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Executive summary

The Working Group on Seabird Ecology (WGSE) met for four days (29 March to 1 April
2005), and was attended by twelve persons from seven countries (Annex 1). Ten persons were
nominated members to the group, and two persons were invited by the Working Group Chair
to attend this year’s meeting. The possibility to invite persons not yet nominated by national
delegates was considered by the group to be a very useful tool. During the meeting WGSE
was able to address all terms of reference, though in varying detail and the results are reported
here.

Term of Reference a) had already been tackled intensively by WGSE at the meeting in
March/April 2004. After feedback from Andrew Kenny from CEFAS, UK, it was clear that
the work by WGSE has fully developed all available data sets to be used for the REGNS pro-
ject. It was therefore decided to not consider this TOR for the 2005 meeting.

The Ecological Quality Objective (EcoQO) for seabird populations was further developed.
While population trends may be used as in indication of changes in the marine environment
there are many problems related to plainly applying such an EcoQO. These problems are ad-
dressed in Section 2. Further recommendations are given from which a term of reference for
the meeting in 2006 was derived.

Recently, major oil spills have occurred. The impacts of these oil spills are reviewed in Sect-
ion 3. Effects of these oil spills were rather difficult to demonstrate in most cases although
some obvious mass mortalities took place. Sea areas as well as season are two major factors
affecting the impacts of oil spills on seabirds. In addition to the original suggestion by WGSE,
assessments as related to a recent OSPAR document were part of the TOR for 2005. Those
parts of the requests that were considered to be applicable for WGSE have been included into
the chapter.

There is substantial evidence that Spisula stocks have declined in the southern North Sea re-
cently. As these bivalves are main prey items of common scoters there have been new con-
cerns about present and future threats. From the current information on distribution, numbers
and diet it seems that common scoters have partly left the area but also apparently switched to
other bivalve species such as Ensis.

WGSE has developed a food consumption model for the whole North Atlantic at the meetings
over the last years. Remarkable differences between regions in the Northwest and Northeast
Atlantic in terms of seabird numbers and consumption rates and aspects of the underlying food
web structures in the study area are discussed in Section 5.

In addition to the five Terms of Reference given for the WGSE 2005 meeting, WGSE was dis-
cussing some important items related to a TOR from 2004, when the group was asked to pro-
vide the Study Group on Multispecies Assessments in the North Sea (SGMSNS) with data on
the consumption of different prey by seabirds in the North Sea. This request could not be dealt
with last year and is, meanwhile, a part of the EU-funded project ‘Critical Interactions be-
tween Species and their Implications for a Precautionary Fisheries Management in a variable
environment - a Modelling Approach (BECAUSE)’. As these issues are strongly related to the
standard WGSE work, these discussions were considered useful for current and future work.
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1 Introduction
1.1 Participation
The following members of the Working Group on Seabird Ecology (WGSE) participated in
the meeting (see Annex 1 for addresses).
Tycho Anker-Nilssen Norway
Rob Barrett Norway
Kees Camphuysen The Netherlands
John Chardine Canada
Morten Frederiksen UK
Stefan Garthe (Chair) Germany
Ulrike Kubetzki Germany
Mardik Leopold The Netherlands
Bill Montevecchi Canada
Manuela Nunes Portugal
Mark Tasker UK
Richard Veit USA
1.2 Terms of Reference
The 2004 Statutory meeting of ICES gave the Working Group on Seabird Ecology the follow-
ing terms of reference:
a) for each seabird species that occurs regularly in the North Sea, compile data (in
Excel spreadsheet format) which quantifies the seasonal distribution and abun-
dance at spatial scales, where possible, that correspond to ICES rectangles in the
North Sea. The data should be submitted to the REGNS secure website in prepa-
ration for the REGNS Integrated Assessment Workshop, 9-13 May 2005. These
data should, where possible, cover the period 1984 — 2004 on an annual basis in
order to assess trends. In addition, where possible, provide information on diet
and variation/change of this for all species;
b) develop EcoQOs for seabird populations;
c¢) review the impacts of recent major oil spills on seabirds (“Erika”, “Prestige”,
“Tricolor”) and contribute to the assessment of the long-term impact of oil spills
on marine and coastal life for OSPAR [OSPAR 2005/7];
d) review the consequences for foraging conditions of sea ducks of the Spisula de-
cline in the southern North Sea;
e) examine the food web relationships of seabirds indicated by food consumption
estimates in the Northeast and Northwest Atlantic Regions.
1.3 Note on bird names
Throughout the text we provide common English names for bird species. In Annex 2 a full list
of both English and scientific names is given.
1.4 Acknowledgements

The Working Group wishes to thank the Royal Netherlands Institute for Sea Research for pro-
viding us with a meeting room, copying and computer facilities and for other valuable logistic
support. We also thank the ICES headquarter for information.

Dr Roberto Bao (A Corufia University), Martin Heubeck (SOTEAG, Shetland, and Aberdeen
University) and Anders Mosbech (NERI, Roskilde) provided valuable information.



ICES WGSE Report 2005

Development of an Ecological Quality Objective (EcoQO)
for seabird populations

2.1

2.2

Introduction

WGSE has played an active role in the development of Ecological Quality Objectives (Eco-
QOs) for the North Sea throughout the involvement of ICES in this issue (ICES 2001, 2002,
2003, 2004). The early stages of development (and piloting of some of the EcoQOs) are now
at an end with a decision expected by OSPAR (Convention for the Protection of the Marine
Environment of the North-East-Atlantic) and others in summer 2005 as to the future of the
EcoQO programme. Several of the seabird-related EcoQOs have been recommended for im-
plementation within the OSPAR system (OSPAR 2005a, b), but the EcoQO relating to seabird
population trends as an index of seabird community health (Ecological Quality Objective k)
has not been fully developed. ICES (2004b) suggested a precautionary EcoQO of a population
decline of <20% over >20 years. Thus a precautionary limit of >20% over <20 years could be
used to trigger further investigation of the factors behind a decline, but such an EcoQO would
need to fit into a more advanced framework for all EcoQOs before becoming operational. In
section 2.2 this EcoQO is developed further to make it more specific. This though is not the
only possible way of representing population change; the discussion below covers several
possible metrics and objectives for seabird populations: rates of change in breeding population
size, rates of survival and reproductive rates, diets, community composition, biomass and di-
versity measures.

Seabird population trends as an index of seabird community
health

As pointed out by WGSE (ICES 2003, 2004), the wellbeing of seabird communities may be
best described by monitoring population trends for the full suite of seabird species occurring
in “significant” numbers in an area. In most cases, however, a number of practical, logistic
and economic reasons make it necessary to restrict this effort to a smaller selection of species.
Moreover, numbers of sites that can be effectively monitored are also limited. WGSE has
therefore discussed how to make this EcoQO more specific by identifying the most suitable
target species and key sites that could be used as a proxy for the whole North Sea seabird
community, since obtaining sufficiently frequent and accurate counts of the whole North Sea
population of breeding seabirds is not a practical proposition. The set of principles for such a
selection of appropriate species and populations should take into account the distribution of
seabirds within different parts of the North Sea and include the most representative in terms of
their ecology, numbers, distribution and feasibility for monitoring (accessibility and counting
accuracy). Inter-specific differences in feasibility for monitoring of various North Sea seabirds
are indicated in Table 2—1.
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Table 2-1: A coarse assessment of the feasibility for monitoring breeding populations of various
North Sea seabirds.

SPECIES ADVANTAGES/DISADVANTAGES OF MONITORING OF BREEDING NUMBERS IN NORTH
SEA
Northern fulmar Easy to count, but are widely dispersed
Manx shearwater Rare and difficult to count in burrows
European storm-petrel Rare and difficult to count in burrows
Leach’s storm-petrel Very rare and difficult to count in burrows
Northern gannet Easy to count
Great cormorant Partly fresh-water species, but easy to count
European shag Moderately easy to count in most colonies
Common eider Difficult to census accurately, but aerial surveys of males prior to breeding
useful
Arctic skua Easy to count, but are widely dispersed
Great skua Easy to count
Mediterranean gull Partly terrestrial species, easy to count when grouped in colonies
Black-headed gull Partly terrestrial species, easy to count when grouped in colonies
Mew gull Partly terrestrial species, easy to count when grouped in colonies
Lesser black-backed gull Partly terrestrial species, easy to count when grouped in colonies
Herring gull Partly terrestrial species, easy to count when grouped in colonies
Great black-backed gull Easy to count
Black-legged kittiwake Easy to count accurately
Sandwich tern Easy to count
Roseate tern Rare, but easy to count
Common tern Partly freshwater species, easy to count
Arctic tern Easy to count, but are widely dispersed
Little tern Easy to count
Common guillemot Easy to count individuals, but many counts needed each year
Razorbill Difficult to count accurately due to hidden nest sites
Black guillemot Difficult to count accurately due to hidden nest sites
Atlantic puffin Moderately easy to count apparently occupied nest burrows

Changes in populations within different ecological groups of species might indicate changes in
the health of different components of the ecosystem. As one important aid for the selection of
species to monitor we therefore find it convenient to sort the species into six different groups
according to their main feeding areas (pelagic or near-shore) and feeding behaviour (diving,
plunge-diving or surface-feeding) in the breeding season (Table 2-2). Within each of these
groups the most numerous, colonial and widely distributed species were considered more suit-
able targets than those that are scarce, dispersed breeders and/or very limited in their distribu-
tion, although we kept an open eye for cases where pairs of species with very different distri-
bution within the North Sea area could be considered complementary to fulfil the need for
geographical coverage. Based on these qualitative criteria, we consider the following eleven
species (indicated in brackets in Table 2-2) to be the least useful targets for the seabird com-
munity health EcoQO: European storm-petrel, Leach’s storm-petrel, Arctic skua, Mediterra-
nean gull, black-headed gull, sandwich tern, roseate tern, Arctic tern, little tern, razorbill and
black guillemot.
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Table 2-2: Seabird species breeding in the North Sea grouped according to their main feeding
areas (pelagic or near-shore) and feeding behaviour (diving, plunge-diving or surface-feeding) in
the breeding season. Those that are considered less suitable target species for the proposed EcoQO
are indicated in brackets (see text for specific arguments).

PELAGIC (P) NEAR-SHORE (NS)

Diving (D) Common guillemot, (Ra- Great cormorant, European shag, Common eider,
zorbill), Atlantic puffin (Black guillemot)

Plunge-diving (Pd) Northern gannet (Sandwich tern), (Roseate tern), Common tern,

(Arctic tern), (Little tern)

Surface-feeding (Sf) Northern fulmar, (Euro- (Arctic skua), Great skua, (Mediterranean gull),
pean storm-petrel), (Black-headed gull), Mew gull, Lesser black-backed
(Leach’s storm-petrel), gull, Herring gull, Great black-backed gull
Black-legged kittiwake

As changes in seabird population trends often are caused by parallel changes in their food
supply, the selection of species to monitor should also take into account some important inter-
specific differences with respect to main types of food items. This is indicated for a selection
of the North Sea species in Table 2-3. Note that the assignment of species to the different
groups in Tables 2—1, 2-2 and 2-3 was made specifically for the North Sea area and should be
revised before applying the same principles to other regions.

Table 2-3: Types of main food items during the breeding season for the seabird species considered
the most suitable targets for the proposed EcoQO in the North Sea (cf. Table 2-1).

SPECIES LARGE SMALL FIsH PLANKTONIC BENTHIC INTER- TERRES-
FISH > FISH < DISCARDS INVERTE- INVERTE- TIDAL TRIAL
~15cm ~15cm BRATES BRATES INVERTE- FOOD
BRATES ITEMS

Northern fulmar X X

Northern gannet X X

Great cormorant X

European shag X

Common eider X X

Great skua X X

Mew gull X X

Lesser black-backed X X

gull

Herring gull X X

Great black-backed X X

gull

Black-legged kitti- X X

wake

Common tern X

Common guillemot X

Atlantic puffin X

Preferably, a more detailed analysis of the empirical data on seabird population trends and
individual colony trends should be made to evaluate fully the expected performance of the
proposed EcoQ on seabird population trends in the North Sea as an index of seabird commu-
nity health (ICES 2003). However, the main rationale for this EcoQ is the general public con-
cern for declining seabird populations. This makes it practical to define a certain level of
population decrease that, when exceeded, should trigger investigations to explore the most
likely causes for the decline and considerations of possible countermeasures.

