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ABSTRACT 

On November 19th 2002, the oil tanker Prestige broke in two and sank in the Atlantic Ocean 

260 km off the north-western coast of Spain, releasing about 63,000 tonnes of Bunker C oil. 

The accident represented one of the largest environmental catastrophes in the history of 

European navigation. More than 1,000 km of coastline and a huge variety of habitats were 

affected, ranging from supralittoral, intertidal and sublittoral levels to oceanic and bathyal 

environments.  

In this paper we review published results regarding the impact of the Prestige oil spill on 

marine organisms, at levels of biological organization ranging from the molecular to the 

ecosystem. 

Although some research is still in progress, all results indicate a strong initial impact during 

the first year after the spill, mainly on intertidal communities and fishing resources, with 

recovery by 2004. 
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1. INTRODUCTION 

The oil tanker Prestige broke in two and sank in the Atlantic Ocean 260 km off the north-

western coast of Spain on November 19th 2002, releasing about 63,000 tonnes of Bunker C 

oil. The accident represented one of the largest environmental catastrophes in the history of 

European navigation (CEDRE, 2009). More than 1,000 km of coastline were affected, from 

the northern coast of Portugal to Brittany and the southern coast of the United Kingdom, 

including protected areas of great ecological and economic value (Rousseau, 2003). A huge 

variety of habitats were affected by the Prestige oil spill (hereafter, POS), ranging from 

supralittoral, intertidal and sublittoral levels to oceanic and bathyal environments, which 

include important fisheries and highly diverse biological communities (Figure 1). 

The economic losses in Galicia, due to the POS, have been estimated at €566.97 million 

(lower bound estimate) for the period 2002-2004, including short-term losses in all economic 

sectors affected, accountable environmental losses, and cleaning and recovery costs (Loureiro 

et al., 2006). The total costs associated with the POS are therefore rather significant for a 

small economy such as that of Galicia, since they represent about 1.57% of the total Galician 

Gross Domestic Product (€36,097 million in 2002). Total losses in the affected area (Galicia, 

Asturias, Cantabria and the Basque Country) in 2002-2004 amounted to €770.58 million, 

according to estimates from Loureiro et al. (2006). 

Crude oil consists of a complex mixture of compounds predominated by hydrocarbons. 

The compounds include straight, branched or cyclic chains, including aromatic compounds 

(with benzene rings) which constitute the most toxic components of oil for marine biota. Non-

hydrocarbon compounds containing sulphur, nitrogen or metals may constitute up to 25% of 

the oil (Clark, 2001). The Prestige oil was classified as fuel oil No. 6, the characteristics of 

which include low solubility and low capacity for dispersion, slow degradation, and high 

viscosity, adherence and density. The volatility of the oil is also relatively low (5-10%) 
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because it contains relatively high amounts of high molecular weight hydrocarbons, such as 

polycyclic aromatic hydrocarbons (PAHs) (Table 1). After the POS, the oil showed a 

tendency towards the formation of stable emulsions in water; these emulsions sank due to the 

strong swell, which favoured their deposition on the sea bottom and movement of the oil 

towards the coast.  

Analyses carried out by the Spanish National Research Council (CSIC) showed that the 

Prestige fuel oil was mainly composed of 22% saturated hydrocarbons, 35% resins and 

asphaltene and 50% aromatic hydrocarbons (CSIC, 2003a), some of which are known to be 

carcinogenic and/or mutagenic to aquatic organisms (Albers, 2003). Furthermore, the fuel 

contained some trace metals such as Ni, V, Cu and Zn (CSIC, 2003b) (Table 1). 

The POS in Galicia was one of the major oil spills to have occurred in the region, however 

it was not an isolated disaster, since Galicia has received 8 of the 20 major oil spills to have 

taken place in Europe during the last 50 years (Hooke, 1997; CEDRE, 2009; ITOPF, 2009). 

Hence, Galicia is one of the regions with the highest number of oil spills in the world (Table 

2). 

An oil spill may cause a serious impact on the marine coastal environment since it does not 

only affect organisms directly, but also destroys or damages habitats that support aquatic 

communities (Kennish, 1992). In general, effects caused by an oil spill can be divided into 

three categories: direct lethal effects, direct sublethal effects and indirect effects. Direct lethal 

effects refer to physical and chemical effects produced by direct oil contact, even without 

ingestion of pollutants by organisms. These effects are detected as an increase in mortality 

rates due to smothering, hypothermia (very common in oiled seabirds), coating (which 

interferes with an individual’s movement, hindering food capture and escape from predators) 

or acute toxicity of fuel (see review by Kennish, 1992; NOAA, 1992). Mass mortalities are 

usually reported in coastal rather than offshore habitats, where hydrocarbons are usually 
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present at lower concentrations and observations are more difficult. For instance, the benthic 

macrofauna was almost wiped out at heavily oiled sites two days after the Florida oil spill 

(Kennish, 1992) and after a spill of Bunker C oil in San Francisco Bay, where more than four 

million intertidal animals, principally acorn barnacles, died (Chan, 1973). 

Sublethal effects, which are more difficult to detect than acute effects, are brought about by 

the permanence of different fuel components in the environment. Such effects may not cause 

the death of organisms, but may reduce the survival rates of affected species owing to the 

impact on the physiology, behaviour or reproductive capability of the organisms (NOAA, 

1992). These alterations may also alter the distribution, abundance, composition and diversity 

of impacted communities. By comparison, indirect effects include changes in habitat, 

predator-prey dynamics, interactions among competitors, productivity levels and food webs, 

due to the loss of key species (Freire and Labarta, 2003). It has been stated that such effects 

may slow down the recovery processes to a decade or more (Peterson, 2001). However, we 

need to be aware of the difficulties involved in the assessment of recovery after a pollution 

event such an oil spill, which are probably higher than the assessment of the initial damage. 

Marine ecosystems are complex environments subjected to many causes of ecological change 

aside from oil pollution (e.g., human disturbance, physical habitat alteration, commercial 

fishing, climate, other pollutants), and therefore, the recovery processes may be occurring in a 

different environmental scenario than when the oil spill first occurred (NRC, 2003). 

Different factors determine the degree of the effects caused by an oil spill. Oceanographic 

and meteorological conditions will control the drift velocity of the spill, the location on the 

shoreline where oil may run up, and the rate of the weathering processes. Timing is also 

critical, since the impact will be greater if the spill coincides with periods of high primary 

production, spawning, embryonic and larval development, or the presence of migratory 

species. The intensity of the impact will also differ depending on the habitat, and will be less 
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intense in offshore than in coastal habitats, as communities are more diverse and higher 

concentrations of hydrocarbons are found in the latter. Furthermore, the degree of shelter will 

determine residence times, which will be shorter in high energy environments than in 

sheltered habitats (NOAA, 1992). Impacts will be more damaging for species with small 

populations (Piñeira et al., 2008) and/or restricted reproductive and breeding habitats such as 

rías, bays, estuaries or coastal marshes, which are more susceptible to localized pollution 

events such as oil spills (Freire and Labarta, 2003). This is because these low-energy 

environments tend to trap oil and to accumulate hydrocarbon pollutants in the sediments 

increasing the likelihood of long-term impact (Kennish, 1992). 

