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Chapter 4
Oil Vulnerability Index, Impact on Arctic 
Bird Populations (Proposing a Method 
for Calculating an Oil Vulnerability Index 
for the Arctic Seabirds)

Nina J. O’Hanlon, Alexander L. Bond, Neil A. James, 
and Elizabeth A. Masden

Abstract  In recent decades, political and commercial interest in the Arctic’s resources 
has increased dramatically. With the projected increase in shipping activity and hydro-
carbon extraction, there is an increased risk to marine habitats and organisms. This 
comes with concomitant threats to the fragile Arctic environment especially from oil, 
whether from shipping accidents, pipeline leaks, or sub-surface well blowouts. Seabirds 
are among the most threatened group of birds, and the main threats to these species at-
sea are commercial fishing and pollution. Seabirds are vulnerable to oil pollution, 
which can result in mass mortality events. Species are affected to a differing extent, 
therefore it is important to objectively predict which species are most at risk from oil 
spills and where. Assessing the vulnerability of seabirds to oil is achieved through 
establishing an index for the sensitivity of seabirds to oil – Oil Vulnerability Index 
(OVI). This incorporates spatial information on the distribution and density of birds as 
well as on species specific behaviours and other life history characteristics. This chap-
ter focuses on the threat of oil to seabirds, especially in the Arctic, and how an OVI can 
be used to highlight which species are most at risk and where within the Arctic region.
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Over the last century, ice cover and thickness in the Arctic has decreased, resulting 
in increased opportunities for marine access. With the associated projected increase 
in shipping activity and hydrocarbon extraction in this region, there is an increased 
risk of negative ecological impacts on the marine environment. Seabirds are 
particularly vulnerable to oil pollution. Following a spill, seabirds frequently come 
in to contact with crude oil floating on the sea’s surface, which can affect seabirds 
in many direct and indirect ways. Due to their ecology, some seabird species are 
more likely to be affected by oil than others. Therefore, we can estimate the 
vulnerability of different seabird species to oil by taking into account their behaviour 
and life history characteristics. This method allows us to create an index for the 
sensitivity of seabirds to oil  – Oil Vulnerability Index (OVI). In this chapter we 
describe how we made small changes to the UK’s Seabird Oil Sensitivity Index 
(SOSI) to assess seabird vulnerability to oil within the eastern North Atlantic to help 
identify which seabirds may be most sensitive to potential oil pollution associated 
with the predicted future increase in shipping and hydrocarbon exploration in 
the Arctic.

4.1  �Introduction

In recent decades, political and commercial interest in the Arctic’s resources have 
increased dramatically. Over the last century, Arctic ice cover and thickness have 
decreased, especially during the summer months, and is likely to decrease further as 
predicted global annual surface temperatures continue to rise with climate change 
(IPCC 2013). The increased melting of sea-ice in the Arctic increases the 
opportunities for marine access to this region, opening new shipping trade routes 
and access to unexploited oil and gas resources (Wilkinson et al. 2017). Trans-arctic 
shipping routes, such as the Northern Sea Route, provide a cheaper and quicker 
alternative than traditional, longer routes (Miller and Ruiz 2014). With the projected 
increase in shipping activity and hydrocarbon extraction in northern waters, there is 
an increased risk of negative ecological impacts on marine habitats and organisms. 
With this come the potential threats to the Arctic environment from those wanting 
to exploit these resources, especially oil, whether from shipping accidents, pipeline 
leaks or sub-surface well blowouts (Wilkinson et al. 2017).

Oil can enter the marine environment through natural seeps, however substan-
tial quantities of oil enter from anthropogenic activities associated with sea-going 
vessels and oil exploration, extraction and accidental or deliberate discharge of oil 
during transportation (Clark 2001). The largest contribution of oil entering our 
oceans is from at-sea vessels (Committee on Oil in the Sea 2003). Large oil spills 
from tankers and routine hydrocarbon extraction operations are generally the 
most high-profile incidents, however sizeable quantities are discharged, mostly 
illegally, from washing vessel tanks and removing ballast (Committee on Oil in 
the Sea 2003).

N. J. O’Hanlon et al.
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4.2  �Threat of Oil to Seabirds with Particular Focus 
on the Arctic

Seabirds are among the most threatened group of bird species, with 28% of the 
world’s seabird species categorised as globally threatened (Birdlife 2012), and 
pollution being a key threat (Croxall et al. 2012). Seabirds are particularly vulnerable 
to oil pollution, which can cause mass mortality events, with even minor oil spills 
causing problems (Piatt and Ford 1996; Votier et  al. 2005; Munilla et  al. 2011). 
Seabirds generally encounter oil on the sea surface where it forms a thin film. Oil 
can affect seabirds directly through lethal and sub-lethal effects; it can suffocate 
individuals or destroy the insulating properties of feathers, as oil droplets adsorb to 
the feathers of birds because of their hydrophobic properties. The damage this 
causes to the feathers’ microstructure reduces a bird’s ability to insulate and 
waterproof itself resulting in hypothermia and reduced buoyancy, which can lead to 
starvation where individuals cannot fly or forage (Jenssen et al. 1985; Jenssen 1994; 
O’Hara and Morandin 2010).

