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“Capsule”: After reviewing the effects of oil pollution on seabirds, suggestions for new methods of monitoring marine oil
pollution are presented.

Abstract

One of the most obvious adverse effects of (chronic) pollution of the world’s oceans and seas with mineral oil is the mortality of
seabirds. Systematic surveys of beachcast corpses of birds (‘beached bird surveys’) have been used in many parts of the world to
document the effect of oil pollution, but particularly so in Western Europe and in parts of North America. In this paper, the his-
tory, current schemes, methods and possible (future) use of beached bird surveys are described and discussed, because the value of
beached bird surveys has been hotly disputed. Oil pollution is known since the late 19" century, while the first beached bird surveys
were conducted in the 1920s. Due to the amount of man-power needed for these surveys, most beached bird survey programs
thrived only through the work of a large number of volunteers. However, most programs have resulted in substantial amounts of
high quality data, often covering many consecutive years. One of the main shortcomings of many beached bird survey programs
was the emphasis on stranded bird numbers rather than on relative measures, such as oil rates (percentage of corpses oiled of all
corpses found). Sources of pollution, particularly so in chronically polluted regions such as the North Sea, the Baltic, the Medi-
terranean and the waters around Newfoundland, are insufficiently known, but could be studied through a sampling program con-
nected to beached bird surveys. Suggestions for standardization of methods are presented, which could lead to a global and highly
sensitive monitoring instrument of marine oil pollution. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction numbers, and beached bird surveys have been the most

important source of information regarding the adverse

The adverse effects of spillages of mineral oil at sea
were first recognized in the late 19th and early 20th
century, when reports of oil contaminated stranded
seabirds were published. Oil pollution was immediately
considered to be an unnecessary threat to marine birds
and simply to assess the scale of the problem, stretches
of beach were searched for birds and ‘beached bird
surveys’ were born. Beached bird surveys are counts of
stranded corpses on tide-lines, set up in an attempt to
quantify numbers of oiled birds washing ashore. Oiled
seabirds washed ashore ever since, sometimes in massive
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effects oil pollution. Yet, the value of beached bird
surveys in monitoring trends in seabird mortality or oil
pollution has been hotly disputed. In this paper, the
history, current schemes, methods and possible (future)
use of beached bird surveys are described and discussed
and illustrated with some recent results and major
trends.

2. History

In Europe, the first reports of beached oiled seabirds
were published in the late 19th and early 20th centuries
(Gray, 1871; Mothersole, 1910), although according to
Verwey (1915) in The Netherlands and Wild (1925) in
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Scotland it was not until the First World War that oiled
seabirds became a common phenomenon. These early
reports mostly originated from British (Anon., 1922 and
1926; Wild, 1925; Cole, 1929), Dutch (Verwey, 1915;
Woltman, 1920; Verwey, 1922; Drijver, 1929) and Baltic
coasts (Anon., 1910). Both Britain and The Netherlands
then had well developed organisations for the protec-
tion of birds which may have led to more published
concern over this threat to seabirds than elsewhere.
Local incidents and certain mass strandings prompted
people to search a few beaches and some of the counts
of dead seabirds were published as short notes in var-
ious natural history journals (Verwey, 1915; Hadley,
1930a,b; Brouwer, 1953; Bourne, 1969), or as reports to
local authorities or government bodies (e.g. Drijver,
1929; Ampleford and Brown, 1959; Branderhorst, 1979;
Heubeck, 1979, 1980, 1982, 1983, 1984, 1986). It was
not until the 1950s and 1960s that serious attempts were
made to establish and maintain programs for monitor-
ing beached (oiled) birds, firstly in The Netherlands
(Brouwer, 1953; Morzer Bruijns, 1959), Germany
(Goethe, 1961), Belgium (Kuyken, 1978a,b) and Britain
(Barclay-Smith, 1956; Bourne and Devlin, 1969).
During the 1970s and early 1980s, the number of
European countries in which there were organized bea-
ched bird surveys gradually increased and the Royal
Society for the Protection of Birds in Britain began to
co-ordinate results internationally from 1972 onwards
(Stowe, 1982a). When the national scheme in Britain
was suspended in 1986, this role was taken on by the

Danish Ornithological Society (Skov et al., 1989). Cur-
rently, beached bird survey schemes operate in 13 Eur-
opean countries (Table 1), although these vary
considerably in temporal and geographic coverage.
Over the past 30 years beached bird surveys have been
particularly intense in Britain (Jones, 1980; Stowe,
1982a,b; Heubeck et al., 1992; Heubeck, 1995), Belgium
(Kuyken, 1978a,b; Offringa et al., 1997), The Nether-
lands (Camphuysen, 1989, 1997), Germany (Vauk and
Reineking, 1980; Averbeck et al., 1992) and France
(Debout, 1984; Raevel, 1990). The high level of chronic
oiling in the southern North Sea and its approaches,
and the frequency with which oiled seabirds occur on
beaches has probably helped maintain the interest and
commitment of participating volunteers in these long-
running schemes, as has concern over the development
of North Sea oil fields since the 1970s (Dunnet, 1987).
There is no reason to believe that oil pollution was
less serious in other parts of the world with high ship-
ping densities at the beginning of the 20th century. As
early as 1926, an international conference was convened
in Washington, DC to discuss oil pollution, from which
it can be deduced that the “oil menace” had already
developed into a global problem (Barclay-Smith, 1930).
The impact of oil pollution on seabirds was noticed in
the eastern United States as early as 1919 (Lincoln,
1930), while chronic oil pollution has been a serious
problem in eastern Canada since at least the 1940s
(Tuck and Livingston, 1959; Gillespie, 1969). Despite
this, and some large oiling incidents during the period

Table 1
Beached bird surveys in Europe. Incidental reports (X) and the occurrence of systematic beached bird surveys (BB) are indicated per decade?®
1910s 1920s 1930s 1950s 1960s 1970s 1980s 1990s
Belgium (1) BB BB BB BB BB
Britain (2) X X X X X BB BB BB BB
Denmark (3) X X X BB BB BB BB
Estonia (4) X X BB
Finland (5) X X X X X
France (6) BB BB BB BB
Germany (7) BB BB BB BB BB
Ireland (8) X X X
Latvia (9) BB BB
Lithuania (10) BB
Netherlands (11) X X X BB BB BB BB BB BB
Norway (12) X X BB BB
Poland (13) X X BB BB BB
Portugal (14) BB BB
Spain (15) X BB BB
Sweden (16) X X X
USSR/Russia (17) X X ? ?

4 Sources: (1) Hautikiet, 1955; Kuyken, 1978a,b; Offringa et al., 1997; (2) Stowe, 1982a; Meek, 1987; Heubeck, 1995; (3) Joensen and Hansen,
1977; Christensen, 1989; Danielsen et al., 1990; (4) V. Lilleleht pers. comm.; (5 )Grenquist, 1956; Lemmetyinen, 1966; (6) Debout, 1984; Bargain et
al., 1986; Raevel, 1990; (7) Vauk and Pierstorff, 1973; Vauk and Reineking, 1980; Averbeck et al., 1992; (8) O’Keefe, 1978; Stowe, 1982a; (9) Kur-
ochkin and Smislov, 1993; (10) Svasas, 1992; G. Vaitkus pers. comm.; (11) Tanis and Morzer Bruijns, 1962; Camphuysen, 1989; 1995; 1997; (12)
Anker-Nilssen and Rostad, 1981; Jacobsen, 1987; Jacobsen et al., 1991; (13) Gorski et al., 1976; Szczepski, 1976; Meissner, 1989; (14) Teixera, 1985;
Reis, 1989, 1990; Granadeiro and Silva, 1991; (15) Bermejo, 1987; Arcos, 1990; 1991; F. Arcos, pers. comm.; (16) Pehrsson, 1980; Uddén and

Ahlund, 1984; (17) Dubrovsky, 1959.
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when beached bird surveys were becoming consolidated
in Europe (McTaggart-Cowan et al., 1970; Sims, 1970;
Brown et al., 1973; Levy, 1980; Powers and Rummage,
1978), only two schemes have been initiated on the
Atlantic coasts of North America, in Newfoundland
sporadically since the 1950s (Piatt et al., 1985) and more
systematically there since 1984 by the Canadian Wildlife
Service (Chardine et al., 1990; Wiese and Ryan, 1999),
and at several localities between Massachusetts and
Texas during 1974-1983 (Simons, 1985). In the autumn
of 1974, observers began counting beached birds at
several Atlantic coast localities between Long Island,
NY, and Cape Romain, SC. In 1975, the project was
extended along the Atlantic coast to southern Florida
and to parts of the Florida Gulf coast. In 1977 the
Texas Gulf coast was added and coverage was exten-
ded to Plum and Nantucket Islands, MA. The results
of beached bird surveys in Newfoundland by
Environment Canada, the Canadian Coast Guard and
Operation Clean Feather (1980-1998) suggested that
chronic oil pollution was a more serious threat to sea-
birds in these Atlantic waters than for instance along
the west coast (see below) or in the Florida Gulf
(Simons, 1985; Stenzel et al., 1988; Harvey and Tobin,
1998). Recent analysis showed most alarmingly that the
oil rate in beached birds in Newfoundland has
consistently increased (Wiese and Ryan, 1999). No
systematic beached bird surveys are known to have
been organized in the eastern United States since the
mid-1980s.

On the western seaboard of North America, oil
pollution caused heavy mortality of seabirds off central
California in the first decades of the 20th century
(Dawson, 1911; Moffit and Orr, 1938) and soon deple-
ted local breeding populations of some species (Nur et
al., 1995). However, it was only after the large oil spill at
San Francisco in 1971 (Smail et al., 1972) that Point
Reyes Bird Observatory initiated a beached bird survey
in central California, the first systematic scheme in
North America (Stenzel et al., 1988; Nur et al., 1995).
This ceased in 1985 although other surveys in California
have been conducted by the US Fish and Wildlife
Service (1980-1986) (Bodkin and Jameson, 1991), and
from 1993 to the present by the Gulf of Farallones
National Marine Sanctuary (Roletto et al., 1996).
Further north, beached bird surveys have been con-
ducted in Oregon and Washington since 1978, focussing
especially on post-breeding mortality of Common
Murres (Bayer et al., 1991) and in Washington during
1978-1983 by the University of Washington and other
groups (Speich and Wahl, 1986). There is little early
documented evidence of any effects of oil pollution on
seabirds in British Columbian and Alaskan waters, but
an increased threat was anticipated following the
completion of the Trans-Alaskan pipeline in 1977 and
the start of shipments of crude oil from the Valdez Oil

Terminal to southern markets (Vermeer and Vermeer,
1975). Indeed both the number and volume of spills in
these waters increased markedly between 1974 and 1989
(Burger and Fry, 1993) but as in California, it was only
after a serious oil spill involving a large rehabilitation
response (the Nestucca incident of December 1988;
Rodway et al., 1989) that a beached bird survey scheme
was organized in British Columbia. This continued until
1993 (Burger, 1993), but few surveys have been con-
ducted since (A.E. Burger, pers. comm.).

In South America, oil spills have caused heavy
mortality among penguin populations since at least the
early 1970s (Jehl, 1975; Perkins, 1983) and chronic pol-
lution has more recently been estimated to kill over
40,000 Magellanic Penguins Spheniscus magellanicus
annually along the coast of Chubut Province, Argentina
(Boersma, 1995). During the 1980s and 1990s, beached
bird surveys have been a powerful tool in demonstrating
the impact of chronic oiling on penguins in South
America (Knaus, 1990; Carribero et al., 1994; Gandini
et al., 1994), while the maintenance of oiled bird reha-
bilitation centres in Brazil, Uruguay and Argentina (A.
Chiaradia and G. Becker, pers. comm.) are indications
of the public awareness of the problem of oil pollution
in the region.