The effects of hydrocarbon pollution also depend on the species impacted. Gastropods and 

polychaetes are usually the least sensitive species, while corals, bivalves, decapod crustacea 

and echinoderms are the most sensitive (NRC, 1985). Such differences in responses to oil 

pollution are considered to be caused by their different behaviour, physiology and 

morphology (Swedmark et al., 1973). Nevertheless, the same species may display different 

responses depending on duration of exposure (recovery is more difficult after a long 

exposure), sex, age (eggs and larvae are often more sensitive), and their history of 

contamination (animals previously exposed to certain compounds can exhibit a lower or a 

greater tolerance when tested later) (NOAA, 1992). However, few valid generalizations about 

ecological effects can be applied to the majority of spills, since the variations among 

organisms, environmental conditions and types of oil transform each oil spill into a different 

event (Day et al., 1997). 

The assessment of oil-spill impacts is normally made on the basis of historical data from 

the same site, comparison with nearby unimpacted sites, comparison with model predictions, 

or through expert opinion. However, there are two major difficulties in assessing accidental 

impacts, one associated with statistical aspects and the other with biological aspects. 
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Randomization and replication of treatments that characterize an experiment obviously do not 

take place during an unplanned environmental impact such as an oil spill. Treatments are not 

randomly located and reference areas are not true controls, since they must be defined after 

the spill (Wiens and Parker, 1995). As a result, it is usually very difficult to distinguish effects 

of the contaminant from effects of environmental differences across localities. Natural factors 

vary and may co-vary with the contamination in different ways depending on the area. 

Furthermore, if a community has not been monitored prior to a spill, studies carried out after 

the spill are often unable to conclude that the oil spill was the cause of any presumed change 

(Forde, 2002). Nevertheless, in evaluating the effects of unplanned environmental impacts, 

post facto designs, which document both initial effects and subsequent recovery, can provide 

information about the magnitude of the damage (Page et al., 1995; Wiens and Parker, 1995). 

With regard to the clean-up procedures used after the POS, beach-cleaning operations were 

mainly focused on the large-scale manual removal of the fuel covering the sand. Additionally, 

mechanical and manual skimmers were used to remove the oil that had been buried in deep 

layers. On the other hand, hydro-cleaning machines were chosen as the preferential method to 

remove oil from exposed rocky shores. However, areas virtually inaccesible to mechanical 

cleaning methods (over 60,000 m2 of rocky surface area) were treated by bioremediation 

(Ministerio de Medio Ambiente, 2005). Oil recovery at sea was carried out by different oil 

response vessels from several European countries (Spain, UK, Belgium, Germany, Italy, The 

Netherlands, Norway and Denmark). The recovery systems used were weir, belt and 

oleophilic skimmers as well as nets and surface trawl systems. In addition, it is worth 

mentioning the direct participation of Spanish fishermen using simple manual collection 

systems (CEDRE, 2004). 

In this paper we review the results published to date on the effects of the POS on marine 

organisms, at levels of biological organization ranging from the molecular to the ecosystem, 
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and use this overview to inform about any longer term effects and the time scales of recovery 

in this system. 

 

2. EFFECTS OF THE PRESTIGE OIL SPILL ON THE MARINE BIOTA 

2.1. Adtidal 

Most of the communities of the terrestrial adlittoral system were directly affected, not only by 

the POS hydrocarbons deposited upshore by strong waves, but also indirectly by cleaning 

activities (Urgorri et al., 2004). Loss of species diversity (relative to the situation before the 

black tides) was detected in communities of Crithmo-Armerietum, Cisto-Ulicetum, 

Euphorbio-Agropyretum, Othanto-Ammophiletum and Iberidetum. Coating particularly 

affected Armeria pubigera, Crithmum maritimum, Spergularia rupicola and Puccinellia 

maritima. Crest dunes and fixed dunes communities, composed of Elymus farctus, 

Ammophila arenaria, Artemisia crithmifolia, Honkenya peploides, Eryngium maritimum, 

Calystegia soldanella, Festuca rubra and Juncus maritimus, were not directly affected by the 

spill, although important damage was caused by cleaning activities and the opening up of new 

trails to reach impacted areas. 

A reduction in the surface cover of a large number of Bryophytes species (such as Bryum 

dunense, Trichostomum crispulum, Tortella flavovirens, Tortula ruraliformis, Pleurochaete 

squarrosa, Homalothecium lutescens, Dicranella heteromalla, Didymodon acutus, D. 

trifarius and Weissia controversa) was observed in affected localities. With regard to rocky 

substrates, the abundance of Grimmia trichophylla, Campylopus pilifer, Racomitrium 

heterostichum and Polytrichum juniperinum decreased in several localities affected by the 

POS. 

 

2.2. Plankton 
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Planktonic organisms, particularly those living in the top few centimetres of the water column 

(neuston), are supposed to be especially susceptible to the acute effects of the oil spills due to 

their proximity to the highest concentrations of the water soluble oil compounds. However, no 

long-term effects on the planktonic community are expected due to their high regenerative 

potential (short generation times) and the recruitment from outside the impacted areas. Clark 

(2001) states that low concentrations of hydrocarbons (<50 ng/g) may enhance 

photosynthesis, presumably because they have a nutritive effect, whereas inhibition of 

photosynthesis occurs above this level. Also, an increase in phytoplankton biomass and 

productivity was reported after the oil spill from the tanker Tsesis in 1977, due to the decline 

in grazing zooplankton populations (Johansson et al., 1980). Thus, it has been suggested that 

typically, phytoplankton recovers quickly from an oil spill, returning to previous population 

levels, as observed after the wreck of the Amoco Cadiz in 1978 (Cabioch, 1981). In general, it 

is assumed that zooplankton is more sensitive to oil pollution than phytoplankton, although 

contradictory results have been reported. For instance, Samain et al. (1980) observed a high 

zooplankton mortality in affected areas from the north coast of Brittany during the first weeks 

following the Amoco Cadiz oil spill and identified biochemical succession of population 

groups over a one year period. Guzmán del Próo et al. (1986) also found a high decrease in 

zooplankton biomass in the southern part of the Gulf of Mexico following the Ixtoc-1 spill. 

On the other hand, Batten et al. (1998) concluded that plankton communities from the 

southern Irish Sea were not significantly impacted after the Sea Empress wreck, when 

compared with long data series from previous years, although a minor shift in species 

composition was detected after the spill. 

