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Preface

In 2006 the Government of Greenland (Landsstyret) and the Danish Government
initiated a decision process for a hydrocarbon licensing round covering an area
offshore West Greenland between 67° and 71°N (= the Disko West Area, Figure 1).
A preliminary strategic environmental impact assessment (SEIA) was carried out to
be included into the decision process (Mosbech et al. 2007a). When preparing this
SEIA, knowledge gaps were identified concerning biological background data.
Therefore, supplementary studies were initiated to fill some of these information
gaps, including projects on benthic fauna and flora, seabirds and marine mam-
mals to be performed in 2009-2011. The results of these studies are included in
this updated SEIA.



Summary and conclusions

This document is a Strategic Environmental Impact Assessment (SEIA) of activities
related to exploration, development and exploitation of hydrocarbons offshore
West Greenland between 67° and 71°N (= the Disko West area, Figure 1). The
area was opened for licence applications in 2006 and seven licenses were grant-
ed by the Bureau of Minerals and Petroleum (BMP), in 2007 and 2008.

The SEIA has been carried out by DCE - Danish Centre for Environment and En-
ergy- formerly known as National Environmental Research Institute (NERI) - and
the Greenland Institute of Natural Resources (GINR).

The assessment area is shown in Figure 1. This is the region that potentially could
be impacted by a large oil spill deriving from activities within the licence areas;
although the oil could drift beyond the borders of this area. The area to the north
of the assessment area is covered by another SEIA of hydrocarbon activities in the
Baffin Bay (Boertmann & Mosbech 2011).

The environment

The physical conditions of the study area are briefly described focusing on oceanog-
raphy and ice conditions, i.e. presence of icebergs and sea-ice in winter and spring.

The study area is situated within the Arctic region, with all the typical biological
properties of this climatic region: a relatively simple food web from primary pro-
ducers to top predators and with a few species playing a key role in the ecology of
the region. The most significant ecological event in the marine environment is the
spring bloom of planktonic algae, the primary producers in the food web. These
are grazed upon by copepaods, including the three Calanus-species which repre-
sent important key species in the food web in the assessment area.

Benthos is the fauna living on and in the seabed. Benthic macrofauna species are
an important component of coastal ecosystems. They consume a significant frac-
tion of the available production and are in turn an important food source for fish,
seabirds and mammals. The benthic community has been studied in the coastal
areas and offshore. Areas with high abundance and biomass of benthic species,
e.g. bivalves have been identified (e.g. Store Hellefiskebanke).

The macroalgae are found along shorelines attached to hard and stable substrate,
and may occur at a depth of more than 50 m. Biomass and production of littoral and
sub-littoral macroalgae can be significant and are important for higher trophic lev-
els of the food web. Studies concerning macroalgal diversity in the assessment area
have been carried out, documenting the importance of this group in coastal waters.

In and on the underside of the sea-ice a specialised ecosystem exists: the sym-
pagic flora and fauna. Algae living in and on the ice are grazed by small crusta-
ceans, which sustain populations of polar cod which again are important food to
ringed seals and seabirds

Sandeel occur also in dense schools on the banks (e.g. Store Hellefiskebanke) and
are important prey for some species of fish, seabirds and baleen whales.

Fish, seabirds, marine mammals and humans represent the higher trophic levels in
the marine environment, where polar bear and man are the top predators.



Seabirds are abundant with several species present in the study area. Many species
breed in dense colonies along the coasts, seaducks assemble in certain fjords and
bays to moult, and millions of seabirds migrate through the area on their passage
between breeding sites in Northwest Greenland and Arctic Canada and winter
grounds off Southwest Greenland and Newfoundland. Some of the most important
species are northern fulmar, common eider, thick-billed murre and little auk. During
their migration they depend on zooplankton and smaller fish, such as polar cod.

Thick-billed murre, common eider, black-legged kittiwake and ivory gull are all
red-listed in Greenland due to declining, or in case of the common eider, previ-
ously declining populations. Furthermore, some of these species are designated as
species of national responsibility (which means that the population in Greenland
is so large that the local management of the species is vital to the global popula-
tion), e.g. the little auk.

Marine mammals are significant components of the ecosystem. Four species of
seal, walrus, 14 species of whale, and polar bear occur in the assessment area. The
assessment area is particularly important to marine mammals in winter, because
vulnerable species such as narwhal, white whale (beluga), bowhead whale, wal-
rus, and polar bear occur in significant numbers.

Polar bear, walrus, bowhead whale, white whale and narwhal are all red-listed
because their populations have been reduced by present or past hunting or are
expected to decline because of climate change (especially polar bear).

Important areas and biological hotspots have so far been identified on Store Hel-
lefiskebanke, particularly the shallow part with a high diversity of benthic animals,
high densities of sandeels, very high concentrations of wintering king eiders, high
numbers of wintering bearded seals and white whales and the most important
winter site for walrus in West Greenland.

The Disko Bay area is another biological hotspot, very importnat for breeding sea-
birds (several significant breeding colonies), for wintering and migrating marine
mammals (narwhal, bowhead whale) and for northern shrimp and Greenland
halibut (extensive fisheries).

A third important area, at least during winter, is the winter habitat for narwhals in
central Baffin Bay.

These three areas are designated by IUCN as 'Ecologically and culturally Biologi-
cally Significant Areas' and is by Greenland proposed to PAME as ‘Arctic marine
areas of heightened ecological and cultural significance’ (Christensen et al. 2013).

The natural resources of the assessment area is utilised by the local human popu-
lation, by subsistence and small-scale hunting (marine mammals and seabirds)
and fishery in the coastal areas, and by a substantial commercial fishery in Disko
Bay and on the banks.

Commercial fisheries represent the most important export industry in Greenland,
and the main commercially exploited species within the assessment area are
Greenland halibut, deep-sea shrimp and snow crab.

Tourism is a growing industry in Greenland and now counts as the third largest eco-
nomic activity in the country. The number of guests staying in the Disko area, e.g. in
llulissat is increasing a trend also seen in the numbers of tourists brought in by cruise
ships. The coastal marine areas are an important asset for the tourist activities



For the assessment of the sensitivity and environmental impacts from petroleum
activities, knowledge on background levels of contaminants such as hydrocar-
bons and heavy metals is important. Owing to long-range transport into the Arctic,
the levels of certain contaminants, i.e. organochlorines, are high in Greenland, par-
ticular in the higher trophic level (e.g. whales, polar bears). In addition, new persis-
tent pollutants, such as brominated flame retardants and perflouronated chemi-
cals, have now appeared. Levels of petroleum compounds, including PAHSs, are
relatively low and are regarded as background concentrations, except in polluted
areas such as harbours where higher levels can be found. The present knowledge
concerning the relation between contaminant loads and biological impact, in-
cluding sub-lethal health effects or impairments of biota, is still limited.

Climate change will have profound impacts on the ecosystems and their com-
ponents in the Arctic. Changes in the distribution of species are to be expected,
e.g. northward move of true Arctic species and more temperate species become
more abundant, also in the assessment area. Alterations in the distribution and
abundance of keystone species at various trophic levels could have significant
and rapid consequences for the structure of the ecosystems with implications for
its functioning but also for fisheries and hunting. For some species and populations,
climate change may act as an additional stressor in relation to existing impacting
factors, leading to higher sensitivity to oil spill incidents.

Assessment

The assessment presented here is based on our present knowledge concerning
the abundance and distribution of species and their tolerance and threshold lev-
els toward human activities in relation to oil exploration and production. However,
since the Arctic is changing due to climate change, conclusions and assessments
may need to be adjusted in the future.

Normal operations - exploration

Exploration activities are temporary, probably lasting some years, involving differ-
entlicense areas. They will take place during the ice free seasons, i.e. summer and
autumn. Seismic and site surveys have in recent years been conducted as late as
November. Exploration drillings have to be terminated in the Disko West area by
the end of September to provide an ice free window for relief drilling before sea-
ice arrives.

If no commercial discoveries are made, activities will terminate and all installa-
tions be removed. If oil or gas is found, and appraisal shows it to economically
feasible to exploit, activities will proceed for up to 50 years under a license.

During exploration activities, the main environmental impacts derive from 1) noise
generated either by seismic surveys or the drilling platforms or 2) from cuttings and
drilling mud if these are released to the sea during the drilling process.

Seismic surveys

Noise from a seismic survey has the potential to scare adult fish away from fishing
grounds, but this effect is temporary and normal conditions will re-establish after
some days or weeks after the seismic survey, time period depending on fish species.

The fishery at risk of impact from noise from seismic surveys in the assessment area
is the Greenland halibut fishery. There is a risk of temporary (days or weeks) dis-
placement of fish which may cause reduced catches in that period.



It is well known that seismic noise can scare away marine mammals, but it is ex-
pected that the effect of a single seismic survey is temporary and that seals and
whales will return when a seismic survey have terminated. If displacement from
traditional hunting grounds occurs, a temporary reduction in hunting yield must
be expected.

The species most sensitive to noise from seismic surveys in the assessment area
are the baleen whales (minke, fin and humpback whales) and toothed whales
such as sperm and bottlenose whales. These may be in risk of being displaced
from parts of their critical summer habitats. A displacement would also impact
the availability of whales to hunters if the habitats include traditionally hunting
grounds. Narwhals, white whales, bowhead whales and walruses are also sensi-
tive to seismic noise, but their occurrence in the assessment area only overlaps
briefly with the time in which seismic surveys would take place.

As seismic surveys are temporary, the risk for long-term population impacts from
single surveys is expected to be low. But long-term impacts have to be assessed
if several surveys are carried out simultaneously or in the same potentially critical
habitats in consecutive years (cumulative effects). 3D seismic surveys, which are
typically conducted in relatively small areas, may cause more severe temporary
impacts on the marine mammals.

Noise from drilling rigs will also be temporary but locally more permanent than
seismic surveys. The most vulnerable species in the assessment area are the
whales and the walrus. If alternative habitats are available to the whales no ef-
fects are expected, but if several rigs operate in the same region there is a risk of
cumulative effects and displacement even from alternative habitats.

Release of drilling mud

During drilling operations, drilling mud (if water based) and cuttings will be re-
leased to the seabed, resulting in local impacts on the benthic fauna. Mitigating
such impacts include release of chemicals with low or no harm to the environ-
ment, as defined by OSPAR (HOCNF) standards. However, the knowledge on
degradation and toxicity of even the environmentally safe chemicals under Arctic
conditions is very limited, why use and discharge should be thoroughly monitored
and evaluated, including further testing of degradation and toxicity.

The use of oil based mud have untill now been prohibited, but may in the future be
allowed under strict regulation in order to prevent any release to the environment.

During exploration drilling, there is a risk of oil spills (see below).

Moreover, exploration drilling is an energy demanding process emitting large
amounts of greenhouse gasses. The drilling of three wells in West Greenland in
2010 increased the Greenland contribution by 15%.

Normal operations - development and production

Development and production activities are difficult to evaluate when their lo-
cation and the level of activity are unknown. Overall, impacts will depend on
the number of activities, how far they are scattered, and also on their durability.
In this context cumulative impacts will be important to consider. The activities
during development, production and transport are long-lasting, and there are
several activities which have the potential to cause severe environmental im-
pacts.
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Emissions and discharges

The largest contribution to pollution from an oil field is expected to be the dis-
charge of produced water (if not re-injected or transported to treatment facilities
on land). Besides oil residues, produced water contains small amounts of acute
toxic substances, radioactive substances, heavy metals, substances with hor-
mone-disruptive capacity and plant nutrients. Some of these substances have the
potential to bio-accumulate, but in general knowledge on long-term effects of
release of produced water are limited.

There is concern regarding the environmental impacts of produced water, par-
ticularly if it is released under ice. In combination with limited turbulence in the
surface layer, increased impacts could occur on ice communities or fish eggs, e.g.
from polar cod which accumulate here. The most obvious way to mitigate effects
of produced water is an effective cleaning before discharge or preferable re-inject
it into the well.

Drilling activities also occur during most of the production period, why large
amounts of muds and cuttings need to be disposed of. If released to the seabed
more severe impacts on the bottom fauna are to be expected than during explo-
ration because of the larger quantities released.

Development of an oil field and production of oil are energy-consuming activities
which will contribute significantly to the Greenland emission of greenhouse gases.
For example were the annual emissions from a single large Norwegian produc-
tion field more than twice the current total Greenland CO, emission. Several other
environmentally harmfull substances will be emitted to the atmosphere, including
NO, and VOC's,

Also discharge of ballast water is of concern because of the risk of introducing
non-native and invasive species. This is currently not a severe problem in the Arc-
tic, but the risk will increase with climate change and the intensive tanker traffic
associated with a producing olil field. However, this problem may be mitigated
when the IMO convention on ballast water is ratified.

Noise

Similar to exploration activities there will be a risk of displacement of marine mam-
mals from critical habitats during development and production. However, in this
case the effects are long term or even permanent. Walrus and whales, particularly
narwhal, white whale and bowhead whale are sensitive in this respect and may
be permanently scared away from specific habitats with consequences for the
populations. This could also impact hunters if quarry species are scared away from
traditional hunting grounds.

Intensive helicopter flying has also the potential to displace seabirds and marine
mammals from habitats (e.g. feeding grounds important for winter survival) as well
as traditional hunting grounds, impacting on local people. Applying fixed flying
lanes and altitudes will reduce impacts.

Placement of structures

Placement of offshore structures and infrastructure may locally impact seabed
communities and there is a risk of devastate important feeding grounds particu-
larly for walrus and king eider. In certain areas these structures may limit access to
critical habitats and walrus is probably the most sensitive species in this respect,
because the population is dependent on relatively few, shallow and localised
benthic feeding areas such as Store Hellefiskebanke.



Inland structures primarily have aesthetical impacts on landscapes, but there is
also arisk for obstruction of rivers with implications for anadromous Arctic char and
of damage to coastal flora and fauna.

Aspecific impact on fisheries is the exclusion/safety zones (typically 500 m) which
will be established around both temporary and permanent offshore installations.
These will hamper fishery for Greenland halibut and northern shrimp.

Another effect of exclusion zones is that they act as sanctuaries, and in combina-
tion with the artificial reefs created by the subsea structures (Kaiser & Pulsipher
2005), attract fish and even seals.

llluminated structures and the flame from flaring may attract seabirds during the
dark hours with the risk of mass mortality on especially eiders and perhaps little
auks.

There is also a risk for impacting the tourism in the assessment area, as large and
obvious industrial installations and activities will compromise the impression of an
unaffected Arctic wilderness, which is the main asset to cruise ship and other tour-
ist operators.

Cumulative impacts

There is a risk of cumulative impacts in case several activities occur simultaneously
or consecutive. Seismic surveys, for example, have a high potential to cause cu-
mulative impacts, in particular on marine mammals. Cumulative impacts may also
be caused in combination with other human activities, such as hunting.

Mitigation of environmental impacts

Careful planning concerning the placement of structures and establishment of
transport corridors based on detailed background studies to localize sensitive eco-
system components will reduce inevitable impacts. Strict Health, Safety and Envi-
ronment (HSE) procedures, application of the Precautionary Principle in combina-
tion with Best Environmental Practice (BEP), Best Available Technique (BAT) and
international standards (OSPAR) will further contribute to reduce environmental
impacts of both exploration and exploitation activities.

Accidents

The accident due to the activities described above with most severe environmen-
tal consequences is a large oil spill. Such oil spills may occur either during drill-
ing (blowouts) or from accidents during storing or transportation of oil. Nowadays,
large oil spills are rare events due to the technical progress and the improving HSE
policies. However, the risk cannot be eliminated and in an area with the presence
of sea-ice and icebergs, such as Disko West, the probability of an accident is el-
evated.

Oil spill trajectory modelling carried out by DMI as a part of this SEIA showed that
spills far from the coast (> 100 km) oil did not reach the coasts, while spills originat-
ing closer (< 48 km) had the potential to foul extensive stretches of the coast. This
means that oil spills from activities in the three eastern blocks Puilasoq, Orsivik and
Naternaq have a high probability of hitting sensitive coastlines throughout the as-
sesment area.

Large oil spills have the potential to impact the marine ecosystem on all levels,
from primary production to the top predators. A large oil spill represents a threat

11
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at population and even species level (AMAP 2010) and the impacts may last for
decades as documented in Prince William Sound in Alaska. The lack of adequate
response methods in ice-covered waters and the remoteness and lack of infra-
structure in larger parts of the assessment area will add to the severity of an oil spill.

Qilinice

In general, oil slicks occurring in the coastal zone are more harmful and cause
longer-lasting effects than oil spills staying in the open sea. This applies also to
the assessment area. Another especially vulnerable feature is ice covered waters.
Spilled oil will be contained between the ice floes and on the rough underside of
the ice. In this case, oil may be transported in an almost un-weathered state over
long ranges and may impact the environment, e.g. seabirds and marine mam-
mals, far from the spill site when the ice melts. Oil may also be caught along ice
edges and in the shear zone where sensitive ‘Valued Ecosystem Components’
(VECs) aggregate, such as primary production, zooplankton, polar cod, seabirds
and marine mammals. Particular concern has been expressed about polar cod
stocks. This fish spawns in late winter, and the eggs accumulate just below the ice
where spilled oil will also accumulate.

Moreover, knowledge on the behaviour of spilled oil in ice environments is still very
limited and the technology for the clean-up of oil spills in ice-covered waters is
inadequate and needs to be further developed (Brandvik et al. 2010).

Qil spills on sea surface

In open waters the impact of a surface oil spill on primary production, plankton
and fish/shrimp larvae will be low in the assessment area due to expected large
temporal and spatial variation of such events. There is, however, a risk of impacts
(reduced production) on localised primary production areas; although overall pro-
duction will probably not be significantly impacted. The same may be true for
potential localised concentrations of plankton and fish/shrimp larvae if they occur
in the uppermost part of the water column. But on a broad scale, no or only minor
effects are expected on these ecosystem components. An exception could be po-
lar cod, since higher concentrations of its eggs may occur under the ice and these
will be at risk if oil accumulates below the winter ice.

Subsea oil spills

If subsea plumes of dispersed oil are generated in the Disko West area, impacts
in the water column are to be expected for example on primary production, zoo-
plankton and fish/shrimp larvae.

Impacts in the coastal zone

The coastal zone of the assessment area is particularly sensitive because of the
high biodiversity present, including concentrations of breeding and moulting sea-
birds. The high sensitivity is also related to the fact that oil may be trapped in bays
and fjords, e.g. around Disko Island, where high and toxic concentrations can build
up in the water. Furthermore, local fishermen and hunters use the coastal zone
of the assessment area intensively. There will be a risk of negative impacts on
spawning concentrations of capelin in spring, Arctic char assembling outside their
spawning rivers and on many seabird populations both in summer and migration
periods. Long-term impacts may occur in the coastal zone if oil is buried in sedi-
ments, among boulders, in mussel beds or is imbedded in crevices in rocks. From
such sites oil seeps and causes a chronic pollution which may persist for decades.
In Prince William Sound in Alaska such preserved oil has caused long-term effects
e.g. on birds utilising the polluted coasts and several populations have still not re-
covered.



Impacts on the seabed

Bottom-living organisms such as bivalves, crustaceans or fish (sandeels) are vul-
nerable to oil spills; however, no effects are expected in the open water unless oil
sinks to the seabed. In shallow waters (<10-15 m), highly toxic concentrations of
hydrocarbons can reach the seafloor with possible severe consequences for local
benthos and thus also for species utilising the benthos - especially walrus, eider
and king eider. Again a subsea spill with the size and properties of the spill from
the Macondo-well in the Mexican Gulf which produced large subsurface plumes
of dispersed oil have the potential to impact the seabed communities in deep
waters too.

Impacts on fish

Impacts from a surface spill on adult fish stocks in the open sea are not expected.
But if an oil spill occurs in ice-covered waters there is a risk to polar cod popula-
tions. This is an ecological key species and significant impacts on polar cod stocks
may be transferred up in the food web (to other fish, seabirds and marine mam-
mals). Another exception is a subsea spill. This could impact both the fish directly
or through the food. Greenland halibut will also be exposed in both ways because
they move up in the pelagic waters to feed.

Impacts on seabirds

In open waters, seabirds are usually more dispersed than in coastal habitats. How-
ever, in the assessment area there are some very concentrated and recurrent sea-
bird occurrences in polynyas and in the shear zone. Post breeding concentrations
of staging birds (as thick-billed murres, Box 4) may also be vulnerable. Such con-
centrations of seabirds are extremely sensitive to oil spills and population effects
may occur in case of oil in one of these open-water habitats. The most vulnerable
species are thick-billed murre, little auk and king eider. Several nationally red-list-
ed species occur in the marine environment and will be exposed to potential oil
spills. The little auk is moreover a national responsibility species, because a vast
majority of the world population is found within the assessment area, where a
major oil spill could seriously affect the viability of the species.

Impacts on marine mammals

Among the marine mammals the polar bear is sensitive to oiling, and several in-
dividuals may become fouled with oil in case of a large oil spill in the marginal
ice zone. The impact of an oil spill may add to the general decrease expected
for the polar bear stocks (therefore red-listed both nationally and internationally)
as a consequence of reduced ice cover (global warming) and long-term over-
exploitation.

Whales, seals and walruses are also vulnerable to oil spills, particularly if they have
to surface in oil slicks. Baleen whales may get their baleens smothered with oil
and ingest oil. The extent to which marine mammals actively will avoid an oil slick
and also how harmful the oil will be to fouled individuals, but whales have been
observed moving directly into oil spills. White whales, bowhead whales and wal-
ruses are especially sensitive because they all have small or declining populations.
Oil spills (and disturbance) may therefore have disproportionably high impacts on
these populations. These species are also listed on the Greenland Red List.

The assessment area is particularly important to many whales (e.g. narwhal, white
whale, humpback whale, bowhead whale) because their main food intake takes
place (on an annual basis) here, even though they only spend a limited time of
their annual cycle here. Effects from oil spills (and disturbance) may therefore have
disproportionably high impacts on the populations.
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Recent studies indicate that whales and seals are very sensitive to inhaling oil va-
pours, and particularly narwhals, white whales and bowhead whales could be
vulnerable during an oil spill in winter when the availability of open waters is lim-
ited by the sea-ice. Walruses and other seals living in the ice may also be vulner-
able in this respect. There is also a risk of indirect impacts on walrus and bearded
seal populations through contamination of benthic fauna, especially at shallow
(<10-15 m) feeding grounds where oil may reach the seafloor. For some animal
populations oil spill mortality can to some extent be compensatory, while for oth-
ers it will be largely additive to natural mortality. Some populations may recover
quickly while others will recover very slowly to pre-spill conditions, depending on
their life strategies. A general decline in a population may be enhanced by oil
spill induced mortality. For species which are vulnerable to oil spills and are also
harvested, oil spill impacts could be mitigated by managing the harvest wisely
and sustainably.

Impacts on fisheries and hunting

An oil spillin the open sea will affect fisheries mainly by means of temporary closure
in order to avoid contamination of catches. Closure time will depend on the dura-
tion of the oil spill, weather, etc. Even though the offshore fisheries for Greenland
halibut within the assessment area is small (compared to other Greenland fisher-
ies for this species), a closure zone probably will extend further south and cover a
much larger area, including both Greenland and Canadian fishing grounds. In this
combined fishing ground approx. 13,000 t are taken annually.

The northern shrimp fishery in the assessment area is on a national scale very im-
portant and economic consequences can be significant in case of closure.

Oiled coastal areas would also be closed for fisheries for a period - the duration
of the closure would depend on the behaviour of the oil. There are examples of
closure for many months due to oil spills, particularly if oil is caught in sediments
or on beaches. The inshore fishery for Greenland halibut within the assessment
area is important on a national scale, and a closure of these fishing areas will have
significant economic consequences.zHunting in oil spill impacted areas can be
affected by closure zones and by changed distribution patterns of quarry species.

Impacts on tourism
The tourist industry in the assessment area will probably also be impacted nega-
tively by a large oil spill.

Long term impacts

In case an oil spill hits the coasts, long term effect of residual oil caught in the
beach sediments must be expected, as described from the Prince Williams Sound.
Here oil from the Exxon Valdez spill on 1989 still is present in such habitats and still
impacts the environment.

Mitigation

Oil spills shall be prevented and avoided. This is done primarily by high HSE levels,
knowledge on the risks and by applying the Best Available Technique (BAT) and
Best Environmental Practice (BEP) principles. If a spill occurs, efficient contingency
plans shall be in place including access to adequate equipment and oil spill sen-
sitivity maps where the most sensitive areas have been identified.

Information needs

Since the first edition of this SEIA a number of studies have been carried out to pro-
vide biological data which can be used in an operational context, i.e. for NEBAs,



ElAs, sensitivity mapping and regulation of activities. These studies are listed in
Section 12. However, many more biological topics have to be covered to provide
adequate data for operational purposes, and a number of studies - both of local
character, but also some which have a more general arctic outreach - are pro-
posed in Section 12.
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Sammenfatning

Indledning

Denne rapport er en strategisk miljgvurdering af aktiviteter forboundet med olieef-
terforskning og -udvinding i Disko Vest-omradet, som naermere bestemt er farvan-
det ud for Vestgrgnland mellem 67 og 71° N (Figur 1).

Der er tale om en revideret og opdateret version af en tidligere og tilsvarende
strategisk miljgvurdering udgivet i 2007. Opdateringen er primaert baseret pa ny
viden indsamlet gennem en raekke studier gennemfgrt i arene 2009 til 2011 (se
sektion 12), men for eksempel ogsa pa viden indsamlet, som en del af myndig-
hedernes miljgkrav, af olieselskabernes observatgrer (MMSO) pa de skibe, der har
udfgrt seismiske undersggelser.

| 2007/8 blev der gennemfgrt en udbudsrunde for et antal licensblokke i Disko
Vest-omradet, og 7 blokke blev udliciteret, efterfulgt af yderligere én blok i 2011.
Der har siden veeret udfart seismiske undersggelser i hele omradet, og i 2010 og
2011 gennemfarte selskabet Capricorn Greenland Exploration (selskab under det
skotske Cairn Energy) i alt 5 efterforskningboringer.

Miljgvurderingen er udarbejdet af DCE - Nationalt Center for Miljg og Energi og
Grgnlands Naturinstitut for Rastofstyrelsen i Grenland. Formalet med en strategisk
miljgvurdering er dels at danne grundlag for politiske beslutninger, dels at ggre
rede for det vidensgrundlag, som benyttes ved myndighedsbehandlingen og -re-
guleringen af olieselskabernes aktiviteter. Desuden skal den bidrage med opda-
teret viden til selskaberne, nar de skal udarbejde miljgvurderinger af deres speci-
fikke aktiviteter eller miljgafvejninger (Net Environmental Benefit Analysis - NEBA)
nar de skal afveje lgsninger, der pa forskellig vis pavirker miljget.

Omradet som rapporten daekker kaldes generelt for vurderingsomradet (the as-
sessment area eller Disko West assessment area), og med det er hele det vest-
grgnlandske havomrade mod nord til 78°N nu (2012 og 2013) omfattet af opda-
terede strategiske miljgvurderinger.

Rapporten beskriver det fysiske og biologiske miljg, inklusiv beskyttede omrader,
truede arter, niveauer af forurenende stoffer samt udnyttelse af de biologiske
ressourcer. Baseret pa denne beskrivelse af den nuvaerende situation, vurderes
de potentielle miljgmaessige konsekvenser af olieaktiviteter (herunder oliespild)
i omradet. Endelig gives der en oversigt over viden, der vil vaere ngdvendig at
tilvejebringe fremover som baggrundsviden til udarbejdelsen af miljgvurderinger,
miljgafvejninger, myndighedsregulering af aktiviteter m.m.

Aktiviteterne fra en komplet livscyklus for et oliefelt er kort beskrevet og sa vidt
muligt vurderet, med veegt pa de aktiviteter og haendelser, som erfaringsmaes-
sigt giver de vaesentligste miljgpavirkninger. Men da der ikke er erfaringer med
udvinding af olie i Grgnland, kan vurderinger af aktiviteter i denne forbindelse ikke
veere konkrete, og bygger pa erfaringer fra andre omrader med sa vidt muligt
sammenlignelige forhold. Der er iseer trukket pa den meget omfangsrige litteratur
om det store oliespild i Prince William Sund i Alaska i 1989, den norske miljgvurde-
ring af olieaktiviteter i Barentshavet (2003) og pa Arktisk Rads Arctic Oil and Gas
Assessment (AMAP 2010). Endvidere er der inddraget viden fra det i 2010 store
undersgiske olieudslip i den Mexicanske Golf, omend erfaringerne herfra endnu
er begraensede.



Pa grund af vejrforholdene og udbredt is om vinteren og foraret forventes efter-
forskningsaktiviteterne at forega i perioden maj til december. Hvis egentlig olie-
produktion pabegyndes, forventes der aktiviteter aret rundt.

Miljget

Disko Vest-omradet er beliggende i den arktiske zone og har de for denne klima-
tiske zone karakteristiske biologiske treek. Dvs. forholdsvis lav biodiversitet (undta-
gen bunddyr), korte fedekaeder og omrader med meget hgje koncentrationer af
organismer. Den lave biodiversitet modsvares af at visse arter er uhyre talrige, og
nogle af disse er ngglearter i det gkologieks system. Dvs. at de gkologiske systemer
og sammenhaenge er afthaengige af disse arters forekomst. Endelig er det karak-
teristisk at mange organismer har hgje indhold af fedtstoffer, som virker dels som
reserve til perioder uden fgdetilgang, dels som isolation mod kulde. Dette hgje
indhold af fedtstoffer har saerlig betydning i forbindelse med forurening af miljget,
fordi mange af de forurenende stoffer er fedtoplgselige og derved kan ophobes i
dyrenes fedtvaev.

Det vurderede omrade er lokalt meget rigt i biologisk/@kologisk forstand. Primaer-
produktionen om foraret er hgj, der er rige dyresamfund p& havbunden ligesom
der er store og meget vigtige forekomster af bade fugle og havpattedyr.

De fysiske forhold i vurderingsomradet er kort beskrevet med fokus pa oceanografi
og isforhold. Omradet er normalt mere eller mindre isdaekket om vinteren og om
foraret. Isfielde forekommer talrigt, iszer i Disko Bugt.

Langs kysten syd for Disko Bugt er der omrader, hvor der er isfrit ogsd om vinteren
(polynyer), pa grund af staerk tidevandsstrgm, og disse polynyer er af szerlig hgj
biologisk betydning og har hgj falsomhed overfor olieaktiviteter.

Plankton

Den mest markante gkologiske begivenhed i det marine miljg er forarsopblom-
stringen af planteplankton, som udger primeerproducenterne i fadekeeden. Disse
greesses af zooplankton, inklusiv de vigtige Calanus-vandlopper, som udger ngg-
learter i det marine gkosystem.

Plante- og dyreliv pd havbunden

Bunddyrene konsumerer en betydelig del af den tilgeengelige primaerproduktion
og udgar til gengeeld vigtige fadeemner for fisk, havfugle og havpattedyr. Artsan-
tallet er meget hgijt og teetheden af dyr p& bunden kan ogsa veere meget hgj, li-
gesom der er stor variation i sammenseaetningen af arter. Der mangler stadig viden
om den rumlige og tidsmaessige variation i de forskellige bunddyrssamfund og fra
omraderne langt til havs.

Makroalgerne (tang) findes langs kystlinjen tilknyttet hard bund og de forekom-
mer ud til ca. 50 m’s dybde. Biomassen og produktionen af makroalger kan veere
betydelig, og de er pA mange mader vigtige for de hgjere led i fadekaeden. Tang
er substrat for fastsiddende organismer og de store tangskove er vigtige omrader
for fiskeyngel, som her er beskyttet mod preedation, udtarring, stram og bglgeslag,
og endelig udnyttes tang ogsa direkte som fgdeemne. Der er stadig mange uaf-
klarede spgrgsmal om algerne i vurderingsomradet.

Bade bunddyr og tang indgik i de undersggelser, der ligger til grund for opdate-

ringen af denne rapport. Box 2 fortaeller om resultaterne af algestudierne og Box
3 om bunddyrsstudierne.
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Fisk

Fiskefaunaen i offshore omraderne, inklusiv fiskebankerne (de lavvandede omra-
der-udtil 200 m's dybde - pa kontinentalsoklen), er domineret af bundlevende ar-
ter, som hellefisk, helleflynder, radfisk, havkat, grenlandshaj samt andre ikke-kom-
mercielle arter. Den vigtigste fiskeart hellefisk, som lever pa store dybder bade pa
kontinentalskreenterne og i fiordene. Hellefisken gyder ikke i vurderingsomradet,
men bestanden fornys ved at larver fra gydeomrader laengere mod syd i Davis-
streede driver ind og slar sig ned. Tobis forekommer i taette stimer pa fiskebankerne
og udgger et vigtigt fademene for visse fisk, havfugle og bardehvaler (se Box 4 om
studier af denne fiskeart). Tobisen er den eneste fisk der gyder om sommeren.

| det kystnaere omrade gyder to vigtige arter om foraret: lodde og stenbider. Lod-
de er vigtig som fgdeemne for starre fisk, havfugle, havpattedyr. Fjeldgrred findes
ogsa i de kystnaere farvande, og vandrer op i elve for at gyde og overvintre.

Havfugle

| alt 16 arter af havfugle yngler i omradet (Tabel 5). De 15 yngler normailt i kolonier
pa stejlsider (fuglefielde) eller pa lave ger (fugleger). Der er flere meget vigtige
havfuglekolonier i omradet, heriblandt det store fuglefjeld ved Ritenbenk med ri-
der og polarlomvier, ggruppen Grgnne Ejland med landets starste koloni af hav-
terne, samt sjeeldne arter som thorshane og rosenmage og endelig de sma ger
Rotten og Breendevinskaer med lunder. Flere af de i kolonierne ynglende arter, er
pa den grgnlandske rgdliste over truede arter (Tabel 11).

Den sydlige del af vurderingsomradet er et vigtigt overvintringsomrade for eder-
fugl, kongeederfugl og polarlomvie. Seerlig er de lavvandede omrader pa Store
Hellefiskebanke af meget stor betydning for kongederfuglen, idet op til en halv
million fugle kan forekommer her samtidigt.

Bade forar og efterar treekker meget store antal havfugle igennem vurderings-
omradet mellem ynglekolonier i Nordvestgregnland og arktisk Canada og overvin-
tringsomrader i Sydvestgranland og Newfoundland.

Der var flere fugleundersggelser i blandt de studier, som har leveret ny viden til
denne rapport: Box 1 forteeller om forekomsten af plankton, fisk og fugle pa det
abne hav i september 2009. Box 5 forteeller om resultaterne af satellitsporing af
kongeederfugle, Box 6 om tilsvarende studier af polarlomvierne fra fuglefjeldet
ved Ritenbenk og Box 7 om havfuglenes fordeling pa det &bne hav.

Havpattedyr

Havpattedyr er et vigtigt element i det marine gkosystem. Fem arter af seeler fore-
kommer i vurderingsomradet, hvoraf ring-, remme- og spaettet seel yngler og klap-
myds og grgnlandsseel er geester fra yngleomrader der ligger udenfor (Tabel 8).
Hvalros har et meget vigtigt overvintringsomrade pa Store Hellefiskebanke, hvor
bestanden er opgijort til mellem 2300 og 3000 dyr. Disse dyr tilbringer sommeren
pa den canadiske side af Davis Straede.

Blandt hvalerne er der en gruppe som er vintergaester i vurderingsomradet - nar-
hval, hvidhval og grgnlandshval, mens et stgrre antal arter optreeder som som-
mergaester. Blandt disse er vdgehval, finhval og pukkelhval de talrigeste. Isbjgrn
forekommer vinter og forar i forbindelse med havisen.

Flere af de i vurderingsomradet forekommende havpattedyr er medtaget pa bade
den grgnlandske og den internationale rgdliste over truede atter (Tabel 11 og 13).



Blandt de baggrundsstudier, der blev gennemfart i perioden 2009-2011 var der to
som omhandlede havpattedyr. Begge var sporingsstudier udfagrt med satellitsen-
dere: Et om isbjgrne (Box 8) og et om grgnlandshval (Box 9).

Seerligt vigtige biologiske omrader

Seerligt vigtige biologiske omrader, ofte betegnet hot-spots, er lokaliserede til Store
Hellefiskebanke, seerligt de lavvandede dele (indenfor 50 m dybdekurven) og til
Disko Bugt.

Store Hellefiskebanke er om vinteren saerligt vigtig for hvalrosser, hvidhvaler, rem-
meseeler og kongeederfugle. Bunddyrsfaunaen er meget rig med hgje artsantal
og teette bestande af tobis.

Disko Bugt er vigtig for ynglende havfugle, idet her er mange store og/eller arts-
rige fuglefielde og -ger. Om vinteren og foraret er Disko Bugt et meget vigtigt om-
rade for grenlandshvaler, og ogsa narhvaler er i perioder talrige her. Endelig er der
vigtige fiskerier efter hellefisk og rejer.

Den centrale del af Baffin Bugt (i nordgsthjgrnet af det omrade rapporten her
deekker) er endvidere et vigtigt omrade for overvintrende narhvaler.

Disse tre omrader er af IUCN udpeget som EBSA'er (“gkologisk betydningsfulde
og sarbare marine omrader”), og er overfor PAME (arbejdsgruppe under Arktisk
Rad) foreslaet af Grgnland som sarbare marine omrader til udpegning som "Arctic
marine areas of heightened ecological and cultural significance" (Christensen et
al. 2013). Omrademe er ligeledes listet som "hgjest prioriterede sarbare marine
omrader” af Kongeriget Danmarks Strategi for Arktis 2011-2020.

Erhverv

Fangst og fiskeri

Menneskelig udnyttelse af de naturlige resurser er udbredt i hele omradet. Fangst
og fiskeri pa fritids og mindre kommerciel basis er udbredt i det kystneere omra-
de, mens et betydeligt kommercielt fiskeri foregar udenskaers og i Disko Bugt. Det
kommercielle fiskeri omfatter primeert dybhavsreje og hellefisk.

| kystnaere fravande fanges om foraret iseer lodde (til husholdningsbrug) og sten-
bider, hvis rogn indhandles. Fjeldgrred er ogsa en vigtig ressource i de kystneere
farvande. Flere andre fiskearter som for eksempel havkat og helleflynder udnyttes
i mindre skala, bade p& husholdningsniveau og kommercielt.

Fangsten i vurderingsomradet omfatter primaert seler, hvaler og havfugle, men
0gsd enkelte isbjgrne tages i omradet.

Turisme

Turisme er en voksende industri i Grgnland og udger nu det tredjestarste erhverv
p& landsbasis. Erhvervet benytter iseer de kystneere omrader og indenfor vurde-
ringsomradet findes Grgnlands vigtigste turistomrade: llulissat med UNESCO-ver-
densarv-omradet Isfiorden. Omradet besgges bade af turister der overnatter og
opholder sig i Grgnland og turister der stiger i land fra krydstogtskibe.

Klimaaendringer

Klimaaendringerne vil pavirke det marine gkosystem markant, specielt i de ark-
tiske egne. | vurderingsomradet ma det derfor forventes, at der vil ske aendringer
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i gkosystemet, som for eksempel i fordeling og teethed af ngglearter og eendret
sammensaetning af arter, idet nogle vil forsvinde og andre kommer til.

Fangst og fiskeri vil hgjst sandsynligt blive pavirket. Klimasendringer vil virke som
en ekstra stressfaktor for nogle havpattedyr og fugle, pa linje med f.eks. jagt og vil
medfare en hgjere fglsomhed overfor for eksempel oliespild. Andre arter kan blive
hyppigere og deres bestande mere robuste overfor oliespild.

Forurenende stoffer

Viden om baggrundsniveauer for forurenende stoffer, som for eksempel POP’er,
PAH’er og tungmetaller, er vaesentlig for at kunne vurdere sarbarheden og de mil-
jogmaessige konsekvenser af olieaktiviteter.

Visse forurenende stoffer har i Grenland hgje niveauer, herunder POP’er, pa grund
af langtransport af stofferne fra industrialiserede omrader. Niveauet er seerlig hgijt i
de gverste trofiske niveauer; hvaler og isbjgrne. Desuden er nye forurenende stof-
fer - bromerede flammehaemmere og perflurerede forbindelser - blevet pavist i
Arktis.

Med undtagelse af havneomrader er niveauerne af olieforbindelser, inklusiv
PAH'er, relativt lave i det marine miljg og svarer til de normale baggrundsveerdier.

Den foreliggende viden om forekomsten af forurenende stoffer i marine orga-
nismer i Grgnland, inklusiv vurderingsomradet, er ganske god, da dette emne
har veeret i fokus i mange ar i regi af Arktisk Rads arbejdsgruppe om forurening
(AMAP). Der foreligger derimod meget lidt viden om sammenhaengen mellem
kontaminantbelastning og biologiske effekter, inklusiv sundhedseffekter og funkti-
onsnedseettelser. Der mangler desuden viden om artsspecifik fglsomhed.

Miljgvurdering af olieaktiviteter

Vurderingerne i denne rapport bygger pa viden om arternes nuveerende for-
deling og deres reaktioner og adfeerd overfor olierelaterede aktiviteter. Klima-
eendringer forventes imidlertid at 2endre meget pa miljget i vurderingsomradet
i de kommende artier, og det er derfor ikke givet, at konklusionerne vil vaere
geeldende for fremtidige forhold. Desuden kan ny viden ogsa eendre pa kon-
klusionerne.

Efterforskning

Efterforskningsaktiviteter er midlertidige, de varer typisk nogle ar og vil for det me-
ste veere spredt ud over de tildelte licensomrader. Hvis der ikke findes olie, der kan
udnyttes, ophgrer aktiviteterne. Findes der olie, som vil veere gkonomisk attraktiv
at udvinde, vil aktiviteterne overga til udvikling og udnyttelse af oliefeltet (se ne-
denfor).

De vaesentligste pavirkninger fra efterforskningsaktiviteter er forstyrrelser fra stg-
jende aktiviteter (f.eks. seismiske undersggelser, boring og helikopterflyvninger) og
udledninger til det omgivne miljg.

Stgj

Seismiske undersggelser skaber hgje lydniveauer i det marine miljg og har po-
tentialet til at bortskreemme iseer fisk og havpattedyr. Effekterne er midlertidige
og eventuelt bortskraeemte dyr forventes at vende tilbage nar aktiviteten er ophart.



| vurderingsomradet er der derfor en risiko for at hellefisk vil blive skreemt bort fra
vigtige fiskeomrader, hvis de seismiske undersggelser foregar her. Rejer er deri-
mod ikke sarbare overfor seismiske undersggelser.

De overfor seismiske undersggelser mest sarbare havpattedyr er hvalerne. Om
sommeren er det iseer de mere almindelige arter som vagehval, finhval og puk-
kelhval, der risikerer at blive fordrevet fra vigtige fadesggningssteder. Vintergee-
sterne narhval, hvidhval, grgnlandshval og hvalros er ogsa sarbare over for stgjpa-
virkninger, men den periode de forekommer i vurderingsomradet overlapper kun
kortvarigt med den periode der kan udfgres seismiske undersggelser i, hvorfor der
ikke forventes vaesentlige pavirkninger pa disse arter.

Da seismiske undersggelser er midlertidige, er risikoen for langtidspavirkninger af
et enkelt seismisk togt lav. Der er dog en risiko for kumulative (dvs. ophobede) pa-
virkninger, for eksempel hvis der udfares flere undersggelser samtidig, eller hvis der
foregar undersggelser i det samme omrade over adskillelige seesoner i traek. Saerligt
de meget intensive 3D-seismiske undersggelser, der typisk foregar i begraensede
omrader, forventes at give anledning til mere markante midlertidige pavirkninger.

Stgj fra boreplatforme er ogsa midlertidig, og er i modsaetning til stgjen fra seismi-
ske undersggelser kontinuert og kilden er stationaer. Hvaler og hvalroser vil undga
sadanne stgjkilder. Safremt alternative habitater er tilgaengelige for hvalerne,
forventes der ikke nogen negativ effekt af aktiviteten, men hvis flere platforme
opererer samtidig i et omrade, er der risiko for kumulative effekter og bortskraem-
ning selv fra alternative habitater, hvilket i yderste konsekvens kunne medvirke til
bestandsnedgang.

Udledninger

Hvis der benyttes vandbaseret boremudder vil spaner og mudderrester normalt
blive udledt til havbunden. Boremudder indeholder en lang raekke kemikalier og
disse samt den fysiske pavirkning fra spanerne kan pavirke dyrelivet pa og i bun-
den lokalt (ud til ca. 250 m'’s afstand) omkring udledningsstedet. | Grgnland ma
normalt kun miljgvenlige stoffer udledes, dvs. (jvf. den norske inddeling af OSPAR-
konventionens klassifikations af kemialier) de sakaldte 'grenne’ og 'gule’, mens
'sorte’ ikke ma benyttes og 'rade’ kun hvis der give saerlig tilladelse.

Der skal foretages undersggelser af bundforholdene fer boremudder og -spaner
kan udledes. Disse undersggelser skal sikre at sarbare levesteder ikke pavirkes. Nar
udledningerne er afsluttet skal der udfares tilsvarende undersggelser for at kontrol-
lere om bestemmelserne er fulgt og om de har virket.

Efterforskningsboring er en energikraevende aktivitet som medfarer store udled-
ninger af drivhusgasser og andre stoffer til luften. De tre boringer i 2010 foregede
de gregnlandske udledninger af drivhusgasser med 15%.

Ved efterforskningsboring vil der veere risiko for oliespild (blow-out), som er omtalt
nedenfor.

Udvikling og produktion

Det er vanskeligt at vurdere pavirkninger fra udvikling og udnyttelse af et olie-
felt i vurderingsomradet, nar hverken placering eller omfang er kendt. Generelt
vil pavirkningerne vare leenge (artier) og mange af aktiviteterne har potentiale til
sveere miljgpavirkninger. Men de vil ogsa afhaenge af antallet af aktiviteter, deres
fordeling i omradet og af hvor leenge de pagar, og i den sammenhaeng er de
kumulative pavirkninger vaesentlige.
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Udledninger

De udledninger fra produktion af olie som giver starst arsag til bekymring for miljg-
pavirkninger, er de meget store maengder af produktionsvand (vand der pumpes
op sammen med olien). Dette vand indeholder sm& maengder olie samt mange
forskellige mere eller mindre miljgbelastende stoffer, som for eksempel akut gif-
tige stoffer, tungmetaller, radioaktive stoffer, stoffer med hormonvirkning og stoffer
med ggdningsvirkning. Nogle af disse stoffer kan ophobes i fadekaederne (bio-
akkumuleres). | Norge har undersggelser pavist akutte effekter pa fisk, der lever
teet pa udslipskilden, men fortynding ger denne pavirkning meget lokal. Den fore-
liggende viden om produktionsvands langtidspavirkninger i miljget er begraenset.
Udledt under is, kan man forestille sig at seerligt polartorsk kan pavirkes, fordi disses
aeg og larver samles lige under isen om foraret.

Boring vil fortseette under udviklings- og produktionsfasen, og boremudder og
spaner vil blive produceret i meget stgrre maengder end i efterforskningsfasen.
Udledninger (fra brug af vandbaseret mudder) bgr minimeres mest muligt, ved
at genbruge og tilbagefare materialerne og ved kun at udlede af miljgvenlige
kemikalier (se i gvrigt ovenfor).

Udledninger af ballastvand medfgrer en risiko for at introducere ikke-hjemme-
hgrende eller invasive arter. Derfor skal ballastvand behandles og udledes efter
seerlige regler. Invasive arter har hidtil ikke vaeret noget veesentligt problem i Arktis,
men risikoen vil stige i takt med klimasendringerne og den mere intensive trafik af
tankskibe som et producerende oliefelt vil medfare.

Endnu en vaesentlig udledning skal neevnes, nemlig drivhusgasser. Et produceren-
de oliefelt vil bidrage markant til Grgnlands udledning af disse. Som sammenlig-
ning kan naevnes at et af de store norske oliefelter i dag udleder mere end dobbelt
s& meget CO, som Grgnland samlet udleder hvert &r.

Stgj

Stgj fra positionering af platforme og boring, som vil fortseette i udviklings- og pro-
duktionsfasen, kan medfgre at hvaler skreemmes bort fra vigtige fedesggningsom-
rader. Dette er saerligt problematisk, hvis flere produktionsfelter er aktive samtidig.
Stgj fra skibe (inkl. isbrydere) og helikoptere, nu mere hyppigt end i efterforsknings-
fasen, kan ogsa medfare bortskreemning af bade havpattedyr og fugle fra vigtige
omrader. De mest sarbare arter i vurderingsomradet i denne sammenhaeng er
de kolonirugende havfugle, granlandshval, narhval, hvidhval, vagehval, finhval,
marsvin og hvalros. Traditionelle fangstomrader kan ogsa blive pavirket ved at
fangstdyr skreemmes veek herfra.

Fodaftryk

Installationer til havs og etablering af infrastruktur kan lokalt pavirke dyresamfund
p& havbunden og der er en risiko for at gdeleegge vigtige fourageringsomrader
for dyr, der dykker for at 2ede bunddyr. Det geelder primaert de overvintrende hval-
rosser og kongeederfugle pa Store Hellefiskebanke. Installationer i land kan lokalt
pavirke ynglende fugle, hindre fieldarreders opgang til gydeomrader, pavirke den
kystnaere flora og fauna, samt pavirke det aestetiske indtryk af ubergrt landskab.
Sidstnaevnte kan fa betydning for turismen.

Fiskeri vil i denne sammenhaeng pavirkes af de sikkerheds/afspaerringszoner (ty-
pisk 500 m) som etableres rundt om midlertidige eller permanente installationer
til havs, seerligt hvis de skal etableres i de omrader, hvor der fiskes intensivt efter
hellefisk og rejer.



Endelig vil oplyste installationer og gasflammer (flares) kunne tiltreekke havfugle
nar det er markt, og der er under saerlige vejrforhold en risiko for at store maengder
af specielt ederfugle og maske sgkonger kolliderer med installationerne.

Kumulative effekter

Der vil veere en risiko for kumulative effekter, nar flere aktiviteter foregar samti-
digt eller i forleengelse af hinanden. Eksempelvis har seismiske undersggelser et
stort potentiale for at forarsage kumulative effekter. Kumulative effekter kan ogsa
forekomme i kombination med andre menneskelige aktiviteter, s& som jagt, eller i
kombination med klimaaendringer.

Forebyggelse

Miligpavirkninger fra aktiviteterne i forbindelse med bade efterforskning, udvikling og
produktion begreenses bedst ved detaljeret miljgviden, ngje regulering, strikse HSE
(Health, Safety and Environmental) procedurer, ngje planlsegning og implementering
af Best Available Technique (BAT), Best Environmental Practice (BEP), forsigtigheds-
princippet og internationale miljgstandarder (f.eks. OSPAR (HOCNF) og MARPOL).

Oliespild

Det miljgmaessigt veerste uheld, der kan ske ved de ovennaevnte aktiviteter er et
stort oliespild. Et oliespild kan ske under selve boringen (blow-out) eller ved uheld
i forbindelse med opbevaring eller transport af olien. Store oliespild er sjeeldne
i dag, fordi de tekniske lgsninger og sikkerhedsforanstaltninger til stadighed for-
bedres. Risikoen er imidlertid altid til stede, og i et omrade som Disko Vest er den
forhgjet pa grund af havis og isbjerge.

Oliespilds beveegelser i Disko West-omradet er blevet modelleret af DMI (se afsnit
11.2 og Appendix 1). Dette arbejde viser at spild med oprindelse langt fra kysten
(>100 km) ikke ville n& ind til de sarbare kyststraekninger, mens spild taettere pa
kysten (<48 km) ramte kysten over varierende laengder.

Store oliespild kan potentielt pavirke alle niveauer af det marine gkosystem, fra
primeer-producenter til toppreedatorer. De kan udggre en trussel p& bestandsni-
veau, og pavirkningerne kan vare i adskillelige artier, som det er dokumenteret for
Prince William Sund i Alaska.

Virkningerne af et oliespild i Disko West-omradet kan blive mere alvorlige end i
sydligere farvande, fordi metoderne til at opsamle/fjerne oliespild i arktiske far-
vande med is endnu er utilstraekkelige eller stadig er under udvikling, og fordi Di-
sko West-omradet er afsides med ringe udviklet infrastruktur.