Similarly, a series of serious shipping incidents during
the 1970s and 1980s along the coast of South Africa,
which caused serious mortality of African Penguins
Spheniscus demersus (Morant et al., 1981) prompted the
South African Seabird Group and others to establish a
program for the rehabilitation of oiled seabirds and, in
1977, to initiate a beached bird survey scheme (Holmes,
1973; Anon., 1975; Berruti, 1978; Avery, 1979, 1980,
1981, 1989; Morant et al., 1981; Randall and Randall,
1986). From these surveys it would appear that apart
from penguins, oil rates among other seabird species off
South Africa have been relatively low.

Oil incidents and operational discharges have been
reported from Australia (e.g. along the Great Barrier
Reef) and some of the subantarctic islands but seem to
have had little impact on seabirds until 1995, when
several thousand Little Penguins Eudyptula minor were
oiled in Tasmania (May, 1992; Thoresen and Thomson,
1992; Raaymakers, 1995; C. Hull pers. comm.). However,
no beached bird survey scheme has yet been organized
in Australia. There has been no major oil spill in New
Zealand waters (Knight, 1993) although relatively
minor incidents near harbors have affected penguins
and shags (Norris, 1965; Robertson and Bell, 1984).
Nevertheless, New Zealand has one of the longest series
of beached bird surveys in the world, organized since
1943 by the Ornithological Society of New Zealand
primarily to collect information on the occurrence of
storm driven birds (Veitch, 1975a, 1975b, 1976, 1977,
1978, 1979, 1980a, 1980b, 1981, 1982; Powlesland and
Imber, 1988; Powlesland and Pickard, 1992; Powlesland
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et al., 1992, 1993; Powlesland and Powlesland, 1993).
The results of these surveys suggest that chronic oil
pollution is slight around New Zealand with, for exam-
ple, only one out of 5000 dead seabirds found in 1994
having an oiled plumage (G. Taylor, pers. comm.).

The only beached bird surveys known to have been
organized in Asia were carried out in Japan in the late
1960s and early 1970s (Chiba, 1965, 1974; Kazama,
1968), and the results indicated that chronic oil pollu-
tion was a serious threat to seabirds in the Sea of Japan
at that time, a situation which appears to have
continued (Ohata, 1988; Ohata et al., 1993). Following
the Nakhodka oil spill in the Sea of Japan in January
1997, a symposium was held at which Japanese biolo-
gists considered a country-wide beached bird survey to
monitor oil pollution and help assess impacts on sea-
birds (H. Carter, pers. comm.). The environmental
threat posed by the rapid development of the oil indus-
try in Southeast Asia was discussed at the International
Conference of Oil and Gas Development in Vietnam in
1996, and the lack of detailed regulations in many
countries in the region was criticized, as was the degree
of reporting on environmental impact (Anon., 1995).
This was exemplified by the December 1997 Tanjung
Karang spill in Malaysia where there was no serious
attempt to document the effects on marine life and
birds, which were simply left to die on beaches (L.K.
Luensmann pers. comm.).

Despite the long history of oil production and trans-
port around the Arabian Peninsula and severe oil pol-
lution in the early 1980s during the Iran—Iraq war
(Gallagher et al., 1984), it was only after the 1991 Gulf
War that organized beached bird surveys were carried
out in the region, along the northern Saudi Arabian gulf
coast (Symens and Suhaibani, 1993). These surveys were
discontinued once levels of oil pollution fell to ““back-
ground” levels (Bourne, 1991; Dipper, 1991; Dorrestein
et al., 1991; Haenen, 1991), and chronic oil pollution in
the Arabian Gulf, which is usually quite substantial, has
thus far received little attention by ornithologists
(Bourne, 1989).

In conclusion, the above review shows that while both
chronic oil pollution and the major shipping accidents
are highly concentrated around the busiest shipping
lanes (Couper, 1983), quantitative information on
seabird mortality derived from beached bird surveys is
largely biased to western Europe, North America, South
Africa and New Zealand.

3. Aims of beached bird surveys

It is important to distinguish between surveys that are
organized in connection with a particular oiling inci-
dent, and those that are intended as a monitoring
instrument which can be used to detect trends in chronic

oil pollution. The former are limited in geographical
coverage and in time, since they are simply meant to
identify the species affected and to assess the scale of the
event. The latter should be organized so that similar
coverage and effort is feasible over a number of years.
At a basic level, these beached bird surveys may just
have a signaling function, highlighting the adverse
effects of oil pollution on seabirds. Initially, this was the
aim of most beached bird surveys in the southern North
Sea, which were often conducted by individual nat-
uralists attempting to demonstrate that oil pollution
had not been eliminated despite some international
treaties. However, most recent systematic surveys have
been set up with two main aims, firstly to establish the
patterns of occurrence of dead seabirds along a coast-
line and the proportions of the different species that
are oiled, and then to use that data to be able to
demonstrate longer-term changes and to identify and
assess the scale of particular mortality incidents. Good
examples of the monitoring function are the Orkney
and Shetland beached bird surveys, set up in late 1970s
when oil terminals were established in each of these
north British archipelagos, with the aim of monitoring
chronic oil pollution around the islands, and in
particular that from the terminals and their associated
tanker traffic (Jones, 1980; Heubeck et al., 1992; Heu-
beck, 1995). Elsewhere, beached bird surveys have
indicated recent reductions in oil pollution in Poland
(Meissner, 1992), Germany (Averbeck et al., 1992) and
The Netherlands (Camphuysen, 1997). Despite this,
fluctuations in numbers of birds washing ashore, and
particularly the influence of strong onshore or offshore
winds, have led some to conclude that data from
beached bird surveys were useless as an instrument for
monitoring marine oil pollution. Goals, misconcep-
tions, recommendations for survey design and
possibilities for future use of beached bird surveys are
discussed below.

3.1. Signaling adverse effects of oil on seabirds

In many industrialized countries bordering the sea,
particularly those with large harbors or with busy
coastal shipping lanes, media coverage of smaller and
larger oil spillages and accidents at sea is an annual
event. In a country like The Netherlands, dramatic
photographs and television footage of heavily oiled
seabirds appear every single winter, and these casualties
are used to bring marine oil pollution to public atten-
tion. In fact it is surprising that oiled birds are still
newsworthy since the comments in newspapers from the
1950s and 1960s are remarkably similar to those for
example in the mid-1990s. Nevertheless, just by showing
the oiled birds, or by presenting simple calculations
from a series of surveys, this most basic function of
beached bird surveys is fulfilled.
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4. Problems associated with beached bird surveys
4.1. Total numbers of birds stranded

The numbers of beached birds can fluctuate greatly,
whether geographically, seasonally or annually. Several
authors have stressed the influence of onshore winds
versus offshore winds as an explanation of why numbers
of birds washing ashore in one period are much larger
than those in later or earlier surveys (e.g. Stowe,
1982a,b). However, very few have examined the effect of
fluctuations in numbers of seabirds at sea, i.e. the pool
of birds from which the beached birds originate. Clear
seasonal patterns can be found in seabird numbers
washing ashore which are largely the result of seasonal
patterns of seabird abundance in coastal or offshore
waters. In the southern North Sea, for example,
numbers of seabirds at sea are 3 times higher in winter
than in summer and the seasonal pattern in deposition
rate of beached birds follows these fluctuations in sea-
bird abundance at sea (Fig. 1). Large scale shifts in the
wintering distribution of Common Murres Uria aalge,

Razorbills Alca torda and Black-legged Kittiwakes
Rissa tridactyla in the early 1980s from the northern
North Sea to the south led to a substantial rise in
numbers washing ashore in southeast England, Bel-
gium, The Netherlands and Germany (Camphuysen,
1989, 1990). In contrast, over a 10 year period with
daily surveys in a study area along the Dutch mainland
coast, positive correlations between deposition rates and
the frequency of onshore winds were only found in
pelagic seabirds in winter (Fig. 2). For coastal species
and migratory land birds, and for pelagic seabirds in
summer, their abundance at sea explained most of the
observed variation in deposition rates. Such fluctua-
tions, in combination with short-term fluctuations
resulting from shifts in wind direction, limit the ability
to monitor changes in oil pollution at sea simply by the
number of oiled birds found on beach surveys.

4.2. Total number of birds killed

Most accounts of oiling incidents indicate the total
number of oiled birds found, and some then try and
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Fig. 1. (a) Seasonal pattern in seabird abundance in the Dutch sector of the Southern North Sea, based on ship-based surveys 19801993 (modified
from Camphuysen and Leopold, 1994). Shoen are estimates of total numbers of birds based on the extrapolation of densities over the total area. (b).
Mean deposition rate of seabirds (number of birds per km per month) in a 8km study area at the mainland coast of Noord-Holland, based on daily
beached bird surveys between 1 September 1988 and 31 December 1997 (C.J. Camphuysen, unpublished data).
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Fig. 2. Monthly deposition rates (n/km) of pelagic seabirds (black dots, solid trendline, y=0.6527¢%0321x | }2=0.3793) and coastal birds (white
circles, dotted trendline, y = 0.4126e%9%42* +2=0.0009) in winter (November—April) in relation to the frequency of onshore winds (%), based on daily
surveys in an 8§ km long study area in the Netherlands over 10 years (1988-1997; C.J. Camphuysen, unpublished data).

estimate the actual number killed by multiplying the
body count with a factor to correct for corpses which
never washed ashore, taking into account the beached
bird survey effort and the volume of oil spilled (where
known). However, adequate data on the number of
birds at risk in the affected area is rarely available, and
the effects of weather and oceanographic conditions on
deposition rates of beached birds is not usually
considered. Most estimates of total mortality are
therefore seriously open to question (Paine et al., 1996).
A classic estimate, of 275,000-500,000 casualties
(mainly Common Scoters) following the grounding of
the Danish tanker Gerd Mersk in January 1955 in the
German Bight (Goethe, 1968), is still cited widely
(Bourne, 1969; Reineking and Vauk, 1982; Burger,
1993), yet if the lower end of these figures was correct
then at least twice the local wintering population of
auks, seaduck and loons was wiped out (Skov et al.,
1995). Furthermore, there is little evidence of any cor-
relation between the amount of oil spilled and numbers
of seabirds affected. Burger (1993) found only weak
log-log correlations between spill volume and both the
numbers of both oiled birds found and the estimated
mortality; these relationships could not be used to
predict mortality and lost their significance if the case of
the Exxon Valdez spill in Alaska was omitted.

Corpses or other objects floating at or near the
surface are subject to drift caused by the prevailing wind
(Hughes, 1954; Matsumura et al., 1990), and periods of

onshore winds obviously lead to more strandings than
prolonged periods of offshore winds. Drift experiments
have been performed in several places, using bird corp-
ses or other floating objects, in an attempt to calculate a
common correction factor for bird strandings (Bibby
and Lloyd, 1977; Bibby, 1981; Stowe, 1982b; Keijl and
Camphuysen, 1992; Hlady and Burger, 1993). Summar-
izing the results of these and other experiments (Table
2), it can only be concluded that the results are highly
variable and at best location-specific. Local situations
and weather conditions during these experiments, as
well as the type of tags used, led to very different results.
It is obvious, however, that seabird mortality following
marine oil spills could be greatly underestimated,
particularly if the spills occurred far from land or during
offshore winds (Threlfall and Piatt, 1983; Keijl and
Camphuysen, 1992; Hlady and Burger, 1993). Instead of
using a mean derived from the results of these experi-
ments, the most sensible option in case of future oil
incidents is to set up and perform a drift experiment
during the event (cf. Colombé et al., 1996).