Plankton community structure was not seriously affected by the POS. Only occasional 

variations were observed, but were associated with the natural variability of the ecosystem 

(Varela et al., 2006), probably because of: the low solubility of the Prestige oil, with a 
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tendency to sink (Serrano et al., 2006); the movement of the water, which spreads the fuel and 

cleans the water column; bacterial biodegradation, the activity of which increased 

significantly one year after the spill, particularly during winter and summer (Bode et al., 

2006); the biological mechanisms that transfer the fuel from the surface waters to the sea 

floor; the capability of plankton to metabolize hydrocarbons and, especially, the large and 

mesoscale hydrographic processes, which introduce high natural variability in the plankton, 

masking effects of the oil (Varela et al., 2006). 

Medina-Bellver et al. (2005) demonstrated that natural populations of bacteria capable of 

degrading components of the Prestige crude oil were present on the Galician shore, which can 

be explained by the continued exposure of the indigenous populations to oil components. The 

bacterial community was principally composed of α-Proteobacteria, although representatives 

of γ-Proteobacteria, Bacteroidetes and Actinobacteria groups were also detected (Jiménez et 

al., 2007).  

Early developmental stages of invertebrates have been shown to be more responsive to 

toxicants than adults (see review by His et al., 1999). Since Woelke (1972) proposed use of 

the oyster Crassostrea gigas embryogenesis bioassay to indicate water quality for the 

protection of marine resources, bivalve and sea-urchin embryos and larvae have been 

increasingly used for testing the biological quality of seawater and to evaluate marine 

pollution (e.g., Kobayashi, 1995; McFadzen, 1992; His and Beiras, 1995; His et al., 1997). 

An evaluation of the exposure of embryos and larvae of bivalves and echinoids to 

environmental samples (collected in affected areas) indicated that fuel-polluted seawater was 

more toxic than sediment elutriates collected immediately after the POS. Prestige oiled water 

clearly inhibited embryogenesis in Venerupis rhomboideus and Paracentrotus lividus, while 

sediment elutriates only caused moderate toxicity in V. rhomboideus or no toxicity in V. 

pullastra and C. gigas (Mariño-Balsa et al., 2003; Beiras and Saco-Álvarez, 2006) (Figure 2). 
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Likewise, bioassays carried out with sediment elutriates nine months after the event did not 

reveal any differences in the success of embryogenesis in V. pullastra (Franco et al., 2006), 

which is supported by the concentration of total PAHs, well below the sediment quality 

criteria of 4022 µg kg-1 dry weight suggested by Long et al. (1995). In contrast, bioassays 

carried out with sediment elutriates sampled 18 months after the POS showed failure of P. 

lividus embryogenesis in the stations with the highest concentrations of PAHs (Fernández et 

al., 2006a). 

The water soluble fraction (WSF) of the Prestige fuel oil did not affect growth of the 

freshwater alga Chlorella vulgaris and did not have deleterious effects on the cladoceran 

Daphnia magna (Navas et al., 2006). However, despite differences in methods of obtaining 

WSF, high toxicity was reported for the copepod Acartia tonsa and for the embryo-larval 

development of both sea urchin (P. lividus) and mussel (Mytilus galloprovinciallis) 

(Fernández et al., 2006b; Saco-Álvarez et al., 2008). The toxicity of the Prestige fuel WSF 

obtained in laboratory conditions (Saco-Álvarez et al., 2008) was also comparable to the 

toxicity of natural samples of seawater affected by the POS (Beiras and Saco-Álvarez, 2006) 

(Figure 2). 

 

2.3. Benthos 

Intertidal benthic organisms are highly prone to coating, smothering and to the acute toxicity 

of oil components after an oil spill. Macroalgae and invertebrates such as coelenterates, 

crustaceans, echinoderms and molluscs usually suffer high mortalities (Peterson et al., 2003). 

The pattern of succession after an oil spill includes the loss of dominant herbivores and 

colonization of the substrate by green algae. Such changes in the benthic community were 

reported to last for 4 or 5 years after the Torrey Canyon or the Exxon Valdez oil spills 

(Southward and Southward, 1978; Peterson, 2001). Subtidal areas can also be reached by oil 
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which adsorb to particulate matter, or by heavier fractions of weathered oil that may 

eventually sink. This oil accumulates on the bottom and may affect the benthic community by 

direct contact or by the generation of anaerobic conditions (Roberts, 1989). Also, the direct 

toxicity which mainly occurs during the early acute phases of the spill, may cause strong 

differences in diversity and abundance on subtidal communities (Sanders et al., 1980). In 

addition, when oil is mixed or buried in the sediments, it can remain a continuing source of 

toxicity for years, and cause delayed ecosystem effects which persist long after the direct 

toxic effects of the oil have disappeared (Roberts, 1989; Peterson et al., 2003). 

 

2.3.1. Rocky intertidal  

As was seen after the Torrey Canyon spill on British shores (Southward and Southward, 

1978) and the Exxon Valdez oil spill in Alaska (Highsmith et al., 1996), the upper intertidal 

zone was the most seriously affected by the POS (Urgorri et al., 2004). Six months after the 

POS, there was more uncolonized substrate - both bare rock and dried oil - in the upper 

intertidal zone of the most heavily oiled localities than in the lightly or non-oiled areas. In the 

latter areas, the upper intertidal zone was mainly covered with the cirripede Chthamalus 

montagui, a characteristic species on Galician exposed rocky shores, whereas the cover by C. 

montagui was less than 10% at the most heavily oiled sites (Figure 3a). Mortality of C. 

montagui was also greater in highly oiled localities than in medium oiled ones (Figure 3b) 

(Urgorri et al., 2004). Similar massive mortalities of barnacles caused by an oil spill have 

been recorded elsewhere (North et al., 1964; Straughan and Abbot, 1971; Chan, 1973; 

Southward and Southward, 1978). 

Populations of sea-urchins (Paracentrotus lividus), goose barnacles (Pollicipes pollicipes) 

and mussels (M. galloprovincialis), which are all commercially exploited in rocky intertidal 

areas in Galicia, were affected to different degrees and at different shore levels. Sea-urchins 
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disappeared completely from areas that were densely populated before the POS (Urgorri et 

al., 2004) and mussels almost totally disappeared from the upper intertidal areas in the 

heaviest oiled sites, although they remained in other areas moderately affected by the spill 

(Figure 3a). It can be speculated that covering of gill filaments by oil would have impaired 

feeding, with the consequent mortality of mussels by starvation. In addition, byssal thread 

activity may have been impaired, resulting in detachment from the substrate (Swedmark et al., 

1973), as occurred with Mytilus trossulus after the Exxon Valdez spill (Highsmith et al., 

1996). Recruitment of P. pollicipes was lower than in the same period in the previous year in 

most of the areas surveyed. However, recruitment fluctuations may be attributable to the 

characteristically high natural variability of barnacle recruitment, a phenomena widely 

reported in many different studies (e.g., Hawkins and Hartnoll, 1982; Kendall et al., 1985; 

Caffey, 1985; Jenkins et al., 2000). 

