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| — Le naufrage duPrestige

Figure 1: étapes du naufrage derestige entre le 13 et le 19 novembre 2002. De gauche a droite : la
breche dans la coque, brisure du navire et nappe d’hydrocarbures.
Photos © Douanes frangaises.

Le 13 novembre 2002, le pétrolierestigebattant pavillon des Bahamas et transportant plus

de 77 000 tonnes de fioul lourd, émet un appel de détresse au large du Cap Finisterre (Galice,
Espagne). Le navire, en avarie machine, dérive au gré des courants et perd déja une partie de
sa cargaison.

Le 14 novembre le Plan Biscaye (accord bilatéral de coopération entre la France et 'Espagne
en matiere de lutte contre les pollutions accidentelles dans le Golfe de Gascogne) est
déclenché.

Le 16 novembre les premiers arrivages de pétrole sur les cétes espagnoles sont signalés.

Le 19 novembre, apres plusieurs jours de remorquage, le pétrolier se casse en deux et coule a
270 Km au large de Vigo (Figure 1), la partie avant par 3 565 m de fond et la partie arriere & 3
830 m, provoquant la marée noire la plus importante (en durée et en étendue de cobtes
touchées) en atlantique nord-est.

Le fioul duPrestigea souillé les cbtes atlantiques, du Portugal jusqu’au nord de 'Europe, de
facon plus ou moins importante (Figure 2). La France n’a pas connu la méme marée noire que
la Galice : prés de 26 000 tonnes de déchets, tout confondu, ont été récupérés a terre en
France et environ 90 000 en Espagne.
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Figure 2 : Dérive des nappes d’hydrocarbures suite au naufraBeedtigede novembre 2002 & mai 2003 (source : CEDRE).
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En France c’est la Zone de Défense Sud Ouest qui a été la plus touchée, en Aquitaine, c’est le
département des Landes qui a recu le plus de polluants (Figure 3).
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Figure 3 : Bilan des quantités de déchets liésPaestige(en tonnes). Estimation commune Espagne-
France-Portugal de novembre 2004 (source : CEDRE).

Le naufrage duPrestige constitue le 4™ accident pétrolier au large des cotes espagnoles
depuis 1967 (Figure 4). Depuis cette date, pres de 15 marées noires sont survenues dans les
eaux du golfe du Gascogne dont 6 au large de la Bretagne. La marée ridiestadien’est

pas la plus importante en termes de quantité de fioul déversé (le maximum de 227 000 tonnes
concerne le naufrage dé&imoco Cadizen 1978 sur les cotes bretonnes), néanmoins les cotes
aguitaines avaient récemment été touchées par la marée ndigilde 3 ans auparavant.
L’environnement avait donc déja été fragilisé.
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Il — Les moyens de gestion déployés

Dés la catastrophe, un comité technique s’est mis en place, regroupant des experts du
CEDRE, de Météo-France, de 'lFREMER et du SHOM afin de prévoir les déplacements des
nappe de pétrole et ainsi anticiper les actions de dépollution (Beraé] 2004). Ce genre
d’intervention a été réalisé avec l'aide du logiciel numérique MOTHY (Modéle Océanique de
Transport d'Hydrocarbures). En liaison étroite avec les observateurs et modélisateurs
portugais et espagnols, ce comité a produit tous les soirs une carte des observations du jour et
des prévisions a trois jours (Figure 5).

Le 3 décembre, le plan POLMAR (Pollution Maritime) a été enclenché par le Préfet Maritime
de l'Atlantique. Il s’agit de plans d’intervention en cas de pollution accidentelle des milieux
marins, permettant la mobilisation et la coordination des moyens de lutte qui ont été dans le
cas duPrestige:

v' une surveillance des nappes a la fois aérienne par hélicoptére et maritime par des
bateaux hauturiers ;

v une réquisition des chalutiers déja en mer pour ramasser le pétrole en surface grace a
des filets spéciaux trainés entre deux bateaux ;

v la mise en place de barrages flottants a 'embouchure de la Gironde.
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Figure 5: exemple de cartes produites par le comité d’expert mis en place suite au naufrage du
Prestige.Cette carte représente la situation des observations d’hydrocarbure en mer et des prévisions
de dérive avec le logiciel MOTHY pour le 20 février 2003 (source : CEDRE).
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Plusieurs mois plus tard, des bouées ont été mises a I'eau afin d’étudier la propagation des
nappes de pétrole. Les mouvements de deux bouées larguées dans le front des nappes a la
dérive dans le golfe de Gascogne ont montré comment la pollution a largement circulé a
travers le golfe, venant toucher successivement la quasi-totalité du littoral. Les nappes se sont
dirigées vers les cbtes aquitaine et basque, y déposant des boulettes et galettes en février,
avant de repartir vers le centre du golfe puis de faire des allers-retours devant la céte des
Asturies.

Les bouées larguées au niveau de I'épave en février et mars 2003, sont toutes parties d'abord
vers le large avant de revenir pratiquement a leur point de départ, puis d'entamer un long
voyage vers le sud. Toutes donnent sous des formes différentes une méme information : la
pollution qui est arrivée sur le littoral francais provient bien plus vraisemblablement du
naufrage que de fuites depuis le navire postérieures a fin février 2003.

A I'époque, ces analyses avaient conclu que I'emprise géographique ol des boulettes de
pétrole étaient possiblement présentes couvrait un million de kilométres carrés (source :
CEDRE).
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Il — Etudes pluridisciplinaires : impacts sur la faune marine

Afin de réaliser une étude de grande ampleur sur les données collectées au moment de la
marée noire diPrestigeet de pouvoir en déterminer l'impact, lTERMMA a multiplié les
collaborations et les contacts avec les principaux organismes et acteurs au moment du
Prestige: CEDRE, DREAL, principaux centres de soins (UMSOM, Hégalaldia), etc.

Les oiseaux marins, les cétacés et la faune benthique ont été particulierement étudiés par le
programme ERMMA pour appréhender I'impact de la marée noire sur les populations de ces

différents maillons des chaines alimentaires. Certains suivis ont été ponctuels juste apres la
catastrophe tandis que d’autres sont poursuivis actuellement afin de mieux comprendre les
conséquences sur le long terme.