If ingested, for example during preening when an individual attempts to clean its 
feathers, the oil and associated toxins can damage internal organs and affect 
metabolism, leading to dehydration and poisoning (Miller et al. 1978; Burger and 
Fry 1993; Paruk et al. 2016). Polycyclic aromatic hydrocarbons (PAHs) are a group 
of organic pollutants with mutagenic and carcinogenic properties released into the 
environment by the incomplete combustion of fossil fuels and the burning of organic 
matter. Paruk et  al. (2016) found that exposure to PAHs found in oil resulted in 
lower body mass of adult and immature Common Loons Gavia immer. Seabirds can 
also be exposed to PAHs after major oil spills through ingesting contaminated prey 
(Alonso-Alvarez et al. 2007; Paruk et al. 2014). Even individuals that successfully 
preen themselves of oil have experienced negative consequences on their subsequent 
productivity (Corkhill 1973; Esler et al. 2000) and long-term survival (Esler et al. 
2000; Peterson et al. 2003; Esler and Iverson 2010; Fraser and Racine 2016). Esler 
et  al. (2000) found that 6–9  years after the Exxon Valdez oil spill there was a 
reduction in female Harlequin Duck Histrionicus histrionicus winter survival in 
oiled compared to unoiled areas; however, after 11–14  years no difference was 
observed indicating that it took over a decade for survival of Harlequin Ducks to 
recover (Esler and Iverson 2010).

Seabirds can also be impacted by oil spills indirectly through displacement from 
foraging habitats and reduced food availability where prey species are affected 
(Peterson et  al. 2003; Velando et  al. 2005). During the winter following the Sea 
Empress oil spill in Wales, Common Scoters Melanitta nigra were displaced from 
favoured foraging locations with individuals instead feeding in areas with 
energetically less profitable prey (Banks et al. 2008). Seabirds can also be affected 
negatively by clean-up efforts, through disturbance, and toxicity of dispersants 
(Jenssen 1994; Whitmer et al. 2018).

The productive, cooler temperature waters of the eastern North Atlantic Ocean 
hold large concentrations of seabirds (Wong et  al. 2014), and internationally 
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important numbers of many species (Birdlife 2019). However, these colder higher 
latitude waters can also increase seabirds’ vulnerability to oil pollution (Fraser and 
Racine 2016). In cold water, oil can persist at the sea surface for extended periods 
as a more viscous, solidified form (Buist et al. 2000; Brandvik and Faksness 2008), 
whilst seabirds are more vulnerable due to potentially already being at a higher 
thermal stress (Ellis and Gabrielsen 2001). Consequently, only small amounts of oil 
may cause hypothermia and therefore increase mortality risk (Hartung 1967; 
Jenssen et al. 1985; Wiese and Ryan 2003). Wiese and Ryan (2003) found higher 
incidences of oiled birds in periods of colder ambient air temperatures, high winds 
and periods of increased onshore winds, which caused greater thermal stress for 
compromised birds.

Although large oil spills and disasters can affect and kill large numbers of indi-
viduals, chronic oil pollution is thought to have the greatest impact on seabirds 
because of its persistent nature over time (Wiese and Robertson 2004; O’Hara and 
Morgan 2006; Ronconi et al. 2015). Systematic beached bird surveys have occurred 
in the North Sea since the 1970s predominantly to monitor chronic oil pollution, 
which has revealed that seabird oiling rates (the number of oiled birds divided by 
the total number of birds found) have declined in this region, largely due to 
implemented legislation, such as the MARPOL protocol of 1973, and the amended 
protocol of 1978 (Jones 1980; Camphuysen 1998; Heubeck 2006; Stienen et  al. 
2017). In Canada, seabird oil rates also declined from 1984–2006, but remained 
high relative to other areas (Wilhelm et al. 2009).

4.2.1  �Direct Monitoring of Seabird Vulnerability to Oil 
Via Beached Bird Surveys

To determine the extent to which, and mechanism of how oil affects seabirds we 
must be able to assess its impacts. One method for doing so is to search systematically 
for oiled individuals that have washed up on the shoreline (Camphuysen and 
Heubeck 2001; Wiese and Ryan 2003; Heubeck 2006). These “beached bird 
surveys” can provide details on the risk to different species of at-sea oiling, as well 
as monitor variation in the amount of oil at sea among years and locations (Furness 
and Camphuysen 1997; Heubeck et al. 2003).

From the data collected during beached bird surveys it is possible to derive a 
species-specific ‘oiling rate’, which can be defined as the number of birds found per 
km of coastline and the proportion of birds found oiled (Camphuysen 2007). These 
values can then be used to identify spatial and temporal variation in seabird 
vulnerability to oil, as survey methods are standardised (Wiese and Elmslie 2006). 
Beached bird surveys have shown that species with the highest oiling rates were 
those that would be expected from their behaviour of spending a large amount of 
time on the sea surface, such as auks (Alcidae) and eiders Somateria spp. 
(Camphuysen and Heubeck 2001; Wiese and Ryan 2003), whilst more aerial species 
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and those that stay closer to the coast had lower rates of oiling (Wiese and Ryan 
2003). However, it is possible that predatory and scavenging species, such as gulls 
or terns (Laridae), might have a higher risk if they are attracted to dead or 
incapacitated oiled individuals.

