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a b s t r a c t

The benthic community on the rocky foreshore of Guéthary (France) has been monitored since 2002. The
standardized and quantitative monitoring method counts 20 geographically referenced quadrats spread
on three littoral zones: upper mediolittoral, lower mediolittoral and infralittoral zones. The setting up of
this monitoring occurred when the “Prestige” sunk close to the Finistere Cape in Galicia (Spain). The oil
slick following the shipwreck impacted the Guéthary foreshore in early 2003.

After the “Prestige” oil spill, the taxonomic richness decreased in the studied area with a loss of
16 species – from 57 in 2002 (before the shipwreck) to 41 species in 2004. Two or 3 years later,
taxonomic richness increased to a level observed prior to the oil spill.

Along the years, temporal variations in community structure of benthic macrofauna are revealed by
detailed analysis. Some polluo-sensitive species disappeared after 2002 and have not reappeared yet
(e.g.: Hymeniacidon perlevis). Some others reappeared two or three years after the spill or even later (e.g.:
Amphipholis squamata, Botryllus schlosseri, Calliostoma zizyphinum, Echinus esculentus, etc.). Noteworthy
changes were found in 2004 driven by the sudden increase in abundance of grazers. The following years,
these abundances went back to a stable level. The benthic community seemed to recover almost 5 years
later, although a new composition of macrofauna populations was observed.

In overall aspect, the complexity of the benthic ecosystem response to oil spills confirms the need of
regularly updated baselines to assess the impact of pollutions and more generally to maintain marine
biodiversity.

& 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Over the last three decades, the west European coast has experi-
enced many oil spills such as “Torrey Canyon” (1967), “Urquiola”
(1976), “Amoco Cadiz” (1978), “Aegan Sea” (1992) and “Erika” (1999).
In 2002, a new oil spill following the “Prestige” shipwreck impacted
the French coast.

The “Prestige” was an oil tanker that broke in two parts, about
130 nautical miles off Galicia (NW Spain) on November 19, 2002. Of
the 77,000 t of heavy fuel carried by the tanker, 63,000 t spilled.
Subsequent to the shipwreck, fuel has spread along the north coast
of Spain and reached the French and Portuguese shores. Owing to
rough weather conditions during that winter, oil mixed with sea
water down to some depth within the water column, where
sensitive organisms may have been exposed and affected (Sánchez

et al., 2006). Furthermore, the oil also deposited on the littoral sea
floor as particulate and aggregate forms, thus also affecting the
underlying benthic ecosystem.

The “Prestige” accident represents one of the largest environ-
mental catastrophes in the history of European navigation. Owing
to its expansion (Garcia-Soto, 2004), magnitude and temporal
persistence, the “Prestige” oil spill (POS) is considered as the most
important environmental disaster on the northern coast of Spain
and one of the most relevant on a worldwide scale (Puente et al.,
2009). More than 1000 km of coastline and a huge variety of
habitats were affected, ranging from supralittoral, intertidal and
sublittoral levels to oceanic and bathyal environments (Penela-
Arenaz et al., 2009).

Effects of POS on different marine ecosystems have been well
studied during the years following the oil spill, including seabirds
(Camphuysen et al., 2002; Velando et al., 2005; Alonso-Alvarez
et al., 2007; Castège et al., 2007), plankton (Varela et al., 2006),
microfauna (Pascual et al., 2008), fishes (Sánchez et al., 2006;
Martínez-Gómez et al., 2009) and benthic communities (Junoy
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et al., 2005; Sánchez et al., 2006; Serrano et al., 2006; Puente et al.,
2009; etc.).

Most benthic communities' studies following the POS have
been carried out in various Spanish environments such as deep
shelves (Sánchez et al., 2006), estuaries (Puente et al., 2009) and
sandy beaches (de la Huz et al., 2005). To our knowledge, no
monitoring surveys were dedicated to rocky shores affected
by POS.

Assessing the impact of pollution on rocky shores is greatly
complicated by a high level of spatial and temporal diversity.
According to Hartnoll and Hawkins (1980), the composition of
benthic communities may be seasonal, owing to more or less regular
annual changes as a result of mortality, recruitment, growth and
behavior patterns. Several studies were concluded with caution
because their results could not be related to the oil spill but could
be explained or masked by climatic variations (Sánchez et al., 2006;
Signa et al., 2008).