Long-term rates of change

Given the environmental variability at these latitudes many seabird populations are expected
not to maintain stable numbers over a period of years, but our ability to detect changes over
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the short term depends both on the magnitude and variability of changes in time and space as
well as the method(s) used. However, monitoring of breeding seabirds aims to cover at least
10% of the total population of the targeted species and methods are considered highly stan-
dardised and reasonably robust. At its 2005 meeting, WGSE decided to refine this EcoQO by
recommending a long-term target level to be set at <20% decrease or >30% increase over >20
years for seabird species with a low fecundity potential (Table 2—4). This is justified by the
fact that these species are generally long-lived and reproduce slowly. Consequently, more
rapid or more severe changes in their numbers are not expected and might indicate that some
human-induced factor(s) is affecting the population to an extent that is not associated with a
healthy seabird community and require(s) immediate management actions. Correspondingly,
we recommend a less conservative long-term target level, provisionally set at <30% decrease
or >50% increase over >20 years, for the species with the highest fecundity potential. In the
North Sea area this would apply for cormorants, the common eider, gulls, the common tern
and the black-legged kittiwake.

The reference level for seabird population trends would typically be less than half the maxi-
mum long-term target rate (i.e., in the order of <10-15% decrease or <15-25% increase over
>20 years, cf. Table 2—4).

Table 2—4: Simple summary of the typical reference levels and recommended target levels for sea-
bird population trends as an EcoQO for seabird community health in the North Sea. Note that the
shorter term levels should only trigger more detailed research if the trends are statistically signifi-
cant and applies to at least 50% of the population breeding on the monitoring sites.

REFERENCE LEVEL OVER
>20 YEARS

LONG-TERM TARGET LEVEL
OVER >20 YEARS

SHORTER TERM LEVEL FOR
TRIGGERING SPECIAL STUD-
IES

Low fecundity species

Within -10% to +15%

Within -20% to +30%

Beyond -20% or +30%

High fecundity species

Within -15% to + 25%

Within -30% to +50%

Beyond -30% or +50%

Shorter-term rates of change

In the shorter term it is important to bear in mind that the proportion of the adult population
that actually breeds often varies greatly from year to year. Consequently, seabird breeding
numbers do not always reflect the true population size of adult birds. Nevertheless, when there
are clear indications that a target level has been surpassed in a shorter time than 20 years, this
warrants more detailed studies to explore the underlying reasons for the change. For low fe-
cundity species we therefore recommend such studies to be triggered only when there is a sta-
tistically significant drop by >20% or increase by >30% in breeding numbers (requiring at
least 4-5 years of data) in >50% of the population breeding on the monitoring sites (Table 2—
4). Consequently, the corresponding levels for high fecundity species would be a significant
drop of >30% or increase of >50% in >50% of their population on the monitoring sites (Table
2-4).

Note that setting levels for increasing populations is necessary because it is practically impos-
sible to monitor all populations of the seabird community, and that (e.g., due to inter-specific
interactions) an increase in one species could well indicate problems for species that are not
being monitored. Also note that these levels are primarily aimed as alarm signals to trigger
more specialised studies when the absolute rate of population change crosses the threshold set.
(Thus, it is not supposed to be used as the basis for concluding the seabird community is un-
dergoing unacceptable changes).

Other parameters of seabird community health

The huge variety of possible mechanisms underlying changes in seabird breeding numbers
makes it necessary to also monitor different parameters of population dynamics for (at least
some of) the key species, although these parameters are usually more labour intensive to
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monitor adequately. The great advantage of this approach is that it enables an immediate ex-
ploration of possible reasons for any population trends of special concern, without having to
spend additional years to collect less adequate a posteriori information on the same parame-
ters. As most seabirds are migratory outside the breeding season, trends in population numbers
are also affected by environmental conditions far away from the breeding areas, in many cases
outside the ICES areas in question. These factors are probably best reflected by changes in
adult survival rates, whereas reproductive rates and chick diets (as well as other aspects of
adults’ feeding ecology or their physical condition) are likely to be better indicators of local
conditions within the breeding seasons.

Based on this and on previous assessments, WGSE recommends a review of the variety of
methods applied across the North Atlantic region to monitor the performance of seabirds. This
review should assemble a set of standardised and cost-efficient guidelines that could make
monitoring more, amenable to broad-scale analysis across regions and national borders. De-
veloping recommendations for a comprehensive monitoring programme for seabirds is there-
fore recommended as a term of reference for the next meeting of WGSE (see Chapter 6.1).

Seabird biomass, community composition and diversity indices

These indices might be used at large scales within a sea area, based on information on the dis-
tribution of seabirds at sea. Such indices would potentially provide good indicators of the use
being made of a sea area by seabirds, both breeding and non-breeding. The major disadvan-
tage with these indices is the need for sufficient data on seabirds at sea, which are relatively
costly to collect and which require dedicated surveys. At present, the majority of (but not all)
seabirds at sea information in the OSPAR area is held on the European Seabirds at Sea data-
base. This provides easy access for researchers to the whole dataset. However, most of the
data has been collected opportunistically over wide aras, or during intensive studies of smaller
areas and there is consequentially much spatial and temporal heterogeneity. This makes analy-
sis of the data to derive any of these indices difficult, and in some cases impossible. WGSE
does not recommend developing these indices further at this time.
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3 Review of the impacts of recent major oil spills on
seabirds
3.1 Introduction

The effects of major oil spills and chronic oil pollution on marine wildlife, notably seabirds,
are seemingly all too well known. Seabirds are highly vulnerable to oil pollution and hundreds
of thousands of seabirds die annually as a result of oil pollution in the North Atlantic alone
(Camphuysen 1989; Wiese 2002; Wiese and Ryan 2003). However, oil-induced mortality is
surprisingly difficult to assess and few studies have succeeded in identifying changes in popu-
lation parameters such as trends in population size, caused either by the effect of a given spill
or by persistently high levels of chronic oil pollution. One may wonder why it is so difficult to
identify the effect of a large spill, killing many tens of thousands of seabirds, on a population
numbering a few hundreds of thousands of seabirds, but there are several reasons why the
effects may be masked. Seabirds are long-lived, and if a spill kills mostly juvenile or imma-
ture birds, any population effect noticeable in the colonies would be delayed at least a few
years and spread over several years. Most oil-related mortality occurs in the non-breeding
season. Affected seabirds may originate from a large number of different, possibly distant
colonies, so that the loss within individual colonies may be modest. Many North Atlantic sea-
bird populations have been growing for several decades as a result of a combination of factors
including the relaxation of persecution, reduced human consumption and increases in the
availability of food (Camphuysen and Garthe, 2000), so that the spectacular growth of most
these populations may have masked any adverse effects of oil pollution.

In this chapter, we will evaluate the damage from a number of recent spills based upon inves-
tigations done during and following the spill. Next we will see if any population effects have
been found, or indeed if any effects have been searched for in a systematic manner. From
these case studies, we will evaluate the methods of oil spill impact assessments and if these
are adequate to provide the data needed for an effect evaluation. We will discuss expected
population level effects following a number of scenarios and evaluate each of the spills ac-
cording to these scenarios to see why some effect studies were successful and others may have
failed.

When we set out to work on the TOR on oil spill effects, six further requests by
HOD(1) May 2004 for inclusion in the draft 2005 ICES Work Programme were to be consid-
ered. These six items included specific tasks, some of which fitted nicely in the initial TOR,
others were different approaches to the oil problem, or were considered beyond the expertise
of the WGSE. HOD(1) suggested that an assessment of the long-term effects of oil spills
should consider:

a) the distinction between the effects of the oil and what is caused by natural
changes;

b) the impacts of oil on different types of habitats (i.e., the nature of the coastline)
and ecosystems (variability in rates of recovery);

¢) the impacts of oil in different marine regions subject to different climatic influ-
ences;

d) the impacts of different types of oil, both toxic impacts (toxic effects and accu-
mulation) and non-toxic impacts (physical properties creating nuisance and haz-
ardous conditions — physical contamination and smothering);

e) the impacts of remedial activities such as the use of heavy equipment and high
pressure hosing to clean up oil spills;

f) whether the current framework of environmental risk assessment and toxicology
is sufficient to take account of the long term effects of oil pollution.
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We will address these issues in the second part of this chapter.

Oil spills

Accidental oil spills caused by maritime transport are still an important source of pollution of
the world’s oceans, especially along some of the major shipping lanes (Couper 1983; Clark
2001; Vieites et al., 2004). The number of oil spills from tanker accidents has declined from
24.2 year during the 1970s to 7.3 year” in the 1990s (ITOPF 2003), and the amount of oil
spilled has varied in each accident. The biggest tanker-related oil spills in recent history were
the Atlantic Empress off Tobago (West Indies, 1979), the ABT Summer off Angola (1991), the
Castillo de Bellver off Saldanha Bay (South Africa, 1983) and the Amoco Cadiz in Brittany
(France, 1978), each with >200,000 tonnes spilled (Table 3—1).

Volume of oil lost, however, is not the most important factor in determining the effects on
marine wildlife (notably seabirds), as we will see below. Small amounts of oil in areas with
high concentrations of sensitive birds lead to very high numbers of casualties, whereas large
amounts of oil in areas with few birds will have only a small effect (Goethe 1968; Cam-
phuysen 1989; Burger 1993; Camphuysen 1998). For the purpose of this evaluation, seven oil
spills in Western Europe were analysed, some of which caused substantial wildlife casualties,
others of which did little (recorded) damage to seabirds (Table 3—2, 3—-3). Among these were
tanker incidents (Amoco Cadiz, Braer, Sea Empress, Prestige, Erika), an incident with a car
carrier (Tricolor), and a deliberate discharge (Stylis). We will evaluate the spills in terms of
amount of oil spilled, distance to the coast, seabirds present during the event, timing in the
annual cycle of the (main) victims, number of casualties counted and number of casualties
estimated to have died. Note that this is not an exhaustive review of all the smaller and larger
spills that took place in western Europe over the past 30 odd years, but rather case studies that
may be considered representative in various respects.

Table 3—1: The World’s largest tanker spills (>100,000 tonnes), 1960—2004 (White and Baker 1999,
ITOPF)

DATE NAME TONNES OIL TYPE LOCATION
19 July 1997 Atlantic Empress 287,000 crude 10nm E of Tobago
28 May 1991 ABT Summer 260,000 crude 700nm W of Angola
06 August 1983 Castillo de Bellver | 252,000 crude 70nm NW of Cape Town, South
Africa
16 March 1978 Amoco Cadiz 223,000 crude Brittany, France
11 April 1991 Haven 144,000 crude off Genoa, Italy
10 November 1988 | Odyssey 132,000 crude 700nm off Nova Scotia, Canada
18 March 1967 Torrey Canyon 119,000 crude Scilly Isles, UK
19 December 1972 Sea Star 115,000 crude Gulf of Oman
12 May 1976 Urquiola 100,000 crude La Corufia, Spain
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Figure 3—1: Approximate locations of oil spills discussed in this chapter.

Seven recent oil spills evaluated

The main tanker incidents since the Torrey Canyon spill in the late 1960s were the Amoco
Cadiz in France in 1978, the incident with the Braer in Shetland in 1993, the Sea Empress in
the Irish Sea/Celtic Sea in 1996, the Erika in 1999, and the Prestige in 2002 (Figure 3—1). In
these accidents, vast amounts of oil were released at once (whether or not with subsequent
leakages), and the spills took place in winter and early spring, between November and March.
The amount of oil spilled varied from 15,000 tonnes with the Erika to as much as 223,000
tons with the Amoco Cadiz. The Tricolor, a car carrier, leaked approximately 170 tonnes of oil
during salvage operations on the wreck of the ship that had sunk a month earlier following a
collision. The Stylis deliberately discharged some 600 tons of carbon black feedstock oil to
clean tanks on its crossing from Rotterdam to southern Norway (Anker-Nilssen and Restad
1982).

The Stylis incident ranked highest in terms of casualties recovered, but is otherwise mostly
forgotten in recent reviews. A similar number of casualties were recovered following the
Erika and it is of interest to remember that in both events, the slicks travelled considerable
distances to reach the shore. The Tricolor spill in 2003, an event with relatively little oil
spilled, had substantial consequences in terms of affected wildlife and this spill took place in
an area of known sensitivity to oil pollution in winter (Carter et al., 1993).