5. Suggestions for the design of surveys

5.1. Organization, volunteer input

Due to the amount of man-power needed for these
surveys, most beached bird survey programs thrive only
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Table 2
Recoveries of marked (tagged or ringed) birds and other floating objects set overboard at sea in drift experiments
Location Objects drifting Tags Recoveries Source
(%)

Bristol Channel Laridae Ringed 10 Beer, 1968
Irish Sea Alcidae Ringed 20 Jones et al., 1970
Irish Sea/Firth of Clyde Laridae, Alcidae 8 Lloyd et al., 1974
Irish Sea Laridae Rings 11, 44, 59 Bibby and Lloyd, 1977
Channel Laridae 20 Jones et al., 1978
Central North Sea Laridae 7 Cadbury, 1978
Northern North Sea Laridae Rings 0.3 Bibby, 1981
Northern North Sea Laridae Plastic tags 19 Bibby, 1981
California Laridae ? 30 Page et al., 1982
California Alcidae ? 0 Page et al., 1982
Southern North Sea Laridae Rings 11 Stowe, 1982b
Southern North Sea Laridae Plastic tags 41 Stowe, 1982b
Northern Grand Banks, NF Alcidae ? 0 Threlfall and Piatt, 1983
Northern Grand Banks, NF Wooden blocks 0 Threlfall and Piatt, 1983
Southern Grand Banks, NF Alcidae ? 0 Threlfall and Piatt, 1983
Southern Grand Banks, NF Wooden blocks 24 Threlfall and Piatt, 1983
Alaska Alcidae Plastic tags 3 Piatt et al., 1990
Washington, BC ‘Seabird carcasses’ Radio tags 25 Ford et al., 1991, cited in Burger, 1993
Southeastern North Sea Seaduck, grebes Plastic tags + 2 Keijl and Camphuysen, 1992

coloured electricity wire
Northeastern Pacific, Wooden drift blocks Plastic tags 45-53 Hlady and Burger, 1993
nearshore
Northeastern Pacific, Wooden drift blocks Plastic tags 10 Hlady and Burger, 1993
offshore
NF Wooden drift blocks 7 Chardine and Pelly, 1994
Southern Irish Sea Alcidae Neck-collars 5 Colombe et al., 1996

through the work of a large number of volunteers, many
of whom may have little or no contact with other parti-
cipants in the scheme. Maintaining the interest and
enthusiasm of a network of volunteers is a considerable
task and most beached bird surveys have been orga-
nized by a few very motivated people, usually driven by
the desire to eliminate oil pollution or at least draw
attention to it. Few of these people have been rewarded
by a clear reduction in pollution rates and in some cases
they lost interest or stopped their work in frustration.
Residence changes and the waxing and waning of
enthusiasm among volunteers has usually led to a turn-
over in participants and constant recruiting was often
necessary to maintain and expand these projects. The
result is that many beached bird survey programs have
shown a rapid build-up in effort for a number of years,
followed by a period of peak activity and the
publication of results, and then a decline in effort and in
output. The longest running surveys have tended to be
those where a degree of contact is maintained between
organizers and participants, either personally or
through the circulation of reports, analyses and pub-
lications so that individual volunteers see that their
relatively small contribution helps build a larger,
meaningful picture.

5.2. Documentation of oil incidents

In oil incidents, the scale of the impact is one of the
key issues to be studied by means of beached bird sur-
veys. The assessment of total numbers of casualties
rather than oil rates of stranded birds require a rather
different approach than the ‘ordinary’ beached bird
surveys that are set up to monitor the effect of chronic
oil pollution. To estimate the total number of birds
affected in a certain spill we recommend the following
activities:

e It is essential to immediately assess the area affec-
ted by the incident (geographical distribution), to
identify its core area, and to reconstruct when the
oil reached the coast.

e A drift experiment with tagged, preferably clean
and fresh seabird corpses should be set up in the
area, during the stranding of casualties, in order to
work out a correction factor for stranded num-
bers.

e If a complete beached bird survey is impossible,
samples should be taken to cover the entire
stranding area, including frequent and repeated
counts by foot or using vehicles over as long as
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possible a portion of the coast during the entire
incident.

e Besides dead beached birds, live oiled birds should
be recorded. Places where live oiled birds might
shelter and hide should be identified and checked
(harbors, coastal lakes, vegetation, beached debris,
etc.).

e Rehabilitation centers should be contacted/visited
and urged to keep accurate records of birds trea-
ted, including their origin and their fate.

e Those responsible for cleaning oiled beaches
should be contacted to avoid the removal of
substantial numbers of corpses before these could
be recorded.

e Beached bird surveys should commence
immediately when an incident is recorded and
sampling should continue until fresh casualties are
no longer reported or the pollution source has
been effectively removed.

e Beached birds should either be marked (e.g. by
clipping the primaries) or removed in order to
avoid double counts. For individual bird notes
should be made on the condition of corpse, the
presence of oil in the feathers, sex and age from
plumage characteristics (if available), other
obvious causes of death.

e For each count, the following information should
be recorded: date, place, km surveyed, km of coast
with traces of oil, characteristics of the oiling
(color, type, form, scale, timing of stranding),
name(s) of observers, mark used to avoid double
counts, completeness of survey and problems
encountered, other significant pollution of the
beach, list of beached dead birds, and of live oiled
birds caught or seen.

5.3. Monitoring of chronic oil pollution

To monitor the effect of chronic oil pollution on
seabirds, there is no urgent need to accurately assess
total numbers of birds washing ashore. We propose a
system in which a ‘sufficient sample’ should be taken
each season to allow the calculation of a reliable ‘oil
rate’ (fraction of birds oiled of total number of birds
found).

5.3.1. Oil rates

There is considerable regional and temporal variation
in oil rates (the proportion oiled of all birds found
stranded). However, for particular areas and seasons,
oil rates are clearly species specific and indicative of the
differing risk of birds (or corpses of birds) to become
oiled in certain sea areas (Camphuysen and Franeker,
1992; Camphuysen, 1998). Most beached bird surveys
are designed as a monitoring program, ideally using
internationally harmonized standard methods so that

differences in the proportion of oiled beached birds and
beaches can be easily compared between countries,
continents, seasons and years (Camphuysen and
Franeker, 1992; Heubeck and Camphuysen, 1992; see
below). Several studies have ranked different seabird
species in an oil vulnerability index according to their
behavior, population size, range and dependence on the
marine environment (King and Sanger, 1979; Cam-
phuysen, 1989, 1998, Williams et al., 1995), and species
with a high anticipated vulnerability to oil pollution
typically had a higher oil rate among beached birds than
those of lower anticipated oil vulnerability (Fig. 3). Oil
rates are consistently high for species that spend a lot of
time on the sea surface in highly polluted areas, such as
loons, seaduck and auks in the southern North Sea, and
low for more aerial seabirds such as shearwaters, skuas
and terns, especially so in oceanic environments where
shipping traffic is less dense. A comparison of oil rates
between surveys in different countries (bordering
different sea areas) shows that the ranking of species
according to their oil rates is often very similar,
although the actual level can be quite different. For
example in Shetland, in the oceanic northwest of the
North Sea, Common Murres (13%), Razorbills (12%),
and loons (23%) have relatively high oil rates compared
to other species, although much lower than for the same
species in the southeastern North Sea (Table 3). The oil
rate of the Common Murre, the seabird most commonly
found on beached bird surveys around the North Sea,
clearly reflects differences in shipping intensity of this
region. High rates are typical for the Channel area,
Southern Bight and Skagerrak region (close to major
shipping lanes and large harbors), whereas compara-
tively low oil rates are found in the north and northwest
and on Atlantic coasts (Stowe, 1982a,b; Furness and
Camphuysen, 1997). In North America and Canada, oil
rates are apparently more variable (Table 4).
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Fig. 3. Oil vulnerability index (see text) of 63 seabirds and coastal
birds in the southern North Sea in relation to the observed oil rate (%
of birds beached with oil in the feathers) during beached bird surveys
in the Netherlands (1977-1997). Data from Camphuysen, 1998.
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Table 3

Oil rates in some common species in beached bird surveys around the North Sea®

Taxa Netherlands(1) Germany(2) Denmark(3) Britain(4) Shetlands(5)
Loons 91 80 70 64 23
Grebes 62 79 78 46 n.d®
N.Fulmar 64 25 65 13 6
N.Gannet 86 46 65 29 10
Eider 25 45 52 27 12
Scoters 75 51 72 29 n.d.
Shorebirds 4 6 n.d. 4 0
Larus-gills 43 14 32 10 4
B1.—1.Kittiwake 80 15 52 18 4
Comm. Murre 82 70 82 58 13
Razorbill 83 70 93 61 12

4 Sources: (1) this study; (2) Averbeck et al., 1992; (3) Danielsen et al., 1990; (4) Stowe, 1982a; (5) Heubeck, 1995 (after Camphuysen, 1998).

b n.d., no data.

5.3.2. Monitoring oil pollution

Under the MARPOL Convention (Annex I), most
ships at sea are still permitted to discharge small
amounts of waste oil. A recent study has shown that
both visible slicks of oil on the sea surface and visible
traces of oil on birds must have been caused either by
accidental spillages (which should have been reported to
the authorities) or illegal discharges of oil (Dahlmann,
cited in Camphuysen and Franeker, 1992). A number of
countries use aircraft to monitor shipping lanes for oil
pollution, but this is costly and slicks are difficult to
detect during windy weather and in darkness. Beached
bird surveys provide relatively cost-effective additional
information on the occurrence of oil and the frequency
of illegal spills that could not be collected from the air.
In theory, the oil rate of beached birds should decline if
measures to reduce oil pollution are being effective, and
should remain stable or increase if they are not, or if
pollution levels increase. The statistical power of bea-
ched bird survey results has recently been demonstrated
for data collected in The Netherlands (1986-1995),
indicating that even minor trends in oil rates can be
detected with statistical certainty (Camphuysen, 1995,
1997, 1998). The sensitivity of beached bird surveys has
also been evident elsewhere in the North Sea, when the
effects of specific measures taken to reduce illegal dis-
charges of oil at sea were soon recorded on beaches the
German Bight (Averbeck, 1991) and the northern isles
of Scotland (Heubeck, 1991). Similarly, increased
penalties for polluting and the introduction of aerial
surveillance of coastal water was reflected in a marked
reduction in oil rates on Polish beached bird surveys
(Meissner, 1992), while a concerted multi-agency effort
to combat illegal discharges of oil off Newfoundland
coincided with an increase in oil rates on beached bird
surveys there (Chardine and Pelly, 1994; Wiese and
Ryan, 1999). Total numbers of dead seabirds washing
ashore are influenced by many factors (see above), of

which an oil spill is only one. Instead of trying to assess
the total number of oiled seabirds washing ashore on a
coast, the oil rate can be used as an indicator of the risk
of a seabird becoming contaminated by oil in that par-
ticular sea area. Oil rates can be accurately assessed by
recording and describing a large number of beached
birds. Oil incidents may suddenly and temporarily ele-
vate the oil rate, whereas increased mortality due to
natural factors such as food scarcity or severe weather
will decrease the oil rate. Over the years, in all countries
where long-term trends were analyzed, the oil rate is a
reliable figure which is consistently different in the var-
ious species of birds (Andrews and Standring, 1979;
Stowe, 1982a; Diego Garcia et al., 1986; Camphuysen,
1989; Reis, 1989; Danielsen et al., 1990; Goérski and
Antczak, 1990; Jacobsen et al., 1991; Averbeck et al.,
1992, 1993; Meissner, 1992; Raevel, 1992; Granadeiro
and Silva, 1993; Seys and Meire, 1993; Camphuysen,
1995, 1997, 1998; Heubeck, 1995). Beached bird sur-
veys, designed to monitor marine oil pollution in a given
area, should provide monthly samples, at least in the
winter period but where possible throughout the year,
of the abundance of beached birds and the percentage
of these birds which are oiled or contaminated with
lipophilic compounds. In analyses, birds found on
coasts bordering the open sea should be separated from
those found in sheltered bays and deep fjords, or areas
with a special protective regime regarding oil pollution
(e.g. Special Areas under MARPOL Annex 1). We
recommend that:

e Subregions should be chosen to cover the entire
coastline. Subregion design should be in response
to local conditions and will vary between coun-
tries, with different strategies in those whose
coastline is mainly comprised of long sandy bea-
ches and countries where the coast consists of
numerous islands, fjords or long stretches of cliff
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Table 4
Oil rates in some common species in beached bird surveys in North America and Canada®
Taxa® Washington—Oregon British Columbia South Atlantic coast Newfoundland

