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Abstract Oil spills caused by maritime transport of petroleum products are still an important source of ocean
pollution, especially in main production areas and along
major transport routes. We here provide a historical and
geographic analysis of the major oil spills (>700 t) since
1960. Spills were recorded from several key marine
ecosystems and marine biodiversity hotspots. The past four
decades have been characterized by an overall decrease in
the number of accidents and tonnes of oil spilled in the sea,
but this trend was less distinct in the European Atlantic
area. Recent black tides from the Erika and Prestige vessels provided new evidence for the high risk of accidents
with serious ecological impact in this area, which according to our analysis is historically the most important
oil spill hotspot worldwide. The English Channel and
waters around Galicia in Spain were the areas with most
accidents. Maritime transport in European Atlantic waters
has been predicted to continue increasing. Together with
our own results this suggests that, in addition to measures
for increased traffic safety, deployment of emergency caD. R. Vieites ()) · S. Nieto-Romn · M. Vences
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pacities in the spill hotspot areas may be crucial for a
sustainable conservation of sea resources and ecosystems.
Electronic Supplementary Material Supplementary
material is available for this article if you access the
article at http://dx.doi.org/10.1007/s00114-004-0572-2. A
link in the frame on the left on that page takes you directly to the supplementary material.

Introduction
Oil spills are one of the major causes of ocean pollution,
producing ecological disasters of wide public concern (e.g.,
Monson et al. 2000; Serret et al. 2002). Birds (Lance et al.
2001; SEO/Birdlife 2003), sea mammals (Garrott et al.
1993; Monson et al. 2000), fish (Rice et al. 2001; Heintz et
al. 2000), and several marine invertebrate species (Glegg et
al. 1999; Carls et al. 2001), are among the groups most
impacted by these ecological disasters, although in some
black tides the whole food chain has been affected (Peterson et al. 2003). Oil spills can negatively influence the
physiology, inmunology, and development of some organisms (Duffy et al. 1994; Briggs et al. 1997; Dyrynda et al.
2000; Heintz et al. 2000; Downs et al. 2002; Rotterman
and Monnett 2002), but their most evident effect is usually
an important decrease or disappearance of populations of
marine fauna and flora within the affected area (e.g., Frost
et al. 1999). The effects of crude oil on the organisms and
the time needed for the recovery of ecosystems and populations are different among species, and are subject to
controversy (Wiens et al. 1996; Murphy et al. 1997; Lance
et al. 2001; Esler et al. 2002, Peterson et al. 2003)
Although the spills with the highest recognized ecological impacts were usually those in which the greatest
volume of oil was spilled in the sea, a small quantity of oil
spilled in pristine places can also negatively affect endangered species, as it has been reported from the Galapagos Islands after the sinking of Jessica (Wikelski et al.
2002). Linked to the damage caused to the environment
are the high costs to fisheries, related industries, and
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tourism in the affected areas. This is especially true along
the major oil tanker transport routes.
Despite overall increased tanker security, history repeated itself in northwestern Spain when the Prestige sank
on 19 November 2002 and contaminated the Galician
coastline with 60,000 t of oil. The ecological damage
along about 900 km of coastline, from northern Portugal
to southern France, may in part be the consequence of an
ineffective initial technical management of the crisis
(Serret et al. 2003). In summer 2004, some areas of the
coast are still not yet fully clean and the ecological impact
not yet assessed.
The disaster of the Prestige and the sinking of the
Erika off the French coast in 1999 were the last large
black tides on a long list of spills in European Atlantic
waters. The European Commission reacted by preparing
on 27 March 2003 a proposal that will completely ban
single-hulled tankers from EU ports. This proposal assesses the risks of spills in European waters by quoting
the Prestige catastrophe and aerial surveys of small-scale
spills (<100 t) in the Baltic Sea (HELCOM 2003), but no
comprehensive geographical oil spill statistics. The apparent lack of such a study prompted us to analyze major
tanker oil spills in a geographical and historical context
for the world seas. Our aim was to assess whether the
apparent high incidence of tanker accidents in the European Atlantic indeed reflects a relevant trend or is merely
an artifact of intense media coverage of accidents in
European waters.