Labarta et al. (2005) observed sublethal effects in wild mussel spat collected three months 

after the POS. Lower survival rates and alteration of lipid metabolism - with a higher 

percentage of triglycerides and a decreasing proportion of phospholipids - were found in 

mussel spat from sites with higher polycyclic aromatic hydrocarbon (PAH) concentrations. 

Such differences in lipid composition were also observed in mussel spat from Pindo (a 

strongly affected area) transplanted to a raft culture in the Ares-Betanzos Ría (Peteiro et al., 

2007), but only at the onset of the experimental culture. In addition, the growth in weight and 

the percentage of mussels classified as “large” at harvest was significantly lower in mussels 

from Pindo spat than in individuals from less impacted areas (Peteiro et al., 2006). 

A large decrease in the abundance of limpets (Patella spp.) was observed at upper shore 

levels in heavily oiled localities (Figure 3a) (Urgorri et al., 2004). Mortality of Patella spp. 

may have been caused by oil toxicity, smothering, lack of available food, or clean-up 

activities, as occurred with another limpet, Tectura persona, after the Exxon Valdez oil spill 
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(Houghton et al., 1991; Highsmith et al., 1996). After the Torrey Canyon spill, Patella spp. 

were nearly eradicated and, because of the absence of these dominant herbivores, algae 

colonized the bare rock and inhibited settlement of Patella and barnacles for five years 

(Southward and Southward, 1978); but, as mentioned above the decrease in the recruitment of 

the barnacle P. pollicipes after the POS might have been attributable to variability in the 

natural conditions. It must be noted that the excessive use of dispersants after the Torrey 

Canyon oil spill caused major damage to marine biota (Smith, 1968) and therefore 

comparisons with the POS are not straightforward. 

One and a half years after the POS, no significant reductions in genetic variability were 

found in populations of Littorina saxatilis, which had suffered drastic reductions in 

population size following the spill (Piñeira et al., 2008). There are different possible reasons 

why genetic variability did not decrease in this species, which was chosen as a model species 

because of its low dispersal ability, direct development, high population density and 

widespread distribution on Galician shores. Firstly, the effects on genetic diversity would be 

small if the reduction in population size that occurred after the spill occurred over a short time 

period. Secondly, recolonization of the affected localities may have taken place from the 

presence of juveniles hidden in crevices and behind rocks, or to a lesser extent, as a 

consequence of migration from unaffected locations nearby. Nevertheless, polluted 

populations have shown some genetic effects, principally on amplified fragment length 

polymorphism variation and quantitative shell traits, probably as a result of natural selection 

(Piñeira et al., 2008). 

The effect of the POS on algae resulted in decreases in biomass and species diversity in 

Chondrus crispus, Gelidium sesquipedale and Gigartina pistillata communities six months 

after the event (Urgorri et al., 2004). The Mastocarpus stellatus community showed the 

greatest changes in relation to the pre-spill situation. Biomass and size were lower after the 
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spill but specific richness and diversity were much higher. This was explained as a decrease in 

biomass of the dominant species, which most likely made more space available for another 

species to colonize. Communities of M. stellatus are characteristic of sheltered coves, which 

owing to the retention of the fuel in these locations, may have been more strongly affected 

than areas with a stronger swell and a faster rate of ‘self cleaning’. Lobón et al. (2008) 

compared abundance data for macroalgal assemblages before (September 2002) and then 10 

months after the spill (September 2003) at upper and lower intertidal levels in affected areas 

along the coasts of Galicia, Asturias and the Basque Country. The latter study concluded that 

the abundance of the main taxa did not change greatly after the spill and that dilution of fuel 

due to intense winter mixing and advection following the accident were the most likely causes 

for the lack of severe effects on macroalgal assemblages. Moreover, the mucilaginous slime 

layer that covers the outer surface of many benthic macroalgae has been reported to serve as a 

barrier to the penetration of oil providing a protective covering (GESAMP, 1977). 

Biomarkers are cellular, biochemical and molecular features that provide powerful means 

of detecting environmental disturbances since they indicate the existence of pollutants 

(exposure biomarkers) or the response of exposed organisms (effect biomarkers) (McCarthy 

and Shugart, 1990), allowing changes at high levels such as population, community or 

ecosystem to be anticipated (Cajaraville et al., 1993). Different biomarkers in mussels 

(Mytilus galloprovincialis) were used to assess the biological effects of the POS. Mussels are 

commonly used as sentinel organisms in pollution monitoring programmes because of their 

ability to accumulate contaminants, their resistance to high levels of pollutants, and their 

widespread distribution (Goldberg, 1975). Thus, the high levels of PAHs in coastal seawater 

caused by the POS (max. 2.1 × 103 µg equiv. of chrysene l-1) were reflected in a peak in PAH 

accumulation in mussel (M. galloprovicianlis) tissues (max. 5.9 × 103 µg kg-1 dw); this was 

followed by a depuration period until the following winter, when a slight increase in PAH 
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concentrations (above background levels) was detected as a consequence of the 

remobilization due to winter storms (Nieto et al., 2006). 

Biomarkers of exposure (induction of acyl-CoA oxidase) and effect (lysosomal responses 

and alterations in morphology and composition of cell types in the digestive gland) in mussels 

sampled along the northern coast of Spain in 2003 and 2004 revealed exposure to toxic 

chemicals and effects on the health of mussels due to the POS (Orbea et al., 2006), with the 

degree of disturbance being higher in the most severely impacted areas. Some degree of 

recovery was observed in 2004 and was associated with a reduction in total PAH 

concentrations in mussels (Cajaraville et al., 2006). However, a battery of exposure and effect 

biomarkers did not reveal any clear effect in mussels fed with Tetraselmis sp. pre-exposed to 

the water-accommodated fraction of the Prestige oil. Only NADH reductases and lipid 

peroxidation levels were affected by the exposure, which may have been due to the low PAH 

levels measured in exposed individuals as a result of the low solubility of the Prestige oil 

(Solé et al., 2007). 

The composition of free amino acids (FAA), used as an index of stress, was analysed in 

juvenile specimens of Mytilus galloprovincialis collected from different Galician rocky shore 

areas in February 2003 (Babarro et al., 2006). Total FAA and derived indices (taurine:glycine 

ratio, sum of serine and threonine, alanine) were not affected by pollution. In fact, the changes 

in the FAA profiles of soft tissues were associated with endogenous factors in juvenile stages, 

such as protein content and condition index, and are used as indices of the energetic status of 

growing individuals. 