Four incidents (Amoco Cadiz, Sea Empress, Braer, and Tricolor) were nearshore incidents
(groundings or collisions within 10km from land), but both the Erika and the Prestige were
towed into the open sea in an attempt to “minimise” the ecological damage (with quite the
opposite effect; Camphuysen et al., 2002), and therefore contaminated substantially larger
portions of the coastline than most nearshore spills. The Stylis discharged oil shortly before
entering the Skagerrak and strong southwesterly winds swiftly pushed the oil deeper into the
Skagerrak area and towards the Swedish west coast (Anker-Nilssen and Restad 1981).

The types of oil spilled in each of the selected incidents varied. The Amoco Cadiz spilled her
entire cargo of 223,000 tonnes of light Arabian and Iranian crude (White and Baker 1999).
Much of the oil quickly formed a viscous water-in-oil emulsion (“chocolate mousse”), in-
creasing the volume of pollutant by up to four times. Seabirds were simply smothered in the
“mousse”, suffocated and died. The Braer ran aground and lost its entire cargo of 84,700 ton-
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nes of Norwegian Gulfaks crude oil plus a small amount of heavy bunker oil (Heubeck et al.,
1995; White and Baker 1999). The spill was unusual in that a surface slick was not produced.
A combination of the light nature of the oil and the exceptionally strong wind and wave en-
ergy naturally dispersed the oil through the water column. The oil droplets were adsorbed onto
sediment particles which eventually sank onto the seabed. The Sea Empress ran aground and
over a week released 72,000 tonnes of Forties Blend crude and 480 tonnes of fuel oil into the
sea (Anon. 1998). Oil came ashore along 200 km of coastline, but the portion of oil which
evaporated (24,000-32,000 tonnes) was higher than at many other incidents due to the large
proportion of volatile components in this type of oil. The tankers Erika and Prestige, as well
as the car carrier Tricolor, spilled heavy fuel oil into the sea. Heavy fuel oils consist largely of
residues from crude oils refining. These residues are blended with suitable gas oil fractions in
order to achieve the viscosity required for convenient handling. Residual fuels are the highest
viscosity and thus the cheapest and most common fuel available for use in large diesel en-
gines. Suppliers of residual fuels or HFO use various names, including the terms bunker C
fuel, heavy fuel oil, bunker fuel oil and marine fuel oil. The oil discharged by the Stylis in
1980, carbon black feedstock, is a raw material used in the production of rubber giving it the
desired physical properties (primarily in car tires). Carbon black feedstock is an amorphous
form of carbon produced by incomplete burning of hydrocarbon materials.

Table 3-2: Major oil spills in Western Europe selected for this review: name, location, season and
amount spilled (tonnes).

NAME LOCATION AND YEAR SEASON TONNES OIL TYPE

Amoco Cadiz | Brittany (F), 1978 Mar pre-breeding | 223,000 Arabian & Iranian
crude

Stylis Skagerrak (S/N), 1980 | Dec winter 600 carbon black feed-
stock”

Braer Shetland (UK), 1993 Jan winter 85,000 Norwegian gulfaks
crude

Sea Empress Irish Sea (UK), 1996 Feb winter 72,000 Forties blend crude

Erika Brittany (F), 1999 Dec winter 15,000 heavy fuel

Prestige Galicia (Esp), 2002 Nov winter 77,000 heavy fuel

Tricolor Channel (F), 2003 Jan' winter 170 heavy fuel (IFO 380)

'Ship sank in December 2002, but leaked oil not before January 2003.

*Carbon Black Oil (CBO) is a co-product by steam cracking of hydrocarbons (naphtha, gas oil, gas condensate)
under high temperature in the presence of steam to produce the olefins ethylene and propylene. CBO consists
mainly of unsaturated hydrocarbons, predominantly higher than C,, and is used as feedstock for the produc-
tion of (special) Carbon Black (CB).

Table 3-3: Major oil spills in Western Europe selected for this review: name, most numerous casu-
alties (in declining order), numbers recorded and numbers estimated to have died.

NAME MOST NUMEROUS CASUALTIES NUMBER OF BIRDS ESTIMATED TOTAL MOR-
FOUND TALITY

Amoco Cadiz Puffin, Razorbill, Guillemot 5,000 22,000

Stylis Guillemot, Little Auk, Eider 45,000 200,000-300,000
Braer Black Guillemot, Shag 1,800 5,000

Sea Empress Common Scoter, Guillemot 6,900 10,000-15,000
Erika Guillemot 44,000 120,000-300,000
Prestige Guillemot, Puffin, Razorbill 22,000 100,000-200,000
Tricolor Guillemot, Razorbill 20,000 40,000-100,000
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Figure 3-2: The amount of oil spilled versus numbers of seabirds found dead in recent oil spills in
Western Europe.

There was no positive correlation between the number of casualties counted and the amount of
oil spilled (Figure 3—2). Some spills occurred in areas that were known to be very vulnerable
to oil pollution from seabird at sea censuses in the area (e.g., Tricolor spill; Carter et al.,
1993), others took place in areas of unknown sensitivity (no recent at-sea surveys available),
but numerous casualties were recovered, possibly partly because the oil travelled a long way
before it reached the coast, sweeping vast sea areas clear of birds (e.g., Erika and Prestige
spills).

The spills were different in their impact on resident seabirds (local breeding populations) and
wintering birds (breeding elsewhere). The Amoco Cadiz spill, for example, affected wintering
seabirds such as common guillemots, razorbills and divers Gaviidae, but also substantial num-
bers of European shags that were locally breeding. Atlantic puffins, the main casualties, origi-
nated from breeding colonies in the UK as well as from the local population (Jones et al.,
1978; Monnat 1978). The Braer incident on the south tip of Shetland in 1993 mainly affected
resident birds, notably black guillemots and European shags (Heubeck et al., 1995). The Erika
off Brittany killed a very large number of guillemots, and while there is a local breeding popu-
lation, at least according to numerous ringing recoveries a large proportion (if not the major-
ity) of these birds were wintering visitors nesting further to the north, such as within the UK
and on Helgoland (Germany). Common scoters killed in the Sea Empress incident probably
mainly originated from the distant Scandinavian breeding population. The Tricolor spill killed
virtually exclusively wintering birds, notably common guillemots and razorbills (Stienen et
al., 2004; Grantham 2005; Camphuysen and Leopold 2005), whereas the Prestige kill in-
volved a mixture of local residents and wintering individuals (Garcia et al., 2003).

Apart from the numbers found dead or “rescued” (picked up oiled but still alive and where a
rehabilitation attempt has been taken place), most spills are reported with a number of casual-
ties estimated to have died. These estimates usually have a very slender factual basis. Drift
experiments should take place during each and every incident to be able to assess the fraction
lost at sea, and few spills have been monitored such that the time and resources were available
to conduct such experiments (e.g., Jones et al., 1978). There is little doubt that in most cases,
certainly in the offshore spills, a rather substantial fraction may have gone lost at sea, whereas
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in some nearshore spills, certainly those with very strong and persistent onshore winds, virtu-
ally all the casualties will at least wash ashore and can be counted. We have not evaluated the
accuracy of the estimates of total mortality (Table 3-3), but simply observe that there are no
firm data presented in any of the papers consulted showing that the upper end of the estimates
published for the Erika, Prestige and Tricolor spill are anything more than guesses.

What population level effects of oil spills should we expect?

Clearly, the effects of an oil spill on the size of breeding seabird populations will depend on
several factors in addition to the numbers of birds killed. It is obvious that effects will be more
pronounced the smaller the affected population is in relation to the number of birds killed, but
determining the size of the affected population is by no means simple. The likelihood of de-
tecting impacts on stable, increasing or decreasing populations is different and the frequency
of population monitoring in the years before the oil spill will influence the quality of neces-
sary base-line data. Information on (offshore) wintering populations, pre- and post-spill, is
equally important as are data on trends in breeding populations, particularly so for species that
breed widely dispersed in very low densities such as divers and seaducks. Among other fac-
tors, the most important are the age distribution of birds killed, whether oil mortality is addi-
tive or compensatory, and the type of regulation operating in the population. Below, we exam-
ine the expected effects under various scenarios and discuss reasons why realized effects may
sometimes be difficult to detect with existing monitoring methods.

Adult or immature mortality. It is well known that the population growth rate of long-lived
organisms, such as seabirds, is much more sensitive to variations in adult survival than in fe-
cundity or immature survival (Croxall and Rothery 1991). In simple terms, this means that the
life of an adult is “worth” more to the population than the life of an immature, simply because
it is more likely to survive to the next year and reproduce. Furthermore, in most seabirds re-
cruitment to the breeding population occurs when the birds are 3—7 (up to 12 in northern ful-
mar) years old, and if mainly first-winter immatures are killed any effect on breeding popula-
tions will not be detectable for several years, if at all. On the other hand, large mortality of
adults will cause an immediate reduction in the adult population; although this will not neces-
sarily result in a similar reduction in the breeding population (see below). In general, effects
on breeding populations should be larger and easier to detect when mainly adults are killed
than when immatures are the main victims.

Additive or compensatory mortality. Anthropogenic mortality in general may act in either a
compensatory or an additive manner (Burnham and Anderson 1984). Fully compensatory
mortality implies that the number of birds alive at the start of the next breeding season is unaf-
fected by the extra mortality, whereas fully additive mortality implies that next year’s popula-
tion is reduced by exactly the number of birds killed (relative to what it would have been
without the extra mortality). Both extreme scenarios are unlikely, and most real situations will
fall somewhere in between. When natural mortality is density-dependent, extra anthropogenic
mortality will tend to be more or less compensatory. Few if any studies have been able to es-
tablish whether extra mortality in seabirds (oiling, hunting or fishery-related) is compensatory
or additive. If oil spill mortality is partially compensatory, effects on breeding populations will
obviously be smaller than if it is additive.

Population regulation: are breeding populations buffered? There is evidence that many sea-
bird populations are characterised by the presence of substantial numbers of “floaters”, i.e.,
individuals which, though physiologically capable of breeding, don’t do so in a given year
(e.g., Kokko et al., 2004). Some of this evidence comes from experiments, where breeders
removed early in the breeding season are immediately replaced, presumably by floaters. If
large numbers of floaters are available, even substantial adult mortality may not result in an
immediate reduction in the size of the breeding population, simply because their places are
immediately filled, and this could be one of the main reasons why population effects of oil
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spills have been difficult to demonstrate. Although the breeding population is not reduced
immediately, the extra mortality of adults may have long-term effects. First, a reduction in the
number of floaters will reduce the population’s buffering capacity for future mortality events.
Second, floaters are likely to be on average younger and/or of lower quality than established
breeders, and the replacement of older high-quality birds by floaters will lead to a decline in
the mean quality of the breeding population, which again could have implications for future
population growth (Kokko et al., 2004).

A further consideration is that monitoring activity is often not randomly distributed within
colonies, but biased towards older, central and by implication more high-quality areas. Even if
a mortality event is large enough to cause a reduction in the total breeding population, within-
colony redistribution of breeders from peripheral sites to more central ones left empty may
lead to effects not being detected.

Monitoring of survival or return rates. Even in cases when breeding populations (total or on
monitoring plots) are buffered against substantial mortality events by floaters, turnover among
breeders will be increased and this will be detectable through monitoring of individually
marked birds. If unusually few marked birds turn up the next year (low return rate), or if sur-
vival is subsequently found to be low through capture-recapture analysis, an effect of e.g., an
oil spill event is indicated even in the absence of an observed population decline. This pro-
vides yet another example of how monitoring demographic parameters rather than just popula-
tion size improves the ability to detect environmental changes and attribute them to natural or
anthropogenic drivers. Because proper capture-recapture analysis allows compensation for
e.g., variation in monitoring effort or in the proportion of birds breeding in a given year, it
provides the most robust method for detecting change. However, return rates are simple and
quick to calculate and thus useful as “early warning” signals of potentially high mortality.

Table 3—4: Expected, detectable effects on seabird populations according to different scenarios.

MAIN AGE CLASS KILLED NON-BUFFERED POPULATION BUFFERED POPULATION
Immatures Small delayed effect No effect?
Adults Large immediate effect No effect on breeding population size,
reduced buffering capacity

Impact assessments during oil spills

It is clear that in the light of expected population effects, apart from the total number of casu-
alties affected and the species involved, two variables are important: the age structure of the
casualties and their (breeding) origin. We observed that most of the more serious spills in
Europe affected wintering seabirds rather than local birds (with some exceptions).