Beached bird surveys provide a relatively cost-effective way of monitoring oil 
pollution and the effect of spills on seabirds, with small changes in oiling rates 
successfully detected. This means that beached bird surveys can also be used to 
assess the effectiveness of measures to reduce oil pollution in the marine environment 
(Heubeck 2006). In addition to monitoring oiling rates, the surveys also increase 
public awareness of the issue. Beached bird surveys can, however, result in biases in 
the data collected. It is possible that birds that died from oil ingestion with no 
external signs of oiling are missed (Leighton 1995; Briggs et al. 1997), while there 
is also the possibility that birds become oiled after death. At times of reduced food 
availability or during severe winters, which increase seabird mortality generally, 
oiling rates can often be lower (Camphuysen and Heubeck 2001). Furthermore, not 
all oiled birds will reach land and a large proportion remain at sea. Many factors 
influence the number of clean and oiled birds that are found during beached bird 
surveys, including wind speed and direction, surface currents, sea surface 
temperatures (Camphuysen and Heubeck 2001), and other sources of mortality such 
as fishing effort or hunting pressure (Wilhelm et al. 2009). Finally, even if the birds 
do reach the coastline, they might still not be detected if they are scavenged before 
being found (Ford and Zafonte 2009) or if washed up in a remote area with lower 
survey effort. This final point is particularly relevant in the Arctic.

For the information gained from beached bird surveys to be useful to decision 
makers, an accurate number of all oiled birds needs to be established; however, this 
is not possible at present as only small areas are monitored, meaning assumptions 
need to be made if extrapolating to large, unsurveyed areas (Wiese and Elmslie 
2006). It is also difficult to establish the effects of oil pollution on seabirds at the 
population level, as we generally do not have reliable estimates of seabird population 
numbers, and the effect of oil would need to be disentangled from other natural and 
anthropogenic mortality sources (Wiese and Elmslie 2006). It is very difficult to 
determine how the numbers of oiled birds that wash up oiled relate to those affected 
at sea and never recorded, and therefore current oiling rates have high levels of 
associated uncertainty.

4.2.2  �Introduction to Oil Vulnerability Indices

Beached bird surveys provide information on the number of birds that have been 
affected by oil retrospectively. However, it is also useful to be able to predict the 
likely impacts of an oil spill on seabird populations and communities. Such 
predictions are useful, for example, in the planning of oil and gas developments, the 
opening of new shipping routes, and establishing environmental monitoring 
programmes.

4  Oil Vulnerability Index, Impact on Arctic Bird Populations…
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Due to their ecology, some seabird species are likely to be affected to a greater 
extent than others. For example, pursuit diving seabirds such as seaducks (Anatidae: 
Mergiini), loons (Gaviidae) and auks are likely more susceptible to oiling than more 
aerial species such as gulls and terns because they spend a greater proportion of 
time on the sea surface and therefore are more likely to come into contact with oil 
(Camphuysen and Heubeck 2001; Heubeck 2006). Species that congregate together 
in large numbers, like many seaducks, those in polynyas, or those that undergo 
periods of flightlessness (or are naturally so) are also at high risk (Westphal and 
Rowan 1969; Burger 1993).

Assessing the vulnerability of seabirds to oil spill incidents incorporates infor-
mation on the spatial abundance of seabirds as well as species-specific behaviours 
and other life history characteristics. To date, this has been achieved through model-
ling mortality based on behavioural characteristics, spatial distributions, and oil 
spill size (Fifield et al. 2009), or calculating an index for the sensitivity of seabirds 
to oil – Oil Vulnerability Index (OVI) (King and Sanger 1979; Williams et al. 1994), 
which we focus on here. Indices incorporate factors that affect the survival of a spe-
cies in relation to oil spills using a scoring system, which varies depending on the 
study. The factors that contribute to the OVI are theoretically assessed and scored 
based on expert judgements, prior information, and knowledge about the behaviour 
of a species, foraging strategies, and demography. The OVI scores can range from 
low values indicating no or very little vulnerability to oil, to maximum scores, indi-
cating high vulnerability (Camphuysen 2007). Furthermore, the OVI scores can be 
used to create a spatial OVI by combining them with species distribution and den-
sity data within areas of potential oil spill or oiling risk. For example, Renner and 
Kuletz (2015) created a spatial–seasonal analysis of the oiling risk from shipping 
traffic to seabirds in the Aleutian Archipelago, as did Wong et al. (2018) for the 
eastern Canadian Arctic. The OVI methodology has been further developed by 
Certain et al. (2015) to provide a mathematical argument for the combination of the 
factors used when producing a single sensitivity index. Earlier efforts (Williams 
et al. 1994) have also been refined for the United Kingdom continental shelf area 
after a thorough review of the contributing factors and spatial density data (Webb 
et al. 2016), resulting in the Seabird Oil Sensitivity Index (SOSI).

4.3  �Case Study: Assessing the Feasibility of an Oil Sensitivity 
Index for the Eastern North Atlantic

Given the predicted increase in extractive hydrocarbon activity and traffic associ-
ated with trans-arctic shipping routes in northern Europe, and the Arctic more 
broadly, there is a need to assess the vulnerability of seabirds to oil in these areas 
using a unified and comparable approach. Although there are country-specific vul-
nerability indices for seabirds and oil within this region (Gavrilo et al. 1998; Clausen 
et al. 2016), not all jurisdictions have methods for assessing risks to seabirds from 
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oil, and there is no region-wide assessment. Given the migratory nature of many 
seabirds in the eastern North Atlantic (Guilford et al. 2011; Frederiksen et al. 2012, 
2016), an understanding of risk can only be done at the regional scale, where mor-
tality often occurs away from breeding colonies (Harris and Wanless 1996; Tasker 
et al. 2000).