Impact sur les oiseaux marins

Les nombreuses collaborations a I'époque ont permis de regrouper puis analyser les données
au sein de 'TERMMA. La premiére étude pluridisciplinaire a été réalisée sur une estimation de
la mortalité des oiseaux marins en mer en relation avec la marée noire (€astie@e07).

Suivi des oiseaux marins en mer (depuis 1976) .. ..ce

(MNHN, LAPHY, UPPA, CMCB, Gardes Cotes) ocTorer-APRIL f§
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Figure 6: Nature et provenance des données regroupées lors de I'étude pluridisciplinaire sur les
arrivées d’hydrocarbures dRrestigeet leurs impacts sur I'avifaune marine.
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La dérive en mer et donc l'arrivée sur le littoral de matériaux flottant en surface tels que des
bois, déchets ou hydrocarbures dépendent étroitement de la direction et la vitesse du vent. A
partir des données météorologiques et de houles (Météo France, Tour des signaux,
LASAGEC), des quantités d’hydrocarbures ramassées dans les différents chantiers (CEDRE),
des dénombrements d'oiseaux marins échoués (UMSOM, DREAL, Hégalaldia) et de la
connaissance des zones d’hivernage en mer (MNHN-LAPHY-UPPA), ont été étudiées
conjointement la dérive des animaux touchés et celles des hydrocarbures au large de
'Aquitaine lors de la pollution diPrestige Cette étude a donc mis en ceuvre la collaboration
d’'une douzaine d’organismes (Figure 6).

Il apparait que les échouages d'oiseaux sont fortement corrélés avec les conditions de vent
offshore (venant du large) du jour méme, alors que les arrivées de pétrole sont corrélées avec
8 jours de décalage. Ces résultats confirment le fait que les oiseaux échoués peuvent étre
considérés comme indicateurs de l'arrivée prochaine de pollution par hydrocarbure (avec un
délai de 8 jours dans le cas Etestigg (Figure 7).
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Figure 7 : Variations journalieres des échouages d’'oiseaux (en individus par jour ; en vert), d’'arrivées
de pétrole (x 0.2 tonnes par jour ; en noir) et conditions de vent (cumul de 7 jours de vent ; en bleu)
durant la période de crise &uestige

Simultanément une premiere expérience de remise en mer au large de la cdte basco-landaise
de 121 cadavres de Guillemaisia aalge bagués (Figure 8) a permis d’estimer par capture-
recapture le taux de découverte des individus a la cbte et donc d’apprécier la mortalité totale
des populations d'oiseaux.
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Suite a une expérience de flottaison de cadavre réalisée dans les aquariums d’eau de mer du
Musée de la Mer de Biarritz, le temps de flottaison maximum d’un cadavre d’oiseaux en mer
a été estimeé a 30 jours.

La combinaison du modele de dérive des corps relar@s en mer et de la méthode de

capture-recapture a permis d’estimer la mortalité totale des populations a 30 240

oiseaux soit 11 fois plus que le nombre total d'oiseaux réellement retrouvés sur les
plages

45°

44*N

0z 01°

Mairch 18 - April 17, 2003

Figure 8: a: Modéle de dérive des corps en mer : la route théorique pour chaque oiseaux est
représentée du point de relargage en mer jusqu’a la disparition, dérive du 18 mars au 17 avril (les
modéles de dérive des oiseaux relargués aux mois de février et mars ne sont pas représentés n total =
121 corps).

b : direction du vent (nombre de jours) durant la période de dérive.

c: Guillemot de Troil{ria aalge bagué et géoréférenceé relargué en mer.

Cette sous estimation de la mortalité (si 'on ne considere que les individus réellement
retrouves sur les plages) s’explique principalement par les conditions de vent. En effet, Les
conditions de vent majoritairement offshore (venant de terre) dur&nestigeauraient fait
dériver les individus touchés vers le large, masquant ainsi I'impact réeédtige

Ces résultats ont été ensuite comparés a la répartition spatio-temporelle en mer des especes
(Figure 9).

L’importance de I'impact diPrestigemis en évidence par I'expérience de relargage de corps
en mer est compatible avec la diminution de 'abondance du Guillemot observée en mer. La
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diminution de cette espece, la plus touchée en nombre d’individus lors des marées noires de
l'Erika et du Prestige peut s’expliquer par un impact différé dé&rika (déficit de

reproducteurs 4 ans apres l'accident di a une maturité sexuelle différée) ou par un effet
combiné avec la pollution derestige

Erika Prestige

| |

0,48 | 1979-2004

Ind nmi-1

1979-1998 1999 2000 2001 2002 2003 2004

Year

Figure 9 : Variation en mer de l'abondance du Guillemot de Troil en Aquitaine (1979 — 2004).
(nombre moyen d’individus par milles nautiques, barres verticales représentant I'erreur standard).

Les résultats de ces travaux ont été validés et pudd dans la revue internationale :
« ARDEOLA ». L’article intitulé « Estimating actual seabirds mortality at sea and
relationship with oil arrival: lesson from the “ Prestige” oilspill in Aquitaine (France)» a
paru dans I'édition 2007 de la revue (Annexe).

Au dela de la mesure de l'impact Bwestige ce travail a soulevé la nécessité de mise en
commun de données de nature et d'origines différentes pour appréhender l'impact de
pollutions telles que celles diérika et du Prestige sur les populations animales et plus
généralement pour la conservation de la biodiversité marine.
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Impact sur les cétacés

En ce qui concerne les cétaceés, les données d’échouages de ces animaux sont collectées par le
RNE (Réseau National d’Echouage) sur les cbtes de France. Ce réseau est constant et permet
le suivi des échouages au fil des mois et des années.

Suite a la pollution dd’Erika (décembre 1999) aucune augmentation des échouages
traduisant une mortalité accrue n’avait été constatéeannees suivant l'accident pétrolier

du Prestige ne montrent également aucun accroissement des échouages en Aquitaine
(Figure 10).

