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1. INTRODUCTION 

1.1 BACKGROUND 

The northern part of the Barents Sea (north of 

74°30'N) is the last large sea area with 

Norwegian sovereignty that has not been 

developed or assessed with respect to petroleum 

exploration. According to the Act of 22 March 

1985, relating to petroleum activity (The 

Norwegian Petroleum Directorate 1985), the 

Norwegian Government, represented by the 

Ministry of Oil and Energy, is obliged to conduct 

an assessment of the potential effects of this 

activity on the environment and other values 

be fore opening the area for exploration. Such an 

assessment was completed for the southern part 

of the Barents Sea in 1988 (see Griffiths et al. 
1987 for the work on marine mammais, Anker

Nilssen et al. 1988 for seabirds, and Børresen et 
al. 1988 for summary and conclusions), after 

which this area was opened for exploratory 
drilling with some restrictions on area and time 

period. 
The responsibility for planning and carrying 

out the environmental impact assessments of 

petroleum exploration lies with the Working 

Group on Environmental Impact Assessments of 

Petroleum Activities on the Norwegian Conti

nental Shelf (AKUP), an independent inter

governmental group under the Ministry of Oil 

and Energy. In addition, a separate steering 

committee for the projects in the northern 

Barents Sea has been established. 

This report is the final result of work which 

began in 1989 to assess the potential effects of 

petroleum activity in the northern Barents Sea on 

seabirds and marine mammaIs. The main 

responsibility for coordinating and carrying out 
this work has lain with the Norwegian Polar 
Institute (NP). However, severai other institu

tions have been involved at different stages. 
Some of the seabirds at sea data from the winter 

period which is used in this assessment has been 
sup pli ed by the Norwegian Institute for Nature 

Research (NINA), which has also conducted a 

project describing the predictability of the occur

rence of guillemots at sea in the Barents Sea. 

NINA is also responsible for the development of 

the computerised simulation model (SIMPACT) 

used in the assessment. The Institute of Marine 

Research (HI) has, in cooperation with 

Norwegian Institute of Fisheries and Aqua

culture, prepared the distributional data on 

severaI marine mammal speeies. Finally, the 

Oceanographic Company of Norway AfS 

(OCEANOR) and the Norwegian Meteorological 

Institute (DNMI) have produced the oil drift 

statistics used in the assessment model. The 

assessment work has been financed by the 

Ministry of Oil and Energy. However, a major 

part of the basis data on seabirds and marine 

mammals has been collected during field work 

carried out and financed by other institutions, in 

particular HI and NP. 

This report is an assessment of the potential 

impacts on seabirds and marine mammals of 

petroleum activity in parts of the Northern 

Barents Sea. The borders for this area have been 

set to 5°E in the west, 35°E in the east, 73°N in 

the south and 81°N in the north. The basis data 

and some initial assessments used i n  this 

assessment have been presented by Fjeld & 

Bakken (1993) and Isaksen & Bakken (I995a) 

for seabirds, and by Jødestøl & Ugland (1993), 

Jødestøl et al. (1994) and Isaksen & Wiig (1995) 

for marine mammais. The methods and the 

scherne for the assessment largely follow those 

outlined by Anker-Nilssen (1987) for assess

ments of the impacts of petroleum activity on 

seabirds. The same methods were used in the 

seabird part of the impact assessment of 

petroleum activity in the southern Barents Sea 

(Anker-Nilssen et al. 1988), as well as in later 

assessments for other areas on the Norwegian 

shelf (e.g. Lorentsen et al. 1993, Strann et al. 
1993). 

Only the effects of acute oil spilIs from the 

exploration area are assessed here. Petroleum 

activity in the area entails increased ship traffic 
outside this area and consequently increased risk 
of oil pollution also in more southern areas along 

the Norwegian coast. Of special concern here are 
accidents involving tankers carrying large 

quantities of oil to refineries on the mainland. 
The magnitude and the potential for harmful 

effects of such accidents was clearly demon

strated by the Exxon Valdez accident in Alaska in 

1989 (see Piatt et al. 1990; Anker-Nilssen 1991; 

Loughlin 1994a). In addition to acute oil spills, 

petroleum activity and increased ship traffic will 

contribute to a more chronic oil pollution with 

the occurrence of small and frequent spills and 

operational discharges. The impact of low-Ievel 
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chronic oil pollution on seabirds and marine 

mammals is largely unknown, but may have 

important effects in the long run. Drilling opera
tions result in the spreading of drill cuttings and 

discharge of large quantities of chemicals that are 
used in severai stages of the drilling operation. At 
least the long-term effects of the se chemicals on 
seabirds and marine mammals are largely un
known. Potential effects of drill cuttings and 
chemicals are not assessed here. 

1.2 	 PHYSICAL AND BIOLOGICAL 

CHARACTERISTICS OF THE 

NORTHERN BARENTS SEA 

The northern part of the Barents Sea, as defined 
in this assessment, is relatively shallow with 
large areas less than 300 m deep (see Fig. 1). In 

the west there is a sharp shelf break towards the 
deeper Greenland Sea. There are severai deeper 
trenches in the Barents Sea, Bjørnøyrenna, which 

reaches a maximum depth of 500 m, being the 

most important. Warm water is transported from 

the south up along the western coast of 

Spitsbergen and into Bjørnøyrenna and Storfjord
renna by Atlantic currents. Here these water 
masses meet cold water transported towards the 
south and west with Arctic currents. The contact 
zone between the two water masses is terrned the 
'Polar Front' and is characterised by high 
biological productivity during parts of the year. 

Drift ice covers large areas of the northern 
Barents Sea. Biological productivity is particu

larly high along the melting ice edge in spring 

and early summer. There is large variation in the 
extent of the drift ice both within and between 
years, and this has important implications for the 
distribution of primary production as well as of 
seabirds and marine mamma)s. Further details on 
the physical and biological characteristics of the 
Barents Sea are given by Vinje (1985), Loeng 
(1991), Sakshaug et aL. (1994a, b) and references 
therein. 

Fig. 1. Map showing the area covered by this assessment. The maximum extension of the drift ice in July is indicated by the 

hatched line. A rough, simplified sketch of the sea depth in the area is given in the depth categories 0-100 m (white), 100-

200 m (light shading), 200-500 m (medium shading) and> 500 m (darker shadings). The three alternative drilling positions 

(see section 1.10) are indicated by solid black circles. 
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1.3 	 THE V ALUE OF SEABIRDS AND 

MARINE MAMMALS 

The conservation of biological diversity has been 

receiving increasing public and governmental 

attention and concern, especially since 1992 

when the Convention on Biological Diversity was 

established (see Miljøverndep. 1993). A central 

art of the 'new' thinking on biological diversity 

IS that each species represents a unique value in

dependent of human economy, and that viable 

populations of all species should be preserved. 

International conventions oblige Norway to 

pre serve severai species of seabirds and marine 

mammais, and also some of the key habitats of 

these species. The most important conventions in 

this context are the Convention on the Conser

vation of Migratory Speeies of Wild Animals (the 

Bonn Convention), the Convention on Wetlands 

of InternationalImportance Especially as Water

fowl Habitat (the Ramsar Convention), the Con

vention on the Conservation of European Wildlife 

and Natural Habitats (the Bern Convention), and 

the Agreement on the Conservation of Polar 

Bears. 

Together with humans, seabirds and marine 

mammals are top predators in the food chains of 

the Barents Sea. As such they are important indi

cators of the state of the Barents Sea environ

ment. The reproductive success of the different 

speeies in the area to a large degree reflects the 

availability of their preferred food organisms. 

The stocks of some of these organisms, espe

cially fishes, are heavily affected by human ex

ploitation; reduced reproductive success of sea
birds and marine mammals may be a warning 

. 
SIgnal that the prey stocks are being depleted. In 

the same way, seabirds and marine mammals are 

important indicators of the levels of radioactivity 

and toxic contaminants in their environment' 
levels that may turn out to be harmful also fo; 
humans if active measures are not Laken. 

Seabirds transport large amounts of nutrients 
(mainly as excrements) from the sea to the areas 
around their breeding colonies. They are there
fore important links between the highly product
ive marine ecosystem and the relatively low 

productive terrestrial ecosystem in the Barents 

Sea area. The fertilised areas are among the most 

luxuriantly vegetated on Svalbard and are im

portant grazing areas for the Svalbard reindeer 

Rangifer tarandus platyrhynchus, an endemic 

subspecies. 

Human exploitation of seabirds and marine 

ma mals in the Barents Sea today is largely 

restncted to catching of Harp Seals (in the south

eastern parts) and Minke Whales. The economic 

value of this catching is relatively small, but it 

comprises an important complementary occu

pation in some coastal settlements in Norway. 

Tourism in Svalbard has increased rapidly 
.durmg the last decade, becoming one of the most 

promising alternative industries to coal mining. 
. 

Svalbard IS especially attractive and exotic to 

tourists because of its pristine nature and rich 
wildlife. The same qualities are highly valued by 

many people having no experience of Svalbard 

other than from television programrnes and 

magazine articles. Viable populations of the 

naturally occurring seabird and marine mammal 

specles are very important parts in the picture of 

an intact ecosystem largely unaffected by human 

activity. The ambition of the Norwegian 

authorities to make the Svalbard area one of the 

best managed wilderness areas in the world 
(Miljøverndep. 1995) is also relevant in this 

respect. 

Protection of seabirds and marine mammals 

has been one of the most important motivations 
for establishing protected areas in Svalbard. For 

instance, Kong Karls Land was protected mainly 

due to the importance of this area as a denning 
area for polar bears, and the bird sanctuaries 

along the western coast of Spitsbergen were 

protected because of their importance for breed

ing geese and eiders. New protected are as are 

being planned today, for instance at Bjørnøya, 
and importance for seabirds and marine 

mammals is still among the most important 

criteria for establishing protected areas (see 

Theisen 1997, Theisen & Brude 1998). 

1.4 	 GENERAL BIOLOGY OF SEABIRDS 

The gro up of birds here termed 'seabirds' 
consists of species from seven different families, 
same of which are not normally considered as 
seabirds proper (divers; fulmars and shearwaters; 
swans, geese and ducks; sandpipers and allies; 
skuas; gulls and terns; and auks; see Appendix l ). 

The reproductive and behavioural biology of 

the se species differ highly. Roughly, geese, 

ducks, sandpipers, skuas, gulls and terns have 

relatively high reproductive potential. They start 

breeding at an age of from ane to three years (up 

to eight years in skuas and gulls) and lay severai 

eggs in a single clutch (Cramp & Simmons 1977, 
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1983). On the other hand, fulmars and auks have 

very low reproductive potential; they start breed

ing from 6 to 12 years and from 2 to more than 

10 years of age respectively, and they lay on ly a 

single egg each year (an exception is the black 

guillemot, which lays two eggs) (Cramp & 

Simmons 1977; Hudson 1985; Harris et al. 

1994). The survi val of adults is normally very 

high; fulmars and auks generally have an annual 
survival of about 90-98% after their first breed

ing season (Dunnet & Ollason 1978; Hudson 

1985; Harris & Wanless 1995). As a result, 

recovery from a major loss of adults in a 

population of these species may be very slow 

(Samuels & Lanfear 1982; Heinemann 1993). 
Most seabirds find all their food at sea and 

spend the major part of their lives offshore. 

However, the time spent flying, diving or 

swimming on the surface of the sea differs highly 

between the species. Fulmars, skuas and gulls 
spend much time flying and, compared to some 

other species, are relatively seldom in direct 

contact with water. In contrast, auks and ducks 

spend much time resting on and diving from the 

sea surface, and spend IiUle time flying. These 

behavioural differences have important conse
quences for the species' vulnerability to oil spilIs, 

the species spending much time on the water 

tending to be those most vulnerable. 

Generally, seabirds spend the non-breeding 

season in are as distant from their breeding sites. 

In addition to being important to seabirds in the 

breeding season, the Barents Sea is also im

portant for seabirds as a wintering area and as a 

area used during migration to and from breeding 

areas (see Isaksen 1995a). Large numbers of 
seabirds breed in the Russian Arctic, especially 
on Zemlja Franca losifa, Novaja Zemlja, the Kola 
peninsula and in the White Sea (Norderhaug et 
al. 1977; Golovkin 1984). A large proportion of 
these birds winter in the Barents Sea or are 
transients here on migration. Immature and non
breeding birds from Russian areas may also 

spend the summer out in the Barents Sea. Oil 

spilIs in the Norwegian part of the Barents Sea 

may therefore influence not only breeding pop u

lations from Svalbard and North Norway but also 

populations breeding in Russia (see BarreU 

1979). 

1.5 SEABIRDS AND OIL 

The effects of oil pollution on seabirds have been 

reviewed by a number of authors (e.g. Holmes & 
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Cronshaw 1977; Folkestad 1983; Clark ] 984; 

Leighton et al. 1985; Piatt et al. 1991; Leighton 

1993; Jenssen 1994; Nisbet 1994). Severe 

mortality in a number of oil-spill incidents has 
shown that seabirds are among the species most 

heavily affected by oil spills. For instance, 

45,000 oiled seabirds (mainly auks and eiders) 

were found along the coast of Skagerrak in 

1980/1981. The actual number of birds which 

died due to the spill was probably severai times 

higher. The oil probably stem med from the flush

ing of oil tanks or discharge of oil-containing 

ballast water from the Greek oil tanker Stylis 

(Anker-Nilssen & Røstad 1982). The grounding 

of the oil tanker Exxon Valdez in Prince William 

Sound, Alaska, in March 1989 resulted in 

spillage of a large quantity of oil in an area with 

high numbers of seabirds. Estimates of the total 

number of seabirds killed by the spill range from 
a minimum of 100,000 to 500,000 individuals, 
mostly auks (Piatt et al. 1990; Fry 1993; Piatt 

1995). 

Seabirds rely on a water resistant plumage for 

thermoregulation. When a seabird comes in 

contact with oil on the water, the oil adheres to 
its feathers and causes a reduction of the water

repellent properties of the plurnage (Jenssen 

1994). Water penetrates into the plurnage and 

replaces the insulating layer of air causing an 

increase in heat loss to the bird. Consequently the 
bird must use more energy on heat production to 

maintain a stable body temperature. The heat loss 

of a heavily oiled bird may exceed the bird' s heat 

production capacity, and as a result the bird may 

freeze to death. Heat loss is greatest while the 

bird is swimming. Oiled seabirds therdore aften 
seek to land to minirnise heat loss. Most species 
must, however, spend quite a lot of time in the 
water to attain food, which in turn increases heat 
loss and energy requirements. Diving species, 
which must find all their food in the sea, are most 
susceptible. Due to the surface-volume ratio, the 
relative heat loss of a small bird will be larger 

than that of a large bird. This results in the small 

and diving [iule auk being more susceptible to 

this direct effect of oiling on thermoregulation 

than a large goose feeding on land (Jenssen 

1994). Oiled birds also become heavier and loose 

buoyancy. This may result in inhibition of 

feeding activities at sea or in drowning. The oil 

contamination of flight feathers may in addition 

impair flight ability (Holmes & Cronshaw 1977; 

Leighton et al. 1985). 



Oiled breeding birds may transfer oil to their 

eggs and young during brooding and warming. 

Small amounts of oil on eggs has been found to 

cause a major reduction in hatchability, especial

ly early in the incubation period (King & Lefever 

1979; Albers 1980; Lewis & Malecki 1984 ; 

Leighton 1993; Oakley & Kuletz 1993). Surviv

ing hatchlings may be malformed (Hoffman & 

Albers 1984). It has been observed that gulls use 

nesting material which is contaminated with oil 

up to severaI years after a spill (Maccarone & 

Brzorad 1994). This may result in transference of 

oil both to the plumage of brooding birds and to 

eggs and young. 

Adult seabirds may ingest oil during preening 
of oiled feathers, by eating oil-contaminated food 

and by drinking oil-contaminated water. In

gestion of oil is generally stressful for birds and 

induces a physiological response (Leighton 

1993). The physiological effects are increased in 

birds stressed simultaneously by other means, 

such as cold weather or food shortage (Holmes & 

Cronshaw 1977). Crude oi1s and their disti lied 

products differ significantly in composition and 

toxicity depending on origin. The generality of 

toxicological effects found during single studies 

is therefore questionable (Leighton 1993). The 

major source of toxicity in oil seems to be poly

cyclic aromatic hydrocarbons (PAHs), which 

may be present in oil in different quantities 

(Miller et al. 1982; Leighton 1993). Oil is de

graded by natural weathering processes (Payne et 

al. 199 1 ), but it is not c1ear how this influences 

the oil' s toxicity to seabirds (see Leighton et al. 

1985; Leighton 1993; Stubblefield et al. 1995a, 

b). 

lnhibition of egg laying, reduced hatchability 

of eggs, reduced growth rates and survival of 

young, reduced immune defence, and anemia are 

among the effects which have been found when 
relatively small, sub-Iethal doses of oil have been 
experimentally fed to adult seabirds (Ainley et al. 

198 1; Rocke et al. 1984; Trivelpiece et al. 1984; 

Fry & Lowenstine 1985; Butler et al. 1988 ; 
Leighton 1993). 

Nestlings may ingest oil when fed contami
nated food and when preening plumage contami

nated by contact with oiled parents or nesting 

materials. Ingestion of oil by young has been 

found to impair growth and osmoregulation and 

may have important effects for the long-term 

survival of the young (Miller et al. 1978; Peakall 

et al. 1980; Leighton et al. 1985; but see also 

Prichard et al. 1997 ). 

In addition to the direct, of ten c1early visible 

effects of oil spilIs, there are severai other more 

indirect or subtle ways through which oil pol

lution may affect seabirds. There is, however, no 

c1ear distinction between these and the more 

direct effects outlined above. 

In a study of wedge-tailed shearwaters 

Puffinus pac ficus, Fry et al. ( 1986) found that 

external application of a min or quantity of 

weathered crude oil on the breast feathers of 

adults one month prior to egg laying resulted in 

reduced breeding success both in the actual and 

the following breeding season (after which the 

study was terminated). Abandonment and reduc
ed incubation attentiveness seemed to be the 

direct causes of the reduced breeding success 

observed in the first year. In the sec ond year, the 

number of birds returning to the colony to breed 

was reduced, and disruption of pair bonds 

between breeding birds may have contributed to 

the low reproductive success (Fry et al. 1986). 

After the Braer accident in January 1993 in 

Shetland, no immediate negative effects on 

breeding success were found on kittiwakes breed

ing nearby. The breeding birds suffered, how
ever, from anemia (probably as a result of in

gestion of oil), and there was a high incidence of 

non-breeding, nest-site change and disruption of 

breeding pairs in the study colony (Walton et al. 

1997 ). 

Delayed breeding and reduced reproductive 

success persisted for at least three years in some 

common guillemot colonies affected by the 

Exxon Valdez spill. This was suggested to be the 

combined result of a high proportion of young, 

inexperienced breeders and the disruption of 

social breeding behaviour in the colonies after a 

major oil-spill related mortality of older, experi

enced breeders (Fry 1993; Nysewander et al. 