Here we discuss the rationale behind using the UK’s SOSI approach as the foun-
dation for a region-wide index of seabirds’ oil sensitivity by examining how the 
SOSI can be modified to meet the requirements of the larger region, and its 
limitations. We then undertake a sensitivity analysis to establish which of the factors 
used to construct the current SOSI contribute the most to the final species-specific 
SOSI to guide the quality of data required, and data gaps that may limit our ability 
to apply the SOSI approach across the eastern North Atlantic region (Table 4.1).

Table 4.1  Seabird species commonly occurring as breeding or migrants in the eastern North 
Atlantic

Common name Scientific name Status Birdlife red list category

Red-throated Loon Gavia stellata Breeding Least concern
Arctic Loon Gavia arctica Breeding Least concern
Common Loon Gavia immer Breeding Least concern
Yellow-billed Loon Gavia adamsii Breeding Near-threatened
Red-necked Grebe Podiceps grisegena Breeding Least concern
Great-crested Grebe Podiceps cristatus Breeding Least concern
Horned Grebe Podiceps auritus Breeding Vulnerable
Black-necked Grebe Podiceps nigricollis Breeding Least concern
Northern Fulmar Fulmarus glacialis Breeding Least concern
Cory’s Shearwater Calonectris borealis Migrant Least concern
Great Shearwater Ardenna gravis Migrant Least concern
Sooty Shearwater Ardenna grisea Migrant Near-threatened
Manx Shearwater Puffinus puffinus Breeding Least concern
Balearic Shearwater Puffinus mauretanicus Migrant Critically endangered
European Storm-petrel Hydrobates pelagicus Breeding Least concern
Leach’s Storm-petrel Hydrobates leucorhous Breeding Vulnerable
Northern Gannet Morus bassanus Breeding Least concern
Great Cormorant Phalacrocorax carbo Breeding Least concern
European Shag Phalacrocorax aristotelis Breeding Least concern
Common Eider Somateria mollissima Breeding Near-threatened
King Eider Somateria spectabilis Breeding Least concern
Steller’s Eider Polysticta stelleri Breeding Vulnerable
Harlequin Duck Histrionicus histrionicus Breeding Least concern
Long-tailed Duck Clangula hyemalis Breeding Vulnerable
Common Scoter Melanitta nigra Breeding Least concern
Velvet Scoter Melanitta fusca Breeding Vulnerable
Goldeneye Bucephala clangula Breeding Least concern

(continued)
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4.3.1  �Regional Sensitivity Indices

The production of the SOSI in the UK underwent a thorough review process to 
determine which factors would be most effective for oil pollution contingency plan-
ning and emergency response within UK waters (Webb et al. 2016). The SOSI has 

Table 4.1  (continued)

Common name Scientific name Status Birdlife red list category

Goosander Mergus merganser Breeding Least concern
Red-breasted Merganser Mergus serrator Breeding Least concern
Greater Scaup Aythya marila Breeding Least concern
Red-necked Phalarope Phalaropus lobatus Breeding Least concern
Red Phalarope Phalaropus fulicarius Breeding Least concern
Pomarine Jaeger Stercorarius pomarinus Breeding Least concern
Arctic Jaeger Stercorarius parasiticus Breeding Least concern
Long-tailed Jaeger Stercorarius longicaudus Breeding Least concern
Great Skua Catharacta skua Breeding Least concern
Mediterranean Gull Larus melanocephalus Breeding Least concern
Little Gull Hydrocoloeus minutus Breeding Least concern
Sabine’s Gull Xema sabini Migrant Least concern
Black-headed Gull Larus ridibundus Breeding Least concern
Mew Gull Larus canus Breeding Least concern
Lesser black-backed Gull Larus fuscus Breeding Least concern
European herring Gull Larus argentatus Breeding Least concern
Yellow-legged Gull Larus michahellis Migrant Least concern
Iceland Gull Larus glaucoides Breeding Least concern
Glaucous Gull Larus hyperboreus Breeding Least concern
Great black-backed Gull Larus marinus Breeding Least concern
Ross’s Gull Rhodostethia rosea Breeding Least concern
Black-legged Kittiwake Rissa tridactyla Breeding Vulnerable
Ivory Gull Pagophila eburnea Breeding Near-threatened
Sandwich Tern Thalasseus sandvicensis Breeding Least concern
Roseate Tern Sterna dougallii Breeding Least concern
Common Tern Sterna hirundo Breeding Least concern
Arctic Tern Sterna paradisaea Breeding Least concern
Little Tern Sternula albifrons Breeding Least concern
Black Tern Chlidonias niger Breeding Least concern
Common Murre Uria aalge Breeding Least concern
Thick-billed Murre Uria lomvia Breeding Least concern
Razorbill Alca torda Breeding Near-threatened
Black Guillemot Cepphus grylle Breeding Least concern
Little Auk Alle alle Breeding Least concern
Atlantic Puffin Fratercula arctica Breeding Vulnerable

Common names and taxonomy follows Birdlife (2019)

N. J. O’Hanlon et al.
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therefore been adopted by the UK’s Joint Nature Conservation Committee (JNCC) 
to advise necessary actions when and where oil spills occur within the waters around 
the UK (JNCC 2017). We therefore used this most recent assessment of seabird 
vulnerability to oil to develop a regional approach for the eastern North 
Atlantic region.