Det kystneere omrade i vurderingsomradet er saerlig sarbart, fordi olien her kan pa-
virke omrader med hgj biodiversitet. Sdrbarheden skyldes ogsa at olien kan blive
fanget i bugter og fjorde, hvor hgje og giftige koncentrationer af olie kan opsta i
vandsgilen. Der vil vaere risiko for negativ pavirkning af gydende fisk som lodde og
stenbider om foraret, af fieldarred som samles foran elvene og af mange havfug-
lebestande - bade om sommeren, i treekperioderne og seerligt om vinteren, da de
samles i taette flokke i abenvandsomrader.

Langtidspavirkninger kan forekomme i det kystnaere omrade, hvis olien indlejres
i sedimentet, mellem sten, i muslingebanker eller i klippespraekker. Fra sddanne
aflejringer kan olien langsomt sive og forarsage en kronisk forurening, der kan vare
ved i artier. | Prince William Sund i Alaska har sddanne olieaflejringer haft negative
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langtidseffekter for de fugle der udnytter de forurenede kyster og nogle bestande
er endnu pavirket. Det kystnaere omrade er ogsa meget vigtigt for de lokale fiskere
og fangere, og i tilfaelde af et oliespild, kan deres aktiviteter blive markant pavirket
af forbudszoner og sendrede fordelingsmgnstre blandt fangstdyrene. Turistindu-
strien vil ogsa blive negativ pavirket af et oliespild i det kystneaere omrade.

Ved et oliespild i isdeekket farvand vil olien indledningsvist blive fanget mellem
isflagerne og i sma hulrum pa isflagernes underside. Isen vil i farste omgang veere
med til at begreense udbredelsen af et oliespild, men da isen holder p& olien kan
den ogsa transportere den over lange afstande (uden veaesentlig nedbrydning),
og olien kan saledes pavirke miljget, f.eks. havfugle og havpattedyr, langt fra det
oprindelige udslip. Olien kan ogsa blive fanget langs iskanten eller i israndzonen,
hvor der isaer om foraret kan forekomme store og sarbare koncentrationer af pri-
meerproduktion, havfugle eller havpattedyr.

Primaerproduktion og zooplankton

Det vurderes, at pavirkningerne pa primeerproduktion og zooplankton fra et over-
fladespild i det abne hav vil vaere ubetydelige i vurderingsomradet pa grund af
den store udbredelse i tid og rum af disse elementer af gkosystemet. Men der kan
dog veere en risiko for en negativ pavirkning (nedsat produktion) pa primeerpro-
duktionen lokalt i forarsperioden.

Denne konklusion daekker formentlig ikke et undersgisk spild, som det fra Macon-
do-brgnden i den Mexicanske Golf i 2010. Her opstod store undersgiske skyer af
dispergeret olie pa forskellig dybde, og sddanne ma forventes at pavirke primaer-
produktionen, zooplankton og fiske/reje-larver staerkere end et overfladespild.

Fiske- og krebsdyryngel

Generelt er aeg og larver fra fisk og krebsdyr mere sarbare overfor olie end de
voksne individer, og under uheldige omstaendigheder, hvor oliespild falder sam-
men med hgje koncentrationer af fiskelarver / -aeg kan rekrutteringen til bestan-
dene taenkes at blive pavirket. Men sddanne hgje koncentrationsomrader for fi-
skelarver og -aeg er ikke pavist i vurderingsomradet, og det er ikke sandsynligt at
fiske- og rejebestanden vil blive pavirket af oliespild pa denne made. Polartorsk
gyder under havisen og aeg og larver samles lige under isen, hvor et oliespild ogsa
kan samles. Om der findes hgje koncentrationer af polartorskeyngel i vurderings-
omradet vides ikke, men de vil i givet fald veere meget sarbare.

Bundfauna

Bundlevende organismer som muslinger og krebsdyr er sarbare overfor oliespild,
om end der ikke forventes nogen effekter pa det &bne hav, med mindre olien
synker til bunden. P& lavt vand (<10-15 m) kan hgje koncentrationer af olie dog
na havbunden og draebe de bundlevende dyr. Det kan medfgre pavirkninger pa
de bestande af hvalros, ederfugl og kongeederfugl, som udnytter disse bunddyr.

Voksne fisk

Der forventes ikke pavirkninger fra et overfladespild p& voksne fisk i det &bne hav.
Et stort undersgisk blow-out vil derimod kunne ramme pelagiske og bundlevende
fisk langt til havs, enten direkte eller indirekte gennem fgdekaeden. Olie i isdeekket
farvand, vil ogsa kunne ramme polartorsk, som opholder sig lige under isen. | de
kystnaere omrader, hvor hgje og toksiske koncentrationer af olie kan opbygges i
beskyttede bugter og fijorde vil fiskebestande derimod kunne pavirkes, og her er
lodde, stenbider og grred saerligt sarbare i vurderingsomradet.



Havfugle

Havfugle er meget sarbare overfor olie i det marine miljg, idet de normailt tiloringer
megen tid p& havoverfladen. Sarbarheden er knyttet til deres fierdragt, som blot
ved meget sm& maengder olie mister isolations- og opdriftsevne. Olieramte fugle
dgr som regel hurtigt af underafkeling, sult eller drukning. | vurderingsomradet er
det kystnaere omrade seerligt sarbart, fordi der forekommer store koncentrationer
af fugle det meste af aret. Om sommeren er seerligt de hgje koncentrationer af
ynglefugle ved fuglefjeldene og fuglegerne udsatte, og om vinteren er de store
forekomster af ederfugle og kongeederfugle langs kysterne af den sydlige del af
vurderingsomradet og pa de lavvandede banker meget sarbare.

| treekperioderne efterdr og forar skal store meengder af havfugle igennem vurde-
ringsomradet, og disse vil ogsa veere sarbare over for oliespild, isaer hvis de raster
i store flokke i omradet.

Havpattedyr

Isbjgrne og seelunger er blandt de mest sarbare havpattedyr overfor den direkte
kontakt med olie. Selv en begraenset eksponering kan veere dgdelig, idet olien
dels reducerer pelsens isolationsevne, dels er giftig, hvilket seerligt isbjgrne er sar-
bare overfor, fordi de slikker pelsen ren.

Hvaler, seeler og hvalrosser kan pavirkes af oliespild pa havoverfladen. Bardehva-
lerne kan fa barderne indsmurt i olie og derved indtage olien med deres fgde.
Det kan pavirke filtreringsevnen eller fgre til forgiftning og skader i maveregionen.
De risikerer ogsa at indande oliedampe og at fa olie i gjnene. | hvilken grad hav-
pattedyr aktivt kan undgé at komme i kontakt med et oliespild og samtidig hvor
skadelig olien er for de ramte individer, er dog usikkert, men hvaler er observeret
svgmmende direkte ind i oliespild pa havoverfladen.

Oliespild i farvande med is udger et seerligt problem for de havpattedyr, som skal
til overfladen for at &nde. | hgje iskoncentrationer kan de blive nadt til at dykke ud
i vdger med olie og her indande oliedampe. Efter oliespildet i Prince William Sund
fandtes seeler med hjerneskader, som formentlig skyldtes indanding af oliedam-
pe, og 0gsa spaekhuggere menes at veere gaet tabt pa grund af dette feenomen.
| vurderingsomradet vil isaer vintergaesterne, narhval, hvidhval, grgnlandhval, rem-
meszel og hvalros veere sarbare i denne sammenhaeng.

Erhverv

Et oliespild pa det abne hav vil primaert pavirke fiskeri ved at det vil i en periode
blive stoppet i de oliepavirkede omrader. Dette geres for at forhindre fangst og
markedsfaring af forurenede fisk. | vurderingsomradet er fiskeri efter hellefisk og
rejer meget vigtigt, og stop herfor vil give veesentlige gkonomiske tab i regionen.
Men ogsa mindre vigtige fiskerier kan blive pavirket, for eksempel dem efter krab-
ber og stenbider. | den Mexicanske Golf var fiskeriet i store omrader lukket i op til
et ar efter Macondo-udslippet.

Fangst kan pavirkes dels ved at omrader lukkes for fangst dels ved at de jagtede
arters fordeling i omradet aendres.

Forebyggelse af oliespild

Oliespild skal farst og fremmest forhindres. Det ggres ved ngje myndighedsregule-
ring, strikse HSE (Health, Safety and Environmental) procedurer, ngje planlaegning
og implementering af Best Available Technique (BAT), Best Environmental Prac-
tice (BEP) og anvendelse af forsigtighedsprincippet.
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Sker spildet, skal grundige beredskabsplaner (inklusiv kortleegning af kysternes
sarbarhed overfor olie) veere pa plads ligesom effektivt teknisk udstyr skal vaere
tilgeengeligt.

| den sammenhaeng er det vaesentligt at papege at foreliggende viden om olie-
spilds adfeerd og skeebne i isdeekkede farvande er begreenset, ligesom at den
tilgeengelige teknologi til bekeempelse af olie i isdaekket farvand endnu er util-
streekkelig, men at den er under stadig udvikling og forbedring.

Manglende viden og nye undersggelser

Pa trods af de i 2009 til 2011 gennemfgrte undersggelser (Boxe 1-8) er der stadig
mangel pa information om gkologiske komponenter og processer i Disko Vest-
omradet. En forelgbig identifikation af vidensbehov i forhold til en miljgmaessig
forvaltning og regulering af kommende olieaktiviteter i Davis Streedet er at finde
i kapitel 12. For at forvalte kommende olieaktiviteter behgves der mere viden for
at kunne a) vurdere, planlaegge og regulere aktiviteterne, sdledes at pavirkninger
minimeres mest muligt; b) identificere de mest sarbare omrader og herunder, at
opdatere de eksisterende sensitivitetsatlas for oliespild; c) etablere baseline-viden
til brug i studier far og efter et eventuelt stort oliespild og til brug for selskabernes
miljgafvejninger (NEBA).



Kalaallisut naalisagaq

Aallaggaat

Imartami Disko Vest-imi, Kitaani allorniusat sanimukartut 67° og 71°N (Figur 1),
akornanniittumi uuliasiorluni uuliamillu galluinermi ingerlatanut tunngatillugu
nalunaarut una siumut isigaluni avatangiisinik nalilersuineruvoq.

Una tassaavoq siusinnerusukkut taamatut siumut sammisillugu avatangiisinik nali-
lersuinerup 2007-imi sagqummersinneqgartup allanngortiterlugulu nutarternera.
Nutarternegarnerani pingaartumik paasisiniaanerit 2009-miit 2011-mut ingerlan-
neqgartut nutaanik paasisaat tunngavigineqarput (takuuk sektion 12), aammali
ilaatigut avatangiisinut tunngatillugu oqartussat avatangiisinut piumasaqaataat
tunngavigalugit uuliasiogatigiiffiit umiarsuaanni sajuppillatitsisarluni misissuisunia-
laatsinaattuusut (MMSO) paasisaasigut ilisimalikkanik tunngaveqgarlutik.

2007/8-mi Disko Vestili akuersissutaateqarfiit arlallit negeroorutiginegarput,
taamaattut arfineq marluk negeroorutaapput taakkualu ataasiinnarmik 2011-mi
ilaneqarput. Tamanna tamakkerlugu 2010-mi 2011-milu ingerlatsivimmit Capri-
corn Greenland Exploration (ingerlatsivik skottit pigisaata Cairn Energy-p ataaniit-
tumit) sajuppillatitsisarluni misissuiffigineqarpoq tallimanillu misissuilluni qgilleriso-
qarluni.

Avatangiisinik nalilersuineq DCE - Nationalt Center for Miljg og Energi-mit pinngor-
titalerifimmillu Kalaallit Nunaanni Aatsitassarsiornermut Ikummatissarsiornermullu
Pisortagarfimmik sullissisumit suliarineqarpoq. Siumut sammisillugu avatangiisinik
nalilersuinermi politikikkut aalajangernissami tunngavissaqalersitsinissaq aam-
malu ilisimasatigut tunngavissanik pisortat uuliasioqatigiiffiit ingerlataannut tunn-
gasunik Killilersuinermillu suliagarneranni ilisimasanik atornegarsinnaasunik pis-
sarsiorfissanik pilersitsinissaq siunertarinegarpoq. Aammalumi ingerlatseqatigiiffiit
ingerlataminnut aalajangersunut tunngatillugu avatangiisinik nalilersuinerminni
imaluunniit (Net Environmental Benefit Analysis - NEBA) aaqqiissutissat assigiinn-
gitsutigut avatangiisinut sunniutigisinnaasaannik nalilersuinerminni ilisimasanik
nutaanik tunngavissaqartinniarlugit.

Imartaq nalunaarummi sammineqartoq nalinginnaasumik nalilersuiffimmik (the
assessment area eller Disko West assessment area) taagorneqarpoq tassaall-
unilu Kitaani imartaq avannamut allorniusap sanimukartup 78°N-ip tungaanoo-
rtoq massakkut (2012-imi 2013-imilu) siumut isigaluni avatangiisinik naliliinerusi-
masunik nutarteriffigiuneqartoq.

Nalunaarummi tamaani uumasogarnikkullu pissusit, sumiiffiit illersorneqartut,
uumasunut nungutitaanissamik ulorianartorsiortinneqartut, mingutitsinerup an-
nertussusia aammalu uumasut iluaqurtigineqartut ilanngullugit sammineqgarput.
Tamakkiununnga tunngatillugu ullumikkut pissutsit tunngavigalugit uuliasiornikkut
ingerlatat (ilaatigut tamaani uuliaarluernerup) avatangiisinut sunniutigisinnaasaat
nalilersorneqarput. Kiisalu ilisimasatigut siunissami avatangiisinik nalilersuinerit
pisariagartittarumaagaat, avatangiisit eqqarsaatigalugit nalilersuinerit, pisortat in-
gerlatanut tunngatillugu inatsisiliorneri ilil. takussutissiissutigineqarput.

Uuliasiorfiup aallatinneraniit matuneranut ingerlataasartut naatsumik nassui-
arnegarput, avatangiisinut sunniutit pingaarnerit nassuiaanermi pingaarneru-
tillugit. Kaslaallit Nunaannili uuliamik galluineq misilittagagarfigineganngim-
mat ingerlatamut taamaattumut atatillugu ingerlanneqartartunik nalilersuineq
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eqgorluinnarsinnaanngilag, misilittakkalli allani maani pissutsinut eqgaanar-
tuni ingerlanneqartunik tunngaveqarpoq. Pingaartumik Prince William Sundimi,
Alaskamiittumi 1989-imi uuliaarluerujussuarnermut tunngatillugu allaatigisarpas-
suit, norgemiullu Barentshavemi (2003) uuliasiornermut atatillugu avatangiisinik
nalilersuinerat aammalu Arktisk Radip Arctic Oil and Gas Assessment (AMAP
2010) pissarsiorfiginegarput. Aammalu 2010-mi Mexicanske Golf-imi immap ilu-
ani uuliaarlerujussuarneq pissarsiffigineqarpoq, naak tassannga misilittakkat suli
killeqaraluartut.

Silap pissusii ukiumilu sikuusarlunilu upernaakkut sikogartarnera pissutigalugu
uuliasiorluni ngerlatat majimiit decemberimut ingerlannegartarnissaat naatsorsu-
utiginegarpoq. Uuliamik galluinivik aallartissagaluarpat naatsortsuutigineqarpoq
ingerlatat ukioq kaajallallugu ingerlerumaartut ilimaginegarpoq.

Avatangiisit

Disko Vest issittumniippog tamaanilu klimamut nalegquttunik uumasogarfiulluni.
Imaappoq uumasut assigiinngitsut amerlanngillat (immap natermiut eqgaas-
sanngikkaanni), nerisaregatigiinnerit naatsuinnaapput aammalu amerlasooru-
jussuusartunik uumasuaqarfiulluni. Uumasut assigiinngisitaat ikittuinnaanerat
uumasut tamakkua ilaasa amerlasoorujussuunerannik illuatungilernegarpoq,
tamakkualu ilaat uumasogatigiifimmut pingaaruteqarluinnartuupput. Imaap-
poqg uumasogarfinnut uumsogatigiinnermullu uumasut tamakkua tamaaniinnerat
apeqqutaalluinnarluni. llisarnaatinullu ilaagujoq uumasut tamakkua ilarpas-
suisa annertuumik orsogarnerat, nerisassakilliornermut sillimmataallunilu issimut
illersuutaasumik. Taamatut annertuumik orsogarnerat tamaani avatangiisit min-
gutsinegarneranni pingaarutegarluinnarpoq, stoffimmi mingutitsissutigineqartut
ilarpassui orsumi arrortinnegarsinnaasarmata taamaattumillu uumassut orsuanni
katersuutilersinnaallutik.

Nalilersuiffiginegartumi uumasoqarnikkut/uumasoqatigiinnikkut pisoorujussuar-
qartiterpoq. Upernaakkut pinngoggaartogartarnera annertuvog, immap mnaqqga-
ni uumasogaqaaqg ammalu pingaarutilinnik timmiarpassuagarlunilu imarmiunik
miluumasorpassuagarpoqg.

Nalilersuiffiusumi pissusiusut naatsumik nassuiarneqarput oceanografii sikogassu-
serlu pingaarnerutillugit. Tamatuma annersaa ukiumi upernaakkullu sikuusarpoq.
lluliarpassuagarpoq, pingaartumik Disko Bugtimi.

Disko Bugtip kujataani sinerissap ilaa ukiuunerani sikogarneq ajorpoq
(aakkarnerusarluni), sarfarnerujussua pissutaalluni, aakkarnerillu tamakkua uu-
masogassutsimut pingaarluinnartuupput taamattumillu uuliasiornikkut ingerlata-
nut misikkarissorujussuullutik.

Tappiorarnartut

Immami uumasogarnikkut pisartoq malunnaateqarnerpaaq tassa tappiorar-
nartut naasuussut, nerisareqatitinnermi pilersuisuusut pingaarnerpaat, uperna-
akkut amerleriarujussuartarnerat. Tamakkua tappiorarnartunit uumasuusunit
nerisarineqartarput, ilaatigut kingunnit pingaarutilinnit Calanus-vandloppinit, tas-
saasunit immami uumasoqatigiinnermi pingaaruteqgarluinnartunit.

Immap naggata naasui uumasuilu

Immap naggata uumasuisa pinngorartuni ilarujussui nerisarpaat taamaattumil-
lu aalisakkanit, timmissanit imarmiunit miluumasunillu imarmiunit nerisaallutik
pingaarutegartut. Immap naqggani uumasoqatigiijaat amerlasooujussuusarput
aammalu uumasut assigiikkuutaat amerlasoorujussuusinnaasarput uumasullu



assigiinngisitaat ganoq katitigaanerat assigiinngisitaartorujussuusarluni. Avasis-
sumi immap naggata uumasuisa najortakkamikkut takkusimaartarnermikkullu al-
lanngorarnerannut tunngatillugu ilisimasat suli amigaateqgarput.

Makroalgit (qeqqussat) sinerissap ganittuani nagga manngertumiittarput 50 me-
terilu tikillugu itissusilimmiittarlutik. Uumasoqassusia makroalgillu pinngorarnerat
annertuujusinnasarpoq aammalumi nerisaregaritinnermi gaffasinnerusuniittunut
arlalitsigut pingaarutegartuullutik. Qeqqussat tassaapput organismit nipinngavii
gegquarpassuillu aalisakkat piaqgiorfigilluartarpaat toqqorfiullutik, panernaveer-
saarutaallutik sarfamut malinnullu illersuutaallutik gegqussallumi aamma ner-
isarineqartartuupput. Nalilersuiffimmi geqqussanut tunngatillugu apeqquitit ak-
issutissagartinngisat suli amerlagaat.

Immap naqgqgani uumasut geqqussallu nalunaarusiap uuma nutarternissaanut
tunngatillugu misissukkanut ilaapput. Box 2 geqqussanik misissuinerup inernerinik
Box 3-lu immap naggani uumasunik misissuinerup inernerinik oqaluttuarput.

Aalisakkat

Avataasiorfimmi, ikkannersuaqarfiit (ikkannerit 200 m angullugu itissusillit nunap
toggammavianiittut) ilanngullugit aalisagarineruaat immap natermiut, galeral-
lit, nataarnat, suluppaakkat, geeqqat eqalussuit aammalu aalisakkat allat aal-
isarnermut soqutiginaateqanngitsut. Aalisakkat pingaarnersaraat galeralik, iti-
soorsuarmiuusoq nunap toqgammaviata sivingarnini kangerlunnilu uumasuusut.
Qalerallit nalilersuiffimmi piaqqgineq ajorput, amerliartuutaalli ilaartuutaapput Da-
visstreedemi kujasinnerusumi erniaasuupput sarfaatitillutik tamaaniilersartut. Pu-
tooruttut amerlasoorsuullutik ikkannersuarniittarput aalisakkat ilaannut, timmissa-
nut imarmiunut arfernullu soggalinnut nerisaallutik (Box 4-mi takuuk aalisakkap
taassuma misissuiffiginegarnera). Putooruttut tamaani aalisakkani aasaanerani
suffisartortatuaavoq.

Sinerissap ganittuani aartit marluk pingaarutillit upernaakkut suffisarput: ammas-
sak nipisalu. Ammassak aalisannit annernit, timmkissanit imarmiunit miluumasuni-
llu imarmiunit nerisaanermigut pingaarutegarpoq. Egaluittaag immami sinerissap
ganittuaniipput, kuutsigut majorlutik tamakkunani suffillutillu ukiisarlutik.

Timmissat imarmiut

Tamaani timmissat assigiinngitsut katillugit 16-iusut piagqisarput (Tabel 5). Ta-
akkunannga 15-imit innani qutaarluusunit imaluunniit geqertani pukkitsuni
amerlasuukkuutaarlutik piaqgisarput. Tamaani innat timmiagafiit pingaarute-
garluinnartut arlagarput, taakkununnga ilaalluni Appat sanianni innaq taater-
aanik appanillu timmiaqarfissuaq, geqgertat Saattuarsuit (Grgnne Ejland) Kalaal-
lit Nunaanni imeqqutaalaqgarfiunerpaaq, aammalu timmissanit gaqutigoortunit
thorshane-nit rosenmagenillu najorneqartut, gegertaarannguit Rotten Silagann-
gitsulivillu gilanngaqgarfiusut. Tamakkua erniorfiit ilaat timmissanit nungutaasin-
naasutut kalaallit nalunaarsuiffianni nalunaarsorneqarsimasunit piaqqiviusarput
(Tabel 11).

Nalilersuiffiup kujasinnerusortaa mitit, mitit siorakitsut appallu ukiisarfiattut pin-
gaaruteqartuuvoq. Pingaartumik ikkannerit Store Hellefiskebankmiittut miternut
siorakitsunut pingaarutilerujussuupput, tassami timmissat millionit affaat angullugit
ataatsikkut tamaaniissinnaasarmata.

Upernaakkut ukiakkullu timmissat imarmiorpassuit nalilersuiffikkut ingerlaartarput
erniortarfimminnut Kalaallit Nunaata avannaani kitaaniittunut aammalu Cana-
dap issittortaaniittunut aamma Kujataani Newfoundlandimilu ukiisarfimminu-
karnerminni.
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Nalunaarummi uani ilisimasanut ilanngutassanik timmissanik misissuinerit arlallit
nutaat ilaapput. Box 1-ip ogaluttuarai tappiorarnartut, aalisakkat timmissallu septem-
berimi 2009-mi imaannarmi tamaaniittut. Box 5-ip ogaluttuara mitit siorakitsut gaam-
maatsakkortumik nalunaaqutsikkanik misissuinerup inerneri, Box 6 taamatut misis-
suinerit Appani appanik misissuineq Box 7-ilu imaannarmi timmissat sumiinnerat.

Miluumasut imarmiut

Miluumasut imarmiut immami uumasut pingaarnerit ilagaat. Nalilersuiffimmiip-
put puisit assigiinngitsut tallimat, taaakunannga natsiit, ussuit gasigissallu tamaani
piaqqiortuullutik, natsersuit aataallu tamatuma avataani erniorfimminneersut
aqqusaartugaralugu (Tabel 8). Aarrit tamaani pingaarutilimmik ujiisarfeqarput
Store Hellefiskebankimi, tamaaniittut 2300 3000-illu akornanniittutut nalilerneqgar-
lutik. Tamakkua Davis Streedip Canadamut atasortaani aasisarput.

Arferit ilaat ukiuunerani nalilersuiffimmiittarput - qilalukkat gaernertat, gaqortat
arfiviillu, amerlasuullu aasaanerani tamaaniittarput. Tamakkua ilagaat tikaagul-
liit, tikaagulliusaat gipogqgaallu amerlanerusarput. Nanoq ukiukkut upernaakkullu
sikuunerani tamaani naapitassaavoq.

Miluumasut imarmiut tamakkua nalilersuiffimmiittut ilaat arlallit kalaallit nunallu
allat nungusdsinnaasutut nalunaarsuiffiini nalunaarsorsimapput (Tabel 11 aam-
mal3).

Ukiuni 2009-2011-mut tunuliaqutassatut miluumasut imarmiut marluk misissuiffigi-
negartunut ilaapput. Taakkua marluk gaammataasatigoortunik nalunaaqutserlugit
malittarinegarput: nannut (Box 8) aamma arfiviit (Box 9).

Uumasogarfiit immikkut pingaaruteqartut

Uumasogqarfiit immikkut pingaarutegartut, taaneqarajuttut hot-spots, Store Helle-
fiskebankimiittut paasineqarput, pingaartumik ikkannersaani (50 m tikillugu ititigi-
sumi) Disko Bugtimilu.

Store Hellefiskebanke ukiuunerani immikkut aavernut, gilalukkanut gaqortanut,
ussunnut miternullu siorakitsunut pingaaruteqarpoq. Immap naqgga assigiinngit-
sorpassuarnik uumasogarfiuvoq putooruttogqagalunilu.

Disko Bugti timmissanut imarmiunut piaqgiortunut pingaarutegarpoq, tamaaniip-
pummi innat gegertallu timmiagarferujussuit. Ukiukkut upernaakkullu Disko Bugti
arfivinnut pingaarutegarluinnarpoq, aammalu gilalukkat gernertat piffissap ilaati-
gut tamaani amerlasoorsuusarput. Aammalu aalisarnermut pingaartut marluk,
qaleralik kinguppaallu annertuumik aalisarnegartarput.

Baffin Bugtip giterpasinnerusortaa (nalunaarusiorfiup avannamut kangimut isua)
gernertanut ukiisunut pingaaruteqgartuuvoq.

Sumiiffiit taakkua pingasut PAME-mit (Aktisk Radep ataani sulegatigiissitaq)
imartatut issittumi avannarlermi uumasoqgarnikkut kulturikkullu pingaarutilittut
toggarnegangajalerput, aammalu toqqarneqarlutik nunat assigiinngitsut tun-
gaanniit immatut uumasoqarfittut pingaarutilittut immakkullu angallannermut
misikkarissutut.

Inuussutissarsiorneq

Piniarneq aalisarnerlu
Pineqartoq tamarmi inunnit isumalluutimigut pinngortitamiittutigut iluaqutegarfiu-
vog. Piniarneq aalisarnerlu annertunngitsumillu sinerissap ganittuani aalisarneq



akissarsiorfittut ingerlanneqarpoq, avataasiorfimmili Disko Bugtimilu annertuumik
aningaasarsiutigalugu aalisarneqarluni. Inuussutissarsiutigalugu aalisarnermi pin-
gaartumik kinguppaat itisoormiut galerallillu piniarneqarlutik.

Sinerissap ganittuani upernaakkut pingaartumik ammassat (nammineq atugas-
sat) pisarineqgartarput, nipisallu suaat tunineqartarlutik. Egaluit sinerissap ganit-
tuani isumalluutinut pingaartunut ilaapput. Aalisakkat allat arlallit, soorlu geeqqat
nataarnallu annertunnginnerusumik iluaqutigineqarput, nammineq nerisassatut
niogqutissatullu.

Nalilersuiffimmi piniarnermi pingaartumik puisit, arferit timmissallu imarmiut sam-
minegartarput, nannullumi ataasiakkaat tamaani pisarineqgartarlutik.

Takornariaqartarneq

Takornariagartarneq inuussutissarsiutaavoq kaslaallit Nunaanni annertusiartortoq
massakkullu nuna tamakkerlugu isigigaanni inuussutissarsiutinut pingaarnernut
pingajunngorsimalluni. Inuussutissarsiornermi pingaartumik sinerissap ganittua
atorneqarpoq nalilersuifimmiipporlu Kalaallit Nunaata takornariaqarfiisa pin-
gaarnersaat: llulissat, sermimik aniatitsivia UNESCO-p nunarsuarmiut kingor-
nutaattut togqarsimasaa, takornariallu umiarsuarniit nunamut ikaarartarput.

Klimap allanngorneri

Klimap allanngornerisa annertuumik immap uumasoqgarfia sunniutegarfigisus-
saavaat, pingaartumik issittortaaniittut. Taamaattumik nalilersuiffiusumi uumaso-
gatigiinneq allannguutegarumaartoq ilimagisariagarpoq, assersuutigalugu uu-
masut pingaarnerit amerlassusiatigut sumiittarneratigullu aammalu uumasut
assigiinngitsunik akuleriissimanerat allanngorumaarluni, uumasummi ilaat tam-
marumaarput nutaallu takkukkumaarlutik.

Qularutissaanngitsumik piniarneq aalisarnerlu sunnernegarumaarput. Klimap
allanngorneri miluumasut timmissallu imarmiut ilaannut misikkarinnerulersitsiu-
maarput, assersuutigalugu uuliaarluernernut soorlu aallaaniarneqarnertulli. uu-
masut ilaat takussaanerulerumaarput amerliartorlutillu, tamakkualu uuliaarlu-
ernernut akiuussinnaanerujumaarput.

Stoffit mingutitsissutit

Stoffinut mingutitsissutinut, soorlu POP-it, PAH-t saffiugassanullu ogimaatsunut
pinngortitameereersunut ilisimasagarneq pingaarutegarpoq avatangiisit uulia-
siornikkut ingerlatanut sunniutinut eqgoruminannassusiannik naliliinissamut pin-
gaaruteqarpog.

Kalaallit Nunaanni stoffit mingutitsisut, ilaatigut POP-t annertoreerput, pissutigalu-
gu tamakkua maanga ungasissorsuarmi suliffissuagarfiusuniit assartornegarmata.
Tamakkua annertunerpaapput nerisaregatigiinnermi qutsinnerpaamiittunmut;
arfernet nannunullu. Mingutitsissutillumi nutaat - ikuallannaveeqqutit bromitallit
forbindelsillu perflureredesut - Issittumi avannarlermiittut paasisinegarsimavoq.

Umiarsualiveqarfiit eqgaassanngikkaanni uuliakujuit, ilaatigut PAH-t immami an-
nertugisassaanngillat nalinginnaasumillu tamaanneereersunit annertunerunatik.

Kalaallit Nunaanni, nalilersuiffik ilanngullugu, stoffit mingutitsisut immami uumasu-
niinneraammik ilisimasat ajoriinnagassaanngillat, tamannami Arktisk Rademi
sulegatigiissitamit (AMAP)-imit sammineqarluarsimammat. Akerlianilli mingutit-
sinerup uumasogarnermut ganoq ataqatigiinneranut tunngatillugu, soorlu peq-

31



32

qissutsimut sunniutai sulisinnaassutsimillu annikillisitsisinnaanerannut tunngatil-
lugu ilisimasat annikitsuararsuupput. Aammalumi uumasogatitigiikkuutaat ganoq
misikkaritsisiginerannut ilisimasat amigaatiginegarput.

Uuliasiornikkut ingerlatanut tunngatillugu avatangiisinik
nalilersuineq

Nalunaarusiami uani naliliinerit uumsut assigiinngitsut ullumikkut sumiinnerat
aammalu uuliasiornermut tunngatillugu ingerlatanut ganoq iliornerat tunngavi-
galugu nalilinerupput. llimagineqgarporli klimap allanngornerisa nalilersuiffiu-
sumi avatangiisit annertuumik allanngortikkumaarai, taamaattumik nalunarpoq
inerniliinerit siunissami ungasinnerusumi pissutsini aamma atuukkumaarnersut.
Aammami ilisimalikkat nutaat inerniliinerit allanngortissinnaavaat.

Ujarlerneq

Ujarlerluni ingerlata utaqgiisaannaapput, amerlanertigut ulialunnik sivisussuse-
gartarlutik aammalu akuersissutaateqaarfimmi sumi tamaani piumaarlutik. Uulia-
mik iluaqutigineqarsinnaasumik nassaartoqanngippat ingerlatat unissapput.
Uuliamik piassallugu akilersinnaasumik nassaartogarpat ingerlatat uuliasiorfim-
mik iluaqutegarnermut nuunnegassapput (ataaniittoq takuuk).

Ujarlernikkut ingerlatat akornusersuutaasumik sunniutiginerusartagaat tassaapput
nipiliortunik ingerlatat (assersuutigalugu sajuppillatitsisarluni misissuinerit, qgiller-
ineq helikopterillu angallannerat) aammalu avatangiisinut aniatitsineq.

Pisorpaluk

Sajuppillatitsisarluni misissuinerit immami sakkortuumik nipiliortarput aammalu
aalisakkanik, pingaartumillu miluumasunik imarmiunik nujuttitsisinnaallutik. Tam-
akkiuali gaangiuttussaapput aammalu uumasut nujutsinnegarsimasinnaasut in-
gerlatat unippata uterumaartut ilimanarpoq.

Taamaattumik nalilersuiffiusumi aalisarfinnit pingaarutilinniit galerallit nujutsin-
negarumaarput tamaani sajuppillatitsisarluni misissuisogarpat. Kinguppaalli saju-
ppillatitsisarluni ingerlatanit akornuseruminartuunngillat.

Sajuppillatitsisarluni misissuinernit miluumasut imarmiut eqggoruminarnerpaat tas-
saapput arferit. Aasaanerani pingaartumik nalinginnaanerusarput tikaagulliit, ti-
kaagulliusaat gipoggaallu neriniartarfimminniit pingaarutilinnit nujutsinneqarsin-
naagamik. Ukiukkut tamaaniittarput gilalukkat gernertat, gaqortat, arfiviit aarrillu
aamma pisorpalummit skornuseruminartuusut, piffissarli tamaaniittarfiat sivikitsuin-
narmik sajuppillatitsisarluni misissuinernik ingerlatsinermit attorneqartussaammat
uumasut tamakkua annertunerusumik sunnernegarnissaat ilimagineganngilaq.

Taamaattumik sajuppillatitsisarluni misissuinerit kipiumaarmata ataasiaannarluni
sajuppillatitsisarluni misissuineq sivisuumik atuuttumik akornusiinissaaq ilimanar-
pallaanngilag. Assigiinngitsulli ataatsimut sunniutigisinnaasaat, assersuutigalugu
misissuinerit arlallit ataatsikkut ingerlanneqgarnerisigut , imaluunniit misissuiffimmi
ataatsimi uteqqiattumik ukiut arlallit misissuisogarneratigut sunniuteqarnerlussin-
naaneq aarlerinarsinnaavoq. Pingaartumik sumiiffimmi annikitsumi sajuppillatitsi-
arluni misissuinerit 3D-seismiske undersggelsenik taaneqartut annertuut annertuu-
mik sunniutegarumaartut ilimagineqarpoq.

Qilleriveqgarfinniit nipiliorneq aamma utaqggiisaannaagallarpoq, tamannali sa-
juppillatitsisarluni misissuinernit alaalluni ingerlaavartuauvoq nipiliorfillu niker-
artuunani. Nipiliorfiit aamaattut arferit aarrillu ingalassimaniarumaarpaat. Arferit



allamik illikarfissaqqgissumik nassaassaqarpata tamanna akornutaasussatut ilim-
agineqganngilaq, kisiannili gilleriveqarfiit allallit ataatsikkut tamaani ingerlassap-
pata ataatsimut sunniutit najortagaliutaasinnaasumiit nujutitsisinnaapput taman-
nalu ajornerpaassaguni uumasogqatigiit ikileriarnerannik kingunegarsinnaavoq.

Aniatillugit eqgakkat

Maralluk gillerinermi atornegartoq imermik akuugaappat taava qillernerlukut im-
map naqganut eqqarneqartussaapput. Maralluk gillerinermi atornegartoq kemi-
kalianik arlalissuarnik akogarpoq tamakkualu aammalu qillernerlukut tamaani
immap nagqgata uumasui sunnersinnaavaat (qillerivimmiit 250 m missiliorlugu
ungasissusilik angullugu). Kalaallit Nunaanni akuutissat avatangiisinut akornuta-
anngitsut aniatiinnarneqarsinnaapput, imaappoq ‘qorsunnik’ ‘sungaartunillu’
taaneqartut (norskit OSPAR-konventionimi kemikalianik tulleriiaarineranik im-
mikkoortiterinerat malillugu) kisimik atoqqusaapput, ‘aappaluttullu’ taamaallaat
immikkut akuerinegarsinnaappata.

Marullukj qillerinermi atornegartoq qillernerlukullu aniatinnegalersinnagit im-
map nagga misissornegaqqarsimasussaavoq. Misissuinerit tamakkua uumaffiusut
akornuseruminartut sunnernerlunnegannginnissaat qularnaassavaat. Aniatitsin-
erit unippata misissuinerit taamaattut ingerlanneqaqqissapput peqqussutit malin-
neqgarsimanersut iluaqutaasimanersullut paasiniarlugu.

Ujarlerluni qgillerineq ingerlataavoq nukimmik annertuumik piumasaqartoq anner-
tuumillu naatsitsiviit gassiinik stoffinillu allanik silaannarmut aniatitsiviusoq. 2010-
mi gillerinerit pingasut taakkua kalaallit naatitsiviup gassiinik aniatitsinerat 15%-
imik annertusitippaat.

Ujarlerluni qgillerinerit uuliamik aniasoortitsisinnaanerat (blow-out), ataani eqqar-
tornegartoq, arlerigisassaavoq.

Ineriartortitsineq tunisassiornerlu

Nalilersuiffiusumi uuliagarfimmi ineriartortitsionermiit sunniutit nalilersoruminaatsu-
upput, sumiinnissaammi ganorlu annertutiginissaat ilisimannginnatsigu. Nalingin-
naasumik sunniutit sivisuumik (ukiuni qulikkuutaani arlalinni) sunniutegarumaarput
ingerlatallu ilarpassui avatangiisiinik annertuumik artorsartitsisinnaasuummata.
Aammali apeqqutaassaaq ingerlatat ganoq amerlatiginerat, sumiinnerat qanorlu
sivisutigisumik tamaaniinnissaat, tassungalu atatillugu ataatsimut sunniutit annikit-
suinnaassagunanngillat.

Aniatitsinerit

Uuliamik piiaanermit aniatitat avatangiisinut sunniuteqarnerlunnissaat isumaku-
lunnarnerpaavoq, imermi tunisassiornermi atorneqartartoq annertoorujussuuvoq
(imeq uuliamut ilanngullugu gallorneqartoq). Imeq taanna uuliamineerarpas-
suarnik avatangiisinullu annikinnerugaluartumik artorsartitsisunik assigiinnge-
gisunik akogarpog, assersuutigalugu toqunartut toqunarluinnartut, safflugassat
ogimaatsut, stoffit radioaktiviusut, stoffit hormoninut sunniutegartartut stoffillu nag-
gorissaatitut sunniuttartut. Stoffit tamakkua ilaat nerisareqatigiinnermi annertu-
siartorsinnaapput (timimut akuliussinnaapput). Norgemi misissuinerit takutippaat
aniatitsinerup aalisakkanut aniatitamut ganittumiittunutimaaliallaannaq sunniute-
qartarnerat, imerpallaanikkulli ganittuaniinnaq sunniuteqalersinneqgarsinnaasut.
Erngup tunisassiornermi atukkap sivisuumik avatangiisinut sunniusimasarneranut
tunngatillugu ilisimasat annikitsuinnaapput. Sikup ataanut aniatinnegarpat takor-
loorneqgarsinnaavoq eqgalukkat sunnerneqarsinnaanerat, tamakkuami suaat piar-
aallu tukerlaat sikup ataanut upernaakkut katersuuttarmata.
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Ineriartortitsinerup galluinerullu nalaani qgillerineq ingerlaannassaaqga, marallullu
qgillerinermi atotugaq qillernerlukullu misissuinerup nalaanut sanilliullugit anner-
tunerujussuussapput. Aniatitat (maralluup imermik akusap atorneranit) sapinngisa-
mik annikinnerpaatinniartariagarput, tamakkua atoqginnegarnerisigut aammalu
piiarnerlukut uterartinnerisigut kemikaliallu avatangiisinut navianannginnerusut
kisiisa aniatinnerisigut (qulaaniittoq takuuk).

Erngup ballastitut atornegartup aniatinneratigut uumasut maaniittuunngikkaluan-
ik maanilu amerliartulersinnaasunik akogarnissaa aarlerigisassaavoq. Taamaattu-
mik imeq ballastiutut atornegartup aniatinnegarnerani peqqussutit aalajangersut
malillugit tamanna ingerlasariagarpoq. Uumasut allameersut amerliartulersin-
naasut ajornartorsiutaanerat Issitumi Avannarlermi imatut ajornartorsiutaasi-
manngikkaluarpoq, aarlerinartorli tamanna klimap allanngoriartornera malillugu
Issittumi Avannarlermi umiarsuit uuliamik assartuutit uuliamik piaaveqarnerup
kinguneranik amerleriartorneratmalillugu ajornartorsiut annertusiartussaaq.

Aniatitsineq alla pingaarutilik taanegartariagartoq tassa naatitsiviup gassiinik ani-
atitsineq. Kalaallit Nunaanni uuliamik galluiveqarlerpat tamakkunminnga aniatit-
sineq annertusisitseriarujussurtussaavoq. Assersuutitut taaneqarsinnaavoq norgi-
miut uuliamik galluivissuisa ilaat ullumikkut Kalaallit Nunaata CO,-mik aniatitaata
marloriaataanik ukiut tamaasa aniatitsimmat.

Pisorpaluk

Qilleriviit inissinnegarneranni qillerinermillu pisorpalutitsineq inerartortitsinermi
tunisassiornermilu ingerlaannartussaavoq, tamatumalu arferit neriarfimminnit
pingaaruteqartuniit nujutsinnegarnerat kingunerisinnaavaa. Ajornartorsiullu tam-
manna suli annerussaaq uuliasiorfiit arlallit ataatsikkut ingerlappata. Pisorpalutit-
sineq umiarsuarneersoq (sikunik aserorterutit ilanngullugit) helekopterineersorlu
massakkut ujarternerup nalaaniit annertunerulersimassaaq, tamatumalu aamma
miluumasut imarmiut timmissallu neriniarfigilluartagaanniit nujutsissinnaavai. Tas-
sunga atatillugu nalilersuifimmi uumasut akornuseruminarnerpaat tassaapput
timmissat imarmiut amerlasoorsuullutik piaggiortartut, arfiviit, gilalukkat gernertut,
qagortat, tikaagulliit, tikaagulliusaat, niisat aarrillu. Piniariarfiusartutoggat amma
sunnernegarsinnaapput uumasut piniarneqartartut tamaannga nujutsinnegar-
pata.

Takussutissaalersut

Sanaartukkat immamiittut atortulersuinerullu tamaani immap naggani uumasuu-
sut sunnersinnaavaat aarlegqutissdaavorlu uumasut aqqgarlutik neriniarfinnaavis-
suinik innarliinissaat. Pingaartumik tassani aarrit mitillu siorakitsut Store Helle-
fiskebankimiittut eqqgarsaatigalugit. Nunami sanaartukkat tamaani timmissat
erniortartut ajoquserlugit, eqaluit suffiartoraluartut suffiffissaminnut anngussin-
naajunnaarsissinnaavaat, sinerissap ganittuani uumasut naasullu sunnersinnaal-
lugit aammalu nunap allanngortitersimanngitsup takuminartua sunnersinnaal-
lugu. Kingulleq taanna takornariaqarnermut sunniuteqarsinnaavoq.

Tamatumunnga atatillugu aalisarneq sunnernegarsinnaavoq tikeqgusaanngit-
sunik ungasisssusilersuilluni killilersuinikkut (500 meteriugajuttumik) immami utaq-
giisaasumik ataavartussamilluunniit atortulersuiffiusut avataanni, pingaartumik
tamakkua annertuumik galeralinnik kinguppannillu aalisarfiusumut inissinneqgar-
simappata.

Aammami sanaartukkat gaammarsakkat gasilu ikumatitaq (flares) taartillugu tim-
missanit imarmiunit taartoorfigineqarsinnaapput, silalu pissutigalugu pingaartu-
mik miterpassuit immaqalu appaliarsuit tamakkununnga aportarsinnaapput.



Ataatsimmortumik sunniutit

Ingerlatat assigiinngitsut ataatsikkut ingerlanneqarpata aammalu tamakkua ujig-
ulukuttuusimappata tamanna ataatsimut sunniutegarsinnaavoq. Assersuutigalu-
gu sajuppillatitsisarluni misissuinerit ataatsimut sunniuteqgarnissaat isumakulunnar-
torujussuuvog. Ataatsimut sunniutit aamma pisinnaapput inuit ingerlataannut allat
peqatigalugit, soorlu aallaaniarneq, imaluunniit klimap allanngorneri.

Pinaveersaartitsineq

Ujarlernermut, ineriartortitsinermut qalluinermullu atatillugu avatangiisinik sun-
niinerit avatangiisinut tunngatillugu sukumiisumik ilisimasagarnikkut Killiler-
simaanegarsinnaalluarnerupput, isumatuumik inatsisiliornikkut, sakkortuunik
HSE-mik (Health, Safety and Environmental) maligassagarmikkut, sukumiisumik
pilersaarusiornikkut aammalu pilersaarusiorlunilu Best Available Technique (BAT),
Best Environmental Practice (BEP)-mik malititsinikkut, nunarpassuit avatangiisinut
mianersuussinissamik piumasaqgaataannik (assersuutigalugu OSPAR (HOCNF) og
MARPOL) malinnillu ingerlatsinikkut.

Uuliaarluerneq

Avatangiisit eqqgarsaatigalugit ajornerpaamik pisinnaasoq tassa ingerlatat qu-
laani taagorneqartut uuliaarluerujussuarnermik pilersitsisinnaammata. Uuliaar-
luerniarneq (qillerinerup nalaani pisinnaavoq (blow-out) imaluunniit uuliap
togqortornerani angallanneraniluunniit ajutoornikkut. Ullumikkut uuliaarluerujus-
suarnerit gaqutigoortuupput, ilaatigut teknikikkut aaqgiissutit isumannaallisaatillu
pitsanngorsarneqartuarnerat pissutaallutik. Navianartuali taannaajuarpoq, Disko
Vestitullu ittumi navianartoq tamanna sikumit ilulissanillu annerulersinneqgarpog.

Disko Vestimi uuliaarluernerup ganoq ingerlasinnaanera DMI-mit missingersuu-
siorneqarsimavoq (tak. immikkoortoq 11.2 aamma ASppendix 1). Suliap taassu-
ma takutippaa sineriak ungasegalugu (>100 km) pisup sineriak isumakulunnar-
tortalik aangussanngikkaa, tiffasinnerusumili (< 48 km) uuliaarluernerup sineriak
assigiinngisitaartumik annertussuseqarluni uuliaarluernerup tippivigiumaaraa.

Uuliaarluernerujussuup immami uumasogaarfiit tamaasa sunnersinnaavai,
pinngoralegqgaaniit nerisareqatigiinnermi qullerpaanut. Qanoq uumasoqartigin-
era navianartorsiortissinnaavaa, sunniutaalu ukiuni qulikkuutaani arlalinni sunni-
usimasinnaapput, soorlu tamanna uppernarsaatissagartoq Alaskami Prince Wil-
liam Sund-imi pisukkut.

Disko West-imi uuliaarluernerup sunniutai kujsasinnerusumi pisumit anner-
tunerusinnaapput, issittummi imartaani sikulimmi uuliaarluernermik katersuineq/
peersineq suli naammaginartumik angusaqgarfiusimanngilaq sulilu ineriartortin-
neqarluni, Disko West-ilu avinngarusimasumiippoq annertunerusumik atortuler-
suiffigineganngitsumi.

Sineriak nalilersuiffimmiittoq ajoquseruminartorujussuuvoq, uuliammi tamaani ass-
digiinngisitaartunik uumasorpassualimmut ajoqusiisinnaavoq. Ajoqusernegarsin-
naassutsimut ilaavortaaq uulia iterlannut kangerlunnullu uninngalersinnaammat,
tamaanilu uuliap toqunartogarnerujussuaq immap itissusia tamaat sunniusimal-
ersinnaalluni. Aalisakkat, soorlu ammassak nipisalu upernaakkut suffisartut, eqaluit
kuuit akuini katersuuttartut aasami ingerlaarnerminnilu katersuuttartut, pingaar-
tumimmi ukiukkut ingerlaartartut imarnersanili egimattarsuullutik uninngaartartut
eqqgorneqarsinnaapput.
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Sinerissami sivisuumik sunniusimasarneq tamaani pisinnaavoq uulia kinnernut,
ujaqgat akorninut, uilogarfinnut imaluunniit quppanut unippat. Tamakkuninnga
uulia arriitsumik aniarusaarsinnaavoq taamaalillunilu ataavartumik mingutitsil-
ersinnaalluni ukiunik qulikkuutaanik sivisussusegarsinnaasumik. Alaskami Prince
William Sund-imi taamaattuni uuliaarluernerit sivisoorsuarmik timmissanut tama-
tuminnga iluaquteqartunut sunniusimavoq suli atuuttumik. Sinerissattaaq ganittua
tamaani aalisartunut piniartunullu pingaarutegartorujussuuvoq, uuliaarluertogar-
pallu ingerlataat annertuumik sunnerneqarsinnaapput tikegqusaanngitsulersuin-
ermit piniakkallu allanngornerannit. Takornariartitsineq aamma sinerissap ganit-
tuani uuliaarluernermit ajortumik eqgornegaarsinnaavoq.

Imaq sikuutillugu uuliamik aniasoornermi uulia aallaggaammut sikut akorninut
aammalu sikut ataanni itersiumanernut unerassaag. Aallaggaammut sikup uuliap
siaruarnissaralua pakkersimaassavaa, sikumulli uulia nipinngammat uuliaarlu-
erneq sikumit ungasissorsuarmut ingerlanneqarsinnaavoq (annertunerusumik
nungujartorani), uuliallu avatangiisit, assersuutigalugu timmissanik miluumasunillu
imarmiunik uuliaarluerfimmit ungasissorsuarmiittunik mingutitsisinnaalluni. Uulia
aamma sikup sinaavani sinaanullu ganittumi uniinnarsinnaavoq, pingaartumik
tamanna upernaakkut pinngorartorpassuarnik, timmissanik miluumasunillu ima-
rmiunik mingutsikkuminartullu amerlasoorsuarnit najorneqartarpog.

Pinngorartitsineq tappiorarnartullu uumasuusut

Nalilernegarpoq pinngorartitsineq tappiorarnartullu uumasuusut imaannarmi
nalilersuiffimmi immap gaavata mingutsinneqarneratigut annikitsuinnaajumaar-
tut pissutigalugu siammarsimaffiat piffissarlu uumasoqatigiitm tamakkua takkusi-
maartarfiat annertogimmata. Qanittumili pinngorartogarnerata upernaakkut ajo-
qusernegarnissaa aarlerinarsinnaavoq (annikinnerusumik pinngorartitsineq).

Nalilinerup taaassuma immap iluani mingutitsineq, soorlu Macondobrgndimi, Mex-
ico Golfimi 2010-mi pisutut ittoq pigunanngilaa. Tamaanimi immap iluani itissutsini
assigiinngitsuni uuliaarluerneq pujuusarsuanngorluni tissumarpoq, taammaattullu
pinngorartogarneranut tappiorarnartunullu uumasuusunut aalisagaaqqanullu sun-
niutegarnerlunnissaa immap gaavani mingutitsinermiit ilimanarneruvog.

Aalisakkat peqquillu piaraat

Nalinginnaasumik aalisakkat pequillu suaat inersimasuninngarnit ajoquseru-
minarnerusarput, eqquinerlukkaannilu uuliaarluerneq aalisagaaqqgat / suaat
egimmateruttornerisa nalaanni pisappat tamaakkua amerliartornerat eqqorner-
lunneqarsinnaavoq. Aalisagaaqqgalli suaallu taama amerlatigisarnerat nalil-
ersuifimmi malugineganngilag, aalisakkat kinguppaallu taamatut uuliaarlu-
erneqarpat sunnernerlunnegarnissaat ilimanarpallaanngilag. Eqgalukkat sikup
ataani suffisarput suaallu tukerlaallu sikup ataani katersuuttarput uuliaarluernerup
katersuuffigisinnaasaani. Annertuumik nalilersuiffimmi egalukkat piaraqarfeqarn-
ersoq ilisimaneganngilaq, taamaassimappalli assut akornuseruminartussaapput.

