environment necessary to support impact assessment, and 
an overall lack of regulatory, industry, and infrastructure readiness in Nunavut, the 
2016 moratorium on oil and gas development in the Canadian Arctic should remain 

this Report can be addressed. The Board expects that it will take at least a decade to 
-

dertaking a reassessment by the Minister to determine if the moratorium should be 
lifted”.

“Recommendation 32: Conduct baseline research to assess the capac-
ity and infrastructure required to manage and respond to a well blowout or major 
spill in the Arctic and to determine whether an effective response can be mounted in 
remote locations under harsh weather conditions with periods of prolonged darkness 
and in the presence of ice”.

):“Calls on the EU to pro-
-



tion and safety for oil exploration, prospection and production internationally; calls 
for a ban on oil drilling in the icy Arctic waters of the EU and the EEA and for pro-
motion by the EU of comparable precautionary standards in the Arctic Council and 
for Arctic coastal states.”

-
tional environmental standard” for oil producing countries. In the recent up-
date of the management plans for Norwegian waters (Klima- og Miljødepar-

the earliest (Klima- og Miljødepartementet 2020):” Ikke igangsette ny petrole-
umsvirksomhet i områder der det forekommer havis mer enn 15 prosent av dagene i 
april, beregnet på grunnlag av isdata for 30-årsperioden 1988–2017” (p. 132).

The result is a limit situated further to the south 

”Menneskelige aktiviteter nær iskantsonen som kan gi negativ påvirkning på miljø 
eller dyreliv er heftet med usikkerhet. Som det presiseres i Faglig Forum’s grunnlag 
for revisjon av forvaltningsplan for Barentshavet er det for eksempel få faktiske ana-
lyser om drift av oljesøl inn mot is og i tillegg lite erfaringer med oljesøl i is, så usik-
kerheten rundt dette er stor og vanskeliggjør risikovurderinger. Siden konsekvensene 
er heftet med betydelig usikkerhet, men muligens store for økosystemet i Barentshavet 
knyttet til is, bør sannsynligheten for overskridelse være lav. For å sikre en helhetlig 
og bærekraftig forvaltning av iskantsonen og dyrelivet som er helt avhengig av dette 
sårbare og høyproduktive området, har HI derfor anbefalt å avgrense iskantsonen til 

-

.

-

-

Miljødepartementet 2020). 

10.1.2 

Criterion 1: Especially valuable areas
-
-



Criterion 2: Distance to coast
-

Criterion 3: Ice cover

-

-

maximum ice cover in the Barents Sea.
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10.1.3 Conclusion on area restrictions

DCE/GINR recommend to consider not to open the Greenland Sea assessment 
area for oil exploration in the present strategy period (2020-2024). This recommen-
dation is based on the assessment of the biodiversity values, the ice conditions 
and the lack of capability to handle major oil spills in most situations, as described 
in the present assessment. DCE/GINR have applied the Norwegian criteria, used 
in the Barents Sea, for delineating the acceptable ice cover for oil activities in the 
Greenland Sea. The recommendation is thus considered to be in line with high in-
ternational (Norwegian) standards. If other criteria are applied or improved oil 
spill countermeasures in icy waters are developed, the situation will be changed 
and a new assessment may lead to another recommendation. This could for exam-
ple – if less strict criteria are applied – include a zonation (related to sensitivity of 
oil spills and disturbing activities) of the assessment area, where different means of 
regulation and management of activities are applied (cf. Figure 85).

10.2 Information needs

Following the recommendation above there is a need to develop effective large-
scale methods for countermeasures to oil spill in dynamic drift ice. Drift ice occurs 
in the northern part of the assessment area year round and in the southern part at 
least in winter and spring. No methods for large-scale countermeasures to spilled 
oil in drift ice have yet been proven effective, and it is recommended that explora-
tion drilling and production of oil should not be initiated before such methods are 
developed. In addition, there seems to be a need for developing new technology 
for safely drilling in heavy drift ice conditions.

The results of the Strategic Environmental Study Program for Northeast Greenland 
have given much better information on the key questions:
• Delineation of seasonal areas to protect marine mammals in relation to noise 

from seismic exploration and other sources,
• Identification of the areas and periods most sensitive to oil pollution, and 
• Evaluation of the net environmental benefit of oil spill countermeasures.