The SOSI used in the UK incorporates eight factors that represent three princi-
ples to assess the sensitivity of seabird species to oil: (1) how likely individuals are 
to be affected by oil due to their behaviour (factors 1–3); (2) how vulnerable a popu-
lation/species is (factors 4–6); and (3) how quickly a population or species might 
recover from an oil incident (factors 7–8). The eight factors are scored on a scale of 
0.2–1.0 in increments of 0.2, from low to high sensitivity, and determined for each 
species (Webb et al. 2016) with total scores ranging from 1.6 to 8.0:

	1.	 Proportion of time spent sitting on the water (using European Seabird at Sea data 
from 1995 to 2015). Species that more often sit on the ocean’s surface are at 
greater risk of oiling and therefore have a higher score.

	2.	 Percentage of tideline corpses contaminated with oil (based on Williams et al. 
1994). Species with higher oiling rates (where a high percentage of tideline 
corpses are contaminated with oil) are assumed to be more sensitive to oil 
pollution and have a higher score.

	3.	 Habitat flexibility (taken from Furness et al. 2013), defined as the range of habi-
tats a species uses, scored from 0.2 (high habitat flexibility: tend to forage over 
large marine areas with little known association with particular marine features) 
to 1 (low habitat flexibility: tend to feed on very specific habitat features, such as 
shallow banks with bivalve communities, or kelp beds).

	4.	 Percentage of biogeographical population within the UK continental shelf; a 
measure of how vulnerable a species is to mortality. Species with a high percent-
age of biogeographical population within the UK continental shelf are scored 
higher as this indicates the importance of the UK’s population of a species 
globally.

	5.	 Listing in Birds of Conservation Concern (BOCC) (scored depending on status 
levels from BOCC 2, BOCC 3 (Eaton et al. 2009) and BOCC 4 (Eaton et al. 
2015). Species of higher conservation concern are scored higher.

	6.	 Presence on EU Birds Directive Annexes; a third measure of how vulnerable a 
species is to mortality (with scores taken from Furness et al. 2012). Scored as 1 
where species are listed in Annex 1 of the Directive (species of particular 
conservation concern, which have the highest level of protection), 0.6 where 
species are not listed on Annex 1 but are listed as a migratory species and 0.2 
where species are not listed on Annex 1 or are not listed as migratory (European 
Commission 2009).

	7.	 Potential annual productivity, score based on maximum and mean clutch size & 
age at first breeding, based on Williams et al. 1994 (a high score reflects a small 
maximum and mean clutch size with a high age of first breeding, whilst a low 
score reflects a large maximum and mean with a low age of first breeding). 
Species with high scores are expected to recover from an oil incident more 
slowly.

4  Oil Vulnerability Index, Impact on Arctic Bird Populations…
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	8.	 Adult annual survival rate, also a measure of how quickly a species may recover 
from an oil incident, with species with high scores (reflecting high annual 
survival rates) expected to take longer to recover from an oil incident.

There are several other factors that may influence the sensitivity of a species to oil, 
which are not included in the SOSI calculation, for example: ability to withstand 
oiling (Burger and Gochfield 2002), foraging/feeding behaviour (Schreiber and 
Burger 2002), aggregation at sea (Stone et al. 1995; Reid et al. 2001), coloniality 
at breeding sites (Schreiber and Burger 2002); and the extent to which species are 
attracted to vessels based on interactions with fisheries vessels (Wahl and 
Heinemann 1979; Skov and Durinck 2001). Increasing the number of factors used 
to calculate a sensitivity index may allow it to be more representative if it incorpo-
rates all aspects that might influence species’ sensitivity to oil. However, obtaining 
adequate data to score these factors accurately is unlikely for many species, which 
will increase the uncertainty of index values. Having fewer and more broad factors 
may therefore prevent a false sense of precision in the index values. There is also 
an additional management cost of changing the current method and establishing 
whether alternative factors are appropriate. Effort may be better spent applying the 
current SOSI more widely, given its utility in a UK context. Furthermore, as the 
SOSI is an index, rather than an absolute value with a degree of certainty, applying 
it consistently, using the same method across regions, will make its caveats better 
understood by those using it. Due to the potential difficulty of obtaining sufficient 
data, both temporal and spatial, for species, especially in more remote areas such 
as across the Arctic, we used the SOSI used in the UK as a starting point for calcu-
lating an oil vulnerability index for species in the eastern North Atlantic Ocean, 
with a particular focus on the Northern Periphery of Europe and Arctic region: 
Denmark, England, the Faroe Islands, Finland, Greenland, Iceland, Ireland, 
Northern Ireland, Norway, Scotland, Svalbard (including Bjørnøya & Jan Mayan), 
Sweden, and Wales (Fig. 4.1).

Outside of the UK, the extent to which information on seabirds’ vulnerability to 
oil exists across the eastern North Atlantic Ocean is currently variable (Camphuysen 
2007). The Faroe Islands are relatively well covered, though there is limited winter 
seabird distribution data (Skov et al. 2002). The Baltic Sea has extensive data on 
seabird distribution and abundance at sea, however no oil sensitivity index has been 
established (Camphuysen 2007). The Norwegian Seas and those around Svalbard 
and Greenland are partly covered, but have incomplete data; for example, around 
Svalbard there are recent summer seabird at sea data for the Barents Sea to the south 
but not for northern waters (Camphuysen 2007). Data on at-sea distribution of 
seabirds in this region, particularly focused on the non-breeding season, have been 
collected through SEATRACK, an international seabird tracking programme 
covering the Barents, Norwegian and North Seas (http://www.seapop.no/en/
seatrack/). Neither has looked at a comprehensive seabird vulnerability index for oil 
in their jurisdictions, but Greenland does have an oil vulnerability atlas for the west 
coast (Mosbech et al. 2004; Stjernholm et al. 2011; Clausen et al. 2016), with a 
similar atlas in preparation for east Greenland. Icelandic waters, as well as the high 
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seas around Greenland, west of Ireland and around Svalbard are data deficient due 
to limited seabirds at sea data and having no assessment of seabird or habitat 
sensitivity to oil pollution.