To be able to measure population effects, high quality data should be obtained from the
corpses collected during an oil spill, including accurate information on species composition,
sex ratio, age structure, and their geographic breeding origin (Heubeck et al., 2003). Estimates
of the total number of birds affected has to be based on a combination of dedicated beached
bird surveys (effort-corrected data; Camphuysen 1989, Stephen and Burger 1994, Cam-
phuysen and Heubeck 2001) and drift-experiments during the incident (Stowe 1982a; Hlady
and Burger 1993; Wiese 2003). Only with these two tools can an estimate be made of the
number of corpses that may have gone lost at sea, which should be added to the numbers
found stranded. An assessment should also be made of numbers of corpses missed during
beached bird surveys, for example as a result of oil clean-up operations or removals by scav-
engers (Page et al., 1983; Camphuysen 1989; van Pelt and Piatt 1995; Camphuysen 2004).

We observed, that estimates of total mortality from an oil spill have often been based on a
general rule-of-thumb (e.g., that the body count represents about 5% or 10% of the overall
mortality), and that these estimates should therefore be treated with caution. Burger (1993)




ICES WGSE Report 2005 | 15

analysed total mortality estimates from about 45 oil spills, and identified a conservative figure
averaging 4-5 times higher than the body counts. From drift experiments around the globe, we
know that the outcomes are highly site- and situation-specific (Bibby and Lloyd 1977; Jones et
al., 1978; Bibby 1981; Stowe 1982b; Threlfall and Piatt 1983; Keijl and Camphuysen 1992;
Camphuysen and Heubeck 2001; Wiese and Jones 2001). In some nearshore spills with on-
shore winds, nearly all the casualties can be found ashore. Some offshore spills may have
caused seabird mortality, but drift experiments showed that only a minute fraction was likely
to be found on the beach.

Factors such as density of birds in the affected area, wind velocity and direction, current direc-
tion, wave action, distance to the shore and temperature all affect the resultant recorded mor-
tality and so an immediate investigation of these parameters at the time of the spill is needed
(Burger 1993; ICES 2003). Characterisation of the pre-spill situation contributes to define
terms of reference for a certain region and helps to determine the actual effect of the oil spill.

An adequate search for corpses and live oiled birds all over the affected area is important to
improve the estimate of total mortality. Such searches should be set-up as the standard
beached bird surveys, so that observer effort is known (Camphuysen and Heubeck 2001).
Coupled with drift experiments, beached bird surveys are a useful instrument to determine
total mortality. A model to estimate actual mortality based on number of corpses found was
developed by Ford et al. (1991). This model integrates several oceanographic and meteoro-
logical parameters. A corpse drift of 2—4% of the wind speed is generally accepted (Bibby and
Lloyd 1977; Burger 1993). Drift experiments conducted during oil spills are important, but the
permission for a large-scale release of tagged corpses at sea may be difficult to obtain (in
time). Wooden drift blocks, as developed and recently improved by Wiese and Jones (2001),
are easy to produce devices, relatively easy to release from boat/aeroplane, and may be ac-
ceptable substitutes for the ideal experiment. It should be realised, however, that drift experi-
ments are at best approximations of the real trajectories and recovery rates of oiled corpses.
When unoiled corpses are used for these experiments, it should be realised that these are less
likely to sink than oiled corpses. Wooden blocks do not sink at all, and the movements and
drift of casualties that are oiled but still alive is impossible to mimic.

Important baseline data have to be obtained from the corpses during the spill and require spe-
cialist’s assistance. Determining the geographic origin of the oiled birds is of major impor-
tance if one wants to assess the ecological impact of the spill in seabird populations. Standard-
ised techniques are required and should be implemented to collect useful data (e.g., Asbirk
1980, Kuschert et al., 1981, Jones et al., 1982, Camphuysen 1995). The information on possi-
ble “colonies of origin” is essential to plan post-spill monitoring. Information gathered should
include the population structure of the impacted species (sex ratio, age ratio and sexual matur-
ity) as most seabird species are long lived birds that exhibit deferred maturity. The ageing and
sexing of seabirds is not straightforward and again requires specialist’s assistance (Anker-
Nilssen et al., 1981; Van Franeker 1983; Van Franeker 2004). Ringed birds can give informa-
tion about the origin of the affected seabirds, but relatively few individuals are ringed and the
results are biased towards areas where ringing effort is high.

The type of information to be collected from seabirds during oil spills is listed in Table 3-5,
including the rationale.
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Table 3—5: Base-line data collected during recent oil spills in Europe.

PARAMETERS RATIONALE
Species composition to identify impacted species
Biometrics to assess geographic origin
Age to predict potential impact on population (delayed versus immediate
effects)
Sex to predict potential impact on population (biased, or non-biased to part
of the population);

contributes to understanding of distribution at sea of sexes of the af-
fected population (sex segregation) 5

Ringing recoveries to identify geographic origin (dependent on ringing effort at breeding
colonies)

Moult and plumage analysis to predict potential impact on population (delayed versus immediate
effects)

geographic origin (colour of plumage of some alcids);
winter vs breeding populations affected;
immature vs adult birds (e.g., gulls)

Muscle, growing feathers or genetic studies, to identify geographic origin (dependent on seabird
blood population genetic structure)

Body condition at the time of the | contributes to identify impact of oil spill
death

Most of these parameters were collected during the Erika, Tricolor, Stylis, Braer and Prestige
oil spills. To support an analysis of these parameters, such as the identification of the geo-
graphic origin from biometrics or DNA, baseline information on morphometrics and the ge-
netic structure of breeding populations is needed, as well as population trends and distribution
at sea of wintering and breeding populations. Information obtained during the above men-
tioned oil spills enabled identification of the breeding area / colony of the dead birds, so that
post-spill monitoring should have become easier. Information from ringing recoveries gave
direct information on the “origin colony” of the corpses and frequently on the age of the bird
(e.g., Grantham 2005), but was particularly valuable in combination with simultaneously col-
lected data on age structure and biometrics (e.g., Camphuysen and Leopold 2005).

Age composition is of major importance in determining population effects and is essential to
predict immediate versus medium term effects on the breeding populations. In the case of the
Tricolor oil spill, age composition analysis indicated that mature birds in excellent pre-
breeding condition of the wintering common guillemot and razorbill populations were affected
(Camphuysen and Leopold 2005). Biometrics suggested that Scottish colonies in the NW
North Sea were the most likely breeding areas of the affected guillemots. These results were
corroborated by the ringing recoveries (Grantham 2005). The sheer number of casualties, as
well the high proportion of mature birds, suggested an immediate effect on the breeding popu-
lation (Camphuysen and Leopold 2005). Biometrics of razorbills obtained during Stylis oil
spill indicated that both subspecies, A. t. islandica (Iceland, Ireland, UK) and A. t. torda
(Norway, Sweden), were affected (Anker-Nilssen et al., 1988).

Sex identification might be considered as supplementary data, but should help determining
effects of oil spill on population dynamics (Cadiou et al., 2004). Information on body condi-
tion of (heavily oiled) corpses found dead will provide information on the condition of the
birds at sea and if other factors, such as wrecks, may have played a role during the event
(Camphuysen and Leopold 2005).
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Summary of studies of seabirds oiled during selected oil spills

Amoco Cadiz

Stylis

Braer

Parameters collected: species affected, biometrics, sex, presence of rings. Corpse
drift experiments executed, beached bird surveys implemented. Ageing inadequate in
guillemots, but appropriate in razorbills and puffins.

Results: Species composition: auks (69%), cormorants (12%), divers (4%), gannets
(3%) (n=4907; Monnat 1978). Age composition: unknown in guillemots (probably
mainly immature), 35% first winter and 66% immature and adult razorbills (n=225),
53% adult puffins (n=213). Sex ratio: guillemots 1:1, Plumage characteristics guille-
mots 13% U.a. aalge, 59% U.a. albionis. Atlantic puffin biometrics point at France
and SW Britain as main areas of breeding origin; ringing recoveries from the Irish
Sea (SW Britain), Outer Hebrides, Shiant Isles, Shetland and SE Scotland. Razorbill
ringing recoveries from Irish Sea, Outer Hebrides and Fair Isle. No French ringing
recoveries in auks (Jones et al., 1978).

Parameters collected: proportion of plumage covered by oil, plumage and rank in
shade of colour of the wing, biometrics, sex, age, body condition.

Results: Species composition: common guillemot (60%), little auk (12%), common
eider (11%), razorbill (9%) (Anker-Nilssen and Restad 1982). Age composition: ra-
zorbills 66% adults, 34% immatures (n= 298). Common guillemots 18% adults, 82%
immatures (n= 802 birds; Anker-Nilssen et al., 1988); Sex ratio: no significant differ-
ences found in razorbills (Anker-Nilssen et al., 1988); Plumage: all birds in winter
plumage (Anker-Nilssen et al., 1988); Biometrics: razorbill biometrics enabled to at-
tribute dead birds to subspecies A. t. islandica (Iceland, Ireland, UK) and A. t. torda
(Norway, Sweden) based on the wing length and gonys depth; Little auk: origin
could not be established. Common guillemots: a wide range of possible colonies of
origin (Anker-Nilssen et al., 1988), which was seemingly confirmed by ringing re-
coveries: Faroes (1 adult), Helgoland (1 adult), northern Scotland (1 adult and 18
immature) (Anker-Nilssen et al., 1988).

Parameters collected: number of casualties, species composition, ringing recoveries.
Systematic beached bird surveys were implemented. Post-mortems included age, sex,
biometrics and stomach contents.

Results: Species composition: European shag (55%), black guillemot (12%), black-
legged kittiwake (8%), long-tailed duck (7%) and great northern divers (7%) (n=1768
corpses; SOTEAG 1995, Heubeck 1997). Ringing recoveries of shags suggested that
the local population should be affected mostly: most of 34 birds found ringed origi-
nated from the spill site (15 x Sumburgh Head, 11 x Fair Isle, 6 x Foula, 1 x Her-
maness).

Post-spill monitoring suggested that European shag breeding numbers were signifi-
cantly reduced in 1993 season and black guillemots on the SW mainland coast were
reduced by 20—40% (Heubeck 1994; Ewins and Heubeck 1995). Some 3—4% of the
local common eider population ad been killed by the Braer spill (Heubeck 1997).
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Sea Empress

Erika

Prestige

Parameters collected: birds collected for detailed examination (body condition, cause
of death, age, sex and diet, wing and bill measurements), corpse drift experiment
executed.

Results: Species composition: common scoter (66%), common guillemot (23%), ra-
zorbill (5%), red-throated diver (1%) (n=6935; Anon. 1998). Sex ratio: common sco-
ter 70% male, 30% female, red-throated diver 75% male. Common guillemot, 53%
summer plumage males (possibly Welsh breeding birds), razorbills 30% adult males.
Age composition: common scoter 88% adult, 12% first winter, red-throated diver
75% adults. Ringed birds: Common guillemots were local adult birds (3) and 1 adult
bird from the Irish Sea; ringed razorbills originated from SE Ireland. Biometrics: ra-
zorbills from one morphological population.

Parameters collected: ringing recoveries; biometrics; blood, growing feathers or mus-
cle tissue for population genetic studies (micro-satellite markers; Cadiou et al., 2003,
2004). Total numbers: 32,000 birds alive and 42,000 birds dead were recorded along
the coast of Bay of Biscay (Cadiou et al., 2003). Many birds were removed prior to
inspection in beach clean-up operations.

Results: Species composition: common guillemot (83%, n= 74,000; Cadiou et al.,
2003a, 2004). Age composition / ringing recoveries: common guillemots ranged from
1 to 18 years old but 34% (n=184) and 39% were juvenile and 1 year old birds
(Cadiou et al., 2003b). Biometrics: majority of individuals originated from colonies
located between western Scotland and the Celtic Sea (3.3% North Sea, 3.8% north
Scotland, 49% western Scotland and 44% Celtic Sea; Cadiou et al., 2003a, 2004).
Ringing recoveries: 90 birds originated from colonies in west Scotland, 64 from
south-eastern Irish colonies, 177 from Welsh colonies, 7 from North Scotland colo-
nies, 4 from Britain and 2 from Germany (Cadiou et al., 2003b). In 89% of the cases,
birds were ringed as chicks in the colonies. Biometrics, plumage, age and sex data
analysis gave general information: common guillemots - female had longer wings
than males, older birds had longer wings than young birds (Cadiou et al., 2003c,
2004). Population genetic approach: the low level of population genetic structured
prevented to determine reliably the origin of the oiled birds, based on the fact that
less than 6% of the individuals were assigned to the population in which they have
been sampled). From the genetic view point, results suggest that a management unit
could in fact be the whole North Atlantic population (Cadiou et al., 2004).