To supplement this information, if oil activities commence, studies to obtain a 
higher resolution of the sensitivities in time and space would be recommended 
within a smaller region, including:
• Polar cod ecology: the polar cod is a key ecological element and a clearer un-

derstanding of the key spawning areas (under variable and changing ice con-
ditions) and variations in timing (phenology) is needed, because eggs and lar-
vae assemble just below the ice, where they can be exposed to spilled oil and 
produced water.

• Mapping of sensitive habitats on the sea floor, in particular the distribution of 
sea pen and coral habitats discovered in 2017 should be further investigated.

• The shelfbreak has been identified as an important ecological element of the 
assessment area – due to its high production and significant concentrations of 
several animal species – and there is a need for more detailed understanding 
of the seasonal variations in sensitivity.

• Studies of the oceanography and ecology of the Scoresby Sund Polynya in order 
to understand the seasonal sensitivity of this ecological important area.

In addition, it is recommended that the specific chemicals to be used and dis-
charged during offshore operations should be tested and evaluated under Arctic 
condition, both in relation to toxicity and degradation.

When planning oil activities, it is recommended to initiate Integrated Marine 
Spatial Planning based on an ecosystem approach (PAME 2019). Present and 
future uses of the marine environment along with environmental sensitivities 
should be considered for future research.
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Bearded seal Remmesæl

Blue whale

Bowhead whale

Fin whale

Harp seal

Hooded seal

Orcinus orca

Narwhal Monodon Monoceros

Northern bottlenose whale 

Polar bear Ursus maritimus

Ringed seal Ringsæl

Sei whale

South American sea lion

Southern elephant seal Mirounga leonine

Sperm whale

Walrus 



363

Fish – common name (alphabetical) Fisk – dansk navn

Amberjack Seriola sp.

American plaice Hippoglossoides platessoides

Arctic char Salvelinus alpinus Fjeldørred

Arctic cod Arctogadus glacialis

Atlantic cod Gadus morhua

Atlantic halibut Hippoglossus hippoglossus

Clupea harengus Sild

Artediellus atlanticus

Atlantic mackerel Scomber scombrus Makrel

Gymnocanthus tricuspis Glatulk

Triglops nybelini Knurulk

Micromesistius poutassou

Thunnus thynnus

Capelin Mallotus villosus Lodde

Greenland halibut Reinhardtius hippoglossoides

Liparis fabricii

Microcephalus somniosus

Benthosema glaciale

Molva molva

Cyclopterus lumpus Stenbider

Lophius piscatorius

Clupea pallasii

Triglops pingeli Knurulk

Polar cod Boreogadus saida

Sebastes spp.

Macrourus berglax

Saithe Pollachius virens Sej

Sandeel Ammodytes spp.

Sculpin Myxocephalus Scorpius Ulk

Anarchichas minor Plettet havkat

Brosme brosme

Thunnus albacares

Danio rerio
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Annex B: Abbreviations and acronyms

AAW  Arctic Atlantic Water
AMAP  Arctic Monitoring and Assessment Programme, working group 

under Arctic Council
ANS  Aquatic Nuisance Species
API  American Petroleum Institute gravity 
APNN  Ministry of Fisheries, Hunting and Agriculture, Government of 

Greenland
AR  Assessment report
ASP Arctic Science Partnership
AU  Aarhus University
AVISO  Archiving, Validation and Interpretation of Satellite Oceanograph-

ic data
BACI  Before-After-Control-Impact
BAT Best Available Techniques
bbl  Barrel of oil 
BC  Black carbon
BEP  Best Environmental Practice

BMP  Bureau of Mineral and Petroleum, Greenland Government
BTX  Benzene, Toluene and Xylene components in oil, constitute a part 

of the VOCs
BTEX  Benzene, Toluene, Ethylbenzene and Xylene, constitute a part of 

the VOCs 
CEFE Centre d’Ecologie Fonctionelle Evolutive, France

COSRVA  Circumpolar Oil Spill Response Viability Analysis
COY  Cub Of the Year
CRI  Cuttings Re-Injecting
CTD  Conductivity Temperature Depth
CU  University of Copenhagen