Immap naggani uumasut

Uumasut soorlu uillut peqquillu uuliaarluernikkut ajoquseruminartuupput, naak tama-
tuma imaannarmi pinissaa ilimagineganngikkaluartoq uulia immap naqganut
kivinngippat. Ikkattumili (< 10-15 m) annertuumik uuliagarpat uumasut nalermiut to-
gorarnegarsinnaapput. Taamaappat immap natermiunik tamakkuninnga iluaqute-
qartunut, aavernut, miternut siorakitsunillu mitegarneranut sunniutegarsinnaavoq.

Aalisakkat inersimasut

llimagineganngilag immap qgaani uuliaarluernermit aalisakkat inersimasut im-
aannarmiittut sunnernegarumaartut. Annertoorsuarmik immap iluani blow-out-ili
avasissorsuugaluartumi aalisakkat ikerinnarmiut toggaannartumik nerisareqa-



tigiinnikkulu toqgaannanngikkaluartumik eqgqgornerlussinnaavai. Uuliap immami
sikuusumiittup eqgalukkat sikup atinnguaniittut aamma ajoqusersinnaavai. Siner-
issap ganittuani uuliap toqunartuisa annertuneruffianni uulia iterlanni kangerlun-
nilu tamakkua annertusiartorfigisinnaasaanni aalisakkat sunnrneqarsinnaapput,
tamaaniipput ammassat, nipisa eqaluillu pingaartumik nalilersuiffiusumi sunneru-
minartorujussuusut.

Timmissat imarmiut

Timmissat imarmiut immami avatangiisiniittut uuliaarluernermit ajoquserumian-
rtorujussuupput piffissap ilarujussua tamaani mitsimaartaramik. Tamatumunnga
pissutaavoq megqogarnerat, meqquimi annikitsunnguamilluunniit uuliaarluer-
aangamik ogorunnaartarput puttasinnaanerallu aserornegartarluni. Timmissat
uuliaarluersimasut erninna qiullutik, perlerlutik ipillutillunniit toqugajupput. Nalkil-
ersuiffimmi sinerissap ganittua aarlerinarnerpaavoq, tamannami ukiup annersaa
timmiarpassuit najortarpaat. Aasaaneranitimmiarpassuit innani gegertanilu piaqg-
giortut isumakulunnarnerupput ukiumilu miterpassuit siorakerpassuillu nalilersuiffi-
up kujasinnerusuani sinerissami ganittuaniittut ikkannersuarniittullu assut aarleri-
gisariagarput.

Ukiakkut upernaakkullu timmiarpassuit imarmiut nalilersuiffik agqusaallugu inger-
laartartut aammab uuliaarluertoqassappat navianartorsiortorujussuussapput, pin-
gaartumik egimattarsuullutik tamaani uninngaarnerminni.

Miluumasut imarmiut

Nannut puisillu piaraat toqgaannartumik uuliaarluernissamut aarlerinartorsiorner-
paapput. Annikikkaluartumilluunniit uuliaterneq toqussutaasinnaavoq, uuliammi
amiata oqussusia annikillisittarpaa, aammalumi toqunartogarpoq, tamannalu
pingaartumik nannunut ulorianartuuvoq meqqutik aluttorlugit salittarmatigit.

Arferit, puisit aarrillu immap gaavani uuliaarluernermit sunnernegarsinnaapput.
Arferit soqqallit soqgaat uuliakutersinnaapput taamalu nerisamikkut uuliatuler-
lutik. Soqaasa nakkartitsivittut atornerat sunnersinnaavaa imaluunniit toqunarto-
galersitsillutik agajaggumikkullu ajoquserneqgarsinnaallutik. Uuliallumi aalarnera
anersarnerminni najuussorsinnaavaat isimikkullu uuliakutersinnaallutik. Qanoq
miluumasut imarmiut uuliaarluerneq ingalassimaniarsinnaatigineraat aamma-
lu uulia uuliaarluertunut ganoq ajoqutaatiginnaasoq suli nalorninarpoq arferilli
takunegartarput immap gaavani uuliaarluerneq aqqusaarlugu ingerlasut.

Immami sikulimmi uuliaarluerneq suli immikkut ajoqutaavoq miluumasunut ima-
rmiunut anersaariartorlutik puisariaqartartunut. Sikut egingatillugit ammalatatigut
uuliaarluersimasutigut pikiarsaartariaqartarnerat pisariagarsinnaasarpoq tassani-
lu uuliap aalanngornerinik najuussuillutik. Prince William Sundimi uuliaarluernerup
kingornagut puisit qaratsamikkut ajoquteqalersimasut naammattoornegartarput
uuliap aalanngornerinik najussuisimanerannik pissutegarunartumik, aarluittaaq
tamanna pissutigalugu toqusarsimagunarput. Nalilersuiffimmi pingaartumik ukiu-
unerani tamaaniittarut, gilalukkat gertat, gaqortat, arfiviit, ussuit aarrillu tama-
tuminnga eqgoruminarnerussapput.

Inuussutissarsiorneq

Imaannarmi uuliaarluernerup pingaartumik aalisarneq eqqortussaassavaa
uuliaaluerfiusimasunimi  piffissap ilaatigut aalisarsinnaajunnaartassammata.
Taamaaliortoqassaaq aalisakkanik minguttitaasimasunik pisagartogaranilu nio-
gquteqartorgarsinnaanera unitsinniarlugu. Nalilersuifimmi galeralinniarneq king-
uppanniarnerlu pingaarutilerujussuupput, unitsinnegarpatalu tamanna tamaani
aningaasarsiornermut mikigisassaanngitsumik annaasagaataasussaavoq. Aal-
isarnerittyaaq pingaannginnerugaluartut sunnernegarsinnaapput, assersuuti-
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galugu saattuarniarneq nipisanniarnerlu. Mexicanske Golfimi aalisarfinni anner-
toorsuarni Macondo-mi uuliamik aniasoorrujussuarnerup kingorna ukioq ilivitsoq
angullugu matogqgatinneqarpoq.

Piniarneq sunnerneqarsinnaavoq piniarfiit ilaasa matuneqarnerisigut aammalu
piniagassat tamaaniittut takkiusimasarnerisa allannguutegarnerisigut.

Uuliaarluersinnaanerup pitsaaliorneqarnera

Uuliaarluersinnaaneq sapinngisaq tamaat pinaveersaartittariagarpoq. Taman-
na anguneqarsinnaavoq pisortat killilersuinerisigut, sakkortuumik HSE atorlugu
(Health, Safety and Environmental) aammalu Best Available Technique (BAT),
Best Environmental Practice (BEP) periaasegarnikkut aammalu mianersdortus-
saanerup atorneqarneratigut.

Aniasoortogarpallu peqqissaartumik iliuuseqarnissamut pilersaarutit (sinerissallu
uuliaarlueqgffiginegarnissamut ganoq navianartorsiortigineranni nalunaarsuineq
ilanngullugu) piareersimalluinnartariagarput aammalu teknikikkut atortussat pit-
saasut piareersimatinneqartariaqarlutik.

Tassunga atatillugu tikkuassallugu pisariagarpoq sikulimmi uuliaarluernerup
ganoq pisarneranik ilisimasat pigineqartut killeqarmata, aammalu uuliap immami
sikulimmi akiorniarnegarneranut teknologi pigineqartoq suli naammanngimmat,
kisiannili ineriartortittuarlugulu pitsanngorsartuarneqarluni.

llisimasatigut amigaatit misissuinerillu nutaat

Naak 2009-miit 2011-mut misissuinerit ingerlanneqaraluartut naammassineqgarsim-
agaluartut (Boxit 1-8) suli Disko Vestimi uumasoqgarnermi pissutsinut tamatumunnalu
pisunut tunngatillugu paasissutissanik amigaateqarpoq. Utaqgiisaagallartumik Da-
vis Streedemi uuliasiornikkut ingerlataajumaartut kapitali 12-imiipput. Uuliasiornikkut
ingerlanneqgalerumaartut pisortatigut aqussinnaagjumallugit a) nalilersuisogarsin-
naavoq, ingerlatassat pilersaarusiorlugit ingerlallut peqqussusiorfigalugit sunniutit
sapinngisamik annikinnerpaatinniarlugit; b) sumiiffiit uuliaarluernermit ajoquserumi-
narnerusut suuneri paasiniarlugit ilanngullugulu misikkarissutsimut atlasit pigineqar-
tut nutarterlugit; c) ilisimasat baseline-viden taaneqartut pilersillugit paasiniaanerit
annertuumik uuliaarluerneq sioqqullugu kingornatigullu ingerlatsiviit avatangiisinut
tunngatillugu ganoq iliuusissaannut (NEBA) atugassanik.



Figure 1. The assessment area,
existing licence blocks and the
surrounding areas in central West
Greenland, including main cities
and important shallow-water shelf
banks.

1 Introduction

In 2006 an area offshore West Greenland between 67 and 71° N (= the Disko
West Area) was opened for hydrocarbon exploration, and licences were granted
in 2007 and 2008. The area includes the north-eastern part of the Davis Strait and
the south-eastern part of Baffin Bay, with Disko Island as the most prominent land
feature on the Greenland coast (Figure 1).

This document is a strategic environmental impact assessment (SEIA) of expected
activities related to exploration for and exploitation of hydrocarbones in the Disko
West area in the Greenland part of southern Baffin Bay. The SEIA was initiated and
funded by the Bureau of Minerals and Petroleum (BMP), and prepared by DCE
- Danish Centre for Environment and Energy - formerly National Environmental
Research Institute (NERI), Denmark - and the Greenland Institute of Natural Re-
sources (GINR).
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For the assessment many sources of information, including impact assessments
of oil activities from more or less similar areas have been used. In particular the
assessment from the Lofoten-Barents Sea area in Norway (Anon 2003b) and the
white paper No. 8 (2005) and No. 10 (2011), concerning the integrated man-
agement of the marine environment of the Lofoten-Barents Sea area have been
drawn upon for comparison of potential impacts, because the environment there
is comparable to West Greenland waters in a number of respects. Another impor-
tant source of information is the Arctic Council’s working group’s (AMAP) Oil and
Gas Assessment (AMAP 2010) available on the AMAP homepage (www.amap.
no). In addition, the extensive scientific literature and various reports form the Exx-
on Valdez oil spill in 1989 has been a valuable source of information.

Several strategic background studies were initiated to supplement the background
knowledge and fill data gaps relevant to this assessment (Section 12). Many results
from these studies are included in a preliminary form, as they have not yet been
published in a scientific context.

It is important to stress that a SEIA does not replace the need for site-specific Envi-
ronmental Impact Assessments (EIAs). The SEIA provides an overview of the physi-
cal and biological environment in the licence blocks and adjacent areas which
may potentially be impacted by the expected offshore oil and gas activities. It
identifies major potential environmental impacts associated with these activities.
The SEIA will also identify knowledge and data gaps, highlight issues of concern,
and make recommendations for mitigation and planning. It is also part of the basis
for relevant authorities’ decisions and may identify general restrictive or mitigating
measures and monitoring requirements that must be dealt with by the companies
applying for oil licences. The SEIA will also constitute a significant data source for
the preparation of company EIAs.

In this context an important issue is climate change which is expected to have a
strong impact on the Arctic region, affecting both the physical and the biological
environment.

Most of the data used for this SEIA has been collected over a number of decades.
As oil activities, particularly development and exploitation may be initiated 10-15
years from now, environmental conditions could be very different from the condi-
tions described in this report.

1.1 Coverage of the SEIA

The offshore waters and coastal areas between 67°N to 72°N (from Sisimiut town
and northwards to southern Upernavik district) are in focus, as this is the region
which potentially can be most affected by hydrocarbon activities, particularly
from accidental oil spills originating from oil activities in the licence blocks (Fig-
ure 1). This area will be referred to as ‘the assessment area’. However, the oil spill
trajectory models developed by DMI indicate that oil may drift further, outside the
boundaries of this area and into the Canadian EEZ (Nielsen et al. 2008). The area
to the north of the assessment area has also been described in a strategic envi-
ronmental impact assessment covering the eastern Baffin Bay (Boertmann & Mos-
bech 2012).



1.2 Abbreviations and acronyms

AMAP

APNN
AU
BACI
BAT
bbl
BC
BEP
BFR
BMP
BTX

BTEX

CAFF

chl. a
Cl
CRI
CTD
CcvVv
DDT
DEGN
DHI
DKK
DMI
DPC
dw
EBSA
EDCS
EEZ
EIA
EPA
FPSO
GBS
GCM
GEUS
GINR
HCB
HCH
HOCNF
HSE
ICES
IMO
IUCN
IWC
JCNB

JNCC
LRTAP
MARPOL
MiZ
NAMMCO
NAO

Arctic Monitoring and Assessment Programme, working group under
Arctic Council

Ministry of Fisheries, Hunting and Agriculture, Greenland Government
Aarhus University, Denmark

Before After Control Impact

Best Available Technique

barrel of ol

Black carbon

Best Environmental Practice

Brominated flame retardants

Bureau of Mineral and Petroleum, Greenland Government

Benzene, Toluene and Xylene components in oil, constitute a part of
the VOCs

Benzene, Toluene, Ethylbenzene and Xylene, constitute a part of the
VOCs

Conservation of Arctic Flora and Fauna, working group under Arctic
Council

chlorophyl a

Confidence Interval

Cuttings Re-Injecting

Conductivity, Temperature and Depth

Coefficient of Variance

Dichloro-Diphenyl-Trichloro-ethane

Department of Environment, Government of Nunavut

Danish Hydraulic Institute

the Danish currency, krone

Danish Meteorological Institute

Danish Polar Centre

dry weight

Ecologically or Biologically Significant Areas

Endocrine-disrupting chemicals

Exclusive Economical Zone

Environmental Impact Assessment

U.S. Environmental Protection Agency

Floating Production, Storage and Offloading unit

Gravity Based Structure

General Circulation Models

Geological Survey of Denmark and Greenland

Greenland Institute of Natural Resources

Hexachlorobenzene

Hexachlorocyclohexane

Harmonized Offshore Chemical Notification Format (OSPAR)

Health, Safety and Environment

International Council for the Exploration of the Sea

International Maritime Organisation

International Union for Conservation of Nature

International Whaling Commission

Canada/Greenland Joint Commission on Conservation and Man-
agement of Narwhal and Beluga

Joint Nature Conservation Council (UK)

Convention on Long-Range Transboundary Air Pollution

International Convention for the Prevention of Pollution from Ships
Marginal Ice Zone

The North Atlantic Marine Mammal Commission

North Atlantic Oscillation
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NEBA
NERI
NGO
NMDA
NOW
OBM
oC
OSPAR

PAH
PAM
PAME

PBDE
PCB
PFC
PFOS
PLONOR

PNEC
POP

pp

ppb
ppm
PROBAS
PSSA
PTS

PTT
REKPRO

rms
SBM
SEIA
sd
SM

TAC
TBT
TPH
TTS
UNEP
USCG
uTC
VEC
voC
WBM
WSF
VSP
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Net Environmental Benefit Analysis

National Environmental Research Institute, Aarhus University, Denmark
Non-Governmental Organisation
N-methyl-D-aspartate

North Water polynya

Oil based drilling mud

Organochlorines

Oslo-Paris Convention for the protection of the marine environment of
the Northeast Atlantic

Polycyclic Aromatic Hydrocarbons

Passive Acoustic Monitoring

The Protection of the Arctic Marine Environment, working group under
Arctic Council

Polybrominated diphenyl ethers

Polychlorinated biphenyls

Perfluorinated compounds

Perfluorooctane sulfonate

OSPARs list over substances which Pose Little Or No Risk to the Envi-
ronment

Predicted No Effect Concentration

Persistent Organic Pollutants

peak to peak (in units for sound pressure levels)
parts per billion

parts per million

The Danish Product Register Data Base
Particularly Sensitive Areas

permanent elevation in hearing threshold shift
Platform Terminal Transmitter

Recruitment processes in West Greenland waters
(Research programme)

root mean squared

Synthetic based drilling mud

Strategic Environmental Impact Assessment
Standard deviation

Synthetic drilling mud

tonnes

Total Allowable Catch

Tributyltin

Total Petroleum Hydrocarbons

temporary elevation in hearing threshold

United Nations Environment Programme

United States Coast Guard

Coordinated Universal Time

Valued Ecosystem Components

Volatile Organic Compounds

Water based drilling mud

Water Soluble Fraction

Vertical Seismic Profile

wet weight



2 Summary of petroleum activities
D. Schiedek and D. Boertmann

Oil and gas project lifecycles usually comprise several phases which overlap to
some degree. These include exploration, field development and production, and
finally decommissioning. The main activities during exploration are seismic sur-
veys, exploration drilling and well testing. During field development, drilling con-
tinues (production wells, injection wells, delineation wells), and production facili-
ties, pipelines and shipment facilities, etc. are constructed and maintained. Finally,
during decommissioning, all structures and facilities are dismantled and removed.
These phases occur over long periods of time, usually several decades. For ex-
ample, in the North Sea, oil exploration was initiated in the 1960s and production
continues today.

Seismic surveys

The purpose of seismic surveys is to locate and delimit oil/gas fields, to identify drill
sites and later during production to monitor developments in the reservoir. Marine
seismic surveys are usually carried out by a ship that tows a sound source and a
cable with hydrophones which receive the echoed sound waves from the seabed.
The sound source is an array of airguns (for example 28 airguns with a combined
volume of 4330 inch®) that generates a powerful pulse at 10-second intervals.
Sound absorption generally is much lower in water than in air, causing the strong
noise created by seismic surveys to travel very long distances, potentially disturbing
marine animals (see the guidelines to EIA of seismic surveys in Greenland waters
issued by National Environmental Research Institute (NERI) in 2010 (Boertmann
et al. 2010) and updated in 2011 (Kyhn et al. 2012)). Regional seismic surveys
(2D seismic) are characterised by widely spaced (over many kilometres) survey
lines, while the more localised surveys (3D seismic) usually cover small areas with
densely spaced (e.g. 500 m) lines. Rig site investigations and shallow geophysical
investigations use comparatively much smaller sound sources than used during 2D
seismic surveys. For example, during site surveys a single airgun (150 inch®) may
be applied. Vertical seismic profiles (VSPs) are essentially small-scale seismic sur-
veys carried out during exploration drilling. They are highly localised and of short
duration (a few days), and their effects will be covered by the discussion of seismic
surveys in general.

Exploration drilling

One or more exploration wells are drilled to determine if a prospect exists and to
gain further data on the subsurface conditions. If a hydrocarbon reservoir is en-
countered the well is normally tested to see whether the reservoir is viable for pro-
duction. Wells unsuitable for further development are sealed below the seabed
and tested to ensure they are fully secured before being abandoned.

Offshore exploration drilling takes place from Mobile Offshore Drilling Units (MODU)
such as drill ships or semi-submersible platforms, both of which have been used
in the Disko West area in 2010 and 2011. A drillship is a maritime vessel modi-
fied to include a drilling rig and special station-keeping equipment. The vessel is
typically capable of operating in deep water. A semi-submersible is a particular
type of floating vessel that is supported primarily on large pontoon-like structures
submerged below the sea surface. Most of the potential oil exploration areas in
West Greenland waters are too deep for using a third type of drilling platform, the
jack-up rigs, which are built to stand on the seabed.
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It is assumed that the drilling season in the waters of Baffin Bay is limited to sum-
mer and autumn by the presence of ice and harsh weather conditions during win-
ter and spring. Drilling requires the disposal of cuttings and drill mud. In the SEIA of
the Lofoten-Barents Sea area it is assumed that approx. 450 m?® cuttings are pro-
duced and approx. 2,000 m® mud is used per well (Akvaplan-niva & Acona 2003).
The drilling of the three exploration wells in the Disko West area in 2010 generated
between 665 and 900 m? cuttings/well and in total 6000 t of drilling mud. Energy
consumption is very high during drilling, resulting in emissions of combustion gases
such as CO,, SO, and NO,.

High levels of underwater noise are generated during drilling, mainly from the
propellers which secure the position of floating rigs. This noise has the potential
to disturb marine mammals and acoustically sensitive fish (Schick & Urban 2000,
Popper et al. 2004).

Drilling mud and cuttings

Drilling muds are used to optimise drilling operations. The muds are either water
based (WBMs), oil based (OBMs) or based on synthetic fluids (SBMs). Today and
due to environmental concerns, OBMs and SBMs are only used were the mud and
the cuttings can be brought to land for treatment or can be deposited safely. Wa-
ter based muds and the cuttings are usually released to the seabed after the drill-
ing, where they may impact seabed fauna in the immediate surroundings.

Appraisal drilling

If promising amounts of oil and gas are located during the exploration, the com-
mercial potential shall be appraised by establishing the size of the field and the
most appropriate production method. Appraisal may take several years to com-
plete. Several appraisal wells are drilled to confirm the size and structure of the
field, and well logging (analysis) provides data on the hydrocarbon bearing rocks.
Well testing provides hydrocarbon samples and information on flow rate, tem-
peratures and pressures. If a commercial reservoir is confirmed, the operator may
then proceed to development.

Other exploration activities

One activity that may have environmental impact during the exploration phase is
helicopter transport, which is associated with strong noise and can scare birds and
marine mammals over a range of many kilometres.

Well testing takes place when a well has been drilled and the presence of hydro-
carbons and the potential for production is to be evaluated. The testing activities
normally imply flaring of oil and gas together with the use and release to the sea
of different chemicals, occasionally including radioactive compounds.

Development and production

Field development also includes seismic surveys and extensive drilling activities
(delineation wells, injection wells, etc.), and drilling will take place until the field is
fully developed. An oil development feasibility study in the sea west of Disko Island
assessed the most likely scenario to be a subsea well and gathering system tied
back to a production facility either in shallower water established on a gravity-
based structure (GBS) or onshore (APA 2003). From the production facility crude oil
subsequently has to be transported by shuttle tankers to a trans-shipment terminal,
most likely in eastern Canada.



Environmental concerns during the development will mainly be related to seismic
surveys, to drilling, to the construction of the facilities on the seabed (wells and
pipelines) and to discharges to sea and emissions to air. The major discharge to
the sea is produced water.

Produced water

Produced water is by far the largest ‘by-product’ of the production process. On a
daily basis some Canadian offshore fields produced between 11,000 and 30,000
m3/day (Fraser et al. 2006), and the total amount produced on the Norwegian
shelf was 174 million m® in 2004 (OLF 2005). Produced water contains small
amounts of oil, salts from the reservoir and chemicals added during the production
process. Some of these chemicals are acutely toxic, or are radioactive, contain
heavy metals, have hormone disruptive effects or act as nutrients which influence
primary production (Lee et al. 2005). Some are persistent and have the potential
to bio-accumulate. The produced water moreover contributes to the major part of
the oil pollution during normal operations, e.g. in Norway up to 88 %.

Produced water has usually been discharged to the sea after a cleaning pro-
cess which reduces the amount of oil to levels accepted by the authorities (in the
North Sea sector of Norway, for example, 40 mg/I or 30 mg/I as recommended
by OSPAR). In applying BAT, Norwegian operators have committed themselves to
further reduce these levels. Discharges of produced water and chemicals to the
water column appear, due to the dilution effect, to have acute effects on marine
life only in the immediate vicinity of the installations. But long-term effects of the
releases of produced water have not been studied, and several uncertainties have
been expressed concerning, for example, the hormone-disrupting alkylphenols
and radioactive components with respect to toxic concentrations, bioaccumula-
tion, etc. (Meier et al. 2002, Rye et al. 2003, Armsworthy et al. 2005).

Air emissions

Emissions to the air occur during all phases of petroleum development, including
seismic surveys and exploration drilling, although the major releases occur dur-
ing development and production. Emissions to air are mainly combustion gases
from the energy producing machinery (for drilling, production, pumping, trans-
port, etc.). For example, the drilling of a well may produce 5 million m? exhaust
per day (LGL 2005). Flaring of gas and trans-shipment of produced oil also con-
tribute to emissions. The emissions consist mainly of greenhouse gasses (CO,,
CH,), NO,, VOC and SO, The production activities produce large amounts of
CO, in particular, and, for example, the emission of CO, from a large Norwegian
field (Statfjord) was more than 1.5 million t in 1999 (SFT 2000), and the drilling of
the three exploration wells in 2010 in the Disko West area resulted in the emis-
sion of 105,000 t of CO,,

Another very active greenhouse gas is methane (CH,), which is released in small
amounts together with other VOCs from produced oil during trans-shipment.

Other activities

Ship transport of produced oil will be an integrated part of the production phase.
The APA (2003) assessment presents a scenario where ships containing 1 mil-
lion bbl will depart, within a 5-day cycle, from a highly productive field off Disko
Island.

45



46

Decommissioning is initiated when production wells are terminated, and will gen-
erate large amounts of waste material, which have to be disposed or regenerated.

Accidents

There are serious, acute and long-term environmental concerns in relation to acci-
dents and off-normal operations. Especially large oil spills represent a major threat
to the Arctic environment (AMAP 2010).



3 Physical environment
Michael Dinweber

The assessment area covers the north-eastern Davis Strait and the south-eastern
Baffin Bay. It is located within the Arctic climate zone, which means the average
air temperature in July does not exceed 10 °C. Baffin Bay is a semi-enclosed oce-
anic basin that separates western Greenland and Baffin Island. To the north it is
connected to the Arctic Ocean through a network of straits and basins that consti-
tutes the Canadian Archipelago. In the south it is connected to the Labrador Sea
via the Dawvis Strait. In terms of hydrography, the area is characterised by sub-Arctic
waters from the North Atlantic and Davis Strait (average July temperature higher
than 5°C) in the southern part and the high-Arctic waters of Baffin Bay (average
July temperature below 5°C) in the northern part. The most significant feature in
the physical marine environment is the presence of icebergs and sea-ice through-
out a large period of the year. In the Davis Strait, west of Disko Island, the sea-ice
normally forms in November and melts early June, depending on the severity of
the winter (Nazareth & Steensboe 1998). The assessment area is north of the Polar
Circle; therefore, continuous daylight is present for a period in summer, and in win-
ter there is a period of near continuous darkness.

The shelf of the assessment area is rather shallow with several large banks, typi-
cally ranging between 20 and 200 m in water depth. In the southern part of the
assessment area the shelf is up to 120 km wide, while in the northern part it is nar-
rower and less well defined towards the deep sea. The shelf is traversed by deep
troughs, which separate the fishing banks. There is deep water down to 2,500 me-
tres to the west of the shelf.

3.1 Weather and Climate

The weather in West Greenland is determined by the North American continent
and the North Atlantic Ocean. However, the Greenland Inland Ice and the steep
coasts of Greenland have also a fundamental impact on the local weather. Many
Atlantic depressions develop and pass near the southern tip of Greenland and
cause frequently very strong winds off West Greenland. Also more local phenom-
ena such as fog or polar lows are common features near the West Greenland
shores. The probability of strong winds increases close to the Greenland coast and
towards the Atlantic Ocean. A more detailed description of the local weather can
be found in the sensitivity map covering the region (Clausen et al. 2012).

3.2 Oceanography

3.21 Currents

Along West Greenland flows the West Greenland Current with two principal com-
ponents. Closest to the shore, the surface layer (0-150 m) is dominated by the East
Greenland Current (with cold polar sea water) which moves northward (Figure
2). On its way, this water is diluted by run-off water from the various fjord systems.
The other component (depth layer of 150-800 m) originates from the North At-
lantic Current deriving from the Irminger Sea. This relatively warm and salty water
can be traced all the way along West Greenland from Cape Farewell to Thule
(Qaanaaq). The East Greenland Current component loses its momentum on the
way northward and at the latitude of Fylla Banke (64°N) it is no longer a strong
and solid current. A great proportion of the water mass is deflected westward to-
wards Canada where it joins the Labrador Current. Further north the deflection
towards west continues resulting in a further weakening of the current (Buch 2000).
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Figure 2. Major sea surface currents in the northern Atlantic. The red arrows indicate relatively warm sea surface water from the Atlantic,
which meets with relatively cold sea surface water (blue arrows) of the East Greenland Current. Part of the Irminger Current turns towards
Greenland south of the Denmark Strait moving southward and rounding Cape Farewell and continues northward as the West Greenland
Current (orange arrows). The water moving southwards in Baffin Bay is part of the Baffin Current (or Baffin Island Current) which further
south becomes the Labrador Current. Part of the water within the West Greenland Current moves northwards in Davis Strait, while another
part turns west towards Canada at about 64°-67° N, and merges with the southward flowing Baffin Island/Labrador Current.
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In the assessment area, including the Disko Bay the current patterns are influenced
by the complex topography with several shallow banks that deflect the coastal cur-
rents and generate instabilities in the current field. (Soderkvist et al. 2006).

A fifty-year long time-series of temperature and salinity measurements from West
Greenland oceanographic observation points has revealed strong inter-annual
variability in the oceanographic conditions off West Greenland (Mosbech et al.
2004). However, over the past two decades there has been a tendency towards
increased water temperatures and reduced ice cover in winter (Rothrock et al.
1999, Parkinson 2000, Hansen et al. 2006, Comiso et al. 2008).



Figure 3. Areas with high rates of
upwelling and downwelling as
indicated by the standard devia-
tion (sd) of the vertical speed in
metres per day (m d*). The sd is
calculated based on all the raw
hourly data from the fine scale
Danish Meteorological Institute
(DMI)-model (DIS) within the pe-
riod from April 1% to May 31% 2005
(at 20 m depth), in total 1463
time steps of 1 hour. Data is from
DCE and DMI.

3.2.2 Hydrodynamic discontinuities

Hydrodynamic discontinuities are areas where different water masses meet with
sharp boundaries and steep gradients between them. This could be upwelling
events where cold nutrient rich water is forced upwards to the upper layers, fronts
between different water masses and ice edges (inclusive the marginal ice zone).
Upwelling often occurs along the steep sides of the fishing banks driven by the
tidal current, with upwelling thereby usually alternating with downwelling. Model
simulations south of the assessment area predict that that most frequent upwelling
occurs west of the banks, both north and south of the Disko Bay entrance and at
the slopes of Store Hellefiskebanke. The upwelling events inside the Disko Bay and
along the west coast of Disko Island were mainly wind driven during northerly and
north-westerly winds (Figure 3 and 4).

3.2.3 The coasts

The coasts south of Disko Bay are dominated by bedrock shorelines with many
skerries and archipelagos. In sheltered areas small bays with sand or gravel are
found between the rocks. In the western Disko Bay and further north, the coast is
more linear and often formed by sandy sediments or gravel. On Disko Island and
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Figure 4. Daily mean value of
vertical water velocity and wind
speed in Baffin Bay on the 24" of
April, 2005. Model results based
on DMIs Hybrid Coordinate
Ocean Model (HYCOM). The
colour scale shows the upwelling
velocity in metres per day and the
arrows show wind speed. High
vertical velocity suggests up/
down-welling at 20 m depth. For
this specific date there is strong
upwelling along the Greenland
west coast, especially near the
Store Hellefiskebanke, which has
an approximate coordinate on
the map at (400, 300). Large verti-
cal velocities as presented here
is a very common model feature
during late winter and spring
2005. The present model set up is
described in detail in Ribergaard
et al. (2006).
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the Svartenhuk Peninsula several large river deltas with extensive tidal flats are
found. In terms of shoreline length, the ‘rocky coast' is by far the dominant shore
type (61%). ‘Rock’ is the dominant substrate (71 %); ‘inclined’ is the dominant slope
(58%) and ‘semi-protected’ is the dominant exposure type (60%). The majority
of the coasts within the ‘archipelago’ shore type are rocky coasts. Together the
‘archipelago’ and ‘rocky coast’ constitute 72% by length of the total investigated
shoreline within the assessment area (Clausen et al. 2012).

3.3 Ice conditions

The assessment area is influenced by the relatively warm north or northwest flow-
ing West Greenland Current and the south flowing Baffin Current transporting cold
Arctic water. The West Greenland Current creates open water in winter along the
southwest Greenland coast, usually to Disko Island. Ice starts to form in the open
water in the northern Baffin Bay in September and the ice cover increases steadily
from north to south reaching a maximum in March when the entire bay is covered
by ice. Isolated from the offshore sea-ice conditions, ice forms locally throughout
the winter in most of the fjords and coastal waters of the region. Generally freeze-
up begins at the inner parts of the fjords in November or December, but very low
temperatures can significantly affect the ice formation, or a formed ice cover can
be reduced by very strong winds in the fjords throughout the winter (Nazareth &
Steensboe 1998). The West Greenland Current delays the time of sea-ice forma-
tion in the eastern Davis Strait and results in an earlier breakup of the sea-ice than
in the western parts. Thus, there is always more ice cover in the western than in the
eastern half of Baffin Bay. The Baffin Island Current conveys large amounts of sea-
ice from Baffin Bay to the Davis Strait and the Labrador Sea for most of the year,
especially during the winter and early spring months. During this period sea-ice
normally covers most of the Davis Strait north of 65°N, except areas close to the
Greenland coast. Here a flaw lead (open water or thin ice) of varying width often
appears between the shore and the West ice, as far north as latitude 67°N.



3.3.1 The West Ice and drift patterns

Two types of sea-ice occur in winter and spring: Drift ice, mainly first year ice,
formed in the Baffin Bay and Davis Strait, but with some multiyear ice of Arc-
tic Ocean origin. The other type is fast ice anchored to the coast. The drift ice is
termed ‘West Ice’ and it is very dynamic and consists of floes in varying size and
degree of density. In late summer there is almost complete clearance of sea-ice
in the Davis Strait west of Disko Island (Nazareth & Steensboe 1998) (Figure 5).
It seems that the average sea-ice extent in March has decreased in the past 15
years when compared to the situation in the 1980 (Figure 6).
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Figure 5. The upper panel is the monthly sea-ice cover in 2010. From the upper left row to the right are the months of January to June,
and following July to December from the lower left row. Red and magenta in the maps in the upper two rows indicate the very dense
ice (8-10/10), while yellow indicate somewhat looser ice. The loosest ice (1-3/10) is not recorded. Images based on Multichannel
Microwave Radiometer (AMSR and SMMR). Lower panel is the probability of sea-ice in West Greenland waters based on data from
the period 1960-96. (A) March 1% (B) June 4™, (C) September 3 and (D) December 3. Data source: The satellite pictures in the upper
panel are processed by The Technical University of Denmark (DTU) with support from The European Space Agency (ESA)’s PolarView
project and the maps in the lower panel is from The Danish Meteorological Institute (DMI) and Canadian Ice Service.
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Figure 6. The average sea-ice extent (mid-March) as per-
centage ice cover in West Greenland waters. Upper map
is based on data in the period 1979-2007 and lower maps
are based on data in the period (to the left) 1979-1988, (to
then right) 1998-2007. Blue colours indicate highest per-
centage ice cover, red indicate lowest while white show
areas without data. Decreasing ice cover is apparent in the
late period, especially south of the assessment area. Data
sources: Ocean and Sea-ice (EUMETSAT).
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The dominant size of ice floes range from large floes of about 1 km wide to vast
floes larger than 10 km. Near the marginal ice zone in the Davis Strait, the size of
the common floes are reduced to less than 100 metres as a result of melting and
break up by waves. These floes are however, often consolidated, forming exten-

sive areas without any open water (Nazareth & Steensboe 1998).
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The drift pattern of the sea-ice off West Greenland is not well known. The local
drift is to some extent controlled by the major surface current systems, the West
Greenland Current and Baffin Island Current. The strength and direction of the sur-
face winds also affect the local drift of sea-ice, especially in the southern waters.
However, only small amounts of the thicker packice drift to the assessment area
through Lancaster Sound and Nares Strait. During winter and early spring, packice
is conveyed south along Baffin Island to Davis Strait and Labrador Sea. In the be-
ginning of the melt season the eastern part of the Davis Strait, south of Disko Island,
is free of sea-ice during this period whereas drifting ice dominates to the west and
north (Nazareth & Steensboe 1998).

The sea-ice drift pattern was studied in the assessment area in April 2006 (Valeur
et al. 1996). In April 2006: two satellite transmitters were deployed on the sea-ice,
west of Nuussuaq Peninsula. One was tracked until June, when it had moved ap-
prox. 500 km in total (entire length of track line), but overall it had only moved 66
km towards the southwest. The second transmitter was only tracked for a couple of
days, when it moved 21 km towards the south (Mosbech et al. 2007a). (See Figure
9in Appendix 1, p. 308).

3.3.2 Polynyas and shear zone

Polynyas are open waters in otherwise ice-covered waters. They are predictable
in time, and are of high ecological significance. Small polynyas are found at sev-
eral sites along the West Greenland coast.

Moreover, a shear zone occurs (with open cracks and leads) between the land fast
ice and the drift ice. This is also very important to marine mammals and seabirds,
particularly in spring when populations are migrating northwards. In this shear
zone, open water gradually extends northwards during the spring.

Along the coast of the assessment area there are several areas where open wa-
ter is present in the winter, or at least in spring. During a typical spring these are
progressively included in the open waters advancing from the south. The most
significant polynyas are found in mouth of the fjords where the tidal currents keep
the water free of ice, as for example in the mouths of the Vaigat and the fjord Ar-
fersiorfik. The open waters in the Disko Bay mouth could also be seen as a polynya,
although it is often connected to the open waters further south.

3.3.3 Icebergs

Icebergs differ from sea-ice in many ways:

e they originate from glaciers

e they produce freshwater when melting

< they can be deep-drafted, and have appreciable heights above sea level

« they are always considered as an serious hazard to navigation and offshore
activity

The process of calving from the front of a glacier produces an infinite variety of
icebergs, bergy bits and growlers. Icebergs are described by their size according
to the classification in Table 1.

The volume of icebergs produced varies only slightly from year to year. Once they
are released from the glacier, meteorological and oceanographic factors begin to
affect the icebergs, and they are carried by sea currents. However, wind also plays
an important role, either directly or indirectly.
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Figure 7. Modis Aqua image from
May 24t 2010, 20 UTC of the
Disko Bay area showing the dis-
tribution of large icebergs (white
dots). Data source: The satellite
picture is processed by The Dan-
ish Meteorological Institute (DMI)
with support from The Greenland
Climate Research Centre and
The European Space Agency
(ESA)’s PolarView project.
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Table 1. International iceberg classification.

Type Height (m, above sea level) Length (m)
Growler less than 1 upto5
Bergy bit 1to5 5to 15
Small iceberg 5to 15 15to0 60
Medium iceberg 16to 45 61to 120
Large iceberg 46t0 75 121to 200
Very large iceberg Over 75 Over 200

3.3.4 Iceberg sources

Glaciers are numerous in West Greenland; however, the most productive glaciers
are concentrated between Nares Strait and Disko Bay e.g. Jakobshavn Isbrae gla-
cier. In general, icebergs occur in all West Greenland waters, but with considera-
ble variation in density. In Disko Bay for example, hundreds of icebergs are present
throughout the year (Figure 7).
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Figure 8. Major iceberg sources
and general drift pattern in the
West Greenland waters. Data
source: The National Ice Centre
(NIC).
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Melville Bay, to the north of the assessment area, is a major source for icebergs.
Over 10,000 icebergs are calved from 19 major glaciers each year (Figure 8). The
volume produced in this region was estimated at 60 km? annually. Some of these
glaciers are capable of producing icebergs of about 1 km in diameter. Several ac-
tive glaciers in Uummannaq Fjord and Disko Bay produce 10-15,000 icebergs per
year, and they are very important for the iceberg input to the northern Davis Strait
and Baffin Bay. The most active glacier is located near llulissat, moving at the rate
of 20 m/day. This glacier produces over 20 km? of ice per year. The total annual
production of icebergs calved in the Baffin Bay and the northern Davis Strait is
estimated to be about 25-30,000; estimates however vary, up to as high as 40,000
(Nazareth & Steensboe 1998). These estimates may not be current any more, due
to climate change.

3.3.5 Iceberg drift and distribution

On a large scale the drift of icebergs in Baffin Bay and the northern Davis Strait
is fairly simple. There is a north-flowing current along the Greenland coast and
a south-flowing current along Baffin Island and the Labrador coast, giving an
anti-clockwise drift pattern. However, branching of the general currents causes
variations, and these can have a significant impact on the iceberg population
and their residence time. Although the majority of icebergs from Disko Bay are
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carried northward to north-eastern Baffin Bay and Melville Bay before heading
southward, icebergs have also been observed to be diverted into one of the
west-branching eddies without passing north of 70° N. Most of the icebergs from
Baffin Bay drift southward in the western Davis Strait, joining the Labrador Cur-
rent further south, although some may enter the eastern Davis Strait area west of
Disko Island instead. Icebergs produced in Disko Bay or Baffin Bay generally will
not reach the Greenland shores south of 68°N. Many icebergs produced in the
Disko Bay enter the Davis Strait, partly to the north of Disko Island through Vaigat
and partly along the southern coast of Disko Island. Some icebergs manage to
drift towards or into southern Disko Bay from the Davis Strait due to the onshore
component of the currents west of Aasiaat. Most of the icebergs south of Sisimiut
are of East Greenland origin.

Astudy in the late 1970s, found that the density of icebergs in Disko Bay was signif-
icantly higher than outside the bay, with maximum concentrations of icebergs oc-
curring in the northeastern part of Disko Bay (Nazareth & Steensboe 1998, Karlsen
et al. 2001, and references therein).

3.3.6 Iceberg dimensions

The physical characteristics of iceberg off the west coast of Greenland are poorly
investigated, and the following is mainly based on a Danish study in the late 1970s
(Nazareth & Steensboe 1998, and references therein).

In the eastern Davis Strait the largest icebergs were most frequently found south
of 64°N and north of 66°N. South of 64°N, the average mass of an iceberg near
the 200 m depth contour varied between 1.4 and 4.1 million t, with a maximum
mass of 8.0 million t. Average draft was 60-80 m and maximum draft was 138 m.
In between 64°N and 66° N, average masses were between 0.3 and 0.7 million t.
The maximum mass was 2.8 million t. Average draft was 50-70 m and maximum
draft was estimated to be 125 m. The largest icebergs north of 66°N were found
north and west of Store Hellefiskebanke. The average iceberg mass was about 2
million t with a maximum mass of 15 million t. In Disko Bay, the average mass of
icebergs was in the range 5-11 million t with a maximum recorded mass of 32
million t. Average draft was 80-125 m and maximum draft was 187 m. It is worth
noting that many icebergs are so deeply drafted that they will not drift into shallow
water regions (Nazareth & Steensboe 1998, and references therein).

The largest icebergs recorded in Baffin Bay in 1997 had a draft of more than 260
m, a mass of up to 90 million t and a diameter of more than 1,400 m.



Figure 9. Water column character-
istics in Disko Bay off Qegertarsuaq
in 2008 (DUnweber et al. 2010).
Upper panel (A): Isolines are water
temperature (°C) and the green
coloration illustrates chlorophyll a
(chl. a) concentrations (mg m).
The concentration of the limiting
nutrient nitrate is displayed as

red isolines (solid: 1.0 uM, broken:
0.5 uM). Points: sampling depths;
grey bar on top of figure illustrates
sea-ice and time of break-up.
Lower panel (B): Succession in the
surface layer (1 m) of chl. a (mg
m-) and nutrients concentrations
(MM). Immediately after sea-ice
break-up, the spring phytoplank-
ton bloom is initiated and followed
by depletion of inorganic nutrients.
Chl. ais a measure of amount of
phytoplanktion.

4  Biological environment

4.1 Primary productivity
Michael Dinweber

411 General context

The primary production in the waters off West Greenland is generally high and
equal to or even higher than the production at lower latitudes. Owing to the pres-
ence of winter ice and the marked variation in solar radiation is it highly seasonal
with an intensive phytoplankton bloom in spring.

The spring phytoplankton bloom in the Disko West area

The development of the phytoplankton (microscopic algae) spring bloom is the
single most important event determining the production capacity of Arctic marine
food webs. The spring phytoplankton bloom (i.e. spring bloom) is indicated by a
peak in the primary production in the water column. The time of the onset of the
spring bloom is determined by withdrawal of the sea-ice covering the Davis Strait
and Baffin Bay and with the increased solar input and stabilisation of the water
column. However the onset of the spring bloom may vary between years depend-
ing on the time of ice break-up. Usually, the spring bloom is initiated in late April
and develops through May and the biomass develops exponentially and quickly
the nutrients in the surface layers (the euphotic zone) are depleted, presumably
inhibiting the biomass production over a period of time (Figure 9).

In addition to the magnitude of the spring bloom, it is important to know the pro-
portion of organic carbon recycled through the microbial loop, the proportion
available to pelagic consumers and the amount which is ‘lost’ when sinking to the
bottom, thus becoming food for benthic fauna (benthic-pelagic coupling) (Mgller
& Nielsen 2000, Juul-Pedersen et al. 2006, Dinweber et al. 2010).
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Atice edges, the phytoplankton bloom is often earlier than in ice-free waters due
to the stabilising effect of the ice on the water column. However, at sites where
nutrients continuously are brought to the uppermost water layers, for example by
upwelling or fronts, primary production may be high throughout the summer.

Upwelling events can be persistent over long periods, although those driven by the
tidal currents vary with the tidal cycle, while others are wind driven and vary with
the wind conditions. Upwelling areas are for example found at the northeastern
corner of Store Hellefiskebanke and in outer Disko Bay and around Hareg (Figure 3
and 4). Upwelling areas may, besides enhanced production, also retain copepods
and other plankton over the banks (Munk et al. 2003, Simonsen et al. 2006).

4.1.2 Productivity at polynyas, shear and marginal ice zones

In polynyas (Section 3.3.2) the primary production starts much earlier than in ice-
covered areas; and they are often preferred feeding areas for marine mammals
and seabirds. Also the mere presence of open water makes polynyas attractive
for resting seabirds and for mammals which are dependent on open waters for
breathing. Polynyas are also used by many migrating seabirds as staging areas
on their way to the breeding grounds further north. Cracks and leads with open
waters are frequent in the shear zone and may attract marine mammals and sea-
birds. When the West Ice reaches the coasts of the assessment area a shear zone
and polynyas (e.g. in the mouth of Vaigat) are usually present (Section 3.3.2). At
the marginal zone of the West Ice, primary production during the spring bloom is
very intense and this attracts species higher in the food web including seabirds
and marine mammals (Wassmann et al. 1999, Falk-Petersen et al. 2009).

In spring 2006, a multidisciplinary ecological survey was conducted in the assess-
ment area with focus on the marginal ice zone. The programme included sam-
pling of biological and oceanographic parameters on transects from open water
and into the drift ice through the marginal ice zone. Sampling included CTD meas-
urements, i.e. depth distribution of salinity and temperature, fluorometer measure-
ments i.e. indicating depth distribution of chlorophyll a (chl. a - a measurement for
amount of phytoplankton) fluorescence, and water samples for nutrients and chl.
a as well as net hauls for zooplankton composition and biomass.

In summary, at the northern parts of Store Hellefiskebanke, the chl. a bloom started
earlier and was much stronger than observed elsewhere in the region. In the deep
water ‘wedge’ between the bank and the coast east and northeast of Store Hel-
lefiskebanke there were also higher chl. a levels in the deep water layers. In half of
the area investigated, concentration of chl. a increased more than 10 fold during
the survey period, indicating initiation of the spring phytoplankton bloom during
the study period. For more detailed description on the 2006 survey see Soderkvist
et al. (2006), Mosbech et al. (2007a) and Frederiksen et al. (2008). North of Store
Hellefiskebanke, in Disko Bay and west of Disko Island, the plankton bloom starts
when stratification is stabilized and strong enough to keep the plankton in the up-
per photic parts of the water column, typically in late April. S6derkvist et al. (2006)
showed that only a weak stratification is needed to initiate the plankton bloom,
which was generated by upwelling of warmer and more salty water from below.
The overall distribution of chl. a during the sampling period showed relatively high
levels in central and southern part of Disko Bay as well as west of southern Disko
Island (west of Disko Fjord). The marginal ice zone is an important habitat for a
high productivity in the assessment area in spring.



4.2 Zooplankton

Michael Diinweber

421 General context

Zooplankton has an important role within marine food webs also in the Arctic,
since it provides the principal pathway of energy from primary producers (phy-
toplankton) to consumers at higher trophic levels, such as fish, seabirds or marine
mammals. The bowhead whale and the little auk are specialised feeders on large
copepods of the genus Calanus (Karnovsky et al. 2003b, Laidre et al. 2007). In Arc-
tic marine ecosystems most of the higher trophic levels rely on the lipids that are
accumulated in Calanus (Falk-Petersen et al. 2009). Consequently, a great part of
the biological activity e.g. spawning and growth of fish is synchronised with the life
cycle of Calanus. Zooplankton not only supports the large, highly visible compo-
nents of the marine food web but also the microbial community. Regeneration of
nitrogen through excretion by zooplankton is crucial for bacterial and phytoplank-
ton production (Daly et al. 1999, Mgller et al. 2003). Zooplankton products (faecal
pellets) also sustain diverse benthic communities such as bivalves, sponges, echi-
noderms and sea anemones when sinking down to the seabed (Turner 2002, and
references therein). The Calanus copepods play an ecological key role in supply-
ing the benthic communities with high quality food by their large and fast sinking
faecal pellets (Juul-Pedersen et al. 2006).

4.2.2 The importance of Calanus copepods

Earlier studies on the distribution and functional role of zooplankton in the pelagic
food web off Greenland, mainly in relation to fisheries research, have revealed the
prominent role of Calanus. The species of this genus feed on algae and protozoa
in the surface layers and accumulate surplus energy in form of lipids which are
used for overwintering at depth and to fuel reproduction in the following spring
(Lee et al. 2006, Falk-Petersen et al. 2009, Swalethorp et al. 2011). Their life cycles
have been estimated to be 1-5 years, including 11 larvae stages. Most of the high-
er trophic levels rely on the lipids accumulated in Calanus mainly as wax esters.
Those can be transferred through the food web and incorporated directly into the
lipids of consumers through several trophic levels. For instance, lipids originating
from Calanus can be found in the blubber of white and sperm whales, which feed
on fish, shrimps and squid (Smith & Schnack-Schiel 1990, Dahl et al. 2000) and in
the bowhead whale and the northern right whale (Eubalaena glacialis), which eat
mainly Calanus (Hoekstra et al. 2002, Zachary et al. 2009). Consequently, many
biological activities - e.g. spawning and growth of fish - are synchronised with
the life cycle of Calanus. Larvae of Greenland halibut and sandeel from the West
Greenland shelf had mainly various copepods species, including Calanus in their
stomachs May, June and July. Calanus constituted between 88% and 99 % of the
ingested prey biomass (Simonsen et al. 2006).

Vertical distribution of the Calanus species varies through the year. They are in deep
waters in the winter season and in the light spring/summer season they move into
surface depths (Falk-Petersen et al. 2009). In late summer and autumn, Calanus de-
scent to deep water layers for winter hibernation, changing the plankton commu-
nity structure from Calanus to smaller copepods and protozooplankton dominance
(Levinsen et al. 1999, Madsen et al. 2008). The grazing impact on phytoplankton
by the smaller non-Calanus copepods community after Calanus has left the upper
layer can be considerable higher than in spring. This is a result of shorter generation
time and more sustained reproduction and a relaxed food competition and pre-
dation by Calanus (Hansen et al. 1999, and references therein). The importance
of small non-Calanus populations in ecosystem productivity could be greater than
implied by their biomass alone (Hopcroft et al. 2005, Madsen et al. 2008).
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Figure 10. Calanus spp. biomass
(mg C m3). The coloured dots
represent biomass values from
different studies; Red dots: Disko
West survey, September 2009
(NERI). at 0-50 m; Blue dots: July
2008 (Dunweber et al. 2010) at
0-50 m; Dark grey dots: July 2000
(Pedersen & Smidt 2000) at 0-100
m; Orange dots: August 1998
(Mgller & Nielsen 2000) at 0-100
m; Yellow dots: June-July 1996
(Munk et al. 2003) at 0-60 m col-
umn. The biomass values of Ca-
lanus spp. from different studies

in summer and an autumn period
indicate high biomasses near the
coastal zones. Seasonal descend
towards winter hibernation is pre-
sumed to have been initiated in
September. Note: Biomass values
are calculated based on different
length-carbon regressions and
different sampling gear e.g. net
types vary between studies.
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4.2.3 Zooplankton in the Disko West area

The zooplankton communities in the waters off West Greenland are dominated
by the large copepods of the genus Calanus (incl. their larval stages) during the
greater part of the year (Pedersen & Smidt 2000, and references therein). Investiga-
tion performed in the Disko Bay area clearly corroborates the hypothesis that most
of the biological activity in the surface layer is takes place in the spring and early
summer in association with the spring phytoplankton bloom (i.e. spring bloom)
and the appearance of the Calanus populations. The peak abundance of shrimp
and fish larvae is also observed in the early summer in association with the peak
abundance of their plankton prey (Séderkvist et al. 2006). Calanus occur wide-
spread in the West Greenland waters where high numbers have been recorded in
Disko Bay and both on the banks and west of the banks in deep waters (Figure 10).