Results obtained underline that for a full assessment of the ecological impact of an oil
spill on seabirds populations, it is necessary to combine information on the dynamics
of the distribution of seabirds at sea with knowledge of the different processes in-
volved in the dynamics of the breeding populations. The results also indicate the
large spatial scale of the oil’s spill impact and underline the usefulness of combining
multiple approaches to access the local and regional effects of such accidents (Cadiou
etal., 2004).

Parameters collected: number of casualties, species, biometrics, sex, age, condition at
the time of death, moult and ringing recoveries (external inspection and autopsies).
Systematic beach searches implemented.

Results: Species composition: mainly common guillemot (51%), razorbill (17%), and
Atlantic puffin (17%; Garcia et al., 2003). Age composition: common guillemots
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84.8% juveniles (n=895, Garcia and Fernandez-Boan, in prep.). Razorbills 87.8%
first winter (n=924; Dopico and Ramos, in prep.). Atlantic puffins 52.9% adults,
16.5% first winter (n=1597; Bao et al., in prep.). Sex ratio: in common guillemots,
razorbills and puffins, females were significantly more numerous than males (guille-
mots 1 male: 1.6 females, n=922; Garcia and Fernandez-Boan in prep.; razorbills, 1
male: 1.58 females; n=186; Dopico and Ramos, in prep.; Puffin 1 male: 2.3 females;
n=1579; Bao et al., in prep.). Ring recoveries: Most of the common guillemots af-
fected during the Prestige oil spill originated in the Irish Sea and western Scotland
areas (about 95% of the rings). Razorbills mostly originated from the Irish Sea and
western Scotland (88% of the rings). Atlantic puffins mostly originated from the
Orkney Islands (77% of the rings; Garcia et al., 2003).

Tricolor

e Parameters collected: number of casualties, species composition, biometrics, sex ra-
tio, age composition, and body condition at the time of death, moult, ringing recover-
ies (a combination of external inspection and autopsies; Camphuysen and Leopold
2005). Systematic beach searches implemented.

e Results: Species composition: common guillemot (63.0%), razorbill (24.8%), black-
legged kittiwake (3.1%) (n=3302). Age composition: mature birds in excellent pre-
breeding condition in both common guillemots and razorbills. Guillemots 76% adult,
6% immature, 18% first year; razorbills 77% adult, 16% immature, 8% first year. Sex
ratio: Common guillemots 65% male (n=246), razorbills 62% male (n= 158; both
significantly different from equal; Camphuysen and Leopold 2005). Biometrics:
analysis would point at the U. a. aalge subspecies consistent with Scottish breeding
birds at aproximately 57°N latitude (Camphuysen and Leopold 2005). This sugges-
tion was confirmed by the ringing recovery data (Grantham 2005). Biometrics analy-
sis of immature and adults razorbills are consistent with measurements of the A. t. is-
landica anywhere in Britain Ireland and Iceland (Camphuysen and Leopold 2005).
Ringing recovery analysis suggested that the east coast of Scotland is again a likely
breeding area from where many casualties may have originated (Grantham 2005).

e From the information collected from the corpses it is possible to suggest that NW
North Sea are probable breeding areas of both common guillemot and razorbills af-
fected by the Tricolor spill, which together with the sheer number of casualties, as
well the high proportion of mature birds, might suggests an immediate effect on the
breeding population. Isle of May being one of the best studied auk colonies is situ-
ated in that area and future data might give some insight into impact of oil spill at
population level (Camphuysen and Leopold 2005).

Methods for determining the origin of oiled seabirds

A critical step in evaluating the potential or realised effects of major oil spills is establishing
which breeding population(s) the affected birds belong to. The same number of birds killed
could have very different implications, depending on whether they originate from a small or a
large population. Unfortunately, unambiguous assignment of dead birds to populations or in-
dividual colonies is quite difficult. A number of different approaches have been used or sug-
gested, and these differ in utility depending on the species and situation.

Morphology. In some species, birds originating from different parts of the breeding range dif-
fer substantially in plumage or biometrical measurements. For instance, common guillemots
are larger and darker in the northern part of the range than further south, and a higher propor-
tion of northern fulmars from arctic populations belong to the dark phase. However, in both
cases this variation is clinal and thus more useful e.g., for testing statistically differences be-
tween samples (Cadiou et al., 2004) than for unambiguously assigning individuals to areas of
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origin. Many other species, such as razorbills or northern gannets, show limited morphological
variation over large parts of their range, making assignment of origin by this method impossi-
ble (e.g., Camphuysen and Leopold 2005). Nevertheless, morphological analysis of a sample
of oiled birds is also useful for determination of e.g., sex, age and condition and should thus
always be part of any oil spill impact assessment.

Ringing. The recovery of ringed oiled birds offers a cheap and unambiguous way of determin-
ing the origin of a sample of birds, and this has e.g., been used to show differences between
the origin of common guillemots affected by recent major oils spills in Europe (Grantham
2005). Because most seabirds are ringed as chicks, recoveries also provide information on the
age composition of the affected birds. The major weakness of this approach is that ringing
effort varies enormously over space and time. In particular, some large breeding populations
have received no or little attention from ringers (e.g., the Faroes), potentially leading to biases
in geographical assignment of effects. Likewise, some species have been ringed much less
than others and are less likely to provide sufficient sample sizes for analysis. Nevertheless,
ring numbers should be recorded from all ringed birds found dead or alive after an oil spill,
and maximum use should be made of this information, taking these limitations into account.

Population genetics. Seabirds are generally considered to be very philopatric and should
therefore exhibit strong genetic population structure. By analyzing sufficiently variable re-
gions of the genome, this could in principle be exploited to determine the breeding origin of
oiled birds, if reference samples from a range of colonies/areas are available. To date, this
approach has not seen much use. In a study of common guillemots from the Erika spill, Rif-
faut et al. (in press) found that this species did not exhibit sufficient population structure
within the North Atlantic to allow individuals to be assigned to colonies of origin. Indeed,
only 6% of reference samples were correctly assigned to colony in this study. However, other
species are known to have a stronger population structure and thus might be more appropriate
for assignment using population genetic methods. Costs of collecting and analyzing genetic
samples from a large number of oiled birds, as well as from birds from reference colonies, will
inevitably be high, and this will limit the general utility of this approach.

Biomarkers. Biochemical methods originally developed for studying trophic relationships,
such as stable isotope analysis and fatty acid analysis, can also be adapted to indicate geo-
graphical origin. In particular, because of variation in the underlying geology, various regions
have different stable isotope signatures, and feathers and hard parts grown at a particular loca-
tion will preserve this signature. This approach can e.g., be used to infer breeding or wintering
areas of birds sampled at different times of the year (Hobson et al., 2001, Lott et al., 2003). To
our knowledge, nobody has yet attempted to use this technique to establish the origin of oiled
seabirds, but it should be possible for first-winter birds as well as adults of species that grow
feathers during the breeding season, such as gulls (BWPi 2004). As for genetic methods, there
is a need for a reference collection of feathers from birds of known origin, but in some cases
museum specimens may be sufficient. Fatty acid analysis is less likely to be useful, as it would
require differences in diet between birds of different origin, as well as fat deposits laid down
during the breeding season — both conditions that are unlikely to be met in the majority of
cases. Stable isotope analysis seems a promising method for assigning oiled birds to specific
geographical origin, and we recommend that this method is tried out on a sample of birds of
known origin, e.g., ringed birds.
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Table 3—-6: The pros and cons of different approaches to determining the geographical origin of
seabirds affected by oil spills.

METHOD PRrROS CoONs

Morphology Cheap, simple, can be applied to large | Limited resolution, some species show no
samples of birds, data also useful for relevant geographical variation
sex and age determination

Ringing Cheap, simple to check, unambiguous | Requires large ringed sample from all po-
assignment of origin tential areas of origin

Population genetics | Can potentially establish origin of Expensive, some species show no relevant
birds where no morphological varia- genetic variation, requires reference collec-
tion or ringing data exist tion of genetic material

Biomarkers (stable Can potentially establish origin of Only works if species has feathers (claws,

isotopes) birds where no morphological varia- bill) grown during breeding season, re-
tion or ringing data exist quires reference collection of e.g., feathers

Observed impacts on seabird populations

Detection of the effects of large oil spills on seabird populations is difficult for a variety of
reasons (see above). Large oil spills can cause direct seabird casualties, and sub-lethal effects
on timing of breeding, breeding success, future survival, or reduced food supply through fish
kills (Eppley and Rubega 1996; Velando et al., unpubl.).

Direct population-level effects such as on survival rates and age-structure are rarely detected
because specific long-term studies involving individually marked birds need to be in place in
the area affected by the spill, before its occurrence. These types of studies, although becoming
more common are still relatively few in number. More commonly, numbers of birds breeding
in affected colonies are compared before and immediately after the spill, and sometimes this
comparison is made within and outside affected areas, the latter considered the control against
which the effect of the spill can be compared. Typically, major spills have occurred in the
winter months when marine birds are dispersed from their breeding colonies. Thus it is some-
times difficult to determine which colonies are affected (but see above), and affected birds
may breed over a wide area such that impacts are geographically diluted and difficult to de-
tect.

Heubeck (in press) provides an excellent review of the impacts of oil pollution from tanker
accidents on seabird populations in the UK over the past 25 years. Early spills described by
Heubeck such as the Amoco Cadiz occurred at a time when seabird monitoring in the UK was
not widespread, and population-level impacts could not detected for this spill. By 1993 when
the Braer ran aground off the Shetland Islands, seabird monitoring in the UK was well under-
way (see Lloyd et al., 1991) and so detection of changes in seabird populations was more
likely.

In the Braer incident, locally resident species and winter visitors were the most commonly
found oiled (European shag, black guillemot, black-legged kittiwake, long-tailed duck and
common eider). Pelagic species such as northern fulmars and the larger alcids were much less
affected because of the time of year, and the fact that the prevailing storms drove them well
offshore. Impacts on colony size were detected for shags breeding in the vicinity of the site of
the spill. The number of shag nests counted at Sumburgh Head in 1993 (151) was half that
counted the year before (Heubeck 1994, 1997), and numbers are still below pre-spill levels.
Black guillemots nesting around southern Shetland were reduced by 31% immediately after
the spill, and again have not recovered to pre-spill numbers (Heubeck in press).

In the Sea Empress oil spill (Baines and Earl 1996), species oiled were predominantly com-
mon scoters, common guillemots and razorbills. The latter two species breed around the
Welsh coast in the vicinity of the spill. Local common guillemot colonies had been increasing
before the spill, however, despite this, the 1996 breeding census indicated colony declines of
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up to 50%. One colony (Skomer) remained stable from 1995 to 1996 however, this was the
first time since 1990 that it had not increased. This underlines another problem in detecting
population-level impacts of oil spills- the spill may cause a decline in the rate of increase in a
particular population that is not sufficient to place the population itself in decline. Negative
impacts on guillemot breeding success in 1996 were not detected. By 1997, numbers of com-
mon guillemots at affected colonies had recovered. Common scoters overwinter in large num-
bers in the vicinity of the incident and were the most commonly found species oiled in this
incident. Peak counts after the spill and in the following winter were about 3—4 times lower
than before the spill but returned to “normal” by the winter of 1998—1999.

A very large number of marine birds were recovered in the Erika spill. The majority were
common guillemots, whose origin was likely the Irish/Celtic Seas and western Scotland
(based on ringing returns). Many of the oiled guillemots were immature (first year), of which
a large proportion would have died naturally rather than have recruited into the breeding popu-
lation in the years following the spill. It is therefore rather unlikely that impacts at the colony
level would have been detected, even after several years.