DCE  Danish Centre for Environment and Energy
DDC-CO  Dechlorane Plus
DDT  Dichloro-Diphenyl-Trichloro-ethane
df  Degrees of freedom
DFHA  Department of Fishery, Hunting and Agriculture
DMI  Danish Meteorological Institute
DPC  Danish Polar Centre
dw  Dry weight
EAC  Environmental Assessment Criteria 
EAMRA  Environmental Agency for Mineral Resources Activities, Govern-

ment of Greenland 
EDCS  Endocrine-disrupting chemicals
EEZ  Exclusive Economic Zone
EGC  East Greenland Current
EIA  Environmental Impact Assessment

EOS  Environment & Oil Spill Response
EPA  U.S. Environmental Protection Agency

FR  Flame retardant



GCM  General Circulation Models

HCB  Hexachlorobenzene

ICES  International Council for the Exploration of the Sea

Management of Narwhal and Beluga 

Ships
MIK net  Mid-water ring net

NEG  Northeast Greenland

-
ment of the Northeast Atlantic

2 2 pressure



Environment

SEIA  Strategic Environmental Impact Assessment
SIMA  Spill Impact Mitigation Assessment 

T  Temperature
TAB  Thule Air Base
TAC  Total Allowable Catch

TEK  Traditional Ecological Knowledge



Annex C: Strategic environmental study plan

-

Strategic Environmental Study Plan for Northeast Greenland

regulating oil exploration activities and oil spill response in the western 
Greenland Sea. 

-

 and 
-
-

-
-

evant arctic research institutions.

Three key questions

-

-

seismic activities in the Greenland 
underwater noise on marine mammal 

populations are avoided or minimized?

-

discharge of drilling mud and chemicals from explora-

-



based evaluation process.

oil spill occurs based on:
• 

are avoided.
• -

-

previous SEIA for the western Greenland Sea gave an overall picture of the 
-
-

 for -

the environmental implications of the different response options and shore-

, -

number themes:

-
ity and food chain relations

-
-

web is essential.

with implications for the use of oil spill dispersants. It was proposed that an 
-

-
-

rine mammals and seabirds. Most of the higher trophic levels in the arctic ma-

the copepod genus Calanus



-
-
-

st -

-

-

Project theme: 
areas

-

-

when EIAs of exploration drilling and establishment of production facilities 
shall be prepared. 

-

-

-

Intertidal and subtidal zones
-

Exxon Val-
dez) these habitats are also having the most long-lasting impacts. Thus to 

-

-



be much more severe than a direct impact of oil contamination. 

-
ies on macroalgal communities had been performed on the Greenlandic east 

-
-

tive areas as well as shoreline clean-up strategies.

Benthic macro-fauna

water column to higher trophic levels as the benthic organisms provide a vi-

-

The environmental focus in the exploration phase is the impact of discharges 

-

drilling sites. These studies include benthic sampling and under water video 

-

-

regulate and evaluate the scope of the drilling site environmental baseline 

-

-
thic fauna communities in the areas are submitted to the database for biologi-

-

-
-



• -
tions of the species in the area.

• 
species collected in Greenland 

-
-
-

observed where oil spills have affected areas where seabird concentrates on 
the water. Information on seabird concentrations areas (hot spots) and the fac-
tors governing their presence is therefore essential operational environmental 
information. Seabird concentrations on coastal waters in NE-Greenland are 

There were also limited information on concentrations of seabirds at sea off 

-
trations must be expected as vast numbers from breeding sites on Svalbard 

concentrations occur? 

-

-
ration

-
-

whales will be sensitive. 

for the environmental management of the operations. 



Passive acoustic monitoring -
tant to understand the distribution and seasonal occurrence of marine mam-

provide insight to the seasonal occurrence and spatial distribution of the ma-

-
-
-

tivities and without.

Aerial surveys: -
rence of marine mammals in the East Greenland licensing area. The informa-
tion obtained have provided a baseline for managing seismic and oil explora-

-
ber 2017. The red dots indicated 
sampling stations, and seabirds 
and marine mammals were re-
corded on the legs between these 
stations. The legend show depth 

Sea meet. This gradient indicate a dynamic front zone.