However, not very much is known about the autumn situation, when different sea-
bird species migrate to the south crossing the Disko West area, and if and how their
distribution is linked to the distribution of lower trophic level organisms (e. g. fish
and zooplankton). In the North Water Polynya (NOW), northern Baffin Bay, many
millions little auks breed and consume large amounts of Calanus spp. (Karnovsky
& Hunt 2002, Karnovsky et al. 2003b, Karnovsky et al. 2008).
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In order to locate areas of particularly importance for both zooplankton and
seabird accumulations a study was performed in the central parts of the as-
sessment area in September 2009. Ship-based oceanographic sampling along
transects were combined with ship-based and airborne seabird observations.
Ship-based sampling included CTD measurements, i.e. depth distribution of
salinity and temperature, chl. a measurements, as well as net hauls and trawls
for zooplankton composition and biomass. The main results of the study are
described in Box 1.

4.2.4  Zooplankton dynamics in the coastal areas

The possible link between hydrographical processes and plankton variability was
studied in the Disko Bay and across important fishing banks off the west coast
of Greenland (Munk et al. 2003). That study found a close relationship between
plankton distribution and hydrographical fronts. And also that specific plankton
communities were established in different areas of the important fishery banks of
West Greenland. It seems that the direction of major currents and the establish-
ment of hydrographical fronts are of primary importance of structuring the plank-
ton communities in the West Greenland shelf area, influencing plankton assem-
blage and the early life of fish.

Other important areas of potential high biological activity are the upwelling areas.
Mgller & Nielsen (2000) revealed a three time higher biomass of mesozooplankton
close to the Hunde Ejland in Disko Bay, than in samples taken farther away. Hunde
Ejland is situated in the mouth of Disko Bay with extensive upwelling areas around
the islands.

4.2.5 Higher trophic levels - large zooplankton and fish larvae

Distribution of larger zooplankton species and fish such as krill (Meganyctiphanes
norvegica) and capelin (Mallotus villosus) was examined in September 2005 by
Bergstrom & Vilhjalmarsson (2007) as well as their association to large baleen
whales in West Greenland (Laidre et al. 2010). Krill were found in scattered ag-
gregations in most of the area with a pronounced increased occurrence between
66° and 70°N, e.g. in Disko Bay (Figure 11). Capelin was absent on the banks
but present in the fjords and near shore areas (between 70° and 60°N) (Figure
12). Biomass of capelin in these fjords and near shore areas was estimated to be
between 170-200 thousand t. In West Greenland waters, capelin is spawning in
coastal waters and usually staying in the many fjords and fjord systems.

Larvae of fish and shrimp are important components of the plankton, and their
movements and behaviour have been studied for some of the commercially uti-
lised species. The horizontal distribution of shrimp (Pedersen et al. 2002, Storm
& Pedersen 2003, Soderkvist et al. 2006) and fish larvae (Munk 2002, Munk et al.
2003, Simonsen et al. 2006) has been investigated in relation to hydrography
and potential prey along West Greenland. The highest abundance of shrimp
and fish larvae was found in early summer in association with the peak abun-
dance of their plankton prey. Moreover, plankton dynamics were closely linked
with the prevailing hydrography in the area. The interactions between hydrogra-
phy, plankton, shrimp and fish larvae confirm that the productive cycle in Disko
Bay is highly pulse-like in nature, and that the important sites for the develop-
ment of large zooplankton, shrimp and fish larvae are the slopes of the banks
and the shelf break and in Disko Bay where the highest biomass of their prey
(copepods) was located.
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Box 1. Coupling lower trophic level to seabird distribution

M. Diinweber, S. Kjellerup, D. Schiedek, D. Boertmann, A. Mosbech and K.L. Johansen
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Figure 1. Map showing the ship-based transects (red line) and the aerial transects
(blue line) during the Disko West survey in September 2009. Station numbers and
positions of CTD measures and zooplankton samples (red dots, n=45), pelagic

trawls - PT (blue dots, n=15).
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In September 2009, a ship-based study was
carried out in the Davis Strait/southern Baffin
Bay along a range of transects covering the
area between the west coast of Greenland
and Baffin Island (Canada) from 68-72° N (Fig.
1). Water temperature, salinity and in situ chlo-
rophyll a (chl. a) measured in 0-500 m depths
followed the general hydrographical charac-
teristics of the late summer situation (Fig. 2).
Surface chl. a concentration based on remote
sensing satellite data from September 2009
(Fig. 3) supported these findings. Measure-
ment of in situ chl. a concentrations revealed
a maximum in the subsurface (30-50 m wa-
ter depths). Thus, spatial distribution of the
phytoplankton bloom was often restricted to
subsurface rather than the surface waters and
therefore not detected by the remote sensing
during September.

Zooplankton communities, their distribution

and link to higher trophic levels

The zooplankton assemblage was represent-
ed by copepod taxa characteristic for the ma-
rine Arctic environment and was mainly com-
posed of the following large copepod species
(importance in terms of biomass): Calanus
hyperboreus, C. glacialis and C. finmarchicus
and Metridia longa, and non-copepod species
such as Chaetognatha spp., Oikopleura spp.,
Themisto libellula and Aglantha spp. Smaller
copepod species such as Pseudocalanus spp.,
Oithona similis were also present and a few
Oncaea spp. and Microcalanus spp. (data not
shown).

EROpYN 5 (80 W-T)

Figure 2. Transect performed during the ship based survey in September 2009 documenting temperature (°C), salinity and chlorophyll a
(chl. a) concentration (mg m3); Figure 1 for transect station numbers. Relative warm surface waters (up to 5-6 °C) and salinity around 30
is typical during summer and autumn as a result of solar heating and glacial melting. The cold intermediate waters (50-250 m column),
with a cold core (-2 °C) close to the Canadian Shelf is presumably caused by the Baffin Island Current, originating from polar water
through the Nares Strait. The relatively warm and high saline bottom water close to the Greenland Shelf is presumably due to the warm
Irminger Current which is sub-ducted under the Polar Current, forming the West Greenland Current. The relatively cold, low saline inter-
mediate water mass between 50-100 m close to the Greenland Shelf is presumably a mixing zone of glacier water and the West Green-
land Current. The main chl. a concentration seems to be associated with a pycnocline in 40-50 m depth.
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Figure 3. Sea surface chlorophyll a (chl. a) concentrations (mg m=3) in September 2009. Data are presented as a monthly average from

MODIS level 3 aqua. The colours indicate different chl. a concentrations: blue areas - very low; red - high chl. a concentration; white - no
data. The chl. a concentration showed relatively high levels, mainly in the northern Davis Strait, at Store Hellefiskebanke and close to the
Greenlandic coast. A high chl. a concentration was also observed more locally in Disko Bay, Vaigat, Nuussuaq and in the northern limits

of the assessment area. (Source: Oceancolor homepage, NASA).

The relatively high biomass on the Canadian Shelf (CS) as well as the spatial distribution of the zooplankton are likely a
result of the surface and subsurface chl. a concentrations in that area. A high zooplankton biomass was also found at Store
Hellefiskebanke (0-50 m), in the southern part of the assessment area, where the main surface chl. a bloom was located
(Fig. 4). Calanus represented the main species on the CS (0-50 m depth stratum; Fig. 5 and 6), as well as in the deeper
waters in the Deep Basin (DB) and on the Greenlandic Shelf (GS). Some spatial trends were observed for the three Calanus

species and M. longa (Fig. 7).

Polar cod, Themisto and seabirds (little auk and thick-billed murre)
The occurrence and distribution of juvenile polar cod (Boreogadus. saida) (Fig. 8) was estimated in the survey area to ap-

proximately 97x10° individuals or equivalent to 56x10° t. Other fish species such as juvenile Atlantic cod (Gadus morhua)
and sandeel (Ammodytes marinus) were only found at a southern station and only in very low numbers.

The relative abundance and distribution of larger zooplankton (e.g. Themisto) and polar cod is also apparent from the
analyses of the acoustic values measured during the survey up to a water depth of 500 m (Fig. 9 and 10).
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Figure 4. Zooplankton biomass (mg C m=) during the Disko West survey in September 2009 in 0-50 m, 50-100 m, 100-150 m and 150-200 m
water depth. In general, the highest zooplankton biomass was found on the shelf-breaks, mainly on the Canadian shelf-break (0-100 m). On the
Greenland shelf-break, the zooplankton biomass was low in the upper water column but increased with depth (150-200 m). The average zoo-
plankton biomass in the upper 200 m was 0.6 mg C m and varied widely, from 0.2 to 33 mg C m among stations and depth strata.
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Figure 5. Calanus spp. biomass (mg C m) during the Disko West survey in September 2009 in 0-50 m, 50-100 m, 100-150 m and 150-200 m
water column. In the surface layer (0-50 m), a relatively high Calanus spp. biomass was observed on the Canadian shelf-break compared to the
Greenland shelf-break. Calanus spp. biomass increased at the Greenland shelf-break towards deeper water layers (100-200 m). In the 200-500
m (data not shown), high biomass of solely C. hyperboreus were found, occupying this column, indicating that the seasonal decent for dormancy
has already been initiated in C. hyperboreus. The Calanus biomass accounted for 37 % of the total zooplankton biomass (0-200 m) measured du-
ring the study (C. hyperboreus 19%, C. glacialis 14% and C. finmarchicus 4 %). Another important species was the non-Calanus copepod Metridia
longa, contributing with 9% to the overall zooplankton biomass.

alanus spp. biomass|
1o the total zooplankton biomass (%)

Figure 6. Pie chart of relative zooplankton biomass distribution (%) in the water column during the Disko West survey in September 2009; Calanus
spp. (red colour) compared to the remaining zooplankton assemblage (blue) in the 0-50 m, 50-100 m, 100-150 m and 150-200 m column.
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Figure 7. Pie charts of Calanus spp. and Metridia longa relative biomass contributions (%) during the Disko West survey in September 2009 in the
0-50 m, 50-100 m, 100-150 m and 150-200 m depth strata. C. finmarchicus is dominating the Calanus biomass along the Greenland coast from
68° to about 69° N in the upper 100 m. The southern distribution of the North Atlantic species C. finmarchicus could be a result of its transportation
into the Disko West area from the south with the West Greenland Current. At the northernmost stations of the assessment area and along the Ca-
nadian coast, C. glacialis and C. hyperboreus biomasses dominated in the upper 200 m. C. glacialis which is of Arctic origin seems mainly abun-
dant on the Canadian Shelf (CS) in the 50-150 m column, probably a result of the south-going cold Baffin Island Current. C. hyperboreus, which

is predominantly Arctic, is almost exclusively dominant in the 200-500 m, mainly on the Greenland shelf (GS) (data not shown). This may indicate
that the seasonal decent of Calanus, mainly C. hyperboreus, towards winter hibernation has been initiated. M. longa which is predominantly Arctic
and living in deep water is mainly found in the 150-200 m stratum.

Figure 8. Abundance (N m) of larvae and juvenile polar cod during
the Disko West survey in September 2009 (red and blue dots) and du-
ring other surveys. Dark grey dots - September 2005 (Bergstom & Vil-
hjalmarsson 2007), yellow, pale green, black, dark-red and light-grey
dots - May-July 1996-2000 (Munk et al. 2000, 2003, Munk pers. comm.
and REKPRO-data from C. Simonsen and S.A. Pedersen pers. comm.).
Juvenile polar cod seems to be widely abundant in the southern Baf-
fin Bay and Disko Bay and appeared to be more abundant in the
surface waters (0-15 m) than in the deeper layers (100-290 m) during
the survey in September 2009. The distribution in the northern Davis
Strait is more patchy and e.g. east and west of the important fishery
banks. High abundances of juvenile polar cod were found at station
PT30 (25 m and 100 m) and PT39 (25 m and 120 m), respectively (see
Fig. 1 for station locations). Here, potential prey items were present,
indicated by a high biomass of Calanus in the 50-150 m column, and
the amphipod Themisto libellula which were found in the 25-120 m
depth stratum (data not shown). Note: sampling gear e.g. net types
vary among studies.
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Bird observations were carried out during the ship based survey according to the Distance Sampling method (Webb &
Durinck 1992, Buckland et al. 2001). Observations were performed when the ship was sailing with constant speed between
sampling stations, but not when trawling or operating other sampling instruments. This method allows calculating densities
of the species present (Fig. 11). In order to gain a better overview of the seabird distributions, an aircraft based survey was
performed simultaneously, applying the same observations methods (Fig. 12).
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Figure 9. Spatial distribution of larger zooplankton (i.e.
mainly Themisto libellula, size >5 mm) based on rela-
tive acoustic values (SA-values) in the 0-50, 50-100,
100-150 and 150-200 m water columns. Acoustical
separation between the different zooplankton groups
(e.g. amphipods, euphausiids or copepods) was not
possible using the traditional scrutinizing procedure.
However, from the catch composition of trawl and
bongo net samples, it was concluded that these repre-
sent mainly the larger zooplankton species (in particu-
lar the amphipod Themisto libellula). The analyses of
the acoustic values document that large zooplankton
is predominantly found in the upper water column
and on the Greenland shelf. Acoustic scatters were
recorded continuously during the survey. An excep-
tion was at two parts of the survey from station 1 to

3 (~22:30 on Sept. the 8™ until ~18:00 on the 9") and
27 to 31 (from ~19:00 on Sept. the 15" until ~23:00 on
the 16'™) where no data were collected. Continuous
recording of acoustic data (measurements of volume
backscattering strength (Sv, dB re 1 m?) of echo signals
were obtained using a Simrad EK 500 echo sounder
with hull-mounted transducer. The acoustic data from
one frequency (38 KHz) were scrutinized by using Bl
500 post-processing software with a Sv threshold in
decibels (dB) set at -72 dB. The species identifica-
tion during the scrutinizing procedure was based on
information from the catch composition of the trawl
and bongo net samples, the Sv threshold, and the fre-
quency distribution of the target strength (TS, dB re 1
m?) values. Characteristics of the depth distribution of
organism from the net samples were also used.

Figure 10. Spatial distribution of juvenile polar cod based
on relative acoustic values (SA-values) in the 0-50, 50-
100, 100-150 and 150-200 m columns. The distribution
of juvenile polar cod is very similar to those of the large
zooplankton (see Fig. 9) and the distribution of the total
acoustic registrations is therefore similar. The acoustic
signal decreases with depth; however a strong signal was
measured in the 100-150 m for both large zooplankton
and polar cod on the Greenland shelf (St. 19).
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Figure 11. Densities (n/km?) of the most numerous sea-
bird species recorded during the ship based survey in
September 2009. Little auk was the most numerous spe-
cies (n = 29,000 individuals, on transect) and they were
mainly found and concentrated in parts of the Canadian
shelf. These post breeding birds were either on passage
on their way to winter quarters further south in the Labra-
dor Sea or birds assembled in moulting areas (Mosbech
et al. 2011). The highest densities (n = 2000 individuals
on transect) of another species, thick-billed murres were
observed on the northeastern transect on the Greenland
shelf, while lower densities were found further south

also on the Greenland shelf. Very few were observed

on the Canadian shelf. Note that the same high density
area was also recorded during the aerial survey and
that it overlaps with the high-density zooplankton and
polar cod area. Northern fulmar (n = 4600 individuals on
transect) were also sighted, but more widespread and
dispersed, and high density areas were usually found

in areas with fishery. Black-legged kittiwakes (n = 2600
individuals on transect) were almost exclusively observed
on the Greenland shelf with the highest densities on the
northern part of the Store Hellefiskebanke.

Figure 12. Densities (n/km?) of the most numerous sea-
bird species recorded during the aircraft based survey

in September 2009. Little auks (n = 550 individuals on
transect) were more dispersed than observed during the
ship based survey, but generally found outside the shelf
waters. Thick-billed murres (n = 1800 individuals on tran-
sect) were concentrated in the same area as recorded
during the ship based survey (Fig. 11). Northern fulmar
(n =3700 individuals on transect) were concentrated on
Store Hellefiskebanke (see also text to Fig. 11). Black-
legged kittiwakes (n = 370 individuals on transect) were
primarily observed on the northernmost transect on the
Greenland shelf.
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Figure 13. Pie charts of stomach contents of individual little auks (n = 21) and thick-billed murres (n = 6) collected during the Disko West survey in
September 2009. Values inside pies indicate numbers of individuals of the different species (n Ind*) present in the stomachs; the different colours in-
dicate the relative abundance of species and/or families. Themisto libellula was found in almost all stomachs. Other species found in the stomachs
of the two seabird species were juvenile fish of the cod family Gadidae. It can be assumed that this was polar cod (B. saida), since it is the only cod
species found in this part of the assessment area. The cod remains in the stomachs corresponded well with the findings of relatively high abundance
in net samples close to the sampling location (PT8 and PT39, see Fig. 1 for station numbers). The wing snail (Helicina limacina) seems also to be an
important food item for little auk in this area. Calanus occurred only in one thick-billed murre stomach. Analysis of Calanus from multinet and bon-
gonet samples taken at the same location clearly showed that these species were mainly found in the 100-200 m column. Feeding on Calanusin
that depth is considered to be rare for thick-billed murre and unlikely for little auk which is only feeding in the 0-50 m column.

Stomach analysis of little auk and thick-billed murre collected at one location on the Greenlandic Shelf showed that the
amphipod Themisto libellula was predominately present in stomachs of both seabird species (Fig. 13).

Summary

The results from the cruise in September 2009 clearly indicate that the phytoplankton was in a post bloom phase with max
chl. a concentration in the subsurface (30-50 m). The distribution of zooplankton in the water column followed a similar
trend as the chl. a. The seasonal downward migration of Calanus was most likely already initiated. The species distribution
patterns also document well known distribution patterns.

The low zooplankton biomass in the upper water layers could also be a result of top down grazing by the present juvenile
polar cod and thick-billed murre on the Greenlandic Shelf (Fig. 14). The much higher abundance of little auk just off the
Canadian shelf compared to the Greenlandic shelf could be a result of feeding on the relatively high concentrated zoo-

plankton in the 0-50 m column.

It also seems that Calanus is widespread in Baffin Bay but mainly abundant in the shallower coastal areas. Juvenile polar
cod seems also widespread in the Baffin Bay, particularly east and west of the important fishery banks. In these areas high
upwelling occur bringing nutrients to the surface and creating local bloom events. These areas are of high importance for
successful linkage of lower to higher trophic levels of the marine food web.

The most interesting result is the spatial overlap of a high density area for thick-billed murres and high density areas for
both larger zooplankton and polar cod, indicating that the occurrence of polar cod/larger zooplankton govern the offshore
density of staging thick-billed murres.
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Figure 14. Trophic levels of selected zooplank-
ton species and seabirds based on stable
isotope analyses. Thick-billed murre (TB. Murre)
and little auk are represented from different
areas along West Greenland e.g. Saunders
Island (Thule), Baffin Bay (September 2009
survey), Kippako (Upernavik) and marginal ice
zone, while the zooplankton species are all
from the September 2009 survey. As expected,
seabirds represent the highest trophic level
(~4) since they feed on the lower trophic levels
such as juvenile polar cod (PC), Themisto libel-
lula and copepods (Calanus finmarchicus and
Metridia longa). T. libellula and polar cod (of
different lengths, mm) feed on copepods and
therefore represent trophic level ~3. Additional
information for the seabird studies from the dif-
ferent areas can be found in Frederiksen et al.
(2008) and Mosbech et al (2009).
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Figure 11. Krill abundance (N m2) in the 0-50 m water column in

Figure 12. Capelin abundance (N m) in the 0-50 m column

in September 2006 estimated from acoustic measurements
GINR). High krill abundance, mainly (Meganyctiphanes norvegica), (data: GINR). High capelin abundance was found in some fjord

is evident in the Disko Bay (Bergstrom & Vilhjalmarsson 2007). systems (Bergstrom & Vilhjalmarsson 2007).

September 2006 estimated from acoustic measurements (data

Pedersen & Smidt (2000) analysed shrimp and fish larvae data sampled along
three transects during summer in West Greenland waters over 34 years. It was es-
timated that shrimp larvae travel up to 500 km away from their release site before
they settle. Computer simulations have indicated several of such ‘release sites’ on
the banks south of Disko Bay. The shrimp larvae were generally more abundant in
waters less than 200 m deep and showed high abundance mainly over the West
Greenland shelf (GS) and in the Disko Bay area (Pedersen & Smidt 2000). Shrimp
larvae are usually released from the females at water depths (<150 m), which are
much shallower than where the fishery usually occurs (100-600 m). Larvae are
possibly released in August in Disko Bay (S.A. Pedersen, ICES pers. comm.).

Although shrimp and fish larvae and other planktonic organisms are expected to
move with the currents, there seem to be retention areas over the banks, where
plankton is concentrated and entrapped for periods (Pedersen et al. 2005).

It is not clear whether the shrimp stocks in Disko Bay are self-recruiting or to what
degree influx of larvae from the south contributes to the stock (S.A. Pedersen, ICES
pers. comm.). Shrimps in waters north of Disko Bay are probably recruited from Dis-
ko Bay (S.A. Pedersen, ICES pers. comm.). Within the assessment area high num-
bers of shrimp larvae were found on the northern edge of Store Hellefiskebanke, in
Disko Bay and in the waters around Hareg (Mosbech et al. 2007a).
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426 Conclusions

The occurrence of large zooplankton and fish larvae is highly seasonal in the as-
sessment area, primarily governed by the spring bloom of phytoplankton, currents
and upwelling phenomena. Considering all the information summarised above
there seem to be important plankton occurrences on the outside of Store Helle-
fiskebanke, west of Disko Banke and in the Disko Bay.

4.3 Benthic flora
Susse Wegeberg

Shorelines with a rich vegetation of marcroalgae (e.g. kelp) are of high ecologi-
cally importance. The littoral- and sub-littoral canopies of macroalgae are impor-
tant for higher trophic levels by providing substrate for sessile animals, shelter from
predation, protection against wave action, currents and desiccation or directly as
a food source (Bertness et al. 1999, Lippert et al. 2001). The abundance of mac-
roalgae is related to exposure and icecover and some very exposed coasts may
even appear as barren grounds. Owing to strong biological interactions in rocky
intertidal and kelp forest communities, cascades of delayed, indirect impacts (e.g.
biogenic habitat loss and changes in prey-predator balances due to species spe-
cific mortality) may be much more severe than a direct impact of oil contami-
nation (Peterson et al. 2003). Thus in order to identify important or critical areas
robust baseline knowledge on the littoral- and sub-littoral flora and its ecology is
essential.

4.3.1 General context

The marine macroalgae are found along shorelines with hard and stable sub-
stratum, such as stones, boulders and rocky coast. The vegetation is distinctly
divided in zones, which are most pronounced in areas with high tidal ampli-
tudes. Some species grow above the high-water mark, the supra-littoral zone,
where sea water reaches them as dust, spray or by wave action. In the littoral
zone the vegetation is alternately immersed and emersed, and characterised by
fucoid species. The majority of the macroalgal species, however, grows below
the low water mark within water depths with sufficient light. In the Arctic, the
length of the ice-free period is an important controller of the light reaching the
sea floor and the depth range of the kelp belt increases from north towards south
along Greenland’s coast parallel to the increase in length of the ice-free period
(Krause-Jensen et al. 2011). In north Greenland, a relatively dense macroalgal
flora can be found down to water depths of about 20 m (Krause-Jensen et al.
2011), while they occur deeper than 50 m in South Greenland and around Disko
(Wegeberg et al. 2005).See also Box 2.

4.3.2 Macroalgae in Greenland and the assessment area

Shorelines with a rich inter- and sub-tidal macroalgal flora are widespread in
Greenland. Marine macroalgae were collected at different expeditions to West
Greenland during the 19™ century, and were identified and described by Rosen-
vinge (e.g. 1893, 1898). A check-list to the marine algae of Greenland for the east
and west coast separately was compiled by Pedersen (1976) supplemented for
the assessment area by Hansen & Schlitter (1992) and in relation to the study
presented in Box 2. An overview of the species present in the assessment area is
given in Table 2.



Box 2. Mapping of macroalgae in the Disko West coastal zone
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Figure 1. Stations sampled during the 2009 survey (blue symbols).

Table 1. Grouping of bottom types according to coverage (%) of different substrates.

Sand Stones Stones StoneslL Stones Stones Mixstones Litho
SM ML SML SL SL

Sand/gravel 100 - - - - - 20-40 -
small stones - 30-60 - - Oct-35 30-40 Oct-35 -
(2-10 cm)
Medium stones

- 40-70  30-50 - Oct-30 - - -
(10-30 cm)
Large stones

= -7 70-1 - -7 25-4 -
(30 - >60 cm) 50-70 0-100 Oct-35 60-70 5-40

Benthic vegetation and macroalgae are im-
portant elements of the coastal marine ecosys-
tem in the Arctic, since the not only represent
a significant amount of the primary production
(Krause-Jensen et al. 2007). They also play a
major role as habitat for a diverse commu-
nity of benthic invertebrates and fish, and in
particular as nursery areas for juvenile fish. In
coastal regions of the Arctic the macroalgae
vegetation occurs from the tidal zone to water
depth of more than 50 m and is often domi-
nated by large brown algae with several me-
ter long thalli (leaves) also known as kelp. Like
other Arctic organisms, the vegetation is adapt-
ed to low temperatures and extreme seasonal
changes in the light regime. Their abundance
and distribution are partly determined by light
availability, physical disturbances such as
tides, wave exposure and ice scouring and,
as in boreal regions, by grazing from certain
invertebrates (e.g. centric sea urchins) which
can control the vegetation completely and
in the worst case could permanently change
the habitat from dense kelp forests to barren
ground. In some areas, disappearance of the
macroalgae vegetation has been attributed
to a lack of top predator control of sea urchins.
However, these examples come from the tem-
perate zone and the potential of sea urchins to
control the macroalgae vegetation in the Arc-
tic is largely unknown.

As part of the Environmental Studies in the Disko
West area a survey was carried out in August/
September 2009. The study aimed at obtaining
a general description of the macroalgae com-
munity in terms of species composition, depth
distribution and limits, and relation to substrates
and sea urchin abundance.

The ship based survey covered the coast line
from Sisimiut to Nuussuaq (Fig. 1) 11 stations
were sampled including diver observations,
collection of macroalgae as well as photo
and video documentation together with ob-
servations of bottom topography and sedi-
ment composition. All transects were located
in areas with suitable substrates for macroal-
gae either determined by the presence of
brown algae or, alternatively, barren grounds

with stones or solid rock with crustaceous red algae and epifauna (Fig. 2). Furthermore, it was judged whether or not the
substrate was stable. The substrates present in the study area included solid rocks, stones and boulders of varying sizes,
gravel and sand (Fig. 3 and Table 1). The highest coverage of stabile substrate was found in the shallow waters and the
same pattern was evident from the video survey based data Fig. 4). There were only a few observations of solid rock below
50 m. Each video recorded transect covered the depth range from the tidal zone to the depth limits of macroalgae distribu-
tion. However, some macroalgae apparently grew deeper than the depth limit of the instrument (65 m).

The macroalgae community was totally dominated by brown algae with Laminaria, Desmarestia, Fucus and Agarum as
the dominant genera. The foliose red algae contributed with only 5 % of the total macroalgae coverage along the entire
transect from 0 m to the deepest recordings. Fucus was only found between 5 and 30 m water depth and with a very low
coverage. Agarum tended to be relatively more abundant at depths below 40 m. However, in general there was no clear
depth zonation of the dominating genera or the groups of brown and red algae.
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Figure 2. Coastal epibenthic communities. Upper picture: Brown algae com-
munity in the tidal zone dominated by Laminaria species (and Agarum). Lower
picture: Typical hard bottom community dominated by grazing epifauna such as
sea urchins and crustaceous red algae. In the tidal zone (0 to 5 m water depth),

The depth distribution of the macroalgae com-
munity was clearly related to the availability
of substrates. This is clearly exemplified in two
transects at the location Hunde Ejland in Disko
Bay where the depth limit in transect 2 was only
20 m whereas the depth limit was about 55 m
in the nearby transect 3 at the same location.
In both cases the bottom is covered with unsta-
ble substrate at a depth below the algal depth
limit. At another location in Disko Bay (Kronprin-
sens Ejland) the coverage declined from 100 %
at depths shallower than 30 m to 0 % over the
depth range from 30 to 45 m concomitant with

70-80% of the coastline was covered by macroalgae (Fig. 4). The total macroal- @ change from stabile to unstable SUbSUE_lte-
gae cover showed a gradual decrease with increasing depth, i.e. from 70-80 % The macroalgae cover was related to grazing
in the tidal zone to about 40% at 25 m and the deepest recorded macroalgae from sea urchins. Macroalgae were almost ab-

were found at 65 m depth. There were considerable variance between locations  sent on the location in Disko Fjord where sea ur-
and also between transects from the same location. For example 100% coverage  chins were abundant. Assessment of the entire
was found down to 30 m depth at Kronprinsens Ejland and at depths below 55 m  qata set showed a clear negative correlation

there was still more than 50 % coverage. On the other hand, the macroalgae was

almost absent in the Disko Fjord.
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Figure 3. Distribution of substrate versus depth. Upper panel: hard bottom (%) recorded by divers in the 0-20 depth range. Hard bottoms in-
clude solid rock and stones. Lower panel: relative distribution (%) of bottom types versus depth assessed from video recordings: Rock (black),
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Figure 4. Average macroalgae cover (%) versus water depth
based on all video recorded transects, including all types of
substrate. Error bars show standard deviation across the studied
transects.
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The combined effect of sea urchins and the availability of
suitable substrate on the macroalgae coverage are shown
in Fig. 6. In areas with no sea urchins, macroalgae coverage
amounted to up to 100 % at depth <20 m and 40-50 % down
to 55 m (Fig. 7). All of the habitats observe below 55 m were
influenced by either unstable substrate or sea urchins. Habi-
tats with unstable substrates showed a decline in macroalgae
coverage already below 10 m depth. The total macroalgae
cover on bottoms with sea urchin was reduced by 60 % rela-
tive to bottoms without sea urchins. The combination of unsta-
ble substrate and sea urchins showed that the coverage was
reduced to less than 25 % of that of bottoms with stable sub-
strates and without sea urchins even at depth less than 10 m.

The average total number of species (S) at all stations was
66110 (SD) with a tendency towards an increase of species
in the most northern stations (Fig. 8). The Shannon-Wiener
diversity index (H’), at each depth transect at all stations
showed an overall decrease in biodiversity with increasing
depth, most pronounced at the northern stations (Fig. 9). The
number of specimens as well as the sampling effort (diver
time etc.) was fairly uniform across the study area and the
diversity and species richness indices are comparable.
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Total macroalgae cover (%)

120

100 —

80

60 —

40 |

20 -

Red calcified algae were abundant in all depth groups (Fig.
10). In the 0 m depth group, brown algae dominated with
species such as Chordaria flagelliformis, Alaria esculenta
and Fucus evanescens. The 5 m depth group differed from
the 0 m depth group, due to presence of other brown algal
species, mainly Agarum clathratum and juvenile Laminaria
longicruris. Deeper down at 10 m water depths, species
dominance did not change much, apart from increased
contribution of A. clathratum and red algae. The 15 m
depth group was mainly characterised by the brown al-
gae A. clathratum and red calcified algae. The 20 m depth
group was characterised by A. clathratum and red calcified
algae showed the same abundance.
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Density sea urchins (~m2)
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Figure 6. Average total macroalgae cover (%) versus the abun-
dance of sea urchins Strongylocentrotus-type.
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The present study documents the dense macroalgae cover
in hard substrate habitats. The macroalgae cover extended
as deep as 60 m. This depth limit is remarkable compared
to depth distributions recorded elsewhere in boreal regions.
The only comparable observations of depth limits in the

Arctic are from Svalbard where 60 m is given as the maxi-
mum depth distribution limit for foliose red algae that often

occurs deeper than the larger brown algae kelp species. In contrast, the present study documents the presence of larger
Agarum and Laminaria specimens around and below 60 m. The potential depth limit of the vegetation may be even
deeper to what has been observed in this study, often coincided with lack of suitable substrate below 50 m. The potential
of the large brown algae genera (Laminaria and Agarum) to maintain populations as deep as 60 m is particularly inter-
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Figure 7. Total macroalgae cover of individual transect versus depth in relation to substrate and presence (left panel) or absence (right
panel) of sea urchins. Red symbols: solid substrate (solid rock or large boulders); blue symbols: unstable substrate (sand, gravel, stones).
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Figure 8. Species richness expressed as total number of species at
each sampling station. Stations are plotted from south to north.
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Figure 9. Shannon-Wiener diversity index in various depths transects
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esting for the Disko West area (and West Greenland in
general), because the large offshore Bank (Store Helle-
fiskebanke) is shallower than the depth limit of the large
kelp forming brown algae. It is possible that the absence
of stable substrate and/or grazing have prevented the
establishment of foliose macroalgae vegetation on the
offshore bank.

The population of sea urchins is negatively correlated
with the macroalgae cover due to grazing and thus prob-
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& oF ofF § & 6\*\9 59 Y\féﬁm ably controls the macroalgae distribution which means,
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& {\Qﬁ N 0\"‘@ O ® the vegetated habitats could be threatened by sea ur-
*30‘@ chins. The sea urchin population, on the other hand, can
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maintain population even in the absence of macroalgae
and thereby prevent re-colonization of the macroalgae.

The macroalgae community is completely dominated
by large species of brown algae also seen in other parts
of the Arctic such as Svalbard, the Russian Arctic coast
and in the Canadian Baffin Bay area. However, beside

these dominant species a highly diverse community of

brown, red and green algae (as well as crustaceous red
algae not included in this study) has been documented.
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at the different sampling stations.
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B Red calcified crust

u Cherdaria flageliiformis
B Alaria esculenta
OFucus evanescens

O Saccorhiza dermatodea

O Uivopsis grevilei

B Red calcified crust
B Agarum clathratum

O Laminaria longicruris (juvenil)
B Alaria esculenta

OUlvopsis orevilei

@ Ptiota serrata

@ Agarum clathratum

m Red calcified crust

m Red crust

O Laminaria longicruris (juvenile)
@ Piiota serrata

0 Laminaria nigripes (uvenile)

In summary, the survey revealed 79 species of algae at
11 stations and 54 transects. For comparison the total
number of species found in the entire coast and fjord of
Svalbard was 70 even though this figure represents the

€
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sum of several studies. Canadian studies performed in

@S"b \&e‘b &@m the high Arctic repr_esen_t 5_5 specieg Th?s emphgsise that
& ® the macroalgae diversity is very high in the Disko west
area. One new species was found, which was not previ-

ously described
Conclusions

The present study shows that a dense macroalgae vegetation is present in
the coastal zone of the assessment are wherever there is suitable substrates
present; macroalgae cover extents to a water depth of >60 m.

Locally in Disko Fjord sea urchin play a role in controlling the macroalgae
vegetation.

The coastal macroalgae vegetation constitutes an important habitat for inver-
tebrate fauna and as nursery area for fish.

15m Any oil pollution events in-
volving oil drifting to the shore
or sinking in shallow areas
o threats the coastal vegetated
B Agarum cathratum habitats.

O Turnerelia pennyi

O Laminaria longicruris (uvenie)

W Red crust

m Red calcified crust
B Agarum clathratum

O Laminaria longicruris (uveniie)
B Desmarestia aculeata

mRed crust

@ Turnerella pennyi

Figure 10. Species composition
in relation to depth. Pie charts
show the contribution (%) of the
six most dominant algae species.




A recent study assessed the extension and production of kelp belts along Green-
land’s west coast, from Nuuk to north of Qaanaaq (Krause-Jensen et al. 2011a). Pre-
dominant species of the tidal zone was mainly Fucus spp. and in the upper sub-tidal
zone species like Agarum clathratum, Alaria esculenta, Laminaria spp. and Saccha-
rina longicruris were recorded as far north as 78°N (Pedersen 1976, 2011, Wege-
berg et al. 2005, Krause-Jensen et al. 2011a).

Table 2. Distribution of the macroalgae species in the assessment area in relation to lati-
tude. Based on MPedersen (1978), mHansen & Schlitter (1992), mRecords from the mac-
roalgal investigation presented in Box 2.

Latitude (°N) 67 68 69 70 71
Cyanophyta

Aphanothece sp.
Calothrix scopulorum
Rivularia atra
Rhodophyta

Bangia fuscopupurea

Clathromorphum compactum
Coccotylus truncatus
Devaleraea ramentacea
Euthora cristata
Fimbrifolium dichotomum
Hildenbrandia rubra
Lithothmanion glaciale
Lithothamnion tophiforme
Meiodiscus spetsbergensis
Palmaria palmata
Pantoneura fabriciana
Peyssonellia rosenvingii
Phycodrys rubens
Phymatolithon tenue
Polysiphonia arctica
Polysiphonia stricta
Wildemania miniata

Ptilota serrata

Rhodocorton purpureum
Rhodomela lycopodioides
Turnerella pennyi

Scagelia pylaisaei
Polysiphonia fucoides
Acrochaetium microscopicum
Rubrointrusa membranacea
Scagelothamnion pusillum
Membranoptera denticulata
Harveyella mirabilis
Polysiphonia elongate f. schuebeleri
Porphyra umbilicalis
Ceramium virgatum
Rhodophysema elegans




Phaeophyceae

Dermatocelis laminariae
Coelocladia arctica
Symphyocarpus strangulans
Agarum clathratum

Alaria pylaiei

Ascophyllum nodosum
Battersia arctica
Chaetopteris plumosa
Chorda filum

Chordaria flagelliformis
Delamarea attenuata
Desmarestia aculeata
Desmarestia viridis
Dictyosiphon foeniculaceus
Ectocarpus siliculosus
Elachista fusicola

Eudesme virescens

Fucus evanescens

Fucus vesiculosus
Laminaria nigripes
Laminaria solidungula
Leptonematella fasciculata
Petroderma maculiforme
Pleurocladia lacustris
Punctaria plantaginea
Pylaiella littoralis
Saccharina longicruris
Scytosiphon lomentaria
Sorapion kjellmanii

Stictyosiphon tortilis
Coilodesme bulligera
Petalonia zosterifolia
Alaria esculenta

Chordaria chordaeformis

Pylaiella varia

Saundersella simplex
Scytosiphon complanatus?

Ectocarpus fasciculatus
Halosiphon tomentosus
Laminariocolax tomentosoides
Lithosiphon filiformis
Papenftusiella callitricha
Petalonia fascia

Saccharina latissima

Saccorhiza dermatodea
Haplospora globosa
Hincksia ovata

Laminaria digitata
Microspongium alariae
Microspongium globosum
Phaeostroma longisetum



Phaeostroma pustulosum
Protohalopteris radicans
Symphyocarpus strangulans
Laminariocolax aecidioides
Stragularia clavata
Streblonema stilophorae
Isthmoplea sphaerophora
Rafsia fungiformis

Chlorophyta

Ochlochaete hystrix
Acrosiphonia arcta
Acrosiphonia sonderi
Chaetomorpha melagonium
Chaetomorpha capillaris
Gomontia polyrhiza
Ostreobium quekettii
Rhizoclonium riparium

Spongomorpha aeruginosa as Chlorochytrium
inclusum

Ulva prolifera

Urospora penicilliformis
Ulvaria splendens
Chlorochytrium dermatocolax
Monostroma grevillei
Pseudopringsheimia confluens
Ulothrix flacca

Ulvaria obscura

Acrochaete repens

Blidingia minima
Bolbocoleon piliferum
Pseudendoclonium fucicola
Ulothrix subflaccida
Cladophora flexuosa?

Ulva intestinalis
Chlorochytrium cohnii
Cladophora rupestris
Kornmannia leptoderma
Percusaria percursa
Pseudothrix groenlandica
Ulothrix speciosa

Ulva compressa

Ulva lactuca

Prasiola stipitata
Pringsheimiella scutata
Protomonostroma undulatum
Urospora wormskioldii

: o -

In general, knowledge concerning the marine benthic flora in the Disko West as-
sessment area is still scarce, but floristic studies, particularly around Qeqgertarsuaq
(Hansen & Schlutter 1992), and a study on Fucus spp. and associated fauna in the
littoral zone (Hansen 1999) have been conducted. In addition, in 2009 a larger
study was carried out including estimations of macroalgal coverage and depth

ranges (Box 2).
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Littoral and sub-littoral studies on macroalgal biomass conducted in southern
Greenland and the Nuuk area showed in average high biomasses of Fucus vesicu-
losus, e.g. 4 and 7 kg wet weight m2 at two localities near Qaqortoq (Wegeberg
et al. 2005). In the Disko West assessment area, Hansen (1999) found somewhat
lower biomasses for Fucus spp., in average between 2 and 4 kg wet weight m-2
(calculated from Figure 4 in Hansen (1999) using a conversion factor of 5 from dry
to wet weight) from two localities close to Udkiggen, Qeqgertarsuaq, and maxi-
mal values of 6 and 8 kg wet weight m2. At Qaqortoq the maximal biomass of F.
vesiculosus reached 10 kg wet weight m2 The lower biomasses obtained in the
Disko area may be a result of a higher degree of exposure rather than due to a
more northern location. In a study on Fucus spp. along an exposure gradient (wind,
ice) in the littoral zone at Ydre Kitsissut, south of the assessment area, a decrease in
biomass was found in the range of more than 40 % from the sheltered station to the
semi-exposed, and down to about 2% at the most exposed station (Wegeberg,
unpubl. data). In the upper sub-littoral zone (<20 m) biomasses of kelp in southern
Greenland averaged 3-8 (13.5) kg m, with highest values at sites with a relatively
high degree of exposure (Wegeberg 2007).

The kelp production can be used as an estimate of kelp-derived carbon being
available for the next trophic levels in the ecosystems. The annual production of
kelp species in Northeast Greenland and the Beaufort Sea, Alaska, has been es-
timated as increase in length during the growth season and showed an annual
length increase of Saccharina latissima of approx. 55-88 cm depending on depth
(Dunton & Schell 1987, Borum et al. 2002).

In the Arctic, the length of the ice-free period is an important controller of the light
reaching the sea floor. The depth range of the kelp belt along the west coast of
Greenland increases towards the south in parallel to the increase in length of
the ice free period (Krause-Jensen et al. 2011b). In North Greenland, a relatively
dense macroalgal flora can only be found down to water depths of about 20 m
(Krause-Jensen et al. 2011b), whereas macroalgae occur at water depths of 50 m
in South Greenland and around Disko Island (Wegeberg et al. 2005) (See Box 2).

Sea-ice also has a high physical impact on the macroalgal vegetation because of
ice scouring. The mechanical scouring of floating ice floes prevent especially per-
ennial fucoid species to establish and grow in the littoral, the zone which is mostly
influenced by ice dynamics. At such ice scoured localities, often also quite wind ex-
posed, communities of opportunistic macroalgae, like the filamentous green algae
of the genera Ulothrix and Urospora and the smaller leafy species Blidingia minima,
develop quickly during the summer months due to the available substratum and
to the life history of these algae, i.e. microstages not detached by ice. This was ob-
served at the North Star Bay by Andersen et al. (2005), and at Ydre Kitsissut (Wege-
berg, unpubl. data), areas north and south of the assessment area, respectively.

Perennial species living in the littoral zone do tolerate freezing and survive to be
frozen into the ice foot if the ice melts gradually without being disrupted. In this
case, the macroalgal vegetation remains intact, which is the case in more shel-
tered areas as demonstrated in the fjord Qaamarujuk, close to Uummannagq, just
north of the assessment area (Johansen et al. 2001b). For Fucus evanescens from
Spitsbergen it was shown that the species was able to halt the photosynthetic
activities at subzero temperatures and resume almost completely when being un-
frozen again (Becker et al. 2009).

Low salinity or fresh water may influence the macroalgal vegetation especially
in the intertidal zone when exposed to rain and snow during low tide or when
sea water mix with fresh and melt water during seasons with high water runoff



from land. Low tolerance to such hypo-saline conditions may result in increased
mortality or bleaching (strong loss of pigments), which suggests that hypo-salini-
ty also has an impact on the photosynthetic apparatus, as shown for kelp species
on Spitsbergen (Karsten 2007).

Substratum characteristics are also important for the distribution and abundance
of the macroalgal vegetation; only hard and stable substratum can serve as base
for a rich community of marine, benthic macroalgae. However, some macroal-
gal species are commonly attached to shells, small stones or are loose-lying in
localities with a soft, muddy bottom. The phenomenon of loose-lying individuals
of brown and green algae was observed and described by Christensen (1981)
along the coasts of the sheltered fjords around Nuuk, south of the assessment area.
Naturally occurring loose-lying macroalgae tend to be depauperate (i.e. a poorer
development of the thallus), probably due to poor light and nutrient conditions.

Seabed areas dominated by encrusting coralline red algae as well as loose lying
rhodoliths are reported from a single locality in the assessment area; in the Disko
Fjord. Here relatively large rhodoliths with diameters of up to 13 cm are accumu-
lated on a soft and muddy bottom (Diuwel & Wegeberg 1990, Thormar 2006).

Sea urchins (Strongylocentrotus droebachiensis) are the most forceful grazers on
kelp forests. A high density of sea urchins can result in grazing down of kelp forests
leaving ‘barren grounds’ (also known as the phenomenon of ‘iso-yake’ - Japanese:
sea dessert) on stones, boulders and rocks. As a result of the grazing these ‘barren
grounds’ could be covered by coralline red algae only. If caused due to grazing by
sea urchins, and not by ice scouring, the barren grounds will be found below the in-
tertidal vegetation as the sea urchins do not tolerate desiccation (Christensen 1981).
In connection with a study on the macroalgal species zonation in the littoral zone of
the west coast of Disko Island, barren grounds with a relatively high number of sea
urchins and grazed kelp forest have been reported (Hansen & Schlitter 1992).

Isotope (6!*C) analyses used to trace kelp-derived carbon in Norway, suggest that
kelp may serve as carbon source for marine animals at different trophic levels (e.g.,
bivalves, gastropods, crabs, fish), and mainly enters the food web as particulate or-
ganic material (Fredriksen 2003). Particularly during the dark winter period, when
phytoplankton is absent, an increased dependence on kelp carbon has been
measured (Dunton & Schell 1987). A study on fish-macrofauna interactions in a
Norwegian kelp forest showed that kelp-associated fauna was an important prey
for the 21 fish species caught in the kelp forest (Norderhaug et al. 2005). A reduc-
tion in kelp forest due to harvest thus affected the fish abundance and diminished
foraging efficiency of great cormorants (Lorentsen et al. 2010).

Climate change will probably affect the macroalgal vegetation, primarily due to
alonger season with less ice and thereby a longer season for growth. A change in
northward distribution of species is therefore an scenario expected to be coupled
to oceanic warming (Muller et al. 2009). Furthermore, a study of climate forcing on
benthic vegetation in Greenland (Krause-Jensen et al. 2011) suggests that depth
range, abundance and growth of subtidal vegetation belts will expand in correla-
tion to a warmer climate; but the study also concluded that those species with the
most northern distribution responded negatively to warming. In addition, melting
of inland ice caps leads to an increase in freshwater runoff, which may result in
lowered salinity and increasing water turbidity (Borum et al. 2002, Rysgaard &
Glud 2007), having a negative impact on the local macroalgae vegetation.
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4.3.3 Knowledge gaps

In general, the knowledge of macroalgal diversity and extent in the assessment
area has been improved, e.g. due to the studies described in Box 2. However,
knowledge on macroalgal biomass and production is still limited. It is thus rec-
ommended to perform investigations that in particular will provide 1) quantitative
data on macroalgal and associated faunal biomass and/or number, and 2) infor-
mation on macroalgal primary production. In addition, investigating and mapping
trophic cascades is highly desirable.

Obtaining such data would provide a base for mapping and modelling littoral
and sub-littoral ecology of the coasts in the Disko West area, and additionally
provide information for optimizing advising and prioritizing shoreline protection
and clean-up, as well as evaluation of subsequent rehabilitation of an oil im-
pacted coast.

4.4 Benthic fauna
JL.S. Hansen, M. Seji, A.B. Josefson, P. Batty, M. Hjort and S. Rysgaard

The benthic macrofauna is a key element in the functioning of marine ecosys-
tems, including the Arctic. It processes a major fraction of the organic material set-
tling from the water column to the sea bottom, thereby exerting an important link
between primary production and overall ecosystem services. Benthic organisms
also provide a vital food source for higher trophic levels. In particular, in the Arc-
tic benthic macrofauna serves as valuable food for demersal fish (e.g. Greenland
halibut), seabirds and marine mammals. Some macrofaunal species are also of
commercial value such as scallops, shrimps and crabs.

Although a lack of data from Greenland waters is apparent, enough data is avail-
able to suggest that species diversity in West Greenland to be in the high end com-
pared to other ecoregions in the Arctic (Piepenburg et al. 2010) and the benthic
community is often extremely heterogeneous on both local and regional scales.

The majority of the benthic invertebrate species are relatively stationary in their
adult life stage and consequently particular sensitive to natural and anthropogen-
ic environmental impacts, including physical disturbance, hypoxia, or hazardous
substances. Benthic species and communities are therefore suitable indicators of
environmental impacts or changes occurring on a temporal scale from years to
decades.

Compared to land, oil spills in the sea often affects large areas because of spread-
ing with water currents. Effects of oil spills have been described from a number of
serious/major ship accidents including the Arctic (Exxon Valdez). Owing to the rela-
tive low temperature in the Arctic, growth of benthic fauna is often slow (Blicher et
al. 2010, Sejr & Christensen 2007) and therefore recovery from oil pollution is likely
to take long time.

Before the studies carried out as a part of background study program initiated in
relation to this SEIA, only a few surveys have been carried out, e.g. a study of the
macrobenthic fauna composition in the Holsteinsborg Dyb and the Store Helle-
fiskebanke (63-68°N) in the 1970s (Anon 1978).

As part of a larger benthic study a ship based survey was carried out in May 2009
to study the composition of the benthic fauna in the assessment area (Box 3).



A specific taxon that is receiving increasing attention is cold-water corals. These
corals are widespread in large parts of the north Atlantic where they create a
unique habitat that is inhabited by a specific fauna (Mortensen & Buhl-Mortensen
2004, Bryan & Metaxas 2006). Cold water corals have been found in the western
part of the Davis Strait (Edinger et al. 2007). In Greenland waters knowledge of
coral distribution and abundance has not been systematically studied. However,
during trawl surveys conducted in Greenland waters, corals have been found at
many locations along the continental slope of Southwest- and Southeast Green-
land (ICES 2010). Recently, a ban against trawling in two areas south of Maniitsoq
(64°N) was suggested due to the observations of high abundance of corals.

4.5 Sea-ice community
Susse Wegeberg

Arctic sea-ice is home to a specialised ecosystem consisting of bacteria, microal-
gae and microfauna living in cavities, brine channels and on the underside of the
ice. But also large species are associated this ecosystem, such as polar cod. This
ecosystem is highly dynamic and adapted to the seasonality of the seaice and
to the variation in temperature, salinity and nutrient availability. These variations
lead to high degree of horizontal patchiness in microbial sea-ice communities.
Furthermore, the microbial sea-ice community in the Arctic is highly diverse, and
one of the most important structural parameters for the community is the age of
ice (first-year ice vs. multiyear ice) (Quillfeldt et al. 2009).

Strong patchiness of the sea-ice algae is commonly reported (Booth 1984, Gos-
selin et al. 1997, Gradinger et al. 1999, Rysgaard et al. 2001, Quillfeldt et al. 2009),
caused by the mentioned heterogeneity of the ice as well as varying snow cov-
er affecting light conditions. Rysgaard et al. (2001) found, in their study in Young
Sound, Northeast Greenland, that the patchiness of algal activity was strongly
linked to the corresponding patchiness in the light regimes below the ice.