0] 3 “ 5
Loons 33 13 4 (100)
Grebes 36 3 64
Albatrosses
Northern Fulmar 28 0
Storm-petrels (25) 0) 81
Shearwaters (20) (0) 82
Gannets 17) 89
Cormorants 4 (0)
Pelicans 0
Wildfowl 92 1 4 84
Phalaropes 0)
Larus-gulls 31 0 66
Kittiwakes 21 0) 58
Auks 94 7 85
Taxa® Northern California Gulf of Farallones Monterey Bay Estero Bay Santa Southern

Barbara Channel California

Loons 4 16 9 4 47 23
Large grebes 1 6 4 2 47 13
Small grebes 0 4 7 6 52 7
Large tubenoses 1 9 5 6 33 19
Storm petrels 6 0 0 (0) (100) 0)
Cormorants 0 1 1 3 42 4
Pelicans 0) 2 1 0 32 11
Herons and Egrets 0) 0) (0) (0) (0) 0)
Scoters 1 6 2 0 43 9
Other wildfowl 0 6 0 0 8 0
Rails and coots 0 2 0 (0) 20 0)
Phalaropes 1 2 3 2 17 7
Other 2 2 0 5 30 4
Shorebirds
Skuas, jaegers 0) 0) (0) (0) (100) (25)
Gulls 1 5 3 1 21 13
Terns (0) 0) 0 (0) (67) (40)
Large alcids 3 13 17 8 78 46
Small alcids 0 5 20 5 22 20

4 Sources: (1) Harrington-Tweit, 1979, cited in Clapp et al., 1982; (2) Ainley, 1976, cited in Clapp et al., 1982; (3) minimum estimates, after
Burger, 1993; (4) Simons, 1985 and Simons in litt. cited in Clapp et al., 1982; (5) 1982—-1984; Piatt et al., 1985.
® On outer California coast, by region, based on surveys from June 1971 to May 1985; (6) Stenzel et al., 1988.

¢ n.d., no data, percentages in parentheses are based on small sample size.

(for details see Camphuysen and Franeker, 1992).
A representative fraction of the coast directly
bordering the sea should be chosen and remain
standardized over the years. The length of coast
chosen should produce sufficient beached birds of
the most common species to enable the calculation
of reliable oil rates.

Beached bird surveys should preferably be done on
foot. Counts from vehicles are not recommended.
Long stretches of coast may be walked in a single
direction while short beaches may be walked in
both, which will increase slightly the number of
birds found. Whichever method is employed for a

particular beach it should remain the same for all
subsequent surveys, which should preferably be
carried out by the same person(s).

If beached birds cannot be remove from the
vicinity of the shore area (scavengers may
redistribute carcasses thrown above the high tide-
line), they should be marked (e.g. by clipping the
primaries) to avoid double counting. Marks
should be clear and easy to identify even on
incomplete corpses.

Each bird should be identified to species and aged
and sexed by external characteristics according to
the observers’ ability. Dead seabirds are sometimes
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difficult to identify and ideally an identification
manual should be prepared to help standardize
recording. All birds should be checked for leg rings
or other marks, e.g. patagial tags or neck collars.

e The condition and completeness of corpse and the
extent (either a percentage of body cover or a
rank, e.g. slight, medium, heavy) of any oil on the
feathers should be recorded. Where possible,
corpses obviously oiled after death should be
distinguished. To calculate oil rates, only complete
corpses should be used, in which all main feather
groups are available for a check of the presence of
oil.

e For each count, the following information should
be recorded: date, place, km surveyed, km of coast
with visible oil, characteristics of the oiling,
name(s) of observers, mark used to avoid double
counts, completeness of survey and problems
encountered, other significant pollution of the
beach, list of beached birds.

e A computerized database should be established to
facilitate prompt analyses and reporting of results.

6. Analysis of results

Oil rates as indicators of the risk for birds or corpses
of birds to become oil contaminated at sea have suc-
cessfully been applied in many countries. Among the
more striking results are (1) sudden declines in the
Shetland Islands (UK) after effective measures to stop
tankers to clean their tanks while approaching the
archipelago, (2) consistent declines in oil rates in the
southern North Sea over the past 30 years, (3) a drastic
decline in the German Bight during an experiment in
which harbor oil reception facilities were supplied free
of charge, and (4), quite the opposite, a consistent
increase in oil rates in Newfoundland. Always, it is
assumed that the oil rates mirror the amounts of oil
discharged during ordinary shipping operations, or the
hydrocarbons that end up in the marine environment by
other means (river run-off, atmosphere, accidents at sea
or otherwise). In this chapter, we will briefly discuss the
above examples.

6.1. Oil pollution around the Shetland Islands: effective
measures to stop vessels from discharging oil

Beached bird surveys began in both island groups
prior to the opening of the Flotta oil terminal in Orkney
in January 1977 and the Sullom Voe terminal in Shet-
land in November 1978. Before the first tankers expor-
ted oil from these terminals the incidence of oiled birds
on beaches was relatively low. Both terminals experi-
enced significant oil spills within months of opening, in
March 1977 at Flotta (crude, 110 oiled birds found) and

December 1978 at Sullom Voe (bunker fuel, 3700
found), but the impacts of both these incidents were
relatively localised. A relatively high incidence of oiled
birds was recorded in Orkney throughout 1978, with
analyses indicating that crude oil and it’s residues com-
prising 32% of 43 samples taken.

In early December 1978, 10 days after the first ship-
ment of oil left the Sullom Voe Terminal in Shetland,
hundreds of oiled birds began to wash ashore in Orkney
and along the coasts of north-east Mainland Scotland.
During the next 4 months over 4000 oiled birds were
found on the coasts of Caithness, Orkney and Shetland
in a series of unattributable spills (i.e. excluding the fuel
oil spill at Sullom Voe). Sampling during this period in
Orkney showed an increased incidence of crude oils
(65%, n=26) compared to 1978, with a similar pattern
in Shetland (57% crude oils, n=42). Tankers passing
the area could not be ruled out as being responsible, but
the coincidental timing with the opening of the Sullom
Voe terminal led to suspicions that tankers bound there
were the main culprits, particularly since the terminal
had opened before de-ballasting facilities were completed
(these only became operational in November 1979).

In the face of a public outcry and calls for the closure
of the Sullom Voe terminal until the deballasting plant
was completed, measures were introduced in March
1979 to further discourage de-ballasting at sea by tan-
kers bound for Sullom Voe, and to improve naviga-
tional safety. These included (1) dedicated aerial
surveillance of tankers and the seas around Shetland; (2)
reporting requirements, routing, and areas of avoidance
for tankers trading with Sullom Voe; (3) tankers entering
Sullom Voe must carry at least 35% ballast, which was
sampled to compare with beached oil; (4) preferential
chartering of tankers with segregated ballast; (5) tankers
failing to comply with these rules would jeopardise their
charter contract and may be refused loading facilities at
the terminal. Tankers were observed breaking these rules
on a number of occasions in 1979 and 1980 and legal
actions were taken. However, the percentage of birds
found oiled on beached bird surveys decreased in both
Orkney and Shetland during 1980 and 1981, and by 1982
crude oil sludges were reduced to 7% and 4% of samples
taken in Orkney and Shetland, respectively.

In summary, beached bird surveys helped demonstrate
(1) low levels of oil pollution before the opening of these
oil terminals, (2) the consequence of failing to provide
deballasting facilities and to ensure serious enough
penalties for illegal discharges at sea, and (3) the effec-
tiveness of the measures taken to combat oil pollution.

6.2. Declines in oil rates in the southern North Sea: a
gradual improvement

Systematic, standardized beached bird surveys
commenced in the mid-1960s, after earlier attempts in
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coastal waters. A power analysis of the results of bea-
ched bird surveys demonstrated the sensitivity of these
data as a tool to monitor trends in oil rates of stranded
birds: statistically significant trends were expected with
annual indices within 12-15 years for most species
(Camphuysen, 1995, 1998). For all stranded birds com-
bined, and even without data correction for major oil-
spills or non-oil related mass mortality incidents of cer-
tain species of seabirds (respectively elevating or redu-
cing the oil rate), a consistent and highly significant
decline in oil rates was found (Fig. 4). Species-specific
differences in oil rates are obvious when plotting pelagic
seabirds (Common Murre, Black-legged Kittiwake),
coastal orientated seabirds (Eider Duck Somateria mol-
lissima and Herring Gull Larus argentatus), or typical
land birds (all passerines, pigeons, owls, and raptors
and raptors combined) in one graph, while the overall
decline is similar and highly significant in all groups
(Fig. 5). Declines in coastal birds are slightly steeper
than declines in pelagic seabirds and if the results for the
sheltered Wadden Sea are separated from those collected
on beaches bordering the North Sea, an even steeper
decline is found. These consistent changes in oil rates are
thought to indicate positive effects of attempts to protect
certain sea areas (e.g. the Wadden Sea and coastal waters)
more than others (offshore zone) and the results demon-
strate an overall decline in the amount or frequency of
oil spills at sea over time (Camphuysen, 1998).

6.3. Declines in oil rates in the German Bight: the effect
of free harbour reception facilities

The German Bight is often referred to as one of the
more severely polluted sea areas in the world (Couper,

1983). Very high oil rates were found in beached bird
surveys in the mid-1980s in vulnerable species such as
Red-throated Loon Gavia stellata (85.8%), Northern
Gannet (64.0%), Common Scoter (76.0%), Razorbill
(90.8%), and Common Murre (77.0%; Vauk et al.,
1987). The results were perfectly consistent with those
collected in the neighboring countries, in Denmark and
in the Netherlands (Stowe, 1982a; Camphuysen, 1989;
Christensen, 1989). By far the highest proportion of
oiled birds was found in the entrance of river Elbe, the
lead to Hamburg harbor (94.5%; Vauk et al., 1989).