1993; but see Wiens 1996). 
Reproducti ve success in seabird coJonies is 

of ten highest when the density of breeding birds 

is high. This, at least partI y, as a result of reduced 
rates of predation on eggs and chicks (Birkhead 
& Harris 1985). Direct mortality and/or sub

lethal effects of oiling may cause the absence 
during breeding season of a significant pro

portion of the birds normally breeding in a 

colony. Besides disrupting pair bonds, this leaves 

the remaining breeding pairs more susceptible to 

predation. Lightly oiled parents may also use 

more time than normal to meet their own require

ments (preening and foraging), leaving eggs and 
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ehieks unattended and suseeptible to predation 
(Eppley 1992). 

Oil spilIs most of ten entail intensive dean-up 
operations, espeeially if the spilled oil reaehes 
land. The inereased aetivity by airerafts, boats 
inshore and person nei on land may have negative 
impaets on birds in the area (sec Hunt 1987; 
Dahlgren & Korschgen 1992). Disturbanee may 
seare away breeding birds, leaving eggs and 
ehieks vulnerable to the eold and to predators 
(Burger 1981; Åhlund & Gotmark 1989); the 
birds' foraging opportunities and energy balanee 
may also be influeneed (Mosbeeh & Glahder 
1991; Burger 1997). Shy speeies such as geese 
are probably the most vulnerable. 

Oil spills may re due c the availability of food 
for seabirds by causing significant direct mortali
ty of the seabirds' food organisms or by altering 
the migrations or behaviour of the food organ
isms (see e.g. Pearson et al. 1984) (sec Hassel et 

al. 1997 for an assessment of the effects of oil 
spilIs on plankton and fish in the northern 
Barents Sea). In addition, hydrocarbons from a 
spill may be accumulated in food organisms or be 
retained in bottom sediments causing more long
term, low-Ievel poisoning of seabirds (e.g. Patten 
1993; but see also Boehm et al. 1996). 

Little is known about whether seabirds avoid 
areas contaminated by oil or not. During a single 
incident involving a small slick, a few guillemots 
were seen diving and gulls were seen rising and 
nying away when the y swam into the oil. The 
behaviour of the guillemots, observed to be 
swimming in apparently random directions under 
water, may act to enhance oiling as the y may 
encounter a dense layer of oil when surfaeing to 
breathe (Bourne 1968). There are also reports of 
long-tailcd ducks landing in patchcs of oil on the 
water, where the sea is less heavy (Bourne 1968). 
Mallards Anas platyrhynchos held in pens with 
oil-covered water hesitated longer before enter
ing the water than mallards in pens with dean 
water, indicating that birds try to avoid entering 
oiled watcr if they have access to dean water 
(Custer & Albers 1980). Results from experi
mental oil spills at sea suggest that ful mars delib
erately avoided settling on a polluted sea surface 
(Lorentsen & Anker-Nilssen 1993; Lorentsen 
1995). These experiments were, however, con
ducted during good weather and light conditions 
and it is unknown if the ful mars (or other 
species) would behave similarly under poorer 
conditions (Lorentsen & Anker-Nilssen 1993; 
Lorentsen 1995) . 

There is no consistent relationship between 
the vol urne of an oil spill and the impact on 
seabirds. The density and species of seabirds in 
the affected area, stage in breeding cyde, 
distance to shore, weather conditions and other 
factors are more important than spill volurne 
alone (Clark 1984; Burger 1993). For instanee, 
two or three small spills covering a few hundred 
or thousand square metres in total killed an 
estimated number of 10 ,000-20,000 seabirds 
(mostly Briinnich' s guillemots) off the coast of 
Finnmark, North Norway, in March 1979 (Barrett 
1979). Breeding aggregations of auks at colonies, 
swimming migration out from breeding colonies 
of young guillemots accompanied by one of the 
parents, and large moulting concentrations of 
eiders are examples of settings where oil spilIs 
would have large impacts. 

There has been some debate on how 
important mortality from oil pollution is for long
term dynamics of seabird popu1ations (e.g. 

Dunnet 1982; Clark 1984; Leighton et al. 1985; 
Evans & Nettleship 1985; Piatt et al. 1991). An 
important point is whether mortality from oil 
comes in addition to or may replace natural 
mortality (Hunt 1987; Pi att et al. 1991). This 
depends to some degree on the nature of the 
mechanisms regulating seabird popu1ations. If 
these mechanisms operate in a density dependent 
manner, morta1ity from oil may substitute some 
of the natural mortality (Piatt et al. 1991). The 
knowledge on how seabird populations are 
regulated is relatively limited. Some of the main 
mortality factors other than oil seem, however, at 
least for auks, to be largely density independent. 
Examples of this are mass mortality (wrecks) 
after long periods of unfavourable weather 
(Hudson 1985), food shortage imposed by large 
scale variations in fish stocks which only to a 
small extent is regu1ated by predation from 
seabirds (Vader et al. 1990; Anker-Nilssen & 
Barrett 1991) , and drowning in fishing nets 
(Strann et al. 1991). About 40-60% of the sea
birds kili ed by oil spilIs have been found to 
belong to the breeding part of the popu1ation, 
whereas the majority of birds dying from natural 
causes are juveniles and immatures (Piatt et al. 

1991) . As previously mentioned, the mortality of 
adults has much more important consequences 
for the population of most seabird speeies than 
the mortality of chicks and subadults. Density 
dependent factors seem to be more important in 
determining recruitment rates to populations (see 
Birkhead & Furness 1985). 
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actIvItIes 

In conclusion, oil pollution may have 

important long-term effects on seabird popu

lations. In some cases oil spills seem to have 

driven local breeding populations almost to 

extinction (see Piatt et al. 199 I ). Major oil-spill 

related mortality may be especially detrimental 
for populations that are significantly reduced in 

size or for populations negatively affected by 

other commercial and industrial 
(drowning in fishing nets, food deficiency due to 

human over-harvesting of the seabirds' food 

resources, or long-range transported pollution). 

1.6 	 GENERAL BIOLOGY OF MARINE 

MAMMALS 

In this report representatives from seven different 

families of 'marine mammais' are included: 

walrus, true seaIs, bears, right whales, rorqual 
whales, dolphins, and narwhal and white whale 
(see Appendix 2). Most of the species are 
characterised by a slow reproductive rate. Seals 

are sexually mature when two-seven years old 

and the females may gi ve birth to one young each 

year (Ridgway & Harrison 198 I ). Walruses reach 

sexual maturity when five years old or later. 
Females may give birth to one calf at intervals of 

two years or more (Born et al. 1995). Most 

whales probably start breeding when at least 

five-ten years old and have litter sizes of one 

single calf. Normal calving intervals are between 
one and three years, dependent on species 
(Ridgway & Harrison 1985, 1989). Female polar 

bears reach sexual maturity at an age of about 

four years. They normally have two cubs which 

follow the mother for over two years. Most 

females normally have Iitters with intervals of 

three years (Larsen 1986). 

Pelagic crustaceans and shoaling fish such as 

herring and capelin are the main food of most 
whales and seais. The walrus and the bearded 
seal feed mainly on benthic invertebrates such as 
molluscs and crustaceans, but especially the 
bearded seal may also eat quite a lot of fish. 
Ringed seals are the most important source of 
food for the polar bear, but other species of seals 
are also taken. 

Seasonal migrations and high mobility are a 

prominent feature of the biology of severai 

species. Harp seals spend the summer in the 

northern Barents Sea and migrate south and east 

to the White Sea area in autumn. Here they breed 

and moult in large aggregations and then return 
to the northern parts of the Barents Sea in spring 

and summer. Most minke whales, and probably 

also fin whales, migrate from more southern 

Atlantic waters into the Barents Sea in spring; 

they migrate south again in autumn. 

The sea ice is an important habitat for severai 
species of marine mammais, especially walrus, 

ringed seal, bearded seal, polar bear, bowhead 

whale and white whale. These species occur both 
along the ice edge and in areas with leads within 

the ice. Walruses, ringed sea)s, bearded seals and 
bowhead whales are able to sustain open 

breathing hoies in the ice and may therefore also 

live in areas with continuous ice. The extent of 

the sea ice varies largely both with seasons and 
from year to year, and the distribution of the 

species with high affinity for ice-filled waters 

may vary accordingly. This variation is a main 

environmental feature in the northern Barents Sea 
which makes it difficult to predict the impacts of 

an oil spill. 

1.7 	 MARINE MAMMALS AND OIL 

The available information on the effects of oil on 

marine mammals has been reviewed by 

Engelhardt (1985), Griffiths et al. (1987), Geraci 

& St. Aubin (1990) and Haebier (1994); see also 
Jødestøl & Ugland (1993) and Jødestøl et al. 

(1994). An extensive summary of the effects 

following the Exxon Valdez accident is given in 

Loughlin (1994a). Relatively iiule is known 

about the effects of oil on marine mammals as 

compared to seabirds. This reflects the difficulty 

in studying the se large mammals both in the wild 

and under controlled conditions, and that the 

overall effects of oil for most species Seem to be 

smaIIer than for seabirds. Seals and whales dying 

due to oil poIIution at sea will usually sink, and 

carcasses on beaches are of ten washed off by the 

tide and also sink (Frost et al. 1994a; Dahlheim 
& Matkin 1994). It may therefore be difficult to 
prove oil-related mortality of marine mammals 
even in ca ses where such mortality is real and 
significant. Monitoring of marine mammals is 
seldom good enough to detect anything else than 
large differences between pre- and post-spill 
population leveis. 

No mass mortality of marine mammals has 

been observed after oil-spill accidents. An excep

tion is otters (Baker et al. 1981; Geraci & 

Williams 1990; Garrott et al. 1993). Otters Lutra 

lutra do not occur in the northern Barents Sea, 

but they are found along the coast of North 
Norway, an area which is not included in this 
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assessment. Observations in eonneetion with the 

Exxon Valdez aeeident in Alaska suggest that 
about 300 harbour seals died as a result of the 

spill (Frost et al. I 994a). The Exxon Valdez spill 
may also have caused the death of 14 killer 

whales Orcinus orea which disappeared from a 
pod in the affected area shortly after the spill, 

although no direct evidence for this was found 

(Dahlheim & Matkin 1994). 

1.7.1 Walrus and seals 

While no studies on the effects of oil spills on 

walrus are available, information both from 

experimental work and studies from oil-spill 

situations exists for seais. Most studies are, 

however, from situations with relative ly high 

temperatures and do not resemble arctic condi
tions with ice, as will be met in the northern 

Barents Sea. 

Seals have a thick insulating layer of blubber 

and do not rely on feathers or pelage for 
thermoregulation as do seabirds and some other 
marine mammais. Geraei & Smith (1976) 
exposed ringed seals to oil for one day and did 

not find any subsequent effeet of oiling on deep 

body temperature. They conduded that oiling had 

no effect on the seais' thermoregulation. Griffiths 
et al. (1987) argued, however, that long-term 

exposure to oil can cause skin inflammations and 

increased blood supply to the skin. This will lead 

to increased heat loss and energetie costs for the 
seal. Because Geraci & Smith (1976) only 

exposed the seals to oil for a relatively short 
period, kept the seals in relatively warm water 
and did not measure metabolic rate, Griffiths et 

al. (1987) recommended further study on the 
topie. Pups oiled before they have accumulated a 
thick layer of blubber are probably most 
vulnerable (Geraci & Smith 1976; Engelhardt 
1985). Especially in the cold arctic environments 

this effect may result in impaired physical con
dition for both adults and pups, which in turn will 
influenee survival and reproduetion. 

Fouling, especially with heavy oiIs, may 

interfere with the seais' loeomotion and normal 

activity. Pups have been observed drowning 

because heavy oiling impaired their abiJity to 

swim (Davis & Anderson 1976; St. Aubin 

1990a). The normal funetion and movement of 
eyelids, nostrils and vibrissae may also be re

strai ned by oiling (Engel hardt 1985; St. Aubin 

I 990a). Eyes and mucous membranes are sensi

tive to hydroearbon exposure, especially the 

volatile aromatie eomponents. Eye damage and 

irritation have been observed in oiled seals 
(Geraci & Smith 1976; Lowry et al. 1994; 

Spraker et al. 1994). The visible inflammations 

seerned to be healed quickly when experi
mentally exposed seals were moved to dean 

water after 24 hours of exposure (Geraei & Smith 
1976). Griffiths et al. (1987) were, however, con

cerned about the more permanent damages to the 

seais' eyes, especially after long-term exposure. 
All examined species of seals have been able 

to metabolise and excrete ingested petroleum 
hydrocarbons (Addison et al. 1986; St. Aubin 
1990a). Geraci & Smith (1976) found that seals 
which ingested small quantities of oil (daily 

doses of 5 ml for 5 days) or single doses of up to 

75 ml did not seem to suffer from any serious 

damages. However, oil-dosed pups showed signs 
of being stressed, probably due to pain in the gut 

(see Griffiths et al. 1987). At high doses, the 

seais' ability to detoxify and excrete hydro
carbons may eease to function (Engelhardt et al. 

1977). This was probably the reason for the 
observed accumulation of polycyclic aromatic 
hydrocarbons in blubber and milk in harbour 

seals affected by the Exxon Valdez oil spill (Frost 

et al. 1994b). Accumulation in blubber may 

result in chronic exposure at later dates and high 
exposure during mobilisation of fat stores in 

situations of energetic constraints, such as breed

ing or moulting (St. Aubin 1990a; Frost et al. 

1994b). Hydrocarbons may be transferred from 

female seals to their pups with the milk. Pups 

may also ingest oil when sucking nipples of 
externally oiled mothers (Engelhardt 1985; Frost 

et al. 1994b; Lowry et al. 1994). This may be 

serious because pups have significantly lower 
levels than adults of some of the detoxifying 
enzymes (Addison et al. 1986). 

There are reports that at least grey seals 
(Haliehoerus grypus) and harbour seals can 
swallow oil in fatal quantities. Autopsies on 
stranded dead seals of these speeies have 
revealed oil metabolites and damaged tissue in a 
number of organs. The most serious dam age was 
to the microvilli of the small intestine, but 

damage to the liver, kidney and lungs was also 

indieated (see Griffiths et al. 1987). 

There are eonflieting evidenee as to whether 

or not seals avoid oiled areas (St. Aubin 1 990a). 
During the Exxon Valdez oil spill, harbour seals 

continued to use traditional haul-out sites that 

were heavily oiled and seals were observed 

swimming in oil-covered water (Lowry et al. 

1994). Behavioural ehanges, including deereased 
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flight distance, lethargy, di sorientation and in

creased tendency to haul out, were observed in 
seals in this area. These changes in behaviour 

were probably due to the observed lesions in the 
midbrain of oiled seals caused by inhalation of 

short-chained aromatk hydrocarbons. If severe, 
these neuronal lesions may seriously affect the 
seais' ability to perform crucial activities such as 

thermoregulation, swimming and feeding (Lowry 

et al. 1994; Spraker et al. 1994). The strong 
discomfort, loss of coordination and subsequent 
death of three ringed seals in a laboratory oil
immersion study (Geraci & Smith 1976) may 
probably also be ascribed to inhalation and 

intoxication from lighter hydrocarbon compo
nents, possibly in combination with stress 
(Griffiths et al. 1987; St. Aubin l 990a). 

Although no specific studies exist on walrus 

and oil, much of what has been found for seals 
probably also applies for walrus. Due to their 

thick insulating skin, thick layer of blubber and 
large body size, they are probably less prone to 
the possible effects of external oiling on thermo

regulation (Griffiths et al. 1987). As harbour 
seals did during the Exxon Valdez oil spill, 
walruses would probably continue to use their 
traditional hau l-out sites il' these were contami
nated by oil. The walruses using the haul-out 
sites would then be exposed to oil for a long 
period of time. The deleterious effects of inhaling 

aromatk hydrocarbons then become of special 

concem, although most of these components may 
evaporate relatively quickly. 

A major oil spill may cause reduced availa

bility or contamination of the food organisms of 
the marine mammais. Walruses and bearded seals 
may be especially susceptible because their staple 
food comprises benthic invertebrates whkh are 

known to be vulnerable to oil pollution and to 

accumulate hydrocarbons in their tissue (Neff 
1990; Bom et al. 1995). 

In an oil-spill situation, both walruses and 
harbour seals are prone to disturbance during 
clean-up activities at their traditional haul-out 
sites. Walruses may be especially vulnerable. 
Aeroplanes flying over walrus haul-out sites have 
been reported to cause panic among the walruses 
and up to hundred individuals being killed in the 
resulting stampede (Bom et al. 1995). Seals and 
walruses may also be vulnerable to other sources 

of disturbance as a result of clean-up operations 
or increased activity during normal petroleum
related operations (see Bom et al. 1995; 

Richardson et al. 1995). 

In summary, the most serious effects of olling 

on seals seem to be neuronal damage due to in
halation of aromatic hydrocarbons and irritation 

and damage to eyes. The occurrence of inflam

mations and lesions in skin resulting from oiling, 
and the importance of this for thermoregulation, 
is unresolved, but it is potentially important 
particularly for seals living in cold arctic waters. 
The effects of long-term exposure to oil are 

largely unknown. Animals stressed by other 
means, such as parasites or food shortage, will 
probably be more prone to negative effects from 
oiling than unstressed animals. 

1.7.2 Polar bear 

There are no reports of incidents of conflict 
between oil spills and polar bears. The existing 
information on the effects of oil spills on polar 
bears are from an experimental study of captive 
bears (0ritsland et al. 1981; Hurst & 0ritsland 
1982). Three bears swam in oil-covered water for 
15, 30 and 53 minutes respectively. The animals 

absorbed great quantities of oil in their pelts and 

gradually ingested a lot of oil while trying to bck 
themselves clean. The oil accumulated in the pelt 

resulted in reduced insulation, skin irritation and 
a severe loss of hair. The ingestion of oil resulted 
in vomiting, dehydration, lowered blood volume, 

inflammation of the digestive system, and kidney 
and brain damage. Two of the animals died, the 

third would under natura] conditions also have 

died. Based on this experiment, Griffiths et al. 

(1987) conclude that even a single, brief oiling 
will, under natural conditions, kili a great number 
of the affected polar bears. Because of their 
reliance on insulating fur for thermoregulation 
and their grooming of oiled fur, the polar bears 
are probably more likely to die if oiled than any 
of the other marine mammal species treated here. 

Polar bears live in close contact with the sea. 
They tend to stay on the ice edge, along leads or 
in drift ice; they of ten enter the water and migrate 
over vast areas. It is not known whether or not 
polar bears will actively avoid getting in contact 
with oil under naturai conditions (St. Aubin 
1990b; Stirling 1990). In the event of an oil spill 
which affects ice-filled waters, it is accordingly 
possible that a relatively great number of polar 
bears may be fouled by oil. Polar bears may also 

be oiled and ingest oil when preying or scaveng
ing on oiled seals and seabirds (St. Aubin 1990b; 
Stirling 1990). 