4.3.2  �Sensitivity Analysis of the SOSI Factors

Before expanding the SOSI to the eastern North Atlantic Ocean, we must assess the 
relative importance of the current SOSI factors. Developed in the UK, with a long 
history of seabird monitoring (Reid et al. 2001; Mitchell et al. 2004), data may not 
be necessarily available for all factors from all species across the entire region. A 
sensitivity analysis can therefore identify which factors are the most influential, and 
therefore where to focus future data collection, or use surrogate values from other 
species. As the SOSI adopts a binned approach, with individual parameter values 
scored from 0.2 to 1.0 for each factor, changing parameter values may not actually 
make any material difference to the overall result.

Fig. 4.1  The current spatial coverage of SOSI (Webb et  al. 2016) in the United Kingdom 
Continental Shelf, shown in dark purple. We discuss expanding this to cover the Northern Periphery 
of Europe and Arctic region, shown in light blue, with a focus on 1 Greenland, 2 Iceland, 3 Faroe 
Islands, 4 Ireland, 5 United Kingdom (England, Northern Ireland, Scotland, Wales), 6 Denmark, 7 
Norway, 8 Sweden, 9 Finland, and 10 Svalbard (including Bjornoya & Jan Mayan)
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Factors used to calculate the SOSI do not consider variability in parameter val-
ues, which can be especially important for factors 1 (proportion of time spent on 
water), 2 (proportion of tideline corpses contaminated with oil), 7 (potential annual 
productivity), and 8 (annual adult survival rate). The latter two are demographically 
important for seabirds, and differ greatly among sites, reflecting local as well as 
more regional pressures (Lavers et  al. 2009; Bond et  al. 2011). Undertaking a 
sensitivity analysis will therefore also allow us to establish whether this variability 
needs to be considered when applying the parameter values to the larger geographical 
area. The sensitivity analysis will also establish how the current factors are weighted 
in the calculation, and whether this is appropriate for the quality of data available for 
individual factors. For example, data on the percentage of tideline corpses 
contaminated with oil are unlikely to be available for offshore species that seldom 
appear on beached bird surveys (Camphuysen and Heubeck 2001) and coastlines 
across the eastern North Atlantic that do not currently collect these data.

All analyses were carried out in R 3.5.1 (R Development Core Team 2018). We 
determined the relative importance of the eight SOSI factors on the SOSI calculation 
using a sensitivity analysis with Latin Hypercube Sampling (McKay 1992; Blower 
and Dowlatabadi 1994), in the R package pse (Chalom and Prado 2017). This 
analysis ranks input variables based on their influence on the model output, in this 
case the SOSI calculation, to identify the factors which have the most influence. We 
produced 200 random parameter combinations, with each factor value drawn from 
a uniform distribution between 0.2 and 1 at 0.2 increments, where all factors could 
vary. One parameter, at intervals of 0.2 between 0.2 and 1, was selected at random 
for each factor and combined with values from the other factors. We calculated 
partial rank correlation coefficients (PRCC) to determine the relative importance of 
each factor to the SOSI calculation (Blower and Dowlatabadi 1994). PRCC values 
reflect the estimated relative importance of each factor in the SOSI calculation, with 
PRCC values closer to 1 having the strongest influence.

The factors with the greatest impact on the final SOSI scores were factors 1 (pro-
portion of time spent on water), 2 (proportion of tideline corpses contaminated with 
oil) and 3 (habitat flexibility), with all having high PRCC values >0.50 (Taylor 
1990, Fig.  4.2). These factors with the most influence on the SOSI were those 
reflecting how likely individuals are to be affected by oil due to their behaviour. 
Factors 7 and 8, which reflect species demography (potential annual productivity, 
and adult annual survival rate), had the least influence on the final SOSI scores.

This highlights the importance of obtaining accurate parameter values and asso-
ciated variability across the region of interest for factors 1–3 relating to behaviour 
given their relative importance in calculating species SOSI scores. The results also 
partially allay concerns that the SOSI does not consider spatial and temporal varia-
tion in seabird demography, with variability observed in the maximum and mean 
clutch size, age at first breeding and adult survival rate (Horswill and Robinson 
2015). The relatively low influence of demographic factors suggests that it may not 
be essential to account for this variation, or uncertainty in these parameter values for 
understudied populations, or species, and that data from surrogate species, expert 
opinion, or local ecological knowledge may be an appropriate alternative when data 
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are lacking. Additionally, it means that it may not be necessary to account for the 
spatial and temporal variation observed in seabird demographic variables, espe-
cially as these parameter values are placed in bins with increments of 0.2 before 
inputting into the SOSI calculation.

4.3.3  �Expanding the SOSI to the Eastern North Atlantic

If the application of the SOSI is to be extended into other areas, then we must first 
explore whether the eight factors relevant to assessing oil sensitivity in the UK are 
also relevant for the wider eastern North Atlantic region.