DNA damage in mussel gills, assessed by the comet assay, was detected between August 

2003 and June 2004 in two areas of the Galician coast intensely affected by the POS, relative 

to reference areas (Laffon et al., 2006). DNA damage was significantly higher in fuel-exposed 

mussels than in control mussels, before and after a 7-day period in the laboratory during 
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which they were held in clean, fresh seawater. During this recovery stage, a slight reduction in 

comet tail length was observed, suggesting a certain degree of DNA repair in exposed 

animals, which is consistent with the reported reversibility and non persistence of such 

damage (e.g., Nacci et al., 1992). 

Effects on the immune response of M. galloprovincialis were confirmed by Novas et al. 

(2007), since the mechanisms responsible for nitric oxide (NO) synthesis in haemocytes 

appeared absent between January 2003 and December 2004. An increase in the proportion of 

phagocytic SH cells, probably as a result of the depressed immune potential, was also 

detected during these years. Nevertheless, these cells were more sensitive to apoptosis and 

necrosis-inducing agents. On the contrary, Ordás et al. (2007) did not observe any significant 

effects on the immune system of mussels exposed to Prestige fuel oil for 4 months; no 

differences in several cellular immune parameters (haemocyte viability, phagocytic activity, 

NO production and chemiluminescence emission) were found between oil-treated and control 

individuals. 

 

2.3.2. Sandy intertidal 

The areas most affected by the oil spill were the swash zone and dry sand zone. The latter not 

only received high amounts of oil but was also affected by clean-up activities. These activities 

involved the removal of sand, affecting mainly those species which occur on the sand surface 

or those with low mobility, and the elimination of the algal wrack, used by the supratidal 

macrofauna as food and refuge (de la Huz et al., 2005; Junoy et al., 2005). A similar impact 

also occurred after the Exxon Valdez oil spill, where cleaned beaches took longer to recover 

than beaches that were not cleaned (Peterson, 2001). 

A decrease in the number of species was detected in 16 of the 18 beaches studied along the 

Galician coast six months after the POS, with a negative relation between the degree of 
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pollution and number of species. The heavily oiled beaches lost about 66.7% of the total 

species richness compared with data from September 1995 and 1996 (de la Huz et al., 2005; 

Junoy et al., 2005). The latter authors stated that the large difference observed before and 

after the spill could not be attributed to the seasonal variation of the species. There was a large 

reduction in the abundance of the isopod Eurydice, nemerteans and Diptera after the spill. The 

bivalve Donax trunculus disappeared from five of six beaches where it was known to be 

consistently present before the spill (de la Huz et al., 2005). The isopod Sphaeroma 

rugicauda decreased in abundance or disappeared from most of the beaches, whereas there 

was a large increase in cumaceans and mysids in the swash zone. An increase in abundance of 

oligochaetes and the practical disappearance of the insects was noted in the retention and dry 

sand levels, where higher concentrations of hydrocarbons were observed. A clear reduction in 

the abundance of talitrid amphipods and the semi-terrestrial isopod Tylos was also observed 

after the spill. Furthermore, the abundance of the opportunistic polychaete Scolelepis 

squamata decreased after the spill when compared to data from June and September 1997, 

probably due to the cleaning operation, since this species usually adapts easily to oil spills (de 

la Huz et al., 2005). Surprisingly, the abundance of the amphipod Pontocrates arenarius 

increased after the POS, whereas amphipods disappeared immediately after the Amoco Cadiz 

and the Aegean Sea spills (Gómez-Gesteira and Dauvin, 2000). 

A significant effect was also noted in the meiofaunal composition (Urgorri et al., 2004). 

The faunistic heterogeneity and density of the interstitial fauna were low in nearly all 

samples. Ostracods were eliminated from Corrubedo beach and together with Turbellaria 

from Barrañán beach. Foraminifera almost totally disappeared from the beaches affected by 

the POS. However, the presence of early benthic stages of bivalves and polychaetes in the 

most polluted sediments six months after the spill suggested that the recovery, at least with 

temporary meiobenthic fauna, had already started, as reported by Rodriguez et al. (2007). By 
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comparison, after the Monte Urquiola oil spill only some Turbellaria survived, whereas 

nematodes and harpacticoid copepods were completely eliminated. Nevertheless, the recovery 

of communities had already started one year after the spill, even on the most severely affected 

beaches (Giere, 1979). 

Several studies have also evaluated the quality of the sediments affected by the POS. The 

burrowing behaviour of juvenile clams (Venerupis pullastra and Tapes decussatus) in 

sediments taken from moderately affected beaches a few days after the spill was not 

significantly different from the behaviour in control clams (Mariño-Balsa et al., 2003), which 

supports the general assumption that laboratory toxicity tests are insufficient for 

ecotoxicological risk assessment. In contrast, Morales-Caselles et al. (2007a) found toxic 

effects of sediments from impacted sites after use of the Microtox® and the amphipod 

(Corophium volutator) tests, and identified PAHs as the compounds causing the toxic effects. 

However, the toxicity of Galician sediments affected by the POS was lower than the toxicity 

of sediments chronically polluted by oil spills in the Bay of Algeciras. Sediments collected 

four years after the POS did not cause acute mortality in the amphipod Ampelisca brevicornis 

or the polychaete Arenicola marina in 10-day bioassays and no toxicity was detected with the 

Microtox ® test (Morales-Caselles et al., 2008), which suggests some recovery of sediment 

quality from affected areas. However, a significant accumulation of PAHs in organisms 

exposed to sediments collected from impacted sites indicates that there may still be a risk to 

the biota in the affected areas (Morales-Caselles et al., 2008). 

 

2.3.3. Sublittoral 

Surveys carried out six months after the POS did not show any obvious effects on benthic 

coastal organisms (Urgorri et al., 2004). Furthermore, pollution-sensitive species, such as 

amphipods and the sea urchin Echinocardium cordatum, were even found in sediments 
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containing oil aggregates. Serrano et al. (2006) indicated that the distribution of benthic 

communities on the bottom of the Galician continental shelf were not affected by the tar 

aggregates that settled after the POS, as had occurred after the Braer (Kingston et al., 1995) 

and the Exxon Valdez oil spills (Feder and Blanchard, 1998), when no significant effects on 

benthic fauna were detected. In fact, the changes in the communities that were detected were 

attributed to changing sediment characteristics rather than to concentrations of hydrocarbons. 

The low bioavailability of Prestige tar aggregates may explain the lack of correlation between 

distributions of macroscopic tar aggregates and shelf-benthic communities. 

These results and the lack of toxicity detected in bioassays carried out with sublittoral 

sediment (Franco et al., 2006) strengthen the conclusion that the POS had no important 

impact on the Galician sublittoral benthic communities, probably because of the spatial 

dispersion of the fuel when it reached the sea bottom. 