Polar bears may be affected by disturbance 
from increased, oil-related human activity, espe
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cially during intense clean-up operations after an 
accidental oil spill. Denning females that are 
pregnant or have small cubs are probably most 
vulnerable (cf. S wenson et al. 1997), but it is 
unclear to what degree fem ale polar bears in dens 
are vulnerable to disturbances (Blix & Lentfer 
1992; Amstrup 1993; Linnell et al. 1996). 

1.7.3 Cetaceans 
There is relatively little information on the 

effects of oil on whales and dolphins (cetaceans), 

and oil has not been confirmed to cause mortality 
in cetaceans. There are severai reports of dead 

cetaceans in areas affected by oil spilIs, but these 
animals seem in most cases to have died from 

natural causes (Geraci 1990). The Exxon Valdez 

accident may have been responsible for the death 
of 14 kilIer whales, but no firm conclusion could 
be drawn (Dahlheim & Matkin 1994; Matkin et 

al. 1994). 

Experiments with bottlenose dolphins 
Tursiops truncatus showed that at least this 
species is able to detect oil on the water surface 
and avoid surfacing in oiled areas in the 
experimental setting. It has also been reported 
that grey whales Eschrichtius robustus seerned to 
spend less time at the surface and blow less 

frequently in oiled areas than in unoiled areas 
(see Geraci 1990). Cetaceans have, however, on a 
num ber of occasions been observed surfacing, 
feeding, and seemingly behaving normal in oil
covered areas (Harvey & Dahlheim 1994; 

Loughlin 1994b; Matkin et al. 1994; Lorentsen 
1995; see also Griffiths et al. 1987; Geraci 1990). 

Harvey & Dahlheim (1994) did not find any 

differences in swimming speed in Dall's porpoise 
Phocoenoides dalli between areas with different 
amounts of oil on the surface. 

Cetaceans rely on a thick layer of blubber for 
thermoregulation, and their skin has been shown 
to be fairly resistant to hydrocarbon exposure 
(Geraci 1990). Thermoregulatory effects of oiling 
on cetaceans is, therefore, unlikely to occur. 

Hydrocarbons may be ingested during feed
ing activities and have been found to accumulate 
in cetaceans, especially in the blubber. Cetaceans 

do, however, seem to be able to metabolise 
hydrocarbons, and it has been questioned whether 
they may ingest large enough quantities to pro
duce acute, fatal effects (Geraci 1990). 

Oil fouling of baleen plates may reduce filter

ing efficiency and thereby interfere with feeding 

in baleen whales. Experiments have shown that 
baleen plates fou1ed by oil have decreased filtra
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tion efficiency, but that they seem to be quickly 

rinsed in clean water. The results suggest that 
fouling with heavy oil may interfere with feeding 
efficiency for at least severai days; repeated con
tamination will extend the effect (Geraci 1990). 

Bowhead whales may be especially vulnerable to 
this kind of fouling as they of ten skim feed in 
surface waters (Lowry 1993). 

Inhalation of hydrocarbons, especially vola

ti le aromatic components in the early phases of 
an oil spill, is an important potential threat also 
for cetaceans, but there is no data on such effects 
in this group (Geraci 1990). Brain damage in 

harbour seals affected by the Exxon Valdez oil 
spill was probably caused by inhalation of toxic 

hydrocarbons. These damages probably explain 
behavioural changes observed in seals after the 
spill (Spraker et al. 1994). From the Exxon 

Valdez oil-spill area, Harvey & Dahlheim (1994) 

reported observations of an oiled, apparently 
stressed, Dall's porpoise that was approached 
within 20 m before it dived. Furthermore, a gro up 

of grey whales in an oiled area were seen 
swimming continually on the surface for 10 min

utes and appeared lethargic (furnes from the oil 
could here be detected by the observer in the 
aeroplane at 100-200 m elevation). Although 

possibly normal, the behaviour of these animals 

may indicate damage similar to that found in 
harbour seais. 

Of the species considered here, cetaceans 
probably are those least vulnerable to oil po)
lution. 

1.8 OIL SPILLS AT SEA 

1.8.1 Sources of oil pollution 
Accidental oil spilIs in the marine environment 
occur from offshore produetion installations, 
from vessels and from land-based activity. 
Globally only a small proportion of the total spill 
volurne (about 2%) is due to offshore production 
(Clark 1989). However, in Norwegian waters the 
offshore activity is high and a large proportion of 

the total spill volurne stems from this source (30-

70% annually) (Moe et al. 1993; SFT 1995). The 
spill situation from offshore activity is charac
terised by many small and a few larger spills. The 
largest spilIs are normally those of greatest 
concern. However, small spills contribute to the 
more chronic oil pollution at sea, which may be 

even more important than the larger accidental 
spills in terms of long-term population effects, at 
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least for seabirds. There is no consistent relation
ship between spill volurne and the resulting 
seabird mortality for spilIs above some lower 
levet Density and distribution of seabirds in the 
area, weather conditions and distance to the shore 
have greater bearing on the resulting mortality 
than spill vol urne alone (Burger 1993). 

There have be en some attempts to estimate 
the probability of uncontrolled blow-outs of oil 
from offshore activity. In connection with the 
opening of the southern Barents Sea for explora
tory drilling, the probability of a blow-out in
volving severai thousand tons of oil was 
estimated at l per 1,800 wells (OED 1989). 
There is great uncertainty connected with this 
estimate. The historical data that the estimate is 
based on are from the Gulf of Mexico where the 
environmental conditions are quite different from 
those on the Norwegian shelf. It is not known 
how the harsh environmental conditions in arctic 
areas such as the Barents Sea influence on the 
probability of an uncontrolled blow-out. Not 
inc1uded in this estimate are the far more 
frequent smaller spills from offshore installa
tions. The present statistics on the probability of 
oil spilIs are insufficient for use in environmental 
impact assessments, and a more qualitative 
approach should be taken when assessing the 
effects of oil spilIs. 

The traffic of ships in the northern Barents 
Sea is relatively low compared to more southern 
Norwegian areas. It is associated mainly with 
fisheries, transportation of cargo to and from 
Svalbard and tourism. Petroleum activity in the 
area will necessarily entail an increase in ship 
traffic, and consequently also an increase in the 
risk of oil pollution from this source. The conse
quences of increased shipping activity in the area 
are not analysed specifically in this assessment. 

1.8.2 Oil spills in arctic ice-filled waters 
The northern Barents Sea is a high-arctic area 
where drifting sea ice may be found at all times 
of the year. Previous areas within Norwegian 
sovereignty that have been assessed with respect 
to petroleum activity and its effect on wildlife 
have be en more southern, tempe rate areas. One 
exception is the southern Barents Sea where sea 
ice may be found more irregularly (see Anker
Nilssen et al. 1988; Børresen et al. 1988). Sea ice 
and the harsh environmental conditions in the 
northern Barents Sea pose new challenges in 
safeguarding petroleum activity and also modify 

the processes by which wildlife is threatened by 
oil spills. Only the second issue is treated here. 

Oil spilled in the northern Barents Sea has a 
high probability of contacting sea ice (see 
Skognes et al. 1995). The properties and fate of 
oil in ice-filled waters have been described in 
varying depth by severaI authors (e.g. Clark & 
MacLeod 1977; Clark & Finley 1982; Mackay 
1985; Payne et al. 1991; Sakshaug et al. I 994a). 
On ly a few points of major interest in relation to 
seabirds and marine mammals are briefly 
reviewed here. 

Wind and currents may herd oil up against 
the ice edge, and the slick may attain greater 
thickness here than at the open sea (Ayers et al. 
1974; Mackay 1985). The drift ice will partly 
function as a barrier for the oil, but some oil will 
float into leads in the ice where it will concen
trate. The oil may also coat the lower surface of 
the ice. Under-ice spills will coat the underside of 
the ice drifting by and may thus contaminate 
large areas of ice (Mackay 1985). Due to the 
movement of the ice, with leads opening and 
closing, the oil may penetrate quite a distance 
into the ice, especially in open drift ice. Oil may 
be encapsulated in freezing ice, mo ved with the 
ice and be released after months in areas far from 
the first place of contact (Clark & Finley 1982). 
Oil encapsulated in ice may also migrate up brine 
channels and appear in meltwater pools on the 
top of the ice (Payne et al. 1991). 

The low temperatures and entrapment of oil 
in ice will retard the volatilisation of hydro
carbons and prolong the acute toxicity of spilled 
oil. Also other degrading proeesses will be 
slowed, resulting in the oil being kept 'fresh' and 
fluid for a longer time (Mackay 1985; Payne et 
al. 1991; Engelhardt 1994). Combined with the 
movement of oil with ice described above, tbis 
may lead to oil spilIs in arctic conditions and the 
effects on wildlife persisting longer and be ing 
spread over larger areas (by ice) than would be 
the case in temperate areas. For instance, both the 
oil's potential for interfering with plurnage of 
seabirds and fur of polar bears, and the toxic 
effects of inhalation of volatilc hydrocarbons, 
will be prolonged. 

Concentration of oil in the ice-edge zone and 
in leads in the ice conflicts with the importance 

of these areas for many speeies of seabirds and 
marine mammais; both oil and wildlife are 
concentrated in areas of open water dose to the 
ice (Neff 1990). In the northern Barcnts Sea, the 
ivory gull, Brtinnich' s guillemot, black guillemot, 



little auk, walrus, ringed seal, bearded seal, polar 
bear, bowhead whale and white whale are the 
species most closely associated with areas with 
sea ice (see Isaksen & Wiig 1995; Mehlum & 

Isaksen 1995). Their affinity for these areas, 
where both floating oil and petroleum vapours 
may be found in high concentrations, makes them 
susceptible to detrimental effects from external 
fouling (thermoregulatory and mechanicaI 
effects), inhalation of toxic compounds and 
ingestion of hydrocarbons. 

The very low temperatures of both air and 
water in the northern Barents Sea make the extra 
demands on heat production posed by oiling very 
hard to meet; this is valid for all seabirds, polar 
bears and, possibly, heavily oiled seals (Griffiths 
et al. 1987; Jenssen 1994). Birds and mammals 
swimming in leads may be exposed to higher 
concentrations of toxic gas es than at apen sea due 
to the shielding effects of the icc floes which 
reduce the exchange of air dose to the water 
surface. On the other hand, it is possible that very 
low temperatures may reduce evaporation so 
much as to pre vent petroleum gases from reach
ing acute toxic concentrations. Especially if 

.released under the ice, the oil may concentrate III 
breathing hoies. The mammals using these (par
ticularly ringed seais) will be contaminated each 
time they come up to breathe and when re
entering the water (Engelhardt 1985, 1994). The 
bowhead whale, being a skim-feeder of surface 
waters in leads and along the ice edge, may 
ingest considerable quantities of oil and may al o 
entrap thick-f1oating oil in its baleen plates III 
sufficient quantities to reduce feeding efficiency. 

In the northern Barents Sea response 
activities after an oil spill will, dependent to a 
varying degree on season, be hampered by cal?, 
darkness, fog, icc and distance from IOgIShc 
support. It will be more difficult to survey the 
spill area both from boat and aeropla e, and t e 
capabilities of remote-sensing techmques wIlI 
also be reduced. Oil entrapped in and under ICC 
will be difficult to follow and nearly impossible 
to recover with present recovery systems. The 
effectiveness of dispersants and bioremediation 
will also be reduced due to the low temperatures 
and lack of nutrients (Mackay 1985; Engelhardt 
1994; Siron et al. 1995). 

1.9 PLANNED PETROLEUM ACTIVITY 

As of January 1998 there are no concrete plans 
for petroleum activity in the northern Barents 
Sea. The present Norwegian Government has 
stated that petroleum activity is not to be started 
in environmentally sensitive areas, which pre
sumablv includes the northern Barents Sea. 

Th  AKUP-financed projects in the northern 
Barents Sea started in 1991. At that time the aim 
was to produce an environmental impact assess
ment (EIA) of the opening of the northern 
Barents Sea for exploratory drilling. As it became 
clear that the political motivation for opening the 
area was low, the Ministry of Industry and 
Energy (now the Ministry of Oil and Energy) 
decided that no EIA was to be made at this stage. 
The AKUP-financed projects should rather be 
concluded by summarising the present know
ledge and presenting (a preliminary) analysis of 
the potential effects of petroleum activity in the 
area. The work completed at this stage will form 
the basis for a possible future EIA. 

1.10 AREA OF ANAL YSIS 

In the final stage of the projects, the Ministry 
decided that the analysis should be made for the 
area between SOE, 3soE, 73°N and 81°N (see Fig. 
I ). Three alternative drilling positions were 
defined for the analysis: two on Spitsbergen
banken between Bjørnøya and the rest of the 
Svalbard archipelago (7soS0'N l 7°00'E and 
7SOS0'N 2S000'E) and one on Sentralbanken 
further east (7solO'N 32°30'E) (see Fig. 1). The 
scenario used is a spill of 200 tons of oil per hour 
lasting 10 days. The drift of the oil has been 
modelled for the following 30 days (or until the 

. oil reached land) for 600 spills from each spill 

point (Johansen et al. ] 997). The actual area of 

risk (defined as the area with S% or high r 

probability of being reached by oil in the spIll 


. .scenario used) stretches outsIde thiS area, 
especially towards east and west. The shortest 
period for drift to land (incIuding Bjørnøya an d 

.Hopen) registered in the model in summer IS 
approximately 3, 3 and 12 days from the we tern, 
middle and eastern spill points, respectlvely 
(Johansen et al. 1997) . 
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2. MATERIAL AND METHODS 

2.1 	 DATA ON SEABIRDS AND MARINE 

MAMMALS 

The basis in this assessment is distributional data 

on seabirds and marine mammals collected 

mainly during the last lO-IS years. These data 

have earlier been presented by Isaksen & Bakken 

( l995a) and Isaksen & Wiig ( 1995) (see also 

Jødestøl & Ugland 1993 and Jødestøl et al. 
1994). No specific exploration area (or area of 

risk) was given at the time of print of these 

reports. The borders of the presented maps were 

therefore somewhat different from those used in 

this analysis. Only a brief description of the data 

is given here together with an evaluation of the 

data. 

2.1.1 Seabirds 

The data on the distribution, size and develop

ment of the breeding seabird populations in 

Svalbard (see Isaksen & Bakken 1995b) are from 

the database at NP on seabird eolonies in the 

Barents Sea. This database currently holds infor
mation about more than 500 colonies in Svalbard 

and includes probably all major seabird colonies 

in the area. Recent counts or estimates of the 

number of breeding pairs are not available for 

many colonies. This is especially true for speeies 

which are difficult to surve y , such as fulmar, 

black guillemot and little auk (see, however, sup

plementary work on little auks in Isaksen 1995b 

and Isaksen & Bakken 1995c). The database is 

far from complete for species with a more 

dispersed breeding pattern, such as glaucous gull 

and black guillemot. However, the present data 

are relatively good for most typical colonial 

breeding speeies (notably barnaeIe goose, 
common eider, kittiwake, com mon guillemot and 
Brtinnich' s guillemot). These are also among the 

most vulnerable and important species with 

respect to oil spilIs. The population size of brent 

geese in Svalbard is not well known. They breed 

in re mote areas and are very shy and vulnerable 

to disturbance in the breeding season, which 

make them difficult to census. Large parts of the 

known breeding population are concentrated in 

one relatively small area. The relative distri

bution in the area of risk, which is most impor

tant in this assessment, is therefore known. 

Moulting common and king eiders have been 

counted by NP during helicopter censuses cover

ing large parts of the coast of Svalbard (Isaksen 

& Bakken 1995d). The data on king eiders are 

also supplemented with observations from other 

sources. parts of the coastline have only 

been censused once. The main concentrations, 

which are located in shallow coastal areas, are, 

however, probably relatively stable from year to 

year. Geese generally moult while raising their 

young in areas relatively close to the breeding 

colonies. The locality and size of these colonies 

are mainly weU known (see above). 

The distribution of seabirds at sea has been 

mapped by the Norwegian Institute for Nature 

Research (NINA), NP and Tromsø Museum 

during ship line transects in the Barents Sea 

(Isaksen 1995a). The cruises have covered areas 

both in the open sea and along the ice edge 

(es peci all y in spring) and to a lesser degree areas 

which are ice-covered. The coverage for the area 

differs between seasons. The data for the summer 

season (lune-August) is clearly the best and is 

considered to be fairly good. This is also the most 

important season for the assessment area with 

respect to the effects of oil spills on seabirds. The 

least satisfactory data are from the autumn season 

(September-October). Generally, the data from 

the most eastern areas (east of 300E) are scanty, 

even for the summer period. 

One major problem with this kind of mapping 

is that the distribution of seabirds at sea is not 

statie from year to year (see Fauchald & Erikstad 

1995; Fauchald et al. 1996). The distribution of 

the seabirds is probably strongly influenced by 

the distribution of their prey organisms (see e.g. 

Erikstad et al. 1990). The populations of the se 

organisms, e.g. the capelin Mallotus villo. us, 
may show large variations both in stock size and 
distribution between years (Røttingen 1990). 

Another important determinant for the 

distribution of seabirds in the Barents Sea is the 

extent of the sea ice. This varies considerably, 

not only during the year, but also from year to 

year (Vinje 1985; Skognes et al. 1995). Very 

high numbers of seabirds may be found along the 

ice edge, especially in spring (Mehlum & Isaksen 

1995). Some speeies show high affinity for ice

filled waters in offshore areas (mainly ivory gull, 

black guillemot, Briinnich's guillemot and, to a 

lesser degree, liule auk), whereas others do not 

(e.g. fulmar and com mon guillemot). Areas with 

c10sed ice attraet few seabirds, but high numbers, 
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mainly Brunnich's guillemots, may be found in 
leads and polynyas in large distances from the ice 
edge. 

Because of the variation in sea-ice conditions 
and prey distribution in the Barents Sea, the 
distribution of seabirds found in one year may 
not necessarily be valid for other years. This is 

clearly a major problem in the present effort to 
assess the potential effects of oil spilIs on 
seabirds in this area. 

2.1.2 Marine mammals 

The population status of the marine mammal 
speeies in the northern Barents Sea has been dealt 
with by Jødestøl & Ugland (1993), Jødestøl et al. 

(1994), and Lydersen & Wiig (1995). Most 
speeies of marine mammals live solitarily or in 
small groups dispersed over large sea areas for 
most of the year. They are highly mobile and 
severai speeies have regular migrations within 
the Barents Sea or to other areas. Severai aspects 
of their biology (including diving and dispersed 
living) make them difficult to census, and the 
knowledge on the population size, trends and 
quantitative distribution is relatively poor for 
some speeies (e.g. bearded sea!, ringed sea! and 
white whale). The knowledge of other species is 
far better due to specific studies using satellite 
telemetry, he\icopter censuses or extensive ship 
surveys (walrus, polar bear and minke whale). 