Factors 1 and 2 have the greatest influence on the overall SOSI score used in the 
UK, therefore it is important that the data on which these factor values are based are 
as accurate as possible. Where possible it would be beneficial to account for any 
variability in these factors across the region. The proportion of time individuals 
spend on the sea surface is likely consistent within species as this is largely driven 
by behaviour. To some extent, this consistency will also be the case for the proportion 
of tideline corpses contaminated with oil as this will also be related to seabirds’ 
behaviour, with species that spend more time on the sea surface having higher oiling 
rates (Camphuysen 1998). Although the ranking of oiling rates for species are 

Fig. 4.2  The partial rank correlation coefficient (PRCC) for the eight SOSI factors (see text, Webb 
et al. 2016) with confidence intervals produced by bootstrapping. The PRCC values reflect the 
strength of the linear associations between the result and each of the input factors, after removing 
the linear effect of the other factors
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generally similar across different locations, the exact parameter values do differ 
(Camphuysen 1998). Current oiling rates are also skewed geographically with data 
from standardised beached bird surveys largely collated from around the North Sea, 
although there are also some beached bird surveys in Scandinavia (Camphuysen 
and Heubeck 2001), but these data are largely absent from more inaccessible 
coastlines (e.g., Greenland, Iceland or Svalbard). Factors 1 and 2 both reflect how 
likely individuals are to be affected by oil due to their behaviour and show a 
significant positive correlation (rs = 0.69, P < 0.001, N = 50). Given this relationship 
and the challenges of accurately determining the number of tideline corpses, one 
option is to remove factor 2 and only include factor 1, where more robust data exist. 
Removing the proportion of oiled tideline corpses from the calculation increased 
the species’ SOSI scores, apart from species that had the highest proportion of oil 
corpses (factor 2 score of 1), for which final scores stayed the same. However, the 
extent to which removing factor 2 increased a species’ SOSI score varied, therefore 
the ranking of species’ sensitivity did change.

Factor 3, reflecting how habitat flexibility influences the likelihood that individu-
als will be affected by oil due to their behaviour, also has an important influence on 
the overall SOSI score used in the UK. This factor considers the range of habitats a 
species uses and is therefore relatively straightforward to determine for most spe-
cies. There may be some subjectivity in scoring this factor and therefore it is impor-
tant that additional species in the eastern North Atlantic Ocean, not covered by the 
UK SOSI, are scored considering already published values (Garthe and Hüppop 
2004, Furness et al. 2012) and expert judgement to ensure consistency.

To expand the SOSI used in the UK to a wider region factors 4–6 need to be 
replaced as these are specifically related to the UK (factors 4 and 5) or the European 
Union (factor 6), which does not encompass all jurisdictions in the eastern North 
Atlantic Ocean. These three factors refer to the conservation status of species and 
reflect how vulnerable a population or species is to threats such as oil pollution 
within the smaller region of the UK and European Union. One option could be to 
include, for each species, the percentage of biogeographical population within the 
eastern North Atlantic Ocean, however this will likely be difficult to determine as 
there is considerable uncertainty in regional and global population estimates of 
many species. Instead, it arguably makes more sense to use a species’ global 
conservation status, as determined by the IUCN Red List (Birdlife 2019). 
Alternatively, as the countries in the study region are in Europe, the European Red 
List could be used (Birdlife 2015). By using the IUCN Red List categories, the 
index would be expandable to other regions, or even globally. This does have the 
disadvantage of removing any spatial or temporal variability in the factors associated 
with species’ status and vulnerability, however.

We compared the actual winter (October  – March) and summer (April  – 
September) SOSI index scores for 50 UK seabird species against those calculated 
using scores for the IUCN Red list categories instead of factors 4, 5 and 6. In 
general, the resulting IUCN SOSI scores were lower than the original winter and 
summer scores. This is largely attributed to most species being listed on the IUCN 
Red List as Least Concern, which resulted in these species having the lowest score 
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of 0.2 (species listed as Near-Threatened were scored as 0.4, Vulnerable as 0.6, 
Endangered as 0.8 and Critically Endangered as 1). The extent to which using these 
scores based on ICUN Red List categories changed a species’ SOSI score varied, 
therefore the ranking of species’ sensitivity did change.

In the UK’s SOSI, factors 7 and 8 relate a species’ demographic vital rates and 
reflect how quickly a population or species might recover from an oil incident. 
Relevant demographic data are available for the majority of the 62 seabird species 
that commonly occur within the eastern North Atlantic, although there are gaps for 
some species in the Arctic such as the Yellow-billed Loon Gavia adamsii, Ross’s 
Gull Rhodostethia rosea and Iceland Gull Larus glaucoides, and demographic rates 
have high inter-annual variation. However, given their low influence in calculating 
the SOSI used in the UK, data from surrogate species may be helpful where this 
information is not available for specific species, but should be used cautiously.

Using ducks as an example, we calculated scores incorporating the above adapta-
tions and compared these with the scores calculated by Webb et  al. (2016), see 
Table 4.2. First, we calculated scores using the IUCN Red List status as a replace-

Table 4.2  A comparison of the species-specific winter and summer SOSI scores for the duck 
(Anatidae) species from Webb et al. (2016) and the scores calculated using the proposed adapted 
SOSI approach

Species
Winter SOSI 
scores (rank)

Summer 
SOSI scores 
(rank)

Scores where factors 
4, 5 & 6 are replaced 
by the IUCN Red 
List category

Scores where factors 4, 5 
& 6 are replaced by the 
IUCN Red List category, 
and factor 2 is removed

Velvet scoter 
Melanitta fusca

0.657 (2) 0.657 (2) 0.657 (1) 0.727 (1)