Starting in June 1988, free oil reception facilities were
experimentally established in all German harbors.
Beached bird surveys were continued to assess the
effectiveness of this measure (Averbeck, 1991; Vauk et
al., 1991). Immediately after the installation of these
free reception facilities, little or no change could be
noted (Vauk et al., 1991). However, in 1990 and 1991,
the overall oil rate had markedly declined from an
average of 50-70% during 1984-1989 to less than 25%
(Averbeck, 1991). The decline in oil rates in Germany
was steep and therefore clearly inconsistent with Danish
and Dutch data (Camphuysen and Francker, 1992).
When the experiment was discontinued, the oil rate
increased again and reached levels in the late 1990s that
are very similar to those collected in neighboring coun-
tries (Fig. 6; Fleet et al., 1999).

6.4. Oil rates in Newfoundland.: still a long way to go

Systematic beached bird surveys have been carried
out in southeast Newfoundland since 1984 with a
regime designed to detect general trends in the propor-
tion of oiled seabirds found. Oil rates in Newfoundland
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Fig. 6. Change of proportion of oiled Common Murres (logit-transformed oil rates) in the German Bight, winter 1984/1985-1997/1998 (modified

data from Fleet et al., 1999).
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Fig. 7. Change of proportion of oiled birds, (logit-transformed oil rates) in Newfoundland, winter 1984/1985-1997/1998 (modified data from Wiese

and Ryan, 1999).

in the early 1980s were similar or occasionally even
higher as those in the more polluted parts of the North
Sea (Piatt et al., 1985), but with variable levels after the
mid-1980s (Harvey and Tobin, 1998). More recent ana-
lyses of Newfoundland data suggest a gradual increase
in oil rates during the 1990s (Wiese and Ryan, 1999).
After logit-transformation, the increase was statistically
significant (¢, = 2.37, P<0.02; Fig. 7). Just as in other
studies, coastal and highly aerial pelagic species appear
to be least affected by oil (7.2%), while the alcids
(61.1%) and seaduck such as Eiders and Oldsquaw
Clangula hyemalis had high oil rates. With over 30 mil-
lion pelagic seabirds estimated to reside or migrate
annually through the waters around Newfoundland,
this is a trend that should most urgently be reversed to
avoid havoc.

7. Discussion

The adverse effects of oil pollution on marine wildlife
have been clearly demonstrated by beached bird surveys
around the globe. Oiled birds continued to wash ashore
in vast numbers during a period when the technology
and legislation dedicated to reducing the effects of mar-
ine pollution have improved. Major shipping incidents
still lead to mass mortality of seabirds, as was most
recently demonstrated off the west coast of France with
the Maltese tanker Erika and the Treasure off south
west Africa in 2000, further combinations of misfortune
and fatal human errors.

In Europe, the use of beached bird surveys has been
most widely accepted as a tool to monitor chronic oil

pollution and several programs were set up in which a
number of countries adopted the same methods and
participated in joint schemes (Stowe, 1982a,b; Skov et
al., 1989; Dahlmann et al., 1994). The results of these
surveys are influenced by a number of factors, of which
the presence and impact of oil slicks at sea is only one
aspect. Most severely affected is the actual number of
birds recorded. This figure may be biased as a result of
fluctuations in numbers of birds at sea (numbers at
risk), environmental conditions, predators on beaches
and decomposition rates of corpses (Camphuysen, 1989;
Van Pelt and Piatt, 1995). The oil rate of stranded birds,
provided that a sufficient sample could be taken,
appears to be a reliable and sensitive means to identify
regional and temporal trends in oil pollution
(Camphuysen, 1998).

Seabirds are highly vulnerable to surface pollutants,
but in fact, with this term a wide range of lipophilic
substances is/should be covered, including mineral oils,
vegetable oils and various chemicals. Mineral oils pose
by far the greatest threat to seabirds, but several
incidents with other substances have shown the equally
lethal effects of many products (Anon., 1975; Swennen,
1977; McKelvey et al., 1980; Engelen, 1987, Timm and
Dahlmann, 1991; Rozemeijer et al., 1992; Scholten,
1993; Dahlmann et al., 1994; Camphuysen et al., 1999).
Beached bird surveys can provide a very valuable
insight in the scale and impact of these substances, but
only if feather samples are taken from beachcast
casualties or from polluted beaches. These samples
should then be carefully analyzed in a qualified and
experienced laboratory. Such an appendix on a beached
bird survey program would greatly increase the cost
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(and therefore make the method less likely to be used in
less developed countries), but the data collected in such
a project would be extremely useful in highlighting the
(potential) lethal effects of non-mineral oils discharged
at sea on marine wildlife.

Reports of beached bird surveys are particularly
important for a number of reasons. Since most BBS
programs are driven by volunteer input, the circulation
of reports and other publications shows individual
volunteers that their relatively small contribution was
used to help building a larger, meaningful picture. For
the maintenance of the volunteer network this form of
feed-back is absolutely crucial. When the results of
beached bird surveys are signaling the ongoing effects of
oil pollution or when the surveys were organized to
assess the scale of certain oil incidents, it is equally
important to report them in a way that media attention
is guaranteed. This usually needs a radically different
form of report: short, clear, unambiguous and to the
point. It is very unfortunate that many authors have lost
themselves in irrelevant details or have published their
very valuable results in rather obscure reports. Finally,
if NGOs wish to see governmental bodies use the results
of their BBS programs, yet another form of report may
be required. Again, the information should be wrapped
in a very clear presentation, but this time it may be
advisable to add suggestions for future policy or control
measures (e.g. Harvey and Tobin, 1998). Browsing
through piles of BBS reports and related publications it
became very clear that many publications are attempts
to inform all parties at once.

International co-operation will be the future in
beached bird surveys, as in many other studies. Now
that information can be stored and analyzed in powerful
personal computers and can be exchanged in an extre-
mely fast manner through the Internet, the different
beached bird survey programs should be connected.
Spatial patterns in oil rates are most dramatic on a large
scale, when differences in the risk to become oil con-
taminated for seabirds are to be demonstrated. The
exchange of data will also stimulate the use of similar
methods, so that BBS results can be instantly compared.
On a continent like Europe, with so many small coun-
tries bordering the North Sea and Northeast Atlantic,
national schemes are in fact pointless. Few oil incidents
have obeyed national borders, chronic oil pollution is a
global problem, and successful measures to reduce
marine oil pollution are clearly those that were devel-
oped, negotiated and ratified in international bodies.

Acknowledgements
We want to thank Dave Anderson, Christiane Aver-

beck, Range Bayer, Guilherme Becker, Leandro
Bugoni, Alan Burger, Harry Carter, Andre Chiaradia,

John Cooper, Ruud Costers, Gerhard Dahlmann,
David Fleet, Arnold and Rineke Gronert, Cindy Hull,
Norbert Klages, Mardik Leopold, Lothar K. Luens-
mann, Erik Meek, Bill Montevecchi, Roberto Najle,
Ralph Powlesland, Pascal Raevel, Bettina Reineking,
Kolbjern Skipnes, Henrik Skov, Graeme Taylor, Stan
Tobin, Philip Whittington, and Francis Wiese for their
valuable information on beached bird surveys. John
Wiens, Alan Burger and two anonymous referees kindly
commented on an earlier version of this review. The
trend analysis was performed with statistical advice of
Jaap van der Meer and under contract with the Dutch
Ministry of Transport and Waterways, DGSM 5771
and 2835(70/4/127).

References

Ampleford, R., Brown, P.E., 1959. Destruction of seabirds. In: Pro-
ceedings International Conference Oil Pollution of the Sea, 3—4 July
1959, Copenhagen, pp. 71-73.

Andrews, J.H., Standring, K.T., 1979. Marine oil pollution and birds:
RSPB Conservation Planning Department, 1979 Royal Society for
the Protection of Birds, Sandy.

Anker-Nilssen, T., Rostad, O.W., 1981. Undersokelser av oljeskadede
sjofugler i forbindelse med oljekatastrofen i Skagerak desember 1980/
januar 1981. Viltrapport 16, 1-41.

Anon, 1910. Eisentenhavarie bei Dago. Neue Baltische Waidmanns-
blétter 6 (6), 489.

Anon, 1922. Oil on water. Bird Notes and News 10, 17-21.

Anon, 1926. The oil menace. Ibis 2 (4), 844-845.

Anon, 1975. Cape colony hit by pollution. Birds, RSPB Magazine 5
8), 11.

Anon, 1995. Korean oil spill. Marine Pollution Bulletin (News) 30
(11), 682.

Arcos, F., 1990. International Beached Bird Survey, Spain, February
1990. GIAM/SEO, unpublished, mimeographed report (informe
interno).

Arcos, F., 1991. International Beached Bird Survey, Spain, February
1991. GIAM/SEO unpublished, mimeographed report (informe
interno).

Averbeck, C., 1991. Ergebnisse des “Beached Bird Survey” der Bun-
desrepublik Deutschland im Februar 1990. Mitteilungen Nord-
deutsche Naturschutz Akademie 2 (3), 50-52.

Averbeck, C., Korsch, M., Vauk, G., 1992. Der EinfluB von
Olverschmutzungen auf Seevogel an den deutschen Nordseekiisten
von 1984 bis 1990. Seevogel 13 (1), 12-16.

Averbeck, C., Korsch, M., Vauk, G., Wilke, J., 1993. Seevogel als Olop—
fer. Norddeutsche Naturschutzakademie, Schneverdingen pp. 1-61.
Avery, G., 1979. Results of beach patrols conducted in 1978.

Cormorant 6, 4-12.

Avery, G., 1980. Results of beach patrols conducted in Southern
Africa in 1979. Cormorant 8, 65-72.

Avery, G., 1981. Results of beach patrols conducted in Southern
Africa in 1980. Cormorant 9, 113-122.

Avery, G., 1989. Results of patrols for beached seabirds conducted in
southern Africa in 1984 and 1985. Cormorant 17, 57-71.

Barclay-Smith, P., 1930. Progress made in combatting oil discharges at
sea. Bird Lore 32 (3), 397-400.

Barclay-Smith, P., 1956. Oil pollution. Bird Notes 27, 81-83.

Bargain, B., le Floc’h, P., Thomas, A., 1986. Oiseaux échoués. Penn.
Ar Bed. 16(1) 120,1-32.

Bayer, R.D., Lowe, R.W., Loeffel, R.E., 1991. Persistent summer
mortalities of Common Murres along the Oregon Central Coast.
Condor 93, 516-525.



458 C.J. Camphuysen, M. Heubeck | Environmental Pollution 112 (2001) 443461

Beer, J.V., 1968. The attempted rehabilitation of oiled sea birds.
Wildfowl 19, 120-124.

Bermejo, A., 1987. Inspeccion costera de aves petroleadas. Informe de
la campana de febrero de 1987 en las costas espanolas. International
Council for Bird Preservation, Spain.

Berruti, A., 1978. Beach patrols on the Tongaland coast. Cormorant
5, 33.

Bibby, C.J., 1981. An experiment on the recovery of dead birds from
the North Sea. Ornis Scandinavica 12, 261-265.

Bibby, C.J., Lloyd, C.S., 1977. Experiments to determine the fate of
dead birds at sea. Biological Conservation 12, 295-309.

Bodkin, J.L., Jameson, R.J., 1991. Patterns of seabird and marine
mammal carcass deposition along the central California coast, 1980-
1986. Canadian Journal of Zoology 69, 1149-1155.

Boersma, P.D., 1995. Chronic oil pollution is a large source of mor-
tality for Magellanic penguins (Spheniscus magellanicus). Pacific
Seabirds 22 (1), 26.

Bourne, W.R.P., 1969. Chronological list of ornithological oil-pollu-
tion incidents. Seabird Group Bulletin 7, 3-8.

Bourne, W.R.P., 1989. Oil and garbage in the Gulf. Marine Pollution
Bulletin 20 (2), 90.