The present knowledge on the geographical 
distribution at different times of the year is 
presented by Wiig & Isaksen (1995) and Øien & 

Hartvedt (1995). The knowledge is poor for 
many species, especially regarding seasons other 

than the summer. For some species and seasans, 
the authors have judged the knowledge to be toa 
poor to allow for any distribution maps to be 
made. The distributional data used in this assess
ment for seabirds are real observational data. 
This was judged not to be a feasible approach for 
marine mammaIs, mainly because of a low 
number of observations. The distribution maps 
for this group are therefore expert assessments 
based on resuIts from systematie sighting surveys 
and/or incidental observations, not maps of un
modified observational data. 

Many species live more or less exclusively in 
ice-filled waters (ringed seal, bearded seal, polar 
bear, and to some extent also walrus and white 
whale), while other species seem to prefer open 
waters (most other speeies of whales except bow
head whales). As noted for seabirds, the extent of 
the sea ice and the distribution of prey varies 
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largely and the distribution of the marine 
mammals may vary accordingly. Combined with 
the poor knowledge on the relative distribution, 
this results in the production of very broad, 
tentative distribution maps for severai species. As 
for seabirds, this dearly influences on the 
precision of the assessment. 

2.2 VEC·ANAL YSIS 

The Valued Ecosystem Component (VEC) 
analysis is a method to identify ( I )  key or 
especially valued components in the ecosystem 
(e.g. species, speeies groups, specific habitats, 
ecological proeesses), (2) which part of a planned 
activity that may affect these VECs, and (3) how 
the VECs may be affected by the activity. The 
analysis is based on the Adaptive Environmental 
Assessment and Management methods (Holling 
1978), and is [ully explained by Hansson et al. 

(1990) and Thomassen et al. (1995). 
A VEC-analysis should be worked out by a 

broad gro up of experts early in the assessment 
proeess. The results from the analysis should give 
important priorities for further studies that have 
to be done before the assessment can be finished. 
Such an approach has been followed in some of 
the recent seabird assessments for other areas on 
the Norwegian shelf (Lorentsen et al. 1993; 

Strann et al. 1993). No initial VEC-analysis was 
performed for the northern Barents Sea area. 
However, information needs and priorities were 
discussed at a seminar in May 1989. Later, Fjeld 

& Bakken (1993) evaluated the knowledge on 
seabirds in the northern Barents Sea in relation to 

petroleum exploration; they also proposed 
priorities for additional field work. Studies were 
conducted on all topics suggested by Fjeld & 

Bakken (1993) in the field seasons 1993 and 
1994 (see Isaksen 1994 and Isaksen & Bakken 
1995a for results of this work). 

VEC-analysis for test drilling and the pro
duction phase in the northern Barents Sea were 
conducted at two seminars in 1995 (in Trondheim 
in February and in Stavanger in December, 
respectively; see Thomassen et al. 1995, 1996). 
The aim of these seminars, which were held at 
the dosing stage of most of the assessment 
projects, was to determine if there still were 
important gaps in the assessment work that had to 
be filled before a final assessment could be 
accomplished. The need for development of new 
methods for analysing the effects of oil spilIs on 
resources in ice-filled waters was emphasised at 
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the seminar in Trondheim (see Thomassen et al. 

1995). It was also recommended that the map

ping of the main breeding colonies of little auks 

along the western coast of Spitsbergen should be 

completed. This has not been done. Some work 

in northwest Spitsbergen was done by field 

parties organised by the Governor of Svalbard in 

the field season 1995. These data have not been 

analysed and included here. 

2.3 	 CONSERVATION VALUE AND 

VULNERABILITY ASSESSMENT 

An evaluation of the conservation value of the 

seabird populations in the northern Barents Sea 

was conducted by Fjeld & Bakken (1993; see 

Table I). The evaluation was bas ed on a method 

described by Anker-Ni Issen (1987). The breeding 

population in the northern Barents Sea (i.e. 

Svalbard) was compared with the total population 

in Norway (including Svalbard) and in the North 

Atlantic. The lower limit for populations 

national conservation value has been defined 

20%, 10% and 5% of the national population for 

species with good, moderate and low recovery 

ability at the population leve!, respectively. 

Similarly, the lower limits for populations 

international conservation value have 

defined as 10%, 5% and 2.5% of the 

Atlantic population (Anker-Nilssen 1987). 

A similar evaluation of the conservation 

value of marine mammals in the northern Barents 

Sea has been conducted by Jødestøl & Ugland 

(1993), Jødestøl et al. (1994) and Lydersen 

Wiig (1995) (see Table 2). In this evaluation the 

international conservation value was determined 

by companng the population lO the northern 

Barents Sea with the total world population (see 

the original references for more details on 

evaluations). 
The vulnerability of the seabird populations 

in the northern Barents Sea to oil spills has been 

assessed by Fjeld & Bakken (1993) (and 

supplemented by Isaksen & Bakken 1995) 

cording to a method developed by Anker-Nilssen 

(1987). The same method, slightly modified, has 

been used to assess the vulnerability of marine 

mammals in the same area to oil. The work 

marine mammals IS presented lO detail 

Appendix 3 (see also Table 2 for results). 

results from the seabird assessment are presented 

in Appendix 4 (see also Table 1). 

All species of seabirds and marine mammals 

having significant populations lO the northern 

Barents Sea (see Appendix l and 2) have been 

evaluated in the vulnerability assessment, but 

only populations found to be vulnerable to oil 

(defined as populations in vulnerability category 

2 or 3 in spring and summer, and vulnerability 

category 3 in autumn and winter) have been 

included in the impact analysis. 

Table 1. Conservation value and vulnerability to oil of sea

birds in the northern Barents Sea. The populations of the se 

speeies in the area are either of special national conservation 

value (N), international conservation value (I) or none of 

these (-). Vulnerability to oil is ranked on a scale from 

(low vulnerability) to 3 (high vulnerability) in each season 

(Sp = spring, Su = summer, Mo = moulting male eiders. 

Au = autumn and Wi = winter). Seasons in which the actual 

speeies is not present in the area are indicated by '-'. 

Sources: Fjeld & Bakken 1993, Isaksen & Bakken 1995a. 

l 
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Table 2. Conservation vaJuc and vuJncrabiJity to oil of 
marine mammals in the northern Barents Sea, The 
populations or these species in the area are either of special 
national conservation value (1\'), international conservation 
value (I) or none of these (-), Vulnerability to oil is rankcd 
on a scale from 1 (low vulnerability) to 3 (high vulncra
bility), 

Speeies Conservation 

value 

Vulnerability 

to oil
4 

Walrus 3 
Harbour sea1 3 
Ringed seal 

Harp sea I I (Feb.-May) 

2 (lune-lan.) 

Bearded seal 2 (April-luly) 

I (Aug.-March) 

Polar bear 3 
Bowhead whale 2 
Minke whale r2 
Fin whale N3 

Humpback whale 

White-beaked 

e 
N3 

dolphin 

IJødestøl & Ugland 1993 

2}fjdestøl et al, 1994 
3Lydersen & Wiig 1995 
4This volurne (Appendix 3) 

2.4 OIL-DRIFT STATISTICS 

In an oil spill situation at sea the oil will drift 

from the spill site. The direction, speed and 

spreading of the drifting oil depend mainly on the 

weather conditions, weaves and ocean currents. 

The statistical probability of oil reaching differ
ent areas around the spill sile can be obtained by 
modelling a large number of oil spills on a 
computer with random input data from historical 
databases on wind, currents and other parameters 
in the area. For the present exploration area, a 
specific type of oil-drift model called SUKMAP 

has been used to calculate oil-drift statisties 

(J ohansen et al. 1997; see also Skognes et al. 

1995). This model follows a large number of 
spilIs from a given spill position for a period of 

White whale 3 

reaches land). The 
give probabilities for 

grid cells of 25x25 km around the spill site being 
each of four seasons 

July-September 
The scenario for the 

30 days (or until the oil 
statisties from the model 

contaminated by oil in 

(January-March, April-June, 
and October-December). 

oil-drift statisties used in this analysis is a spill of 

200 tons of oil per hour over 10 days. The drift of 
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the oil has been modelled for 600 spilIs from 
each spill point. See Johansen et al. (1997) for a 
more detailed description of the oil-drift statisties 

and Anker-Nilssen (1987) for a discussion of the 

use of such statisties in seabird assessments. 

2.5 IMPACT ASSESSMENT MODEL 

The impact assessment model used here is based 

on methods developed for the seabird part of the 

EIA of opening of the southern Barents Sea for 
exploratory drilling (Anker-Nilssen 1987; Anker
Nilssen el al. 1988). This mod el has later been 

developed further and incorporated into a GIS
based analysis tool called SIMPACT. The 

Norwegian Institute for Nature Research has 

been responsible for developing the model 
(Anker-Nilssen et al. 1992; Anker-Nilssen & 

Kvenild 1993, 1996). The model has been used in 

the seabird part of the EIA of petroleum 

exploration in the Norwegian part of the 

Skagerrak (Lorentsen et al. 1993) and in the 
corresponding EIA for eaastal seals and seabirds 

on the shelf outside Central Norway (Røv 1993; 

Strann et al. 1993). 

The main point in the model is to combine 

data on the distribution of resources vulnerable to 

oil (in our case seabirds and marine mammais) 
and oil-drift statisties from the potential drilling 

area. The analysis is based on a grid with 25x25 

km resolution. The borders of the grid are the 

same as the area of analysis. Each grid cell has 

three values attached to it: 

l' the proportion of the re source (e.g. no. of 

breeding pairs of a seabird speeies) in the 
grid ceU as compared to the whole area 

section 2.1); 

p probability of the grid cell being reached by 

oil (O S p Sl) (see section 2.4); and 
v the vulnerability index for the actual 

resource (O $ v$1) (see section 2.3). 

The product of the three values in each grid 

cell (k = r X p X v; 0$k $ l) is summed for all 

grid cells in the analysis area (K Lk ; 
OS kS 1). The resulting consequence index (K) 

is the main product in the analysis. This analysis 

is made for all speeies and seasons. For simpli

city , the consequence indices are categorised into 
four consequence categories: (O) insignificant, (l) 

small, (2) medium, and (3) large consequences. 

The border values for this categorisation are 

determined by the user after an overall 

evaluation. The same border values are used to 

(Lr l) 



categorise the colouring of the conflict squares 

(grid cells) on the maps. 

Within-year and year-to-year variation in the 

sea-ice coverage is a major problem in the 

analysis. This is especially true for species 
known to be associated with ice-edge areas. A 

separate module (called SIMlcE) in the analysis 

tool has been developed to deal with this problem 

specifically. In a separate ice-edge analysis, 

records (observations) of an ice-edge associated 

speeies is 'moved' to the closest grid cells along 

the median ice edge of the actual season. On ly 

records made in or close to ice-covered areas are 

included in this analysis. An overlap analysis, as 

described above, is then perforrned for the 

modified resource distribution. 

It is important to emphasise that the model is 

used only as a tool to compare and scale the leve! 

of potential impacts between different seasons, 

spill sites and species. The model does not give a 

quantitative result in terms of the number of 

individuals lost or the time needed for population 

recovery. (K represents the proportion of the 

resource lost within the whole area of analysis if 

the vulnerability index is identical to the pro

portion of the re source in a grid ceU lost if the 
cell is reached by oil. This is not the case in this 

analysis). 

The consequence index and the map on ly 

represent a 'mean incidence' and do not show the 

variation between the individual spills that have 

been modelled (i.e. variation in the oil-drift 

statistics). Consequence indices may on ly be 

compared between speeies in the same species 

group (for which the same vulnerability assess

ment model have been used). The consequence 
index for a seabird species in this analyses should 
therefore not be compared to that of a marine 

mammal speeies. 

See Anker-Nilssen et al. (1992) and Anker
Nilssen & Kvenild (1996) for further details on 

the impact assessment mode!. 
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3. RESULTS 

3.1 IMPACTS ON SEABIRDS 

Separate impact analyses have been made for all 

speeies (seasonal populations) found to be 

vulnerable to oil spills (cf. seetion 2.3) exeept 

those for whieh the data on geographieal distri

bution is too weak to allow meaningful analyses 

to be made (see seetion 2.1.1). Analyses have 

been made for the following resource distri

butions: (1) breeding eolonies of all speeies in 

summer, (2) the distribution of moulting eiders 

and the swimming migration of guillemots in late 

summer, (3) the distribution of seabirds in iee

free areas at sea in all four seasons, (4) the 

distribution of seabirds in ice-fllled areas in 

winter and spring, and (5) modified ice-edge 

distributions (see seetion 2.5) of Briinnieh's 

gui Ilemot in winter and Briinnieh' s guillemot and 

httle auk in spring. 

The eonsequenee indiees from the analyses 

are presented in Appendix 5. In the analyses for 

breeding eolonies and moulting populations, the 

effeets were judged to be large if eonsequenee 

indiees were larger than 0.1. In the other analyses 

the corresponding value was judged to be 0.2. 

The borders between the other consequence 

categories were set at 113 and 2/3 of these values 

Table 3. Classification of consequence categories for 

seabirds. The numbers are consequence indices from the 

analysis tool SIMPACT. 

Consequence Breeding and Pop. at sea and in 

categories moulting pop. ice-filled waters 

Large (3) >0.100 >0.200 

Moderate (2) 0.067 -0.100 0.133-0.200 

Small (l) 0.033-0.067 0.067-0.133 

Insignificant (O) <0.033 <0.067 

sea distant from the breeding eolonies, and their 

distribution at sea must also be induded in the 

analysis. There is also a proportion of subadults 

and other non-breeding birds that may stay dose 

to the colonies or dispersed at sea. 

Breeding colonies 
The analysis shows that barnade goose and brent 

goose are the species potentially most heavily 

affected at the breeding colonies. An oil spill 

might have large consequences for these species. 

A spill from the western spill point will have the 
(see Table 3). The reason for the two different largest consequences for the barnade goose 
sets of border values are differences in the (Appendix 7, fig. 1). This is due to the concen
resource data. A large proportion of the breeding 

colonies and the concentrations of moulting 

eiders in Svalbard have been adequately mapped 

and represented in the analyses. The distribution 
of seabirds at sea and in ice-filled waters, on the 
other hand, have been far less well mapped, 
especially in autumn and winter. There are large 

areas that have not been covered during the 

cruises and only small or moderate proportions of 

the birds present in the area are probably 

represented in the analysis. 

3.1.1 Summer 

The breeding birds are connected to the breeding 

colonies in summer. Some species, such as geese 

and (female ) eiders, stay dose to the breeding 

site throughout most of the summer. For these 

species an analysis of how the breeding are as 

may be affected will be representative of how the 

species will be affected. Other species (e.g. 
fulmar, kittiwake and Briinnich's guillemot) 

spend much of their time searching for food at 

trations of colonies in the bird sanctuaries along 

the western coast of Spitsbergen. For the brent 

goose, a spill from the middle spill point will 

have the largest conseguences. This spill point is 
situated close to Tusenøyane, south of Edgeøya, 

which is the main breeding area for brent geese 
in Svalbard (Appendix 7, fig. 2). 

An oil spill may also have large conse

quences for the breeding populations of great 

northern diver, common eider, king eider, great 

black-backed gull, common guillemot, Brlin

nich's guillemot and razorbill. Oil from the 

western and middle spill points may reach 

Bjørnøya which is the only known breeding area 

for great northern diver in the Barents Sea. A 

major proportion of the common eiders in 

Svalbard breeds aJong the western coast of Spits

bergen, making this species especially exposed 

for a spill from the western spill point (Appendix 

7, fig. 3). The great black-backed gull breeds in 

small l1umbers at Bjørnøya and along the western 

coast of Spitsbergen, and it would be most 
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heavily affected by a spill from the western spill 

point. A spill from the western or the middle spill 

point may have large consequences for both 

common and Brilnnich' s guillemots. Oil from 

both these spill points may reach BjørnØya, the 

main breeding area for common guillemots in 

Svalbard (Appendix 7, fig. 4). The large 

Brilnnich' s guillemot colonies at Bjørnøya and 

on the southeastern coast of Spitsbergen are 

especially exposed to spills from the western spill 

point. Spills from the middle spill point may in 
addition reach the colonies at southern Edgeøya 

and Hopen (Appendix 7, fig. 5). 

A spill from the eastern spill point yields the 

smallest consequences for all species in this part 

of the analysis. This result is as expected because 

this point is positioned considerably more distant 

from the breeding colonies than the western and 

middle spill points. The mean consequence index 

(all analysed species included) is 0.004 for spilIs 

from the eastern point, whereas the correspond

ing values for the western and midd le spill points 

are 0.093 and 0.065, respectively. 

Moulting eiders and guillemots 
Male eiders gather in tlocks in shallow areas 

along the coast to moult in late summer. A spill 

from the western spill point may have large 

consequences for both common and king eiders 

moulting along the western coast of Spitsbergen. 

For king eiders, the consequences may be large 

also in a spill from the midd le spill point 

(Appendix 7, fig. 6). The analysis shows in

significant effects on moulting eiders of a spill 

from the eastern spill poine 

Common and Brilnnich's guillemot chicks 
leave the breeding colonies before they are able 
to fly. They are then accompanied by the male 
parent in a swimming migration from the breed

ing colonies to foraging areas at sea. As the 
males moult at this time, both the chicks and the 

parents are unable to tly for a period of about 45-

50 days. A separate analysis using the distri

bution of guillemot parents with chicks (and 

Brilnnich' s guillemot vulnerability index) has 
been made. The resuIts indicate that the conse

quences will be large of a spill from the middle 

spill point (Appendix 7, fig. 7) and small and 

insignificant for the western and eastern spill 

points, respecti vely. The consequences in the 

eastern part of the analysis area may be higher as 

the se areas may be important feeding areas. The 

timing of a spill will be of large significance 

because the birds leave the colonies synchro

nously, most leaving within a week. 

Seabirds at sea 
The analysis of the potential impacts on seabirds 

at sea predicts large consequences for little auk, 

Brilnnich's guillemot and fulmar. The little auk is 

most heavily affected by a spill from the western 

spill point. This is due to concentrations at sea off 

southern Spitsbergen (Appendix 7, fig. 8). The 

Brilnnich's guillemot is most heavily affected by 

a spill from the middle spill point. A spill from 

this point will affect both important foraging 
areas in Stor(jorden and Storfjordrenna as well as 

areas around the main breeding colonies (as 

described above) (Appendix 7, fig. 9). The resuIts 

indicate that a spill from the western and middle 

spill points would have large consequences for 

the fulmar. 

3.1.2 Autumn 
After the breeding season, some species stay in 

coastal waters (geese and eiders) whereas others 

disperse at sea. Many species also begin migrat

ing towards wintering areas in more southern 

areas. 