Long-tailed 
duck Clangula 
hyemalis

0.570 (5) 0.570 (4) 0.570 (2) 0.694 (2)

Common Eider 
Somateria 
mollissima

0.651 (3) 0.651 (3) 0.542 (3) 0.659 (3)

Common scoter 
Melanitta nigra

0.712 (1) 0.667 (1) 0.336 (4) 0.366 (6)

Goldeneye 
Bucephala 
clangula

0.597 (4) 0.555 (5) 0.300 (5) 0.366 (6)

Greater Scaup 
Aythya marila

0.561 (6) 0.529 (6) 0.287 (6) 0.409 (4)

Red-breasted 
merganser 
Mergus serrator

0.396 (8) 0.396 (8) 0.270 (7) 0.409 (4)

Goosander 
Mergus 
merganser

0.427 (7) 0.427 (7) 0.260 (8) 0.317 (7)

Species are ranked by the scores where factors 4, 5 & 6 are replaced by the IUCN Red List cate-
gory, reflecting most (1) to least (8) vulnerable to oil
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ment for factors 4, 5 and 6. Secondly, we calculated scores incorporating the IUCN 
Red List status as well as removing factor 2. Making these alterations to the SOSI 
used in the UK does alter the resulting scores and ranks among species, particularly 
for those with the highest scores. The IUCN Red List scores are generally lower 
than those calculated by Webb et al. (2016), as the global conservation status of 
these species is Least Concern, with the exception of the Long-tailed Duck Clangula 
hyemalis and Velvet Scoter Melanitta fusca, which have a global status of Vulnerable. 
The change in SOSI score and ranking for the Common Scoter is particularly large, 
as it is included on the Birds of Conservation Concern Red List in the UK (Eaton 
et al. 2015). Focusing on the rankings of the scores, the greatest change is for the 
Common Scoter and Long-tailed Duck, due to their differing conservation status on 
a local versus global scale.

Removing factor 2 from the calculation further changes the IUCN Red List 
scores, and more importantly the species rankings. All the included duck species 
have a maximum score of 1 for factor 1, as they are sensitive to oiling based on their 
at sea behaviour of spending a large proportion of time on the sea surface. However, 
the factor 2 scores, reflecting species-specific oiling rates, range from 0.4 (low 
oiling rates – Red-breasted Merganser Mergus serrator and Greater Scaup) to 0.8 
(high oiling rates – Common and Velvet Scoter). Within the SOSI calculation, factor 
2 is an aggravation factor (Certain et al. 2015; Webb et al. 2016), therefore removing 
factor 2 increases the scores for species where a low proportion of tideline corpses 
have been found contaminated with oil, as factor 1 is multiplied by factor 2 (Eq. 4.1, 
Webb et al. 2016). As removing factor 2 does change the ranking of how sensitive 
species are to oil pollution, it is important to consider the pros and cons of removing 
this factor as opposed to using data that are potentially biased to certain locations 
within the region of interest.
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To create an oil vulnerability index suitable for the eastern North Atlantic Ocean 
based on the UK’s SOSI method, changes will need to be made to the eight contribut-
ing factors. This should be achievable if firstly, factors 4, 5 and 6, concerning species’ 
conservation status, are replaced by a single global assessment, specifically the IUCN 
Red List. Secondly, if there are no data on the proportion of oiled tideline corpses then 
there may be the option of removing this factor if it is thought that using parameter 
values for the North Sea would not be representative. However, it should be noted that 
making these changes did change the oil vulnerability scores, and more importantly 
the ranking of species, compared to using the existing SOSI method (median rank 
change for replacing factors 4, 5 and 6 with the IUCN Red List value = 3; median rank 
change for removing factor 2 from the proposed adapted SOSI calculation using the 
IUCN Red List values = 4). Nonetheless, this option is still likely the most compara-
tive to the SOSI used in the UK compared to creating an entirely different method of 
assessing species sensitivity to oil.
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4.4  �Conclusion

Given that certain seabird species are more sensitive to oil pollution than others, 
understanding this variability, and where these species are concentrated is important 
to identify areas at sea where seabirds as a group are particularly vulnerable to 
threats such as oil pollution. This can then inform management decisions on the 
location of an extraction site, a sea-vessel transportation route, or mitigation and 
response measures for when spills do occur. Seabird vulnerability assessments can 
be accomplished by objectively predicting which seabird species are most at risk 
from oil pollution. Expanding the SOSI currently used in the UK, with some small 
modifications, should provide an applicable and useful oil vulnerability index for 
seabirds across the eastern North Atlantic region. Omitting the percentage of tideline 
corpses contaminated with oil (factor 2) from the calculation would remove the 
issues regarding biases in beached bird surveys, and poor spatial coverage of such 
surveys in the Arctic. Species’ IUCN Red List status could easily substitute the 
three factors involving regional or national conservation status. By making these 
small changes we can use the SOSI method of assessing seabird vulnerability to oil 
within areas of the eastern North Atlantic in a way which should be comparable to 
the current SOSI for the UK, and which will improve our regional assessments of 
seabirds’ vulnerability to oil spills. Incorporating this modified SOSI method with 
seabird at sea distribution and density data will allow important seabird concentrations 
to be identified within the eastern North Atlantic region. Producing a spatial SOSI 
will enable stakeholders to identify where seabirds may be most sensitive to 
potential oil pollution associated with the predicted future increase in shipping 
traffic and hydrocarbon exploration and extraction, especially if this approach is 
expanded across the Arctic.
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