Bourne, W.R.P., 1991. The seabirds of Arabia. Sea Swallow 40, 4-12.

Bourne, W.R.P., Devlin, T.R.E., 1969. Birds and oil. Birds 2 (7), 176—
178.

Branderhorst, G.V., 1979. Enige aspecten betreffende olieverontreini-
ging. Nota Comm. Milieuhygiéne, 20 December 1979, Provinciale
Waterstaat Noord-Holland, Haarlem.

Brouwer, G.A., 1953. Beitridge zur Frage der Oeclpest auf See. Die
Vogelwarte 16, 167-170.

Brown, R.G.B., Gillespie, D.I., Lock, A.R., Pearce, F.A., Watson,
G.H., 1973. Bird mortality from oil slicks off eastern Canada, Feb-
ruary—April 1970. Canadian Field-Naturalist 87, 225-234.

Burger, A.E., 1993. Estimating the mortality of seabirds following oil
spills: effects of spill volume. Marine Pollution Bulletin 26 (3), 140-143.

Burger, A.E., Fry, D.M., 1993. Effects of oil pollution on seabirds in
the northeast Pacific. In: Vermeer, K., Briggs, K.T., Morgan, K.H.,
Siegel-Causey, D. (Eds.), The Status, Ecology and Conservation of
Marine Birds of the North Pacific. Canadian Wildlife Service,
Ottawa, pp. 254-263.

Cadbury, C.J., 1978. The beached bird survey and other seabird sur-
veillance. Ibis 120 (1), 119-120.

Camphuysen, C.J., 1989. Beached Bird Surveys in the Netherlands
1915-1988; Seabird Mortality in the Southern North Sea Since the
Early Days of Oil Pollution (technisch Rapport). Vogelbescherming
1, Werkgroep Noordzee, Amsterdam.

Camphuysen, C.J., 1990. Fish Stocks, Fisheries and Seabirds in the North
Sea (technisch rapport no. 5). Vogelbescherming Nederland, Zeist.

Camphuysen, C.J., Leopold, M.F., 1994. Atlas of seabirds in the
southern North Sea. IBN Research report 94/6, NIOZ-Report
1994-8, Institute for Forestry and Nature Research, Netherlands
Institute for Sea Research and Dutch Seabird Group, Den Burg,
Texel.

Camphuysen, C.J., 1995. Olieslachtoffers langs de Nederlandse kust
als indicatoren van de vervuiling van de zee met olie. Sula 9 (special
issue) 1-90, I-XX.

Camphuysen, C.J., 1997. Olievervuiling en olieslachtoffers langs de
Nederlandse kust, 1969-97: signalen van een schonere zee. Sula 11,
41-156.

Camphuysen, C.J., 1998. Beached bird surveys indicate decline in
chronic oil pollution in the North Sea. Marine Pollution Bulletin 36,
519-526.

Camphuysen, C.J., van Franeker, J.A., 1992. The Value of Beached
Bird Surveys in Monitoring Marine Oil Pollution (technisch rapport
Vogelbescherming 10). Vogelbescherming Nederland, Zeist.

Camphuysen, C.J., Barreveld, H., Dahlmann, G., van Franeker, J.A.,
1999. Seabirds in the North Sea demobilised and killed by poly-
isobutylene (C4Hg),. Marine Pollution Bulletin 38, 1171-1176.

Carribero, A., Perez, D., Yorio, P., 1994. Actualizacion del TamaZo y
la Distribucion Espacial de las Colonias del Pinghino de Magellanes
en Peninsula Valdes. Unpublished report to Patagonian (provincial)
authorities.

Chardine, J.W., Pelly, G., 1994. Operation Clean Feather: Reducing
Oil Pollution in Newfoundland Waters. Canadian Wildlife Service.
Technical Support Series No. 198.

Chardine, J.W., Elliott, R.D., Ryan, P.C., 1990. Beached birds as
indicators of marine oil pollution in Newfoundland. In: Proceedings
12" Canadian Waste Management Conference, St Johns, N.F.
Environment Canada, Ottawa. pp.141-150.

Chiba, A., 1965. The sea-bird wreck on the coast of Niigata Pre-
fecture. (Miscellaneous report.) Yamashina Institute for Zoology 4,
208-216 (in Japanese, with English summary).

Chiba, A., 1974. A survey of dead sea-birds found on the coast of
Niigata City facing the Japan Sea. Bulletin Nippon Dent. College,
General Edition 3, 121-131 (in Japanese, with English summary).

Christensen, K.D., 1989. Beached Birds Survey. Monitoring the Effects
of Oil Pollution on Birds. Final Report 1987-1989 to European
Economic Commission, Ornis Consult, Copenhagen pp. 1-45.

Clapp, R.B., Banks, R.C., Morgan-Jacobs, D., Hoffman, W.A., 1982.
Marine Birds of the Southeastern United States and Gulf of Mex-
ico, Part I: Gaviiformes through Pelecaniformes (FWS/OBS-82/01).
US Fish and Wildlife Service, Washington, DC.

Cole, S.D., 1929. Oil Pollution. Royal Society for the Protection of
Birds, Annual Report 1929, pp. 37-40.

Colombé, S., Reid, J.B., Webb, A., 1996. Seabird Studies off south-
west Wales and south-east Ireland Following the Sea Empress Inci-
dent at Milford Haven, February 1996 (JNCC Report No. 225).
Joint Nature Conservation Committee, Aberdeen.

Couper, A., (Ed.) 1983. The Times Atlas of the Oceans. Times Books,
London.

Dahlmann, G., Dahlmann, G., Timm, D., Averbeck, C., Camphuy-
sen, C.J., Skov, H., 1994. Oiled seabirds — comparative investiga-
tions on oiled seabirds and oiled beaches in the Netherlands,
Denmark and Germany (1990-1993). Marine Pollution Bulletin 28,
305-310.

Danielsen, F., Skov, H., Durinck, J., Christensen, K.M., 1990. Seks
ars overvagning af dede havfugle. Dansk Ornitologisk Forenings
Tidsskrift 84, 8-9.

Dawson, W.L., 1911. Another fortnight on the Farallones. Condor 13,
171-183.

Debout, G., 1984. Les décomptes d’oiseaux échoués: 1974-1982. Le
Cormoran (special issue), 1-3.

Diego Garcia, J.A., Muifioz Espejo, B., Prieto Inclan, J.R., 1986.
Informe sobre las aves marinas afectadas por el siniestro del “Cas-
tillo de Salas” en las costas asturianas. Asturnatura 5, 19-28.

Dipper, F., 1991. Earth, air, fire, water, oil and war, part I: oil and
water. BBC Wildlife March 1991, 191-193.

Dorrestein, G.M., van Foreest, A., van Donk, K., de Kuiper, T. Final
Report of the Dutch Expert-team Sent to Al Jubail, Saudi Arabia,
Dated March, 25, 1991. European Section Associated Avian Veter-
inarians, Utrecht University, Utrecht.

Drijver, J., 1929. De verontreiniging van het Zeewater door Stookolie.
Verslagen & Mededelingen 1924-1928, Vogelbescherming, Amster-
dam. pp. 168-186.

Dubrovsky, A., 1959. Ptitsy gibnut v nefti. Okhota i Okhotnich’e
Khozyaistvo 13 (4), 58.

Dunnet, G.M., 1987. Seabirds and North Sea oil. In: Hartley J.P.,
Clark R.B. (Eds.), Environmental Effects of North Sea Oil and Gas
Developments. Proceedings Royal Society Meeting, London Philo-
sophical Transactions Royal Society, London B 316, pp. 513-524.

Engelen, K.A.M., 1987. Zeevogels op de Waddeneilanden het slach-
toffer van lijmachtige substantie. Sula 1, 112-113.

Fleet, D.M., Gaus, S., Hartwig, E., Potel, P., Reineking, B., Dieckh-
off, M.S., 1999. Olopfer in der Deutschen Bucht im Zeitraum 01.
Juli 1994 bis 30. Juni 1998. Seevogel 20, 43-48.



C.J. Camphuysen, M. Heubeck | Environmental Pollution 112 (2001) 443461 459

Furness, R.W., Camphuysen, C.J., 1997. Seabirds as monitors in the
marine environment. ICES Journal of Marine Science 54, 726-737.

Gallagher, M.D., Scott, D.A., Ormond, R.F.G., Connor, R.J., Jen-
nings, M.C., 1984. The distribution and conservation of seabirds
breeding on the coasts and islands of Iran and Arabia. In: Croxall,
J.P., Evans, P.G.H., Schreiber, R.W. (Eds.), Status and Conserva-
tion of the World’s Seabirds. ICBP Technical Publication No. 2,
Cambridge, pp. 421-456.

Gandini, P., Boersma, P.D., Frere, E., Gandini, M., Holik, T., Licht-
stein, V., 1994. Magellanic Penguins (Spheniscus magellanicus)
affected by chronic petroleum pollution along the coast of Chubut,
Argentina. Auk 111, 20-27.

Gillespie, D.I., 1969. A Summary of Oil Pollution in Newfoundland’s
Coastal Waters, 1949-1961. Unpublished report, Canadian Wildlife
Service.

Goethe, F., 1961. Deutscher Olpestbericht 1953-1961. Internationalen
Rat fiir Vogelschutz Deutschen Sektion. Bericht 1, 50-61.

Goethe, F., 1968. The effects of oil pollution on populations of marine
and coastal birds. Helgoldnder Meeresuntersuchungen 17, 370-374.

Gorski, W., Antczak J., 1990. Smiertelnosc ptakow wodnych z
powodu zanieczyszczen ropopochodnych w srodkowej czesci pols-
kiego wybrzeza Baltyku. Proc. conf. “Ornitologia Polska w setna
rocznice smierci Wladyslawa Taczanowskiego”, Lodz. (In Polish).

Gorski, W., Jakuczun, B., Nitecki, W., Petryna, A., 1976. Badania
smiertelnosci ptakow wodnych na polskim wybrzezu Baltyku (dane
za lata 1970-1974). Przeglad Zoologiczny 20, 81-87.

Granadeiro, J.P., Silva, M.A., 1991. Resultados da campanha de
inspecgao de aves marinhas mortas no literal continental Portugués
(1990/91). Airo 2 (2), 29-33.

Silva, M.A., 1993. Beached bird surveys in Portugal 1991/92 and
relationship between weather and density of corpses. Sula 7, 1-8.

Gray, R., 1871. Birds of West Scotland. Murray, Glasgow.

Grenquist, P., 1956. Oljytuhoista suomen aluevesilli. Suomen Riista
10, 105-116.

Hadley, A.H., 1930a. A sea bird tragedy. Bird Lore 32, 169-172 241-243.

Hadley, A.H., 1930b. Destruction of birds by oil pollution. Transac-
tions North American Wildlife Conference 17, 64-69.

Haenen, M., 1991. Waar zijn de geoorde futen gebleven? Vogels 11 (5),
184-187.

Harvey, T., Tobin, S., 1998. Prevention of Oiled Wildlife Project,
Phase 1. The Problem. Depository Services Program, Aylmer, QC,
Canada, Canadian Coast Guard, St. John’s and NF & Lab. Envir-
onmental Associates, Ship Cove, Newfoundland.

Hautekiet, M.R., 1955. Vijf jaar stookolieslachtoffers. Wielewaal 11,
289-294.

Heubeck, M., 1979. Report to Shetland Oil Terminal Environmental
Advisory group on Beached Bird Survey scheme in Shetland, July to
December 1978. Shetland Oil Terminal Environmental Advisory
Group, Lerwick.