Prestige

|

30 +

Nombre moyens d'échouage

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Figure 10 :Evolution de l'abondance des échouages des cétacés en Aquitaine de 1995 a 2006.
Aucune augmentation significative des échouages n’est observée suite a la polltiestige

Ces résultats semblent indiquer que les cétacés éviteraient les nappes d’hydrocarbures ce qui
limiterait I'impact direct sur ces animaux. D’aprés une étude de Ridbak (2004), aucun

effet mesurable de la marée noirel'@ika n’a été trouvé chez les dauphins communs et les
phoques gris.
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Impact sur les biocénoses benthiques

Le cantonnement de péche de Guéthary (département 64) fait 'objet d’'un suivi scientifique
depuis 2002 (Figure 11). La méthode d'observation standardisée d’une vingtaine de quadrats
répartis sur les différents étages de I'estran permet la comparaison d’une année sur l'autre. Ce
site posséde une biodiversité remarquable et présente l'avantage de bénéficier d'une
protection (cantonnement de péche) limitant certaines activités anthropiques. Ainsi, ce secteur
constitue une bonne station de référence pour la mesure des pollutions et changements
globaux pouvant influencer les biocénoses benthiques.

1°37'5"W 1°37'W 1°36'5°W
5 Isobathe (en m)

43°25'5'N
-

! Infralittoral
| [ Médiolittoral inférieur
- I meédiolittoral supérieur

I supralittoral

Projection de Mercator
Ellipsoide WGS 84 B Cuvettes

d'aprés la carte SHOM 7440 ® Station de reférence

0 200 m
e

Figure 11 : localisation des stations sur I'estran rocheux de Guéthary, photographie d’un quadrat et
deux exemples d’especes benthiques régulierement échantillonnées : I'oursirParaleentrotus
lividus et 'anémone frais&ctinia fragacea

L’'impact du naufrage du Prestige s’est traduit en premier lieu par une diminution de la
richesse taxonomigue(ramenés a I'échelle taxonomique la plus grande)lesisecteur de
Guéthary dans les années suivant la pollution (Figure 12). Depuis 2005, le nombre de taxon
semble revenu a un niveau comparable a la situation antérieure a la polluPiestige

Une étude plus approfondie a permis de mettre en évidence des différences dans les structures
des populations avec des espéces qui ne sont jamais réapphnnesiacidon perlevjs et
d’autres qui sont revenues deux ou trois ans plus tard (Ophiure écailkeupjpholis

squamata ; Botrille étoilé, Botryllus schlosseri ;Calliostome, Calliostoma zizyphinum ;
Oursin globuleuxEchinus esculentiis
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Prestige
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Figure 12 :Evolution de la richesse taxonomique des biocénoses benthiques sur la station de
référence de I'estran de Guéthary.

Les étapes de la résilience ont été étudiées grace au recul temporel du suivi et ont également
montré undorte augmentation temporaire des abondances des hrteurs traduisant un
bouleversement des écosystemgpar exemple : Oursin violetParacentrotus lividus ;

Oursin globuleuxEchinus esculentusGibbules,Gibbula sp.,Bigorneau Littorina littorea ;
PatellesPatella sp). Ces espéces ont connu un pic d’abondance en 2004 (Figure 13).

D’apres les publications qui ont suivi de précédentes marées noires dans le monde, le schéma
correspond a une disparition des herbivores au moment de la pollution qui entraine une
explosion des algues qui elle-méme va encourager la prolifération de nouveaux brouteurs. Le
retour & des abondances normales les années suivantes laisse a penser un retour a I'équilibre
de I'écosysteme.
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Figure 13 : Evolution de I'abondance moyenne totale (toutes especes confondues ; seulement les
brouteurs et sans les brouteurs). Les barres verticales représentent I'erreur standard. En photo deux
exemples de brouteurs : a gauche Gibbule ombiligtibbula umbilicaliset a droiteCalliostome,
Calliostoma zizyphinum.

Une partie des résultats est en cours de publication (Casttefiesubmitted) et apporte des
éléments sur la réponse des écosystemes de I'estran rocheux de Guéthary face a la pollution
du Prestige
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| Bilan de I'impact de la pollution du Prestige

L’évaluation de Iimpact du Prestige, qui a sombré en novembre 2002, a été étudiée dans le
cadre du programme ERMMA et a abouti a un certain nombre de publications scientifiques
dans des revues internationales. Plusieurs compartiments biologiques ont été appréhendés : les
prédateurs supérieurs que sont les oiseaux marins et les cétacés, ainsi que la macrofaune
benthique.

Ainsi I'impact sur lesoiseaux marinsest estimé au final a0 240 individusen Aquitaine.

Cette étude pluridisciplinaire prend également en compte une estimation des individus
touchés mais non collectés par les centres de soin. Elle souligne I'importance des conditions
de vent majoritairement offshore (venant de terre) duraftdstigequi auraient fait dériver

les individus touchés vers le large, masquant ainsi I'impact réel sur ces populations.

Concernant lesétacésaucun effet notable direct n'apparait. En effet, les années suivant
'accident pétrolier duPrestigene montrent aucun accroissement des échouages en Aquitaine.

Le suivi scientifique sur 'estran de Guéthary a mis en évidenedfeina long terme sur la
macrofaune benthique Un premier effet est la diminution de la richessenomique les

deux années qui ont suivi la catastrophe. Une autre perturbation immédiate concerne les
brouteurs dont 'abondance a connu un pic important en 2004. Prés de cing ans apres la
pollution, 'écosysteme semble avoirtrouve un equilibre, bien que sensiblement différent

du précédent.
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Annexes

Annexe | : Article intitulé « Estimating actual seabirds mortality at sea and relationship with
oil arrival: lesson from thePrestigé oilspill in Aquitaine (France)» publié dans tavue
internationale « ARDEOLA » (2007).

Annexe |l : Poster présentant les travaux du programme ERMMA dans le cadre du suivi
scientifique de I'estran rocheux de Guéthary, exposé lors@esjues internationauxde

Biarritz en 2011 sur la « Vulnérabilité des écosystémes cotiers au changement global et aux
évenements extrémes »8OBAY XllI a Santander en 2012 sur 'océanographie du golfe de
Gascogne.

Le poster est intitulé : Vulnerability of benthic macrofauna of the Guthary’s forehsore (E.
Atlantic, France) after thBrestigeoil spill.