The Prestige and Tricolor oil spills occurred away from major concentrations of breeding ma-
rine birds. Both resulted in large numbers of birds recovered and data were collected immedi-
ately after the spills that will be useful in identifying candidate colonies that may have been
affected. Similar to the Erika spill, the Prestige spill involved a large number of immature
common guillemots, some of which were ringed in the Irish/Celtic Seas. Therefore, delayed
colony impacts may be expected. Interestingly, there is evidence that this spill may have had
an impact on European shags breeding in the vicinity of the spill (Velando et al., unpubl.). The
European shag was not one of the species heavily impacted by the spill, but the effect appears
to have been via negative effects of the oil on the benthic feeding habitat of the shag. In the
case of the Tricolor spill, a large proportion of the ringing returns of common guillemots re-
covered oiled were from adult birds ringed on the Isle of May. Despite this, Isle of May com-
mon guillemot numbers increased in the breeding season after the spill (2003), although return
rates of ringed birds was “below average”, “although not markedly so” (Mavor et al., 2004).

Further requests

Further requests considered by HOD(1) May 2004 for inclusion in the draft 2005 ICES Work
Programme included six specific tasks, some of which fitted nicely in the initial TOR, others
were different approaches to the oil problem. HOD(1) suggested that an assessment of the
long-term effects of oil spills should consider:

Distinction between effects of oil spills and natural changes

It is important to be able to distinguish between population effects of oil spills and those
caused by other anthropogenic drivers as well as natural environmental variation. There is no
failsafe way of making this distinction, and indeed in some cases we will never know if ob-
served effects were due to an oil spill, or if real effects were masked by other counteracting
effects. The best way to improve the chances of successful attribution of observed changes to
the underlying drivers is to have a baseline monitoring programme allowing replicated be-
fore/after and affected/unaffected comparisons, and to employ proper statistical analysis
methods that can identify several simultaneous effects.
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Impacts of oil on different types of habitats (i.e., the nature of the
coastline) and ecosystems

An evaluation of impacts of oil on different types of habitats (i.e., the nature of the coastline)
and ecosystems would be beyond the expertise of the WGSE and we suggest that the question
is forwarded to an appropriate group of experts.

The impact of oil in different marine regions, subject to different cli-
matic influences

Generally, sea-surface temperatures and air temperatures are important factors, because oil
weathers faster in warmer water and the external effects of oil on birds are less severe in
warmer water because the chances of hypothermia are reduced. It is important to be able to
distinguish between population effects of oil spills and those caused by other anthropogenic
drivers as well as natural environmental variation. There is no failsafe way of discriminating
between all these influences on seabird populations, in the absence of the appropriate base-line
data. In a correlative approach, one might find positive or negative trends according to expec-
tation, but in the absence of a mechanistic understanding, these correlations may not be very
meaningful. With oil spill impact assessments, it is very important to be able to certain com-
pare patterns seemingly caused by the spill with long-term trends in the population studied.
This TOR is a very complicated one, and if understanding is to be gained from published ac-
counts, it is recommended to reformulate the request more precisely.

The impact of different types of oil

The spills discussed were different in the types of oil spilled and although from these few case
studies the TOR on differential impacts of different types of oil cannot fully be addressed, we
can make at least some remarks. Different crude oils and oil products vary widely in physical
and chemical properties, and in toxicity. Polyaromatic hydrocarbons (PAHs) are the most
toxic component of oils. Experiments on plants and animals have shown that severe toxic ef-
fects are associated with hydrocarbons with low boiling points (particularly aromatics) be-
cause these hydrocarbons are most likely to penetrate and disrupt cell membranes (White and
Baker 1999). The greatest toxic damage has been caused by spills of lighter oils, particularly
when confined to a small area.

High temperatures and wind speeds increase evaporation and lighter oils evaporate easier and
faster than the heavy oils. The Amoco Cadiz spilled light crude, and much of this formed a
“chocolate mousse” simply smothering the seabirds affected. The Braer lost 84,700 tonnes of
a rather fine crude oil plus a small amount of heavy bunker oil. A combination of the light
nature of the oil and the exceptionally strong wind and wave energy naturally dispersed the oil
through the water column. Erika, Prestige and Tricolor spilled (very) heavy fuel oil that was
difficult to combat in offshore clean-up operations, and that affected seabirds in the most dra-
matic way: immediately immobilising them and smothering them to death. Affected birds
were often so heavily oiled, that each corpse, untreated, weighed 2-3 x normal body mass.
External examinations, including the basic identification, were seriously hindered.

The Braer spill, as a result of a combination of violent storms and rather light oil, was differ-
ent from most other incidents in that most oil was naturally dispersed before (more) harm to
seabirds could be done. The effects of the spill would have been more devastating, had it been
calmer weather and had the spill occurred during the breeding season. Yet, despite being a
spill where relatively few birds were affected, the localised nature of the event, coupled with a
pre-spill monitoring programme, meant that population effects were relatively easy to deter-
mine: negative trends, without doubt related to the spill, where found in locally nesting shags
and black-guillemots, as well as in resident common eiders (Heubeck 1997).



24 |

3.10

ICES WGSE Report 2005

The impacts of remedial activities such as the use of heavy equipment
and high pressure hosing to clean up oil spills

An evaluation of impacts of remedial activities such as the use of heavy equipment and high
pressure hosing [on habitats i.e., the nature of the coastline and] ecosystems would be beyond
the expertise of the WGSE and we suggest that the question is forwarded to an appropriate
group of experts.

Whether the current framework of environmental risk assessment and
toxicology is sufficient to take account of the long term effects of oil
pollution

At present, to the best of our knowledge, there is no international framework of either oil spill
impact assessment, or the environmental risk assessment and what is available is at best in-
complete and perhaps outdated (Carter et al., 1993; IPIECA 1994; Williams et al., 1995; Begg
et al., 1997). There are no standardised protocols to guarantee a balanced post-spill evaluation
of oil spill effects. There seems to have been no formally established communication between
oil spill response teams and governmental bodies or scientific groups that should be involved
in the post-spill evaluation in most spills. There are a number of initiatives in this direction,
such as manuals for and evaluations of oiled wildlife response (often with emphasis on the
treatment of live casualties rather than oil spill impact assessments) (Corbett 1977; Oiled
Wildlife Care Network 2000; Heubeck et al., 2003; IPIECA 2004; Nijkamp et al., 2004), but
usually it is left to the good intentions of those involved at the time.

Discussion

Our evaluation of recent oil spills resulted in some rather important conclusions. Of seven oil
spills examined, the amount of oil spilled ranged from 170 tonnes (Stylis) to 223,000 tonnes
(Amoco Cadiz). The number of casualties recorded, varied from 1800 (Braer) to 45,000
(Stylis). Most spills took place in winter or in the pre-breeding season, and most events af-
fected winter visitors breeding elsewhere.

There was no positive correlation between the amount of oil spilled and the number of casual-
ties recorded. Some of the smaller spills caused major mortality. There is a large difference in
the sensitivity of different sea areas with regard to surface pollutants, and these differences
were in part responsible for the observed variability in the impact on seabirds. Seasonal and
spatial patterns in sensitivity are rather well known for the North Sea (albeit slightly outdated)
and for the west of Britain. For major parts of Europe, however, notably for the Bay of Biscay
and for Spanish and Portuguese coastal waters, a lot of additional information is needed.

Even in the absence of a protocol, scientists involved in most of the spills examined, appar-
ently intuitively performed an impact assessment in which most of the required data were in-
deed collected (Table 3—7). Although the accuracy varied between spills, an attempt to collect
and count the casualties was always included. Often, it was the private achievement of some
individuals that the data were collected in a systematic manner. Only the Sea Empress spill,
the Braer spill and the Belgian part of the Tricolor spill were dealt with almost entirely by
dedicated teams, fully supported by or established by national authorities. The ageing and sex-
ing of birds was not always conducted in a standardised manner, as a result of which, spills are
not always easy to compare. It is recommended to produce an oiled wildlife impact assess-
ment protocol for future events, building on experiences from these and other major oil spills,
in an attempt to standardise the field observations, the dissections and the manner in which the
results are published, to facilitate future evaluations.
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Table 3—7: Baseline data collected during evaluated oil spills in W Europe.
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In order to establish where seabird victims of oil spills come from, it is necessary to employ
multiple methods. Morphological data and ring recoveries should always be collected and will
often provide useful pointers, but may not be sufficient to unambiguous assign birds to colo-
nies or areas of origin. Genetic methods have not yet proved very useful, and considering the
high cost may not be a fruitful way forwards. Stable isotope analysis may be the most promis-
ing method, and as suggested by Cadiou et al. (2004) should be tried out on a sample of birds
of known origin.

As stressed above, the effects of most oil spills on seabird populations were difficult to dem-
onstrate. Both the Braer and the Prestige spills have affected local breeding populations of
shags. The Braer also caused a decline in local breeding numbers of black guillemots. De-
clines in (adult) survival rates and changes in age-structures of breeding populations are rarely
detected, mainly in the absence of sufficient and specific long-term studies involving indi-
vidually marked birds in areas affected by oil spills (i.e., the breeding sites from where oiled
birds found originated), before and after its occurrence. Usually, numbers of birds breeding in
affected colonies are compared before and immediately after the spill (population trends).
Sometimes this comparison is made within and outside affected areas, the latter considered the
control against which the effect of the spill can be compared. Typically, major spills have oc-
curred in the winter months, affecting seabird wintering areas. It is usually difficult to accu-
rately determine which colonies are affected (but see above; general areas could often be pin-
pointed), and affected birds may breed over a wide area such that impacts are geographically
diluted and were difficult to detect.
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Review of the consequences for foraging conditions of sea
ducks of the Spisula decline in the southern North Sea

Sea ducks, particularly common scoters winter in large numbers in the southeastern North
Sea. The total biogeographic population size of the species amounts to some 1,600,000 indi-
viduals (Wetlands International 2002) of which some 200,000—400,000 winter in the SE North
Sea. Common scoters have their core wintering area in the Baltic, Belt Seas, Kattegat and
Skagerrak, with several hundreds of thousands of birds ‘overflowing’ into the North Sea and
onward into the waters off France and Iberia and around the British Isles. Some common sco-
ters may winter as far south as NW Africa (Laursen 1989; Keijl 1993). In the southeastern
North Sea, common scoters prefer the comparatively exposed North Sea coastal waters over
the more sheltered waters of the inner Wadden Sea. The Wadden Sea itself is an important
wintering area of common eiders that seem more reluctant to venture out into exposed North
Sea waters. However, in the 1990’s large flocks have been noted to join the scoters in the
North Sea off the Netherlands, when they were driven out of the Wadden Sea by food short-
age (severely depleted stocks of their principal foods, blue mussels Mytilus edulis and edible
cockles Cerastoderma edule; Swennen et al. 1989; Leopold 1993; Berrevoets et al., 2001,
2003; Leopold et al., 2001; Camphuysen et al., 2002). It is not known whether this has led to
significant competition between the species for the North Sea food stocks. A third species of
seaduck, the velvet scoter is usually found in relatively small numbers among the much more
numerous common scoters in the North Sea, sharing the same wintering locations and food
stocks (Durinck et al., 1990; Leopold 1993). Velvet scoters rarely reach numbers of > 10,000
in the SE North Sea; they are much more abundant both to the northeast (Baltic) and south-
west (France) of this area.

Common scoters are almost exclusively benthivorous, preying mainly on bivalve molluscs,
with occasional additions of gastropods, annelids, crustaceans, echinoderms and fish (Madsen
1954; Cramp and Simmons 1977; Stempniewicz 1986; Schricke 1993; Leopold 1996; Aulert
and Sylvand 1997; Leopold et al., 2001; Frengen and Thingstad 2002; Zydelis 2002; Fox
2003). An extreme example of the ducks’ feeding versatility is given in Bauer and Glutz von
Blotzheim (1969), of a group of some 1000 common scoters feeding for a month on a shipload
of beans, spilled out of a ship stranded on Helgoland, Germany in the late 1800s. Prey are
caught by diving to the bottom of shallow nearshore marine waters. Mussels are torn off from
their holdfast; burying clams are dug out from the sediment. Mussel clumps and other large or
awkwardly shaped prey (crabs, starfish) may be taken to the surface for additional handling,
before they can be swallowed. Smaller clams are swallowed under water, either one by one or
they may be siphoned up if they are very small (Guillemette et al., 1992). Most prey are hard-
shelled, swallowed whole and crushed in the muscular stomach. The soft parts are then di-
gested while the remaining shell fragments leave the body in the faeces. This way of feeding
is energetically costly (Nehls 1995; de Leeuw et al. 1999), and only rich stands of shellfish
can be exploited successfully. Rich shellfish banks may attract huge flocks of seaduck (of up
to > 100,000) that may remain there during the whole winter or even successive winters (Leo-
pold et al., 1995, LK. Petersen pers. comm.). Scoters are versatile foragers in that they may
feed on any bivalve species locally available, provided that local densities are sufficiently high
and that prey size is right (roughly 5-50 mm in length; see Fox 2003 for a review).