Furthermore, rocky shore organisms are subject to several natural
stresses such as tidal amplitude or wave action (see Raffaelli and
Hawkins, 1996; Thompson et al., 2002 for reviews), thus forcing them
to be tolerant to a wide range of stresses. Rocky shores are also
subject to a variety of human impacts on a wide range of spatial and
temporal scales (see Crowe et al., 2000; Thompson et al., 2002 for
reviews): pollution (e.g. oil spills, eutrophication and toxic alga
blooms, endocrine disrupter, etc.); food gathering; introduced species;
global change (e.g. Mieszkowska et al., 2006); modification of coastal
processes.

Thereby, the need of long-term monitoring is highlighted by
many authors to study polluted areas or the variability of natural
systems in general (Southward, 1995; Peterson, 2001; Hawkins
et al., 2002; Puente et al., 2009). Indeed, recovery after such events
may take several years and can only be studied properly over long
periods of time, depending on the kind of habitats, the degree of
shore cleaning as well as the velocity of recolonization. The latter
depends on the time of year, the availability of recolonizing forms,
the biological interactions, and climatic and other factors (Crowe
et al., 2000; Kingston, 2002).

In the Bay of Biscay, the “Erika” oil spill also confirmed that a
reference state must be known in order to assess the impact of an
oil spill, particularly in the case of benthic communities (Laubier
et al., 2004). Hence, the benthic community has been monitored
since 2002 on the rocky foreshore of Guéthary (France).

In this paper, we investigate the temporal change occurring on
the benthic community from the rocky shore of Guéthary impacted
by the POS. Our ten-year monitoring survey included one sample
prior to oil contamination. We focussed more particularly on three
changes: (1) global taxonomic richness; (2) temporal variations of
community structure and (3) variations in species abundance.

2. Materials and methods

2.1. Study area

The study area is located on the shore of Guéthary (Aquitanian
coast, S Bay of Biscay). This is a rocky outcrop exposed to wave
action. This area was chosen before the POS because of its singula-
rities. First, it is a protected area where most fishing or other human
activities are prohibited. Second, according to a national French
inventory, it is classified as a Zone Naturelle d'Intérêt Ecologique,
Faunistique et Floristique (ZNIEFF), a natural area considered for its
noteworthy fauna and flora.

The standardized monitoring method counted 20 geographi-
cally referenced quadrats located on three littoral zones: upper
mediolittoral, lower mediolittoral and infralittoral zones. Four of
them were placed outside the protected area (Fig. 1).

2.2. Field sampling

Since 2002, each quadrat has been sampled every month
between March and May. The number of samples could vary from
year to year according to meteorological and tidal conditions:
quadrats located on infralittoral zones can only be sampled during
low spring tide (which appears once or twice a month). At the end
of the fieldwork, each quadrat was sampled between two and four
times a year.

The sampling method is standardized, the 20 quadrats' loca-
tions were randomly chosen in the three littoral zones and have
been permanent since 2002.

The monitoring is based on a 4 m�4 m quadrat (16 m²).
Peterson et al. (2001) pointed out, without giving any size, that a
larger area of coverage by sample can achieve better representa-
tion. Spreading the sample out on a larger range decreases the
effects of natural gradient or spatial heterogeneity.

In each quadrat, all individuals of each macrofauna species were
counted and identified at the lowest possible taxonomic level. The
abundances of six species (Balanomorpha, Botrylloides leachi, Botryllus
schlosseri, Janua pagenstecheri,Mytilus sp. and Spirobranchus triqueter)
were specially surveyed due to their high density. However, abun-
dances were not estimated during the first year of the survey; thus
only the presence/absence data is available for 2002.

2.3. Data analysis

Temporal variation of the benthic community was assessed using
three major analyses. First, the taxa richness was calculated for each
year from 2002 to 2011. The Spearman non-parametric test was
applied for detecting trends (Legendre and Legendre, 1998) in a
number of species over time. All analyses were made with the
Statistical Analysis System (CORR procedure), and MapInfos

Software.
To avoid problems with the correct determination of some

species, analyses were conducted for data aggregated to a mixed
taxonomic level (e.g. Smith and Simpson, 1995; Junoy et al., 2005).
The validity of this approach is supported by studies suggesting
that the effects of pollution are more detectable at high taxonomic
levels (Gray et al., 1990; Smith and Simpson, 1993; Gomez Gesteira
et al., 2003).

Second, we performed a multivariate analysis to compare the
community structure of benthic macrofauna before and after the
oil spill. We used a correspondence analysis based on the pre-
sence/absence of taxa (matrix 10 years�110 taxa) conducted by
Statbox software (6.4 version).