Materials and methods
We compiled a database (see Electronic Supplementary Material)
of historical oil spills since the start of large-scale maritime
transport and associated statistics, covering the period from 1960 to
2002. Our analysis considered oil spills in which the source was a
vessel, generally a tanker or a barge, with a cargo of any petroleum
product. Only accidental spills were regarded and acts of war were
not included. Only maritime oil spills were considered and those
that occurred in rivers were excluded. Because significant information was only available for large-scale spills (>700 t) we ignored
smaller spills (ITOPF 2002).

Fig. 1 Worldwide distribution
of oil spilled in the seas by
maritime transport from 1965 to
2002 (see Electronic Supplementary Material). The different
intensities of gray correspond
to the number of tonnes spilled
per each 10 square. The dark
black line illustrates the boundaries of the Large Marine Ecosystems of the World (http://
www.noaa.org)

Data were gathered from different sources, mainly from the
Tanker Spills Database of the Environmental Technology Centre
(http://www.etcentre.org) and the Oil Spill Intelligence Report
newsletter. Our database was completed with data from NOAA
(1992) and Yoshioka et al. (1999). Data sources were compared and
in the case of discrepancies regarding the amount of petrol spilled
we used the lowest of the values reported. When available, we used
the coordinates provided in the different sources to georeference
each oil spill on a digital world map. In most cases only approximate locations were available, which however enabled us to place
spills on a Marsden Square Chart, consisting of a division of the
world into grids of 10 of latitude and longitude. Seven accidents
could not be reliably placed into any grid square; these were excluded from the geographical analysis but not from the global trend
analysis. For each grid square, both the total number of accidents
and the total amount of oil spilled were calculated. Analyses were
done using ArcView GIS software. The boundaries of the Large
Marine Ecosystems of the World were obtained from National
Oceanic and Atmospheric Administration (http://www.noaa.org).
Trend analyses were calculated using nonparametric Mann-Kendall
tests from 1970 to 2002, starting with the year of the first year of
accidents in the Baltic and Mediterranean seas (1970). The number
of tonnes spilled per year was log-transformed for the calculations
in order to normalize data distribution.
We herein use a definition of the “European Atlantic” based on
Article 1 of the OSPAR convention but with reduced longitudinal
ranges. The area lies north of 36 N latitude and between 13 W
and 32 E longitude, excluding Baltic Sea and Mediterranean Sea
east of 5 360 W longitude.

Results
In total, 410 large vessel oil spills of more than 700 t have
occurred since 1960 and polluted the oceans with over
5.5 million tonnes of oil. The occurrence of oil spills
correlates with all major crude production areas and sea
transport routes (Fig. 1). The Persian gulf and Mexican
gulf down to Venezuela show high spill volumes and the
same happens in the major sea transport routes with
~280,000 t spilled around the southern tip of Africa and
~300,000 t in the eastern Mediterranean. Most of the
spills analyzed overlap with the Large Marine Ecosystems
of the World, defined by the NOAA as the most productive areas in the oceans (Fig. 1), and in zones with
some of the most important and fragile coral reef ecosystems and marine biodiversity hotspots worldwide
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1980s. In the Mediterranean the maximum number of
accidents took also place in the 1970s (21), decreasing
gradually to zero in the present decade; and in the Baltic,
although no trends were detected, both the number of
accidents (10, 1970–2002) and total tonnes spilled
(85,454, 1970–2002) were very low by comparison with
the Mediterranean and European Atlantic.