Seabirds at sea 
The resuIts show that a spill in autumn may have 

large consequences for severai species. The 

largest consequence index in the analysis 

occurred for Briinnich' s guillemot in a spill from 

the eastern spill point (Appendix 7, fig. 10), but a 

spill from the midd le spill point also resuIted in 

large consequences for this species. The reason 

for the high consequence level predicted in the 
analysis is the high concentration of Brilnnich' s 
guillemots that have been found in the Spits

bergenbanken area. These birds are probably 

mostly breeding birds and juveniles from the 
surrounding colonies (see above for a separate 

analysis of the swimming migration from breed

ing colonies in late summer and early autumn). 

Later in autumn and winter the distribution is 

probably more dispersed in the Barents Sea, and 

many of the juveniles migrate to areas off 

south west Greenland. 

Large consequences are also predicted for 

fulmar, glaucous gull, kittiwake, common guille

mot, Iittle auk and puffin. For all species, the 

calculated consequences are larger for spills from 

the eastern and midd le spill points than for a spill 

from the western point. 
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3.1.3 Winler 

Only a few species winter in the northern Barents 

Sea in significant numbers. Most species Jeave 

the area altogether, wintering in more southern 

areas, whereas a varying proportion of other 
speeies winter in the area around Svalbard. 
Severai species occur in significant numbers in 

areas with sea ice, mainly in connection with 

leads in the ice. I vory gull, Brtinnich' s guillemot 
and black guillemot are the most important in 
this respect. The leads may freeze in periods with 

low te mperatures , foreing individuals of species 

requiring open water to fly out to the ice edge. In 
such situations high concentrations of birds may 

occur along the ice edge. 

Seabirds in areas with sea ice 
The basis data are very weak, but a tentative 

analysis has been made for Brtinnich' s guillemot 

in ice-filled areas and for an aggregated distri
bution of this species along a mean ice-edge. The 
results from the analysis for ice-filled waters 
indicate large consequences for a spill from the 
eastern and middle spill points. In the ice-edge 

analysis, large consequences are indicated for a 
spill from the eastern spill point only. 

Seabirds at sea 

The resource data are insufficient for a meaning

ful analysis lo be made for seabirds in ice-free 

areas. The data are mainly from the southeastern 

part of the anaJysis area, and the model only 
predicts effects of a spill from the eastern spill 
point. 

3.1.4 Spring 
Severai seabird species return to their breeding 
colonies in early spring (April). A large pro

portion of the breeding population may be 
present in the colonies for more than a month 
before the eggs are laid. 

There is high biological production along the 
ice edge in spring. This attracts severai seabird 
species, espec ially Brtinnich' s guillemot and 
little auk, which may be found in high concen
trations in ice-edge areas. High aggregations 
along the ice edge may also occur because leads 

in the pack ice dose due to strong winds or low 

temperatures, foreing birds relying on apen water 
to fly out to the ice edge or to open sea. 

Seabirds at sea 

The results from the analysis show that a spill 
from the western spill point may have large 
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consequences for Briinnich's guillemot (Appen

dix 7, fig. I l  ), ]jttle auk and puffin. The modelled 

consequences for these species are small or 

insignificant for a spill from the two eastern spill 

points. A spill from the eastern spill point may 
have medium to large consequences for kittiwake 
(Appendix 7, fig. 12). 

Seabirds in areas with sea ice 

A spill from the middle spill point may have 
large consequences for Briinnich' s and black 

guillemots in ice-filled waters, whereas a spill 

from the western spill point may have large 

consequences for little auk. Consequences pre
dicted by the analysis for other species are 
medium (fulmar and glaucous gull) or small 
(kittiwake and ivory gull). 

When the distributions of Brtinnich's guille

mot and little auk are aggregated along a mean 

ice edge, the predicted consequences are gener
ally increased compared to the analysis for ice
filled areas outlined above. This is especially true 
for spills from the two eastern spill points for 
Brtinnich's guillemot. However, the relative 

differences between the three spill points remain 

the same. 

3.2 IMPACTS ON MARINE MAMMALS 

Impact analyses have been made for all species 

(seasanal populations) found to be vulnerable to 

oil spilIs (cf. section 2.3 and Appendix 3) except 
those for which the data on geographical distri
bution is too weak to allow meaningful analyses 

to be made (bowhead whale and partly walrus). 

Separate analyses have been made for female and 
male polar bears and walruses because the geo
graphical distribution and calculated vulnera

bility to oil spilIs of the males and females differ. 

The consequences for polar bears are expected to 
be most serious if reproductive fernales are 
affected. Concentrations of such females are 
found in and around important denning areas in 
autumn and spring when they enter and emerge 
from their dens. A separate analysis is therefore 
made for conflicts with important denning areas 
in these seasons. 

The consequence indices from the analyses 

are presented in Appendix 6. The effects were 
judged to be large if consequence indices were 

larger than O.l. The borders between the other 

consequence categories were set at 1/3 and 2/3 of 

this value (Tab le 4). 



Table 4. Classification of consequence categories for marine 

mammais. The numbers are consequence indices from the 

analysis tool SIMPACf. 

Consequence categories Consequence index (K). 

Large (3) >0.100 

Moderate (2) 0.067-0.100 

Small (I) 0.033-0.067 

Insignificant (O) <0.033 

3.2.1 Summer 

In summer, polar bears have followed the drift 

ice towards north in the Barents Sea and some are 

also found in coastal are as in Svalbard. The 

resuIts from the analysis indicate that an oil spill 

from the middle spill point may have large conse

quences for both sexes. The consequences for a 

spill from the western and eastern spill points are 

small and medium, respectively. 

The population of harbour seals in Svalbard 

is confined to Prins Karls Forland west of Spits

bergen. In summer these seals moult and then 

spend more time hauled out on land than at other 

times of the year. They may therefore be more 

exposed to soiling by stranded oiL Prins Karls 

Forland is reached by oil from the western spill 

point only, and the predicted consequences for 

harbour seals are large. Harp seals have a wider 

distribution in the analysis area and the conse

quences are medium for spilIs from all three spill 

points (Appendix 8, fig. l). For bearded seais, the 

calculated consequences are small for spills from 

all spill points. 

Knowledge on the distribution of walrus in 

summer is relatively good. The females are found 

in the north east, whereas the males occur in more 

southern and western areas. A large part of the 
walrus males in the Svalbard area may aggregate 

at the haul-out sites at Tusenøyane. As a worst

case scenario, the analysis has been made for a 
walrus distribution where most individuals have 

been aggregated in this area. The resuIts show 

that a spill from the midd le spill point may have 

large consequences (Appendix 8, fig. 2). SpilIs 

from the two other spill points may have in

significant effects. 

White whales may in summer be found both 

along the ice edge and in coastal waters of 

Svalbard. The calculated consequence indices 

show that a spill from the middle spill point may 

have large consequences for white whales 

(Appendix 8, fig. 3), whereas spilIs from the two 

other spill points may have small or small to 

medium consequences. 

In summary, spilIs from the middle spill point 

will have the largest consequences for walrus, 

polar bear and white whale, whereas the conse

quences for harbour seals are largest for spills 

from the western spill point. The calculated 

consequence indices are highest for walrus with 

harbour seal second. 

3.2.2 Autumn 

In autumn, polar bear females congregate in the 

denning areas. The consequences indicated by the 

analysis of effects on these areas are, however, 

relatively small. Spills from the two easternmost 

spill points may have large consequences for 

both female and male polar bears. A spill from 

the western spill point may have medium con se

quences. 

In autumn, some of the harbour seals may 

have migrated south from Prins Karls Forland 

towards Bjørnøya. The calculated consequences 

are large for spills from the two western most 

spill points (Appendix 8, fig. 4), whereas a spill 

from the eastern spill point may have medium 

consequences. 

Harp seals have an eastern distribution in the 

analysis area at this time of the year and a spill 

from the two easternmost spill points may have 

medium consequences. As in summer, walrus 

males are highly exposed to spilIs from the 

middle spill point, and the calculated conse

quences are large. White whales are probably 

found both along the ice edge and in coastal 

waters. The calculated consequences are large for 

the two easternmost spill points for this species 

(Appendix 8, fig. 5). 

In general, the analysis indicates that the 

consequences of an oil spill in autumn are largest 

for the harbour seal and somewhat smaller for 
polar bear, walrus and white whaIe. 

3.2.3 Winter 

The knowledge on the distribution of the vulnera
ble populations in winter is poor. Denning polar 

bear femaIes will not be affected by a spill before 

they leave the dens in spring. Other polar bears 

are mainly distributed along the ice edge and 

close to leads in the interior parts of the ice-filled 

areas. The analysis indicates large consequences 

for a spill from the eastern spill point for both 

sexes (Appendix 8, fig. 6). The modelled conse

quences for the two other spill points are smaUer; 

25 



large to medium for the middle spill point and 

medium to small for the western spill point. 

In winter harbour seals probably have a 

distribution similar to that in autumn. The 

analysis shows that a spill particularly from the 

western spill point, but also a spill from the 

midd le spill point, may have large consequences. 

The calculated effects for a spill from the eastern 

spill point are small for harbour seaIs. 

Little is known about the distribution of 

walruses in winter. They occur in areas covered 

by sea ice, distant from the ice edge, where there 

presurnably must be apen leads. It is assumed 

that walruses occur in areas with open water 

between Tusenøyane, Hopen and Bjørnøya, but it 

has not been possible to quantify this. Therefore, 

no analysis have been made for walruses in 

winter. 

Knowledge of the distribution of white 

whales in winter is also poor. It is assumed that 

they are distributed along the ice edge in the 

Barents Sea. The results from the analysis 

indicate large consequences for a spill from the 

eastern spill point and medium consequences for 

spills from the two western most spill points. 

Again, the anaJysis indicates that the harbour 

seal is the speeies most heavily affected, at least 

by a spill from the western spill point. 

3.2.4 Spring 

Oil spills from the eastern and middle spill points 

may reach Hopen, which is an important denning 

area for polar bears. The calculated consequence 

indices are, however, small. The consequences 

for polar bears of both sexes are large to medium 

for spills from all three spill points, with the 

largest consequences for a spill from the western 

spill point for females (Appendix 8, fig. 7). 

In spring harbour seals are mainly restricted 

to areas c\ose to Prins Karls Forland. The 

calculated consequences for a spill from the 

western spill point are the highest in the entire 

analysis (Appendix 8, fig. 8). The consequences 

indicated for the twa easternmost spill points are 

small and insignificant. 

Due to lack of knowledge on the distribution 

of walrus in spring, the potential effects on this 

species have not been analysed. Bearded seals are 

found throughout the area, probably with a high 

density of breeding females with pups along the 

ice edge in spring. The consequences indicated 

by the analysis are small. White whales are 

assumed to occur along the ice edge and in 

coastal areas, particularly in the fjords in western 

Spitsbergen. The calculated consequences are 

large for a spill from the western spill point and 

medium for spills from the twa easternmost 

points. 
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4. DISCUSSION 

4.1 GENERAL 

At severai stages in this analysis there are 

methodological problems, uncertainties in para

meter values used and insufficient basis data. 

These problems will to a varying extent influence 

on the results from the analysis. The scientific 

basis for the results is in severai cases weak. 

It must be stressed that the analysis is not 

intended to give exaet, quantitative results in 

terms of number of dead individuals or recovery 

time for the affected populations. The model only 

ranks between individual drilling/spill positions 

and affected populations, thus highlighting the 

spill positions and species (and combinations of 

the se) for which the potential conflicts are 

highest. Compared to a quantitative analysis of 

time required for population restitution, this 

qualitative approach relaxes the great demands 

for good basis data and knowledge of the 

biological processes involved in an oil spill 

situation. The input data for this analysis still 

have to be fair for the results to be meaningful. 

In this analysis, the largest uncertainties are 

in most cases connected with the distributional 
data for individual species. There are also uncer

tainties in the values ascribed to the different 

parameters in the vulnerability analyses. The 

vulnerability models are only approximations and 

may in some cases produce unintended results. 

The least uncertainty is probably connected with 

the oil-drift statistics. Given the volurne and 

duration of the spills modelled, these statisties 

probably give a reasonably good predietion of the 

probability of oil reaching the different areas 

around the spill sites. Exceptions are fjords and 
coastal areas where the oil-drift models either 
stop or produee unreliable results. The oil-drift 
statisties are compiled from a large num ber of 
modelled spilIs. It is important to be aware that 
an actual spill may follow guite a different 

trajectory than the 'mean' predicted by the oil

drift statistics (compare the single scenario 

shown in Fig. 2 and the overall result in 

Appendix 7, fig. 2). 

The uncertainties at severai levels in the 

analysis imply that the results should be viewed 

as indications of possible conseguences only. 

The SIMPACT model sums all records of the 

actual resource within the 25x25 km grid cells. In 

some cases it would be more correct to take the 

average of the resource records within the grid 

cells. This is the case for the distributional data 

of seabirds at sea and in ice-filled waters. 

The seasons have been defined somewhat 

differently for the oil-drift statisties and the 

distributional data for seabirds and marine 

mammais. For instance, the autumn season has 

been defined as September-October for seabirds 

whereas the corresponding season for oil drift is 

October-December. For most species/seasons, 

this lack of seasonal accordance is not thought to 

have had major influence on the resuIts compared 

to the more important uncertainties outlined 

above. 

Most areas of southern and western Svalbard 
are included in one of severai protected areas. 

These are South-Spitsbergen National Park, 

Forlandet National Park, Southeast-Svalbard 

Nature Reserve and 15 bird sanctuaries along the 

western coast of Spitsbergen. The protected areas 

include the coastline as weU as marine areas out 

to four nautical miles from land. An oil spill from 

one of the three defined spill sites is very likely 

to affect one or more of the protected areas. 

small moderate III large 

Scenario index: O 025 

Fig. 2. Analysis map showing the modelled drift of a single 
oil spill from the middle spill point in summer. The overlap 
with the known breeding distribution of brent geese (black 
dots) is shown with the calculated Gonsequence index for this 
single scenario. 
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Reserves and national parks are protected to 

keep the areas, and wildlife inhabiting them, un

affected by human activity. From this point of 

view, oil spills affecting proteeted areas must be 

eonsidered as more serious than other spilIs. For 

seabirds, the bird sanetuaries along the western 

coast of Spitsbergen (eommon eider and geese), 

Southeast-Svalbard Nature Reserve (brent geese 

and Briinnich' s guillemot), and South-Spits
bergen National Park (Briinnich' s guillemot and 

Httle auk) are of partieular importance. In addi

tion, the planned nature reserve at Bjørnøya is 

very important, especially for great northern 

diver and eommon guillemot, but also for 

Briinnich' s guillemot, kittiwake and severaI other 

speeies. For marine mammaIs, Forlandet Nation

al Park (harbour seal), Southeast-Svalbard Nature 

Reserve (walrus and polar bear) and Kong Karls 

Land Nature Reserve (polar bear) are particularly 

important. 

4.2 DIRECT IMPACTS ON SEABIRDS 

The quality of the basis data on seabird distri

bution is of erucial importanee for the resuIts of 

the analysis. For severaI seasonal populations 

these data are ineomplete and the validity of the 

resuIts from the analysis may be questioned. This 

is partieularly the case for seabirds at sea in 

winter and autumn, and to a lesser degree also in 

spring and summer. 

Only parts of the total analysis area have 

been covered during ship-based surveys of sea

birds at sea and in ice-filled waters. In some 

eases the surveys have been coneentrated in 

certain parts of the analysis area (e.g. the south
eastern part), leaving other parts unsurveyed or 
with poor coverage. The analysis may then show 

higher consequences for spilIs close to the area 
with best coverage than would have been the case 
il' the whole analysis area had been equally well 

surveyed. 

The distribution of seabirds at sea may vary 

between years, probably largely in aeeordanee 

with variations in relative distribution of prey. At 

lea st some seabird species have been found to be 

patchily distributed at sea, refleeting the patehy 

distribution of prey (e.g. Erikstad et al. 1990; 

Fauehald & Erikstad 1995). Patterns of seabird 

distribution found in one year may therefore not 

be representative for other years, as has been 

found for guillemots (Uria spp.) in the Barents 

Sea in winter (Fauehald & Erikstad 1995). This 

may be an important source of error in our 

analysis, influeneing the general it y of the results. 

The basis data on seabird distributions at sea used 

has been eolleeted during the period 1986-1994, 

but severaI parts of the analysis area have on ly 

been visited once or a few times in one season, 

especially in winter and autumn (see Isaksen 

1995a). 

The distribution of seabirds is probably mueh 

more stable in the breeding season than in non

breeding seasons. In the period during which the 

birds start to attend the breeding eolonies in 

spring until they leave the colonies in autumn, 

the movements of the breeding birds are restriet

ed to a eertain foraging range from the eolonies. 

The distribution of the breeding eolonies in 

Svalbard is fairly well known, at least for eiders, 

geese, guillemots and kittiwake, and the num ber 

of breeding pairs in the eolonies is in most eases 

relatively stable from year to year. The main 

areas for moulting eiders and geese are probably 

also known and stable from year to year. Other 

areas where high densities of some seabird 

speeies may be predieted are along the polar front 

and along ice edges (Hunt 1990, 1991; Mehl um 

& Isaksen 1995; Mehlum et al. 1998). 

Fauehald et al. (1996) have argued that a 

generalised model of the distribution of seabirds, 

incorporating environmentaJ variables, may gi ve 

more reliable results in oil/seabird assessments 

than survey data aJone. Their model of the distri

bution of guillemots (Uria spp.) in the Barents 

Sea in winter, based on the same seabird data as 

has been used in our analysis, prediets highest 

densities of guillemots in areas dose to the polar 

front. High densities are, however, predieted in 

most parts of the Central Barents Sea (the mode! 
was Iimited to areas south of 75°N) (Fauchald et 
al. 1996). 

The main results from the analysis are 

summarised in Table 5. In some cases, the results 
are in disagreement with our intuitive expeeta

tions. This might be due to biases or insuffieien

eies in the distributional data used, or other more 

subtle factors in the anaJysis. Suggested adjust

ments of the results from the analysis are 

indicated in Table 5. These adjustments are based 

on knowledge on the distribution, biology and 

population status of the populations involved. 

The reasoning behind the adjustments is outlined 

below. In some eases, it has not been possible to 

incorporate all knowledge into the analysis 
(especially on distribution), or important faetors 

do not seem to have been given enough weight. 

Particularly for species/seasons with poor data 
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basis on distribution, emphasis should be placed 

on the se adjustments. 

4.2.1 Suggested adjustments of results 

Glaucous gull: This species is found scattered 

throughout the analysis area in autumn. A limited 

spill at this time of the year will probably not 

have large consequenees for the population. 

Common guillemot: A large majority of the 

breeding population of this species in the 

Norwegian part of the Barents Sea is concen

trated at a single breeding site, Bjørnøya. The 

populations both at Bjørnøya and along the 

Norwegian coast have declined seriously during 

the last deeades. The species is among the most 

vulnerable to oil spills, and the calculated conse

quence indices is judged to be toa low. 