Third, we investigated the temporal changes in the abundance of
benthic macrofauna from 2003 to 2011. Sampling fluctuations
around the mean abundances were described by their standard
error SE¼SD/√n�1 (with SD: standard deviation and n: sample
size). The analysis was then focused on the most abundant trophic
level: the grazers. Indeed, this group alone represents 53% of the
abundance of benthic macrofauna on Guéthary's rocky shore. In this
feeding group, common taxa were considered such as sea urchins
(Paracentrotus lividus, Echinus esculentus and Sphaerechinus granu-
laris), molluscs (Aplysia sp., Calliostoma zizyphinum, Diodora sp.,
Gibbula sp., Haliotis tuberculata, Littorina littorea, Littorina neritoides,
Monodonta lineata, Neoloricata, and Patella vulgata) as well as the
sea slug Onchidella celtica.

Oceano-climatic conditions from the Bay of Biscay varied over
the months and years (Hémery et al., 2008; Garcia-Soto and
Pingree, 2009, 2012). However seasonality variations are supposed
to be negligible in our study since we sampled at the same period
each year. Moreover, according to Hartnoll and Hawkins (1980),
we eliminated spatial variations in using permanent quadrats.
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3. Results

3.1. Changes in taxa richness

Through the 10 years of monitoring, 110 taxa were identified on
the rocky shore of Guéthary. The benthic community is dominated
by Mollusca (32.7%), Arthropoda (27.3%) and Echinodermata (10.9%).
Regarding the trophic group, 42% of taxa are mainly predators, 18%
are suspension feeders and 13% are grazers.

Before the oil spill, a total of 57 species were sampled. The
“Prestige” oil spill began on November 13th, 2002, but our study
area was hit on the 31st of December (Daniel et al., 2004). Thus,
during the 2003 sampling, this area had been polluted for 3 months.
Its taxonomic richness decreased significantly (po0.001) until it
reached the lowest value of 41 species in 2004 (Fig. 2). During the
following years, the number of species reached the level observed
prior to the oil pollution (around 58 species). Since 2005, taxa
richness showed no significant variations (p¼0.7599), and stabi-
lized despite some inter-annual variations.

3.2. Temporal variation of the community structure

The Correspondence Analysis (axis 1 and axis 2 explained 39% of
the total variance) shows in detail the changes among the commu-
nity structure of benthic macrofauna (Fig. 3). In 2002, this commu-
nity was clearly characterized by some species such as Hymeciadon
perlevis or Tethya sp. Then, its structure changed through years with
an important loss of taxonomic richness (Fig. 2). After 2006, its taxa
richness was similar to the level observed prior to the oil contam-
ination, but with a new faunal composition of the community.

The fauna collected in the study area could be classified in four
groups of species: (1) taxa sampled every year (e.g. Actinia equina,
Anemonia viridis, Asterina gibbosa, Athanas nitescens, Carcinus maenas,
Eriphia spinifrons, Galathea squamifera, Gibbula sp., Holothuria sp.); (2)
“rare” taxa sampled from time to time (e.g. Clavelina lepadiformis,
Doriopsilla areolata, Lepidonotus squamatus, Rostanga rubra, O. cel-
tica); (3) taxa that disappeared after the oil spill and reappeared 2–5
years later (e.g. Amphipholis squamata, B. schlosseri, C. zizyphinum, E.
esculentus, L. littorea, Psammechinus miliaris), and (4) taxa that never
reappeared after 2002 (e.g. H. perlevis, Tethya sp.).

3.3. Changes in the abundance of some trophic groups

Most notably, the total mean abundance of the fauna signifi-
cantly increased in 2004 with a sharp peak (176730 ind m�2) but
decreased in 2005 to a value of 63730 ind m�2, slightly higher
than the 2003 value. The following years, the total mean abundance
showed no significant variations (p¼0.2152) and slightly fluctuated
between 68714 ind m�2 (2006) and 3674 ind m�2 (2011).

Fig. 4 shows that total mean abundance is explained by grazers
abundance, mainly in 2004 (138728 ind m�2, 78% of the total
abundance). Total mean abundances and grazers mean abun-
dances are strongly correlated (p¼0.0016) whereas the relation-
ship between total abundances and abundances of other taxa (i.e.
excepted grazers) is not significant (p¼0.0671). It should be noted
that total mean abundances without grazers seemed relatively
stable from 2003 to 2011 with no significant trend (p¼0.3807).