Heubeck, M., 1980. A Report to the Shetland Oil Terminal
Environmental Advisory Group on the Beached Bird Survey
Scheme in Shetland, March 1979 to February 1980. Shetland Oil
Terminal Environmental Advisory group, Lerwick.

Heubeck, M., 1982. A Report to the Shetland Oil Terminal Environmental
Advisory group on the Beached Bird Survey in Shetland, March 1980 to
February 1982 with a Review on Results Since July 1978. Shetland Oil
Terminal Environmental Advisory Group, Lerwick.

Heubeck, M., 1983. A Report to the Shetland Oil Terminal
Environmental Advisory group on the Beached Bird Survey Scheme
in Shetland, March 1982 to February 1983. Shetland Oil Terminal
Environmental Advisory Group, Lerwick.

Heubeck, M., 1984. A Report to the Shetland Oil Terminal
Environmental Advisory Group on the Beached Bird Survey
Scheme in Shetland, March 1983 to February 1984. Shetland Oil
Terminal Environmental Advisory Group, Lerwick.

Heubeck, M., 1986. A Report to the Shetland Oil Terminal Environ-
mental Advisory Group on the Beached Bird Survey Scheme in

Shetland, March 1985 to February 1986. Shetland Oil Terminal
Environmental Advisory Group, Lerwick.

Heubeck, M., 1991. Oil pollution around Orkney and Shetland, 1976—
1983. In: Camphuysen, C.J., van Franeker, J.A. (Eds.), Oil
Pollution, Beached Bird Surveys and Policy: Towards a More
Effective Approach to an Old Problem. Sula 5 (special issue) 6-11.

Heubeck, M., 1995. Shetland beached bird surveys: national and Eur-
opean context. Proceedings Royal Society Edinburgh 103B, 165—
179.

Heubeck, M., Camphuysen, C.J., 1992. European beached bird survey
schemes. Seabird Group Newsletter 62, 3-5.

Heubeck, M., Meek, E., Suddaby, D., 1992. The occurrence of dead
auks (Alcidae) on beaches in Orkney and Shetland, 1976-91. Sula 6
(1), 1-18.

Hlady, D.A., Burger, A.E., 1993. Drift-block experiments to analyse
the mortality of oiled seabirds off Vancouver Island, British
Columbia. Marine Pollution Bulletin 26 (9), 495-501.

Holmes, M., 1973. Oil and penguins don’t mix. National Geographic
143 (3), 384-397.

Hughes, P., 1954. A determination of the relation between wind and
sea surface drift. Quarterly Journal of the Royal Meteorological
Society 82, 494-502.

Jacobsen, E., 1987. Forekomst av oljeskadde fugler langs Jaerkysten
1982-1986. Var Fuglefauna 10, 19-24.

Jacobsen, E., Latun, O., Skipnes, K., 1991. Undersokelser av iland-
drevne sjofugler i Rogaland vinteren 1989/90. Var Fuglefauna 14,
69-75.

Jehl Jr, J.R., 1975. Mortality of Magellanic Penguins in Argentina.
Auk 92, 596-598.

Joensen, A.H., Hansen, E.B., 1977. Oil pollution and seabirds in
Denmark 1971-1976. Danish Review Game Biology 10 (5), 1-31.
Jones, P.H., 1980. Beached birds at selected Orkney beaches 1976-8.

Scottish Birds 11 (1), 1-12.

Jones, P.H., Howells, G., Rees, E.I.S., Wilson, J., 1970. The effect of
“Hamilton Trader” oil on birds in the Irish Sea in May 1969. British
Birds 63, 97-110.

Jones, P.H., Monnat, J.-Y., Cadbury, C.J., Stowe, T.J.S., 1978. Birds
oiled during the Amoco Cadiz incident: an interim report. Marine
Pollution Bulletin 9 (11), 307-310.

Kazama, T., 1968. Note on the birds of Kashiwazaki, Niigata Pre-
fecture. Miscellaneous Reports Yamashina Institute for Ornithol-
ogy and Zoology 5, 370-396 (in Japanese with English summary).

Keijl, G.O., Camphuysen, C.J., 1992. Resultaten van een ver-
driftingsexperiment voor de Nederlandse kust, februari 1991. Sula 6
(2), 41-49.

King, J.G., Sanger, G.A., 1979. Oil vulnerability index for marine
oriented birds. In: Bartonek, J.C., Nettleship, D.N., (Eds.), Con-
servation of Marine Birds of Northern North America. Wildlife
Research Report 11, Washington DC, pp. 227-239.

Knaus, R.M., 1990. Estimates of oil-soaked carcasses of the Magella-
nic Penguin (Spheniscus magellanicus) on the eastern shore of the
Peninsula Valdéz, Chubut Prov, Argentina. Hornero 13, 171-173.

Knight, S., 1993. New Zealand and oil. Marine Pollution Bulletin 26
(4), 173-174.

Kurochkin, A., Smislov, V., 1993. Latvian Beached Birds Survey 1993,
Final Report. Unpublished report, Latvian Ornithological Society,
Salaspils.

Kuyken, E., 1978a. Beached bird surveys in Belgium. In: Anon. (Ed.),
The Changing Seabird Populations of the North Atlantic. Conf.
Aberdeen University, 26-28 March 1977. Ibis 120, 102—136.

Kuyken, E., 1978b. Resultaten van 15 jaar stookolieslachtoffertellin-
gen in Belgié. Porzana 5 (3-4), 38-39.

Lemmetyinen, R., 1966. Jatedljyn vesilinnuille aiheuttamista tuhoista
Itdmeren alueella. Suomen Riista 19, 63-71.

Levy, E.M., 1980. Oil pollution and seabirds: Atlantic Canada 1976~
1977 and some implications for northern environments. Marine
Pollution Bulletin 11, 51-56.



460 C.J. Camphuysen, M. Heubeck | Environmental Pollution 112 (2001) 443—461

Lincoln, F.C., 1930. The menace of oil pollution. Auk 47, 54-550.

Lloyd, C., Bogan, J.A., Bourne, W.R.P., Dawson, P., Parslow, J.L.F.,
Stewart, A.G., 1974. Seabird mortality in the north Irish Sea and
Firth of Clyde early in 1974. Marine Pollution Bulletin 5 (9), 136-140.

Matsumura, S., Wakata, Y., Sugimori, Y., 1990. Movements of
floating debris in the North Pacific. In: Shomura, R.S., Godfrey,
M.L., (Eds.), Proceedings 2nd International Conference on Marine
Debris. Vol.1, 2-7 April, Honolulu, Hawaii. US Dep. Commer.
NOAA-TM-NMFS-SWFC-154 (Bibl R 216), Honolulu, HI, pp.
267-278.

May, R.F., 1992. Marine conservation reserves, petroleum exploration
and development, and oil spills in coastal waters of western Aus-
tralia. Marine Pollution Bulletin 25 (5-8), 147-154.

McKelvey, R.W., Robertson, I., Whitehead, P.E., 1980. Effect on non-
petroleum oil spills on wintering birds near Vancouver. Marine
Pollution Bulletin 11, 169-171.

McTaggart-Cowan, P.D., Sheffer, H., Martin, M.A., 1970. Report of
the Task Force Operation Oil (Clean-up of the Arrow Oil Spill in
Chedabucto Bay) to the Minister of Transport, 2. Cat. no. T22-
2470/2, Ministry of Transport, Ottawa.

Meek, E.R., 1987. The Orkney Beached Bird Survey. Unpublished,
mimeographed report to Royal Society for the Protection of Birds,
Sandy.

Meissner, W., 1989. Alkowate (Alcidae) na zatoce Gdanskiej w latach
1980-1987. Notatki Ornitologia 30 (3-4), 13-28.

Meissner, W., 1992. Decline in strandings of oiled seabirds in Gdansk
Bay, Poland. Sula 6 (3), 102-105.

Moffitt, J., Orr, R.T., 1938. Recent disastrous effects of oil pollution
on birds of the San Francisco Bay region. California Fish and Game
24 (3), 239-244.

Morant, P.D., Cooper, J., Randall, R.M., 1979. The rehabilitation of
oiled Jackass Penguins Spheniscus demersus, 1970-1980. In: Cooper,
J. (Ed.), Proceedings of the Symposium on Birds of the Sea and
Shore. African Seabird Group, Cape Town, pp. 267-301.

Morzer Bruijns, M.F., 1959. Stookolievogels op de Nederlandse kust.
Levende Natuur 62 (8), 172-178.

Mothersole, J., 1910. The Isles of Scilly, Their Story, Their Folk and
Their Flowers. Religious Tract Society, London.

Norris, B.N., 1965. Caring for White-flippered Penguins. Notornis 12,
185-186.

Nur, N., Pyle, P., Stenzel, L., Ainley, D.G., Sydeman, W.J., McLaren,
E., 1995. The significance of chronic oiling for seabird populations
in Central California. Abstracts 22nd Ann. Meet. Pacific Seabird
Group. Pacific Seabirds 22 (1), 39.

Offringa, H., Schallier, R., Jauniaux, T., Haelters, J., Meire, P., 1997.
Olieverontreiniging op de Noordzee: gevolgen voor zeevogels
(november 1995-maart 1996). Mergus 11, 25-45.

Ohata, J., 1988. Injury of seabirds caused by the illegal dumping of
waste oil in the Japan Sea off the coast of Shimane Prefecture. Strix
7, 299-303 (in Japanese).

Ohata, K., Nemoto, S., Murai, M., 1993. Mortality of seabirds due to
oil contamination along the Tomakomai coast, Hokkaido. Strix 12,
214-218 (in Japanese).

O’Keeffe, C., 1978. Oil pollution and seabirds on Irish coasts. Irish
Birds 1, 206-211.

Page, G.W., Stenzel, L.E., Ainley, D.G., 1982. Beached bird carcasses
as a means of evaluating matural and human caused seabird
mortality. Final Report to Department of Energy #DE-ACO03-
79EV10254.

Paine, R.T., Ruesink, J.L., Sun, A., Soulanille, E.L., Wonham, M.J.,
Harley, C.D.G., Brumbaugh, D.R., Secord, D.L., 1996. Trouble on
oiled waters: lessons from the Exxon Valdez Oil Spill. Annual
Review Ecological Systems 27, 197-235.

Pehrsson, O., 1980. Oil and Seabirds on the Swedish West Coast.
Report Zoological Institute Goteborg Secretary International
Meeting Wildlife and Oil Pollution North Sea, Oslo, 20-26 March
1980.

Perkins, J., 1983. Oiled Magellanic penguins in Golfo San Jose,
Argentina. Marine Pollution Bulletin 14, 383-387.

Piatt, J.F., Elliot, R.D., MacCharles, A., 1985. Marine birds and oil
pollution in Newfoundland, 1951-1984. Newfoundland Institute for
Cold Ocean Science 105, 1-54.

Piatt, J.F., Lensink, C.J., Butler, W., Kendziorck, M., Nysewander,
D.N., 1990. Immediate impact of the “Exxon Valdez” oil spill on
marine birds. Auk 107 (2), 387-397.

Powers, K.D., Rumage, W.T., 1978. Effect of the Argo Merchant oil
spill on bird populations off the New England coast, 15 December
1976-January 1977. In: In the Wake of the Argo Merchant.
Proceedings Symposium University Rhode Island, Ocean Manage-
ment Studies, pp.142-148.

Powlesland, R.G., Imber, M.J., 1988. OSNZ beach patrol scheme:
information and instructions. Notornis 35, 143-153.