Briinnich' s guillemot: This species is one of 

the most important species in the area in winter. 
A spill from the western spill point in winter will 

probably have larger consequences than indicated 
by the consequence index. The reason for this is 

that distributional data for the western part of the 

analysis area is lacking in winter. 

Razorbill: The majority of the relatively few 

razorbills breeding in the analysis area is concen

trated to Bjørnøya. The probability of oil from 

the middle spill point reaching Bjørnøya in 

summer is high, and the calculated consequence 

index seems to low. 

LUtle auk: The main part of the little auk 

population in Svalbard breeds along the western 

coast of Spitsbergen. A significant part of these 

birds may still be present in the area in early 

autumn. The calculated consequence index for 

the western spill point in autumn therefore seems 

toa low. The calculated index for the eastern spill 

point is, on the other hand, too high. 

Puffin: A large proportion of the puffins 

breeding in Svalbard are found along the western 
coast of Spitsbergen. The chicks leave the nests 
very late, and it is expected that a large number 

of puffins may still be found in areas outside the 
western coast in autumn. There is no distri

butional data from this area in autumn. A spill 

from the western spill point, with oil drifting up 

along the western eoast of Spitsbergen, will 

therefore have considerably higher consequenees 

than calculated. 

All speeies in winter: The data on distribution 

at sea in winter is mainly from the midd le and 

eastern parts of the (southern) analysis area. The 

consequenees of spilIs from the western spill 

point indicated in the analysis are eonsequently 

too low, whereas eonsequenees indieated for 

spills from the middle and eastern spill points 

may be too high. 

Breeding colonies and eastern spill point: 

SeveraI of the speeies in the analysis are eoncen

trated at or have main breeding colonies at Bjørn

øya. The oil spill statisties show that the areas 

close to Bjørnøya may be reaehed by oil from the 

eastern spill point, although the probability is 

low. The 25x25 km grid cells eontaining Bjørn

øya and its breeding colonies is for some reason 

not affected, but the neighbouring cells are. Since 

all seabirds use the marine areas around the 

island, they will be affected if the areas around 

the island are contaminated. The calculated 

consequence indices are therefore too low. 

4.3 INDIRECT IMPACTS ON SEABIRDS 

Indirect impacts of an oil spill covers most 

effects other than direct mortality of soiled birds. 

These effects have been described in general in 

seetion 1.5. Here, only a few points of special 

relevanee to the Northern Barents Sea will be 

mentioned, 

An oil spill reaching land will contaminate 

the shoreline close to breeding colonies. Jf not 

removed by clean-up operations, the oil may be 

present at the beach for severaI years and may 

eause impacts in more than ane breeding season. 

Clean-up operations are of ten large operations 

involving a large number of personnei and traffic 

from boats and helicopters. This activity may 

disturb breeding, moulting and feeding seabirds. 

Breeding and moulting geese seem to be par

ticularly sensitive to such disturbance. A worst 

ease scenario is an oil slick reaehing the main 
breeding area of brent geese at Tusenøyane in the 
breeding season. Disturbance from clean-up 
operations will cause these shy birds to leave 
eggs and young less-guarded or unattended. The 

result may be loss of a large part of that year' s 

eggs or chicks due to predation and eold. When 
disturbed, geese of ten seek safety by entering 

water. This habit makes them more vulnerable to 

being soiled by oil along the beaches, and a large 

proportion of the adult birds in the affected area 

will probably be soiled. 
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Table 5. Summary of results from the impact analysis for seabirds. The numbers are consequence indices converted to the 

consequence large (3), medium (2), small (1) and insignificant (O). Seasons are winter (1), spring (2), summer (3) 
and autumn (4). In addition, the results from the analysis for breeding colonies in summer (B) are shown. For summer and 

autumn, only the distribution in ice-free areas at sea have been analysed. For winter, only results from the analysis in ice
filled waters have been included. For spring, analyses have been made both for ice-free and ice-filled waters. The indicated 
results from spring are a synthesis of the results from the two analyses. The consequences for moulting eiders are given under 

season 3. See text for further comments. 

Spill point Western Middle Eastern 

Season 1 2 3 4 B 1 2 3 4 B 1 2 3 4 B 

Great northern diver - * * 2 - * * - 3 - * * 01' 

Fulmar * 1 3 1 1 * 1 3 3 1 * 1 O 3 01' 

Barnacle goose - * * * 3 - * * * O - * * * O 

Brent goose * * * O - * * * 3 * * * O 

Common eider - * * 3 - * O * 1 - * O * O 

King eider - * 3 * 3 * 3 * O - * O * O 

Arctic skua - O - * - 1 - * - O - * 

Sabine' s gull - - * * O - - * * O - * * O 

Glaucous gull 1 2 1 1 - 1 1 1 O 3 '" 01' 

Great bl.-backed gull - * * 3 - * * 01' - * * 01' 

Kittiwake * O 1 1 1 * 1 2 3 2 * 2 O 3 01' 

Ivory gull * 1 - - * 1 - - * O - -

Common guillemot * 01' 11' 01' 3 * 11' 11' 01' 3 * l 01' 3 01' 

Briinnich' s guillemot 01' 3 3 01' 3 2 3 3 3 3 3 3 l 3 01' 

Razorbill - * * * 3 * * * 11' - * * * 01' 

Black guillemot * l l * l * 3 2 * 1 * l O * O 

Little auk * 3 3 11' 11' * 2 2 3 11' * l O 3 '" O 

Puffin * 3 11' 01' 1 * O l O O * O O 3 O 

* 	 no analysis has been made due to insufficient data on the re source distribution. 

the species is either not present in the area in the actual season or it has been evaluated as 'not vulnerable' to oil spills at 

this time of the year. 
l' the results from the analysis are judged to be too low. This is based on an evaluation incorporating knowledge on 

shortcomings in the re source data and other factors (see main text). 
'" the results from the analysis are judged to be too high. This is based on an evaluation incorporating knowledge on 

shortcomings in the resource data and other factors (see main text). 

Briinnich's and common guillemots are parti

cularly vulnerable to an oil spill during the 

swimming migration out from their breeding 

colonies at the end of the breeding season. Both 

the chicks and the accompanying male parents 

are flightless during a period after they have left 

the colonies. A spill affecting a large number of 

these males may have a larger effect on the 

population than if half the same number of both 

males and females were affected. The same may 

be true for moulting male eiders, but the effects 

are expected to be more important for guillemots 

because they are monogamous and form multi

year pair bonds. Reproduction in the following 

years may be reduced due to disruption of pair 

bonds and an increased incident of non-breeding 

among the remaining birds. 

See section 1.5 for a more detailed descrip

ti on of indirect (and direct) effects of oil spills on 

seabirds. 
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4.5 

4.4 	 DIRECT IMPACTS ON MARINE 

MAMMALS 

The distributional data used for most species in 

this analysis is very broad. This is in part due to 
the lack of knowledge and in part due to the 

strong preference severaI species have for ice

covered waters. The large variations in the extent 
of the sea ice in the Barents Sea makes it difficult 
to predict the geographical distribution of these 
species (see section 2.1.2). 

This broadness in the distributional data for 
most species clearly influences the expected 
precision in the analysis. For instance, it is 
probable, but not known for certain, that the 

density of polar bears is higher along the ice edge 
than in the interior of the sea-ice areas also at 
other times of the year than in spring. Jf this is 

the case, the caIculated consequences are too low. 
The concentrations along the ice edge in spring 
may also be more important than what has been 

4.4.1 Suggested adjustments of results 

Polar bear: In spring, high densities of polar 
bears may be found along the ice edge, and they 

are therefore very pro ne to being soiled by oil. In 

summer, most bears follow the ice edge towards 
north, but many individuals may also stay on 

land in the Storfjord-area and on Kong Karls 

Land. The association with ice-edge and coastal 
habitats increases the risk of the bears coming in 
contact with spilt oil. These factors do not seem 
to have been sufficiently quantified in the 

analysis, and some of the calculated consequence 
indices are too low. 

White whale: In summer, white whales are 
concentrated in coastal areas in Svalbard (high 
densities are known from the western coast of 

Spitsbergen) and along the ice edge. The 
calculated consequences of a spill from the 
western spill point seem too low. 

quantified in the analysis. 
INDIRECT IMPACTS ON MARINE 

The analysis for polar bear denning areas 
MAMMALS

showed relatively low consequences because 
some of the main denning areas are positioned Marine mammals may be affected in other ways 
north of the areas affected by oil from the three 
spill sites. Hopen, the most southerly of the den
ning areas, as well as some denning areas in Stor
fjorden, has relatively high probability of being 

reached by oil from the two easternmost spill 
points both in autumn and spring. Oil in leads 
around the denning areas will affect females 
entering dens in autumn or leaving dens with 
small young in spring. Reproductive females are 

the most 'valuable' part of the population, and 
the loss of even a moderate number of these may 
have important consequences for the population. 

The main results from the analysis are 

summarised in Table 6. As with seabirds, the 

resuIts are in some cases in disagreement with 
our intuitive expectations. This might be due to 
biases or insufficiencies in the distributional data 
used, or other more subtle factors in the analysis. 
Suggested adjustments of the results from the 
analysis are indicated in Table 6. These adjust
ments are based on knowledge on the distri
bution, biology and population status of the 
populations involved. The reasoning behind the 

adjustments are outlined below. Particularly for 
species/seasons with poor data basis on distri

bution, emphasis should be placed on these 

adjustments. 

than by direct oiling in the first stages of the spill. 
If traditional haul-out sites of harbour seals or 

walruses are soiled by oil, the animals may be 
exposed to oil for an extended period of time, 

probably severai years. It is expected that this has 
larger consequences than a single brief oiling at 
sea. Kong Karls Land and Tusenøyane are 
particularly important in this respect because 
they are the most important haul-out sites of 
harbour seals and walruses in Svalbard, respec

tively. Experience from the Exxon Valdez 

accident in Alaska indicate that harbour seals will 
continue to use their traditional hau l-out sites 

even if these are heavily oiled (Lowry et al. 

1994). 
Walruses and bearded seals feed on benthic 

invertebrates that may accumulate hydrocarbons 
from a spill in their tissues. These two species 
(and possibly also other marine mammaIs) may 
be affected indirectly by reduced availability of 
food or by ingestion of hydrocarbons accumu
lated in prey. Walruses may be particu1arly 
affected if their shallow feeding areas around 
Tusenøyane are contaminated. 

As is the case for seabirds, marine mammals 

may also be negatively affected by disturbance 

during clean-up operations. Again, this may be 
most important for walruses and harbour seals at 
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Table 6. Summary of results from the impact analysis for marine mammaIs. The numbers are consequence indices 

converted to the consequence categories large (3). medium (2), small (l ) and insignificant (O). Seasons are winter (1), 

spring (2), summer (3) and autumn (4). 

Spill point Western Middle Eastern 

Season (quarter) 1 2 3 4 l 2 3 4 l 2 3 4 

Walrus females * * * * * * * * * * * * 

Walrus males * * O O * * 3 3 * * O O 

Harbour seal 3 3 3 3 3 l O 3 l O O 2 

Harp seal - - 2 O - - 2 2 - - 2 2 

Bearded seal 1 l - l l - l l 

Polar bear females 2 3 11- 2 3 3 3 3 3 21- 2 3 

Polar bear males 2 3 11- 2 3 21- 3 3 3 21- 2 3 

Bowhead whale * * * * * * * * * * * * 

White whale 2 3 11- 2 2 2 3 3 3 2 1 3 

* no analysis has been made due to insufficient data on the resource distribution. 

the species is either not present in the area in the actual season or it has been evaluated as 'not vulnerable' to oil spilIs 

at this lime of the year. 

1- the resulls from the analysis are judged to be too low. This is based on an evaluation incorporating knowledge on 

shortcomings in the resource data and other factors (see main text). 
'" 

the results from the analysis are judged to be too high. This is based on an evaluation incorporating know1edge on 

shortcomings in the resource data and other factors (see main text). 

haul-out sites, but may also be important for 

polar bears in denning areas. 

A more detailed, general description of in

direct (and direct) effects of oil spills on marine 

mammals is found in section 1.7. 
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5. SUMMARY AND CONCLUSIONS 

There has been no drilling for petroleum (oil and 

gas) in the Norwegian part of the northern 

Barents Sea. The southern part (south of Bjørn

øya; 74°30'N) was opened for exploratory drill

ing by Norwegian authorities in 1989. According 

to Norwegian law, an extensive environmental 

impact analysis (EIA) has to be carried out be fore 

a new area can be opened for exploration. The 

work with an EIA for the northern Barents Sea, 

covering effects on different resources and 

interests such as marine invertebrates, fish, 

seabirds, marine mammais, fisheries and tourism, 

started in 1989. 

At present a political majority does probably 

not exist in the Norwegian parliament (Stor

tinget) for opening the northern Barents Sea for 

petroleum activity. The government (as of Feb

ruary 1998) has stated that petroleum activity is 

not to be started in environmentally sensitive 

areas, which probably includes the northern 

Barents Sea. During the last stages of the work 

with the assessment for the northern Barents Sea, 

the aim has been to give a summary of the 

knowledge of the effects of oil spills in such 

arctic areas, and, by performing a preliminary 

analysis, pointing out possible effects for re

sources in the northern Barents Sea. The assess

ment is therefore not a final EIA, but it will form 

the basis for a possible future EIA. An extensive 

summary of the assessment, with possible effects 

on the different resources and interests outlined, 

is found in Aaserød & Loeng (1997). 

The present report is the final report for the 

seabird and marine mammal part of the assess

ment. A review of the effects of oiling on sea

birds and marine mammais, based on published 

information from previous oil-spill incidents, is 

given in the first part of the report. The other 
main part of the report is an analysis of potential 

effects of oil spills on seabirds and marine 

mammals in the northern Barents Sea. The 
Norwegian Polar Institute has had the main 

responsibility for carrying out the assessment, but 
severai other institutions have participated by 

supplying data on oil-drift statistics, distribution 

of seabirds and marine mammais, and by devel

oping analysis methods. 

Methods: For this assessment, three alterna

tive drill or spill points were defined, all between 

Bjørnøya and the more northern islands of the 

Svalbard archipelago. These are the western 

(7S0S0'N lTOO'E), middle (7soS0'N 2S000'E) 

and eastern (7solO'N 32°30'E) spill points. The 

analysis area for spilIs from these sites was 

defined as the area between 73°N and 81oN, and 

between SOE and 3soE. The analysis model used, 

SIMPACT, divides this area into 2Sx2S km 

squares (grid ceUs) and combines, for each grid 

ceU, three factors: (1) the proportion of the 

resource (e.g. breeding pairs of a seabird species) 

within the grid cell, (2) the probability of the cell 

being reached by oil from the spill site in 

question, and (3) a vulnerability index of the 

actual resource (population), describing how 

vulnerable that population is compared to other 

populations within the same resource group 

(seabirds or marine mammaIs). The result from 

the analysis for one population, one season and 

one spill site is a consequence index. This index 

is converted to ane of four consequence cate

gories: insignificant, small, medium or large 

consequences. It must be emphasised that the 

model is used only as a tool to compare and scale 

the leve! of potential impact between different 

seasons, spill sites and species. The model does 

not give a quantitative result in terms of the 

number of individuals lost or the time needed for 

population recovery. 

Seabirds: A spill from the western spill point 

generally has the highest consequences on the 

breeding colonies. This is especially the case for 

concentrations of breeding barnacle geese and 

common eiders, as weU as moulting common and 

king eiders along the western coast of Spits

bergen. A spill from the middle spill point will 

have largest consequences for breeding brent 

geese, which are concentrated in Tusenøyane. 

SpilIs from both the two westernmost spill sites 
may reach Bjørnøya in summer and may have 
large consequences for both com mon and 

Briinnich's guillemots. In autumn, guillemots are 

again among the speeies most heavily affected, at 
this time particularly from the two easternmost 
spill sites. The results of the analysis for the 

winter periad indicate that Briinnich's guillemots 

may be heavily affected in the eastern areas. In 

spring, the analysis show large consequences for 

Briinnich' s guillemots and litt le auks of a spill 

from all three spill points and the western spill 

paint only, respectively. Internationally im

portant seabird populations may be heavily 

affected in most combinations of spill sites and 



seasons, but the consequences will probably be 

largest in spring and summer for the two western

most spill sites. 

Marine mamm.als: The results from the 

analysis show that a spill from the western spill 

point in summer may have large consequences 

for harbour seais. This species is concentrated at 

Kong Karls Land in western Svalbard. A spill 

from the middle spill point may have large 

consequences for polar bears, walruses and white 

whales. In autumn, the picture is similar, but a 

spill from the midd le spill point may now also 

have large consequences for harbour seais, and a 

spill from the eastern spill point may have large 

consequences for polar bears and white whales. 

In winter, a spill from the western spill point may 

have large consequences for harbour seais, 

whereas a spill from the middle spill point in 

addition may have large consequences for polar 

bears. A spill from the eastern spill point at this 

time may have large consequences for polar bear 

and white whale. In spring, the analysis indicate 

large consequences for harbour seals and white 

whales of a spill from the western spill point, 

whereas the consequences for polar bears may be 

large for a spill from the two western most spill 

sites, and probably also for the eastern spill site. 

The analysis indicates large consequences for one 

or more species in most combinations of spill 

sites and seasons. The consequences may be 

largest for the two western most spill sites, espe

cially for harbour seais. 

The distributional data used for both seabirds 

and marine mammals in this analysis are in 

severai cases either insufficient or very broad 

approximations. The reason for this is both lack 

of knowledge/data and large temporal variation 

in the distribution, especially of sea-ice associ

ated speeies. This may have influenced the 

validity of the results from the analysis. The 

consequences predicted should therefore only be 

viewed as indications of potential effects of an oil 

spill. 
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APPENDIX 1. SYSTEMATIC LIST OF SEABIRDS 

Systematie list of seabird species treated in this report. 