4. Discussion

Our results suggest that the macrofauna community on
Guéthary's rocky shore was impacted by the “Prestige” oil spill.

Fig. 2. Fluctuations of taxa richness in the benthic community of Guéthary's rocky
shore between 2002 and 2011. The vertical arrow shows the occurrence of the oil
spill after the Prestige shipwreck.

Fig. 1. Location of study area and benthic sample stations (black points) on the rocky foreshore of Guéthary. Quadrats are located in the infralittoral (yellow) and the
mediolittoral (orange and red) zones. This map also shows the suppralittoral zone (purple) and the basins (blue). Dotted lines represent the protected zone. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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This impact was expressed by a global decrease in taxa richness
with a loss of 16 species between 2002 (prior to the spill) and
2004. The increase of taxa richness in the following years reveals a
process of recovery of the ecosystem. Ten years after the oil spill,
taxa richness seems to remain stable. It took 3 years to reach a
level similar to the reference value of 58 taxa observed before the
oil spill.

Noteworthy, changes in the community structure were revealed
by the multivariate analysis. Some species never reappeared on the
shore after the POS (e.g. Sponges H. perlevis and Tethya sp.), whereas
others were present during the whole monitoring survey. Moreover,
some species disappeared just after the spill and reappeared few
years later (most of them between 2 and 5 years). This last group
gathers species known for their sensibility to pollution, such as
A. squamata, C. zizyphinum and P. miliaris (Grall and Glémarec, 1997;
Borja et al., 2000; Barillé-Boyer et al., 2004). The first axis scans the
temporal gradient, highlighted by the arrow, suggesting a recovery
of the ecosystem (Fig. 3).

Although the taxa richness went back to its “normal level” in
2005 with 58 species, multivariate analysis indicated that the
recovery process is more complex because benthic communities
vary among time. Indeed, the recovery process seems to take
almost 5 years before reaching a macrofaunal composition similar
to the structure observed prior to the spill. However, as pointed
out by Crowe et al. (2000), recovery measurements remain
difficult to estimate, because interpretation of time-scale recovery
is known to be affected by survey design (Peterson et al., 2001).

Our results are in accordance with previous studies on the
impact of oil spills on worldwide rocky shores which reported a
recovery of initial communities around 3–4 years after the event
(Kingston, 1999; Crowe et al., 2000; Kingston, 2002; Barillé-Boyer
et al., 2004; Penela-Arenaz et al., 2009). Sell et al. (1995) reviewed
27 oil spill cases in which the recovery rate of rocky shores has
been studied and they found that only four cases showed a
recovery delayed beyond three years. Their study also showed
that recovery times ranging from 3 to 4 years for a rocky shore
exposed to wave action to over 12 years for a sheltered shore.

Nevertheless, recovery of a polluted area can be delayed by
cleaning operations. Guéthary's rocky shore was partially cleaned
using high pressure hot water washing. According to Sell et al.
(1995), cleanup appears to have delayed the re-establishment of
the biota and also the recovery process. Such detrimental effects
presumably arise because the cleaning operations sterilize the
substratum by removing or killing any biota that have survived the
initial effect of oiling. For example, as a result of the Torrey Canyon
oil spill in Cornwall, the major damage was not caused by the tons
of oil that came ashore, but by excessive treatment with over
10,000 t of dispersants (Smith, 1968). These dispersants were later
shown to be very toxic to marine life (Corner et al., 1968). They
killed the grazer P. vulgata, and, to a lesser extent, other herbivores
such as M. lineata and Littorina spp. The negative effects of
high pressure or hot water cleaning procedure on rocky shore
ecosystems have also been demonstrated by Broman et al. (1983),
Peterson (2001) and Le Hir and Hily (2002). Both oil slick and
cleanup effects could explain why some sensitive species attached
on the rocks never reappeared (e.g. H. perlevis and Tethya sp.).

Fig. 4. Fluctuations in mean total abundances, mean abundances without grazers
and mean grazers abundances between 2003 and 2011 in the benthic community
of Guéthary's rocky shore. Vertical bars represent standard errors.

Fig. 3. Correspondence Analysis (matrix 10 years�110 taxa; presence/absence data) showing the temporal variations occurring in 2002–2011 in the community structure of
Guéthary's rocky shore.
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Despite some inter-annual variation, the total mean abun-
dances revealed very interesting data about the response of this
ecosystem. Three months after the POS, the total mean abundance
of the community was 4979 ind m�2 but 1 year later (2004), its
value reached a peak of 176730 ind m�2. During the following
years, abundance stabilized around a value of 60 ind m�2. As
grazers alone represent 53% of the total abundance, we focused
our analysis on this trophic group. It appears that most of the total
mean abundance of the community is explained by the density of
grazers.