 

2.4. Fishing resources 

Sandeel (Gymnammodytes semisquamatus) catches per unit effort were significantly reduced 

in 2003. High rates of mortality, similar to those registered after the Torrey Canyon oil spill, 

were detected, although sandeels may also have migrated to avoid polluted sediments 

(Velando et al., 2005a). Significant reductions in the abundance of Norway lobster (Nephrops 

norvegicus), four-spot megrim (Lepidorhombus boscii) and Pandalid shrimp (Plesionika 

heterocarpus) were also observed over the Galician shelf when bottom trawl surveys carried 

out after the POS were compared with time series data (1983-2004) (Sánchez et al., 2006). An 

important degree of recovery, evident from abundance indices, of four-spot megrim and 

shrimp was subsequently recorded in 2004. In addition, the feeding patterns of the above-

mentioned three species and of European hake (Merluccius merluccius) did not change in 

relation to the POS. 
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Even though tar aggregates and hake (M. merluccius) recruits were transported by the same 

oceanographic events, no significant changes in the abundance or distribution of hake 

juveniles from Galician and Cantabrian Sea shelves were detected (Sánchez et al., 2006). 

Furthermore, a certain degree of recovery in recruitment was observed during the two years 

following the POS. 

Large increases in abundance and richness of parasite communities, and significant 

changes in individual and functional group parasite abundance patterns were found in samples 

of bogue (Boops boops) collected in Malpica and Vigo two and three years after the POS 

(Pérez-del Olmo et al., 2007). However, nematode parasitization in liver of European 

anchovy (Engraulis encrasicolus) and European hake (M. merluccius) was registered at 

several locations in Galicia and the Bay of Biscay between April and September 2003. 

However, it was not possible to relate this to the POS because of the lack of pre-spill data 

(Marigómez et al., 2006). 

Biomarkers were also used to assess the impact of the POS in fishes. An increase in EROD 

activities and histopathological lesions of the juveniles of Sparus aurata, as a result of the 

increasing PAH concentrations in sediments collected two years after the POS, was detected, 

with gill tissues more severely damaged than liver tissue (Morales-Caselles et al., 2007b). In 

Lepidorhombus boscii, glutathione-S-transferase, glutathione reductase and catalase activities 

were significantly higher in the most severely affected locations in the northern Iberian shelf 

five months after the accident (Martínez-Gómez et al., 2006). The activities were positively 

correlated with the density of POS tar aggregate. In addition, high levels of 1-naphthol, a 

marker of recent exposure to petrogenic compounds, were measured in bile from L. boscii and 

Trisopterus luscus collected in the Galician area one year after the POS (Fernandes et al., 

2008). Nevertheless, the lack of historical data and the chronic contamination in the studied 

area meant that the changes could not be directly and/or exclusively attributed to the POS. 
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Similarly, and despite the prominence of hepatocellular nuclear polymorphism in liver of E. 

encrasicolus and M. merluccius registered at several locations in Galicia and the Bay of 

Biscay between April and September 2003, no relation with the POS could be established, 

because of the lack of pre-spill data (Marigómez et al., 2006). 

In the case of Solea senegalensis, short-term (24, 48, 72 h) exposure to environmentally 

realistic PAH levels from the WSF of the Prestige fuel oil did not cause oxidative stress or 

neurotoxicity in juveniles (Solé et al., 2008). The low PAH levels reached in this study may 

be one of several possible reasons for the lack of effects. Similarly, González-Doncel et al. 

(2008) investigated the effects of different oil fractions (WSF, crude oil and weathered oil) on 

the embryo-larval development of the medaka (Oryzias latipes). This study revealed a 

significant incidence of abnormalities in hatching and growth as well as mortality, which 

suggested that the environmental hazard of the Prestige fuel oil could not be linked 

exclusively to PAHs but also to other components. Morales-Nin et al. (2007) and Saborido-

Rey et al. (2007) also detected significant differences in otolith and somatic growth, both in 

length and weight, in juvenile turbot Scophthalmus maximus kept in captivity and fed on a 

prepared food containing 0.25 to 5% seawater-accommodated fuel oil collected immediately 

after the POS. Growth of fish was slower in the tanks with food containing a relatively high 

proportion of fuel oil, probably as consequence of the diminution in feeding activity and a 

decrease in the food energy conversion. High mortality rates were also registered for fish 

larvae (Cyprinodon variegatus) exposed to the WSF of the Prestige fuel oil (Saco-Álvarez et 

al., 2008). Lastly, rainbow trout RTG-2 cells exposed to the WSF of Prestige oil did not show 

any cytotoxic effects (Navas et al., 2006), although a dose-dependent increase of EROD 

activity was induced. 

 

2.5. Seabirds 
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Seabirds are probably the animals that suffer the greatest impact following an oil spill 

(Peterson et al., 2003) owing to their long contact with the sea surface and the oil 

accumulated on the coast, where they congregate to breed (Irons et al., 2000). A total of 

23,181 oiled birds were collected in Spain, France and Portugal, although some estimates 

suggest that the total number of birds affected by the POS may have been between 115,000 

and 230,000 (García et al., 2003). The most severely affected species were the common 

guillemot Uria aalge (50.9% of the birds collected), the razorbill Alca torda (16.7%), the 

Atlantic puffin Fratercula artica (16.6%), and the Northern gannet Morus bassanus (3.4%).  

Dehydration and exhaustion were probably the main cause of death for POS-affected 

seabirds. Microscopic examination of tissue from birds with accumulations of oil in the 

intestine revealed hemosiderin deposits, associated with cachexia and/or hemolytic anemia. In 

birds treated in the Bird Rescue Center of Avilés, severe aspergillosis and ulcers in the 

ventriculus were discovered, and were probably due to stress related to rehabilitation 

(Balseiro et al., 2005). Total PAH concentrations measured in 2004 in blood samples from 

yellow-legged gulls (Larus michahellis) from oiled colonies were two times higher than those 

from unoiled colonies (Pérez et al., 2008), although there was a reduction in PAH levels over 

time. Measurements of PAHs in blood samples are sensitive to the ingestion of small 

quantities of oil. 

Shags (Phalacrocorax aristotelis) were not killed in large numbers after the POS (Velando 

et al., 2005a). A skew in adult-female shag mortality was detected (85% of dead adults were 

females), probably because there were more females at sea when the spillage took place, as 

males were present at breeding sites (Martínez-Abraín et al., 2006). The number of immature 

female and male corpses recovered was similar, probably because immature birds were not 

defending territories in breeding colonies. As a consequence of this female-biased mortality, 

important decreases in breeding numbers were expected. In fact, Monte Carlo simulations 
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considering sex-biased mortality predicted a decrease of 11% in the number of breeding pairs 

(Martínez-Abraín et al., 2006). In 2003, the breeding success was 50% lower in polluted 

colonies than in unoiled ones (Velando et al., 2005b), and chick condition was poorer than in 

pre-spill years (Velando et al., 2005a). The reduction in reproductive success was probably 

due to oil pollution, sublethal effects or to lack of food after the oil spill. Lack of breeding and 

changes in survival caused the decline in oiled colonies (ca. 10%) compared with population 

trends before the spill and at unoiled colonies (Velando et al., 2005b). 