ENGLISH NORWEGIAN SCIENTIFIC 

ORDER DIVERS LOMMER GA VIIFORMES 

FAMJLY DIVERS 

Red-throated diver 

Great northem diver 

LOMFAMILIEN 

Smålom 
Islom 

GAVHDAE 

Gavia stellata 

Gavia immer 

ORDER TUBENOSES STORMFUGLER PROCELLARIIFORMES 

FAMILY FULMARS AND 

SHEARW ATERS 

STORMFUGLFAMILIEN PROCELLARIIDAE 

Fulmar Havhest Fulmarus glacialis 

ORDER WILDFOWL ANDEFUGLER ANSERIFORMES 

FAMILY Sw ANS, GEESE & DUCKS 

Pink-footed goose 

Barnac1e goose 

Brent goose 
Common eider 

King eider 
Long-tailed duck 

ANDEFAMILIEN 

Kortnebbgås 

Hvitkinngås 

Ringgås 
Ærfugl 
Praktærfugl 

Havelle 

ANATlDAE 

Anser brachyrhynchus 

Branta leucopsis 

Branta bemicla 

Somateria mollissima 

Somateria spectabilis 

Clangula hyemalis 

ORDER WADERS, GULLS, AUKS 

AND ALLIES 

VADE-, MÅKE- OG ALKEFUGLER CHARADRIIFORMES 

FAr-U LY SANDPIPERS AND ALLIES 

Grey phalarope 
SNIPEFAMILIEN 

Polarsvømmesnipe 
SCOLOPAClDAE 

Phalaropus futicarius 

FAMILY 

FAMILY 

FAMILY 

SKUAS 

Great skua 

Arctic skua 

GULLS AND TERNS 

Sabine' s gull 

Glaucous gull 

Great black-backed gull 
Kittiwake 
Ivory gull 
Arctic tern 

AUKS 

Common guillemot 
Briinnich' s guillemot 
Razorbill 

Black guillemot 

Little auk 

Puffin 

JOFAMJLEN 

Storjo 
Tyvjo 

MÅKEFAMILIEN 

Sabinemåke 

Polarmåke 

Svartbak 
Krykkje 
Ismåke 
Rødnebbterne 

ALKEFAMILIEN 

Lomvi 
Polarlomvi 
Alke 
Teist 

Alkekonge 

Lunde 

STERCORARIIDAE 

Catharacta skua 

Stercorarius parasiticus 

LARlDAE 

Larus sabini 

Larus hyperboreus 

Larus marinus 
Rissa tridactyla 

Pagophila ebumea 

Sterna paradisaea 

ALClDAE 

Uria aalge 

Uria lomvia 

Alca torda 

Cepphus grylle 

Alle alle 

Fratereula arctiea 
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APPENDIX 2. SYSTEMATIC LIST OF MARINE MAMMALS 


Systematie list of marine mammal speeies treated in this report. 

ENGLISH NORWEGIAN SCIENTIFIC 

ORDER 

FAMILY 


FAMILY 


FAMILY 


ORDER 

FAMILY 


FAMILY 


FAMILY 


FAMILY 


CARNIVORES 

WALRUS 

Walrus 

TRUE SEALS 

Harbour seal 

Ringed seal 

Harp seal 

Bearded seal 

BEARS 

Polar bear 

WHALES AND DOLPHINS 

RIGHT WHALES 

Bowhead whale 

RORQUAL WHALES 

Minke whale 

Fin whale 

Humpback whale 

DOLPHINS 

White-beaked dolphin 

NARWHAL AND WHITE 

WHALE 

White whale 

ROVDYR 

HVALROSSFAMILIEN 

Hvalross 

SELFAMILIEN 

Steinkobbe 

Ringsel 

Grønlandsel 

Storkobbe 

BJ0RNEF AMILIEN 

Isbjørn 

HVALER 

RETIHV ALFAMILIEN 

Grønlandshval 

FINNHVALFAMILIEN 

Vågehval 

Finnhval 

Knølhval 

DELFINFAMILIEN 

Kvitnos 

N ARHV ALFAMILIEN 

Hvithval 

CARNIVORA 

ODOBENIDAE 

Odobenus rosmarus 

PHOCIDAE 

Phoca vitulina 

Phoca hispida 

Phoca groenlandiea 

Erignathus barbatus 

URSIDAE 

Ursus maritim us 

CETACEA 

BALAENIDAE 

Balaena mysticetus 

BALAENOPTERIDAE 

Balaenoptera acutorostrata 

Balaenoptera physalus 

Megaptera novaeangliae 

DELPHINJDAE 

Lagenorhynclzus albirostris 

MONODONTIDAE 

Delplzinapterus leucas 
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APPENDIX 3. EVALUATION OF MARINE MAMMAL VULNERABILITY TO OIL 

1.INTRODUCTION 

Jøde støl & Ugland (1993; se also Jødestøl et al. 

1994) developed a vulnerability model for marine 

mammals in the Barents Sea. The model is based 

on classification of vulnerability for oil pollution 

at an individual basis coupled to a population 

model for each speeies. The vulnerability of the 
population was c1assified according to the mod

elled recovery time for the population after an 

impact had occurred. Such an approach is theo

retically correct. It might, however, gi ve a false 
impression of the level of accuracy of the anal y

sis because the models that are used and the pop

ulation parameters that are put into them are very 

uncertain (Anker-Nilssen 1987; Røv 1993). In the 

present analysis we have used another approach 

which is similar to the method described by 

Anker-Nilssen (1987). This method has been 

used in severai earlier assessments of oillseabirds 

in Norwegian areas (Anker-Nilssen et al. 1988; 
Lorentsen et al. 1993; Strann et al. 1993). 

The model described by Anker-Nilssen 

(1987) is a semiquantitative model for analyses 

of vulnerability based on realistic and document

ed considerations. The aim is to identify those 

populations or stocks that are most vulnerable to 

spilled oil and which must be focused in the 

assessment analysis. We realise that this method 

can also be criticised for simplicity. We feel, 
however, that the outcome of the analysis gives a 

reasonable resuIt. 

The method has not befare been applied fully 

to marine mammals (but see Røv 1993). It was 
therefore necessary to redefine the vulnerability 

criteria for marine mammals compared to those 
used for seabirds. In this process we have used 
the work of Anker-Nilssen (1987), Jødestøl & 

Ugland (1993) and Jødestøl et al. (1994) as 

background. 

2. VULNERABILITY MODEL 

The vulnerability for oil pollution of marine 

mammals in an area can be said to be dependent 

of four factors: the animals must be in the area, 

they must be oiled. the oil must have an impact 
on the individual, and the impact must lead to a 

decreased probability of survival and/or decreas

ed reproduction. The following factors have been 

used: 

A. Representation (Time in the area) 

B. Exposure (Probability of contact with oil when 

in the area) 

C. Oil injury (Probability of impact if in contact) 

D. 	Impact (Leve l of impact on survival and 

reproduction) 

These factors are regarded as equal in the 
analysis because the animals are not vulnerable if 

the value for ane of them is zero. 

Each factor is dependent on severai sub

factors which are called vulnerability criteria. Oil 
vulnerability for each population is evaluated in 

relation to each of these criteria. For each factor 

the criteria are related to either individual or 

population leve!. When there are severai criteria 

within each factor, the criteria must be weighted 

in relation to each other. 

Based on this, an index is calculated for indi

vidual vulnerability (IV) and for population vul

nerability (PV) for oil pollution. The principle of 

the method is diseussed in same more detail by 

Anker-Nilssen (1987). 

2.1 Vulnerability criteria 
We totally use 17 vulnerability criteria. Nine of 

these are related to the vulnerability of indi

viduals whereas eight are related to the popu

lation level. The individual in this context is 

defined as the 'average individual'. The popu

lation is defined as a predefined part (based on 

sex, season, etc.) of a natural population (breed

ing unit) that might cover larger areas in the 

influence area. 
A short description of the criteria is given 

together with a description of how the vulnera
bility for oil pollution in relation to each criterion 

is evaluated on a scale from l to 3. 

Ta Time in the area (Short/Moderate/Long) -

The relative timeframe an individual of the 

selected population stays in the influence 

area. Those that are not in the area will not 

be affected. 

Au Area use (Small/ModeratelLarge) -

The relative size of the area an individual 

uses per unit time. An animal that moves 

around quickly has a higher probability of 

being fouled. 
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Be 	 Behaviour 

(Little/Moderately/Strongly exposed) 

Individual behaviour (e.g. diving and swim

ming patterns) that will increase the proba

bility of oUing. An animal that swims much 
of the time at the surface has a higher proba

bility of being fouled than one that spends 

much of the time at deep water. 

Ee - Edge effect (Small/ModeratelLarge) 

Individual affinity to ice edge or shore line. 

Some species spend much time along edges 

in the ice (e.g. polar bears) and shores (e.g. 

walruses) where oil will accumulate and 

increase the probability of the animal being 

fouled. 

Av - A voidance (Strong/Moderate/Small) 

Individual tendency to actively avoid oil and 

thereby dec re ase the probability of being 

fouled. 

Tv - Toxic vulnerability (SmalllModeratelHigh) 

Individual vulnerability for toxic effects of 

oil. This factor relates to intern al effects of 

ingested oil and inhalation of vapour. 

Se 	 Surface contact (SmalllModerate/High) 

Individual vulnerability from external con

tact with oil. Se includes effects on insu

lation, movement ability, increased blood

stream to the skin due to inflammation, irri

tation of eyes and foul ing of baleen, etc. The 

distinction from Toxic vulnerability in some 

cases might be unc1ear. 

Co 	 Condition (LowlModerate/High) -

Individual physical condition in relation to 

species and season. An animal in bad con

dition will have higher probability of 

suffering. 

Ra - Recovery ability (Good/Moderate/Small) 

Individual ability to recover after oil con
tamination related to the biology and 
behaviour of the species in question. 

Ex - Exposure (SmalllModerate/Large) 
Population level of exposure for oil pollu

tion in relation to the animals' distribution 
in the area. In case of species that tend to 

live far into the ice, in protected fjords or on 

the ice, a small er part of the population will 

be fouled. 

Ps - Population size (Large/Moderate/Small) 

Relati ve population size (interspecific). 

Large populations will have a larger resili

ence than smaller populations. 

Ag - Aggregation (Small/Moderate/Large) 

Tendency to aggregation and flocks will 

increase the possibility of fouling of a high 

number of individuals in a spill situation. 

Re - Reproducing part of population 
(SmaIVModerate/Large) 

In polygynous or promiscuous species, the 

loss of adult reproducing females is much 

more serious for the population than the loss 

of males or young. In some species, adult 

females have been treated as a subpopu

lation to take this into account. 

Rp - Reproductive potential 

(Large/Moderate/Small ) 

A species or population with high repro

ductive potential will recover faster from a 

depletion than a population with small 

reproductive potential. 

Pt - Population trend 

(Increasing/Stable/Decreasing) 

A decreasing population that in addition is 

struck by oil pollution will usually suffer 

more than a population that is increasing. 

Vi - Vulnerable fraction (Small/ModeratelLarge) 

Fraction of the total natura! population that 
is exposed to contamination in the area. The 

effect on a naturaI population that only has a 

small part of its individuals within the 

affected area will be less than the effect on a 

population that is only distributed within the 

area. 

1m - Poten ti al immigration 

(Large/Moderate/Small) 

Probability of immigration if the population 

is depleted by contamination. High proba

bility of immigration will increase the 

recovery rate of the affected population. 

2.2 Calculation of indices 

The grouping of vulnerability criteria on 
individual and population leve1 in relation to 
vulnerability factors is shown in Table 1. There is 
only one criterion under factor 'Representation' 
(Ta). Under the factor 'Exposure' there are four 
criteria at the individual level (Au, Be, Ee and 

Av). We have given the edge effect (Ee) and 

avoidance behaviour (Av) double weight in 

relation to area use (Au) and behaviour (Be) . 

There is only one criterion (Ex) under 'Exposure' 

at the population level. For the vulnerability 

factor 'Oil injury' there are two criteria at the 

individual level (Tv and Se). They are given equal 
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(2Re 1m) 

Table l. Grouping of vulnerability criteria (see text) on individual and population level in relation to vulnerability factors. 

Relative value of each criterion within each factor is shown in parentheses. 

Vulnerability factor Vulnerability criteria 

Individual level Population level 

A. Representation Ta 

B. Exposure Au(l), Be(1), Ee(2), Av(2) Ex 

C. Oil injury Tv(l), Sc(l) Ps(1), Ag(2) 

D.lmpact Co(l), Ra(1) Re(2), Rp(4), Pt(2), Vf(4),lm(l) 

Equation 1. 
Au+Be+2Ee+2Av (TV+SC) (CO+Ra) IV = Ta x 6 x 2 x 2 

Equation 2. 
(Ps+ 2Ag) +4Rp + 2Pt +4Vj + 

PV=IVxExx 
3 

x 
13 

weight. At the population level there are also two 
criteria (Ps and Ag). The tendency for making 
aggregations is here given double weight. For the 

'Impact' factor there are two criteria at the 

individual level which have been given equal 
weight (Co and Ra). At the population level there 

are five criteria (Re, Rp, Pt, Vj, and 1m). We have 
given the potential for immigration low weight, 

reproducing part of population and population 

trend are given a medium weight, and repro

ductive potential of the population and vulnerable 
fraction of total population are given high weight. 

On this background, individual vulnerability 
(IV) and population vulnerability (PV) can be 

calculated as in Equations l and 2. 
In order to con vert the PV value to a linear 

scale between O and l it is necessary to calculate 
the cumulative probability distribution for all 
possible values of PV. From this distribution, the 
probability that a random set of criterion values 
would give a PV value smaller or equal to the 
actual estimated value for a population can be 
found. This probability value is the final vulnera

bility index for the population (PV,,)' This value 
is not an absolute value for the vulnerability of 

the population, but a relative index which can be 

used to compare the vulnerability of different 

populations. Since all evaluations in the analyses 

have been made on a three fold scale (1, 2, 3), it 
seems reasonable to also give the final population 

vulnerability on the same scale: 1 = Low, 2 = 

Moderate, 3 = High vulnerability. The resuIts are 

shown in Table 2. See Anker-Nilssen (1987) for 
further details on the methods used. 

3. EV ALUATED MARINE MAMMAL 

POPULATIONS 

A total of 12 marine mammal species have been 

evaluated in this assessment. These are walrus, 

harbour seal, ringed seal, harp seal, bearded seal, 

polar bear, bowhead whale, minke whale, fin 

whale, humpback whale, white-beaked dolphin 
and white whale. Knowledge of the distribution, 
population size and population parameters of 

these species in the Barents Sea is scarce. The 

resuIts of the assessment must be seen in the light 
of this. Different parts of the population of a 
species that is distributed within the assessment 
area might have different vulnerability to the 
activity. Severai species are therefore subdivided 
in to populations based on season or sex. General 
descriptions of biology and distribution of the 
species are given in recent assessment reports 

Table 2. The population vulnerability for oil pollution in 

the three fold scale. 

Vulnerability 

Low 0.000-0.333 

PV 

l-56 

2 Moderate 0.334-0.666 57-134 

3 High 0.667-1.0 135-2187 
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(Jødestøl & Ugland 1993; Jødestøl et al. 1994; 
Lydersen & Wiig 1995; Wiig 1995a; Wiig & 
Isaksen 1995; Øien & Hartvedt 1995) and else
where (e.g. Christensen et al. 1992). 

The geographical borders for the oil vulnera
bility assessment are approximately 5°E in west, 
35°E in east, 73°N in south and 81°N in north (the 
same as for the impaet assessment; see seetion 
1.10 and Fig. l in the main part of this report). 

Polar bear 

Polar bears in the Barents Sea probably originate 
from two more or less separate populations 
which breed in Svalbard and Zemlja Franea 
IosifaINovaja Zemlja, respeetively (see Wiig 
1995b). It has not been possible to separate the 
two populations in the present treatment. 
Survival of juvenile polar bears is assumed to be 
low and the loss of juveniles will not be very 
serious for the population eompared to the effect 
of loss of adult reproductive individuals. We 
therefore only include adults in this analysis. As 
the polar bear is a polygynous or promiseuous 
speeies with a few dominant males impregnating 
the females, the loss of females is much more 
serious for the whole population than the loss of 
males. We have therefore treated adult males and 
adult females separately. 

Walrus 

Walruses the Svalbard area are sexually 
segregated most of the year (Gjertz & Wiig 
1995). The males are mostly found in the south
eastern and northwestern areas while the females 
with ealves are found in the far northeast and at 
Zemlja Franea losifa. In walruses, as in polar 
bears, it is a few dominant males that impregnate 
the reproduetive females. The loss of males is 
therefore less serious for the total population than 
the loss of females. Males and females are treated 
separate ly in the analysis. 

Ringed seal 
Ringed seal s breed in spring and have their pups 
in breeding lairs at the landfast iee (Smith & 
Lydersen 1991). It is believed that breeding 
aetivity may also oeeur out in the drifting paek 
ice of the Barents Sea, but this has not been 
confirmed. The pups are born with white foetal 
fur and are vulnerable to oil pollution during the 
first weeks of their lives. In summer and autumn 
the seals spread out from their breeding areas and 
probably return again when the fjords and bays 
freeze up in winter. The physical condition of 

in 

ringed seals starts to decrease at the onset of 
breeding in March and continues to deerease 
until after the mo ult in July (Ryg et al. 1990). We 
have therefore treated the spring and summer 
populations of ringed seals separate from the rest 
of the year. 

Harbour seal 

The harbour seals in Svalbard are eoneentrated at 
the western eoast of Prins Karls Forland 
(Prestrud & Gjertz 1990). They seem to stay in 
the area for most of the year. Some seals have 
been tracked to Bjørnøya during winter. Harbour 
seals breed in summer and mo ult in August. The 
pups shed the foetal fur befare they are barn and 
ga into the water soon after. We do not know if 
the re are any ehanges in condition of the seals 
through the year but assume the pattern is similar 
to that of ringed seais. We therefore separate 
harbour seals into one population from June to 
August and ane from September to May. 

Harp seal 
The harp seals in the Barents Sea are mostly from 
the population that breed in large aggregations at 
the ice in the White Sea in February/March. The 
pups are barn with white lanugo whieh is shed 
after a nursing period of about twa weeks. After 
breeding, the adults moult in large aggregations 
on the ice in the southeastern part of the Barents 
Sea in Mareh/April. The seals eat Httle during 
breeding and moulting and their condition is low 
at the end of this season (Nilssen 1995). In 
summer and autumn the seals migrate north in 
the Barents Sea where they feed intensively and 
are in good condition. They return to the south
eastern part of the Barents Sea in winter befare 
breeding. The spring population is treated 
differently from the population the rest of the 
year. 

Bearded seal 
The biology of bearded seals in the Barents Sea is 
poorly known. The breeding time is in spring and 
the seals moult in summer. The pups are bom on 
iee floes and are able to ga into the water soon 
after birth. We assume that bearded seals are in 
poorer condition during breeding and moulting 
than during the rest of the year, as with ringed 
seaIs. We treat the species as twa populations in 
the analysis. 
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White whale 
White whales are highly gregarious and are nor
mally found in pods consisting of a mixture of 
different age and sex groups or in all male 
groups. There is a general seasonal movement of 
herds coming into coastal waters and river 
estuaries during summer, and to off-shore pack
ice areas and polynyas in winter. During the 

summer stay in shallow waters, white whales 

undergo an apparently unique proeess in whales, 

they shed their epidermis in a moult-like manner. 
The shallow waters are thus very important 

habitats for white whales. The distribution 
pattern of white whales used in the assessment is 
based on Gjertz & Wiig (1994). There is not 
sufficient knowledge to warrant a subdivision of 
the population. We therefore treat the speeies as 

one population in the analysis. 