In the Greenland Sea, the algae was found to contribute to the biomass of the
sea-ice communities with 43 %, bacteria with 31%, heterotrophic flagellates with
20% and meiofauna with 4% (Gradinger et al. 1999). Melosira arctica, together
with the pennate diatom, Nitzshia frigida, also dominant in the assessment area,
tended to be the dominant diatom species off Northeast Greenland/Barents Sea
(Gutt 1995, Gosselin et al. 1997, Quillfeldt et al. 2009). In the North Water Polynya,
Baffin Bay, only <1-3% of the in-ice community was found to consist of protists
(ciliates and dinoflagellates). The microalgal fraction was strongly dominated by
pennate diatoms (>91 %) of which the species Nitzshia frigida prevailed and con-
tributed, on average 85% of total ice algal cell numbers. Irwin (1990), however,
only found Nitzshia frigida in the fraction of chain-forming diatoms, constituting
26% of the diatoms, while a large, centric Coscinodiscus species was dominant
(65%) off Labrador. In the fjord, Kangerluarsunnguaq, at Nuuk, West Greenland,
and south of the assessment area, Mikkelsen et al. (2008) found that flagellates
(prasinophytes, dinoflagellates, cryptophytes) and both centric and pennate dia-
toms were regular components of the sea-ice algal community. Of diatoms espe-
cially Chaetoceros simplex, a colonial, centric diatom, was dominant (75 % of total
sea-ice algal abundance) during its bloom in March. In Davis Strait, Booth (1984)
found a total dominance of pennate diatom genera.

The sea-ice-algal production in the Arctic range from 5-15 g C m2 year! depend-

ing on sea-ice cover season (Mikkelsen et al. 2008). Irwin (1990) estimates an
annual production of 4.4 g C m2 off Labrador just west of the assessment area,

81



Box 3. Benthic invertebrate fauna
in the Disko West area with focus
on Store Hellefiskebanke

JL.S. Hansen, M. Sejr, A.B. Josefson, P. Batty, M. Hjorth
and S. Rysgaard

Knowledge concerning the benthic fauna in the Disko West
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 in regard to the oc-
currence and distribution of the benthic fauna in the Disko West
area.

In May 2009, a ship based survey was carried out to document
diversity and composition of the benthic macrofauna in the Dis-
ko West assessment area. A number of stations were sampled,
including the soft bottom habitats on Store Hellefiskebanke
(Fig. 1). The benthic infauna was sampled using Haps and Van
Veen grabs and photographs were taken to describe the epi-
fauna. In addition sediment composition, sediment pigment
content and sediment respiration was measured (results are
not shown). The results of this study together with data from a
previous investigation in 1976/1977 have been used to update
our present knowledge concerning the benthic macrofaunal
community in the assessment area.

The benthic habitats in the Disko West area

Major parts of the area covered by the survey can be charac-
terised as hard bottom habitats especially in the shallow parts
(water depths <100 m). Such habitats include solid rocks and
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Figure 1. Stations sampled during the 2009 survey qualitatively and quantita-

tively (red and green symbols). Previous sampling (1976) is marked with blue
symbols.

areas covered with boulders, gravel and shells, making a quantitative sampling sometimes impossible. Drop stones, i.e.
stones originating from melting icebergs, are another typical feature, occurring on all sediment types at depth <200 m. The
surface of the drop stones was often covered with epifauna (Fig. 2), indicating that the stone were on top of the sediment

and exposed to epibiotic colonisation.

bottoms.

Figure 2. Typical drop stones covered with epifauna sampled on muddy bot-
toms at 170 m water depths.
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The sediment composition was related to water depth. The shallowest locations (<30 m)
were covered with well sorted sand whereas soft sediments (mud, silt and clay) were found
at depths below 200 m. Depth between 150 and 200 represent a mixture of soft and hard

Most of the shallow stations were located within or close to the Store Hellefiskebanke. There-
fore the observations is not balanced in the assessment area and it is not possible to state if

the distribution of soft/hard bottom is charac-
teristically only for the Store Hellefiskebanke
area or if in the relatively shallow areas (100-
150 m) west of Disko Island the same mixture
of sediment types occur.

The analyses of the sampled infauna and the
photos of the epifauna document that the
community composition followed the distri-
bution of habitats along the depth gradient.
The highest biomasses were found in the 50-
100 m depth range with average values of
~500 g wet weight (ww) m-2 and about 300 g
ww m-2inthe 100-150 depth range (Fig. 3). In
the shallow waters (<50 m) and down to 150
m the total macrofaunal biomass was con-
siderable lower, i.e. about one tenth or 30-50
g ww m=2 The total abundance followed the
same pattern, although less pronounced.
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The average abundance in the samples between 50-100 m depth ranges was about 3000 indvs m whereas the total
abundance in the samples covering the other depth ranges varied between 1400-2200 indvs m™=.

In most of the sampled area the biomass of the benthic fauna was only about one tenth of that found on the margins of the
Store Hellefiskebanke. However, molluscs and echinoderms contain a relatively high amount of inorganic shell structures
and as these two groups were most abundant on the bank this biases the comparison somewhat. In terms of ash free dry
weight (AFDW) the biomass was about 5-8 times higher in the 50-150 m depth range compared to the rest of the area. The

abundance was more evenly distributed in
the area due to a relatively higher abundance
of small taxa (e.g. polychaetes, crustaceans)
at the deep stations which were character-
ised by soft sediments.

Crustaceans were most abundant at the shal-
lowest stations (<50 m) with about 40 g ww
m=2 (30% of the total biomass). Echinoderms
were most abundant in the 50-100 m range
with average biomasses of 200 g ww m cor-
responding to 20% of the total biomass. How-
ever, in relative terms the echinoderms were
most abundant in the 100-150 m depth range
and their biomass contributed most significant-
ly (40%) to the total biomass in the 150-200 m
depth range. Molluscs dominated the biomass
(50-80% of the total biomass) in the shallow
waters (<150 m), whereas at the deepest sta-
tions their share in the overall biomass was
about 30 %.

Abundances and biomass of the polychaetes
were more or less constant with depth. There-
by they contributed most significantly with
85% to the total abundance and 45% to the
total biomass at the deepest stations (>200 m;
Fig. 3). In the shallow waters (<150 m) their
contribution to the abundance was smaller at
depth less than 150 m. At the deepest stations
(>200 m) the polychaetes contributed with
85% of the total abundance and about 45%
of the biomass (Fig. 3).

As stated before, the very shallow stations
(<50 m) were all located on the Store Helle-
fiskebanke and the total biomass of benthic
macrofauna was in average only about 100 g
wet weight m2 (Fig. 4). On the margins of the
bank, the biomass was about 500 g ww m
due to both mollusc and echinoderms. The
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Figure 4. Distribution of benthic macrofauna biomass in the Disko West area May

20009.

soft-shelled clam, Mya, was also very abundant in this area. The photographs suggest a biomass of about 200 g ww m of
this clam. However, the clams were located too deep in the sediment to be collected during the sampling. When including
this species into the calculation, it can be estimated that invertebrate faunal biomass might be about 700 g ww m2 on the
margins of Store Hellefiskebanke and maybe also in the 50-100 m depth range west of Disko Island which was not covered

by the sampling.
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Bathymetry, and in particular depth can be
seen as a major factor for the distribution of the
macrofauna communities in the Disko West
area (Fig. 5 and 6). The shallow community is
characterised by high abundances of crusta-
ceans (amphipods), large bivalves (such as
the soft-shell clam Mya) and sea urchins and
covered about 4100 km? of the central Store
Hellefiskebanke. The biomass of the commu-
nities on the margins of the bank (50-150 m),
covering about 11600 km? and smaller areas
west of Disko, were dominated by the presence
of sea urchins and Mya, which in particular cov-
ered the rest of the entire Bank area at greater
depth (>100 m). The area in the 150 to 200
m depth range is characterised by brittle stars
(echinoderms) and bivalves which cover the
outer margins west of the Bank (5300 km?) and
areas west of Disko and in Disko Bay. The deep-
est stations (>200 m) constitute a major part of
the sampled area with soft bottom sediment
and a benthic community dominated by poly-
chaetes, but relatively low biomasses. Some of
these areas should potentially be regarded as
sedimentation basins with enhanced organic

Survey 2009 ® content in the sediment and higher macrofau-
Abundance ® ® nal biomass.
| e 1-500 \ o
HH ® 501-1000 H . . .
@ 1001 - 2000 ’ Macrofaunal diversity and species
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' 3001 - 8832

L - _ 1 Assessment area
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0 50 100 Km

The diversity data include in principle only
animals associated with soft sediments (e.g.
sediment types where it was possible to retrieve
quantitative samples). However, due to the
presence of drop stones, some organisms that
are normally associated with hard substrates
occur frequently in the samples. Examination of
the epifaunal communities on the drop stones
showed that these differ markedly from the species composition of the surrounding bottoms and thereby contribute signifi-
cantly to the total biodiversity of the bottoms.
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Figure 5. Abundance m2 of benthic macrofauna in the Disko West area in May 2009.

This data from a previous study in 1976, consisting of observations from 16 stations and a total of 104 Van Veen grab
samples is comparable to the 2009 survey. A total of about 630 species were recorded at the 16 stations, including bryo-
zoans and polyps from scyphozoans that are not always included in macrofaunal surveys. The four major taxa present in
1976 were polychaetes, molluscs, echinoderms and crustaceans which contributed with about 360 species to the overall
diversity. The polychaetes contributed with most species (145). Some of the stations in the 1976 survey were located more
southerly than in the 2009 survey. Only 51 samples were taken in the same area as in 2009, and there the total species
richness present was about 460 and about 279 within the four major taxa. The average number of species found in one
0.1 m? Van Veen sample was 61 in 1976 in the entire area. On average 34 species of the major taxa were found in the 51
samples taken directly on the bank. In some samples a very high number of species, exceeding 100 species per 0.1 m? was
found. There was no clear correlation between diversity and depth on the Bank. The distribution of species among samples
in this restricted area was the same in 1976 as during the 2009 survey, showing almost identical species area curves (Fig. 7).

A comparison of the species richness during the 1976 and 2009 survey based on the four major taxa present in single 0.1
m? Van Veen samples showed that for a sampling effort of 41 samples the expected number of species was 291 in 1976
and 248 during the 2009 cruise.

However, by including only stations in the same part of the bank the species area curves are almost identical. The estimate
shows that sampling one more Van Veen sample (from 41 to 42) would increase the total species number by 2 and sam-
pling of one more station would add 10 species. For a sampling effort of 104 samples covering a larger area (blue curve,
Fig. 8) it is expected to find 369 species of four major taxa. One more sample would add 1 species to the list. If the same
kind of estimate is applied to all species identified in 1976 (635 in total) it could be expected to find 1-2 more species when
taking one more sample. One more station would increase the number by 7-8 species. Considering the smaller area of
the central Store Hellefiskebanke, the species number will increase from 459 to 462 by sampling 55 instead of 54 samples.
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Opposed to the other three major groups (bivalves, echi-
noderms and crustaceans) the distribution of polychaete
species richness did not differ much between Store Hel-
lefiskebanke and the remaining Disko West area, since the
bank is not in particular richer in polychaetes than the rest
of the investigated area.

Habitat distribution

The benthic soft bottom habitats in the Disko West area are
similar to what is found elsewhere at continental shelves at
comparable depth; the softest sediment types (mud and
clay) are distributed in the deepest parts where the finest or-
ganic and inorganic particles can settle. However, the pres-
ence of drop stones originating from the melting icebergs
over centuries is a special feature that influences the ben-
thic habitat by increasing the small-scale structural hetero-
geneity of the sediment surface leading to a high diversity
(alpha and beta diversity) of the benthic communities. In
addition to the presence of drop stones, a generally higher
heterogeneity was found, except in water depth more than
300 m. It is unknown to what extend this heterogeneity re-
lates to reworking of the sediment by iceberg scouring.

As found elsewhere, the benthic ecosystem in the aphotic
zone in the Disko West area is fuelled by the sedimentary
flux of organic particles from the productive surface lay-
ers. The organic patrticles are partly re-mineralised while
sinking through the water column being exposed to pe-
lagic heterotrophic processes. Therefore, the total input of
organic material to the benthos not only depends on the
local water column productivity but also on water depth.
The deeper the water column the more material will be
re-mineralised and the less is available for the benthic
community. This pattern fits with the observation during
the 2009 survey.

Diversity of benthic fauna in the Disko West area

Relative distrubution of biomass,
according to depth

Distrubution of biomass Depth in meters

A 0-50
L 51 - 100
N 101 -150
I Mollusc B 151 - 200
I Crustaceans N - 200
Echinoderms
Polychaets 0 25 50 Km
I Others [

Figure 6. Distribution of benthic macrofauna communities during the survey in
May 2009 in terms of biomass in different depth intervals <50 m, 50-100 m, 100-
150 m, 150-200 m and depth >200 m.

The study in 2009 also documented the presence of a

highly diverse macrofauna community at all locations vis-

ited. A total of about 270 species of the four major taxa has so far been identified in the samples, but further analysis will
increase this number and some species are new to science. As indicated by the species-area curves (Fig. 7 and 8), these
numbers may only represents a fraction of the total diversity of the invertebrate fauna. During the 1976- investigation about
700 species were documented in about 150 samples.

The distribution of polychaetes species among stations, for example, showed markedly differences in the communities
although the stations were situated in a relatively small area. The distribution of species among stations suggests that in
sampling one more station the species list would increase by 5-6 new polychaete species alone and about 14 more spe-
cies if all taxa are included. Data from 1976 showed almost exactly the same patterns and it is likely that the number of
species in 2009 also would reach about 600-700 if all groups were included. Many species occur only in one of these two
data sets, and although merging of the two data sets is not straightforward this suggests that the ‘real number’ of species in
the area could well be considerably higher maybe exceeding 1000.

-
=

Figure 7. Randomised
species accumulation
curves showing cumu-
lated number of species
vs. number of Van Veen
samples on the Store Hel-
lefiskebanke in 1976 (blue
— - | line) and 2009 (red line).
—————  The green line shows the
distribution of species at
the stations in the northern
part of the 1976 survey.
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Potentially there are several new species to science among the sampled specimens and so far one poly-
chaete species is confirmed to be a new species belonging to the genus “Asclerocheilus".

Biodiversity ‘hotspot’ Store Hellefiskebanke

From the studies performed in 2009 and 1976 it can be concluded that species diversity is very high on the
Store Hellefiskebanke and the surrounding area. Despite the limited number of observations it is clear that
the diversity is very high also when compared with other temperate regions, e.g. in western Europe and other
parts of the West Greenland seas. In order to gain a more complete picture of the species richness more
studies are required including sea bottoms dominated by gravel and other types of mixed sediment which
are difficult to sample.

Within the studied area, the Store Hellefiskebanke can be considered as a biodiversity “hotspot” and an area
with a strong bentho-pelagic coupling. With more than 600 documented benthic species in total and a point
diversity up to 100 species found in one single 0.1 m?sample, this emphasise the importance of the Store
Hellefiskebanke for the total benthic diversity of West Greenland.

The biomass found on here (ca. 700-800 g m=) is about 10-fold higher on the banks margins (in the 50-150
depth range) compared to the rest of the investigated area. In particular, bivalves (e.g. Mya) and echino-
derms contribute to these enhanced biomasses with up to 400-500 g ww m2. Another characteristic is the
very high abundances of amphipods (crustaceans), a high quality food source for juvenile fish, in the shal-
lowest part.

Secondary production is presumably high on the Store Hellefiskebanke and this may be due to the shallow-
ness in combinations with the offshore location. The surface mixed layer probably extends all the way to the
bottom of the bank. This means that the filter feeders have direct access to the primary production in the
illuminated surface layer, resulting in a very efficient pelago-benthic coupling allowing sustaining enhanced
biomasses of the benthic community. The shallow depth also suggests that wave energy can penetrate to
the sea floor. The coarse and well oxygenated sediments on the top of the bank are probably also main-
tained by frequent sediment re-suspension thereby transporting the finer particles away from the area thus
favouring species such as the sandeel (Box 4).

The benthos of the Store Hellefiskebanke is available for higher trophic levels, i.e. seabirds and marine mam-
mals. Large bivalves are valuable food items for king eiders as well as walruses. The shallowness of the bank
makes these food resources easily accessible. Large aggregations of king eiders are seen in the area dur-
ing winter (Box 5) and suggest an efficient utilization of the benthic macrofauna although any quantitative
measurements of the significance of the predation are missing. The walruses occur in winter on the outer
margins of the Store Hellefiskebanke (Section 4.8.5) where suitable size classes of bivalves have their highest
densities. The benthic community in the area provides also a diverse food source to benthic foraging fish and
predatory macrobenthos thereby sustaining their diversity.

The present data coverage is too sparse to determine whether similar productive benthic habitats exist in
other parts of the Disko West area.

Conclusions

The quality of future effect studies on benthic fauna in relation to oil exploration activities in Greenlandic
waters depends to a large extent on availability of relevant taxonomic knowledge and reference material
of the macrozoobenthic community. It is therefore recommended to construct a reference collection based
on the presented and other studies for quality assurance of future investigations (incl. site surveys) and for
general documentation of the biodiversity.

It is recommended to develop equipment and techniques to sample gravel bottoms and bottoms with drop
stones quantitatively.

Techniques for a more precise positioning of soft bottoms sampling in relation to small-scale properties of
bottom surface morphology such as iceberg scours etc. will lead to a better understanding of small-scale
habitat heterogeneity and thereby opening the possibility of developing better BACI-designed (Before After
Control Impact) macrofauna effect studies.

The Store Hellefiskebanke should be nominated as a highly vulnerable area due to the high diversity and
ecosystem service. The uniqueness, however, depends on whether or not similar habitats exists in the Disko
West area and whether or not such areas could serve as alternative foraging areas for key species like wal-
ruses, seals, eider ducks and sandeels.



and <1 g C m2year! has been reported from Kangerluarsunnguaq (Mikkelsen et
al. 2008) and in Young Sound, Northeast Greenland (Rysgaard et al. 2001).

The sea-ice algal production in the northern part of the Barents Sea is reported to
5 g C m2year? which corresponds to 16-22 % of the total annual primary produc-
tion (Quillfeldt et al. 2009), and the ice algae in the Arctic Ocean was found to
contribute on average 57 % of entire primary production (15 g C m2 year?) (Gos-
selin et al. 1997). However, Michel et al. (2002) found that ice algae only repre-
sented a small fraction of the total algal biomass, <3 %, in the North Water Polynya.
Mikkelsen et al. (2008) and Booth (1984) found that the ice algae only accounted
for <1% of the pelagic primary production in Kangerluarsunnguaq and Davis Strait,
respectively. In Young Sound, Rysgaard et al. (2001) reached a similar result over
their measuring period.

The annual productions of the ice algae communities in the assessment area and
relevant Arctic seas are presented in Table 3.

Mikkelsen et al. (2008) tested if the ice algae acted as inocula for initiating the
spring bloom of phytoplankton by algal seeding, but had, however, not conclusive
results. Michel et al. (2002) concluded that ice algal species released into the wa-
ter column did not appear to play an important role for phytoplankton develop-
ment. The ice algal community was dominated by pennate diatoms species by
up to 85%, and the phytoplankton bloom was very strongly dominated by pelagic
species of centric diatoms not present in the ice algal community in the North Wa-
ter Polynya. Also Booth (1984) found that species composition in the sea-ice dif-
fered significantly from that of the phytoplankton. These findings suggest therefore
that the sea-ice algae constitute a unique and separate community compared to
the pelagic living phytoplankton.

The inside ice microfauna was found to be dominated by ciliates and hetero-
trophic dinoflagellates and the bottom-ice meiofauna by nematodes in the North
Water Polynya (Michel et al. 2002). This fauna community corresponds to obser-
vations in the Greenland Sea, where also crustaceans, though, were considered
important (Gradinger et al. 1999). Gradinger et al. (1999) calculated a potential
ingestion rate of the meiofauna, which levelled the estimated annual sea-ice pri-
mary production, and therefore they presumed that grazing could control biomass
accumulation. However, Rysgaard et al. (2001) considered that the low ice algal
production they found in Young Sound did not seem to be caused by high graz-
ing pressure, since the biomass of grazers was not exceptionally high. In addition,
Michel et al. (2002) concluded that very little ice algal production was channelled
through the meio- and microfauna within the ice in the North Water Polynya, due
to suboptimal prey size for predators.

Table 3. Ice algal annual production (g C m?2 year?) in different areas of the Arctic. *Inte-
grated over 7 months; November to June. It might therefore be an underestimate of the an-
nual production. **Calculated from an ice algal contribution averaging 57 % of the entire
primary production (15 g C m2year?).

Off Labrador Arctic Ocean Kangerluarsunnguaq
Irwin (1990) 44
Gosselin et al. (1997) 8,565**
Quillfeldt et al. (2009) 6,5
Mikkelsen et al. (2008) 0.8*
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Buck et al. (1998) described a special spring sea-ice phenomenon from the Disko-
area, termed an infiltration community. It is well-known from Antarctica, but had
not earlier been described for the Arctic. The infiltration layer is created when a
load of snow depresses the sea-ice below sea level and the snow-ice interface
become flooded. Off Disko, in some of these flooded, refrozen regions, assem-
blages of infiltrated phyto-and zooplankton developed, which showed a relatively
lower, but similar, algal biomass than in the well-developed bottom ice commu-
nity. The communities were dominated by pennate diatoms, heterotrophic dino-
flagellates, other flagellates and ciliates.

The importance of the sea-ice algal production compared to the phytoplankton
may vary somewhat according to locality, but is close to negligible when con-
sidering the annual, pelagic primary production. However, during spring bloom,
Horner & Schrader (1982) reported that the sea-ice algae provided about two-
thirds of the total, pelagic primary production in the near shore regions of the
Beaufort Sea. Booth (1984) found that the ice algae only contributed with <1 % of
the annual production of the phytoplankton in the Davis Strait, but also considered
the contribution as important as it preceded the phytoplankton spring bloom and
constituted the only algal biomass under heavy pack ice. This in correspondence
with Michel et al. (2002), who also found that ice algae only represented a small
fraction of the total algal biomass, <3%, in the North Water Polynya, Baffin Bay,
but as they considered limited grazing inside the ice, this biomass could play a sig-
nificant role in ensuring availability of ice algae for under-ice pelagic and benthic
grazers during spring.

The production of the ice community may be of great importance at times of the
year where the pelagic and benthic productions are relatively low, especially just
before spring bloom of phytoplankton, and for example to spawning fish species
as polar cod and Arctic cod. In addition, the sea-ice community is expected to be
very vulnerable to oil spills as the ice may catch and accumulate oil in the inter-
face between ice and water as well as the oil may penetrate the ice through brine
channels, all of which are the spaces occupied by sea-ice communities.

The present information on sea-ice production, biomass and community structure
in the assessment and other areas is very heterogeneous, at times even contradict-
ing, and thus important or critical areas in the assessment area cannot be identi-
fied on the available information. Further studies are recommended to fully appre-
ciate the role of sea-ice communities in the Baffin Bay marine ecosystem and to
support identification of potential important or critical areas of sea-ice production
in the assessment area.

4.6 Fish and shellfish
A. Burmeister, H. Siegstad and A. Retzel

Our present knowledge concerning the fish fauna in West Greenland (including the
assessment area) is mainly based on information obtained during early Danish ex-
peditions and follow-up analysis (Jensen 1926, 1935, 1939), as well as on more re-
cent studies on single fish species including the description of new species (Nielsen
& Fossa 1993, Mgller & Jargensen 2000, Mgller 2001) and fisheries related research
activities and assessments (Gutt 1995, Munk et al. 2000, 2003, Pedersen 2005, and
references therein, Simonsen et al. 2006, Bergstrom & Vilhjalmarsson 2007).

Greenland waters are now surveyed annually by the Greenland Institute of Natu-
ral Resources (GINR) and the German Federal Research Centre for Fisheries. The
survey catch data are occasionally used for fish assemblage studies (Ratz 1999,



Jargensen et al. 2005). New species are added to the Greenland fish fauna each
year, but presently it is not known whether this is due to increasing temperatures or
just the result of the increasing amount of surveys and sampling activities in deep
waters (400-1500 m).

Presently, the total number of fish species known from the Greenland Exclusive Eco-
nomic Zone (EEZ) is 269, representing 80 families in total. About 80 of these species
spawn in Greenlandic waters. The biology for many of the other species is poorly
studied and therefore it is not clear whether they spawn in Greenland or not.

The fish diversity is highest off Southwest (226 species) and Southeast (182 spe-
cies) Greenland and lowest in Northeast (47) and Northwest (79) Greenlandic
waters. It is well known that the submarine sills between Canada/Greenland and
Greenland/Iceland are effective barriers especially for deep water species and
that they have a strong impact on the water masses and the fish assemblages
(Mgller et al. 2010). The higher diversity in West Greenland regions are probably a
result of both higher temperatures, south to north directed currents, but also more
knowledge on occurrence and distribution gained in relation to fishing and other
surveys and the biogeographical history of the various fish families.

The International Polar Year 2007-08 (IPY) was used to prepare an updated
checklist of the fish species currently known for Greenland waters and to analyse
whether new species have arrived recently as a result of increasing temperatures
(Mgller et al. 2010).

Since the latest publication covering all known Greenland fish species (Nielsen
& Bertelsen 1992), fifty-seven species have been added. Nineteen of these are
reported for the first time. Twenty-nine were added on the basis of taxonomic revi-
sions and/or identification of specimens caught before 1992, whereas 28 species
have been caught in Greenland waters for the first time since 1992. Ten species
were new to science. Only five of the added species are Arctic - i.e. mainly caught
north of the Davis and Denmark Straits (Mgller et al. 2010).

Many of the different fish species occurring in the assessment area (Table 4) are
demersal, i.e. live near the seabed (Pedersen & Kanneworff 1995). A relatively
low number of species are of relevance for the commercial fishery in Greenland.
Among them is Greenland halibut which is of great importance in terms of eco-
nomic value (see also Section 5.1). Several other species are caught in small scale
commercial or subsistence fishery including capelin, Arctic char, redfish, spotted
wolffish and Atlantic halibut (Mosbech et al. 1998).

Several shellfish species are also common in the assessment area such as snow
crab or northern shrimp. They are not only of great economic importance (see also
Section 5.1) but also for the marine ecosystem in general.

46.1 Selected species

Greenland halibut (Reinhardtius hippoglossoides)
Greenland halibut is a slow growing deep-water flatfish widely distributed in the
north Atlantic including Baffin Bay, Davis Strait and Labrador Sea.

The main spawning ground is assumed to be located in the central part of the Da-
vis Strait south of the sill between Greenland and Baffin Island to the south of the
assessment area. Spawning takes place here in early winter (Jargensen 1997a,
Gundersen et al. 2010) probably around 62° 30°'N-63° 30'N and at water depths
greater than 1500 m.
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Store Hellefiskebanke, Disko Bay and Disko Bank west of Disko Island are well doc-
umented settling and nursery areas (Smidt 1969, Gundersen et al. 2010, Stenberg
2007) for Greenland halibut but larvae are also brought into the Baffin Bay via the
West Greenland Current (Bowering & Chumakov 1989). The Greenland halibut
populations in the Davis Strait, Baffin Bay, inshore areas in Northwest Greenland
and the east coast of Canada area are hence believed to be recruited from the
spawning stock in the Davis Strait.

Greenland halibut gradually migrates towards greater depth and towards the pre-
sumed spawning area as they grow to reach the spawning area as adults (Boje
2002 and GINR unpubl. data). Young halibut, i.e. 1 - and to some extend 2 year
old fish feed on zooplankton while older fish feed on shrimps, fish and squids at
the sea bottom or during irregular feeding trips into the water column (Jgrgensen
1997b).

Greenland halibut is an important food source for narwhals. During winter 50,000
narwhals distributed at two wintering grounds in the central part of Baffin Bay were
estimated to consume about 790 t of this fish per day assuming a diet consisting of
50% of Greenland halibut (Laidre et al. 2004).

Table 4. Overview of selected fish and shellfish species occurring in the assessment area.

Species Main habitat Spawning area Spawning Exploitation Importance of assess-
period ment area to population
. subtidal, roc
Blue mussel subtidal, rocky coast ky - local low
coast
inshore and on the banks . .
Iceland L . same as main commercial and .
scallo with high current velocity, habitat - local medium
P at 20-60 m depth
larvae released at March-May in
Northern mainly offshore, at . y commercial and .
shrim 100-600 m depth relatively shallow  southern part, Au- verv important high
P P depth (100-200 m)  gustin northern v imp
Snow crab coastal and fjords, at same as main April-June commercial medium
180-400 depth habitat P
Polar cod pelagic - - - medium
pelagic eggs and
Atlantic cod fiords larvae in upper February-May local low
water column
inshore/fjords, .
Greenland ) ) commercial and )
inshore/fjords demersal eggs, February-March medium
cod . local
pelagic larvae
on the banks,
Sandeel on the banks at depths demersal eggs July-August important prey item medium
between 10 and 80 m . 995 y-Aug P prey
pelagic larvae
Spotted . hard bottom, de- eaks in .
P ) inshore and offshore P local medium
wolffish mersal eggs September
Arctic char coastal waters, fjords freshwater rivers in autumn local medium
. beach, demersal . local, important .
Capelin coastal April-June .p medium
eggs prey item
Atlantic offshore and inshore,  pelagic eggs and .
. Spring local low
halibut deep water, larvae, deep water
Greenland deep water, in fjords south of assess- ) important, both lo- .
. Winter . high
halibut and offshore ment area cal and commercial
. offshore and in fjords, spawn outside .
Redfish - local medium
150-600 m depth area
. coastal, demersal commercial and .
Lumpsucker pelagic May-June medium
eggs local

90



Atlantic cod (Gadus morhua)

Abundance and distribution of Atlantic cod has varied greatly in West Green-
land waters in the past decades. Potential offshore spawning areas have been
identified usually located between 60° and 66°N in waters of both East and West
Greenland (Wieland & Hovgaard 2002).

until the late 1980s, Atlantic cod was numerous on the banks, predominantly in
the southern part of the assessment area, and fished intensively until the offshore
stock crashed. Today, Atlantic cod occur only in low numbers in inshore waters
(local stocks) (Hovgaard & Christensen 1990, Horsted 2000). In recent years an
increasing number of juvenile Atlantic cod (age 1-2 yrs) have been registered on
Store Hellefiskbanke between 66°N-69°N which suggest that this area is an im-
portant nursing area for the Atlantic cod stock in West Greenland. Arecovery of the
offshore Atlantic cod stocks is expected due to the increasing water temperatures
recorded in recent years (see also chapter on climate change).

Another cod species common in the assessment area, is Greenland cod (Gadus
oqac) - but it is considered of minor importance for the commercial fisheries com-
pared with Atlantic cod, though it has some subsistence importance (Mosbech et
al. 1998).

Capelin (Mallotus villosus)

Capelin has a circumpolar distribution and in Greenland it is found from the south-
ern tip up to 73°N on the west and 70°N at the east coast, respectively. Known
differences in maximum length, progressive spawning and well separated fjord
systems suggest that individual fjord systems contain separate capelin stocks (S@-
rensen & Simonsen 1988, Hedeholm et al. 2010).

Sometime during autumn to spring capelin migrates to the fjords, where they form
dense schools prior to spawning. Spawning takes place in shallow water (<10
m), often close to the beach in the period from April to June. Deep water spawn-
ing known from other capelin populations (e.g. Vilhjalmsson 1994) has not been
documented in Greenland. Capelin typically spawns at an age of 3-5 years (He-
deholm et al. 2010).

Outside the spawning season capelin is primarily found in the upper pelagic (0-
150 m). However, dense concentrations are sometimes also found in deeper wa-
ters down to 600 m (Huse 1998, Friis-Rgdel & Kanneworff 2002).

Greenland capelin forms a crucial link from lower to higher trophic levels (He-
deholm 2010). From South Greenland it is known that capelin feeds primarily on
copepods, krill and Themisto spp. (Hedeholm 2010), depending on size. Typical
of arctic food chains, feeding on prey with high fat content makes capelin also a
high quality prey for various predators such as cod (Hedeholm 2010), harp seals
(Kapel 1991), whales and certain seabirds (Friis-Rgdel & Kanneworff 2002, Vilh-
jalmsson 2002). Owing to its importance as food resource for larger fish, seabirds
and marine mammals, capelin can be considered as an ecological key species in
the assessment area.

Lumpsucker (Cyclopterus lumpus)

The common lumpsucker is distributed throughout the assessment area. Lumpsuck-
ers spend most of the year in deep offshore waters, but in spring and early summer
they seek shallow coastal waters to spawn (Muus & Nielsen 1998). After spawning
the female leaves the spawning ground and the approximately 100,000-350,000
eggs are guarded by the male throughout the whole embryo period (Muus & Niels-
en 1998, Sunnana 2005). Based on Norwegian data, it seems that the offspring
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probably spend the first two years in the near shore kelp forests. The lumpsucker has
increasing commercial importance because of its roe, and the fish is harvested by
gill net fishery from small boats (Mosbech et al. 1998, Olsvig & Mosbech 2003).

The feeding behaviour of Greenland lumpsucker is unknown, but due to their poor
swimming capabilities it is most likely restricted to jellyfish and other slow mov-
ing organisms (Muus & Nielsen 1998). Lumpsucker may constitute a significant
prey resource to sperm whales in the area as seen elsewhere (Kapel 1979, Martin
& Clarke 1986). Since little is known on lumpsucker migrations and dependency
on other ecosystem components, it is unclear how the species might response to
climatic changes.

Two other fish species are also potential key species in the marine food web at
least in part of the assessment area: sandeel (Ammodytes spp.) and polar cod (Bo-
reogadus saida). Both are important food sources for seabirds and marine mam-
mals (see also Box 4 - Sandeel and Box 1 - Sept survey 2009).

Sandeel (Ammodytes dubius)

The sandeel is a pelagic foraging fish that spend part of the time hiding from pe-
lagic predators in the seabed sediment. The sandeel plays an important role in
the marine food web, e.g. as important food item for certain fish, marine mammals
and seabirds.

Sandeel occur mainly in shallow water on the banks and often in large schools.
The sandeel is one of the few fish species in the assessment area which spawn
during the summer (Kapel 1979, Larsen & Kapel 1981, Andersen 1985) and they
are largely stationary after larvae settlement. They feed on zooplankton (e.g. Ca-
lanus spp.) and small fish.

Sandeel occur in high numbers particular in the southern part of the assessment area,
e.g. Store Hellefiskebanke and play an important role in the food web, (for more de-
tails see Box 4).

Polar cod (Boreogadus saida)

Polar cod is a pelagic or semi-pelagic species with a circumpolar distribution in cold
Arctic waters. It may form large aggregations and schools in some areas, often in
the deeper part of the water column or close to the bottom in shelf waters. It occurs
in coastal waters and is often associated with sea-ice, where it may seek shelter in
crevices and holes in the ice. Spawning takes place in late winter and the eggs float
and assemble under the ice. The larvae hatch in spring when the ice melts and the
ice algae has initiated the spring production.

Polar cod mainly feed on zooplankton such as copepods and pelagic amphipods
(Panasenko & Sobolova 1980, Ajiad & Gjgseetter 1990). As growing larger they
also feed on small fish. In coastal waters their diet consists of epibenthic mysids
(Cohen et al. 1990) and in the ice covered areas they feed on ice-associated
amphipods (Hop et al. 2000).

Polar cod plays a key role in the Arctic marine food webs as important prey for
many marine mammals and seabird species, notably ringed seal, harp seal, white
whale, narwhal, thick-billed murre, northern fulmar, black-legged kittiwake and
ivory and Ross’s gulls.

From studies performed in relation to diving depths of narwhals by Laidre et al.
(2003) it was concluded that polar cod could be an important food sources also
for narwhals in the northern wintering ground.



Knowledge on the ecology and abundance of polar cod in the assessment area is
poor. As part of a study performed in September 2009, distribution of juvenile polar
cod was studied in relation to zooplankton distribution (Box 1).

Arctic char (Salvelinus alpinus)
Arctic char is the most northern ranging freshwater fish and has a circumpolar distri-
bution. Itis widespread in Greenland including the most northern areas (Muus 1990).

Life history characteristics such as growth rate, age of first seaward migration, age
of maturity and time of year for seaward and upstream migration vary consider-
ably between areas due to the extensive distribution of this population. In general,
it is to be expected that at higher latitudes with shorter growing season, lower
temperature and variability in food resources, populations have a slower growth
rate and later maturity than at lower latitudes (Malmquist 2004).

Arctic char occurs in different life history types. Resident populations live their
whole lives in lakes and rivers, while anadromous populations migrate to the sea
during summer to feed and move back to rivers and lakes in the autumn to spawn
and winter. Anadromous char mature at a size of 35-40 cm (Muus 1990), corre-
sponding to an age of 5-7 years and they constitute an important resource for lo-
cal consumption and play a significant role in the subsistence fishery in Greenland
(Rigét & Bbécher 1998).

The young char called ‘parr’ remain in fresh water for several years before their
first migration to the sea, i.e. at a length of 12-15 cm, corresponding to an age of 3
to 6 years depending on growth conditions, (Riget & Bocher 1998). They undergo
morphological and physiological changes allowing them to live in saltwater. The
seaward migration generally coincides with the spring freshet, which occurs in
May-June, depending on the latitude.

At sea, Arctic char mainly stay in coastal areas not far from the river (approx. up to 25
km) they derived from (Muus 1990). Tagging experiments carried out in Southwest
Greenland showed that char populations from different rivers mix largely at sea.

In coastal areas char feeds intensively on small fish, fish larvae, zooplankton and
crustaceans. During this part of their life the main growth occurs. The growth rate is
also considerably faster than for lake resident populations.

In June-September, both spawners and non-spawners migrate back to freshwa-
ter, i.e, rivers and lakes, after having spent 2-4 months at sea. Based on results from
tagging experiments it appears that spawning char seek to their natal spawning
rivers while non-spawning char may wander into non-natal river systems (Craig &
McCart 1976). Mature and large char move back into streams before the smaller
juvenile fish (Craig & McCart 1976). During their stay in freshwater they probably
do not feed or only feed little.

Northern Shrimp (Pandalus borealis)

Northern shrimp has a circumpolar distribution and it is a dominant species in
Greenlandic waters. In West Greenland it is distributed along the entire coastline
at depths ranging from 9-1,450 meter, with highest densities between 150 and
600 m. (Hortsed 1978, Bergstrom 2000). The preferred habitat is muddy bottom,
and the bottom water temperature optimum in Greenland waters is between 2°C
and 4°C (Bergstrom 2000). Spawning occurs during April in inshore shallow wa-
ters (Horsted 1978).
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Box 4. Abundance of sandeel (Ammodytes dubius) in the
Store Hellefiskebanke area

JL.S. Hansen and M. Hjorth
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Figure 1. Distribution of sandeels in May 2009.
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Figure 2. Distribution of sandeels versus depth in the Disko West area in May
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During the study of benthic fauna in the assess-
ment area in 2009 (Box 3), sandeel specimens
were observed in several samples. Atotal of 81
individuals were recorded in the Store Helle-
fiskebanke area (Fig. 1). The fish had an aver-
age length of 7.67 £ 1.46 cm (SD, N = 71) and
the weight was on average 890 mg + 640 mg
(SD, N =71).

In particular, in the 25-75 depth range, sand-
eels were very abundant whereas very few
specimens were found at stations deeper than
150 m (Fig. 1). The distribution of sandeels cor-
relates with the distribution of sandy sediments
(Fig. 2) and almost all specimens were found
on the Store Hellefiskebanke (Fig. 1).

Sandeels are specialized in living on sandy
bottoms and spend most of the time partially
buried in the sediment. In temperate regions
this is typically during daytime; however it
has not been possible to elucidate the diurnal
rhythm at higher latitudes from the literature.

This diurnal rhythm has to be taken into ac-
count when estimating the size of the popula-
tion associated with the Store Hellefiskebanke,
as the sediment samples with sandeels were
taken at both day and night time.

The distribution of sandeel was clearly corre-
lated with depth (Fig. 3) and with coarse and
well oxygenated sediments present on the
Store Hellefiskebanke. Sandeels depend on
coarse sediment in order to ventilate their gills.
This may explain why this species was almost
exclusively found on the Store Hellefiskebanke
where these sediments are covering most of
the area. It is possible that similar sediments
occur in the shallow areas west of Disko Island.
However, this has not yet been documented
except from one single observation. Therefore,
it seems not very likely that sediment dwelling
populations of the same sizes as those asso-
ciated with the Store Hellefiskebanke exist in
other parts of the assessment area.

Arough estimate of the population size, based
on the abundances in the different depth
ranges, suggests an average abundance of 9
individuals m2 over an area of 15,000 km? The
population estimate is very likely an underes-
timate because it includes samples taken du-
ring the night time and the fact that sampling
efficiency is not 100 % and probably does not
include all year-classes. The sizes of the speci-
mens suggest that the majority of the caught
sandeels in this study were in the 2-year class
(Fig. 4) whereas Andersen (1985) found up
to 20 year old individuals. The ratio between
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Figure 4. Frequency distribution of body length of the captured sandeels in the
Disko West studies 2009.

log weight and log length being 3.24 fits with
what has been found for sandeel communi-
ties at Georges Bank in the NW Atlantic by
Nelson & Ross (1991), who found a relation of
3.26 in autumn surveys (N = 377). The fish in
the George Bank study were longer and older
than what these data suggests.

Sandeels are sensitive to oil, because oil pol-
lution is critical for their preferred habitat (i.e.
well oxygenated coarse sediment). The burial
time in sand has been reported to decrease
if the sand is contaminated with oil. The fish
may try to move into clean adjacent areas or
into deeper waters.

Conclusions

Sandeels are probably a key species in the
pelagic ecosystem of the entire Disko west
area. However, while hiding in the sediment
their distribution is restricted to habitats typi-
cal for the Store Hellefiskebanke. At present,
the data coverage is too sparse to determine
whether or not similar habitats as on the Store
Hellefiskebanke exist in other parts of the
Disko West area. Sandeels from the Store Hel-
lefiskebanke are available for higher trophic
levels in the aquatic food web of West Green-
land including birds, seals and fish like Atlantic
cod. The present study emphasises the poten-
tial importance and vulnerability of sandeels
in the assessment area. However, much more
detailed knowledge is needed concerning
their ecology and food web interactions and
how this species might be affected by oil pol-
lution.
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Northern shrimps are highly mobile both horizontally and vertically, showing a di-
urnal migration, i.e. foraging at the bottom during daytime and in the water col-
umn during the night (Horsted & Smidth 1956, Bergstrém 2000).

Northern shrimp are omnivores and predates on worms, dead organic material,
algae and zooplankton (Horsted & Smidth 1956), and serve as food for large fish
such as cod and Greenland halibut (Parsons 2005).

Northern shrimp is a protandric hermaphrodite. In West Greenland waters, the ju-
veniles mature as males at about 3 years of age. It functions as a male for 2-3
years, and then undergoes a transition to female at an age of 5 to 6 years (Horsted
& Smidth 1956, Wieland 2004). The maximum age for Northern shrimp is more
than 8 years (Savard et al. 1994).

Mating and spawning occur during July to September, the egg-bearing period
lasts 8 to 10 months, depending on the temperature in the bottom water. The lar-
vae hatch in April to June of the following year (Shumway et al. 1985), Bergstrom
2000, Horsted 1978). When the hatching time approaches, the female migrates
to relatively shallow water (< 150 meters). The newly hatched larvae live freely in
the upper part of the water column. During spring and summer, the larvae pass
through six planktonic stages over a period of three to four months. In the last larval
stages, the larvae settle on the bottom and become immature (juvenile) shrimps
(Shumway et al. 1985, Bergstrom 2000, Storm & Pedersen 2003).

Hatching are believed to be distributed along the entire coast of West Greenland
(Storm & Pedersen 2003) and ovigerous females are found along the entire coast
(Data GINR).

Due to the northbound West Greenland current which dominates the West Green-
land shelf (Ribergaard et al. 2004) larval drift from hatch areas to settling areas
can cover distances of up to 500 km (Storm & Pedersen 2003). The shelf banks
north of 64°N and Disko Bay is considered to be important areas for larvae de-
velopment and juvenile shrimps (Storm & Pedersen 2003, Ribergaard et al. 2004,
Wieland 2005).

In 2003 the highest biomass of Northern shrimp in West Greenland waters was
estimated at 600 kt. Since then the biomass has declined owing to a decrease in
the biomass in the offshore areas. The total biomass of Northern shrimp in West
Greenland waters was estimated to 190 kt in 2012 (Kingsley et al. 2012).

Since 1988 more than half of the total biomass of Northern shrimp in West Green-
land waters has been concentrated in the inshore (Disko Bay) and offshore ar-
eas north of 67°N. In the last decade the distribution area for Northern shrimp has
moved northwards and the main biomass (80 % to 90 %) is now concentrated north
of 67°N (including Disko Bay) (Ziemer et al. 2010, Kingsley et al. 2012).

Since 1999 the biomass in Disko Bay has been averaging 23 % of the total biomass
in West Greenland waters. The mean density of Northern shrimp in Disko Bay is
significantly higher than in the offshore areas. In 2011 and 2012 respectively 35%
and 48 % of the total shrimp biomass in West Greenland waters was found in the
Disko Bay area (Kingsley et al. 2012).

Snow crab (Chionoecetes opilio)

The snow crab is a subarctic species, distributed in the Bering Sea (North Pacific) and
the north-western Atlantic, including Canada and West Greenland between 60°N
and 74°N in both offshore and inshore (fjords) locations (Burmeister 2002). It pre-



dominantly inhabits mud or sand-mud substrate at depths between 100 and 800
m and at bottom water temperatures ranging from about -1.0°C to about 4.5°C.

Similar to other brachyuran crabs, its life cycle features a planktonic larval phase
and a benthic phase. The larvae proceed through three planktonic stages before
settling on the bottom during autumn, where it preys on fish, clams, polychaetes,
brittle stars, shrimp, other crabs and its own congeners (Lefebvre & Bréthes 1991,
Sainte-Marie et al. 1997).

The early life history of the Snow crab, including larval drifts between offshore
and inshore sites, nursery grounds, settling and occurrence of benthic stages is
unknown or poorly understood for the assessment area. The population in the as-
sessment area is declining due to years of high fishing pressure.

47 Seabirds
D. Boertmann

Seabirds is an important component in the marine ecosystem of the Disko West
assessment area. Many species primarily consume fish, in particular schooling
species (capelin, sandeel and polar cod). Some species live on or supplement
their fish diet with large zooplankton (copepods, krill), and others feed primarily
on benthic invertebrates (e.g. bivalves) (Falk & Durinck 1993, Merkel et al. 2007).
The species utilise the common resources by means of different feeding strategies.
Some for example, are deep-diving foragers while others take their food from the
water surface. Many seabird species tend to aggregate at breeding or foraging
sites, and very high concentrations may occur in the assessment area. A single
flock of king eiders was for example estimated to hold up to 30,000 birds, which
may represent as much as 6 % of the total population wintering in Greenland. Oth-
er examples are the large breeding colonies where up to 50,000 pairs of northern
fulmar breed. An overview of the seabird species occurring in the assessment area
is given in Table 5.

Most of the seabirds in the assessment area are colonial breeders and numerous
breeding colonies are found dispersed along the coast of the assessment area
(Figure 13). The size of the colonies range from a few pairs to more than 50,000
individuals and vary in species composition, from a single to up to 10 different spe-
cies. The breeding seabirds utilise the waters near the breeding site; thick-billed
murres and fulmars may fly more than 100 km to find their food, but most feed
within a much shorter range (Falk et al. 2000). However, numerous seabirds also
utilise the waters much further away from the coasts and these comprise non-
breeding individuals from breeding populations all over the North Atlantic - mainly
black-legged kittiwakes and northern fulmars - which spend the summer in the
food rich waters off West Greenland (Mosbech et al. 1998). Great shearwaters
(Puffinus gravis), breeding in the southern hemisphere, occasionally also occur
offshore in the region. Another non-breeding seabird segment utilises the region
in summer. Seaducks arrive from breeding sites in Canada and inland Green-
land and assemble to moult in remote bays and fjords (Figure 14). King eiders
are numerous in the fjords of Disko Island, harlequin ducks (Histrionicus histrioni-
cus) stay at remote rocky islands, and long-tailed ducks (Clangula hyemalis) and
red-breasted mergansers (Mergus serrator) are found in shallow fjords and bays
(Frimer 1993, Mosbech & Boertmann 1999, Boertmann & Mosbech 2002). A few
species occur only as migrant visitors during spring and autumn, e.g. two species
of phalaropes, Sabine’s gull (Larus sabini) and the rare and threatened ivory gull
(Pagophila eburnea) (Boertmann 1994).
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Table 5. Overview of selected seabird species occurring in the Disko West assessment area. b = breeding, s = summering, w =
wintering, mi = migrant visitor, ¢ = coastal, o = offshore. Importance of study area to population (conservation value) indicates the
significance of the population found in the assessment area in a national and international context as defined by Anker-Nilssen
(1987). * indicate that they are colonial breeders in the assessment area.

Species Occurrence Distribution Red-list status in Importance of study
Greenland area to population
Fulmar* b/s/w year round c&o least concern (LC) High
Great cormorant* b/s/w year round c least concern (LC) High
Brent goose mi spring and autumn c least concern (LC) Medium
Common eider* b/s/m/w year round c vulnerable (VU) High
King eider m Aug.-Sep. c not evaluated High
w Oct.-May ¢ & shallow banks
Long-tailed duck b/m/w year round c least concern (LC) Medium
Red-breasted merganser b/m/w year round c least concern (LC) Medium
Harlequin duck m Jul-Aug. ¢ (rocky shores) near threatened (NT) Medium
Red-necked phalarope mi, (b) spring and autumn o] least concern (LC) Low
Grey phalarope mi, (b) spring and autumn o] least concern (LC) Low
Arctic skua b summer c least concern (LC) Low
Black-legged kittiwake* b/s year round c&o vulnerable (VU) High
Glaucous gull* b/s/w year round c&o least concern (LC) Medium
Iceland gull* b/s/w year round c&o least concern (LC) Medium
Great black-backed gull* b/s/w year round c&o least concern (LC) Medium
Sabine’s gull b very localised near threatened (NT) Low
mi Aug. and May/Jun 0
Ross’ gull b very localised c vulnerable (VU) Low
Ivory gull w, mi Nov.-May (o] vulnerable (VU) Medium
Arctic tern* b May-Sep. c near threatened (NT) High
Thick-billed. murre* b/s/w year-round c&o vulnerable (VU) High
Razorbill* b/w year-round c&o least concern (LC) High
Atlantic puffin* b/w year-round c&o neat threatened (NT) High
Black guillemot* b/w summer c least concern (LC) High
winter c&o
Little auk* b May-Aug. c&o least concern (LC) High
w Sep.-May o]
White-tailed eagle b/w year round c, rare in southern part ~ vulnerable (VU) Low
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Sixteen species of seabirds breed in the assessment area (Boertmann et al. 1996).
The most widespread is the black guillemot (Cepphus grylle), breeding along
almost all rocky coasts. Northern fulmar (Fulmarus glacialis) is found in immense
numbers in a few breeding colonies in Disko Bay and Uummannaq Fjord. There
is only a single colony of thick-billed murre (Uria lomvia) in the region (Box 6).
Numbers here are declining, primarily due to unsustainable harvest. Although the
closed season was prolonged in 2001, so the spring hunt is now banned, the de-
cline continues. Black-legged kittiwake (Rissa tridactyla) breeds in several colo-
nies within the region, and especially the interior parts of Disko Bay is a stronghold
for the species in Greenland (Labansen et al. 2010). These colonies have declined
in recent decades (Boertmann 2006, Labansen et al. 2010). However, the shorter
hunting season has had significant positive impact on the breeding common ei-
ders (Somateria mollissima) (Merkel 2008, 2010). Arctic tern (Sterna paradisaea)
breeds also in several colonies within the region, e.g. the largest Arctic tern colony
in Greenland is on Grgnne Ejland (Egevang & Boertmann 2003, Egevang et al.



Figure 13. Distribution of seabird
breeding colonies in the study
area. Colonies with less than 200
individuals not shown (Greenland
Seabird Colony Register).
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2005). Scarcer breeding species include Atlantic puffin (Fratercula arctica) and
little auk (Alle alle) while Ross’s gull (Rhodostethia rosea) and Sabine’s gull (Larus
sabini) are very rare breeding very locally in the region (Egevang & Boertmann
2008, 2012).