Diets of common scoters wintering off the east Atlantic seaboard have been found to differ
between locations, with often one or a few prey species dominating local diets. In the Baltic,
the clams Cerastoderma edule, C. lamarcki, Mya arenaria, M. truncata, Cyprina islandica,
Mytilus edulis and Macoma balthica were all found to be important prey in different studies
(Kirchhoff 1979, 1981; Stempniewicz 1986; Meissner and Briager 1990; Meissner 1992; Ru-
mohr 2001; Zydelis 2002; Rumohr and Evert unpublished data), while fish (sandeels and dis-
cards) were on occasion found to contribute to the diet (Stempniewicz and Meissner 1999). In
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Danish and Dutch North Sea waters Spisula subtruncata has dominated the diet of wintering
scoters in the 1990s (Durinck et al., 1990; Offringa 1991; Leopold et al., 1995; 1996; 1998);
there is no dietary information on the German North Sea waters situated in between (Rumohr
2001). Further south, in Belgium and French waters the diet was found to be more diverse
again. Van Steen (1978) and Degraer et al. (1999) have considered that 13 species of bivalves
are likely to be eaten by scoters in Belgium (Donax vittatus, Abra alba, Tellina fibula, T.
tenuis, Macoma balthica, Spisula subtruncata and Barnea candida), with A. alba, T. fibula
and S. subtruncata probably being the most important. Off NW France, a similar wide variety
of bivalve prey species has been found in common scoter stomachs, although only one spe-
cies, Donax vittatus, dominated the diet at the time when the ducks were sampled for diet
analysis (Aulert and Sylvand 1997). Diets further south, from Spain and Portugal to NW Af-
rica, are presently unknown.

The overall situation thus appears to be that common scoters can feed on a wide variety of
shellfish, providing that densities are high and sizes are manageable (Fox 2003). Compara-
tively wide prey spectra are found in areas that are biologically diverse, such as the Baltic or
French/Belgium waters, where mosaics of benthic species occur over a relatively small area.
In the SE North Sea, with its rather monotonous sandy foreshores from the Netherlands up to
Denmark, species richness seems to be lower and the ducks have a smaller variety to take
from. However, studies following mass-strandings of live shellfish on Dutch beaches have
shown that over decades, different bivalve species have replaced each other as the dominant
one (Oosterbaan 1991) and so probably has the diet of scoters varied over time at any one
place (Madsen 1954; Leopold et al., 1995; Rumohr 2001). The dominance of Spisula subtrun-
cata in Dutch waters in the 1990s was thus probably preceded by a dominance of other species
in earlier decades (such as cockles, Leopold et al., 2005), and likewise, other prey species may
feature as the staple diet in the future.

In the mid- or late 1990s, Spisula stocks started to decline in the SE North Sea. This decline
was witnessed in Belgium (van Waeyenberge et al., 2001), the Netherlands (Craeymeersch
and Perdon 2003, 2004), Germany (Rumohr 2001) and Denmark (Jensen et al. 2003). Several
factors may have contributed to this decline. Massive die-offs were noted in the severe winter
of 1995/96. Recruitment of shellfish, including Spisula subtruncata (Hagmeier 1930; Degraer
1999) is notoriously variable. From that time onward, recruitment of Spisula subtruncata also
seems to have fallen. Stocks of S. subtruncata did not recover, while remaining banks that
were situated just south of the ice cover, remained to be fished until very little was left. S.
solida did also fail to recover in shallow (<10m) Danish waters where they were fished until
1995, but fishable densities may have survived in deeper waters, where a fishery was resumed
in 2000 after a gear change (longer suction pipes) made this possible (Jensen et al., 2003).
These three factors in concert (winter die-off, recruitment failure and on-going fisheries on the
remaining stock) made that Spisula subtruncata was hardly harvestable by either fishermen or
seaduck by 2005. In the Netherlands, where both Spisula and seaduck numbers have been
monitored over a number of years, Spisula stocks in 2003 were by far the lowest since the
yearly stock assessments commenced in 1995 (Craecymeersch and Perdon 2004), and have
continued to decline since (J. Craeymeersch pers. comm.). Wintering numbers of scoters in
The Netherlands decreased from 135.000 in 1993 to 32.500 in 2005 (de Jong et al., 2005). It
should be added however, that numbers were also lower in earlier years (no data on Spisula
available), with the exception of winter 1986/87 when some 80,000 were found wintering in
Dutch waters (no good data before that year; Leopold et al. 1995; Figure 4-1A). Similar popu-
lation trajectories were noted in Belgian, French and Portuguese waters with increases in the
early 1990s to reach a peak in 1993 or 1994, followed by decreases in later years (Figures 4—
1B,C,D). Note that the Spisula stocks in these countries have not been subject to the same
severe winter conditions as were the stocks further north and that also the fishery was proba-
bly less intensive. In the western parts of German North Sea waters (Niedersachsen) waters
scoter numbers also seem to have gone down recently, but data are more fragmentary here (S.
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Garthe pers. comm.). Data from Danish North Sea waters are not yet available for a similar
reconstruction (Henning 2001; H. Skov and I.K. Petersen, pers. comm.).
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Figure 4-1. Numbers of common scoters wintering in The Netherlands (A), Belgium (B), France (C
and NW Portugal (D), as taken from de Jong et al (2005), van Waeyenberge et al (2001), Le
Dréan-Quénec’hdu ef al (2003) and R. Rufino (in litt), respectively. Note differences in scale on Y-
axes. Years without bars had no surveys, rather than no ducks.

There may thus have been a general increase of numbers wintering along the east Atlantic
seaboard in the early 1990s, followed by a decline. This decline was marked in the Nether-
lands and Belgium where the diet was mainly Spisula subtruncata, which also declined in
abundance. Numbers of common scoters did not decline in France, where Spisula probably
was far less important, but numbers did decline sharply in Portugal, where their diet is pres-
ently unknown. One can therefore conclude that recent declines in numbers of wintering
common scoters coincided with declines in Spisula stocks, but that other factors than the
availability of this prey species may also have played a role. Whatever the factor(s) governing
scoter numbers might be, common scoters wintering from Denmark to Belgium have been
facing a marked decrease of their principal prey species recently, Spisula solida in the north
and S. subtruncata in the south. The ducks had three options: leave (to winter somewhere
else), starve or change their diet. Mass-mortality of scoters (other than through oiling inci-
dents) has not been recorded in the region at the time of the decrease in wintering numbers,
unlike in common eiders that did go through mass die-offs in the Netherlands (Camphuysen et
al. 2002). Unfortunately, scoter surveys have not been conducted with sufficient intensity
throughout the species’ wintering range to pick up a shift in wintering locality of some
100,000 common scoters now ‘missing’ from the Netherlands and Belgium. However, as they
apparently did not die in the ‘Spisula crisis area’ where they did decline in numbers, they must
have moved. There is also mounting evidence that ducks that kept wintering in the Nether-
lands, changed their diet and switched to taking Ensis americanus. Common Scoters were
seen taking this razor clam as their main prey in the southwest of the country (Leopold and
Wolf 2003; Wolf and Meininger 2004), and shell fragments of Ensis americanus were found
in the stomachs and guts of oiled scoters in the north of the country. Similarly, Ensis was
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found as the main prey species in faeces of common eiders wintering in the North Sea off the
Dutch Wadden island of Texel in 2001-2003 (Leopold et al. in prep). Recent evidence from
common scoters collected at Horns Rev, Denmark, also show that these ducks now feed on
Ensis (LK. Petersen pers. comm.). Although razor clams seem an awkwardly shaped prey for
scoters to ingest and crush in their gizzard, they have been found as prey of seaduck in an in-
creasing number of studies (Swennen and Duiven 1989; Hughes et al., 1996; Aulert and Syl-
vand 1997; Thingstad et al., 2000; Ens et al., 2002; Leopold 2002; Fox 2003; K. Laursen in
litt.). The American razor clam was introduced in the eastern North Sea in the late 1970s and
has spread and increased in numbers dramatically since (Swennen et al., 1985), to become the
dominant bivalve in Dutch nearshore waters today (Bult et al., 2004; Cracymeersch and Per-
don 2004; Leopold et al., in prep.). Evidence from mass-strandings from Belgium to Germany
suggest the same for a much larger area (E. Stienen and S. Garthe pers. comm.) and there must
to be sufficient biomass of Ensis available to sustain large numbers of scoters. However, this
prey species is probably far less easy to catch, handle and digest than Spisula, so it seems a
less suitable prey and this could explain the dwindling numbers of wintering seaduck in the
region. Seaduck will probably keep on eating mainly Ensis for some time, until a more suit-
able prey species becomes available in large quantities. Until there is evidence of a general
decrease of the total wintering population of common scoters, there may not be a reason for
great concern about the impact of declining Spisula stocks on seaduck. Some seaduck will
probably keep on wintering in the region where Spisula formally was important for them, us-
ing Ensis as an alternative prey species. Common scoters are versatile foragers that cannot
afford to rely on a single prey species, as bivalve communities are known to vary greatly in
species composition and abundance. Instead, common scoters seem to be able to switch
quickly from one prey species to the next and from one wintering site to another along their
vast wintering range. The birds that used to winter from Belgium to Denmark, taking Spisula,
probably moved to other sites, and/or switched to other prey.

The only reason for concern might be that Spisula stocks were fished until very few remained
in both Dutch waters and in (shallow) Danish waters. Such fisheries probably are not sustain-
able over longer time periods, given the intrinsic variability in recruitment and susceptibility
to severe winter conditions of Spisula (Craeymeersch et al., 2001). Spisula fisheries also exist
off Portugal (where numbers of Scoters have also declined) and fisheries for Ensis americanus
are currently being developed in the Netherlands, while the Dutch may also export their off-
shore shellfishery techniques and hardware to NW Africa. This implies that all shellfish stocks
that might in future be exploited by scoters and other seaduck, are within reach of shellfisher-
men and the implications of this are yet far from clear.
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Further examination of the foodweb relationships of
seabirds indicated by food consumption estimates in the
Northeast and Northwest Atlantic regions

5.1

In many areas, a single species provides the dominant prey for a wide diversity of predators,
including seabirds, seals, whales and fishes (Springer and Speckman 1997). For example, in
the North Sea, the lesser sandeel Ammodytes marinus is the primary prey item of many seabird
species including common guillemots, black-legged kittiwakes, Atlantic puffins as well as a
number of non-avian predators. Capelin Mallotus villosus fills a similarly dominant trophic
position in the northwest Atlantic (Montevecchi 2002) and, at times, in the Barents Sea.

Most seabirds are opportunistic to some degree and able to exploit alternative prey if or when
they become available, or when previously preferred species disappear. Thus northern fulmars
and shearwaters, for example, appear to equally adaptable eating large zooplankton (e.g.,
euphausiids) or fish (sandeels, capelin). Individual seabird species may thus simultaneously
sample from more than one trophic level. For example several seabirds species can feed on
both schooling fishes and the prey upon which those schooling fishes feed. Furthermore, dif-
ferent species of seabirds may differ in diet and trophic level by exploiting different age
classes of the same prey species. For these reasons, it can at times be difficult to categorize
seabirds as belonging to any one foraging guild.

As with other pelagic communities, species within the North Atlantic avian communities at
times depend upon one another for the location of prey (Camphuysen and Webb 1999). For
example, in Europe, common guillemots, razorbills and/or Atlantic puffins are often the first
piscivores to locate schools of fish, because they can dive deeply and thus exploit a broad
range of depths in the water column and drive some fish to the surface in the process of trying
to capture them. Surface-feeding black-legged kittiwakes and larger gulls searching for fish
converge on groups of auks that have located schools of fish. The surface feeders thus benefit
from access to these fish that would otherwise be too deep to reach. These mixed feeding
flocks of auks and black-legged kittiwakes are then often joined by northern gannets, which
use the former species as cues to the presence of prey. When the much larger gannets join the
flock, they often aggressively chase away both auks and black-legged kittiwakes (Cam-
phuysen 2005). This basic sequence of events may be initiated by other diving birds, by seals,
cetaceans or predatory fish such as saithe (Pollachius virens) or tuna (Thunnus thynnus)
(Hoffman et al., 1981; Evans 1982; Pierotti 1988; Harrison et al., 1991; Pitman and Balance
1992). This behaviour has important consequences for population dynamics as it implies mu-
tualism as well as competition. The food web consequence of these mutualistic interactions is
that concurrent declines could occur due to the dependence of one species upon others to effi-
ciently locate food.