Annexe 11l : Article intitulé « Response of benthic macrofauna to an oil pollution: lessons
from the ‘Prestigé€ oil spill in the South of the Bay of Biscay (France).» Soumis pour
publication en 2012.
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Annexe | : Article intitulé « Estimating actual seabirds mortality at sea and relationship with
oil arrival: lesson from thePrestigé oilspill in Aquitaine (France)» publié dansiavue
internationale « ARDEOLA » (2007).
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ESTIMATING ACTUAL SEABIRDS MORTALITY AT SEA AND
RELATIONSHIP WITH OIL SPILLS: LESSON FROM THE
“PRESTIGE” OIL SPILL IN AQUITAINE (FRANCEH)

1. CASTEGE® LY. LALANNE**, V. Gourtour=** (5. HEMBRY*, M. GIRDV***,
F I Avico®*, C. MoucHes® . I D'ELBEE*#** | [, SOULIER*®¥** ¢ PENSUTT,
D. LAFCTTEYHT and B PAUTRIZEL*F***

SUMMARY —Fstimating actieal seabinds mortalify af sea and relationship with oil spills: lesson from
the “Prestige ™ oilspill in Aquitaine (France).

Almg: Estimations were made of seabirds mortality at sea and drift in relationship with oil arrival
during the “Prestige” ollepill.

Location: South Bay of Biscay (Aquitaine), Scuth-West France.

Methods: meteorological data (Météo Franee), the arpount of hydrocarbons collected along the coast
line (CEDRE), number of beached seabirds (UMBSOM, IMREEN) and their distribution and abundance on
wintering areas at sea (MNHN-LAPHY), to assass the joint drift of oiled animals and of bydrocarbons in
the south Bay of Biscay {Aguitaine) during the “Prestige” oilspill. For the first time at the time of an oil
slick, we experimentally dropped into the open sea (off the French basco-landaise coast) ringed corpses
of guillemots Uria aalge in order to estimate by capture-recaptiures approach the rate of reported bodies
i1 over 121) at the coast and thus to appreciate the total mortality of the populations of seabirds (UPPA-
MNHN}

Results: [t is estimated that seabirds mortality was eleven times the amount of beached birds collect-
ed on the Aquitaine coasts. That result was in accordance with the decrease in the number of guiliemots
(the most beached specias) observed at sea after the “Prestige” shipwreck.

Conchasions: It is demonstrated that the pooling of databases of different natures and origins was nec-
essary to assess the impact of oil spill pollutions, such as those of “Erika” and “Prestige”, on the animal
populations and maore generally for marine biodiversity conservation.

*  Museum National d’Histoire Naturelle (UsM 305-Conservation des espéces. Département
Ecologie Gestion de la Biodiversite). Plateau de la Petite Atalaye, Blarritz, F-64200 France.

#*  UFR Sciences & Technigues de la Cote Basque - Département d’Ecologie, Universite de Pau et
Pays de I"Adour, 1 aliée du Parc Montanry, Anglet, F-64600 France,

** Centre of Documentation, Research and Experimentation on accidental water poliution, 715 rue
Alain Colas C8 41836, Brest Cedex 2, F-209 218 France.

=wxk Laboratoire d'Analyses de Prélévements Hydrobiolegiques, 1341 chemin d'Agerrea, Ahetze, -
654210 France.

oRercr Cantre de la Mer Cdle Basque (Blarritz), Flatean de la Petite Atalave, Biarritz, F-64200 France,

1 Institui des Milisux Aguatiques, 1, rue de Donzac BP106, Bayonne Cedex, F-64101 France.

1 Unité Mobile de Soins aux Oiseaux Marins - Bretagne Vivante - 186, rue Anatole France - BP
653121, Drest Cedex 3, F- 29231 France.

T Météo France Aquitaine, Aéroport du BAR, Anglet, F-64600 France.
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ResunaeN —stimacion de la mortalidad de aves marinas en aliamar y su relacion con los vertidos de
pefroleo: caso de o morea negra del " FPrastige 7 en Agquitania (Irancia),

Objetives: Bstudiamos lamortalidad v 1a deriva de las aves marinas enmar abierto en relacion con la
ltegada de petréleo durante de la marea negra del “Prestige”.

Leealidad: Sur del Golfo de Vizeaya (Aquitania), Surcests de Francia.

Metodos: Hemos relacionado informaciones meteorelégicas (Météo France), las cantidades de petrd-
leo colectadas sobre lag costas (CEDRE), las cantidades de aves varadas (UMSOM, DIREN) v sus dis-
tribuciones o abundaneiag en log lugares de invernada en altarnar (MNHN-LAPHY), para estimar la de-
riva combinada de lag aves v del petrdleo en el sur del golfe de Vizcaya durante lamareanegra del “Prestige”.
Por primera vez, durante una marea negra s¢ anillaren caddveres de arac comin Uria aalge en altamar
para estimar la tasa de cuerpos recobrados por medio del método de captura-recaphura (1 sobre 121 en
la costa. Asi se pudo estimar la mortalidad total de las poblaciones de aves marinas en Aquitania debidas
alamareanegra dal "Prestige” (UFR-MNEHN]).

Resultades: Estimamos que la mortalidad de los aves marinas fue once veces mayor que el mimero de
aves recolectadas en las costas de Aquitania. Este resultado estd de acuerdo con la disminncion del nime-
o de araos comunes (la espacie que mas se encontrd en las playas) observada en el mar despuss del nau-
fragio del Frastige.

Conclusiones: Damostramos que el cruce de base de datos de distinta naturaleza y origen es necesa-
rio para estimar el impacto de unamarea negra por petréleo (como la del “Erika” o "Prastige”™) sobre las
poblaciones de aves marinas v de formma mas general sobre la conservacion de la biodiversidad marina.

Palabras clave: mmarea negra, “TPrastige”, impacio, aves marinas, estimacion <e mortalidad, experi-

mentacion de deriva, captura-recaptura.

INTRODUCTION

Every year, in world’s oceans and seas, o1l
spills from ships {either illicitly and deliber-
ately or at the time of shipwrecks) are re-
sponsible for the death of 3 large number of
seabirds (Camphuysen, 1998; Camphuysen ef
al,, 2001; Clark; 1992, Heubeck er al.. 2003,
Wiese ef al , 2003}, Around the world, most
public and research attention has been givento
the effects of large catastrophic spills created
by accidents such as the “FExxon Valdez” in
Alaska, “Torrey Canyon' in British Coast,
“Braer” in Shethand Islands, “Sea HEropress” i
Wales or “Amoco Cadiz” in France -where
30 000 to 37 0000 seabirds were kitled and col-
lected om the coastline- (Bourne, 1979; Holme,
1969; Ford ef gl , 1996; Edwards and White,
1999; Pratterf af., 1990).