Powlesland, R.G., Pickard, C.R., 1992. Seabirds found dead on New
Zealand beaches in 1988, and a review of Puffinus species recoveries,
1943-1988. Notornis 39, 27-46.

Powlesland, R.G., Powlesland, M.H., 1993. Seabirds found dead on
New Zealand beaches in 1991, and a review of Morus and Sula
species recoveries, 1943 to 1991. Notornis 40, 233-245.

Powlesland, R.G., Powlesland, M.H., 1994a. Seabirds found dead on
New Zealand beaches in 1992, and a review of Larus species recov-
eries, 1943 to 1992. Notornis 41, 117-132.

Powlesland, R.G., Pickard, C.R., Powlesland, M.H., 1992. Seabirds
found dead on New Zealand beaches in 1989, and a review of
Pelecanoides urinatrix, Phaethon rubricauda, Plepturus and Fregetta
ariel recoveries, 1943 to 1988. Notornis 39, 101-111.

Powlesland, R.G., Powlesland, M.H., Pickard, C.R., 1993. Seabirds
found dead on New Zealand beaches in 1990, and a review of
Phalacrocorax, Leucocarbo, and Stictocarbo recoveries, 1943 to
1990. Notornis 40, 27-43.

Raaymakers, S., 1995. Illegal ‘operational’ discharges continue in
Barrier Reef. Marine Pollution Bulletin 30 (6), 362.

Raevel, P., 1990. Bilan de 20 années de recensement des oiseaux morts
sur le littoral du Nord Pas-de-Calais a la fin de I’hiver: exemple de
I'intérét d’une enquéte a protocole déterminé. Le Heron 23, 159—
167.

Raevel, P., 1992. Twenty-five years of winter beached bird surveys in
northern France. In: Tasker, M.L., (Ed.). Proc. Seabird Group
Conference ‘European Seabirds’, Glasgow, 27-29 March 1992, pp.
18-19.

Randall, R., Randall, B., 1986. The Kapodistrias affair—another oil-
ing incident affecting seabirds. Bokmakerie 38 (2), 37-40.

Reineking, B., Vauk, G., 1982. Seevogel-Opfer der Olpest. Jordsand-
buch Nr 2. Herausgegeben vom Verein Jordsand zum Schutz der
Seevogel e.V. Otterndorf.

Reis, A., 1989. Inspeccion invernal de la costa Portuguesa (1986—
1988). Boletin GIAM 6, 2.

Reis, A., 1990. Inspeccion invernal de la costa portuguesa (1988—
1989). Boletin GIAM 8, 3-4.

Robertson, C.J.R., Bell, B.D., 1984. Seabird Status and Conservation
in the New Zealand region. In: Croxall, J.P., Evans, P.G.H.,
Schreiber, R.W. (Eds.), Status and Conservation of the World’s
Seabirds. ICBP Technical Publication No. 2, Cambridge, pp. 573~
586.

Rodway, M.S., Lemon, M.J.F., Savard, J.-P.L., McKelvey, R., 1989.
Nestucca Oil Spill: Impact Assessment on Avian Populations and
Habitat. Canadian Wildlife Service Technical Report Series 68.

Roletto, J., Grella, L., Ryan, T.P., Stallcup, R., 1997. Oiled Bird and
Tar Ball Deposition Rates for the Central California Coast. Effects
of Oil on Wildlife: 194. Proceedings of Fifth International Con-
ference. Monterey, California, November 3-6 1997.

Rozemeijer, M.J.C., Booij, K., Swennen, C., Boon, J.P., 1992. Mole-
cular features of environmental contaminants causing disruption of
the plumage of sea-birds. NIOZ BEWON Report no. 43, Nether-
lands Institute for Sea Research, Texel.



C.J. Camphuysen, M. Heubeck | Environmental Pollution 112 (2001) 443—461 461

Scholten, M., 1993. Guillemot stranding caused by a paraffin oil
spillage. Marine Pollution Bulletin 26, 173.

Seys, J., Meire, P., 1993. Olieslachtoffertellingen langs de Belgische
kust, winter 1991-92. Sula 7 (1), 15-18.

Simons, M.M., 1985. Beached bird survey project on the Atlantic and
Gulf coasts. American Birds 39, 358-362.

Sims, H.W., 1970. Operation bird wash — a preliminary report. Flor-
ida Naturalist April, 43-45.

Skov, H., Danielsen, F., Durinck, J., 1989. Dead seabirds along
European coasts 1987-1988, Results of the International Beached
Bird Survey. Sula 3 (1), 9-19.

Skov, H., Durinck, J., Leopold, M.F., Tasker, M.L., 1995. Important
bird areas for seabirds in the North Sea, including the Channel and
the Kattegat. Birdlife International, Cambridge.

Smail, J., Ainley, D.G., Strong, H., 1972. Notes on birds killed in the
1971 San Fransisco oil spill. Californian Birds 3, 25-32.

Speich, S.M., Wahl, T.R., 1986. Rates of occurrence of dead birds in
Washington inland marine waters, 1978 and 1979. Murrelet 67, 51—
59.

Stenzel, L.E., Page, G.W., Carter, H.R., Ainley, D.G., 1988. Seabird
Mortality in California as Witnessed through 14 Years of Beached-
bird Censuses. Unpublished report, Gulf of Farallones Marine
Sanctuary, Point Reyes Bird Observatory, Stinson Beach, CA.

Stowe, T.J., 1982a. Beached Bird Surveys and Surveillance of Cliff-
breeding Seabirds. Unpublished RSPB report to the Nature Con-
servancy Council, Sandy.

Stowe, T.J., 1982b. Experiment to determine the fate of bird corpses in
the Southern North Sea. In: Stowe, T.J. (Ed.), Beached Bird Surveys
and Surveillance of Cliff-breeding Seabirds. Royal Society for the
Protection of Birds, Sandy, pp. 135-138.

Svasas, S., 1992. The threat of an ever increasing oil and industrial
activity in Lithuanian coastal waters for the waterfowl areas of
international importance. IWRB Seaduck Bulletin 1, 41-42.

Swennen, C., 1977. Laboratory Research on Seabirds. Unpublished
report, Netherlands Institute for Sea Research, Texel, The Netherlands.

Symens, P., Suhaibani, A., 1993. Impact of Gulf War oil spills on
wintering seabird populations along the northern Arabian Gulf
coast of Saudi Arabia. Sandgrouse 15, 37-43.

Szczepski, J.B., 1976. Raport o zarazie oliwnej u ptakow w Zatoce
Gdanskiej. Przeglad Zoologiczny 20, 75-81.

Tanis, J.J.C., Morzer Bruijns, M.F., 1962. Het onderzoek naar
stookolievogels van 1958-1962. Levende Natuur 65, 133-140.

Teixeira, A.M., 1985. Inspecgoes invernais da avifauna costeira em
Portugal 1983-84. Cyanopica 3, 373-386.

Thoresen, A.C., Thomson, P., 1992. Diving petrels on Green Island,
Mercury Group, in November 1990. Notornis 39, 55-57.

Threlfall, W., Piatt, J.F., 1983. Assessment of Offshore Oil Mortality
and Corpse Drift Experiments. Unpublished report for Mobil Oil
Canada Ltd., Memorial University, Newfoundland, St. John’s, NF.

Timm, D., Dahlmann, G., 1991. Investigations into the source of non-
mineral oils in the feathers of seabirds. Sula 5 (special issue), 15-17.

Tuck, L.M., Livingston, J., 1959. Oil pollution in Newfoundland.
Proceedings International Conference Oil Pollution of the Sea,
Copenhagen, 3-4 July 1959. Co-ordinating Advisory Committee Oil
Pollution of the Sea, pp. 76-79.

Uddén, J., Ahlund, M., 1984. Sjéfagelddden och oljan pa bohuskusten
nyaret 1981. Lénsstyrelsen Naturvardsenheten 1984: 1 Goteborg.
Van Pelt, T.1., Piatt, J.F., 1995. Deposition and persistence of beach-
cast seabird carcasses. Marine Pollution Bulletin 30 (12), 794-802.
Vauk, G., Pierstorff, K., 1973. Ergebnisse dreizehnjiahriger Oelpest-

beobachtungen auf Helgoland (1960-1972). Corax 4, 136-146.

Vauk, G., Reineking, B., 1980. Ergebnisse weiterer sieben Jahre
Olpestbeobachtungen auf Helgoland (1973-1979). Seevogel 1, 22-28.

Vauk, G., Dahlmann, G., Hartwig, E., Ranger, J.C., Reineking, B.,
Schrey, E., Vauk-Hentzelt, E., 1987. Oelopfererfassung an der
deutschen Nordseekueste und Ergebnisse der Oelanalysen sowie
Untersuchungen zur Belastung der Deutschen Bucht durch Schiffs-
muell. Report Vogelwarte Helgoland, Umweltbundesamt, Berlin.

Vauk, G., Hartwig, E., Reineking, B., Vauk-Hentzelt, E., 1989. Losses
of seabirds by oil pollution at the German North Sea coast. Topics
Mar. Biol., Scient. Mar 53 (2-3), 749-754.

Vauk, G., Averbeck, C., Korsch, M., 1991. The effects of oil pollution
on seabirds on the German North Sea coast from 1983 to 1990. In:
Wrobel, L.C., Brebbia, C.A. (Eds.), Water Pollution: Modelling,
Measuring and Prediction. Comp. Mech. Publ., Elsevier Appl. Sc.,
Southampton, pp. 693-705.

Veitch, C.R., 1975a. Beach Control Scheme 1974. Notornis 22, 172-173.

Veitch, C.R., 1975b. Seabirds found dead in New Zealand in 1973.
Notornis 22, 231-240.

Veitch, C.R., 1976. Seabirds found dead in New Zealand in 1974.
Notornis 23, 168-178.

Veitch, C.R., 1977. Seabirds found dead in New Zealand in 1975.
Notornis 24, 41-49.

Veitch, C.R., 1978. Seabirds found dead in New Zealand in 1976.
Notornis 25, 141-148.

Veitch, C.R., 1979. Seabirds found dead in New Zealand in 1977.
Notornis 26, 361-368.

Veitch, C.R., 1980a. Seabirds found dead in New Zealand in 1970,
1971 and 1972. Notornis 27, 269-385.

Veitch, C.R., 1980b. Seabirds found dead in New Zealand in 1978.
Notornis 27, 115-124.

Veitch, C.R., 1981. Seabirds found dead in New Zealand in 1979.
Notornis 28, 41-47.

Veitch, C.R., 1982. Seabirds found dead in New Zealand in 1980.
Notornis 29, 41-47.

Vermeer, K., Vermeer, R., 1975. Oil threat to birds on the Canadian
west coast. Canadian Field-Naturalist 89 (3), 278-298.

Verwey, J., 1915. De Trekvogels, de Oorlog en nog wat. De Levende
Natuur 20, 20.

Verwey, J., 1922. The moult of Uria troille (L. ) and Alca torda (L.).
Ardea 11, 99-116.

Wiese, F.K., Ryan, P.C., 1999. Trends of chronic oil pollution in
southeast Newfoundland assessed through beached-bird surveys
1984-1997. Bird Trends, Spring, 36-40.

Wild, O.H., 1925. Observations on seabirds and oil. Scottish Nat-
uralist 1925, 71-72.

Williams, J.M., Tasker, M.L., Carter, I1.C., Webb, A., 1995. A method
of assessing seabird vulnerability to surface pollutants. Ibis 137,
S147-S152.

Woltman, D., 1920. Olie en vogels. De Levende Natuur 25, 61.