East-west comparison of consumption rates in the North
Atlantic

5.1.1 Numbers

In consideration of the above points and the striking oceanographic differences between the
cold low arctic waters of the northwest Atlantic and the warmer boreal waters of the northeast
Atlantic, there are significant avian community and food web differences across the North
Atlantic (ICES 2002; 2003; 2004).

For example, planktivores dominate the breeding community in the northwest Atlantic, espe-
cially in NAFO 1, 2 and 3, whereas piscivores play dominant trophic roles in the northeast
Atlantic. The dominance by planktivorous species in the Northwest Atlantic is almost entirely
a consequence of the vast number (30+ million pairs) of little auks nesting in northwestern
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Greenland. In Newfoundland, the community of breeding seabirds is dominated numerically,
but not in terms of biomass, by Leach’s storm-petrels. In the Northeast Atlantic, the avian
communities are dominated by large alcids (mainly common guillemots and Atlantic puffins)
that feed primarily on small schooling fish (sandeels, capelin, herring, young gadoids). The
northwest Atlantic community is further supplemented by high numbers and a large biomass
of trans-equatorial migrant shearwaters that are predominantly planktivorous and breed in the
south Atlantic Ocean (Brown et al.,1981, Cairns et al., 1991).

The oceanographic rationales for these differences should be explored. For example, what are
the oceanographic conditions off western Greenland that support a vast abundance of plank-
ton-eating (plus historically large numbers of fish-eating guillemots)? For seabirds, presence
of suitable nesting sites may limit population size (Ashmole 1963, Olsthoorn and Nelson
1990), so this limitation must also be considered. It is possible that western Greenland pro-
vides especially large number of little auk nest sites, or that islands off Newfoundland provide
especially abundant burrow sites for Leach’s storm-petrels (compared to similar latitudes in
the northeast Atlantic).

More likely, differences in bird species composition between regions reflect differences in
prey base. The little auk situation in northwest Greenland deserves special consideration. This
is an arctic community, located near a marginal ice zone and, like other polar ecosystems, with
especially high secondary productivity and zooplankton abundance (e.g., Zelickman and
Golovkin 1972; Pederson and Schmidt 2000; Munk et al., 2003). Little auks in northwest
Greenland eat small polar cod (Boreagadus saida) but also amphipods and copepods (Gaston
and Jones 1998, Nettleship and Birkhead 1985).

The superabundance of Leach’s storm-petrels in Newfoundland may be explained by a com-
bination of nest-site and foraging opportunities. This species requires remote and mammal-
free islands, suitable soil in which to dig nest burrows, and sufficient nighttime in which to
access burrows without being eaten by avian diurnal predators. Sufficient soil for burrowing
disappears a short distance to the north of Newfoundland, and the summer day length in-
creases. Secondary productivity furthermore is considerably higher around Newfoundland and
on the Grand Banks than it is a short distance to the south (Backus and Bourne 1987). Para-
doxically, the species’ largest colony is on Baccalieu Island, which is inhabited by a small
population of red foxes (Vulpes vulpes). The foxes prey and cache storm-petrels but owing to
food shortages in winter, the fox population has remained small. In turn, the fox population
prevents larid gulls that are major predators of Leach’s storm-petrels (Stenhouse and Monte-
vecchi 1999; Stenhouse et al., 2000) form nesting on the island and hence provide a “net bene-
fit” for the storm-petrels (Sklepkovych and Montevecchi 1989).

The piscivorous birds that dominate the bird communities of the northeast Atlantic are primar-
ily guillemots and Atlantic puffins, which feed almost exclusively on schooling forage fish
such as sandeels, herring, pilchards and sprat (Mitchell et al., 2004). These fishes are found in
shallow shelf waters (defined here as depth < 200m; Daan et al., 1990). The North Sea is 89%
shelf waters (cf. average proportion of shelf waters overall in the North Atlantic is 20-25%,
Table 5-1). Thus, part of the dominance by piscivores in the northeast (ICES I-VII) could be
due to the high proportion of shelf waters there. However, a similar extent of the shelf waters
of NAFO 2 and 3 not only support large numbers of piscivorous auks which breed in the area,
but also greater numbers of planktivorous petrels and shearwaters consuming an almost equal
biomass of food.
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Table 5-1: Surface areas of ICES and NAFO regions based on GEBCO 1-minute global bathymet-
ric grid and approximate total annual seabird harvest and harvest rate km™.
REGIONS TOTAL AREA AREA OF % <200 TOTAL CONSUMPTION CONSUMPTION
IN MILL. KM? WATERS M DEEP CONSUMPTION RATE IN RATE OF T*KM
<200 M IN MILL. T TKM? OF WATERS
DEEP <200 M DEEP
ICES LI 3.8 1.0 25.7 1.55 0.4 1.6
ICES Va,XIV 1.6 0.3 16.5 2.00 1.3 7.5
ICES 1V, VIld,e 0.7 0.6 89.0 0.74 1.1 1.2
ICES III 0.4 0.4 96.4 0.63 1.4 1.5
ICES Vb,VLVII' 1.3 0.4 314 0.93 0.7 2.4
ICES VIILIX,X 3.9 0.1 35 0.11 <0.1 0.8
ICES XII 2.1 0.0 0.0 - - -
ICES Total 13.9 2.8 20.0 5.93 0.4 2.1
ICES excl. VIII- 7.8 2.4 30.9 5.82 0.7 2.4
X1
NAFO 0 0.6 0.1 16.4 0.27 0.5 2.9
NAFO 1 1.0 0.1 14.5 1.97 2.0 13.7
NAFO 2 and 3 2.1 0.4 20.2 2.00 1.1 5.4
NAFO 4 1.0 0.3 32.9 0.23 0.2 0.7
NAFO 5-6 1.6 0.2 14.8 0.27 0.2 1.2
NAFO Total 6.2 1.6 26.3 4.99 0.8 4.1

lexcept VIId,e

5.1.2 Consumption

As for the numbers of seabirds, there is also considerable spatial variation in consumption
rates across the ICES and NAFO areas but overall the consumption per unit area is similar
between the eastern and western regions (0.5-0.8 t km, Table 5-1).

An effect of shelf area is most apparent in the Baltic Sea of which > 95% of its extent is < 200
m in depth and 84% is < 100m. Here the annual harvest rate per unit area is the highest in the
whole northeast Atlantic (1.4 t km?, Table 5-1) and is taken by a community dominated by
piscivorous and benthic-feeding seaducks, including nearly half a million breeding pairs of
common eiders. These are supplemented by up to nearly 7 million individuals of other species
including long-tailed duck, common scoter, velvet scoter, common goldeneye and greater
scaup that visit during the late winter and early spring.

A slightly higher harvest rate (2.0 t km™) was calculated for the area off western Greenland
where the planktivorous little auks dominate the community, and rates above 1.0 t km™ are
also apparent in the North Sea and around Iceland where guillemots, Atlantic puffins and
northern fulmars are the main consumers. The lowest rates (0.02 t km™) were found in the
deep seas off France, Iberia and around the Azores.

An exploratory analysis that assumed that most birds forage in shelf waters (here defined as
those shallower than 200 m) corroborated these general conclusions, again showing that feed-
ing is most intense per unit area off western Greenland and around Iceland and eastern
Greenland, and lowest in the deepwater south eastern sectors of ICES (VIII, IX and X), but
also in NAFO 4. Such analyses taking into account physical parameters (sea temperature, ex-
tent of frontal systems, length of coastline/continental shelf, etc.), biological production, etc.
should be addressed.
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Recommendations

6.1

Proposal for next meeting

The Working Group on Seabird Ecology [WGSE] (Chair: Stefan Garthe, Germany) will meet
in Texel, The Netherlands, from 3—7 April 2006 to:

a) review the current approaches for identifying offshore seabird aggregations and
delineating Important Bird Areas (IBAs) and Special Protection Areas (SPAs);

b) develop recommendations for a comprehensive monitoring programme for sea-

birds;

¢) develop recommendations on how to sample diet and how to report results of die-
tary studies in seabirds.

WGSE will report by 15 May 2006 for the attention of the Living Resources Committee, ACE

and ACME.

Supporting Information:

Priority:

This is the only forum for work being carried out by ICES in relation
to marine birds. If ICES wishes to maintain its profile in this area of
work, then the activities of WGSE must be regarded as of high prior-

ity.

Scientific justifica-
tion:

a) Marine SPAs are currently designated by several EU Member
States. Other descriptions of offshore seabird aggregations are con-
ducted e.g., by BirdLife International and non-EU states. While there
are certain guidelines as related to the different Directives, rules, con-
ventions etc., WGSE may review the current approaches from a scien-
tific point of view. This builds on the work done by WGSE at the
meeting in 2003.

b) Although WGSE has recommended an EcoQO for changes in sea-
bird population size, further monitoring is desirable for detecting and
interpreting changes in seabird demography and the implications for
marine ecosystems. By focussing on target values and on monitoring
that can be implemented throughout the OSPAR area, EcoQOs cannot
accommodate the full suite of appropriate monitoring tools. We con-
sider it useful to have a discussion of how an “ideal” seabird monitor-
ing programme should be designed.

¢) WGSE has calculated and reviewed data on food choice and food
consumption in seabirds many times. Although some species have
been studied frequently, the use of these data may still be enhanced
when standard protocols on how data may be presented.

Relation to Strategic
Plan:

Action Plan Nos. 1.2, 1.8,2.2, 4.15

Resource Require-
ments:

Facilities for WGSE to work in Texel are anticipated to be excellent.

Participants:

The Working Group should be able to achieve most of the above ob-
jectives. However, some members may not be able to attend through
lack of funding. Funding of these members from Member Countries
would be very welcome.

Secretariat Facilities:

None.

Financial:

No financial implications for ICES.

Linkages to Advi-
sory Committees:

ACE, ACME

Linkages to other
Committees or

WGSE is keen to continue the process of integration of seabird ecol-
ogy into ICES work.
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Groups:

Linkages to other EU, OSPAR, HELCOM
Organisations:

Other recommendations

It has become very obvious throughout most terms of reference at this year’s meeting as well
as at previous meetings that comprehensive information on the distribution and numbers of
seabirds at sea in the North Sea are an essential basis for a further understanding of relation-
ships between seabirds and the marine environment. Such data are partly available from exist-
ing data sets but are too sparsely distributed in time and space to allow for detailed time trends
and some indications of changes in the North Sea. WGSE strongly recommends exploring the
possibilities of including seabird at sea studies as a standard parameter in regular and large-
scale marine surveys. Herring acoustic surveys and the International Bottom Trawl Survey
(ICES) are very useful programmes and seabirds have already been studied at some occasions
from these platforms.
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ENGLISH NAME

SCIENTIFIC NAME

Red-throated diver

Gavia stellata

Great northern diver

Gavia immer

Northern fulmar

Fulmarus glacialis

Manx shearwater

Puffinus puffinus

European storm-petrel

Hydrobates pelagicus

Leach’s storm-petrel

Oceanodroma leucorhoa

Northern gannet

Morus bassanus

Great cormorant

Phalacrocorax carbo

European shag

Phalacrocorax aristotelis

Greater scaup

Aythya marila

Common eider

Somateria mollissima

Long-tailed duck

Clangula hyenalis

Common scoter

Melanitta nigra

Velvet scoter

Melanitta fusca

Common goldeneye

Bucephala clangula

Arctic skua

Stercorarius parasiticus

Great skua

Stercorarius skua

Mediterranean gull

Larus melanocephalus

Black-headed gull

Larus ridibundus

Mew (= Common) gull

Larus canus

Lesser black-backed gull

Larus fuscus

Herring gull

Larus argentatus

Great black-backed gull

Larus marinus

Black-legged kittiwake

Rissa tridactyla

Roseate tern

Sterna dougallii

Common tern

Sterna hirundo

Arctic tern Sterna paradisaea
Little tern Sterna albifrons
Sandwich tern Sterna sandvicensis
Common guillemot Uria aalge
Razorbill Alca torda

Black guillemot Cepphus grylle
Little auk Alle alle

Atlantic puffin

Fratercula arctica
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