Ardenia 342}, 20067, 283-307

In France, mthe Bay of Biscay, after the “Fri-
ka” shipwreck (12 December 1999}, which
poured 20 000 tons out of iis cargo of 30 000
tons of heavy fuel and soiled the French coast,
overall 74 000 oiled birds (among ther 32 000
and 42 000 seabirds and seaducks, alive and dead
respectively; see Cadiou ef ol , 2003, 2004) were
collected on the coast including 80 % oiled
Critlemot, the most frequently beached species.
More recently, 23180 killed birds (6 1240 alive
and 17061 dead) including 90 species were col-
tected n Spain, Portugal and Prance (including
2 831 killed birds from 29 species only for
France) at the time of the o1l slick which fol-
towed the “Prestige” shipwreck (13 Novermber
2007) near to the Finistere Cape in Galicia
{Spam) with 77 000 tons of fuel on board spalling
some 63 000 tons at sea {Gareia ef af , 2003; CE-
DRE & Dhiren Aquitaine, pers. cont ).
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Obviously, any impact of o1l surface polin-
tion on seabirds neither depends only on the
quality of the fuel nor the total amount poured
at the time of the shipwreck (the same is true
for illicit discharge in the marine environment)
but also varies considerably with the geograph-
ic location of the spill, the season during which
it occurs, environmental weather conditions
as wind and streams (Wiese ef 2/, 2003) and
the ecology of the species affected (Reid er af.,
2001). Indeed, the drift and dispersal at sea
over large distance and thus the subsequent as-
rival on the coast of floating material such as
waste or hydrocarbons, corpses of birds died
at sea, depend closely on the direction and the
speed of the wind (Wiese ef al., 2003; Hope
Jones er al., 1968}, Moreover, the impact of
any oil slick is likely to have an important ¢f-
fect when it occurs during winter (non
breeding period) when more species and high-
er numbers of marime birds are present. It 1
especially true in the south of the Bay of Bis-
cay given that it is a major wintering zone for
many birds species (Hemery, 1985; Castége
et al., 2004).

The impact of o1l pollution on seabirds 1s
well documented and in many parts of the
world, systematic surveys of beached corpses
of birds (Beached Bird Surveys)y have been used
{Camphuaysen and Heubeck, 2001; Seys er al,,
2002; Wiese et al., 2003). However, if both ab-
solute and relative abundance of dead and bive
seabirds species found oiled along coastline
{s0 called “beached birds™) are usually consid-
erod indicators of ol polhation events over time
and space, very hittle is known about the real
mnpact of such contamination on these species
at sea. Obvicusty, after o1l spills, only one frac-
tiom of these live and dead oiled individuals can
be found on the beach. The remnant is made
up of oiled specimens dying and disappearing
at sea following sinking, decomposition or pre-
dation and also of individuals actually beached
at inaccessible sites and thus not found (Tanmis
and Mozer-Bruyns, 1968; Hope-Jones ef al,
1970; Flint er af., 1999). As a major conse-

251

quence, those birds are not taken into account
in “otled bird census”.

This study had three aims. The first was to
study the relationship between oiled beached
birds abundance and arrivals of hydrocarbons
along Aquitaine coast using environmental
data, bird abundance distribution data at win-
tering zones at sea and data on oded seabirds
and total amounti of hydrocarbons collected at
various beaches. The second, very origmal in
the sense that it was carried out for the first
time exactly at the time ofthe oil slick, was to
launch an original release experiment of
corpses of guillemots at sea off the coast which
received most impact (“basque and landesaise”
coasty in order to estunate the fraction of the
ciled individuals which died and were not
found subsequently on the coast following the
“Prestige” oilspill. Guillemot corpses were
rmged so that capture-recapture (CMR) estz-
mates provided the rate of discovery of indi-
viduals at the coast and thus enable o appre-
ciate the total mortality of seabirds. Eventually
those results were compared with the spatio-
temporal distribution at sea of species in the
absence of pollution.

MATERIAL AND METBODS

The study area is located alomg the Aquitaine
coast (Fig. 1) where almost all oiled beached
birds were collected and oil arrivals recorded
i France. Data for otled beached birds were
collected from the 1 January 2003 ¢when the
first oiled birds were discovered and collected
by various rehabilitation centres along the
Aguitaine coast) and the 31 March 2003 (when
the main wildtife rehabilitation cenives closed).
Datarelative to oil arrivals were collecied from
1 January 2003 (when the {irst oif arrivals on
the beaches were noted) and 15 May 2003, Data
of the national fong-term data base (1980 -
2004} standardized monitoring study of abun-
dance at sea of seabirds and cetaceans were
used (Hemery of al., 1983; Castége of al , 2004).

Ardeola S42). 2007, 239-307
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F1G. |.—Left: location of the “Prestige” shipwreck and the study area. Right: geographical distribution of
guillemot abundance at sea in winter (October - April 1980 - 2002, abundance expressed as the average
number of individuals per nautical mile); experimental dropping areas ; location of WAVEWATCH [T and
Triaxys buoy; number of beached birds and days of oil arrivals on the coast represented by administra-
tive regions (Pyrénées-Atlantiques, Landes, Gironde, Charentes-Maritimes).

[Tzquierda: localizacion del hundimiento del “Prestige ™ y de las dreas de estudio. Derecha: distribucion
y abundancia de las araos en alta mar durante el invierno (octubre— abril 1980 - 2002, abundancia ex-
presada por el mimere medio de individuos por milla ndutica), zonas experimentales donde se deposita-
von los caddveres, localizacion del WAVEWATCH 1T, miimero de aves varadas enla plaza y dias de la Ile-
gada de petrélec a la costa de las distintas regiones administrafivas. |

Data collection
Weather data

Use was made of environmental conditions
known to affect the number of oiled birds (dead
or alive) found on the beach {Wiese ef al., 2003)
such as wind direction, speed and frequency.
Weather information (wind speed and direc-
tion) and sea state were obtained from “La Tour
des Signaux” station based on the Adour estu-
ary (3 measurements per day at9 am., 11 am.,
17 p.m.) and the Météo France station locat-
ed in Biarritz city. Off-shore wind data (i.e.