Discussion

Fig. 2 Distribution of principal oil spill accidents in Atlantic European coastal waters; the English Channel and Galician waters
(shaded gray) concentrate most of the accidents. Numbers indicate
vessels (thousand tonnes in brackets): 1 Betelgeuse (44); 2 Universe Leader (2.2); 3 Christos Bitas (3.7); 4 Sea Empress (74.4); 5
Torrey Canyon (119); 6 Gino (41.8); 7 Amoco Cdiz (233); 8
Olympic Bravery (0.7); 9 Bohlen (7); 10 Amazzone (2); 11 Erika
(19.7); 12 Tanio (17); 13 Mt Rose Bay (1); 14 Pacific Glory (3); 15
Olympic Alliance (11.8); 16 Andros Patria (47); 17 Urquiola (100);
18 Aegen sea (74); 19 Polycommander (16); 20 Jakob Maersk
(86.7); 21 Cercal (1); 22 Prestige (60)

(Roberts et al. 2002). However, the European Atlantic
proved to be the most important hotspot. With one-fifth of
the global amounts (1,097,359 t, in the period 1960–
2002), spills by maritime transport in this region were
even more important than in the production areas.
Within the European Atlantic, the English Channel and
the Galician coast in NW Spain were the most affected
areas with 526,151 and 377,765 t, respectively (Fig. 2).
Most of the European marine traffic passes through these
areas, which translates into ten large accidents since 1980,
with a rate of one accident every 2.3 years.
There is a clear trend in the decrease both of the
number of accidents and tonnes spilled in the world seas
from 1970 to 2002 (Mann-Kendall Z=3.78, P<0.001,
n=33 years; and Z=3.15, P<0.01, n=33 respectively).
This pattern coincides with previous analyses (Anderson
and Labelle 2000; ITOPF 2002). The same significant
decrease in the number of accidents and tonnes spilled is
observed in the Mediterranean sea (Z=3.48, P<0.001,
n=33; Z=3.22, P<0.01, n=33, respectively), but not in the
Baltic sea (Z=1.31, P>0.5, n=33; Z=1.39, P>0.5, n=33,
respectively) or in European Atlantic waters (Z=1.42,
P>0.5, n=33; Z=0.22, P>0.5, n=33, respectively).
After a maximum in the 1970s (0.60 million t; 26
accidents) and an important decrease in the 1980s
(0.06 million t; 13 accidents), in the 1990s the European
Atlantic again experienced nine vessel accidents with
0.27 million t spilled. From 2000 to 2002, a single accident was responsible for the spilling of 60,000 t of oil;
considering this spill, and optimistically assuming that no
further accidents will occur until 2010, the amount of
spillage for the present decade already exceeds that of the