Azkona et al. (2006) studied a colony of European storm petrels (Hydrobates pelagicus) on 

Aketx Island, in the Bay of Biscay. Although the population numbers varied greatly among 

years before the spill, in 2003 the number of breeding pairs and fledglings was lower than in 

any previous years and the body condition of the former was poorer. In 2004 there was 

another reduction in the number of pairs that began breeding. The body condition of 

individuals was slightly better, although values registered before the oil spill were not 

reached, and all clutches were successful. In 2005 there was a recovery in the number of 

individuals and breeding success. Nevertheless, the minimum age of recaptured birds was 

lower, which indicates an effect on population structure. 

The POS had a negative effect on the population of peregrine falcon (Falco peregrinus) in 

the Bay of Biscay. The effects were first noted as an increase in the population turnover rate 

(from 21% to 30%) and in the number of deserted nests containing eggs or young chicks 

(Zuberogoitia et al., 2006). The effects of pollution were detected inland because falcons 

predated affected seabirds during the migratory flights of the latter. 

Measurements using biomarkers showed higher levels of aspartate aminotransferase (AST) 

and lower values of glucose, total protein, and inorganic phosphorus in adult yellow-legged 

gulls (Larus michahellis) breeding in oiled colonies 17 months after the POS, which suggests 

damage to some vital organs (i.e. liver and kidney) (Alonso-Alvarez et al., 2007a). The 
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effects were more evident in adults than in chicks, although total PAH levels in blood were 

similar in both age groups, probably because of the longer exposure of adults to pollutants just 

after the spill. The presence of PAHs in chicks suggests that these components were 

incorporated through contaminated food. Lower levels of glucose and inorganic phosphorus 

in plasma and a tendency for lower levels of creatinine were also observed in wild yellow-

legged gulls fed with Prestige fuel oil, in comparison with control gulls, fed only with 

vegetable oil (Alonso-Alvarez et al., 2007b). AST activity was also higher, but only in oil-fed 

males. However, gamma-glutamyl transferase activity was higher in control females than in 

oil-fed females, in contrast to the field data obtained in the previous study (Alonso-Alvarez et 

al., 2007a), revealing possible differences in the adaptive responses of these enzymes to short-

term exposure to fuel. 

Finally, acetylcholinesterase activity (AChE) decreased by 4% in Atlantic puffins, 16% in 

exposed common guillemots, and 22% in razorbills relative to non-exposed congeners 

(Oropesa et al., 2007), although the inhibitory effect on AChE activity of the exposure to the 

Prestige fuel oil was only demonstrated in razorbills. 

  

2.6. Marine mammals and turtles 

The effects of oil on marine mammals and turtles include short-term and chronic acute toxic 

effects ranging from coating of the fur (which causes hypothermia, smothering and 

drowning), ingestion of toxicants during preening, and ingestion of polluted prey, to 

disruption of vital social functions in socially organized species (Peterson et al., 2003). A 

total of 27 cetaceans and 16 turtles strandings were recorded one month after the POS 

(Alonso-Farré and López-Fernández, 2002), however, it is difficult to find direct evidence 

indicating fuel oil as the cause of the strandings. 
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3. CONCLUSION 

Even though there is still some research in progress, the results obtained to date indicate a 

strong initial impact during the first year after the spill, mainly on intertidal communities and 

fishing resources (summarized in Table 3), with a relatively fast recovery by 2004. The time 

of year when the POS took place meant that damage was minimal. For example, the 

abundance of phytoplankton and zooplankton after the spill - between November and 

February - was at the annual minimum. Furthermore, many invertebrate species were not 

spawning and larvae were not present in the water column at that time of year. Winter storms 

also favoured cleaning in most areas. If the POS had occurred during the spring blooms or 

summer upwellings, impacts on reproduction of organisms, plankton and, therefore, on food 

webs, would have been greater. 

One difficulty in assessing the impact of the POS was the lack of time series or historical 

data for most of the areas or ecosystems affected by the spill. Without such information on the 

natural variability of the marine ecosystem it is very difficult to assess the real impact on the 

environment and to be able to attribute the observed responses to the spill. Furthermore, there 

was a high degree of disorganization in the scientific response during the first weeks of the 

crisis (Freire et al., 2006). In the aftermath of the oil spill the three administrations 

responsible for marine research began to monitor the impact of the oil spill, but worked 

separately and without any coordination. It was not until three months after the catastrophe 

that the Spanish Ministry of Science and Technology took charge of coordinating the different 

groups. It was evident that coordination among different administrations and the scientific 

community needed to be improved to enable a faster, more structured assessment of the real 

impact of the oil spill, an experience which is relevant to scientific responses to any future 

environmental crises in this region and elsewhere.  
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Table 1. Physicochemical properties of Prestige fuel oil 

 
   References 
Physical properties 
 

Density 0.99 g/cm3 (15ºC) Saybolt-Letonia quality certificate 
CEDRE, 2009 

 Viscosity 615 cSt (50ºC) 
30,000 cSt (15ºC) 

Saybolt-Letonia quality certificate 
CEDRE, 2009 

Chemical properties Elemental composition  CSIC, 2003a 
 % C 86.8  
 % H 11.0  
 % S 2.28  
 % N 0.69  
 General chemical composition  CSIC, 2003a 
 % Saturated Hydrocarbons 22  
 % Aromatic Hydrocarbons 50  
 % Resines and Asphalthenes 28  
 Metal concentrations (ppm) 

Na 
Al, Ca, Fe, K, Mg, Ti 
Br, Ni, V 
B, Ba, Mn, Mo, Sr, Zn 
As, Co, Cr, Cu, Li, Se 

 
1,000-10,000 
100-1,000 
10-100 
1-10 
0.1-1 

CSIC, 2003b 
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Table 2. List of major oil tanker spills (1965-2002) including those occurring on the Galician 
coast (grey shaded). 