Ardeola 54(2), 2007, 289-307

coming from coast and transporting ashore
floating waste) and on-shore wind data were
respectively coded —1 and +1 and multiplied
by the wind speed. Data for swell (height, mean
period and direction) were measured in situ by
a Triaxis directional wave buoy ashore off Bay-
onne (location: 43°31° N, 1°36.8” W; Abadie
et al.,20035; Fig. 1). This TRIAXIS wave buoy
(Axys Technology) performs hourly measure-
ments and proceeds to the computation of sta-
tistical and spectral wave parameters for the
measurement period. These parameters were
sent every hour to the coastal station located at
the Adour river mouth.
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A second data set composed by WAVE-
WATCH I {Tolman, 1991; 1999y was used to
complete the TRIAXIS dataset, WAVEWATCH
111 is a third generation spectral model used for
instance by the 1S, Navy fo give simulations
of sea states every three hours (heip /www fit-
moc.navy.mil; location 44°N, 2°30"W).

Beached birds data

Daily data of oiled seabirds (alive or dead)
were collected by various wildlife rehabilita-
tion centres [Hegalaldia, Biarritz (64) ; Union
Frangaise des Centres de Sauvegarde de la famne
sauvage (UFCS8) - Unité Mobile de Soins
pour Qiseaux Mazoutés (UMSOM), Pouy-
desseaux (40); LPO-Certe (33)] along the
Aquitaine coast (Fig, 1) between January and
March 2003, This data set was made available
to us by the “DIREN Aquitaine” (Bordeaux).

Ol arrivals data

Daily quaniiies of hydrocarbons were col-
lected at various beaches along the Aguitaine
coast by the Centre of Documentation, Re-
search and Experimentation on Accidental Wa-
ter Pollufion (CEDRE) which was responsible
for the aciivity of depolluting sites.

Total mortality estimate for seabirds
Expermmental release of corpses
An estimation of the rate of discovered

total mortakity of the populations of bards. Us-
ing a CME approach {Graham Bell, 1974; Se-
ber, 1982), we experimentally released at sea
121 ringed corpses of guiflemots, the most col-
lected species in term of number of wndividu-
als collected on the coast after the “Enka’” and
“Prestige” ol spill (Cadiou o1 gl, 2004). The

293

chosen released zones corresponded both fo
the coast line which recetved most impact from
the “Prestige” pollution and to sectors used by
wintering guillemots (Fig. 1). The corpses of
freshly dead oiled guillemots collected in dif-
ferent rehabilitation centres were used and
marked with combinations of standard metal-
Lic MNHN rings and an additional band made
of a large (3 x 5cm) orange plastic flag. The
experiment was replicated on three dates (Feb-
ruary 13, March 18 and Aprd 18, 2003}, releas-
ing corpses from coastouard vessels following
a line transect methodology. For cach experi-
ment, two samples were used: the firston a
South-cast - North-west transect along the
Basque Coast and the second along a South-
North transect along the andesaise Coast (Fig.
). Each corpse was released every 800 malong
the transect, their peographical coordinates be-
ing systematically recorded using a Global Po-
sitioning System.

Assessment of floating time

An additional ex.sifu experiment (aguariums
at the Biarritz “Sea Museum’™) was carried
out to estimate the floating time of the speci-
mens @l sea before sinking naturally. This pa-
rameler is required in the drift model for corpses
{see below). At the same time, a sub-sample
{from the sample of dead birds used in the re-
lease expertment at sea)made of 8 ciled corpses
of guillemots recovered from the rescue cen-
treg was plunged in salt water agquariums
pumped directly at sea and constantly renewed
to mimie natural conditions (air and sea tem-
peratuve, salinity, microbial communities... ).

Corpses drift modelling

Time vectors of the corpses drift were ob-
tamed using wind direction and intensity meas-
ured 3 times a day (9 am, 11 am, 5 pm)mult-
plied by a dnft coefficient at sea (see Appendix

Ardeola S42). 2007, 239-307
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1 for details). This coefficient is estimated
for corpses of guillemot on average to 2.5 %
of the wind speed (Hope lones ef al , 1970,
Wiese and Jones, 2001}, In the study area, the
surface current was considered negligible
(SHOM, 1973} and thus was not mtegrated into
the drift model. Eventually, modelling drifting
guillemot corpses along the Aquitaine coast
was performed using Statistical Analysis Sys-
tem (SAS institute ).

Total mortality estimation

Estimates for the total mortality of the pop-
ulations of seabirds (including in particular
the oiled individuals which died at sea or were
beached but not found on the coast) were de-
rived from the average impacted birds num-
ber using mark-recapture method during the
release experiment (18 February - Apnil).
Asymptofic Standard Hrror { ASE) was calcu-
lated by SAS software (SAS Institute Inc, Cary,
NC, USA, release 8.2). Because wind speed
and direction strongly influenced the num-
ber of beached birds, a wind coefficient (#)
was calculated for each period using the wind
on-shore rate.

W =Z on-shore wind velocity / Zwind ve-
locity

The estimated wapacted bird number ob-
tained during the release experiment (Febro-
ary - April) was extrapolated to the beginning
of the disturbance event (04 January - Febru-
ary} knowing the wind coelficient for the two
periods (see § 3.2}

Statisiical analvsis

Principal Component Analysis (PCA) was
used to mvestigate linear correlations between
weather parameters (wind speed an direction),
gwell (height, mean period and direction), oiled
beached birds arrivals and hydrocarbons ar-

Ardenia 342}, 20067, 283-307
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rivals (Stabox V. 6.3). The PCA mairix relat-
ed to 15 explanatory variables [ wind (meas-
ures per day and added by step of one day time),
swell (height, mean period and direction), state
of the sea] and 12 variables to explain (addi-
tional) [oiled beached birds {alive, dead and
total) day per day and shifted by step of one
day time, arrivals of hydrocarbons on Aquitaine
coast] and on 72 statistical units (January 19
at March 31, 2003). Prior to analysis each vari-
able was normalized. Correlation analysis
between hydrocarbons arrivals, beached birds
arrivals and weather data was performed using
non parametric Kendall test (SAS instiute V&),

Rrsurrs

Total mortality estimate
of the marine bird populations

The ex sifr expeniment with floating corpses
n salted water aquariums mdicated that all the
mdividuals were already steadily decomposed
when 20 days old and sank between 25 and
36 days. respectively. A maximum floating time
of 30 days was logically retained and it was as-
swmed that bevond 30 days at sea, all guille-
mots corpses have disappeared. Thus, no
stmukation was carried out beyond 30 days m
the drift model.