During autumn large numbers of seabirds begin to assemble in the waters off the
West Greenland coast (See Box 7). Some are under way to wintering sites outside
Greenland waters, but many and probably the major part will stay throughout the
winter, mainly south of the assessment area (Boertmann et al. 2006). However,
especially in the southern part of the assessment area many wintering seabirds
occur where the ice is loose or where tidal currents keep waters ice free. At such
sites, extremely high numbers of wintering seabirds are often found. These are not
only of local origin, but arrive from breeding sites in Canada, Iceland and Sval-
bard, making the Greenland wintering sites of high international importance. The
most numerous species in winter are common eider, king eider, thick-billed murre
and the large gull species.
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Figure 14. Important areas for
moulting seaducks, mainly king
eiders; also common eiders, har-
lequin ducks and red-breasted
merganser are among the moult-
ing ducks. The moulting period is
July to September. (Map based
on Mosbech & Boertmann (1999)
and Boertmann & Mosbech
(2001, 2002).
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The distribution of the wintering seabirds has been surveyed in the coastal area
of West Greenland (Merkel et al. 2002, Boertmann et al. 2004). It is estimated that
more than 3.5 million birds winter along the entire coast of Southwest Greenland.
To this figure an unknown but probably very high number (several million) of lit-
tle auks should be added (Boertmann et al. 2006). They occur mainly in offshore
waters, where they are difficult to survey. Also large numbers of thick-billed murres
occur in the offshore area in spring and autumn. The knowledge of the habitat use
of the wintering seabirds and the factors governing their distribution is generally
poor. Despite the unknowns it is evident that, seen in a North Atlantic perspective,
the waters of West Greenland are very important for seabirds (Barrett et al. 2006).

A number of studies of king eiders have been conducted in recent years (Box 5)
and itis evident that the assessment area is very important for the king eider popu-
lation breeding in eastern Arctic Canada.

Thick-billed murre abundance and distribution have been surveyed from aircraft
in spring, and some significant concentrations were observed in the assessment
area (Figure 15 and 16) (Merkel et al. 2002).



Another study initiated in 2005 focused on the
post-breeding migration of the thick-billed
murres from the breeding colony in Disko Bay.
The three-week old chicks leave the colony
and initiate a swimming migration together with
one of the parent birds which then moult flight
feathers and become unable to fly for a three-
week period. The temporal and spatial distribu-
tion of this swimming migration was unknown
until birds were satellite tracked (Mosbech et al.
2009). These birds moved through Vaigat, and
dispersed in the waters west of Disko (Box 6).

The marginal ice zone project in April and May
2006 (Frederiksen et al. 2008) revealed large
concentrations of thick-billed murres present
in the assessment area and confirmed earlier
studies (Figure 15 and 16), although the murres
were much more widespread in the area and
many were found even in dense drift ice near
the Canadian border (Figure 16). In total about
400,000 thick-billed murres were estimated to
be present in the assessment area during the
survey, and significant concentration areas were
located (Figure 16).

In autumn 2009, an extensive study of biological
oceanography including seabirds was carried
out from both ship and aircraft in the assessment
area between the Greenland and the Canadian
coasts (See Box 1). This revealed that high num-
; . : bers of little auks were found widespread outside
Survey Type SR R Y the shelf areas in the deep water parts, while

loeedge 5 \ i the thick-billed murres were found more patch-
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| - Tansec L high densities of small polar cod were found in
g _‘W : depths accessible to the murres. Stomach anal-
i

ysis of both little auks and thick-billed murres
sampled in deep off shelf waters indicated that
especially the hyperid amphipod Themisto was
an important prey.
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Figure 15. Distribution of thick-billed murres in May 1997, based Although not seabirds, geese should also be

on airborne surveys. Results are superimposed on a synoptic mentioned in this context, because they often
image of the ice distribution. A large concentration of birds is utilise saltmarshes within the assessment area.
seen southwest of Disko Bay (DCE unpublished). These saltmarshes are very low and occasionally

become inundated at high water levels. Particu-

larly the Greenland white-fronted goose (Anser

albifrons flavirostris) is vulnerable, because the
population is seriously decreasing (Fox et al. 2006). Brent geese (Branta bernicla) on
migration between breeding sites in Arctic Canada and wintering grounds in north-
west Europe also utilise these salt marshes during stopovers (Boertmann et al. 1997,
Egevang & Boertmann 2001a).
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Box 5. King Eider satellite tracking
A. Mosbech , F. Merkel and C. Sonne

The Disko West assessment area is very important for the king eider (Somateria spectabilis) population breeding in eastern
Arctic Canada. Satellite tracking and surveys of concentration areas have been conducted in recent years to identify key
areas, delineate populations and estimate the population size.

Thirty-six king eiders were tracked from their breeding and moulting sites by means of satellite transmitters on their migra-
tion to the wintering grounds on the fishing banks off West Greenland (Mosbech et al. 2004c¢, Mosbech et al. 2006a). The re-
sults showed that regardless of the locality where the birds were caught and implanted with a transmitter (eastern Canada
or West Greenland), almost half of the tracked birds wintered at Store Hellefiskebanke and the adjacent coast. A single
bird was followed for two years where it performed a clockwise migration around Baffin Island on the migration between
moulting, wintering and breeding areas (Fig. 1).

On Store Hellefiskebanke most birds were found in areas with water depths less than 50 m and up to 70 km from the coast
(Fig. 2). Previous surveys had shown that up to 300,000 king eiders could be wintering in this area in March (Mosbech &
Johnson 1999). An aerial survey carried out in late April 2006, as a part of the marginal ice zone project (Frederiksen et
al. 2008), resulted in an estimate of about 400,000 king eiders (75% confidence intervals:
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= two full migration cycles
¢ to the breeding grounds in
g@ Arctic Canada. Two sites in
the assessment areas were of
- particular importance to this
. s bird: the waters west of Disko
% b Island and the shallow part of
Z Store Hellefiskebanke. Based
9 on DCE/GINR data, Mosbech
R et al. (2006c).
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T T Figure 2. King eider satellite tracking locations from
year round tracking of birds implanted at moulting
localities in Umiarfik and the fjords at the west coast
of Disko and at a breeding locality in Arctic Canada
(outside the map). The scattered dots in the cen-
iarfik “*1  tral Baffin Bay and on Baffin Island are from bird
migrating to and from breeding localities in Arctic
Canada west of the map border. Observations

from two ship based surveys (March 2000 and No-
vember 2003) are also indicated on the map. The
importance of the waters west of Disko Island and
on Store Hellefiskebanke (at c. 68° N) is apparent.
70N Based on DCE/GINR data, Mosbech et al. (2006a).
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Figure 3. Distribution of king eiders (n = 57100)
observed on aerial transects in April and May 2006.
Their estimated abundance is based on the blue
area corresponding to the 50 m isobath of Store
Hellefiskebanke, see text for further information.
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227,000 - 709,000) staging in the shallow parts of Store Hellefiskebanke (Fig. 3). Based on a ship survey in November 2003
an abundance of 500,000 king eiders (75% confidence intervals: 529,000 - 1,083,000) was estimated for the Store Helle-
fiskebanke in November (Mosbech et al. 2007). This probably encompass the entire population of king eiders wintering in
West Greenland, and this fact makes this shallow part of Store Hellefiskebanke extremely sensitive to oil spills.

Atracked king eider equipped with a depth transducer recorded 43 m as maximum dive depth and it showed a diurnal div-
ing pattern with preference for diving during daylight, even in midwinter, with only a few hours of twilight (Fig. 4) (Mosbech
et al. 2006a), indicating the importance of these few hours for foraging. It also indicates that there are plenty of benthic
mussels at the site, since the birds are able to find sufficient food during these few hours.

Mouting Area: Sept. 9- Oct. 8 D03

02.00 - 08.00 - 10.00 - 14.00 - 18.00 -
0600 10.00 14.00 1800 22.00
Time of day
4-htime frame

Figure 4. Satellite tracked locations and track-line for a female king eider using three distinct staging areas from 7 September to 8 Janu-
ary and diurnal diving behaviour in these three areas. The columns show the time spent in different depth intervals (Time At Depth, TAD)
as percentage of the time in each four-hour time frame and averaged for the staging period. The diving data covered 75 %, 79% and
54 % of the time spent in the three staging areas, respectively (reproduced from Mosbech et al. 2006b).

104



Figure 16. Densities of thick-billed !

murres in the spring 2006 survey
area. Based on the numbers
observed from aircraft during
the marginal ice zone project in
April and May 2006 it was esti-
mated that about 430,000 (CV
11 %) thick-billed murres reside
in the area (Frederiksen et al.
2008). Especially high concen-
trations were found in southern
Disko Bay (ice free) and relatively
high concentrations were found
northwest, west and southwest of
the entrance to the bay in areas
with both open water and quite
dense ice cover. Surprisingly high
concentrations were found far off-
shore near the Canadian border
in areas with dense ice cover. This
is presumably birds crossing di-
rectly over the central Davis Strait
and Baffin Bay on their way to the
large breeding colonies in Arctic
Canada (Frederiksen et al. 2008).
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4.8 Marine mammals

The marine mammals is another important element of the ecosystem in the Disko
West assessment area. Besides polar bear and walrus, there are at least 14 spe-
cies of whales and five species of seals, (Table 7).

Some of the marine mammails listed in Table 7 have been studied more inten-

sively within the assessment area during the past years thus allowing a more
detailed description.

4.8.1 Polar bear (Ursus maritimus)

E. W. Born, K. L. Laidre, R. Dietz and &. Wiig

The polar bears occurring in the Disko West assessment area belong to two differ-
ent populations which differ genetically (Paetkau et al. 1999). Satellite telemetry
data collected during the 1990s indicated little spatial overlap between them,
and they are referred to as the Baffin Bay and the Davis Strait subpopulations (Tay-
lor et al. 2001) (Figure 17). These studies also documented that the greater major-

ity of polar bears that occur in the Disko West assessment area belong to the Baffin
Bay subpopulation (Taylor et al. 2001).
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Box 6. Thick-billed murre studies
in the Ritenbenk/Innaq colony
in Disko Bay

A. Mosbech and F. Merkel

The thick-billed murre colony at Ritenbenk (Innaq) is the
last remaining thick-billed murre colony in Disko Bay. It
has been declining for more than 50 years from about
46,000 to only 1300 birds in 2012. As part of the back-
ground study program, studies of thick-billed murre were
carried out in the colony in 2005 and 2006 (Mosbech et
al. 2009) and again in 2011. The overall aim has been to
gain a better understanding of the population develop-
ment, the causes for the decline as well as the potential
for increase, and to identify important areas for the birds
especially during the swimming migration.

The thick-billed murre is the most important hunted bird
species in Greenland and it is also very vulnerable to
marine oil spills. The hunting season and the hunting bag
have been effectively reduced with new legislation in
2001 (Merkel & Christensen 2008). However, oil activity in
the Disko West Area is a new challenge to the thick-billed
murre population and makes it important to identify mi-
gration routes and important habitats.

The project has included studies of colony attendance, pop-
ulation estimates, population modelling, sustainable harvest
modelling, chick feeding and foraging activities, and migra-
tion based on ringing recoveries and satellite telemetry.

Population trend

The entire colony was counted both directly and from
digital photos. In order to correct the total counts for di-
urnal as well as day-to-day variation in murre numbers,
repeated counts of study plots were carried out. The
most reliable count was 2,447 individuals, based on

a total direct count on 19 July 2006 and corrected for
diurnal and day-to-day variation. Taking colony attend-
ance into account, this is estimated to correspond to
1,835 breeding pairs.

The most recent previous count of the Ritenbenk colony
was in 1998, when a comparable survey method pro-
vided an estimate of 3,415 individuals. This corresponds
to a decline of 28% or 4% per year.

Both the total counts and the repeated counts of study
plots indicate an increase in the number of birds present
from 2005 to 2006. However, this positive result should
not be overemphasized, since considerable year-to-year
variations in attendance may mean that the negative
trend in colony size has not been reversed. And indeed
the results from the counts in 2011 and 2012 indicate a
further decline in the thick-billed murre population (direct
countin 2011: 1480 birds, and direct count in 2012: 1315
birds; none of these corrected for diurnal variation).
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Figure 1. Tracking routes of 27 thick-billed murres from the Ritenbenk colony in
2005 and 2006. Blue lines = males, red lines = females.
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Figure 2. The route tracked for a male thick-billed murre using a subcutaneous
satellite transmitter. The male took up parental care on the breeding ledge and
later left the ledge with the chick and started swimming migration. Average rate
of movement is calculated between the best quality locations in consecutive
transmission periods (Best Pick location in each of 56 28 hour cycles).



Population model

In order to investigate the mechanisms behind the
population decline a simple matrix model of the thick-
billed murre population at Ritenbenk was constructed.
The model estimates the maximum sustainable har-
vest based on a number of assumptions. Model results
were compared to the reported numbers of birds shot
available from the official harvest statistics (Piniarneq).
Harvest statistics show that the Annual Hunting Bag

in llulissat municipality in 1993-2001 was between
100 and 206 birds (except 40 in 1998). These birds
were presumably mainly adult breeders, since few im-
matures occur near the colonies at this time of year. A
comparison with results of the harvest model indicates
that shooting of adult breeders is the most likely cause
for the decline in the size of the colony until 2001,
when summer hunting was banned. The model indi-
cates that, if this ban is respected and winter hunting
pressure remains constant, there is a chance that the
population will stabilise.
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s 1Sep- 14 Sep When the young thick-billed murres leap from the
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2006 and glide through the air to the water, usually closely
= 15Jul-31Jul " followed by one or two adults. Once in the water, the
:::39-_1;A:39 chick starts a swimming migration accompanied by
1 Sep- 14 Sep | the male adult, which during the first weeks of the
15 Sep - 30 Sep swimming migration moults its flying feathers and
523,0 60 Km becomes flightless. The female typically continues to
. attend the ledge for about two weeks before starting
Figure 3. Temporal and spatial distribution of locations from 27 thick-billed the migration and the moult. During the swimming
murres tracked from the Ritenbenk colony. migration, murres are very vulnerable to oil slicks on

the sea surface.
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o W [N o To identify the migration routes of thick-billed murres from the colo-
4 nies at Innaq/Ritenbenk twenty-seven murres were equipped with
= satellite transmitters in July (26 g pressure proof implantable Micro-
T wave satellite transmitter (PTT Platform Terminal Transmitter)). Murres
with chicks were selected and were tracked for up to 112 days.

The obtained tracks showed that 15 out of 16 males left Disko Bay
through Vaigat (swimming), whereas females used routes N and S of
Disko Island equally (Fig. 1 and 2).
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Later in August and September most tracked murres occurred dis-
persed in southeast Baffin Bay (Fig. 3). While most birds thus moult
their flight feathers in Baffin Bay, two of the birds migrated SW to-
wards Labrador and Newfoundland (Fig. 4). It is concluded that a
large part of the population migrate through Vaigat and past Hareg
around 1 August, during this time they will be very sensitive to an oll
spill in this area. Similarly, the population will be very sensitive to oil
spills in Disko Bay when they arrive in May.
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Figure 4. The route of a female thick-billed murre (#4137507) tracked from
Ritenbenk and arriving in northern Newfoundland in the first half of August
2005. The average rate of movement was calculated between the best qual-
ity locations in consecutive transmission periods (‘best pick’ locations). At the
coast of Labrador the average rate of movement fell below 3 km/h indicating
b that wing moult started here.
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Figure 5. Data logger attached to a metal tarsus band on a thick-

billed murre.

Temparmaiure |f ﬂ:l Drapih {m)
394"_ T,
o o USRS S A—— s b e PRy, e, 4= 1 (]
3 |Ir! :
3:'1 [ !. 10
304 | 20
| |
- | -
. [
24 | I I
= 40
184 ' ! ':50
!
154 | [ g0
124 Ir
9 | ™
8 | !—au
94 .I! i',_-":I
04 |
630 650 70 780 750 B0 ®:30 ES0 @0
Tirmae {148 July 2006)
Temparature (“C) Dapth {m)
39 : :-D
38 | i 1 [
3:3: s ] [0
1 | 1
04 ."°' | | =20
[} | li -l L
a7 | i '].l %0
H:f ] ’ | i i.” |
E | :. B ' T ] 1 L 40
214 | .ill | | [ l 1
(| 7 i ! i Eso
1.4! il | l "i—m
i _
| ;?t}
&4 B
al "l[fl 90
of . : ok
" 2 2 o 02 o8 08 10 12 14

108

Tima ('IE-J'UI',' « 14 July 2006)

Figure 6. Thick-billed murre arriving at nesting ledge with capelin for its
chick at Ritenbenk, July 2005.

Foraging behaviour and feeding conditions

Foraging behaviour (dive activity and chick feeding) was stud-
ied in 2006 to investigate whether food limitation during the
breeding season might affect chick survival and thus popula-
tion growth. Dive activity was recorded using miniature leg-
mounted data loggers (Fig. 5), whereas chick feeding frequen-
cies were observed directly. Capelin was an important food
item in 2006 (Fig. 6), feeding trips were relatively short, and the
proportion of time birds spent diving was relatively low (<10 %)
(Fig. 7). The overall impression was that food availability was
sufficient in 2006 and preliminary results indicate that this was
also the case in 2011. Most likely the cause for the continued
decline in the colony should be found outside the breeding
season or from illegal hunt in the summer period.

Figure 7. A) Diving behaviour recorded with Time-Depth Recorder
(TDR) for a thick-billed murre on a foraging trip the night between 13
and 14 July 2006. Between 11 PM and 8 AM the murre made 9 feeding
bouts. Most dives (blue) went to about 40 m, but in the last feeding bout
dives exceeded 80 m depth. The temperature (red )at the sea surface
was ca. 5 °C, decreasing to ca. 1 °C at 40 m and remaining at that
level down to 80 m. B) Enlargement of the last feeding bout in Figure A.



On the basis of the results from a large-scale mark-recapture population study
from 1994 to 1997, Taylor et al. (2005) estimated that the Baffin Bay subpopula-
tion numbered 2074 (95% Cl 1544-2604 bears) polar bears in 1997.

A demographic study of the Davis Strait population completed in 2009 estimated
the size of the population to be 2142 (95% CI 1811-2534; Obbard et al. 2010).
Recovery in central West Greenland of a few polar bears that were tagged in the
Davis Strait area indicates that polar bears from the Davis Strait population occa-
sionally occur in the Disko West assessment area.

Table 7. Overview of marine mammals occurring in the Disko West assessment area. Importance of study area to population
(Conservation value) indicates the significance of the population occurring within the assessment area in a national and interna-
tional context as defined by Anker-Nilssen (1987).

Species Period of  Main habitat Distribution and Protection/ Greenland Importance of VEC
occurrence abundance in exploitation Red List status  assessment area
assessment area to population
Polar bear Winter Drift ice and Relatively common Hunting Vulnerable High +
ice edges and mainly when ice is regulated (VU)
present
Walrus Winter Polynyas, MIZ, West of Disko Island and Hunting Endangered High +
shallow water  Store Hellefiskebanke regulated (EN)
Hooded seal Jun.-Oct. Mainly deep Common Hunting Least Concern Medium
waters unregulated (LC)
Bearded seal Whole year Waters with ice Widespread and Hunting Data Deficient Medium +
abundant unregulated (DD)
Harp seal Jun.-Feb. Whole area Numerous Hunting Least Concern Medium
unregulated (LC)
Ringed seal Whole year Waters with ice Common and Hunting Least Concern High +
widespread unregulated (LC)
Harbour seal Summer  Coastal waters Very rare today Hunting Critically Low
regulated endangered (CR)
Bowhead Winter Pack ice/mar- Locally abundant mi- Hunting Near Threatened Medium +
whale (Feb.-Jun)) ginalice zone grant and winter visitor regulated (NT)
Minke whale Summer Coastal waters Rather common mainly Hunting Least Concern Low
(Apr.-Nov.) and banks in southern part regulated (LC)
Sei whale Summer  Offshore, edge Occasional in southern Protected Data Deficient Low
(Jun.-Oct.) of banks part (1986) (DD)
Blue whale Summer  Edge of banks  Few, and in southern Protected Data Deficient Low
part (1966) (DD)
Fin whale Summer Edge of banks, Abundant mainly in Hunting Least Concern Low
(Jun.-Dec.) coastal waters southern part regulated (LC)
Humpback Summer Edge of banks, Abundant mainly in Hunting Least Concern Low
whale (Jun.-Nov.) coastal waters southern part regulated (LC)
Pilot whale Summer Deep waters Occasional in Hunting Least Concern Low
(Jun.-Oct.) southern part unregulated (LC)
White-beaked ~ Summer Shelf waters ~ Occasional in southern Hunting Not Applicable Low
dolphin part unregulated (NA)
Killer whale all year, Ubiquitous Rare but regular Hunting Not Applicable Low
sporadical unregulated (NA)
White whale Winter Banks Abundant migrant Hunting Critical High +
(Nov.-May) regulated Endangered (CR)
Narwhal Winter Edge of banks, Abundant summer, win- Hunting Critical High +
deep waters.  ter and migrant visitor regulated Endangered (CR)
Sperm whale Summer Deep waters Unknown Protected (1985) Not Applicable Low
Bottlenose Summer Deep waters Unknown Protected (1985) Not Applicable Low
whale
Harbour Summer Coastal and Only in southern part Hunting Least Concern Low
porpoise (Apr-Nov.) deep waters unregulated (LC)
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Figure 17. Track lines showing the
overall movement during 1991-
2001 of polar bears instrumented
with satellite transmitters in the Da-
vis Strait-Baffin Bay region and ad-
jacent areas. A certain degree of
overlap between the different sub-
populations is apparent. However,
Davis Strait and Baffin Bay have
experienced an annual average
decline in sea-ice extent of about
9% per decade between 1979
and 2006 (Perovich & Richter-
Menge 2009) and therefore it can-
not be excluded that the borders
between the subpopulations have
changed and are changing. The
maps are based on unpublished
data: Department of Environment
Government of Nunavut (DEGN)
and Greenland Institute of Natural
Resources (GINR).
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Based on the movement of polar bears with satellite transmitters, the border be-
tween the Baffin Bay and Davis Strait management units was placed at 66° N (i.e.
between the entrance to Kangerlussuaq/Sgndre Strgmfjord in West Greenland
and Cumberland Peninsula on Baffin Island) (Taylor et al. 2001).

Between 1974 and 2010 a total of 1332 polar bears were marked in the Baf-
fin Bay including the 16 captured in West Greenland in April 2009 (Box 8).
Information on cross-over of marked bears between Baffin Island (Canada)
and West Greenland confirm the conclusion from satellite telemetry (Taylor
et al. 2001) that polar bears have a wide range within the Baffin Bay and that
bears from the Canadian sector of Baffin Bay occur in West Greenland and
vice versa (Box 8).

One adult male (D7282, previously marked as X14049) was recaptured on
15 April 2009 in the Disko West assessment area from previous tagging at
73°21'N-80°50'W near Bylot Island, where it was marked as a 6 year old on 24
September 1994 (Box 8). This confirms that polar bears that range the western
parts of Baffin Bay occur in West Greenland.
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Box 7. Densities of seabirds-at-sea in the Disko West assessment area

A. Mosbech, K. Johansen, D. Boertmann and F. Merkel

Since the beginning of the 1990s, NERI/DCE
has collected data on seabird distribution in
the off-shore areas of Greenland. Both ships
and aircrafts have been used as observation
platforms, and the sampling methods allow
calculation of densities (individuals/km?) of
the different species. The surveys have been
carried out by NERI/DCE, both on dedicated
seabird surveys and on ships of opportunity,
and also by the Marine Mammal and Sea-
bird Observers (MMSO) on board the vessels
carrying out seismic surveys in the Greenland
waters. These MMSOs are instructed to sam-
ple seabird data following a standardised
protocol prepared by DCE, allowing incor-
porating the data into the database main-
tained by DCE (Johansen et al. 2012). These
seismic surveys have in many cases covered
waters, from where no previous information
on seabirds was available. The information
from DCEs seabird-at-sea database is avail-
able for companies preparing environmental
impact assessments (EIA) in the Greenland
waters.

Figure 2. Distribution of northern fulmar in the as-
sessment area during spring (Apr.-May), summer
(Jun.-Aug.), autumn (Sep.-Dec.), and winter (Jan.-
Mar.). Note that survey coverage and density scale
varies between seasons. Fulmars are numerous
and widespread in the offshore areas. Concen-
trations are linked to foraging areas such as up-
welling areas and areas with commercial fisheries.
In spring high concentrations also occur near the
large colonies. Northern Fulmar usually avoids ar-
eas with high ice coverage and in the winter only
a few are present in the area..
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Figure 1. The seabird-at-sea survey effort in the Disko West assessment area. The
distribution of survey effort is shown as the number of overlapping ship- and aerial
surveys conducted during spring (Apr.-May), summer (Jun.-Aug.), autumn (Sep.-
Dec.) and winter (Jan.-Mar.). White areas represent areas with no survey activity.
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l.. Spring L. Winter Y % . q
“ B | mentarea based on aerial surveys performed in
T g spring and winter. Note that the density scale var-
5 ‘Of ies between seasons. Common eider winter in the
*.‘ l o coastal zone archipelago where there is open water
y %_ ¥ _| and large numbers stage there during spring migra-
Y “ é; i tion. Note that the scales differ between seasons.
‘;
Mean density Mean density ‘\ . k
mo us AN
mils o Ly 5
76-15 50.1- 100 ‘
50.1-100 500.1 - 1,000 4 !
:LZZl:iZE :LZS‘SV?:‘; ‘_:
o ® soxm 0w sokm : i

Figure 4. At-sea distribution of king eiders in the
assessment area during spring (Apr-May), summer
(Jun.-Aug.), autumn (Sep.-Dec.) and winter (Jan.-
Mar.) based on ship survey and aerial survey data.
Note that survey coverage and density scale varies
between seasons. Note the high concentrations at
Store Hellefiskebanke, see Box 5 for further details.
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Figure 5. Densities of black-legged kittiwake in the
assessment area during spring (Apr.-May), summer
(Jun.-Aug.), autumn (Sep.-Dec.) and winter (Jan.-
Mar.) based on combined ship survey and aerial
survey data. Note that survey coverage and density
scale varies between seasons. Kittiwakes are abun-
dant in the assessment area except in winter. Con-
centrations occur near large breeding colonies, and
also in off-shore areas where migrating birds are on
their way towards north and stage in feeding areas.
During summer many kittiwakes occurring offshore
are non-breeding birds from populations breeding
elsewhere in the North Atlantic (Lyngs 2003).
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Seabird densities were calculated as follows. The original survey transects were split into 3 km segments, and for each
segment a density was calculated for each species on the basis of the number of birds observed, the length of the seg-
ment, and an effective search width estimated separately for each survey and species by means of distance sampling
methods (Buckland et al. 2001). For each survey the densities of each species were interpolated to 3x3 km raster grids by
inverse distance weighting (power 2, radius 15 km), and the densities shown on the maps represent the mean value for
all surveys in an overlay analysis of these grids for each of the four seasons. Densities were calculated only within a 15 km

buffer around the survey transects. Note that the number of overlapping surveys varies markedly between seasons and
areas (Fig. 1).

Figures 2 to 7 show the results for some of the numerous species.

Figure 6. Densities of thick-billed murre in the assess-
ment area during spring (Apr.-May), summer (Jun.-
Aug.), autumn (Sep.-Dec.) and winter (Jan.-Mar.)
based on combined ship survey and aerial survey
data. Note that survey coverage and density scale
varies between seasons. Thick-billed murre is abun-
dant in the assessment area in all seasons. High con-
centrations occur in the ice free waters south of the
assessment area during winter and at staging areas
during spring migration. Note also relative high den-
sities in summer and autumn. See Box 6 for details.
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Figure 7. Density of little auk in the assessment area
during spring (Apr.-May), summer (Jun.-Aug.), au-
tumn (Sep.-Dec.) and winter (Jan.-Mar.) based on
ship survey and aerial survey data. Note that survey
coverage and density scale varies between seasons.
Little auk is @ numerous autumn visitor during migra-
tion through the western part of the assessment area.
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Figure 18. Map showing original
tagging site (red, n = 1266 bears)
and sites of re-capture during
scientific studies (yellow, n = 230)
and of hunter kills (blue, n = 310)
of polar bears that were marked
in the Baffin Bay region during
1974-2009 (DEGN and GINR un-
published data). Baffin Bay polar
bears that were tagged along
Baffin Island have been shot by
hunters in the Disko West assess-
ment area (between ca. 68° and
ca. 71° 30’ N) confirming the
results of the telemetry study that
polar bears range widely over the
Baffin Bay region.
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In addition, between 1974 and 2007 a total of 2068 polar bears were marked in
the Canadian parts of the Davis Strait subpopulation (Figure 18). Of these only
1.5% (n=31) have been recovered in Baffin Bay north of 66° N during 1974 - 2010.
These include an adult female with two O-year-old cubs, and three young single
bears that were killed in West Greenland (between 68° 10’ and 69° 12’ N) in 1981,
2008 and 2009 (DEGN and GINR, unpubl. data). If the family group is considered
one ‘bear unit’ only 0.2% of the bears tagged in Davis Strait have been recovered
in the Disko West assessment area.

In 2009 a study was initiated to provide updated and supplementary information
on distribution, movement and habitat use of polar bears in the Disko West assess-
ment area. The results of this study are described in Box 8.

Conservation status

Given the recorded catch from the Baffin Bay population population by Canadian
and Greenlandic subsistence hunters (150-200+/year; Stirling & Parkinson 2006),
the subpopulation was thought to be over-exploited and consequently decimat-
ed to ca. 1600 in 2004 (Anon 2007). The current size of the Baffin Bay population



Box 8. The April 2009 to April 2010 study of polar bear movements
and habitat use in Northwest Greenland

E.W. Born, K.L. Laidre, R. Dietz and &. Wiig

A study initiated in April 2009 using satellite trans-
mitters was intended to provide updated and sup-
plementary information on distribution, movement
and habitat use of polar bears in the Baffin Bay
and Disko West area.

During the 2009 field operation, 16 polar bears
were tagged in April 2009 on the fast ice and the
pack ice in the north of the Disko West assessment
area between 70° 14’ N and 71° 04’ N (Fig. 1,
Table 1). Fifteen of these bears were fitted with a
satellite radio transmitter. Ten of these transmitters
were small ear-tags (Born et al. 2010) which were
applied to sub-adult polar bears of both sexes and
adult males. Ear-tag transmitters had an expected
life time of 3-6 months. Five adult female bears
were fitted with satellite radio-collars with and ex-
pected life time of 2+ years.

Movements, home ranges and focal areas

One of the bears with satellite radio-collars (D7273,
6 years old) dropped her transmitter shortly after
deployment and another adult female (D7276, 17
years old) was shot in NW Greenland 13 Febru-

ary 2010. Adult males and sub-adult bears of both
sexes experienced shorter tracking durations due
to ear tag attachments (mean duration of transmis-
sion: 75.7 d, SD = 45.0, range: 28-196 d, n = 10).
Hence, the annual cycle of movement can be
described for four adult females only and three fe-
males after February 2010.
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Figure 1. Disko West assessment area with borders of license blocks and loca-
tions where 16 polar bears were tagged during April 2009. Fifteen of these bears
were fitted with satellite transmitters. F = femelaes, M = males.

Table 1. Polar bears tagged during the 2009 tagging operations in the Disko West region. Type of transmitter and duration of tag attachment
is shown for those tags which stopped as of April 2010. Individual age was obtained from reading of tooth cementum growth layers.

ID Sex Category Datetagged Deg. Min Deg. Min Age Transmitter ID Type Transmitter ~ Duration
N W stop (days)
D7272 M Adult 08.04.2009 71 1 5 24 4 68011 SPOT5 6/22/2009 76
D7273 F Adult 08.04.2009 70 14 57 27 5 68006 TAW-4610H 05/03/2009 26
D7274 F Yearling 08.04.2009 70 14 57 27 1 - -
D7275 M Adult 09.04.2009 71 4 56 35 10 68012 SPOT5 06/04/2009 57
D7276 F Adult 10.04.2009 70 34 57 54 17 68004 TAW-4610H 2/13/2010 SHOT
D7278 F  2years 10.04.2009 70 34 57 54 2 68013 SPOT5 05/08/2009 29
D7277 F Subadult  10.04.2009 70 34 55 42 4 68014 SPOT5 6/24/2009 76
D7280 M Adult 11.04.2009 71 4 54 26 7 74777 SPOT5 07/06/2009 88
D7281 M Adult 15.04.2009 70 43 56 13 7-8 74778 SPOT5 6/16/2009 63
D7282 M Adult 15.04.2009 71 0 57 6 15 74779 SPOT5 06/12/2009 59
D7283 F Adult 15.04.2009 70 57 57 8 13 68005 TAW-4610H 12/29/2009 transmitting
D7284 M 2 years 15.04.2009 70 5 57 8 2 74780 SPOT5 06/12/2009 59
D7285 F Adult 16.04.2009 70 50 55 8 5 74771 TAW-4610H 1/14/2010 transmitting
D7286 M Adult 18.04.2009 72 15 56 2 25 74781 SPOT5 10/30/2009 196
D7287 F Adult 19.04.2009 71 8 56 21 7 74767 TAW-4610H 1/14/2010 transmitting
D7288 F  2years 23.04.2009 71 2 56 45 2 74782 SPOT5 6/20/2009 59
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3). The summer 95 % home range was larger than
during spring and the other two seasons, totalling ap-
proximately 349,000 km? (Fig. 3).

In autumn 2009 (September-December), polar bears
(n =5 bears) were located on the coast of Baffin Is-
land (Figure 4). The total autumn range was approxi-
mately 66,300 km?and thus the smallest of all the
seasons. Adult female D7276 (Transmitter ID 68004)
left Baffin Island around 3 November and moved to-
wards Melville Bay in NW Greenland (Fig. 4).

In winter 2010 (January-March), when the annual
sea-ice had formed, three adult polar bears (D7283,
D7285, D7287) departed from the land on eastern
Baffin Island where they had spent the open water
season and moved offshore. Two of these bears
moved from Baffin Island during late January 2010,
whereas D7283 which had been in a maternity den
on Baffin Island moved onto the sea-ice sometime
around 31 March 2010. Polar bears typically show
fidelity to den and spring feeding areas (Wiig 1995).
This tendency was confirmed by bear D7283 and
bear D7285 which moved towards the West Green-
land coast where they occurred in the shear zone
between land fast ice and the offshore Baffin Bay
pack ice between ca. 72° and ca. 76° N. D7283

Figure 3. Home range of 13 tracked polar bears in summer
(Jun.-Aug.) 2009. Home range calculated as kernel polygons,
which show the fraction in % of the locations they include.
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Figure 2. Home range of 16 tracked polar bears in spring
(April-May) 2009. Home range calculated as kernel polygons,
which show the fraction in % of the locations they include.

Tracking of four adult female polar bears for a single
year between April 2009 and April 2010 (as stated
one stopped in February 2010) confirmed previ-

ous information obtained from a telemetry study in
the 1990s (Taylor et al. 2001), that polar bears are
widely distributed over Baffin Bay sea-ice in spring
and summer with a more contracted land-based
distribution in fall on Baffin Island, and dispersal from
Baffin Island in winter once the sea-ice forms again

(Fig. 2).

In spring 2009 (April-May), the polar bears (n = 15)
used a large area over the annual sea-ice in Baffin
Bay and were concentrated in the Baffin Bay as-
sessment area and to the south hereof (Figure 2)
from ca. 67° 30’ N to offshore at ca. 75° N. The area
of the 95 % kernel home range was approximately
198,400 km?. As sea-ice receded during early sum-
mer the range of the polar bears shifted west to-
wards Baffin Island (Fig. 2).

In summer 2009 (June-August) the polar bear home
range (n = 13 bears) for the most part remained on
the remaining sea-ice, and shifted to the western side
of Baffin Bay. Polar bears were found on the eastern
edge of the Baffin Bay pack ice (i.e. in the western
sector of the Baffin Bay assessment area). There was
also some area use on the fast ice of Melville Bay (Fig.
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Figure 4. Home range of 5 tracked polar bears (1 male, 4 fe-
males) in autumn (Sept.-Dec.) 2009. Home range calculated
as kernel polygons, which show the fraction in % of the loca-
tions they include.

was shot in Upernavik on 13 February 2010. Bear
D7287 used the northern Baffin Bay in late winter (Fig.
5). However, the two other adult female polar bears
(D7283; D7287) were on the ice in the west side of
Baffin Bay as of April 2010 (Fig. 5).

Due to low sample sizes and the influence of denning
locations on the probability distribution of the home
range, the winter home range was divided in a west-
ern and eastern portion (Fig. 5). The total combined
winter home range was approximately 310,400 km?,

Adult males and sub-adults of both sexes had shorter
tracking durations due to ear tag attachments and all
except bear D7286 remained on the Baffin Bay sea-ice
during the period they were tracked. Similar to adult fe-
males, there was a consistent movements westward by
adult males and sub-adults as the Baffin Bay sea-ice
receded in late spring. Overall, the range of adult males
was similar to that of adult females. Specific movement
patterns were contrasted between adult male and

adult female polar bears during the on-ice period in Home range kernels, autumn

spring and early summer (Fig. 6). 25 %

The 2009-2010 study confirmed that polar bears in o

Baffin Bay move considerable distances during the L N
year (Fig. 6). Satellite telemetry studies in the 1990s 1 e

showed that the home range size of individual polar 0 125 250 Km

bears exploiting Baffin Bay averaged 192,000 km? '—'—'

being considerably larger than the home ranges

of bears inhabiting areas with more consolidated
ice (Ferguson et al. 1999). It was suggested that the
explanation for the large home ranges of bears in
Baffin Bay was that these bears explore a habitat
with large seasonal flux of annual ice in which the
distribution of various prey in particular ringed seals
is variable and patchy.

Almost all polar bears that were instrumented in April
2009 chose to follow the receding ice and spend the
summer at the east coast of Baffin Island. Hence, their
general movement was similar to that of 10 adult fe-
male polar bears that were instrumented with satellite
collars on the sea-ice in the Melville Bay area (74°-76°
N, 58°-68° W) in the spring of 1992 and 1993 (Taylor
etal. 2001, DEGN and GINR, unpublished data).

Time spend on the West Greenland side
Dates on which bears moved west of 60° W lon-
gitude varied within the months of May and June
(Table 2). The earliest departure date was May 6
and the latest was June 8. For the most part, dates
of crossing 60° W were concentrated at the last 10
days of May. It should be noted that bears crossed

Home range kernels, winter
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®  Locations
- - - - Assessment area
0 125 250 Km

I

Figure 5. Home range of 4 tracked polar bears in winter
(Jan.-Mar.) 2010. Home range calculated as kernel polygons,
which show the fraction in % of the locations they include.
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this longitude threshold however many remained T Z
in the vicinity (between 60° and 63° W) for several
more weeks until the sea-ice had disappeared in

central and western Baffin Bay. However, tracking of «

an additional number of polar bears in Baffin Bay in

subsequent years and an aerial survey in September o
2012 specifically dedicated to finding polar bears P

during the open water season have shown that a
few bears spend the summer in the Melville Bay and
adjacent areas (Born et al. 2012).

Table 2. Date when polar bears crossed 60° W longitude

for at least one week in spring with the recession of spring \

Baffin Bay sea-ice.

Transmit- Date crossed Season Deg. N Deg. W 0,8
ter ID 60° W Eglinton Fjord
68004 08.06.2009 summer 71.13 -61.83 |
68005 27.05.2009  spring 69.10 -62.23 U
68011 24.05.2009 spring 7213 -60.22

68012 24.05.2009  spring 7051 -61.05 @Q

68013 Did not cross _F 0 N
68014 22.05.2009 spring 70.70 -60.71 Cq\

74767 11052009 spring 7066  -62.38 Adult female polar bears
74771 27.05.2009 spring 71.80 -61.5 tagging locations

74777 26.05.2009 spring 70.49 -60.7 K 68004

74778 Did not cross * 68005

. * 74767

74779 16.05.2009 spring 7254 -61.16 | % 74771

74780 23.05.2009  spring 7224 -60.52 } 777 Assessment area
74781 04.06.2009 summer 7345 -62.88 0 125 250 Km
74782 06052009 spring 7205  -60.6 — g “ o v Gkl

Figure 6. Tagging locations and movements of four female polar bears in 2009
and 2010.

Maternity denning sites

During the one year study period two maternal denning sites used by two different female bears were identified along the Baf-
fin Island coast (Fig. 6). Both dens were on land and located in Eglinton Fjord north of Clyde Inlet. Female bear D7283 occupied
her den in this fjord between approximately 14 October and 23 March (dates based only on geographic locations). She was 13
years old and accompanied with a 2-year old cub when marked in West Greenland on 15 April 2009. Apparently this female
came into oestrus after having been instrumented, as at the time of capture she was apparently not in oestrus. Bear D7285 (6
years old at capture) entered her den around 8 September. However, she emerged on 2 January 2010. She was in oestrus at
the time of capture in 2009 therefore it is assumed this bear entered a maternal den. However the denning duration likely was
too short to have resulted in a successful cub rearing. This bear may have left the maternal den prematurely due to some failure
in pregnancy (intrauterine mortality or stillborn cubs).

Summary and conclusions

The study was limited to only one field season and only one year of satellite tracking. Owing to these a priori constraints in
effort only 15 polar bears were instrumented with satellite tags in 2009 of which only 3 bears de facto could be used for
describing habitat and area use for a full annual cycle. Due to low sample size refined analyses and comparisons of habi-
tat use and movement were not attempted. Furthermore, these constraints do not allow any final conclusions concerning
the importance of the Disko West assessment area for polar bears.

Nevertheless, based on the current knowledge regarding the distribution and movements of polar bears within the Baffin
Bay (Taylor et al. 2001 and this study) it may tentatively be concluded that polar bears from the Baffin Bay subpopula-
tion range the Disko West assessment area during winter, spring and summer. Polar bears in this area follow the receding
sea-ice westward towards Baffin Island during early summer. This movement commences early May. Polar bears range
widely over the Baffin Bay pack ice during winter, spring, and summer. The majority of Baffin Bay polar bears spend the
summer on the east coast of Baffin Island and the bears have a tendency to show fidelity to the eastern edge of the Baf-
fin Bay pack ice including that part of the ice edge that is located in the Disko West assessment area. The Baffin Bay polar
bears prefer to den on the east coast of Baffin Island. Overall, females and males seem to have the same range. Judging
from recoveries in harvest in West Greenland of marked bears from the Davis Strait subpopulation, the occurrence in the
assessment area of polar bears from this subpopulation seems to be low.
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is not known (Anon 2010). An assessment of the number of polar bears in the Baf-
fin Bay was initiated by DEGN and GINR in 2011. The plan involves assessment
of numbers by use of a multi-year genetic mark-recapture study (Atkinson et al.
2011).

In general, it can be stated that the Baffin Bay subpopulation occurring in the as-
sessment area currently is assumed to have an unfavourable conservation sta-
tus (Obbard et al. 2010), mainly due to long-term over-exploitation (Obbard et
al. 2010) and habitat degradation (Stirling & Parkinson 2006) e.g. due to climate
change (see also Chapter 8).

The polar bear is listed as ‘Vulnerable’ (VU) on both the global red-list IUCN 2012)
and on the Greenland red-list.

Predicted future trends for polar bears in Baffin Bay

Amstrup et al. (2007) incorporated projections of future sea-ice in four different
‘ecoregions’ of the Arctic, based on 10 general circulation models by the Interna-
tional Climate Change Panel (ICCP), into two models of polar bear habitat and
potential population response. One eco-region encompasses the polar bear habi-
tat with seasonal ice (‘the seasonal ice region’) - including the Baffin Bay - where
sea-ice usually is absent during the open water period. One of the models (a de-
terministic ‘carrying capacity model’) predicted a 7-10% decrease in the polar
bear populations in the seasonal ice ecoregion ca. 45 years from now (22-32%
decline ca. 100 years from now), whereas the other model (quasi-quantitative
‘Bayesian network population stressor model’) predicted extinction of bears in this
ecoregion - including Baffin Bay and Davis Strait - by the mid-2100 century.

Since 1979 the spring break-up of the sea-ice in Baffin Bay has occurred signifi-
cantly earlier in the season and the total amount of sea-ice has decreased since
ca. 2000 (Stirling & Parkinson 2006).

Also of note are the significant trends in loss of sea-ice on the banks of West
Greenland which are an important spring foraging habitat for polar bears. Be-
tween 1979-2010 the average sea-ice concentration on the banks of western
Greenland (0-300 m) in April, May and June within the boundaries of the Baffin
bay polar bear population has decreased by ca. 25% (Laidre unpubl. data).

4.8.2 Walrus (Odobenus rosmarus)
EW. Born

Three populations of Atlantic walrus are distributed in Greenland, i.e. in West,
Northwest, and East Greenland. The ‘West Greenland’ walrus population occurs
from fall to spring at the edge of the Baffin Bay pack ice from c. 66° 30’ N to 70° 30’
N (Figure 19). Further north in Baffin Bay and Smith Sound walruses occur almost
year-round in the North Water polynya and adjacent areas. They are, however,
absent from the coastal areas of NW Greenland during the open water season in
August-September when they summer along the eastern and southern coast of
Ellesmere Island (Canada) and in the Canadian High Arctic archipelago. Walruses
in these areas are referred to as ‘the North Water' population. Walruses occur year-
round along the eastern coast of Greenland where they mainly are distributed
inside the National Park of North and Northeast Greenland north of the entrance
to Scoresby Sound (c. 71°N). There is only limited exchange between walruses to
the west and east of Greenland (Andersen et al. 1998, Born et al. 2001).

119



Figure 19. Distribution of seven
subpopulations of Atlantic wal-
rus in the western Atlantic Arctic
(Born unpublished). The map

is based on NAMMCO (2006),
Stewart (2008) and courtesy of
R.E.A. Stewart (DFO, Canada,
unpublished). Legend: (1) Foxe
Basin, (2) South and East Hudson
Bay, (3) N. Hudson Bay-Hudson
Strait-N. Labrador-SE Baffin Island,
(4) Central West Greenland, (5)
North Water/N. Baffin Bay, (6)
W. Jones sound, and (7) Penny
Strait-Lancaster Sound, and (A)
the stock affiliation of transient
walruses (blue) that occur at low
density along the coast of NW
Greenland has not been deter-
mined.
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Information on distribution and migration as well as genetics indicates that the
three Greenland walrus subpopulations represent separate population units (Wit-
ting & Born 2005). The genetic analyses (Cronin et al. 1994, Andersen et al. 1998,
Andersen & Born 2000, Born 2001, Stewart 2008, Andersen et al. 2009a&b, NAM-
MCO 2009) also indicate that four subpopulations exist in the Baffin Bay-Davis
Strait region (labelled 3, 4, 5 and 7, respectively, in Figure 19). It was found that
(1) walruses in the West Greenland (4) and the northern Baffin Bay (5) subpopu-
lations differ genetically with some likely limited male mediated gene flow be-
tween these population, (2) walruses at south-eastern Baffin Island (3) and West
Greenland (4) do not differ genetically, and (3) that walruses from Hudson Strait
(3) have some genetic input to this Southeast Baffin Island-West Greenland popu-
lation. The genetic evidence implies a direction of migration consistent with the
suggestion by Freuchen (1921) and Vibe (1950, 1956) of a large-scale counter-
clockwise migration of walruses in the Baffin Bay region. A satellite telemetry study
during 2005-2008 supported the notion that walruses in West Greenland and from
south-eastern Baffin Island constitute the same population which is hunted in both
Greenland and Nunavut (NAMMCO 2009, Dietz et al. 2010) (Figure 20).

Distribution and population size

Several systematic aerial surveys conducted during 1981-2008 (Born et al. 1994a
(and references therein), Mosbech et al. 2007a, NAMMCO 2009, Heide-Jgrgensen
etal. 2010a) showed that winter distribution of walruses off central West Greenland
is similar to that indicated by historical information with two main concentrations;
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Figure 20. Track lines and range
polygons from 31 walruses in-
strumented with satellite-linked
transmitters at Store Hellefiske-
banke during March-April 2005-
2008 and at southeast Baffin
Island during August-September
2008 (Dietz et al. 2010). Home
ranges are calculated as kernel
polygons, which show the fraction
in % of the walrus locations they
include.
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the shallow water banks between approx. 66° 30’ N and approx. 68° 15’ N, and
the banks along the western coast of Disko Island/Qeqertarsuaq between ca. 69°
15’and 70° 30" N (Born et al. 1994a, Mosbech et al. 2007a, Heide-Jargensen et al.
2010a). However, during the aerial surveys in late March and April-May 2006 two
small groups of walruses were observed further north at approx. 71° 10’ N (Mosbe-
ch et al. 2007a) and approx. 73°N (Heide-Jgrgensen et al. 2006b). The 2006 and
2008 aerial surveys that were dedicated to estimating the abundance of walruses
on their central West Greenland wintering grounds resulted in weighted averages
of the fully corrected estimates of abundance (2 methods for calculation and cor-
rection used) of ca. 2500 to ca. 3000 walruses in the Store Hellefiskebanke-area
and 400 in the northern area off Disko Island (Heide-Jgrgensen et al. 2010a).

From October-November until late-May the walruses from the West Greenland
subpopulation are found on the pack ice, approx. 30 to 100 km off the coast be-
tween Sisimiut and Qegertarssuatsiaq (Hareg). These walruses prefer areas with
dense pack ice (usually more than 60% ice cover) in water that is less than 100
m deep. Sub-adults and females with young generally occur closer to the coast
than males, in areas with less dense ice and shallower water (Born et al. 19944,
Dietz et al. 2010). Although larger congregations numbering one to two hundred
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have occasionally been reported from this area, most walruses observed during
aerial surveys were either single or in pairs (Born et al. 1994a, Dietz et al. 2010,
Heide-Jgrgensen et al. 2010a). Observations of new-born calves in this area are
extremely rare (Born et al. 1994a, 1995, Born 2005). Recordings of underwater
sounds indicate that walruses mate in central West Greenland (Born et al. 1994a).

Walruses belonging to the northern Baffin Bay subpopulation (NAMMCO 2009)
winter in the eastern parts of the North Water polynya (NOW) between Qegertar-
suag/Wolstenholme Island and Ullersuag/Cape Inglefield (Freuchen 1921, Vibe
1950, Born et al. 1995, and references therein). The thin ice there is frequently
broken up by storms, giving the walruses access to shallow feeding banks (Vibe
1950). During winter walruses are hunted on the thin ice or from the edge of the
fastice, including the Savissivik and Wolstenholme Island areas (Born et al. 1995).
Walruses in the eastern parts of the North Water Polynya area are segregated on
the basis of sex and age class, with females and subadults generally occurring
farther north than adult males (Born et al. 1995).

There are no historical estimates of abundance of walruses in western and north-
western Greenland. Catches over several decades of many hundreds of animals
indicate, however, that walruses were much more abundant in these areas at the
beginning of the 20th century (Born et al. 1994a, 1995, Witting & Born 2005, NAM-
MCO 2009).

Walruses are benthic feeders that usually forage in shallow waters with depths
of less than approx. 100 m (Vibe 1950, Fay 1982, Born et al. 2003), although they
occasionally make dives to at least 200-250+ m depth, both inshore and offshore
(Born et al. 2005, Acquarone et al. 2006). They generally have an affinity for shal-
low water areas with suitable benthic food. They prefer to winter in areas where
the sea-ice does not become solid (Born et al. 1995, and references therein). In
western and north-western Greenland such habitats are mainly found between
approx. 66° 30' N and approx. 70° 30’ N and between approx. 76°N and approx.
78° 30’ N (Born et al. 19944, 1995, Born 2005).

During the mating season in January-April (Born et al. 2001, Born 2003, and refer-
ences therein) male walruses are engaged in ritualised visual and acoustical dis-
plays in the water (Fay et al. 1984, Sjare & Stirling 1996, Sjare et al. 2003).

Movements

According to local contacts in the village of Qeqgertarsuaq on Disko Island, walruses
are never observed moving southward south of the town of Qegertarsuaq during
fall, whereas those wintering near the northwest coast of Disko Island are believed
to move north in May. Observations made during aerial surveys along the coast be-
tween southwestern Disko Island and Svartenhuk during spring 1982 indicated that
the walruses wintering along the west coast of Disko Island progressively moved
north in the shear zone between the fast ice and the pack ice (Born et al. 1982).