Despite many efforts and obvious improvements since
the 1970s, contamination by marine traffic accidents is
still one of the major threats for the world seas, and oil
spills are still a major part of this problem. The major
routes of sea traffic cross the boundaries of the Large
Marine Ecosystems and of the marine biodiversity hotspots (Roberts et al. 2002), and tanker accidents have
been reported from these areas. Key ecosystems and species may be permanently damaged regardless of the size
of the spill (Wikelski et al. 2002) and indirect long-term
effects cannot be excluded (Peterson et al. 2003).
Regarding the European Atlantic, the Prestige and
Erika disasters were the most recent large oil spills in this
area. They severely contaminated some of the ecologically most important coastlines of Spain and France,
which harbor key ecosystems, important fisheries and are
the wintering ground for thousands of marine birds. More
than 77,000 and 21,500 dead birds were recovered as
a result of the Erika and Prestige oil spills, but these
numbers probably represent only a fraction of the total
deaths (SEO/BirdLife 2003). The decision to move the
Prestige away from the coast increased the impact of the
black tide because of its subsequent dispersion through
the Iberian coast to France following dominant currents
(Serret et al. 2003). The Prestige wreck is now at about
3,000 m depth, and in summer 2004 the Spanish government was still trying to recover the 17,000 t of oil not
spilled from its tanks. The wreck is located close to the
Galician Bank, a large seamount and ecologically rich
zone that has recently been proposed as a Special Area of
Conservation and potential Marine Protected Area under
the EU Habitats Directive (Schmidt and Garca 2003).
The spill has also heavily affected the recently founded
marine-terrestrial Spanish National Park of the Atlantic
Islands. Although more monitoring will be needed in
order to assess the long-term environmental impact of the
Erika and Prestige spills (Peterson et al. 2003), short-term
negative effects have been obvious
Despite the worldwide decrease in the number of accidents and amount of oil spilled, this trend is not significant in the European Atlantic according to our analysis.
The English Channel and Galician waters seem to be the
areas of maximum concern. Although the levels are lower
than in the 1970s, the threat has not significantly diminished. A significant decrease is observed in the Mediterranean but not in the Baltic (major European sea transport
routes), although the levels in the Baltic are very low.
Also, maritime traffic in the European Atlantic is likely to
increase even more in the future. Figures for the European
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Union assume a continued increase in trade from Baltic
ports until 2017, leading to a 25% higher risk of large oil
spills (HELCOM 2003). If all plans for new terminals are
fulfilled, oil handling capacity will increase from 53 million t per year in 1995 to 137 million t per year (SSPA
1996). Traffic of tankers through the European oil spill
hotspots is therefore likely to increase as well.
There is no doubt that increased safety of maritime
transport must be one of the priorities for future long-term
ocean management. Half of the accidents in the European
Atlantic took place in autumn and winter and coincided
with storms or bad weather that disabled oil collection
(Hfer 2003; Whitfield 2003). The European Union reacted to the Prestige spill by urging the application of the
Erika I and II packages, establishing a European Maritime
Safety Agency, a Committee for the Prevention of Pollution from Ships, restricting the age of the tankers and
banning single-hulled tankers. These measures can be
expected to become a reality in the immediate future and
will certainly have positive effects. As well as safety
regulations it will be crucial to make sufficient technical
means locally available, thereby allowing immediate action in the case of accidents. Local emergency plans need
to be developed and clear recommendations issued for
how to deal with damaged tankers. Based on the identification of oil spill hotspots, emergency capacity and ports
of refuge should be deployed in the areas most at risk.
Acknowledgements We thank Luis Mara Carrascal for his useful
comments. D.R.V. was supported by a postdoctoral grant from the
Alfonso Martn Escudero Foundation. We are grateful to three
anonymous referees for constructive comments on an earlier
manuscript draft.

References
Anderson CM, Labelle RP (2000) Update of comparative occurrence rates for offshore oil spills. Spill Sci Technol Bull 6:303–
321
Briggs KT, Gershwin E, Anderson DW (1997) Consequences of
petrochemical ingestion and stress on the immune system of
seabirds. ICES J Mar Sci 54(4):718–725
Carls MG, Babcock MM, Harris PM, Irvine GV, Cusick JA, Rice
SD (2001) Persistence of oiling in mussel beds after the Exxon
Valdez oil spill. Mar Environ Res 51(2):167–190
Downs CA, Shigenaka G, Fauth JE, Robinson CE, Huang A
(2002) Cellular physiological assessment of bivalves after
chronic exposure to spilled Exxon Valdez crude oil using a
novel molecular diagnostic biotechnology. Environ Sci Technol
36(13):2987–2993
Duffy LK, Bowyer RT, Testa JW, Faro JB (1994) Chronic effects
of the Exxon valdez oil spill on blood and enzyme chemistry of
river otters. Environ Toxicol Chem 13(4):643–647
Dyrynda EA, Law RJ, Dyrynda PEJ, Kelly CA, Pipe RK, Ratcliffe
NA (2000) Changes in immune parameters of natural mussel
Mytilus edulis populations following a major oil spill (‘Sea
Empress’, Wales, UK). Mar Ecol Prog Ser 206:155–170
Esler D, Bowman TD, Trust KA, Ballachey BE, Dean TA, Jewett
SC, O’Clair CE (2002) Harlequin duck population recovery
following the ‘Exxon Valdez’ oil spill: progress, process and
constraints. Mar Ecol Prog Ser 241:271–286