Using the simple deift model { Appendix 1),
theoretical routes were mapped for each of the
121 released bards (Fig. 2). During this stmu-
fation period of bird corpses drift, wind con-
ditions were almost offshore (61 % with 44 .5
% of south-eastern) carrying away (i.e. ashore)
alt floating matenal including bird corpses (Fig.
23 Tk appeared that a majority of dropped birds
{n = &4} would have disappeared at sea afier
30 days. Arnong the 121 corpses of olled ringed
guillemots releaged at sea, the model indicat-
edthat 37 birds should have been beached along
Pays Basque and Landes coast (Fig. 2). How-
ever, only one guillemot (FUJ0991) was recap-
tured om 19 Apnil, 2003 on the beach of Anglet
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From January 18 to February 17, 2003 From February 1§ toMarch 17, 2003 From March 15 80 Apral 17. 2003

> -
by 4 .Y of

A Ay

‘ . | - |
b I
- rle

P

ITSRITRRLTRTRETRRIT RIS

F16. 2.—Drift model of guillemots corpses at sea : theoretical route for each bird is represented from the
dropping point till disappearance or beach arrival; b) 1 = 40 corpses, drift from February 18 to March
17; €} = 4lcorpses, drift from March 18 to April 17; d} n = 40 corpses. drift from April 18 to April 30,
The recaptured corpse (FU 0991) the April 19, 2003 is represented. a) drift simulation from 18 January
to 17 February of a virtual sampling from the same dropping area (n= 11 corpses). Wind direction
(number of days) is also represented for each drift simulation period.

[Madelo de deriva de los caddveres de las araos en el mar: vuta tedrica de cada aves representada des-
de el purito desde el cual se arrojo al mar hasta su desaparicion o Hegada a la playa; b) n = 40 caddve-
res, derivas desde el 18 de febrevo al 17 de marzo, ¢) n =41 caddveres, derivas desde el 18 de mayzo al
17 de abril: d)n = 40 cadaveres, devivas desde el 18 al 30 de abril. La recaptura del caddver (FU 0991)
del 19 de abril de 2003 se representa: a) come la simulacion de la deviva desde el 18 de enero al 17 de
Jfebrero de una ruestra virtual de la misma area donde se arrojaron las aves (n = 11). La diveccidn del
viento (mimero de dias) se representa también pava cada periodo de simulacion de derivas.j

Ardepia 54(2), 2007, 289-307
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Tapin 1

Compared estimates of birds impacted in the study area during the “Prestige” oil spill: A) mortality esti-
mate from beached bird census {data cellected by various rehabilitation centres); B) total mortality esti-
mate from CMR modelling, the recapture probability was estimated during the second period (P2, released
corpses at sea experiment). Then, the estimated impacted bird mumber of the second period was extrapo-
lated to the first one knowing the wind conditions (see text).

[Comparacion de las estimas de aves afectadas por el vertido del "Prestige” en el drea de estudio: 4)
mortalidad estimada pov censo de las aves varadas en las playas (datos abtenidos por varios centros de
rehabilifacion); B) mortalidad estimada a pavtiv de los modelos de captura-recaphura (CMR), Ia proba-
bilidud de recaptura se estims para el segunda periodo (P2, caddveres arrajados al mar de forma expe-
rimental). Conaciendo éstas y las condiciones de viento, se pudo extrapolar el numero de aves afectadas

en el primer pevicdo (P1, ver fexio). ]

Period Beached Wind estimated Asvmptotic recapiure
bird coefficient impacted bird Standard Error probability
number (W) nmmber 1) 17 p £
January 04 - Febmary 17 (P1) 2612 0.6483 1% 739 18 807 - -
February 18 - April 30 (P2} 95 03979 11 301 11545 0.00823  0.00826
TOTAL 2707 1.04 30 240 22 067 - -

(Fig. 2). It 1s tmportant {0 note that this unique
catch was made exactly at the time and at the
location where the simulation model indicat-
ed it {(Fig. 2d).

Capture Marking Recapture modelling pro-
vided an estimation of the value for total
mortality equal to 30 240 killed birds in
Aquitaine arca {Table 13. This estimalte was
eleven times the amount of beached birds
collected despite a large Asymplotic Standard
Error (ASE).

Corvelation between arrivals
of vifed beached birds, hvdrocarbons
and envirormental conditions

The two dimenstonal plan provided by PCA
explained 75 % of the total variance (Fig. 3 The
active variables, apart from the period and the
direction of the swell, were very well repre-
sented and correlated positively. The explanato-
ry variables describing wind strongly confributed

Ardenia 342}, 20067, 283-307

to the formation of the PC1, the maximum
contzibution bemg For 7 days of commdated wind.
The state of the sea, the height and the period
of the swell contributed to the formation of the
PCT and PC2 and were strongly correlated.
The number of beached birds (alive, dead and
total) and o1l arrivals were well represented on
the correlations cirele of the PCT x PC2 plan and
expressed as a gradient along the PCL. The num-
ber of beached birds (alive, dead and total) were
strongly correlated but not svachronised direct-
by with arvivals of hvdrocarbons.

Beached birds were sirongly correlated with
the wind measured the very same day (P < (.03,
Kendall test; January - February meluded when
all the rehabilitation centres were operational).
The oil arrivals were strongly and signifi-
cantly correlsted with birds beached 8 days be-
fore (P < 0.05; January - February included;
Hig. 4). Oif arrivals were strongly correlated
with the variables described by 7 days of cu-
mulated wind (P < 0.05, Kendall test; Janvary
- March mcladed). The state of the sea (strong-
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F16, 3.—Correlation circle within the PC1-PC2 plan of the Principal Component Analysis (PCA). The
fraction of the variance captured by the PC's is indicated on the axis. Abbreviations used: CW = wind
cumulated (added by step of one day time), Height, Period and Direction = Swell, BirdDead, BirdAlive
and BirdTotal = Beached birds collected, BS = Beached birds shifted by step of one day time, Sea state
{measured 3 times a day) and Oil = arrivals of hydrocarbons

[Representacion circular de las correlaciones de los componentes principales (PCI-PC2) obtenidos del
Andlisis de Componentes Principales (PCA). La fraccion de la varianza captuvada poy cada PC se indi-

caeneleje.]