According to Freuchen (1921) and Vibe (1950) the walruses crossed Melville Bay
far offshore during their spring migration north into the Smith Sound region. Al-
though there are indications that some walruses move north in the shear zone
between the land-fast ice and the Baffin Bay pack ice during spring, a ‘large-
scale’ spring migration north along the western coast of Greenland as indicated in
Freuchen (1921) has not been observed in recent time.

Miscellaneous observations offshore in Davis Strait in March-July suggest that wal-
ruses migrate across Davis Strait from western Greenland to eastern Baffin Island
during spring (Born et al. 1982, Born et al. 1994a). Satellite telemetry during spring of



2005-2008 supported the notion that the majority of walruses that winter in central
West Greenland move west to summer at south-eastern Baffin Island (NAMMCO
2009, Dietz et al. 2010). During spring 2005-2008, 23 walruses were fitted with sat-
ellite transmitters at their wintering grounds at Store Hellefiskebanke, in the Disko
West assessment area (NAMMCO 2009, Dietz et al. 2010). Eight of these transmitters
lasted long enough to document the migration from the wintering grounds in north-
ern Davis Strait to south-eastern Baffin Island (Figure 20). The westward migration
occurred between 7 April and 25 May with the routes across Davis Strait being quite
similar taking place at the most shallow and the narrowest part (ca. 400 km) of the
strait. The walrus birth season is protracted but peaks in late-June (Born 2001) and
the satellite telemetry study therefore indicated that the walruses leave their West
Greenland wintering grounds prior to the peak of calving season.

However, during 2008 two instrumented walruses first migrated north from Store
Hellefiskebanke along the West Greenland coast 50-100 km offshore as far north
as ca. 73° 27’ N (i.e. at the latitude of the settlement of Nutaarmiut) before turning
south again (Figure 20). One of these walruses stopped transmitting on its way
south along the coast whereas the other migrated to Baffin Island. This demon-
strates that an unknown proportion of the West Greenland wintering stock of wal-
ruses may occur within the assessment area for an unknown period of time during
May-June (NAMMCO 2009, Dietz et al. 2010).

Important and critical areas

Within the assessment area there are two critical areas for wintering walrusses. The
most important is the Store Hellefiskebanke (Figure 20) and the other is the area
west of Disko Island. The numbers occurring here is reported above. In summer the
walrusses wintering in the assessment area are in Canadian waters around south-
eastern Baffin Island, where the population has been estimated at at least 3000
individuals (NAMMCO 2009). The recent estimates of the winter population in the
assessment area indicate that a major part of the Baffin Island summer population
is here in winter.

Conservation status

Walruses occurring in the assessment area have an unfavourable conservation
status, probably due to excessive hunt. The West Greenland subpopulation is listed
as ‘Endangered’ (EN) and the North Water population as ‘Critically Endangered’
(CR) in Greenland’s Redlist (Boertmann 2008). In Greenland Atlantic walrus is list-
ed as a species of ‘special concern’ (COSEWIC 2006).

48.3 Seals
A. Rosing-Asvid

Four species of seals are common in the Disko West assessment area (Table 7);
the ringed seal, harp seal, hooded seal and bearded seal. They are all included in
the subsistence hunt and they rank from being very numerous to relatively com-
mon. Harbour seals are today very rare in the assessment area and hunt on this
species is now prohibited (Rosing-Asvid 2010a, 2011). Harp and hooded seals are
migrants occurring only during the open water season, and they whelp outside the
assessment area. Ringed seal occur mainly in ice-covered waters and they whelp
on the fast ice of the fjords and on consolidated pack ice in offshore areas. Most
bearded seals are visitors occurring when the pack ice reach the area during win-
ter and spring and some bearded seals mate and whelp in the assessment area
in early spring. Bearded seals tend to stay near sea-ice. They can make breathing
holes, but unlike the ringed seal, only in relatively thin ice, so many of them will fol-
low the pulse of the pack ice in and out of the assessment area.
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In the following a short description is given of the five seal species occurring in the
Disko West assessment area.

Hooded seal (Cystophora cristata)

Hooded seals are migratory seals. The vast majority of the seals from the West At-
lantic population concentrate in the whelping areas off Newfoundland and in Davis
Strait during March-early-April (Stenson et al. 1996). In late April-May most of these
seals swim toward Southeast Greenland where almost the entire population moult
on the drift ice during late June-July (Figure 21). Most juveniles stay near the drift
ice off the Greenland east coast until they mature. The adult seals start a migration
toward Davis Strait and Baffin Bay during the end of July (Andersen et al. 2009c). A
large fraction of the adult seals move up into the Baffin Bay in September and until
November they forage on the steep part of the shelf in the Baffin Bay mainly feeding
on large fish and squids (Andersen et al. 2009c¢). Observations of hooded seals from
surveys since 1988 in the assessment area are shown in Figure 22.

Catch

The annual catch of hooded seals in the settlements on the Greenland west coast
between 66°N-70°N (including most of the assessment area) is on average 1095
(Table 9). The catch statistics show that some seals arrive in the assessment area
when sea-ice starts to break up in May, and a few will stay there throughout the
open-water period May-November. Most hooded seals will, however, follow the
migratory pattern described above. This is not reflected in the catch, because the
seals migrate offshore and not near shore where most of the hunting take place.

Conservation status

The population occurring in the assessment area has a favourable conservation
status and the hooded seal is listed as of ‘Least Concern’ (LC) on the Greenland
Red List. However, internationally the hooded seal is considered as ‘Vulnerable’
(VU), due to a decrease in the Northeast Atlantic population (IJUCN 2012). The
seals are part of a very large population in the Davis Strait/Baffin bay region, which
is managed internationally through a working group under ICES and NAFO and
catches are considered sustainable (ICES 2006).

Important and critical areas
No particularly important areas are known for hooded seals within the assess-

ment area.

Bearded seal (Erignathus barbatus)

Bearded seals are widespread in the Arctic. Some bearded seals are stationary,
but seasonal changes in their densities in some areas indicate that a part of the
population (probably mainly the adult females and young animals) is moving
around. These distribution changes seem to be linked to the seasonal changes in
the sea-ice conditions. Bearded seals do make breathing holes, but only in rela-
tively thin ice so seals that summer in areas with thick winter ice either winter in
reoccurring leads and polynyas or they follow the pulse of the expanding and
shrinking sea-ice.

Bearded seals can be found in certain parts of the assessment area (Figure 22)
throughout the year, but they are most often seen (and caught) along the ice edge
during spring.

They are known to mainly feed on fish and benthic invertebrates found in waters
down to 100 m water depth (Burns 1981, Gjertz et al. 2000). Ongoing studies show
that bearded seals in South Greenland spend considerable time at much deeper



Figure 21. Distribution of the West
Atlantic hooded seals. Numbers
are the approximate number of
seals associated with each of the
three West Atlantic breeding areas
in 2005.
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water (>300 m) and shrimps are found to be the most important prey in that area
(GINR unpublished).

Birth takes place in April-May on drifting ice or on ice edges with access to open
water and the lactation period is around 24 days (Gjertz et al. 2000).

Catch

The annual catch of bearded seals in the settlements on the Greenland west coast
between 66°N-70°N (including most of the assessment area) is on average 467
(Table 9).

Conservation status

The bearded seal has a favourable conservation status, but it is listed as ‘Data
Deficient’ on the Greenland Red List due to lack of knowledge about population
boundaries and numbers. At global scale itis listed as ‘Least Concern’ (IUCN 2012).

Critical and important habitat
In the Disko West assessment area the Store Hellefiskebanke and especially the

northern rim, seems to be an important habitat during winter and spring (Figure 22).
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Harp seal (Pagophilus groenlandica)

Harp seals are migratory seals. The vast majority of the seals from the West At-
lantic population concentrate around the whelping areas off Newfoundland in
February-April. They give birth on the driftice in March and they moultin April. After
the moult they spread out in the waters between Greenland and Canada and
some seals move up along the Greenland east coast (Figure 23). Observations of
harp seals in the assessment area made during surveys since 1988 are shown in
Figure 22.

Harp seals are widely distributed in the assessment area (Figure 23) and their
numbers increase throughout the summer and early fall, but when the sea-ice
starts to form they migrate towards the whelping areas off Newfoundland. During
summer most adult harp seals will forage in pods typically consisting of 5-20 indi-
viduals. Juvenile seals forage alone. All age-classes will in the coastal part of the
assessment area mainly feed on capelin, whereas sandeel was the main prey in a
study from the Store Hellefiskebanke (Kapel 1995).

The West Atlantic population that whelp on the ice off Newfoundland in early
March is estimated to have increased from around 1.8 million in the early 1970s
to about 9 million individuals in 2011 (ICES 2011). The proportion of seals found in
the assessment area is unknown and probably also variable, but might be in the
region of 10% of the population.
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Figure 22. Sightings of seals made during 20 systematic seabird and marine mammal surveys from seismic vessels and biological
research vessels between 1988 and 2010 (DCE Seabirds-at-Sea Database, unpublished). The spatial distribution of effort is indicated
by the transect lines. The surveys were conducted between April and November, but with a peak in August and September.

126



Table 8. The quotas in 2010 for marine mammals in North and West Greenland (APNN). 1:
A total quota of 68 polar bears was given for the Baffin Bay/Davis Strait subpopulations to
be taken by hunters living in the areas between Savissivik and Nuuk (i.e. between ca. 76°

and ca. 64° N) in West Greenland. Of these 9 could be taken between Uummannaq and

Nuuk (minus 4 taken in excess in this area in 2009; Anon 2011c).

Areain 2010 Species
Walrus  Polar bear White whale Narwhale

Baffin Bay population 64 - - -
Kane Basin population - 6 - -
Qaanaaq - - 20 -
Inglefield Bredning & Smith Sound - - - 85
Upernavik, Uummannaq & Disko Bay 27 - - -
Baffin Bay/Davis Strait population - 68 1) - -
Upernavik - - 115 -
Melville Bay - - - 81
Uummannaq - - 19 85
Rest of West Greenland 34 - 156 59

Table 9. Mean nnual catch of seals from the settlements in the area between 66° and
70°N including most the assessment area in the period 1999-2008.

Species Mean annual catch Range
Harp seal 25,380 19,306-30,654
Ringed seal 11,757 8,093-19,093
Hooded seal 1095 669-1,261
Bearded seal 467 287-586
Harbour seal protected -
Catch

The annual catch of harp seals in the settlements on the Greenland west coast
between 66° N-70°N including most of the assessment area) is on average 25,380
(Table 9).

Conservation status

The population occurring in the assessment area has a favourable conservation
status. Harp seals are the most numerous marine mammeals on the northern hemi-
sphere and the West Atlantic population is probably at the highest level in historic
time. It is listed as of ‘Least Concern’ on the Greenland Red List.

Critical and important habitats
No particularly important areas are known for harp seals within the assessment

area.

Ringed seal (Pusa hispida)

Ringed seals are present in all parts of the Arctic that have annual sea-ice.
They give birth in March-April in lairs dug out in a snowdrift that is covering a
breathing hole. The pups lactate in up to 7 weeks (Hammill et al. 1991). The
moulting period is mainly in June and during the moult, the seals will spend
most of the day basking on the ice. They need to be near the ice in this period.
Some move into ice filled glacier fjords and others follow the retreating sea-ice
north and westward to the high Arctic areas. When the sea-ice expands again
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Figure 23. Harp seal distribution
and numbers associated with
known whelping areas. Red is
White Sea population, turquise
East Greenland population and

grey Newfoundland population.
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during early winter they spread out again. Ringed seals make breathing holes
in the new ice and they maintain the breathing holes in fast ice areas and in
consolidated pack ice throughout the winter. Adult seals establish territories in
these areas, whereas the juvenile seals mainly spend the winter in areas with
loose unconsolidated sea-ice. Observations of ringed seals in the Disko West
assessment area made during surveys since 1988 is shown in Figure 22.

Aerial surveys in the 1980s revealed large concentrations of ringed seal in the Baf-
fin Bay pack ice (Finley et al. 1983). These and other surveys found average den-
sities of ringed seals on fast ice as well as on consolidated pack ice in the Baffin
Bay area to vary between 1.3-2 seals/km? in June (Kingsley 1998, and references
therein).

Ringed seals mainly prey on polar cod, Arctic cod, Liparis spp. and amphipods in
near-shore waters (Siegstad et al. 1998). Prey selection is unknown for off-shore
areas, but likely to consist of the same species.



Catch

The annual catch of harp seals in the settlements on the Greenland west coast be-
tween 66°N-70°N (including most of the assessment area) is on average 11,757
(Table 9).

Conservation status

The ringed seal has a favourable conservation status, because of a relatively uni-
form and widespread circumpolar distribution, which prevents overexploitation on
an overall population level. Ringed seals are listed as of ‘Least Concern’ (LC) on
the Greenland Red List.

Critical and important habitats

Stable ice in the whelping and nursing period is the most critical factor to ringed
seals. Such ice is widespread within the assessment area (both off-shore and in
fjords and along the coast), why it is difficult to designate any especially impor-
tant areas.

4.8.4 Whales, dolphins and porpoises
F. Ugarte, TK. Boye, M. Simon and M.P. Heide-Jargensen

The order Cetacea, which includes whales, dolphins and porpoises, is divided into
two sub-orders: Mysticeti (baleen whales) and Odontoceti (toothed whales). They
differ in foraging behaviour and ecology. Baleen whales catch prey by filtering
large volumes of prey laden water through a curtain of baleen plates hanging
from the roof of their mouth, while toothed whales catch individual prey with their
teeth. There are also general differences in their residency and migration patterns,
with most baleen whales showing well defined seasonal migrations between
breeding and feeding grounds.

Baleen whales and toothed whales differ in the frequency ranges of the sounds
used for communication, navigation and feeding. Baleen whales emit low fre-
quency calls (10-10,000 Hz), audible over distances of tens of kilometres (Mel-
linger et al. 2007). In contrast, toothed whales use higher frequencies (80 Hz-130
kHz) to produce tonal sounds for communication, and clicks for echolocation and
communication (Mellinger et al. 2007). An overview of the frequencies used by
cetaceans present in the assessment area is given in Figure 24.

Oil activities that potentially can impact whales include seismic exploration, ex-
ploratory drilling, ship, helicopter and aircraft noise, discharges to water, dredging,
and marine constructions.

Baleen whales

Baleen whales regularly occurring in the assessment area include the bowhead
whale and four species of rorquals (family Balaenopteridae: minke, fin, blue and
humpback whale). In addition, a fifth rorqual, the sei whale, is believed to have a
fluctuating abundance during summer.

All five rorqual species migrate between southerly calving and mating grounds
during winter and northern feeding grounds during summer. Their summer dis-
tribution includes parts of the northern North Atlantic, including the seas around
Greenland. From different surveys performed during 1988 to 2010 information is
available concerning the occurrence of the four baleen whale species that are
regularly present in the assessment area (Figure 25). The rorquals undertake long
migrations to take advantage of the summer peak of productivity in northern wa-
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Figure 24. The main frequency
range of sounds used by ceta-
ceans in the assessment area.

See also Table 6 for details.
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ters. Climate change will likely impact these migratory species in terms of distribu-
tion changes due to geographic shifts in the locations of frontal and upwelling
areas that concentrate their food.

Baleen whales produce low frequency calls, many of which are species-specific
and can be detected over tens to hundreds of kilometres (Mellinger et al. 2007,
Figure 24). Due to their potential ability to communicate acoustically over very
long distances, the baleen whales are sensitive to activities that raise the ambi-
ent noise level (acoustic pollution) from sources such as seismic airguns, drilling,
offshore construction, aircrafts and vessel supply activities.

Bowhead whale (Balaena mysticetus)

The bowhead whale is the only baleen whale that remains year round in Arc-
tic and Sub-Arctic waters. Five populations of bowhead, i.e. Okhotsk Sea, Bering-
Chukchi-Beaufort Sea (BCB), Foxe Basin-Hudson Bay (FBHB), Baffin Bay-Davis
Strait (BBDS) and Spitsbergen are currently recognized by the International Whal-
ing Commission (IWC), although the FBHB and BBDS stocks delineation is currently
debated as they probably constitute one single population.

The bowhead whales belonging to the Baffin Bay stock spend most of the year in
the Canadian high Arctic around Baffin Island (Heide-Jgrgensen et al. 2010b). In
winter (January-February) part of the population migrates to West Greenland to
feed on the high densities of Arctic copepods in Disko Bay (Heide-Jgrgensen et al.
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Figure 25. Sightings of different species of whales made during 20 systematic seabird and marine mammal survey from seismic
vessels and biological research vessels between 1988 and 2010 (DCE Seabirds-at-Sea Database, unpublished). The spatial dis-
tribution of effort is indicated by the transect lines. The surveys were conducted between April and November, but with a peak in

August and September.
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20064a, 2010b Laidre et al. 2007). Besides feeding the whales may use the area as
a mating ground (Heide-Jgrgensen et al. 2010b).

Extensive commercial whaling of bowhead whales reduced the stock to a level
where whaling was no longer profitable by the end of the nineteenth century (Ross
1993) and sightings were seldom in West Greenland. However, the stock is now
recovering and the whales have returned to the Disko Bay feeding/mating area.

Somatic growth of bowhead whales is known to be slow compared to other ba-
leen whales and sexual maturity is estimated to be attained late in life (>20 yrs
of age) relative to other mammals. Calving intervals of 3-4 yrs (Burns et al. 1993)
resembles production seen in right whales and other Arctic cetaceans (narwhals,
and white whales). Calving is believed to take place in spring after a gestation
period of just over one year which should give a conception-period in March (see
also below). The maximum age of bowhead whales has recently been estimated
to exceed 200 yrs by measuring aspartic acid racemization of their eye lenses
(George et al. 1999).

Current distribution of bowhead whales

Today bowheads are primarily spring and summer visitors and found along the
west coast between Nordre Stramfjord and southern part of Qaanaaq (Box 9 and
Figure 26). The core area for bowhead whales today is the Disko Bay and waters
west and southwest of Disko Island.

Migrations
The first bowhead whales appear in Disko Bay in February (2005, 2006, 2009 and

2010) at Kitsissuarsuit and Qegertarsuag. The whales remain in the bay until June
where they are mainly concentrated in the northern section near the coast of Disko
Island, but some whales have been observed in the eastern part of the bay to-
wards llulissat or around the islands in the opening of the bay. The timing of the
departure from the bay varies slightly, but usually occurs around mid-May. The
predominant migration route is taken in a northwest direction across the Baffin
Bay assessment area, probably through leads and cracks in the pack ice (Heide-
Jgrgensen et al. 2006a). The traverse of Baffin Bay likely requires that whales move
north along the West Greenland coast until they find a lead that intersect Baffin
Bay running northwest to southeast, facilitating open water availability during the
relatively short time span the whales use to cross the bay (Box 9).

Stock identit
Recent satellite tracking studies in Canada and Greenland (Box 9) shows that

bowhead whales that occur in West Greenland are part of a population that ex-
tends from Foxe Basin through the Canadian high-Arctic archipelago, Hudson Bay
and Hudson Strait, and along the east coast of Baffin Island (Heide-Jargensen et
al. 2006a), i.e. the range of the two now debated stocks BBDS and FBHB.

Population segregation
Even though the bowhead whales in West Greenland are shared with those in

Hudson Bay and Foxe Basin there is evidence for considerable age and sex segre-
gation between the two areas. Females with calves and young immature whales
are primarily found in Foxe Basin, whereas in Disko Bay (and the Baffin Bay assess-
ment area) the population consists mostly of adult whales (Heide-Jargensen et al.
2010e). Skin biopsy samples of bowhead whales collected in Disko Bay between
2000 and 2010 show that 78% (n = 448) of the whales sampled are females
based on genetic sex determinations (Palsbgll et al. 1997) and length estimates
suggest all were mature exceeding 12-14 m of body length (Heide-Jgrgensen et
al. 2010e). Very few calves have been seen in West Greenland, thus the large pro-



Figure 26. Migration routes for
bowhead whales in the Davis
Strait and Baffin Bay. In January-
February the whales migrate to
their feeding/mating grounds in
the Disko West assessment area
(hatched area).
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portion of females must be either pregnant, resting or in oestrous (post-lactating).
Acoustic studies in Disko Bay indicate that the bay is also a mating ground. Mating
is believed to occur in March and April (Reese et al. 2001). Intensive singing activ-
ity of bowhead whales with up to three unique songs per individual were recorded
in April 2007 (Stafford et al. 2008, Tervo et al. 2009). Singing is an activity that usu-
ally is attributed to male display in baleen whales and, given most singing activity
was recorded during spring; mating between the relatively few males and the
large fraction of females is assumed to occur in Disko Bay in March.

Current abundance in West Greenland

Abundance of bowhead whales in West Greenland was assessed from an aerial
survey conducted in March and April 2006. The surveyed area included the region
between Sisimiut and Upernavik and up to approximately 100 km offshore and re-
sulted in an estimated abundance of 1229 (95% CI: 495-2939) bowhead whales
for the surveyed area (Heide-Jgrgensen et al. 2007a). These whales constitute a
fraction of the total population moving through the Baffin Bay to the Canadian
summer grounds, where the population in 2001-02 was estimated at 6,344 (95%
confidence limits 3,119-12,906) (IWC 2008).
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Diving and foraging ecology
Dive data collected from bowhead whales in Disko Bay indicate deep dives with

great variability following the highly complex bottom contours of Disko Bay as
well as mid-water and near-surface feeding dives (Laidre et al. 2007, Simon et
al. 2009). In these depths, densities of copepods are very high (Laidre et al. 2007).
Given the requirement to strain enormous quantities of water (Simon et al. 2009),
bowhead whales likely have evolved to exploit their zooplankton prey in regions
with high density aggregations.

Feeding habits of bowhead whales in Disko Bay have been studied through ex-
amination of stomach contents of whales captured in the subsistence harvest for
whales. Four stomach samples were collected in 2009 and 2010 and in all stom-
achs the prey items were >99 % calanoid copepods >3 mm long (Heide-Jargens-
en et al. 2012b). In one stomach, where species determination was possible, it
was primarily Calanus hyperboreus that was found. The stomach content of the
bowhead whales from Disko Bay indicate that they feed almost exclusively on ca-
lanoid copepods and that no other prey items contribute substantially to their diet.
This is in agreement with observations of diving behaviour and area utilization by
whales instrumented with time-depth-recorders and satellite transmitters (Laidre
etal 2007, Simon et al. 2009). The stomach contents of three whales (of the same
stock) taken by the subsistence hunt in the Canadian archipelago in the period
1996-2008 surprised by containing high numbers of benthic and epibenthic or-
ganisms especially mysids (Pomerleau et al. 2011).

Conservation status and catch

Bowhead whales in West Greenland are listed as ‘Near Threatened’ (NT) on the
Greenland Red List (Boertmann 2008) because, despite the recent signs of re-
covery (Heide-Jgrgensen & Laidre 2010), numbers of bowhead whales in Baffin
Bay are probably still much lower than the original population size (Allen & Keay
2006). At a global level, bowhead whales are listed as ‘Least Concern’ (LC) on the
international Red List (IUCN 2012).

Critical and important areas
The assessment area is extensively used by bowhead whales, e.g. as feeding and

mating ground (Figure 26). The Disko Bay and the waters to the southwest of Disko
must be classified as one of the most important bowhead whale habitats world-
wide; it is used extensively for foraging by mature whales of both sexes and it is es-
pecially important for mature females that - aside from feeding - are also mating
in the bay (Heide-Jgrgensen et al. 2012b). The migration corridors between Disko
Bay and northern Baffin Island during May and June and between southern Baffin
Island and Disko Bay during February are also critical habitats.

North of the assessment area, the North Water Polynya is a winter and spring/early
summer habitat, but it is not known how many whales occur there.

Minke Whale (Balaenoptera acutorostrata)

Minke whales are the smallest baleen whale in the northern hemisphere, with av-
erage lengths in the North Atlantic of 8-9 m and average weights of 8 t. Owing to
their relatively small size, their inconspicuous blow, their extremely fast movements
and the fact that they are usually solitary animals, minke whales are often difficult
to survey.

Minke whales feed on a large variety of prey, including small schooling fish and
krill. Preferred prey in West Greenland include capelin and sandeels (Larsen &
Kapel 1981).



Box 9. Movements and space-use patterns of bowhead whales in
the Baffin Bay, 2009 and 2010

M.P. Heide-Jargensen and K. Laidre

Atotal of 78 bowhead whales have been in-
strumented with satellite-linked radio transmit-
ters in Disko Bay in 2009 (n = 28) and 2010 (n
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(Fig. 8). Currently, autumn home ranges are tracked through December 2009 (n = 28).

only available based on whales from 2009 be-
cause the tags from 2010 are still transmitting.

Winter: January - March

Two tags deployed on 27 April and one deployed on 17 May 2009 in Disko Bay provided positions in January-March
2010 and they were all located at the northern Labrador Coast at the entrance to Hudson Strait in January at a time when
bowhead whales are not regularly seen in Disko Bay. In March-April two of the whales made a move towards Disko Bay
where they were located in April in the very same areas where bowhead whales were located and tagged in 2010. The
tracks of the two whales from Northern Labrador to Disko Bay in winter are the first actual demonstrations of the return
migration of bowhead whales to West Greenland from the summer and fall grounds in northern Canada. Although it was
assumed that the route across Davis Strait constituted the most likely supply of bowhead whales to West Greenland it has
also been proposed that whales could come from the north along the West Greenland coast or straight across from Baffin
Island. The tracks of the two whales (one female and one unknown sex) that returned to Disko Bay also demonstrate that
some whales return year after year to the bay and not necessarily follow a multi-annual cycle.

Spring: April - May

Most of the tagging effort on bowhead whales has taken place in April-May in Disko Bay. Generally the bowhead whales
are concentrated in the western part of Disko Bay in April-May, but the northbound migration has been initiated in early
May and bowhead whales can be found all along the West Greenland coast as far north as Melville Bay and the North
Water, and they are also found in the eastern part of Disko Bay and in Vaigat.
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The spring home ranges (Fig. 6 and 7) demonstrate
the concentration area of whales in the Disko Bay
region during April and May (especially when com-
pared to the expansive home range in summer). The
combined spring area (Fig. 8) was similarly concen-
trated in Disko Bay and only the 95 % region showed
small pieces of area use as whales began their
northbound migration.

Summer: June - August

June is the month when bowhead whales migrate
across Baffin Bay. Bowhead whales can still be
found in Disko Bay in June, but they occur in lower
numbers as many whales have departed. Most
whales are located in the eastern part of Baffin

Bay from Disko Island and north to the North Water.
Some whales have however already crossed or cir-
cumvented the deep basin of Baffin Bay to be found
on the western side of the bay.

In July almost all of the whales are on the western
side of Baffin Bay and along the east coast of Baf-
fin Island. Also offshore areas in the northern part of

P— , Baffin Bay and southern part of the North Water at-
ril ) %= .
. sz }) = tract a large number of bowhead whales in July.
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Figure 4. Track of a female bowhead whale (Id.
no. 20167) tagged 17 May 2009 in Disko Bay and
tracked through 11 July 2010.

Figure 5. Track of a bowhead whale (sex unknown,
Id. no 20685) tagged 27 April 2009 in Disko Bay and
tracked through 27 January 2010.
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August is typically spent in coastal areas in the Canadian
| high Arctic archipelago and in northern Hudson Bay and
Foxe Basin. Some bowhead whales circumvent Baffin
Island in August but the largest concentrations of whales
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i have been found in Prince Regent Inlet in late August.
FT5"N
Lrasn The summer home range demonstrated the vast area

Lrany over which the bowhead whales range during these
months (Fig. 6, 7 and 8).

T2
TN
L. Autumn: September - December

) Bowhead whales are generally not present in West
e Greenland or the eastern part of Baffin Bay in the fall
Baclls

and early winter. In the fall whales from Disko Bay can
T be located in the Canadian Arctic Archipelago as far
e west as 90° W, but are primarily concentrated in Prince
asep Regent Inlet, Foxe Basin and in fjords along the east
(o coast of Baffin Island (e.g. Isabella Bay and Cumberland
Sound) and Hudson Strait. At this time of the year the
whales are also concentrated in coastal areas or move
Davis Strait between coastal locations.
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Figure 6. Seasonal home range distributions (calculated by the kernel
method) of bowhead whales from 2009 (n = 28).
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Distribution

As other rorquals, minke whales migrate seasonally from boreal, Arctic and sub-
Arctic waters in summer to warmer waters in winter. Summer feeding grounds ex-
tend from northern Europe and North America, including Greenland, to the ice
edge. Winter breeding grounds are unknown, but may include tropical waters off
the Caribbean and West Africa. Some individuals remain at high latitudes dur-
ing winters. Minke whales occur as summer visitors in the Disko West assessment
area (Figure 43). In recent years minke whales have been reported as far north as
Siorapaluk in the former Qaanaaq Municipality, which most likely is an effect of
climate change.

Stocks

For management purposes, the International Whaling Commission (IWC) recog-
nizes four different minke whale management stocks in the North Atlantic (Fig-
ure 27). These management regions were established based on studies of catch
statistics, biological characteristics and tagging. Newer molecular studies tend to
confirm the established subdivisions (Andersen et al. 2003, Born et al. 2007).

Abundance

The available data indicate an excess of female minke whales in West Green-
land, even though similar numbers of female and male offspring are born (Laidre
et al. 2009). This indicates that only a portion of the population, with a majority of
females, migrates to the summer feeding grounds off West Greenland. Females
seem to prefer colder waters and move further north than males in warm years.

Several surveys of large whales in West Greenland, including the assessment area
have been carried out since 1984 (Heide-Jgrgensen et al. 2008), the most recent
in 2007. Based on the fluctuation of abundance estimates from eight different
years, Heide-Jgrgensen & Laidre (2008) concluded that a varying proportion of
North Atlantic minke whales use the West Greenland banks as summer feeding
grounds.

From a survey in 2007, the minke whale abundance for West Greenland was esti-
mated to be 16,609 whales (95% CI 7,172-38,461; Heide-Jgrgensen et al. 2010d).
The actual number of minke whales in West Greenland is assumed to be higher
because this survey did not cover the northernmost part of West Greenland where
minke whales also occur.

Conservation

The population occurring in the assessment area has a favourable conservation
status. Both the global Red List IUCN 2012) and the Greenland Red List categorise
the minke whale as of ‘Least Concern’ (LC).

Critical and important areas
The whole assessment area is used by minke whales during summer. A variety of

data, including catch statistics (Laidre et al. 2009) sighting surveys (Laidre et al.
2010) and diverse observations indicate that the fishing banks in the south of the
assessment area (Store Hellefiskebanke), as well as the entire Disko Bay are impor-
tant areas for minke whales during summer.

Blue whale (Balaenoptera musculus)

The blue whale is the largest animal in the world, with an average length of 25-26
m and average weight of 100-120 t, females being larger than males. Their main
prey is krill.
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Figure 27. Minke whale manage-
ment stocks in the North Atlantic.
In the assessment area only one
stock occurs (West Greenland
stock).
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Blue whales produce distinctive calls with low frequency and high intensity and
they can be detected over hundreds of kilometres (Sirovic et al. 2007). They syn-
chronise their call sequences and display very fine pitch discrimination and control
over their calling frequency (McDonald et al. 2009). The physical characteristic of
their synchronous calls might allow blue whales to use the Doppler shift to navi-
gate and to acquire information about the direction to other calling whales (Hoff-
man et al. 2010).

Distribution

Blue whales are globally distributed from the equator to polar waters, moving to
high latitudes for feeding during summer and to low latitudes for breeding during
winter. Blue whales have been observed in the assessment area (Figure 25), but
exact numbers are not known yet. However, in other areas as in the Eastern Atlan-
tic and Antarctica, they are present in offshore waters up to the ice edge.

Winter calving grounds for the blue whales occurring in West Greenland are un-
known. There are important known feeding grounds in eastern North America (St.
Lawrence Bay, Newfoundland, Labrador) and in the Greenland Sea/Denmark



Strait. Blue whales are also present west of Svalbard and in the Norwegian Sea/
Barents Sea. Direct observations of blue whales in West Greenland are rare, but
acoustic data indicates that blue whales frequently use the Davis Strait area, in-
cluding the area immediately south of the assessment area (Simon 2010).

A blue whale tagged with a satellite transmitter in Disko Bay in April 2009 moved
north during May, while the sea-ice coverage was still substantial (GINR unpub-
lished data).

Consetrvation status

The population occurring in the Disko West assessment area has an unfavourable
conservation status, because it was heavily exploited by commercial whaling
in several areas of the North Atlantic during the first half of the 20™ century. The
population shows signs of recovery since global protection was applied in 1966,
but population size remains at a very low level (IUCN 2012). There are roughly
approximately 1,500 blue whales in the North Atlantic waters. Blue whales are
categorised as ‘Data Deficient’ in the Greenland Red List. In the global Red List,
blue whales are classified as ‘Endangered’ (EN) (IUCN 2012).

Critical and important areas
Due to their mainly offshore habits and low numbers, important areas for blue

whales in West Greenland have not been identified yet.

Fin Whale (Balaenoptera physalus)

Fin whales are the second longest animal on the planet next to blue whales, with
average lengths in the northern hemisphere of 19-20 m and average weights of
45-751.

Fin whales favour prey items such as krill and small schooling fish, e.g. capelin. Du-
ring summer they feed at high latitudes and are believed to migrate south to un-
known breeding grounds during the winter. However, satellite tracking (Mikkelsen
et al. 2007) and sound recordings (Simon et al. 2007a) indicate that at least some
individuals remain at high latitudes year round. Recently, passive acoustic moni-
toring in the Davis Strait indicated that fin whales may mate during winter in West
Greenland, and that fin whales remain in the Davis Strait until they are apparently
excluded from the area by the advance of the sea-ice (Simon et al. 2010).

Fin whales produce distinctive low frequency calls that can be detected over tens
of kilometres (Sirovi¢ et al. 2007).

Distribution

Fin whales are found worldwide from temperate to polar waters, but are less com-
mon in the tropics. Fin whales occur during summer in the Disko West assessment
area (Figure 25).

Due to their economic importance, there have been considerable efforts to estimate
the number and the abundance trends of large whales, including fin whales in West
Greenland. The estimate from an aerial survey in September 2007 was 4,468 (95 %
Cl11,343-14,871) fin whales, and the population may be increasing (Heide-Jgrgens-
en et al 2010e). The actual number of fin whales in West Greenland must be larger
because the survey did not cover the northernmost parts of the fin whale’s range.

Satellite tagging data show that fin whales make extensive movements in West
Greenland, suggesting that fin whales off West Greenland should be treated as
one large management unit, rather than small separate populations or stocks
(Heide-Jgrgensen et al. 2003c).
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Conservation

Fin whales have an unfavourable conservation status on a global scale, and are
categorised as ‘Endangered’ (EN) in the global Red List (IUCN 2012). This listing is
based on the population decrease recorded in the southern hemisphere due to
whaling. However in the North Atlantic fin whales are abundant, the population
therefore has a favourable conservation status and the species is listed as of ‘Least
Concern’ (LC) on the Greenland Red List.

Critical and important areas
Fin whale use Disko Bay extensively and are often seen close to shore in Qeqger-

tarsuaq. The fishing banks to the south of Disko Bay e.g. Store Hellefiskebanke, are
also an important area for fin whales during summer.

Humpback Whale (Megaptera novaeangliae)

Humpback whales are on average 12-14 m long and weigh 25-30 t. They feed
on a variety of small schooling fish and krill. Besides their ecological importance,
humpback whales in West Greenland are an economic resource because they
are a target for both whale watching and whaling.

Humpback whales produce distinctive broadband calls and songs with fundamental
frequencies ranging from 30 to 4000 Hz (Payne & Payne 1985b, Cerchio et al. 2001).

Distribution and abundance

Humpback whales are widely distributed and occur seasonally in all oceans from
the Arctic to the Antarctic. They migrate between mid- and high-latitude summer
feeding grounds and tropical or subtropical winter breeding and calving grounds.
Known calving grounds for humpbacks from the North Atlantic are in the Carib-
bean and at the Cape Verde islands (Wenzel et al. 2009 and references therein).

Several photographically identified humpback whales migrate between summer
feeding grounds off West Greenland and winter breeding grounds off the Domini-
can Republic.

Part of the West Greenlandic humpback whale population uses the Disko West
assessment area (Figure 25). A series of eight line-transect surveys carried out be-
tween 1984 and 2007 was used to estimate a rate of population increase of 9.4%
per year (Heide-Jgrgensen et al. 2012a). This high rate of increase is consistent
with reports from other humpback whale feeding grounds in the North Atlantic.
The abundance estimate of the West Greenlandic humpback whale was 3,272
(95% CI 1,300-8,233) in 2007. However, the actual abundance may be larger,
since the survey did not cover important humpback whale habitats in the far north
or offshore areas with depths exceeding 200 m.

It is likely that the range of humpback whales in West Greenland will expand as
the population continues to increase. In recent years humpback whales are found
more widely distributed in West Greenland and records of observations north of
the assessment area are now frequent.

Humpback whales can be individually identified by the pattern on the fluke, which
they often raise above the surface at the start of a deep dive. Movement patterns
of thousands of humpbacks photographed across the North Atlantic show high
levels of site fidelity with occasional long-distance movements between four main
feeding aggregations (Figure 28): Gulf of Maine, eastern Canada, West Green-
land and the eastern North Atlantic (Stevick et al. 2006).



Figure 28. Feeding aggregations
of humpback whales in the North
Atlantic: Gulf of Maine, Eastern
Canada, West Greenland and
Eastern North Atlantic. There are
also humpback whales in East
Greenland (i.e. off Tasiilaq), but
their relation to the other feeding
aggregations is not known.
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Satellite telemetry suggests that humpback whales use much of the West Green-
land waters as feeding grounds by remaining relatively stationary for a period of
days and then moving up to hundreds of kilometres to a different location, where
they remain stationary again (Heide-Jgrgensen & Laidre 2007). This pattern is con-
sistent with an ongoing photo-identification study in a fjord of central West Green-
land, where individual humpback whales seem to return year after year, remain in
the fjord for several days and then leave (Boye et al. 2010).

The main prey items of humpback whales in West Greenland are probably cape-
lin, which is abundant in coastal and fjord waters; sandeels, abundant in offshore
banks such as Store Hellefiskebanke and krill which can be found both offshore
and in the fjords. By moving between known feeding grounds, humpback whales
target multiple sites for foraging and are able to exploit several species in a variety
of environments during a single feeding season.

Vocalization

Humpback whales are well known for the long and complex songs produced by
males in the breeding grounds (recent review of humpback whale song in Parsons
et al. 2008). Most knowledge about the sound produced by humpback whales in
their feeding grounds comes from a few studies in the North Pacific (D'Vincent et
al. 1985, Thompson et al. 1986) and the gulf of Maine (Stimpert et al. 2007), where
cooperative feeding calls, as well as click-like sounds have been described. In
West Greenland, humpback whales seem to be mostly silent during summer (Si-
mon 2010). Humpback whale sounds are low to mid-frequency, usually 30 Hz to 8
kHz, although up to 24 kHz may be reached. Peak frequencies tend to be around
315 Hz and 630 Hz (Parsons et al. 2008).
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Figure 29. Positions of satellite-
tracked white whales distributed
according to month. Red areas in-
dicated the winter grounds. Only
two whales have been tracked in
Greenland waters (GINR unpub-
lished).
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Conservation

The population occurring in the assessment area has a favourable conservation
status as it is abundant and increasing. During the 1900°s, whaling seriously de-
pleted all humpback whale stocks, and humpback whales received worldwide
protection in the 1980s. Most populations have increased substantially since the
cessation of commercial whaling and in 2008, the status of humpback whale was
changed from ‘Vulnerable’ (VU) to ‘Least Concern’ (LC) in the global Red List (IUCN
2012). Their classification in the Greenland Red List is also ‘Least Concern’ (LC).

Critical and important areas
Humpback whales use the entire assessment area and are abundant both off-

shore and inshore. Sightings from all towns and settlements are common, with re-
ports often coming from Qeqertarsuagq, llulissat and Aasiaat. As for fin and minke
whales, the fishing banks (especially Store Hellefiskebanke) are important areas
for humpback whales during summer.

Sei whale (Balaenoptera borealis)

Sei whales are on average 14 m long and weigh 20-25 t. In the North Atlantic, sei
whales seem to subsist on a limited variety of food, feeding almost exclusively on
calanoid copepods and euphasiids (krill), although small schooling fish and squid
form an important part of their diet in other areas (Prieto et al. 2011 and references
therein). A study from the 1970s showed that sei whales in Greenland feed almost
exclusively on krill (Kapel 1979).

Sei whales produce a variety of vocalisations, using frequencies that vary from
about 40-600 Hz (Rankin & Barlow 2007).

Distribution and abundance

The species is believed to make seasonal migrations between low-latitude win-
tering grounds and high-latitude feeding grounds. However, the distribution of sei
whales is poorly understood. On feeding grounds, they are associated with oce-
anic frontal systems (Prieto et al. 2011 and references therein). The occurrence of
sei whales in West Greenland may be linked to years with increased influx of rela-
tively warm Atlantic water (Kapel 1985). Sei whale sound signals were recorded



in the Davis Strait in August-September, 2006-07 (Simon 2010). The abundance of
sei whales in West Greenland was estimated from a ship survey in 2005 to 1,599
individuals (95% CI = 690-3,705). The overall distribution of these rorquals is cor-
related with high densities of krill occurring deeper than 150 m (Laidre et al. 2010).

Conservation

Sei whale numbers were severely reduced during whaling in the early twentieth
century. Although protected, the sei whales have an unfavourable conservation
status and are considered as ‘Endangered’ (EN) on the IUCN global red list (2012).
Poor knowledge on this species’ distribution and abundance in West Greenland
places the sei whale as ‘Data deficient’ (DD) on the Greenland Red List (Boert-
mann 2008).

Critical and important areas
No critical areas for sei whales in the assessment area have been identified so far.

485 Toothed whales

F. Ugarte, L M. Rasmussen and M.P. Heide-Jargensen

Eight species of toothed whales occur in the Disko West assessment area, and
of these two are specialised inhabitants of the Arctic, the narwhal and the white
whale, that occur in the assessment area during winter.

Six other species of toothed whales that are common in the northern North Atlantic
are also regularly present in the assessment area; killer whale, sperm whale, pilot
whale, white-beaked dolphin and bottlenose whale. In addition harbour porpoise
(Phocaena phocaena) occur, but mainly in the southern part of the assessment
area. These species are also found in boreal waters and sperm whale and killer
whales occur in all oceans. All of them avoid densely ice-covered waters, so their
occurrence in the assessment area is restricted to the ice-free months. With the
expected reduction of sea-ice cover due to climate change, the period of their
occurrence in the assessment area may however be extended.

Toothed whales produce clicks for echolocation* and communication. In addi-
tion, killer whales produce pulsed calls made of clicks in very rapid succession.
Narwhals, white whales, white-beaked dolphins, pilot whales and killer whales
produce also whistle-like sounds. Pulsed calls serve several purposes, including
long-range communication and transmission of information about kinship and
group cohesion. Whistles are important during short-range social contacts and
may include information about the identity of the whistler. Figure 24 shows the
frequency ranges of echolocation clicks, calls and whistles produced by toothed
whales in the assessment area.

Long-finned pilot whale (Globicephala melas)

The long-finned pilot whale occurs in temperate and sub-polar zones and, ac-
cording to most literature ranges from Disko Bay and Ungava Bay in the North
West, from 68°N in eastern Greenland across Iceland and the Faroe Islands to
mid-Norway, and south to North Carolina, the Azores, Madeira and Mauritania
(e.g. Jefferson et al. 2008). Greenlandic catch statistics (APNN, unpublished data)
show, however, that pilot whales occasionally occur as far north as Uummannaq
and Upernavik in the in late summer or early autumn.

1 Echolocation is the ability of finding (i.e. locating) objects by listening to the reflections
(echoes) of echolocation clicks.
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Long-finned pilot whales are social and generally found in groups of 20-100 indi-
viduals, and they frequently associate with other marine mammals. In the western
North Atlantic they concentrate in areas over the continental slope in winter and
spring, and move over the shelf in summer and autumn (Jefferson et al. 2008).

Their diet consists primarily of squid, but also small to medium-sized fishes are tak-
en, such as Atlantic cod and herring (although not in Greenland waters).

Population
Pilot whales occurring in Greenland and in the assessment area probably rep-

resent vagrants from a large North Atlantic population. The abundance of pilot
whales on the banks of West Greenland was estimated in 2007 to be 7,440 (95%
Cl 3,014-18,376) (Hansen 2010). The surveys covered only part of the range of
pilot whales in West Greenland and it must be considered a minimum estimate.
During seismic surveys and other research cruises performed between 1988 and
2010, pilot whales were sighted in the Disko West assessment area (Figure 25).

Conservation
Long-finned pilot whale is listed as of ‘Least Concern’ according to both the global
Red List (IUCN 2012) and the Greenland Red List.

Critical and important areas
The preferred habitat of pilot whales is in deep water offshore areas (Hansen

2010). Numerous observations have been documented from the south-western
part of the assessment area (Hansen 2010), but no important areas have been
identified.

White-beaked dolphin (Lagenorhynchus albirostris)

White-beaked dolphins inhabit the North Atlantic Ocean in the cold temperate
zone and the southern part of the Arctic. According to several published sources,
Disko Bay is the northern limit of their distribution in West Greenland (e.g. Reeves
et al. 1999, Kinze 2002). However, unpublished and unverified catch statistics in-
dicate that white-beaked dolphins occur as far north as Upernavik, north of the
assessment area.

White beaked dolphins primary habitat is waters less than 200 m deep, especially
along the edges of continental shelves.

The species has been very little studied and thus not much is known about its bi-
ology and ecology. The diet of white-beaked dolphins in West Greenland is un-
known. In other areas, they feed mainly on a variety of small schooling fishes such
as herring, capelin, sandeel and Atlantic cod, but they may also eat squid and
crustaceans (Jefferson et al. 2008).

White-beaked dolphins are most often found in groups of 5-10, but are common-
ly found in larger groups and occasionally in their hundreds (Rasmussen 1999).
When feeding, the dolphins often associate with other species of whales.

Abundance of white-beaked dolphins on the banks of West Greenland was es-
timated in 2007 to be 11,801 (95% CI 7,562-18,416) (Hansen 2010). The surveys
only covered part of the range of white-beaked dolphins in West Greenland and
it must be considered a minimum estimate.

Conservation
The global status of the white-beaked dolphin is ‘Least concern’ ((IUCN 2012). On
the Greenland Red List, the white-beaked dolphin s listed as ‘not applicable (NA)'.



Critical and important areas
The preferred habitat of white beaked dolphins in western Greenland consists

of deep water over steep slope areas in South Greenland areas (Hansen 2010).
However, most of the recorded observations are from relatively shallow waters
off the continental shelf in the southern part of Disko Bay and southwards (Han-
sen 2010).

Killer whale (Orcinus orca)

Killer whales are top predators that occur in all oceans, but tend to concentrate
in colder regions with high productivity. They feed on prey that varies in size from
herring to adult blue whales. Different killer whale populations tend to specialise
and feed on locally abundant prey species. Across populations the movements
and behaviour of the prey influences killer whale behaviour, movements and so-
cial organisation. As a result of these specialisations, there are different ecotypes
of killer whales. Examples of such ecotypes include killer whales that feed sea-
sonally on sea lion and elephant seal pups in Patagonia (Lopez & Lopez 1985),
herring in Norway and Iceland (Simon et al. 2007b), sharks in New Zealand (Vis-
ser 2005) and tuna fish in the Gibraltar Strait (Guinet et al. 2007). In some cases,
up to three different ecotypes are known to overlap in one area, such as in the
northeastern Pacific where the ecotypes called ‘residents’, ‘transients’ and ‘off-
shores’ feed on salmon, marine mammals and sharks, respectively (Baird & Dill
1995, Herman et al. 2005, Ford & Ellis 2006). In Antarctica, three ecotypes are
feeding on tooth-fish, seals or large whales, respectively (Pitman & Ensor 2003).
Sympatric ecotypes (i.e. with overlapping ranges) seldom interact and do not
interbreed.

Killer whales are typically found in groups of 3-30 animals, but group size may
vary from one to more than 100 animals. Large groups are temporary associations
of smaller, more stable groups with long-term associations and limited dispersal
(review in Baird 2000).

Killer whale populations tend to be small, often numbering in the hundreds, rather
than thousands (Bigg et al. 1990, Simil& & Ugarte 1997, Visser 2005, Ford & Ellis
2003). Based on genetic analyses performed on killer whales from several loca-
tions in the North Pacific, Hoelzel et al. (2007) suggested that killer whale popu-
lations in the North Pacific had small effective sizes and that there was ongoing
low-level genetic exchange between populations.

Killer whales produce calls and whistle-like sounds for communication and clicks
for echolocation (Simon et al. 2007b). Calls serve several purposes and group-
specific call repertoires play a fundamental role in the social organisation and
mating system of killer whales (Barrett-Lennard 2000). Whistles are important dur-
ing short-range social contact (Thomsen et al. 2001).

Distribution

Killer whales are not common in the assessment area, but are occasionally ob-
served or caught by hunters. Heide-Jgrgensen (1988) reviewed published and
unpublished information available on killer whales in Greenland and carried out
a questionnaire-based investigation of sightings of killer whales. Observations
occurred in all areas of West Greenland, and sightings were most frequent in
Qaanaagq, Disko, Nuuk and Qaqortoq.

Conservation

Killer whales are listed as ‘Data Deficient’ (DD) on the global IUCN Red List (IUCN
2012) and as (NA) 'not applicable’ on the Greenland Red List (Boertmann 2008).
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Critical and important areas
Due to the unpredictable presence of killer whales in Greenland, important areas

for this species have not been identified.

White whale (beluga) (Delphinapterus leucas)

The white whale is a medium-sized toothed whale up to 5 m long and up to 1,500
kg in weight. The main prey is polar cod and other fish but also squid and shrimps
(Heide-Jgrgensen & Teilmann 1994). White whales usually travel in groups of two
to ten whales, although larger pods often occur.

Distribution

White whales can be found along the whole northwest coast of Greenland during
migration between winter and summer grounds (Figure 30). One of their wintering
grounds is located in the Disko West assessment area (Figure 30). In recent years
they seem to winter and migrate further out from the coast than previously, prob-
ably due to the reduced amounts of sea-ice (Heide-Jgrgensen et al. 2009).

The summer grounds of white whales are in the Canadian Arctic archipelago,
where they often occur in estuaries.

Movements

Their migration has been documented by two white whales equipped with satellite
transmitters in Canada and tracked to the winter quarters south of Disko Bay (Hei-
de-Jgrgensen et al. 2003b) (Figure 29). Generally knowledge on the migrations of
white whales in West Greenland is limited compared to that on narwhal migrations.

White whales are expected to acquire the major part of their annual food intake in
their winter quarters in West Greenland and in the North Water.

Abundance

Aerial surveys flown in West Greenland between 1981 and 1994 document that
the numbers of white whale decreased by 62% during that period, because of
overharvesting (Heide-Jgrgensen & Reeves 1996).

Further surveys in 1998 and 1999 confirmed the decline and in average 7,941
(95% CI: 3650-17,278) white whales were found in West Greenland, including
whales missed by the observers and whales that were submerged during the sur-
vey (Heide-Jgrgensen & Acquarone 2002).

In 2006, the total abundance of white whales in West Greenland was estimated
to be 10,595 (95% CI 4,904-24,650) individuals, again corrected for missed and
submerged animals. The greatest abundance of white whales in 2006 was found
in the areas south of Disko Bay at the northern portion of Store Hellefiskebanke, a
pattern similar to that found in previous surveys conducted since 1981. The whales
were mainly observed at the eastern edge of the pack ice that covers Baffin Bay
and Davis Strait. The survey from 2006 suggested that the population is increasing
after a period with significantly reduced catches (Heide-Jargensen et al. 2010c).

Consetrvation status

The population occurring in the assessment area is listed as ‘Critical Endangered’
(CR) on the Greenland Red List. The population is recovering from hunting and
subject to restricted hunting that will allow further recovery (Ugarte & Heide-Jar-
gensen 2008, Heide-Jgrgensen et al. 2010c). In Canadaitis listed as ‘Threatened/
Special Concern’ depending on the stocks. In the Global Red List, the white whale
was moved from ‘Vulnerable’ (VU) to ‘Near Threatened’ (NT) in 2008 (IUCN 2012),
although with the notification that the white whale is ‘unquestionably a conserva-
tion dependent species’.