Data sources: Hooke, 1997; CEDRE, 2009; ITOPF, 2009 

Tanker Location Year Type of oil Amount spilled (mT) 

Yanxilas Ría de Vigo, Galicia, 
Spain 1965 Indetermined oil 16,000 

Torrey Canyon Scilly Islands, UK 1967 Kuwait crude oil (nº 3) 40,000 
Spyros Lemnos Fisterra, Galicia, Spain 1968 Venezuelan heavy crude oil 15,000 

Polycommander Ría de Vigo, Galicia, 
Spain 1970 Arabian light crude oil 15,000 

Sea Star Gulf of Oman 1972 Crude oil 115,000 
Jakob Maersk Oporto, Portugal 1975 Iranian crude oil (nº2) 88,000 

Argo Merchant Massachusetts, USA 1976 Fuel oil (nº6), Cutter stock 
(nº4) 26,000 

Monte Urquiola A Coruña, Galicia, 
Spain 1976 Arabian light crude oil (nº3), 

Bunker fuel (nº4) 108,000 

Hawaiian Patriot Off Hawai 1977 Indonesian light crude oil 95,000 

Andros Patria Off Cape Ortegal, 
Galicia, Spain 1978 Iranian heavy crude oil 60,000 

Amoco Cádiz Brittany, France 1978 
Arabian light crude oil (nº2), 
Iranian light crude oil (nº2), 
Bunker C (nº4) 

223,000 

Independenta Bosphorous, Turkey 1979 Es Sider crude oil (nº2) 95,000 
Atlantic Empress Off Tobago 1979 Crude oil 287,000 
Ixtoc I oil well Campeche Bay, México 1979 Crude oil (nº3) 350,000 

Irenes Serenade Off Pylos Harbour, 
Greece 1980 Iraqi crude oil (Kirkuk blend) 100,000 

Scaptrade Ribadeo, Galicia, Spain 1980 Light crude oil 32,000 

Castillo de Bellver Off Cape Town, South 
Africa 1983 Light crude oil (Murban and 

Upper Zakum) 252,000 

Odyssey Off Nova Scotia, 
Canada 1988 North Sea Brent crude oil 132,000 

Khark 5 Off Canary Islands, 
Spain 1989 Iranian heavy crude oil (nº4) 80,000 

Exxon Valdez Prince William Sound, 
Alaska 1989 Alaska North Slope crude oil 

(nº3) 38,000 

Haven Genoa, Italy 1991 Iranian heavy crude oil (nº3) 144,000 
ABT Summer Off Angola 1991 Iranian heavy crude oil 260,000 

Katina P. Off Maputo, 
Mozambique 1992 Crude oil 72,000 

Aegean Sea A Coruña, Galicia, 
Spain 1992 Brent blend light crude 74,000 

Braer Shetland Isles, UK 1993 Norwegian Gullfarks light 
crude oil, Heavy bunker oil 85,000 

Sea Empress Milford Haven, UK 1996 Forties blend North Sea crude 
oil 70,000 

Erika Brittany, France 1999 Heavy fuel oil (nº6) 30,000 

Prestige Off Fisterra, Galicia, 
Spain 2002 Heavy fuel oil (nº6) 63,000 
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Table 3. Summary of the biological responses, from molecular to community levels, reported 
after the Prestige oil spill. 

Biological responses Molecular Individual Population Community  
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References 
                 
ADTIDAL                

Urgorri et al., 2004 Vascular plants communities             X   
Bryophytes species          X      
 
ROCKY INTERTIDAL 

               
Urgorri et al., 2004 
Labarta et al., 2005 
Cajaraville et al., 2006 
Laffon et al., 2006 
Orbea et al., 2006 
Peteiro et al., 2006, 2007 
Novas et al., 2007 
Saco-Álvarez et al., 2008 

Algal communities             X  X 
Mastocarpus stellatus community              X X 
Mytilus galloprovincialis X X X  X X    X      
Patella spp.          X      
Paracentrotus lividus     X     X      
Chthamalus montagui          X      
Pollicipes pollicipes           X     
 
SANDY INTERTIDAL 

               

Urgorri et al., 2004 
de la Huz et al., 2005 
Junoy et al., 2005 

Meiofaunal communities             X   
    Ostracods          X      
    Turbelaria          X      
    Foraminifera          X      
Macrofaunal communities             X   
    Diptera          X      
    Nemerteans          X      
    Oligochaetes         X       
    Cumaceans         X       
    Mysids         X       
    Venerupis rhomboideus     X           
    Donax trunculus          X      
    Eurydice          X      
    Sphaeroma rugicauda          X      
    Pontocrates arenarius         X       
 
FISHING RESOURCES 

                

Gymnammodytes semisquamatus          X      Velando et al., 2005a 
Oryzias latipes     X           González-Doncel et al., 2008 
Cyprinodon variegatus     X           Saco-Álvarez et al., 2008 
Boops boops        X        Pérez-del Olmo et al., 2007 
Sparus aurata X               Morales-Caselles et al., 2007b 
Lepidorhombus boscii X         X      Martínez-Gómez et al., 2006 
Scophthalmus maximus      X          Saborido-Rey et al., 2007 
Nephrops norvegicus          X      Morales-Nin et al., 2007 
Plesionika heterocarpus          X      Sánchez et al., 2006 
 
SEABIRDS 

               
García et al., 2003 
Velando et al., 2005a, b 
Azkona et al., 2006 
Martínez-Abraín et al., 2006 
Zuberogoitia et al., 2006 
Alonso-Álvarez et al., 2007a, b 
Oropesa et al., 2007 
 

Uria aalgae    X            
Alca torda X   X            
Fratercula artica    X            
Morus bassanus    X            
Larus michahellis X               
Phalacrocorax aristotelis       X     X    
Hydrobates pelagicus       X     X    
Falco peregrinus            X    
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Figure captions 
 
Figure 1. (A) Satellite image (European Space Agency) showing the trail of crude oil left by 

the tanker Prestige, from the initial spill on 13th November to the final sinking site on 19th 

November 2002. (B) Map of the shorelines polluted by the Prestige oil spill in northern Spain 

and south-western France. Source: Oficina Técnica de Vertidos Marinos. Ministerio de 

Educación y Ciencia (http://otvm.uvigo.es/accidentprestige/litoralafectado.html). 

 

Figure 2. Concentration-response curves of oil-polluted seawater collected on the Galician 

coast during the first days after the Prestige spill, and the water soluble fraction (WSF) of the 

Prestige oil diluted with clean seawater, for mussel larvae (open diamonds), clam larvae 

(filled-in circles), Acartia tonsa (open squares), sea-urchin larvae (open triangles for oil-

polluted water, filled-in squares for WSF), and Cyprinodon variegatus larvae (filled-in 

triangles). After Mariño-Balsa et al. (2003), Beiras and Saco-Álvarez (2006), Saco-Álvarez et 

al. (2008). 

 

Figure 3. (A) Decrease in the cover of Chtamalus montagui (squares) and Mytilus 

galloprovincialis (triangles), and in the abundance of Patella sp. (circles) with increasing 

tissue concentrations of PAHs (µg/kg dry weight). (B) Mortality of C. montagui at different 

localities of the Galician coast after the Prestige oil spill. LO: lightly oiled sites, MO: medium 

oiled sites, HO: heavily oiled sites. a, b, c, d indicate homogeneous groups obtained with the 

Games-Howell post hoc test. After Urgorri et al. (2004). 
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	Data sources: Hooke, 1997; CEDRE, 2009; ITOPF, 2009