From this perspective, we can link this phenomenon with the
study of Barillé-Boyer et al. (2004) also located in the Bay of Biscay.
These authors emphasized the importance of changes in percent
cover of the two species of macrophytes, Ulva sp. and Grateloupia
doryphora after the “Erika” oil slick. The significant correlation
between the decrease in algal cover and the rise in herbivore
density illustrated the pressure of grazing exerted by the return of
the herbivores in the area. Even if we did not measure algal cover,
according to the literature, we can suggest that the maximum of
herbivore density could illustrate a variation of algal abundance.
Indeed, the proliferation of macrophytes, caused by the immediate
death of the herbivores after an oil spill, is well described in
studies of oil tanker accidents (Marchand, 1981; Newey and Seed,
1995; Crump et al., 1999; Barillé-Boyer et al., 2004). In 2005 (i.e.
3 years after the POS), the density of grazers in the studied area
decreased and then seemed to stabilize. This phenomenon could
reveal the balance between herbivore and algal communities after
a period of perturbation.

The effects of the “Prestige” oil spill on the marine ecosystem
were studied at different community levels, from plankton to sea-
birds. Despite contrasting results, most studies have shown the actual
impact of the oil contamination on some populations: decrease in
the species richness and abundance of the macroinfauna in sandy
beaches with the disappearance of rare species (de la Huz et al.,
2005; Junoy et al., 2005); and reduction in the abundance of shrimp,
lobster and megrim on outer shelf (Sánchez et al., 2006); indirect
impact for European shags through a reduction of the availability of
preys (Velando et al., 2005). Generally, these studies indicated a
strong initial impact during the first year after the oil spill, mainly on
intertidal communities and fishing resources, with the recovery of
communities by 2004 (Penela-Arenaz et al., 2009). Peterson et al.
(2003) revealed that cascades of indirect effects can be as important
as direct trophic interactions in structuring communities. In the
present study, we also measured a strong initial impact (loss of taxa
richness, changes in community structure, proliferation of grazers).
The recovery of the community took between 3 (number of taxa) to
almost 5 years (community structure).

We consider that our study is free of seasonal variability since
all our samples were conducted in the same season (spring). Thus,
the natural variations that could occur within these 3 months of
sampling can be related to background noise. However we cannot
exclude some other natural variabilities such as climatic variation,
which could mask possible effects induced by the oil spill (Signa
et al., 2008). Human impacts are negligible because quadrats are
settled in a protected area.

The meaning of the word “recovery” can vary according to
authors (e.g. Ganning et al., 1984; Sell et al, 1995) because recoloni-
zation processes may take different forms depending on the nature
of the oil spill damage. Kingston (2002) offered the following
possible definition: “Recovery of an ecosystem is characterized by
the re-establishment of a biological community in which plants and
animals characteristic of that community are present and function-
ing normally”. Thereby, the multivariate analysis that revealed
community structure seems to be more suitable.

We agree with Elmgren et al. (1983) who consider that ecosys-
tems are better indicators of oil pollution than single species even if

several orders seem to be in some cases polluo-sensitive, e.g. the
Amphipoda (Bellan-Santini, 1980; Gomez Gesteira and Dauvin,
2000; de-la-Ossa-Carretero et al., 2012). Our study suggests taking
into account further elements (e.g. taxa richness variation and
multivariate analysis) to assess the recovery of benthic ecosystems
after pollution.

5. Conclusion

The “Prestige” oil spill impacted taxonomic richness, species
abundances and structure of the benthic macrofaunal community
on Guéthary's rocky shore.

Although the taxonomic richness went back to “normal level” in
2005 (3 years after the oil spill), the multivariate analysis indicates
that recovery processes are more complex because benthic commu-
nities vary along time. Indeed, the recovery processes seem to take
more time (almost 5 years) before reaching a composition compar-
able to the community observed prior to the oil spill. Moreover,
the proliferation of grazers suggests a perturbation of the benthic
ecosystem.

These results confirm the complexity of recovery on impacted
ecosystems and that true assessment of oil spill impact needs long
monitoring surveys, at least 5 years after the accident. Globally,
long-term study of marine biodiversity proves to be necessary for
the understanding and the conservation of marine ecosystems.
From this perspective, the monitoring of the area will be extended
to observe the next steps in the ecological successions.
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