Figure 30. Map showing the
known wintering grounds and
migration routes of white whales
in West Greenland and the Disko
West assessment area.
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Narwhal (Monodon monoceros)

Narwhals have high site fidelity to migration routes and summering and wintering
grounds, and generally use the same areas year after year (Heide-Jgrgensen et
al. 2003a). In the summer months, narwhals stay in inshore bays and fjords in the
Canadian Arctic archipelago and Greenland (Figure 31). In autumn, upon the for-
mation of fast ice, narwhals are forced to move east and south out of these regions
and spend the winter in areas covered by dense offshore pack ice (Dietz & Heide-
Jgrgensen 1995, Dietz et al. 2001, Heide-Jgrgensen et al. 2002, Heide-Jgrgensen
et al. 2003a, Dietz et al. 2008a). During winter months, narwhals are widely dis-
persed in Baffin Bay and Dauvis Strait with high concentrations between 55°-64°W
and 68°-71°N and off Disko Bay (Heide-Jgrgensen et al. 1993, Koski & Davis 1994,
Dietz et al. 2001, Heide-Jgrgensen & Acquarone 2002, Dietz et al. 2008a, Laidre &
Heide-Jgrgensen 2011). During spring, concentrations of narwhals are seen along
ice edges on the east coast of Baffin Island, at the entrances of Lancaster and
Jones Sound, and in Smith Sound (e.g. Bradstreet 1982, Koski & Davis 1994). Nar-
whals are also known to move along the ice edges off West Greenland and to
concentrate in the North Water Polynya in spring before entering Inglefield Bred-
ning (Born et al. 1994b, Heide-Jgrgensen 2004, GINR unpubl. data).
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Figure 31. Summer population
units of narwhals in West Green-
land and the Eastern Canadian
Arctic (red, green, purple, black
and yellow) and main wintering
grounds (hatched). Red areas
inshore Canada and northwest
Greenland indicate where im-
portant summer concentrations
occur, but their relationship to
other concentrations areas is

not known. The hatched area in
Disko Bay indicates an important
winter concentration area, where
the stock identities of the whales
have not been established. Re-
pulse Bay and Northern Hudson
Bay are further narwhal grounds
not marked on the map.

150

d
7
®

T I

=\ Bredning

Baffin Bay

) . Inglefield

Melville
Say

n
=y,

=XOX5
RpX=

GREENLAND

= (XX
¢ nterin
GO XX v
O N ound e
Foxe Basin
DA o
- ‘¢ Baffin Island
> DY 4 o]
—62°N 9
: N\ ,
%3 a 5
Davis Strait
Narwhal areas “%
_ __ 71 Assessment area 2
0 150 300 Km O >
L 74
5

52°W

78°N—|

74°N—

Distribution of narwhals

Figure 32 shows the global distribution range of narwhals. They are regularly
seen along the coast of West Greenland south of Melville Bay and caught from
October through May. They are primarily found north of about 66°N and the
main areas of concentrations are Uummannaq in November-December, Disko
Bay in December-March and in offshore areas from February through April (Fig-
ure 31). Aerial surveys conducted in 1981 and 1982 demonstrated the wide-
spread offshore winter distribution of narwhals in the pack-ice in central Baffin
Bay (Figure 33).

Stock identity
Narwhals stocks or management units of narwhals are traditionally identified

based on the summer aggregations (Dietz & Heide-Jgrgensen 1995, Dietz et al.
2001, Heide-Jargensen et al. 2002, Heide-Jgrgensen et al. 2003a, Dietz et al.
2008a). Judging from the satellite tracking data, the three summer stocks in the
Canadian high Arctic: Eclipse Sound (including Pond Inlet and Navy Board Inlet
with adjacent fjords), Admiralty Inlet and Somerset Island (including Prince Re-
gent Inlet and Peel Sound) have limited exchange during summer (Figure 31).



Figure 32. Overall distribution

of narwhals with indication of
important summer grounds. The
assessment area is indicated with
hatched lines.
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Other Canadian summer aggregations exist along the east coast of Baffin Island
and their stock identity is unknown (Figure 31). Jones Sound and Smith Sound also
have smaller aggregations that likely constitute separate stocks.

In November an aggregation occur in Uummannagq, West Greenland. This is not a
wintering ground because the whales are forced to leave the fjord in late Decem-
ber to winter offshore once the fast ice forms. These narwhals essentially winter
in the eastern part of Baffin Bay in the same general area where whales from
other stocks are found. Two whales tagged in Uummannaqg in November 2007
departed at the same time and took a similar route north into the Baffin Bay area
(Figure 34); a more detailed account is presented below.

The winter aggregation in Disko Bay has been visited by whales from both Mel-
ville Bay, Tremblay Sound and Admiralty Inlet (Figures 35 and 36, Richard et al.
2010), many of which pass through the Baffin Bay in autumn and again in spring.
Apparently Disko Bay is a mixing ground for narwhals from several summering
stocks.
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Figure 33. Offshore winter distri- i
bution of narwhals in March 1981 _— o anlharn Wintering Grotind |
and 1982 in central Baffin Bay, = e

based on aerial surveys. y \ -

Figure 34. Tracks of two narwhals
tagged in Uummannaq in 2007.
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Current abundance in West Greenland

Abundance of narwhals off West Greenland was assessed from an aerial survey
conducted in March and April 2006. The surveyed area included the region be-
tween Sisimiut and Upernavik and up to approximately 100 km offshore and the
resulting abundance estimate was 7,819 (95% CI: 4,358-14,029) narwhals for the
surveyed area (Heide-Jgrgensen et al. 2010c). A new survey is scheduled for 2012.

Abundance of narwhals at the summering grounds in Inglefield Bredning and
Melville Bay was estimated in 2007 and were 8,368 (95% Cl 5,209-13,442) and
6,024 (95% CI 1,403-25,860) respectively.

Migrations
Narwhals leave their summering grounds at about the same time each year and

they follow traditional routes during their autumn migration. Narwhals also use the
same general areas for wintering and they are somewhat stationary on their win-
tering grounds from late November through March. Whales from different stocks
have similar timing for abandoning their wintering grounds and initiation of the
spring migration.

Data on migrations are available from satellite tracking of 85 individual narwhals
from five different coastal localities in Arctic Canada (n = 3) and West Greenland
(n = 2). Published results from tagging before 2005 are summarized in Figure 37
whereas recent tracking results from 2005-2008 are presented in the Figures 34,
35 and 36).

1. Eclipse Sound. Tagging data from Eclipse Sound in 1997-1999 demonstrated
how narwhals from Eclipse Sound departed on their autumn migration and
moved east through Pond Inlet and south along the east coast of Baffin Is-
land and visited some of the fjords. In November, they arrived on the winter-
ing grounds in central Davis Strait which were in the same general vicinity as
the wintering grounds of narwhals from Melville Bay. This ‘Southern Winter-
ing Ground’ is centered on 69°N and 60°W. In 2010 one male narwhal from
Eclipse Sound entered the southern part of Disko Bay in December.

2. Somerset Island. In September and October narwhals from Peel Sound and
Prince Regent Inlet moved east along the southern and the northern coast of
Lancaster Sound. The whales moved toward West Greenland across or on the
northern side of the deep basin in Baffin Bay and continued south to the ‘North-
ern Wintering Ground’ centered on 71°N and 62°W, a wintering area distinct
from the wintering area used by whales from the Eclipse Sound and Melville
Bay stocks and within the Baffin Bay assessment area. The Somerset Island
whales remained stationary on the ‘Northern Wintering Ground’ through March
when they started the return migration through Lancaster Sound along the
southern shoreline of Devon to the Somerset Island summering ground (Heide-
Jgrgensen et al. 2003a, Dietz et al. 2008a).

3. Admiralty Inlet. When leaving Admiralty Inlet the narwhals moved south along
the east coast of Baffin Island and spread out in the western part of Baffin Bay,
ranging widely from Cumberland Sound to north of Home Bay. The range of the
wintering ground varied between 2004 and 2005. A total of 13 narwhals were
tagged in Admiralty Inlet in 2005. All whales left Lancaster Sound in September-
October for a southbound migration either along the east coast of Baffin Island
or somewhat east of Baffin Island at the edge of the continental shelf (Figure 37.)
Some of the whales extended their southbound migration to the northern part
of Dawvis Strait where they have also been located to winter in 2004 and 2005.
One male from Admiralty Inlet moved to the coastal areas of West Greenland in
January 2006 close to Disko Island and Uummannagq (Figure 35).
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4. Melville Bay. Narwhals tracked from Melville Bay during the autumn of 1993-
94 (n = 2) took an offshore southward migration route along the 1000 m depth
contour. They did not visit any other coastal aggregations of narwhals on the
West Greenland coast. They reached central Davis Strait in mid-November and
presumably spent the winter in this region. Narwhals tracked from Melville Bay
in 2006 and 2007 (n =7) followed a similar migration pattern as those tracked in
1993-1994; after spending September and beginning of October with move-
ments inside Melville Bay, they made a southbound migration route towards
the wintering grounds. In 2006 the whales took a more coastal route after de-
parting from Melville Bay (south of 74° N) on 18-25 October (Figure 35). Winter-
ing took place in the same area used by the whales from Melville Bay tracked
in 1993-1994 (cf. Dietz & Heide-Jargensen 1995). After arriving at the offshore
wintering ground in December, one of the whales (a male of 437 cm) left the
offshore wintering ground and went to the southern part of Disko Bay. The whale
left Disko Bay on 13 January and returned to the offshore wintering ground.
In 2007, a more diverse movement pattern was observed, both in the summer
period when the whales were more widespread in Melville Bay and in the fall
where some whales remained close to Upernavik (Figures 34). In 2007, the
whales departed from Melville Bay between 26 October and 16 December
and spent considerable time in the Upernavik and Uummannaq area before
wintering a bit further north than the traditional ‘southern wintering ground’
used in previous years (Dietz & Heide-Jgrgensen 1995, Heide-Jargensen & Di-
etz 1995). One whale was tracked for 13 months and it returned to Melville Bay
the year after it was tagged.

5. Uummannagq. Two narwhals were tagged in Uummannaq in November 2007
and 2008. The male tagged in 2007 spent the entire winter inside Uumman-
naq Fjord or just outside the Uummannaq area after freeze-up (Figure 35).
On 13 March 2008 it headed north (< 72° N) along the West Greenland coast
however contact was lost on 4 April 2008. The female narwhal tagged in
2008 immediately left Uummannaq Fjord and spent December through
mid-February 2009 off the banks of Disko Island. On 24 March it initiated a
northward migration along West Greenland and into the assessment area. It
halted the migration in the northern part of Baffin Bay in April and May and
continued the migration in late May where it reached the eastern entrance of
Lancaster Sound on 6 June where after it followed the northern coast of the
sound close to the southern shore of Devon Island and reached Barrow Strait
on 3 July. The whale moved south into Peel Sound where contact was lost
on 24 July.

Diving and foraging ecology
Feeding habits of narwhals have been studied in Disko Bay where fresh stomach

samples from narwhals can be obtained from the Greenland subsistence harvest.
Greenland halibut, the squid Gonatus fabricii, and Pandalus shrimp spp. are the
dominant prey items. Greenland halibut is an important winter resource, observed
in 64 % of stomachs collected in winter and the only prey species detected in al-
most half of all stomachs in the 49 samples (Laidre & Heide-Jgrgensen 2005).
Greenland halibut taken by narwhals were on average 36 cm (sd 9) and 430 g
(sd 275) and Gonatus prey were on average 35.6 g (sd 31.1) with mean mantle
lengths of 95.1 mm (sd 36.2).

There is no direct information on the prey selection on the offshore winter feeding
grounds in Baffin Bay, but observations of the diving behaviour suggest that the
narwhals target depth (>1000 m) where halibuts are known to be abundant. The
availability of this important prey is the most likely explanation for the occurrence of
narwhals in these ice covered offshore areas (Laidre et al. 2003). Other species like
polar cod and squids may also contribute to the offshore diet as they seasonally do



Figure 35. Tracks of 10 narwhals
tagged in Melville Bay in 2006
and 2007.

Figure 36. Tracks of 13 narwhals
tagged in Admiralty Inlet in 2005.
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Figure 37. Tracks of narwhals from
Canada and Greenland tagged
before 2005 (n = 60). Asterisks in-
dicate tagging sites. Each whale
is indicated by a colour.
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in inshore waters in both Canada and West Greenland (Laidre & Heide-Jgrgensen
2005). Compared to the summer feeding habits it is obvious that the major food
intake takes place during the > 6 months stay on the fall and winter feeding grounds.

Importance of the assessment area to the narwhals
The assessment area is of critical importance to the different narwhal stocks win-

tering there. As described above, narwhals occur within the assessment area No-
vember through May. From late fall and through the winter especially whales from
the Melville Bay summer aggregation and the Uummannaq November aggrega-
tion (Somerset Island) are present. Narwhals from the Admiralty Inlet and Tremblay
Sound stocks are also present in winter and especially Disko Bay seems to attract
whales from several stocks.

The whales depend on the assessment area for winter feeding and this is the most
important period and area for the annual food consumption. The assessment area
is therefore critically important to narwhals in Baffin Bay. This is also where the
world’s largest abundance of narwhals is found and any exploitation and explora-
tion for resources in this area could potentially impact a major proportion of the
global population of narwhals.

The so far known most important wintering areas within the assessment area are
the southern and the northern offshore wintering grounds, outer Uummannag
Fjord (November) and the outer Disko Bay (Figure 31).



Figure 38. Narwhal protec-

tion areas in relation to seismic
operations in West Greenland,
including the Disko West assess-
ment area. Area | is the summer
habitat where seismic activities
should be avoided or limited in
the period 15 July to 25 October.
Area Il is the migration corridor,
where seismic operations should
be minimized (15 October to 1
December). Area lll is the winter
habitat where seismic operations
should be avoided and usually
are impossible to conduct due
to ice. These area are subject to
revision in winter 2013/14.

[\
Narwhal

l:l Narwhal protection areas

D National border

g
! 1 Assessment area

L— -
0 100 200 Km

e

%
0

Conservation concern

The population in West Greenland is red-listed as ‘Critically Endangered’ (CR),
while the global population is listed as ‘Near Threatened’ (NT). In light of the most
recent survey results from Melville Bay and Baffin Bay the status in the Greenland
Red List should be revised.

| relation to seismic activities some protection areas for narwhals have been desig-
nated (Kyhn et al. 2012). These are shown in Figure 38.

Sperm whale (Physeter macrocephalus)

With males reaching lengths of 18 m and weights of 50 t, the sperm whale is
the largest toothed whale. On average, male sperm whales are 15 m long and
weigh 45 t, while females are 11 m long and weigh 20 t. As in the case of bot-
tlenose whales, sperm whales are found in deep waters, often seaward of the
continental shelf and near submarine canyons. Sperm whales are found in all
oceans, from the ice edges to the equator. Females and calves remain in tropi-
cal and sub-tropical waters year round, while males segregate to high latitudes
at the onset of puberty, aged between 4 and 15 years (Best 1979, Mendes et al.
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2007). The larger males, in their late twenties or older migrate occasionally to
lower latitudes in search of mating opportunities. When in lower latitudes, males
move between different groups of females and their offspring (Whitehead &
Weilgart 2000).

The echolocation clicks of sperm whales have a source energy flux density of up
to 193 dB re 1 pPa®. These clicks are the loudest sound known to be produced by
any animal (Mghl et al. 2003), and therefore sperm whales may be more tolerant
to loud noises than other whales.

Sperm whales forage on a wide variety of deep-sea cephalopods and fish. Prey
size ranges from a few centimetres long fish to 3-metre long sharks and even giant
squids of the family Architeutidae that weigh up to 400 kg (reviews in Rice 1989,
Whitehead 2003). In the north-eastern Atlantic sperm whales feed heavily on the
deep-water squid Gonatus fabricii (Santos et al. 1999), favouring mature squid with
mantle length of approx. 19-26 cm (Simon et al. 2003). Male sperm whales off north-
ern Norway tagged with multi-sensor instruments feed both at shallow depths of
approx. 117 m and at the sea bottom at depths down to 1860 m, showing that male
sperm whales have flexible feeding habits (Teloni et al. 2008). In some areas, sperm
whales take fish from long-line fisheries (e.g. Roche & Guinet 2007) or approach
trawlers in search of discarded fish (e.g. Karpouzli & Leaper 2003).

Stomach samples from sperm whales caught between Iceland and Greenland
were dominated by fish, squid being a secondary food item (Roe 1969, Martin &
Clarke 1986). The most important fish species in the diet was lumpfish, but redfish,
anglerfish (Lophius piscatorius), cod and blue whiting (Micromesistius poutassou)
were also common.

Distribution

Berzin (1971) reviewed captures of sperm whales in the Davis Strait as far back as
1812, including a note from 1870 about sperm whales being relatively scant in the
region, and a report of 181 males caught by a fleet of seven boats in 1937. Sperm
whales are still regularly reported in ice-free areas in the Davis Strait and in Baffin
Bay as far north as Upernavik (unpublished data).

Sperm whales were sighted in the Disko West assessment area between 1988
and 2000 by MMSO on seismic ships (Figure 25) and in the winter of 2010 six
sperm whales were found dead amongst the ice near Sisimiut, just south of the
Disko west assessment area (GINR unpubl. data). The International Whaling Com-
mission considers that all sperm whales in the North Atlantic belong to a single
stock (Donovan 1991). This assumption is supported by genetic analyses (Lyrholm
& Gyllensten 1998).

Consetrvation

Sperm whales were the target of commercial whaling for over two centuries. By
the second half of the 20" century, sperm whales were still numerous, but several
populations were depleted. Commercial whaling of sperm whales stopped with
the moratorium on whaling at the end of the 1980s. Presently, sperm whales are
not caught anywhere in the North Atlantic. In the Greenland Red List, sperm whale
is listed as ‘Not Applicable’ (NA) and globally as ‘Vulnerable’ (VU) (IUCN 2012).

Northern bottlenose whale (Hyperoodon ampullatus)

Next to the sperm whale, the northern bottlenose whale is the largest toothed
whale in the North Atlantic, with adult females measuring up to 9 min length and
males up to 11 m. They are found in deep waters, often seaward of the continen-
tal shelf and near submarine canyons, from the ice edges south to approximately



30°N. They have a fission-fusion social system (i.e. live in groups that join and split),
with group sizes from about 4 to 20 animals. Groups may be segregated by age
and sex and males may form long-term companionships with other males (Wim-
mer & Whitehead 2004).

The main prey of the bottlenose whale is squid (Gonatus spp.), but prey items also
include fish, such as herring or redfish, and invertebrates, such as sea cucumbers,
starfish and prawns (Hooker et al. 2002). The prey is often caught near the bot-
tom at depths greater than 800 m (Hooker & Baird 1999). Bottlenose whales are
known to take Greenland halibut from long-line fisheries.

Northern bottlenose whales have only been studied in detail in an area surround-
ing the Gully, an underwater Canyon off Nova Scotia, in the southern part of the
species’ range. Based on boat surveys, photo-identification and molecular analy-
ses, it has been established that these northern bottlenose whales live in a small
population of about 150 animals that is rather stationary and isolated from other
populations (Wimmer & Whitehead 2004, Whitehead & Wimmer 2005, Dalebout
et al. 2006). It is not known whether northern bottlenose whales in other parts of
their range also form such small, isolated and stationary populations.

Distribution

In the North East Atlantic, bottlenose whales were caught by Norwegian whalers
as far north as the ice edge west of Svalbard (Benjaminsen & Christensen 1979).
In the Davis Strait and southern Baffin Bay bottlenose whales are frequently ob-
served from fishing boats and oil exploration ships operating in deep waters. In
the assessment area they have been sighted mainly in the deeper offshore areas
(Figure 25).

Conservation

The Red List status of the northern bottlenose whale is ‘Data Deficient’ (DD) on the
global list, and ‘Not Applicable’ (NA) on the Greenland list IUCN 2012, Boertmann
2008).

Critical and important habitats
As bottlenose whales are poorly studied in Greenland it is not possible to point out

critical and important habitats for this species within the Disko West assessment
area. However, the shelf breaks at the western and south-western parts of the as-
sessment area are probably important habitats for this species.

49 Summary of Valued Ecosystem Components (VECs)

In environmental impact assessments, the concept of Valued Ecosystem Compo-
nents (VEC) is often used to identify important ecosystem components. This is use-
ful because it is often impossible to evaluate all ecological components individu-
ally. VECs can be species, populations, biological events or other environmental
features. VECs can have a national or international profile, can act as indicators for
environmental change, or a focus of management or other administrative efforts.
VECs can also be important flora and fauna groups, habitats and processes such
as the spring bloom resulting from primary production.

Based on the knowledge available, summarised in the preceding chapters, and
the evaluation of the ecological, economic and cultural importance of organisms
and habitats, the following VECs have been identified for the Disko West assess-
ment area. See Chapter 9 for a more detailed description of the VEC concept and
how it has been applied here.
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Pelagic hotspots

Pelagic hotspots are recurrent/predictable areas in the marine environment char-
acterised by intensive biological production or by dense aggregations of organ-
isms - e.g. seabirds and/or marine mammals.

The shelf bank areas (e.g. Store Hellefiskebanke) and the shelf breaks (continental
slopes) are assumed to have increased primary productivity in spring due to nutri-
ent-rich upwelling events from wind and tidal motions in the Baffin Bay/Dauvis Strait.

The enhanced primary production supports zooplankton species such as copep-
ods, which again are utilized by fish larvae. In general, the slopes of the shelf and
shelf banks are believed to be important for fish larvae development due to high
biomass of their copepod prey.

The key copepod species Calanus hyperboreus, C. glacialis, C. finmarchicus and
or other zooplankton species such as Themisto libellula or Metridia longa are wide-
ly distributed but may be concentrated at the shelf areas. Their spring distribution
is concentrated in the upper water column; while the study performed in autumn
2009 suggest a distribution in deeper water column (Box 1). Thus, zooplankton is
presumed to be more vulnerable to an oil spill in spring where the main concen-
trations of zooplankton are near the water surface.

For Greenland halibut, some of the main nursery areas are assumed to be located
in the assessment area and the eggs and larvae are known to drift in the water
column.

For organisms on higher trophic levels, a particular shelf area has been docu-
mented to be an extremely important pelagic hotspot. This is the shallow part of
the Store Hellefiskebanke, where both walruses and king eider assemble during
winter (Box 5) and where the benthos surveys found a very high diversity of inver-
tebrates (Box 3) and high densities of sandeels (Box 4).

The tidal/subtidal zone

The tidal and subtidal zone is an important habitat for macroalgae, many inver-
tebrates, fish, marine mammals and seabirds. Among others, it provides critical
spawning and nursery habitat for capelin and lumpsucker. Capelin is an ecologi-
cal key species, important for larger fish species, whales, seals, seabirds and hu-
man use, while lumpsucker support a small-scale commercial fishery aimed at the
roe. The benthic macrofauna, such as bivalves, play a key role for benthic feeders,
such as common eider, king eider and long-tailed duck. In addition, the tidal/
subtidal zone is very important for seabird hunting and tourism.

Ice flora and fauna
Due to lack of data and wide variability it is not possible to point out particularly
important, recurrent areas for sympagic flora and fauna.

Demersal fish and benthos

The sea floor and the adjacent parts of the water column support the commer-
cially important fisheries of Greenland halibut, northern shrimp and snow crab.
The sandeel, distributed in high densities in sandy sediments at the shelf banks
(e.g. Store Hellefiskebanke), is another key species, since it represents an important
food item for many seabirds and whales.

Another ecological important fish species at least for the northern part of the as-
sessment area is polar cod as also shown during the study in September 2009
(Box 1).



Benthic macrofauna, such as bivalves, play a central role for benthic feeders at the
shelf banks, such as king eiders, bearded seal and walrus.

Breeding seabirds

Northern fulmar, great cormorant, common eider, black-legged kittiwake, Iceland
gull, black guillemot, razorbill, thick-billed murre and Atlantic puffin are important
breeding species in the assessment area. Most nests in colonies are on steep cliffs
and/or on low islands. The most important colonies are found in the Disko Bay
area, e.g. the Ritenbenk-site with thick-billed murres and kittiwakes, the archipela-
go Grgnne Ejland with a high diversty of breeding species.

Non-breeding seabirds

This VEC comprise concentrations of moulting, postbreeding, migrating and win-
tering seabirds. Concentrations of moulting birds in the assessment area include
especially the king eiders, which assemble in certain fjords (Figure 14). The post
breeding seabirds include the thick-billed murres performing swiming migration
(Box 6), but the tracking studies did not indicate particular concentration areas
in the offshore waters. The most important seabirds in winter are the wintering
king eiders on Store Hellefiskebanke (Box 5). Most species are associated with the
coastal areas and partly the fjords and the shelf, but some species also utilize the
more oceanic western part of the assessment area, such as little auk, kittiwake and
ivory gull.

In addition, thick-billed murre, common eider and black-legged kittiwake are im-
portant as quarry species for the hunters in the assessment area.

Marine mammals (summer)

During the open water period, the assessment area is an important foraging area
for several marine mammal species such as harp seals, baleen whales, pilot
whales, sperm whales and bottlenose whales. They are feeding on a variety of
species including krill and fish, e.g. capelin and sandeels.

All the species mentioned above, with exemption of harbour seal are hunted in
Greenland and considered an important resource for both economic and cultural
reasons.

Marine mammals (winter)

Marine mammals associated with sea-ice in the assessment area include polar
bears, narwhals, white whales, bowhead whales, walrus, bearded seal and ringed
seals.

To various extents these marine mammals are all hunted in Greenland and con-
sidered an important resource for both economic and cultural reasons. At the same
time polar bear, narwhal, white whale, bowhead whale and walrus are listed as
vulnerable, near threatened or threatened in the Greenland Red List.
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Figure 39. Distribution and
amounts of the northern shrimp
catches within and nearby the
assessment area. Catch size
shown as the mean annual catch
over the period for 2007-2012
and distribution based on the
NAFO-grid.
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5 Natural resource use

5.1 Commercial fisheries

A. Burmeister, N. Hammeken, R. Hedeholm, R. Nygaard, H. Siegstad
and A. Retzel

Commercial fisheries represent the most important export industry in Greenland,
underlined by the fact that fishery products accounted for 88 % of the total Green-
landic export revenue (1.7 billion DKK) in 2009 (Statistics of Greenland 2010).

Very few species are exploited by the commercial fisheries in the assessment area
and in Greenland as a whole. The four most important species on a national scale
are northern shrimp (export revenue in 2009: 1,044 million DKK), Greenland hali-
but (398 million DKK), Atlantic cod (130 million) and snow crab (45 million DKK)
(Statistics of Greenland 2010).

In the assessment area the following species are of importance in relation to com-
mercial fisheries:
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Figure 40. Distribution of the
Greenland halibut landings in
the assessment area for inshore
(2012) and offshore (2012) fish-
eries. Distribution based on the
NAFO-grid.
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Northern shrimp (Pandalus borealis)

In West Greenland waters the northern shrimp fishery extends from 59° 30'N to 74° N,
mainly on the bank slopes and in Disko Bay. Shrimp fishery was started in 1935 as
small-scale fishery mainly in inshore areas. Since then it has developed slowly to a
total catch of up to 150,000 t/year (2004-2008). The major part of the catch is taken
by large modern trawlers, which process the catches onboard. In the Disko Bay and
other inshore waters smaller vessels are used and the catches are usually delivered
to factories in the towns. The fishery takes place whenever the sea-ice does not
close the waters. Since the late 1990s the fishery has contracted northward and the
fishery is now concentrated in Disko Bay and offshore north of 67°N.

In the period 2005-2009 catches taken in the assessment area (inshore as well as
offshore) amounted to up to 80% of total catch (Arboe & Kingsley 2010) and thus
clearly documenting the importance of the assessment area for the shrimp fisher-
ies (Figure 39).

Greenland halibut (Reinhardtius hippoglossoides)

The fishery on Greenland halibut has two components in the assessment area
(Figure 40). The first is an inshore fishery, going on throughout the year in Disko
Bay, Uummanaaq and Upernavik districts. In 2011, landings from Disko Bay where
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Figure 41. Distribution and size
of the snow crab catches within
assessment area (mean annual

catch over the years 2007-2012).

Distribution based on the NAFO-
grid.
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approx. 8,000 t, from Uummannaq 6,400 t and from Upernavik 6,500 t (Nygaard
2012). The fish is caught on long-lines either from small vessels or from the winter
ice. Jakobshavn Isfjord (interior Disko Bay) is by far the most important site for this
type of fishery within the assessment area followed by Torsukattaq (inner Disko
Bay) and parts of Uuummannaq Fjord.

The other component is an offshore fishery with large trawlers using single and
twin trawl. The fishery peaks during summer and autumn, where 65.5% of the total
catches are fished in 3. quater and 32.5% in 4. quater (Jargensen & Hanmmeken-
Arboe 2013). The fishery is distributed from 70°N to 75°N on the edge of shelf at
600-1800 depth m and the main fishery is situated west of Disko between 68° and
70°30'N (Jgrgensen & Hanmmeken-Arboe 2013). Before 2000 the commercial
catches in Greenlandic part of Baffin Bay were limited, but increased gradually
from 96 t in 2000 to approx. 6,200 t in 2006 and have since remained on that
catch level. The annual catch level in the Canadian part of Baffin Bay is approx.
6,200 t. The commercial catches from the Davis Strait south of the assessment area
amounted 14,000 t of which 50% is based on fishery in Canadian waters (Jar-
gensen 2012).
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Snow crab (Chionoecetes opilio)

Snow crabs are caught in both in- and offshore waters in the assessment area and
are conducted in the period from April to December. The season is however depen-
dendt on the sea ice covarage. The fishery was initiated in 1992 in the Disko Bay
area and around Sisimiut and increased rapidly. In the period 2003-2009, catches
within the assessment area comprised 3 to 6% of the total Greenland catch and
with annual catches of up to 162 t (Burmeister 2012). In recent years 2010-2012,
catches have decreased to less than 20 t/year. In the inshore area from 67 to 71°N
catches comprised 27 % to 38 % of the total catches along the west coast of Green-
land. Since 2010 annual inshore catches in entire West Greenland has been stable
at approx. 625 t (Burmeister 2012) (Figure 41).

Iceland scallop (Chlamys islandica)

Iceland scallops are caught in rather shallow water where currents are strong. This
fishery has been relatively important in the assessment area. In the years 2003 and
2004 the fraction of the total catch in Greenland (about 2500 t) has ranged be-
tween 58 and 68% (Mosbech et al. 2007a). Presently there are no ongoing fishing
activities for scallops in the assessment area.

Lumpsucker (Cyclopterus lumpus)

Lumpsucker is caught commercially along the entire Greenland west coast with
total catches up to 10,000 t in 2006 (GINR, unpubl. data). The fishery is mainly
conducted using gillnets and takes place in spring and early summer when the
fish move into shallow coastal waters to spawn. The roe is the commercial prod-
uct and the amount bought by the local factories in the assessment area varies
considerably between years. Presently about 2000 t are landed in the assessment
area.

5.2 Subsistence and recreational fisheries and hunting

L.M. Rasmussen and A. Rosing-Asvid

Hunting and fishing is an integrated part of Greenlandic way of living. Subsistence
hunting is still of economic importance and recreational hunting and fishing ac-
tivities are contributing significantly to private households especially in the small
communities. However, in the larger towns this way of living has gradually devel-
oped into recreational activities.

But the income generated from selling hunting products, i.e., the local sale of meat
and skin, is still an important source of livelihood and also as a supplementary food
supply for hunters and their relatives (Rasmussen 2005). Many hunting products
are also used for clothing, handicrafts and art.

A proportion of the catch figures presented under the commercial fisheries section
include subsistence and recreational fisheries, but these contributions cannot be
separated. It is however assumed that the majority of the Greenlanders participate
and benefit from subsistence and recreational fisheries.

Many species of fish are utilised on subsistence basis, such as: spotted wolffish, Green-
land halibut, redfish, Atlantic cod, polar cod, Greenland cod and Greenland shark.

The species most important to hunters and fishermen that will be most vulnerable to
an oil spill are those caught close to the shoreline: capelin, lumpsucker and Arctic char.
Important areas for fisheries of these species were mapped by the oil spill sensitivity
mapping project covering West Greenland as far north as 72°N (Olsvig & Mosbech
2003, Mosbech et al. 2007a).
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Figure 42. Annual number of
harvested thick-billed murre,
common eider, black-legged
kittiwake and black guillemot re-
ported to the bag-record system
in West Greenland (Piniarneq)
from Sisimiut to Uummannaq
(~the assessment area) in the
period 1993-2008 (data from
Piniarneq, APNN).
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5.2.1 Bird hunting

F. Merkel

Birds have historically played an important role as a supplement to fishing and
hunting of marine mammals and caribou. The most important hunted bird species
are thick-billed murre, common eider, black-legged kittiwake, black guillemot
and king eider.

Since 1993 all catches have been reported annually to Piniarneq, the official
Greenlandic hunting statistics, which represents the major source of information
on bird hunting. The data are generally not quality assured, but the reported num-
bers of birds are assumed to be comparable indices for hunting activities over
time. Since the late 1990s the reported catch of all species listed above has been
greatly reduced, especially from 2002 when the hunting season was shortened by
approximately two months (Figure 42). Within the assessment area the average
number of murres reported annually declined from ~51,000 before the harvest
regulation change (1993-2001) to ~21,000 after the regulation change (2002-
2008). The corresponding numbers reported for common eider were ~21,000 ver-
sus ~5,500 birds.

In the 1990s the thick-billed murre was by far the most important hunted seabird,
followed by common eider and kittiwake. Today the murre is still the most impor-
tant species, but black guillemot is now equally important to common eider and
both are more common than the kittiwake. Specific hunting seasons are estab-
lished by the Department of Fisheries, Hunting and Agriculture (APNN) and vary
between species and region. For most species, the main hunting season in the
assessment area is from 1 September to 1 March (15 October - 1 April for com-
mon eider). Daily quotas for the most hunted species are 30 birds for commercial
licences and 5 for recreational licences (Anon 2009).
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5.2.2 Subsistence hunting of marine mammals

T.K Boye, F. Ugarte, M. Simon, EW. Born and M.P. Heide-Jargensen

Subsistence harvest in Greenland does not solely refer to the value of the meat
or other household products derived from skins, bones or teeth, but also to the
income that such products can generate on a local or non-local market. The spe-
cies mentioned in this section are those that only subsistence hunters (‘full-time’
hunters) are allowed to hunt, as opposed to e.g. seals or seabirds, which to some
extent are accessible to recreational hunters also (see above).



Table 10. 2011 quotas for the four species of baleen whales and two species of toothed whales caught in West Greenland wa-
ters (APNN 2011a & b).

Species West Greenland Quota in the Catchinthe
quota assessment area* assessment area in 2010

Minke whale 185 (178+7 transferred from 2010) Open (12 for collective hunt) 56

Fin whale 10 Open

Humpback whale 9 5

Bowhead whale 3 (2+1 transferred from 2010) 3

Narwhal 310 225 NA

White whale 310 290 NA

*Included in West Greenland quota

Minke whales, fin whales, bowhead whales and humpback whales are hunted in
West Greenland and annual quotas were until 2012 set every 5 years by the IWC
(The International Whaling Commission) (Table 10). The Greenland government
then divides the quota among the different municipalities.

Polar bear hunting

Polar bears are hunted in Greenland, also in the Disko West assessment area.
During 1993-2005 (i.e. since the introduction of a new catch reporting system -
‘Piniarneq’ - but before introduction of quotas in 2006), the catch of polar bears
in the Disko West assessment area (i.e. from Sisimiut to Uummannaq) averaged
24/year (sd = 125, range: 7-51; source: APNN) with a significantly increasing
trend during this period (r? = 0.353, p = 0.03). The 2010-quota for the catch of
polar bears in this region is 9 polar bears (minus 4 that were taken in excess of
the 2009-quota of 9; source: Anon 2011c, Table 8, p. 127).

Walrus hunting

Walruses are hunted in the West Greenland winter quaters mainly during spring
until retreat of the pack ice (Born et al. 1994, Born et al. 1995). Walruses from this
stock are also hunted along southeast Baffin Island (Nunavut) mainly during the
period May-November (COSEWIC 2006, Stewart 2008) - i.e. when they generally
are absent from West Greenland.

The Greenland quota for the period 2010-2012 is 61 landed in each year (Anon
20104, b).

Seal hunting

Seals are important for both part time and full time hunters in the assessment area
(Table 9). The skins are purchased and prepared for the international marked by
the tannery in South Greenland, and the meat is eaten locally. In the period 2000-
2008, more than half a million seal skins were traded in Greenland. However, in
2008-2009 the market for seal skins collapsed and now it is difficult to sell the skins
(Rosing-Asvid 2010b).

Harp seals are caught in high numbers (Table 9) especially during summer. In win-
ter and early spring most of the West Atlantic harp- and hooded seals congregate
near the whelping areas off Newfoundland. However, a small fraction of these
seals will stay in West Greenland throughout the year.

Hooded seal can also be caught throughout the year, but most catches are done
during spring just prior to and after the whelping, when many hooded seals are
close to the assessment area, or in the fall when post moulted seals migrate
through the assessment area towards their foraging grounds in Davis Strait and
Baffin Bay (Table 9).

167



168

The ringed seals are normally associated with sea-ice and some ringed seals live
in or near glacier fjords in the assessment area throughout the year. The catches
increase during winter and spring. Most catches are juvenile seals of which some
are likely to be seals that have been ‘pushed’ out of the fjords where adult seals
establish territories when fast ice starts to form. The assessment area is, however,
also likely to have an influx of seals coming from the West Ice when it approach
the coast during winter.

Catches of bearded seals also increase in late winter - spring (March-April) in the
northern part of the assessment area when the West Ice comes close to the coast.

Whale hunting

Bowhead whales were hunted since the time the Thule Inuit settled in Greenland
about 1,000 years ago (Jensen et al. 2008a). European and North American whal-
ers decimated the population in the 17"-19™ centuries and by the start of the 20"
century the species had become rare in Greenland. In 1927 the species was pro-
tected. The Baffin Bay stock has been protected since 1910, but in recent years a
few have been taken in Canada. The population has now recovered to the extent
that a Greenland quota of 2 animals per year for the period 2008-2012 was ap-
proved by the IWC. Three bowhead whales were taken in Disko Bay in both 2009
and 2010 and the remaining part of the quota will be taken in 2011 and 2012.

Minke whales have been hunted in West Greenland since the middle of the 20®
century. From 1968 to 1986, small-type whaling boats from Norway caught minke
whales in the waters off West Greenland. During the early and mid-1970s, Nor-
wegian catches off West Greenland averaged 175 minke whales annually. Af-
ter 1977, following recommendations by the IWC, the Norwegian catches were
reduced to 75 minke whales annually (Kapel & Petersen 1982). The Norwegian
boats stopped catching minke whales in Greenland in 1986.

Quotas for West Greenland are set by the IWC. The Greenland government di-
vides the quota among the towns. The annual quota for West Greenland in the
period 2010-2012 is 178 minke whales. Most whales are taken south of Disko Is-
land, where there are boats equipped with harpoon guns. Further north, minke
whales are taken from dinghies with outboard engines, and several dinghies work
as team, using hand held harpoons and high-powered rifles. This type of hunt is
called the ‘collective hunt' (Anon 2010c). In 2010, the total catch of minke whales
reported in zones within the assessment area was 56 individuals: 11 minke whales
for the Uummannaq area, 9 for Qeqgertarsuaq, 15 for llulissat, 2 for Qasigiannguit,
13 for Aasiaat and 6 for Kangaatsiaq (APNN, unpubl. data) (Figure 43).

Fin whales, bowhead whales and humpback whales can only be hunted using
harpoon guns and explosive penthrite grenades (Anon 2010c). Due to a lack of
boats equipped with this equipment in the northernmost parts of West Greenland,
fin whales and humpback whales are normally taken in Disko Bay or further south
(as mentioned above, bowhead whales are hunted only in Disko Bay).

In West Greenland, pelagic whalers from Norway and Denmark hunted fin whales
from 1922 to 1958 (Kapel & Petersen 1982). The annual average catch was 109
whales, except during the Second World War (1940-45) when no European whal-
ers operated in Greenland (Simon et al. 2007a).

Greenlanders started catching fin whales from fishing boats equipped with har-
poon guns in 1948, but as early as 1924 was a steam ship especially designated
(by the Danish authorities) to catch large whales in West Greenland. Until the
1970s, this catch took 0-13 fin whales per year. The IWC aboriginal subsistence



quotas have regulated fin whale takes in West Greenland since 1977. The quotas
have ranged from 6 to 23 whales annually and remained stable at 19 whales from
1995 to 2009. The quota is seldom used and the average catch has been 10 fin
whales per year (Kapel & Petersen 1982, Caulfield 1997, Witting 2008). Although
the quota for 2010 was reduced to 10 fin whales per year, it still provides 100 t of
meat, or approximately 30% of the total amount of meat from large whales con-
sumed in Greenland (Figure 43).

In 2010, two fin whales were caught within the assessment area, south of Disko
Island in Qeqgertarsuaq and llulissat.

Until their protection in 1986, humpback whales were an important source of
whale meat for the people in West Greenland, who caught on average 14 ani-
mals annually, yielding approximately 112 t of whale meat (IWC 1991). In 2008,
the Scientific Committee of the IWC advised that a catch of ten humpback whales
per year would be sustainable (IWC 2008). On the basis of this advice, a quota of
9 humpback whales per year was installed by the IWC to Greenland for 2010-
2012. Five out of the 9 humpback whales from the quota for 2010 and 2011 can
be taken within, or close to the assessment area (APNN 2011b). From the quota of
9 humpback whales for each of the years 2010 and 2011, 3 whales were given
to the municipality of Qeqgqgata and two were given to the municipality of Qaasu-
isup (The assessment area lies within these two municipalities). In 2010 humpback
whales were caught at three locations within the assessment area (Figure 43).

In addition to the hunt, up to approximately 5 humpback whales are unintention-
ally caught in fishing gear every year in Greenland.

Catches of narwhals and white whales are amongst the most important for the
communities of Northwest Greenland (Heide-Jargensen 1994). They are the only
species of toothed whales whose hunt is regulated by quotas in Greenland (Anon
2011b). Sisimiut and Maniitsoq are the southernmost places where narwhals and
white whales are regularly caught.

Commercial harvesting of white whale in West Greenland and Baffin Bay began
in the late-1800s (NAMMCO 2008). After a period with large catches in Nuuk (from
1906-22) and in Maniitsoq (1915-29), white whales disappeared from the area
south of 66°N (Heide-Jgrgensen & Acquarone 2002). Between 1927 and 1951,
large catches were reported in the southern part of the former municipality of
Upernavik, and since 1970 in the northern part. In the 1990s catches in this area
were about 700 whales per year.

The total number of white whales caught by hunters in West Greenland, averaged
550 in the period 1993-2003, and annual catches between 500 and 1,000 white
whales often exceeded the catch of all other whale species combined (Heide-
Jgrgensen & Rosing-Asvid 2002) (Figure 43).

As the number of white whale wintering off West Greenland has declined since
1981, the Canada/Greenland ‘Joint Commission on Conservation and Manage-
ment of Narwhal and Beluga’' (JCNB) concluded that the West Greenland stock
was substantially depleted and advised that delay in reducing the catch would re-
sult in further population decline and further delay the recovery of this stock (NAM-
MCO 2001). In 2004, a quota of 320 white whales per year was established for
West Greenland. This quota has been gradually reduced and in the 2007/2008
season it was 160. In accordance with the new biological advice from JCNB, the
quota increased to 310 in 2009 (Table 10).
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Minke whale catches (91-06)

Equal to the white whales the quota of narwhals is also 310 animals per year and
with these current quotas for white whales and narwhals there is a 70% chance
that the population sizes of both species will increase (NAMMCO 2010). Figure 43
shows a small part of the positions of white whale catches from 2007-2010.
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Figure 43. Overview of the locations where fin whales and minke whales were caught in 1991-2010 and humpback whales in 2010.
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Figure 44. The West Greenland
catch (grey bars) and the catch
in the assessment area (red line)
of A) harbour porpoise, B) pilot

whale, C) white beaked dolphin.

Harbour porpoise, pilot whales and, to some extent white beaked dolphins, killer
whales, and perhaps bottlenose whales are also hunted. Catch of these species
is unregulated, but there is a voluntary reporting system that has included harbour
porpoises since 1993. Pilot whales and killer whales were included into the re-
porting system in 1996 and white beaked dolphins and bottlenose whales were
added in 2003. The data is entered into a large database administrated by the
Ministry of Fisheries, Hunting and Agriculture (APNN). The data presented below
comes from this database. A partial validation of killer whale data showed that
there are many errors in the reports.

In the period from 1993-2009 an average of 2123 harbour porpoises were taken
annually. For West Greenland in total 36,093 catches were reported for 1993-

2009 of which 2550 (7 %) were caught within the assesment area (Figure 44a).

Due to their unpredictable occurrence, pilot whales, white beaked dolphins
and killer whales are caught opportunistically. The occurrence of pilot whales
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is probably correlated with the influx of relatively warm Atlantic water (Heide-
Jagrgensen & Bunch 1991). Annual catches of pilot whales in West Greenland
vary between 0 and 300 and from 1996-2009 a total of 2,154 pilot whales have
been caught, most of them south of Disko Bay and 947 (44 %) within the assess-
ment area (Figure 44b).

In Greenland, white-beaked dolphins are caught for subsistence. White-beaked
dolphins and white-sided dolphins are not separated in the reporting system. In
Greenlandic both species have the same name. However, it can be assumed that
the greater majority of dolphin catches are white beaked dolphins, as white-sided
dolphins have a more southern distribution. On average, 46 dolphins have been
caught annually in the period from 2003-2009 (Figure 44c). However most are
caught south of the assessment area and less than 7.5% have been caught within
the assessment area.

Killer whales are hunted partly for human subsistence and partly to feed sledge
dogs. They are also considered competitors for seal and whale hunters, and this
is an additional reason for the hunt of killer whales. From 1996-2009 a total of 93
killer whales have been caught in West Greenland and the annual average catch
for the entire period was 7, ranging between 0 and 26 killer whales per year. The
killer whales have been caught irregularly along the entire West coast from Uper-
navik in the north to Nanortalik in the south, with almost 39 % of the catches (i.e. 36
animals) taken within the assessment area.

Northern bottlenose whales were heavily hunted during the 19" and 20" cen-
tury throughout the North Atlantic, also in the assessment area. Today, bottlenose
whales are not used for consumption in Greenland because their blubber causes
diarrhea to humans as well as dogs. Nevertheless, a few catches have been re-
ported. Itis possible that these reports are mostly mistakes, but until they have been
validated it should be mentioned that catches reported from 2006, 2007, 2008
and 2009 were 2, 9, 21 and 1 bottlenose whales, respectively, with only 3 reports
from the assessment area, all from 2008.

5.3 Tourism
M. Diinweber and D. Boertmann

The tourist industry is one of three major sectors within the Greenland economy,
and the industry is increasing greatly in importance both nationally and locally
in the assessment area. The most important asset for the tourist industry is the un-
spoilt, authentic and pristine nature. There are no statistics on the number of tourists
and their regional distribution in Greenland available, but hotels report the num-
ber of guests they have accommodated and how many ‘bed nights’ they have
sold. Overall figures for Greenland as a whole in 2008 were approximately 82,000
guests and approximately 240,000 ‘bed nights’ (Statistics of Greenland 2010). In
the Disko Bay region, which includes the main town llulissat, approximately 69,000
bed nights were recorded. 30% of bed nights were in the assessment area and
only 5-10% in Northwest and East Greenland (= former municipalities of Qaanaaq,
Upernavik, Uummannagq, Scoresbysund and Tasiilag). However, the region of mid
Greenland which includes the capital of Nuuk has by far the highest number of
bed nights (approx. 120,000) (Statistics of Greenland 2010).

In addition, cruise ships bring an increasing number of tourists to Greenland. The
cruise ships increased from 37 in 2007 to 42 in 2008, where the ship deployment
also increased from 148 to 165 in the same period (Statistics of Greenland 2010).
According to the Danish Naval Authorities in Greenland, the number of visitors from



Figure 45. The number of cruise
ships (upper graph) and the num-
ber of passengers (lower graph)
in Greenland, 1994-2007. There
is no data on the cruise ship activ-
ity available for the assessment
area, but the trends are similar
(Greenland Tourism, pers. comm.).

Figure 46. The number of expedi-
tions in Greenland by year. Data
provided by the Danish Polar
Centre (DPC). Itis not possible to
filter out the expeditions visiting
the assessment area.
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cruise ships increased from 23,000 in 2006 to 55,000 in 2007 (Figure 45). The Na-
tional Strategy of Tourism 2008-2010 plans a 10 % increase per year in the number
of cruise tourists (Erhvervsdirektoratet 2007). The cruise ships focus on the coastal
zone and they often visit very remote areas that are otherwise almost inaccessible,
and seabirds and marine mammals are among the highlights on these trips.

A number of tourists also go to Greenland for outdoor leisure activities (mountain-
eering, kayaking, etc.) or scientific expeditions (natural history) (Figure 46).
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5.3.1 Tourist activities

The activities are centred in the two main towns of the assessment area, i.e. llulis-
sat and Aasiaat, since there are accommodation and tourist operators. The season
starts in early spring, when there are opportunities for dog sledding year around
(Qegertarsuaq) on land, but the main season is summer (July-August), when it is
possible to sail from the towns to attractions such as archeological sites, bird cliffs,
whale habitats, glaciers, small settlements, hiking areas and areas with scenic
views. In llulissat the following activities take place (www.greenland.com):

¢ Whale watching cruises and wildlife exploring- summer and autumn

< Jakobshavn Isfjord and glacier sightseeing by helicopter or hiking

e Kayaking in June to August; kayakers explore the coastal zone and bring
equipment and provisions on their own

e Cruise ships, mainly in August and September. Visitors in llulissat mainly explore
the town; sightseeing, museums, art exhibitions and restaurants and explore
the Isfjord.

e Skiing (cross country), mainly February to April

e Hiking and mountaineering. Mainly spring and summer season

Many of the tourist activities within the assessment area take place in the coastal
zone and extensive oil activities in this area will have the potential to impact on
local tourist activity and the related industries.



Figure 47. Areas protected ac-
cording to international agree-
ments (Ramsar areas or Word
Heritage Sites) or the Greenland
Nature Protection Law (Nature
protection area and Bird Protec-
tion areas); areas designated as
Important Bird Areas (IBAs) by
BirdLife International and the ar-
eas under designation by PAME
using the PSSA and EBSA criteria
(see text).

6 Protected areas and threatened species
D. Boertmann and D.S. Clausen

6.1 International designations

According to the Convention on Wetlands (the Ramsar Convention, (http://www.
ramsar.org), Greenland has designated eleven areas to be included in the Ramsar
list of Wetlands of International Importance (Ramsar sites). These areas are to be
conserved as wetlands and should be incorporated in the national conservation
legislation; however, only one of the Greenland Ramsar sites has so far been pro-
tected legally. Six of the Ramsar sites are found within the assessment area (Figure
47). One of them is so far away from the outer coasts that it is not likely it could be
affected by offshore petroleum activities, whereas this could be the case for the
other five ones (Egevang & Boertmann 2001b).

In 2004, the Jakobshavn Isfjord was included into the UNESCO list of World herit-
age Sites as ‘llulissat Icefjord’. Before this designation, it was protected according
to the national nature protection law. This remarkable area is situated in the inner
part of Disko Bay (Figure 47).
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As a follow up to the Arctic Marine Shipping Assessment (AMSA) (PAME 2009),
areas of heightened ecological and cultural significance are under designation
(PAME in prep.). The designation shall be followed up by measures to protect the
areas from impacts of increased shipping due to the climate changes. Two areas
within the assessment have been proposed for designation: A large area combin-
ing Store Hellefiskebanke and Disko Bay due to the high biodiversity year round
and an area in central Baffin Bay due to its importance as narwhal winter habitat
(Christensen et al. 2013).

The Disko Bay/Store Hellefiskebanke area is also listed as especially vulnerable
marine area in relation to increased shipping by the "Danish Monarchy' strategy
for the Arctic 2011-2020".

Figure 48. Areas designated as
‘important to wildlife’ by Bureau
of Minerals and Petroleum (BMP),
Greenland Government as a part
of the field rules for prospecting
and exploration activities. Protec-
tion areas for narwhals (related
to seismic surveys) are shown in
Figure 38.
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