Greenland.

Bowhead whale -

populations persist. All three species are to various degrees considered vul-

-
ter abundance of marine mammals was missing from this area. This project 
aimed at assessing the importance of this northern part of the assessment area 
as a wintering ground for marine mammals. The objectives of the proposed 

-
-

Bowhead whales in the East Greenland assessment area constitute a sepa-

-

movements within the licensing area. The information obtained will be useful 

East Greenland.

The project proposed:
• 

within the assessment area in East Greenland
• -

tration areas for bowhead whales in East Greenland

Effects of seismic exploration on narwhals -
sitive to human activities. This project focused on the effects from seismic 
shooting on narwhals.

The projects proposed aimed to:
• assess the short-term effects of sound from seismic airgun pulses on nar-

• 

• -

corals Keratoisis sp. at 1100 m 
depth on the eastern margins 
of the continental shelf. Note 
that tentacles on the polyps are 

hexactinellid sponge below is an 
Asconema, probably the species 
foliatum. 



• -
-

ters will pass.

Harp seal pups

data recorders have been carried out on adult harp- and hooded seals and on 

-

and on the sea ice (haul-out behaviour) and data about the temperature at 

from the transmitter to the satellites.

Ringed seal

data loggers  were glued to the fur of ringed seals. These state-of-the-

time spend at various depths and various dive characteristics) and oceano-

Polar bear: The sub-population of polar bears in East Greenland utilizes the 

ex-

period of one year (although not 

they were tagged.



-
tive spatial modelling.

Project theme: Development of methodology for evaluating chemicals in 

-

-

arctic Greenland Sea before applications for discharge can be considered in a 
proper science-based evaluation. This will enable regulation of discharge of 

arctic environment. The purpose of the project was to strengthen the basis for 

discharge of in high arctic water. 

-
sant application

in the degradation of an oil spill in the offshore oligotrophic waters in the 

 The route of a harp 



-
portant factor is nutrient limitation. In the case of the Macondo accident in 

-

potential to degrade a large fraction of the oil as it arrived at the surface from 

limited.

-

Project theme: In situ burning (ISB) of oil spills in high arctic ice covered 
water 

-

-

-

-
periments to investigate the composition and environmental effects of ISB res-

in the NE Greenland. 

done to respond to the oil spill. Therefore a second ISB project was proposed 

a hole bored in the ice. This has the potential to improve the possibilities of 
responding to an oil spill in areas with dense ice cover.



Project theme: Oil spill sensitivity atlas 

-
posed to extend the atlas to cover Northeast Greenland. The atlas is prepared 

response and clean-up strategies. The atlas enables oil companies and author-
ities to incorporate environmental considerations into exploration and con-

The atlas will provide an overview of such aspects as the occurrence of wild-

-

and oil spill response methods. Based on these parameters as well as the total 



Annex D: Strategic Environmental Study 
Program for Northeast Greenland, summary of 
the project results

Strategic 
Environmental Study Program for Northeast Greenland.

The overall plan was to 
planning and regulating oil exploration activities and oil spill response in the 
western Greenland Sea (See Annex C). The plan included projects on marine 

-

1. How to conduct and regulate increased seismic activities in the Greenland 

populations are avoided or minimized?
2. How to regulate discharge of drilling mud and chemicals from exploration 

3. How to minimize the environmental impacts if an oil spill occurs based on:
-

ods are avoided.
-

spots
-
-

and gas exploration and exploitation.

The western Greenland Sea (off Northeast Greenland) is important for a num-

-

-
-
-

of such foods in the sea. The marine food chains were therefore studied during 
-

along with video recording and sampling from the sea bed. Moreover were 



-
-

Phytoplankton

-

Zooplankton

along the continental slope. It was also apparent that Arctic species dominate 

-

1.3 Fish: A total of 36 different species of 

-

-

Benthic fauna

-

-

-

Cold water coral

some larger species of animals (epibenthic megafauna) and cold water corals. 

over 2 meter high giant sea pen (Umbellula encrinus) and bamboo corals (Kera-
toisis

-



-

-
dens and their associated epifauna constitute biomass hot-spots. The gardens 

Northeast Greenland. See also Box 3.2 in the present report and Hansen et al. 