White-beaked dolphin 
According to Øien & Hartvedt (1995) the obser

vations of Lagenorhynchus spp. in the Barents 
Sea are primarily thought to be L. albirostris, the 
white-beaked dolphin, and are treated as such 
here. The observations made in the Barents Sea 

occurred between May and September. We treat 
the species as one population. The white-beaked 
dolphins may occur in large aggregations. 

Bowlzead whale 
Knowledge of the bowhead whale in the Barents 
Sea is scarce. The part of the Spitsbergen stock 

that was centred in the Greenland Sea must be 

considered as almost extinct. Only a few obser

vations have been made in the last 20 years and 
most of them in the area of Zemlja Franca losifa 
(Christensen et al. 1992). The number of bow
head whales in the area may be in the tens and 
observations of calves may indicate a slow re
establishment of the population. The bowhead 
whales spend most of their time in the pack-ice 
area. With so few individuals and poor know
ledge of distribution, a distribution map would be 

misleading. However, bowhead whales can 

probably be found all over the infIuence area. 

The species is treated as one population. 

Minke whale 
Minke whales are found in the influence area 

from March to August. The knowledge about the 

minke whales in the Barents Sea indicates that 
there is no reason to subdivide the population for 

this analysis. 

Fin whale 
Little is known about the distribution of fin 
whales in the infIuence area. Most of the obser
vations of the speeies have been made during 
summer. Whether or not the whales stay in the 
Barents Sea during winter is disputed 
(Christensen et al. 1992). We only have infor

mation on their distribution in July and the 
analysis is restricted to that information. The 
number of fin whales in the area is estimated at 

about 300. This probably is a part of the North 

Norway stock which totally counts about 1,000 

individuals. We tre at the species as one 
population. 

Humpback wale 
The distribution of humpback whales in the 
Barents Sea seems to vary with the abundance 
and distribution of shoaling fish, especially 

capelin. Humpback whales can probably be 

found in the Barents Sea at all times of the year. 

At least a part of the population migrates out of 
the area for a period in winter and spring. 

Surveys have only been perforrned in summer, 
and little is known about the distribution in other 
seasons. There seems to have been a shift in the 
distribution of humpbacks in the Barents Sea 
after the capelin stock was reduced in 1986 

(Christensen et al. 1992). The number of whales 

in the area is about 200 which is about 20% the 
total Norwegian and Barents Sea population. 

4. EVALUATION OF VULNERABILITY 

CRITERIA 

This evaluation is mainly based on descriptions 

on general bioJogy from the references mention
ed above and on recent reviews on the effects of 
oil on marine mammals by Griffiths et al. (1987), 
Geraci & St. Aubin (1990) and Loughlin (1994). 

Ta Time in the area (ShortIModeratelLong) -

Polar bears, walruses, ringed seais, bearded seaIs, 
harbour seais, white whales and bowhead whales 

stay in the area throughout the year. Harp seals 

are within the analysis area for a short time in 

February-May and a moderate time in J une

January. The length of time the white-beaked 
dolphins stay in the area is uncertain and is 

classified as moderate. Minke whales are found 

in the area from March to August which is 
classified as moderate. Fin whales probably stay 

in the area for a moderate time. Humpback 

whales may stay in the area for longer periods. 
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Au Area use (Small/Moderate/Large) -

Polar bears cover moderate areas per unit time. 

Walmses and harbour seals usually cover small 

areas per unit time. Ringed seals cover small 

areas during spring and moderate areas during 

the rest of the year. Harp seals cover moderate 
areas during spring and large areas during rest of 

the year. Bearded seals cover small areas during 

breeding and moderate areas in the rest of the 

year. Bowhead and fin whales are considered to 

cover moderate areas. White whales, white

beaked dolphins, minke whales and humpback 

whales are considered to cover large areas. 

Be Behaviour-

(Little/Moderately/Strongly exposed) 
The affiliation of polar bears to open water 

between ice floes make them strongly exposed to 

oil pollution. We also believe they wouJd 

scavenge oiled seais. Walruses spend most of the 

time in water diving and are moderately exposed. 

Ringed seals spend the spring in the fast ice 

which normally not will be exposed to oil 

pollution, but the seals will be moderately 

exposed the rest of the year. Harbour seals will 

be strongly exposed because they spend much of 

their time resting in the water surface in shallow 

waters. Harp seals migrate by swimming on their 

backs at the surface and will be strongly exposed. 

Bearded seals will be moderately exposed. White 

whales and white-beaked dolphins migrate by 

swimming in the water surface and will be 

strongly exposed. Bowhead whales fe ed by 

skimming the water surface and will be strongly 

exposed. Minke whales, fin whales, and 

humpback whales spend much time under water 

and will be moderate ly exposed. 

Ee Edge effect (Small/ModeratelLarge) -

Polar bears seem to concentrate along ice edges 
during most of the year. During summer many 

bears stay along the shores in ice-free areas. 

Walruses tend to haul out on the shore in large 
herds. Ringed seals do not show particular 

affinity to ice edges or shore lines. Harbour seals 

haul out on the shore. Harp seals have some 

affinity to ice edges. Bearded seals show some 

affinity to ice edges, especially during the 

breeding season. White whales are believed to 

show large affiliation to the ice edge. White

beaked dolphins are not believed to show any 

preference for ice edges. Bowhead whales are 

of ten found in leads in the drifting ice and show 

large affiliation to ice edges. Minke whales, fin 

whales and humpback whales are not believed to 

show any preference for ice edges. 

Av Avoidance (Strong/Moderate/Small) 

All marine mammals are believed to be able to 

detect oil on the surface, but there are no indi

cations that they tend to avoid the oil. 

Tv Toxic vulnerability -

(Small/Moderate/High) 
Oiled polar bears will clean their fur by licking 

and are highly vulnerable to toxic effects of oil. 

Walruses and bearded seals which feed on 

bottom molluscs may ingest oil components 

through their food. Seal pups can ingest oil if 

they are suckled by an oiled mother. All the seal 

species are vulnerable to effects of inhalation of 

petroleum vapours, particularly during the early 

phase of a spill. White whales and bowhead 

whales trapped in Ieads with oil may also suffer 

from vapours. All other whales are believed to be 

HUie vulnerable to toxic effects of oil. 

Se Surface contact (Small/Moderate/High) -

Polar bears are highly vulnerable to the decreased 

insulation of oiled fur. During spring ringed seals 

with pups are believed to be moderately vulnera

ble to loss of in5ulation due to oil in lanugo. The 

effects of oil contact on the seal skin is disputed 

and it is not known whether or not irritation of 

the skin will increase the heat loss and interfere 

with thermoregulation. This could be an im

portant effect particularly during moult. All seals 

are therefore classified as moderately vulnerable 

to surface contact with oil. Toothed whales are 

not believed to be vulnerable to surface contact 

with oil, except for white whales during 

moulting. Bowhead whales are assumed to be 

moderately vulnerable to oil in the baleen, which 

might decrease their feeding efficiency, while the 
other whales are assumed to be less vulnerable. 

Co Condition (High /Moderately/Low) -

The condition of polar bears varies with season 

and reproductive status (for females), and the 

spring is their most important feeding season. In 

the analyses we have not subdivided bears into 

seasanal populations. Females are regarded to 

have a moderate condition due to their effort to 

take care of the young, while males are c1assified 

as having a high condition. We believe that the 

condition of walruses is generally high during the 

year. The condition of ringed seals starts to de

crease at the onset of breeding in March and 
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continues to decrease until after the moult in 

July. Ringed seals are classified as hav ing a 

moderate condition during spring and summer 

and a high condition during the rest of the year. It 

is assumed that harbour seals and bearded seals 

follow a similar pattern with a moderate condi

tion in the breeding and moulting seasons and a 

high condition during the rest of the year. Harp 

seals are known to follow the same pattern. All 

the whales are considered to have a moderate 

condition during the time they stay in the assess

ment area. 

Ra - Recovery ability 
(Good/Moderate/Small) 

Polar bears are considered to have low ability for 

recovering after oil pollution. Seals are regarded 

as hav ing a moderate ability for recovering 

during breeding and moulting and a good ability 

for recovering through the rest of the year. 

Walruses and whales are considered to have good 

ability for recovering. 

Ex 	 Exposure leveI (Small/Moderate/Large) -

The part of the polar bear population that is 

exposed will vary throughout the year. On 

average, a moderate part is assumed to be ex

posed. A large part of the male walruses are 

exposed, whereas the females are found in the far 

northeast and is classified as having a moderate 

exposure level. Ringed seals are little exposed 

during breeding and moderately exposed through 

the rest of the year. The harbour seal population 

is very exposed. Harp seals are liule exposed 

during breeding and moulting and moderately 

exposed through the rest of the year. Bearded 

seals and white whales are moderately exposed. 

Only smaller parts of the populations of the other 

species might be exposed. 

Ps 	 Population size -

(Large/Moderate/Small) 
Harbour seais, bowhead whales, fin whales and 

humpback whales are considered to have small 

population sizes. Polar bears and walruses are 

considered to have moderate population sizes. 

The other species are considered to have large 

population sizes. 

Ag Aggregation (Small/Moderate/Large) 
Polar bears, bearded seals and the baleen whales 

are considered as not forming aggregations. 

Ringed seals have moderate aggregations in 

breeding and moulting areas in spring but are 

more dispersed during other parts of the year. 

Harp seals are highly aggregated during breeding 

and moderate ly aggregated during the rest of the 

year. Walruses, harbour seais, white whales and 

white-beaked dolphins may form large aggre

gations. 

Re 	 Reproducing part of population -

(Small/Moderate/Large) 
Polar be ar females may be seen as comprising a 

large part of the reproducing population while 

males make up a small part. The same is the 

situation for walruses. For the other species the 

classification is moderate for this criterion. 

Rp 	 Reproductive potential -

(Large/Moderate/Small) 
Polar bears, walruses, white whales and the 

baleen whales, except for the minke whale, have 

a multi year reproductive interval and are con

sidered to have a small reproductive potential. 

The other species in the analysis are considered 

to have a moderate reproductive potential. 

Pt 	 Population trend -

(Increasing/Stable/Decreasing) 
The population trend of most populations in the 

analysis is poorly known and is classified as 

stable (2). We have some information indicating 

that the polar bear population is stable. The popu

lation of walrus, and maybe also the bowhead 

whale population, is probably increasing very 

slowly. Taking into consideration the time that 

has lapsed since they were protected and the 

small increase that has been observed, we 

c1assify the populations of walrus and bowhead 

whale here as decreasing for conservative 

purposes. 

Vf 	 Vulnerable fra ctio n 
(Small/Moderate/Large) 

Polar bears have a large vulnerable fraction of 

their naturai population within the area. Walruses 

have a medium fraction of females and a large 

fraction of males within the area, and harbour 

seals have a large fraction in the area. Harp seals 

have a small vulnerable fraction of the population 

in winter and spring and a moderate fraction 

during the rest of the year. The white whale, 

bowhead whale and humpback whale have larger 

parts of their naturai poplliations within the area. 

The populations of white-beaked dolphins and fin 

whales in the analysis area are regarded to be 

moderate fractions of the naturaI populations they 
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represent, while only a small part of the minke 

whale population is regarded as in the analysis 

area. 

1m - Potential immigration 
(Large/Moderate/Small) 

The potential for immigration from other areas is 

considered to be small for walruses, harbour seals 

and bowhead whales, large for ringed seals and 
bearded seais, and moderate for the other popu

lations. 

5. VULNERABLE POPULATIONS 

The aim of the vulnerability analysis is to 

identify the relative vulnerability of the species 

for use in an impact assessment. The indices are 

relative measures of vulnerability which can be 

used to compare populations and they do not 

show how large parts of the populations which 

might be injured. 
The results of the evaluations are summarised 

in Table 3 and Fig. l. Based on the analysis, 

polar bears, walruses, harbour seals and white 

whales are the most vulnerable species in the 

assessment area with population vulnerability 

indices larger than 135. These species are c1assi

fied in vulnerability class 3. Females are the most 

vulnerable part of the polar bear population. The 

male walruses have a higher vulnerability than 

females because they are more exposed. The 

breeding and moulting season for harbour seals is 

the part of the year when they are most vulner

able to oil pollution. 

Harp seals have a medium vulnerability in 

summer and autumn. Bearded seals have medium 

vulnerability in spring and summer. Bowhead 

whales are also in vulnerability c1ass 2. Their 

individual vulnerability (lV) is just as high as that 

of white whales but their assumed scattered 
distribution make it less probable that they will 

be subject to oil pollution. 

Other populations are classified in vulnera

bility class 1. 
Jødestøl & Ugland (1993) and Jødestøl et al. 

(1994) made population risk assessment studies 
of ringed seais, harp seais, walruses and minke 

whales on the basis of hypothetical oil spill 

scenarios. Individual oil vulnerability was speci

fied for different age groups and seasons for the 

populations. Jødestøl and co-workers combined 

this with oil spill scenarios to arrive at a 

perturbation factor based on effects on survival 

and reproduction. The population impact and 

vulnerability classification were based on re

covery time for the population estimated from 

population dynamics models. We agree that this 

approach is theoretically correct, but we have 

questioned the reliability of such models in this 

con text because the values that are put into the 

mode! for the population parameters are very 

uncertain. Jødestøl and co-workers found that 

walruses in general have a high vulnerability for 

oil spilIs, that ringed seals and harp seals had a 

medium to low vulnerability, and that minke 

whales probably will be httle affected by a spill. 

The present work differs from the works 

referred above in that we have analysed the 

relative vulnerability between populations only, 

and the coupling with oil-drift scenarios will be 

done at a later It seerns, however, that our 

results are in accordance with the results found 

by Jødestøl & Ugland (1993) and Jødestøl et al. 

(1994). 
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Fig. 1. Results of evaluation of marine mammal vulnerability to oil. 
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APPENDIX 4 .  R ES U LTS FROM THE O I L-VULNERAB I LI TY ASS ESSM ENT 
FO R S EABI  ROS 

Results from the analysis o f  the vul nerabi l i ty to o i l  o f  the seabird populations i n  the northern B arents Sea i n  the 

winter, spri ng,  summer and autumn seasons (after Fjeld & B akken [ 1 993] and Isaksen & B akken [ 1 995]) ,  The 
assessment model defines popuJations with vu l nerabil ity indices (PV) lower than 1 00 as of low vu lnera b il i ty to o i l  
spi l Is  (vul nera b i l ity category l) ,  whereas populations with PV between 1 00 a n d  250, and h ig her than 250 are 

defined as of moderate (vul nerabi l ity category 2) and high vul nerabi l i ty (vul nerabil ity category 3), respectively , A l l  
speeies l i sted i n  Appendix I have been evaluated i n  the assessment, b u t  o n J y  popu lations found t o  b e  vu lnerable 
(defined as populations i n  vul nerabil ity category 2 or 3 i n  spring and su mmer, and vu lnera b i l i ty category 3 in 

autumn and w i n ter) are s hown i n  the figures beJ ow, 
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APP E N D IX 5 .  R ES U LTS FROM TH E IMPACT ASS ESSM E NT FOR S EAB I RDS 

Results (ca\culated consequence indices, K) from the impact analysis for seabirds. The consequence index for a 
speeies of a spi 1\ from one of the three spi I1 points is shown separate l y  for each season. 
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APPENDIX 6. RESULTS FROM THE IMPACT ASSESSMENT FOR MARINE 

MAMMALS 

Results (ca1culated consequence indices, K) from the impact analysis for marine mammaIs. The consequence index 

for a speeies of a spill from one of the three spill points is shown separately for each season. 
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APPENDIX 7. ANALYSIS MAPS FOR SEABIRDS 

Maps showing the effects indicated by the SIMP ACT model of an oil spill for selected combinations of species, 
season and spill site. 

• large• inslgnlftcant small • medium 

Fig. 1. Bamacle goose, breeding colonies. Westem spill point. Summer. 

Consequence index: 0.327 

• insignificant small • medium • large 

Fig. 2. Brent gOO5e, breeding colon les. Middle spill polnt. Summer. 

Consequence index: 0.284. 

• insignificant small • medium • large • Inslgnlficant small • medium • large 

Fig. J. Common eider, breeding colonies. Westem spill point. Summer. Fig. 4. Common gUiliemot, breedlng colonies. Middle spill polnt. Summer. 

Consequence index: 0.132. Consequence index: O 141 
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• insignincant small • medium • large 

Fig. 5. Briinnich's guillernot, breedlng colonies. Mlddle spill point. Summer. 

Consequence Index: 0.126. 

• Inslgnlncant small • medium • large 

Fig. 7. Guillemot (Urla spp.) adults with Juwnlles (20 July-31 August). Mlddle spill point. 

Consequence Index: 0.240. 

• Insignlncant small • medium • large 

Fig. 6. King eider, moulting areas. Middle spill point. Summer. 

Consequence index: 0.121. 

• Insignillcant small • medium • large 

Fig. 8. Little auk, at sea. Westem spill polnt. Summer. 

Consequence Index: 0.425. 
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• Inslgnlncant small • medium • large • Inslgnlficant small • medium • large 

Flg. 9. Briinnlch's guillemot, at sea. Mlddle spill polnt. Summer. Fig. 10. Briinnlch's guillernot, at sea, Eastem spill point. Autumn 

Consequence index: 0,266, Consequence Index: 0,456, 

• insignincant small • medium • large • inslgnlncant small • medium • large 

Flg. 11. Briinnich's gulllemot, at sea. Western spill polnt. Spring, Fig. 12. KIUlwake, at sea, Eastern spill poInt. Spring, 

Consequence Index: 0,236, Consequence index: 0,195, 
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APPENDIX 8. ANALYSIS MAPS FOR MARINE MAMMALS 

Maps showing the effects indicated by the SIMPACT model of an oil spill for selected combinations of species, 
season and spill site . 

• insigniftcant small • medium • large • inslgnificant small • medium • large 

Fig. 1. Harp seal. Eastem spill polnt Summe  Fig. 2. Walrus, males. Middle spill polnt Summer, 

Consequence index: 0.083. Consequence index: 0.261 . 

• insignificant small • medium • large • Inslgnillcant small • medium • large 

Flg. 3. White whale, Mlddle spill polnt Summe  Fig. 4. Harbour seal. Middle spill point Autumn. 

Consequence Index: 0.103. Consequence index: 0,177. 
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• insignincant small .'medlum • large • Inslgnificant small • medium • large 

Fig. 5. White whale, Eastem Spill point. Autumn Fig. 6. Polar bea  males Eastem spill point, Wlnter. 

Consequence index: 0.134 Consequence Index: 0.124 . 

• Inslgnincant small • medium • large • insignificant small • medium • large 

Fig. 7. Polar bea  females. Westem spill polnt Spring, Fig. B. HartJour seal. Westem Spill point. Spring 

Consequence index: 0.110 Consequence index: 0,370, 
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