Frost KJ, Lowry LF Ver-Hoef JM (1999) Monitoring the trend of
harbor seals in Prince William Sound, Alaska, after the Exxon
Valdez oil spill. Mar Mammal Sci 15(2):494–506
Garrott RA, Eberhardt LL, Burn DM (1993) Mortality of sea otters
in Prince William Sound following the Exxon Valdez oil spill.
Mar Mammal Sci 9(4):343–359
Glegg GA, Hickman L, Rowland SJ (1999) Contamination of
limpets Patella vulgata following the Sea Empress oil spill.
Mar Pollut Bull 38(2):119–125
Heintz RA, Rice SD, Wertheimer AC, Bradshaw RF, Thrower FP,
Joyce JE, Short JW (2000) Delayed effects on growth and
marine survival of pink salmon Oncorhynchus gorbuscha after
exposure to crude oil during embryonic development. Mar Ecol
Prog Ser 208:205–216
HELCOM (2003) Baltic Sea Environment Proceedings 84
Hfer T (2003) Tanker safety and coastal environment: Prestige,
Erika, and what else? Environ Sci Pollut Res 10(1):1–5
ITOPF (2002) Accidental tanker oil spill statistics
Lance BK, Irons DB, Kendall SJ, McDonald LL (2001) An evaluation of marine bird population trends following the Exxon
Valdez oil spill, Prince William Sound, Alaska. Mar Pollut Bull
42(4):298–309
Monson DH, Doak DF, Ballachey BE, Johnson A, Bodkin JL
(2000) Long-term impacts of the Exxon Valdez oil spill on sea
otters, assessed through age-dependent mortality patterns. Proc
Natl Acad Sci USA 97:6562–6567
Murphy SM, Day RH, Wiens JA, Parker KR (1997) Effects of the
Exxon Valdez oil spill on birds: comparisons of pre- and postspill surveys in Prince William Sound, Alaska. Condor 99:299–
313
NOAA (Hazardous Materials Response and Assessment Division)
(1992) Oil spill case histories: 1967–1991. Summaries of significant US and international spills. National Technical Information Service, Springfield. Va.
Peterson CH, Rice SD, Short JW, Esler D, Bodkin JL, Ballachey
BE, Irons DB (2003) Long-term ecosystem response to the
Exxon Valdez oil spill. Science 302:2082–2086
Rice SD, Thomas RE, Carls G, Heintz RA, Wertheimer AC,
Murphy ML, Short JW, Moles A (2001) Impacts to pink salmon
following the Exxon Valdez Oil Spill: persistence, toxicity,
sensitivity, and controversy. Rev Fish Sci 9(3):165–211
Roberts CM, McClean CJ, Veron JEN, Hawkins JP, Allen GR,
McAllister DE, Mittermeier CG, Schueler FW, Spalding M,
Wells F, Vynne C, Werner TB (2002) Marine biodiversity
hotspots and conservation priorities for tropical reefs. Science
295:1280–1284
Rotterman LM, Monnett C (2002) Length-mass and total body
length of adult female sea otters in Prince William Sound before and after the Exxon Valdez oil spill. Mar Mammal Sci
18(4):977–993
Schmidt SF, Garca R (2003) The Galicia Bank: a potential
MPA. WWF North-East Atlantic Programme. Available at
http://www.ngo.grida.no/wwfneap/overview/overfset.htm
SEO/Birdlife (2003) La catstrofe del petrolero Prestige y su
impacto sobre las aves marinas. Tercer informe. Available at
http://www.seo.org/
Serret P, lvarez-Salgado XA, Bode A (2003) Spain’s earth scientists and the oil spill. Science 299:511
SSPA (1996) Transportation of oils in the Baltic Sea Area 1995.
SSPA Maritime Consulting AB, Rep 7596-1
Whitfield J (2003) How to clean a beach. Nature 422:464–466
Wiens JA, Crist TO, Day RH, Murphy SM, Hayward GD (1996)
Effects of the Exxon Valdez oil spill on marine bird communities in Prince William Sound, Alaska. Ecol Appl 6:828–841
Wikelski M, Wong V, Chevalier B, Rattenborg N, Snell HL (2002)
Galapagos Islands: marine iguanas die from trace oil pollution.
Nature 417:607–608
Yoshioka G, Wong E, Grossman B, Drake W, Urban B (1999) Past
In-situ burning possibilities. U.S. Coast Guard Research and
Development Center