Bowhead whale

Bowhead whales in the area belong to a population found in the sea from East 

species whose occurrence was to be studied in more detail. A number of bow-

-

-

-

-
tinental shelf were included in the studies. The results showed that bowhead 

in the summer to the outer extremes of the assessment area in the winter. 

-

Narwhal

-



Seals

-

-

during the summer and autumn in the Barents Sea. Some remained there un-

Polar bear

-

inshore and offshore collared bears used the previous license round area. The 

Results can be found in Section 3.8.1 in the present re-
port.

Ivory gull

-

Thick-billed murre

-

-



-

the oil exploration areas in the assessmsnt area. The results from the ship 

breeding murres from Svalbard. The results can be found in Boertmann et al. 

Little auk

-

-

-

their hunting expeditions from start to end in a manner that includes data on 

-
-

-

transmitters to gather precise data on their reaction to noise. The results unan-

-



resumed their natural noise production once the ship and the noise it gener-

-

A number of projects have sought to improve our understanding of the poten-

marine environment of the high Arctic. 

Studies with water and sediment samples from the Greenland Sea collected 
during the August-September expedition in 2017 showed that there was a po-

-

-
tial for microbial removal of oil should therefore include careful consideration 
of the options for adding nutrients to ensure effective biodegradation. Studies 

agent was effective under test conditions. But the trials showed that disper-

presence of nutrients.

-

have not been exposed to oil (neither oil spills nor natural seepage). The po-

which indicates that the stations at the point where the continental shelf meets 

 Calanus hy-
perboreus

-
sults in Agersted et al. (2018) and Gustavson et al. (in prep.).

-



384

After oil has been burned, a viscous residue is left on the sea surface. This may 
under some instances sink, and thereby affecting the seabed. The toxic effect 
of this residue is presently being studied on two different high Arctic mussels, 
along with the potential for biodegradability in the seabed sediment.

The project also included purchasing equipment for studying oil spills to the 
Greenland Institute of Natural Resources. The equipment will be available for 
future surveys in an emergency situation. It includes a handheld sensor for 
detection of oil pollution, and a specially-designed sampler for taking water 
samples in the event of an oil spill in the sea.

Strategic environmental impact assessment of oil activities in 
the Greenland Sea

An important use of the results from the above described studies is to con-
tribute to an updated version of the strategic environmental impact assess-
ment (SEIA) of oil activities in the Greenland Sea. This assessment gathers 
information that can be used for management of the area. The new results 
considerably enhance the knowledge-base to evaluate and regulate future oil 
exploration in the assessment area, and especially to make regulation more 
precise in terms of time and space. For example: areas can now be designated 
as important for narwhal and bowhead whale, along with areas that are par-
ticularly sensitive to oil spills due to high biological production and the pres-
ence of seabirds. The studies have also contributed new knowledge of the 
seabed in the assessment area. This is unique in that it has never been affected 
by human activities, making it highly vulnerable to future activities impact-

-
ous observations) include: high biological production in the water column 
over the continental slope and in some coastal areas; low production over the 
continental shelf; large concentrations of seabirds, both in some coastal areas 
and offshore; high concentrations of narwhals in Dove Bugt and of bowhead 
whales in the Northeast Water. 

Important for the updated SEIA is also the new knowledge on natural bio-
degradability of oil, and the studies of dispersing and in-situ burning of oil as 
methods to combat oil spills in ice.

All the new knowledge obtained by the research projects will be incorporated 
into the updated strategic environmental evaluation, and will provide an im-
proved basis for evaluating and regulating future oil activities in the sea off 
Northeast Greenland. Moreover, the new knowledge gained can also be used 
for nature protection planning and for oil spill contingency planning in the 
area.



List over the so far published results (and some which is still in 
preparation)

-

content. 

-

-
stitute of natural resources. 

-

-
land Sea. To describe their distribution in relation to future oil-exploration activities in the 



born in the Greenland Sea. To describe their distribution in relation to future oil-explora-

-

-
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