Iy correlated with wind intensity), height, pe-
riod and direction of the swell were not strong-
ly correlated with beached birds (alive and/or
died) and the oil arrivals.

Discussion

Total mortality estimate
of the marine bird populations

As several other authors have done, here
too it is pointed out that after other spills oft-

shore winds versus onshore winds can be an ex-
planation of the decreasing number of birds drift-
ing ashore in one period (Stowe, 1982, m Cam-
phuysen ef al., 2001). During the “Prestige”
crisis, weather conditions have strongly influ-
enced the number of beached birds. This ex-
plained the poor rate of simulated beached
corpses {only 37 individuals over 121 released
at sea could have been found on the beaches ac-
cording to our drift model), due to frequent off-
shore winds (61 %) moving ashore corpses
which disappeared at sea (Fig.2), a result in
accordance with previous studies using wood-

Ardeola 54(2), 2007, 289-307
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FI1G. 4—Correlation Kendall test between oil arrivals and beached birds shifted by step of one day time
(between 0 and 22 days). The black line indicates the significant value [(1 - ) > 95]. The Kendall rate is

presented.

[Prucha de la corvelacion de Kendall entre las legadas de petrdleo y de las aves a la playa con un cam-
bio de un dia por cada inteivalo (entre 0y 22 dias). La linea negra indica el valor de significacion (1 —

P)>95]]

en blocks (Flint and Fowler, 1998). Disappear-
ance was attested by the ex sify experiment re-
vealing a maximum floating time of 30 days.
Given the wind conditions during the crisis, if
the maximum floating time provided by Wicse
(2003) had been used, the same number of sim-
ulated beached birds woiuld have been found
(Fig. 2). This time afloat was likely to be less if
sea state (accelerating decomposition process})
and predation was added. Indeed, Wiese (2003)
found that 70% of floating individuals Uria spp.
sank within 5 days whilst other sank before 20
days. The present modelling approach proved
to be of great help in understanding or predict-
ing patterns of corpses drift. The simple drift
model designed on other models previously test-

Ardeola 54(2), 2007, 289-307

ed (Hope Jones ef al., 1968) was quite effi-
cient as the only individual found (FU 0991,
“Cavalier” beach (Anglet) the 19 April 2003,
Fig.2) was collected exactly at the date and lo-
cation expected by the drift model.

The major lesson drawn from this study was
that the impact of the “Prestige” would be
strongly underestimated if only collected
beached birds were considered. The CMR
experiment showed that the mortality during
the release experiment averaged 11 500 birds
corresponding to an extrapolated whole amount
of 30 240 birds directly killed in Aquitaine wa-
ters by the “Prestige” oilspill; it is approximate-
ly eleven times the amount of beached birds
collected. The wide ASE associated to this
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F16. 5.—Daily variation in beached birds abundance (expressed as individual numbers day-1), oil ar-
rivals (x 0.2 tons day™!) and wind (7 days of additional data.day™!) during the study period.

[Variacidn diaria de la abundancia de aves varadas (expresada como mimero de individuos x dia?), Ile-
gada de petroleo (v 0,2 toneladas x dia 1) y viento (7 dias de datos adicionales x dia!) durante el perio-

do de estudio.

estimate 1s largely explained by the very low
recapture rate. This low recapture rate is not a
pitfall as a useful estimate of population size
can be obtained even when no individuals have
been recaptured (Graham Bell, 1974). One may
also consider that the release experiment from
the 18 January to the 17 February (P1; Fig. 2)
was not carried out because of delayed admin-
istrative authorisation whilst the number of
beached birds was maximum (Fig. 5); note that
at that time, the drift model simulated virtual-
Iy an important number of beached corpses
(Fig. 2). Certainly, if these data could have been
incorporated, the final estimation would have
been more precise. Nevertheless, because wind
conditions and beached birds are strongly cor-
related, it was decided to extrapolate the esti-
mated impacted bird number of the second pe-
riod (CMR experiment) to the first period.

During the CMR experiment (18 February
- 30 April; P2), if the recapture number
would have been more important, the estimat-
ed impacted bird number would have been de-
creasing and stabilizing quickly. The simula-
tion (Fig. 6) indicated that the estimated
impacted bird number strongly would have de-
creased if two extra birds had been recaptured:
11501 (£ 11 543) to 3 832 (£ 6 738) respec-
tively for 1 to 3 recaptured birds. Then the es-
timation decreased slowly from 4 recaptured
birds. Because the estimated impacted bird
number depend on the recapture number, it
would be interesting to standardize the frequen-
¢y and the travelled distance of beached birds
survey in order to maintain a strong and con-
tinuous recapture probability.

The experimental release in April was
continued because 1) there were still wintering

Ardeola 54(2), 2007, 289-307
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FiG. 6.—FEstimated impacted bird number in relation to the number of recapture birds during the CMR ex-
periment. Vertical bars indicate the Asymptotic Standard Error.

[Numere estimado de aves afectadas en velacion al mimere de vecapturas durante el experimento de cap-
tura-recapiura (CMR). Las barras verticales indican el ervor estandar asinidtico. |

seabirds (particularly guillemots; Fig. 7) at sea
and also 11) even if most wildlife rehabilitation
centres were closed some of them were not.
Apart from this apparent weakness in the pres-
ent study, many results were in agreement to
greatly emphasize that the true impact of the
“Prestige” on marine birds was far beyond the
number of birds collected on the coastline. The
important decrease of collected beached birds
in February and March did not indicate a de-
crease of the mortality of seabirds at sea but on
the contrary, these two months revealed amax-
imum abundance of seabird populations and
mainly those of the Common Guillemot which
was the most impacted species (Fig. 7; Castége
efal.,2004). Thus, the impact of the *Prestige”
would have been strongly underestimated if
only beached birds were accounted for, par-
ticularly during this period, because as we high-
lighted above, birds dead at sea drifted ashore
with highly frequent off- shore winds at this
time (Ruiz-Villareal er al, 2006).

This is not the first time that this severe
underestimation has been pointed out. In Fu-

Ardeola 54(2), 2007, 289-307

rope, if each oil spill event have been charac-
terized by an estimate of bird mortality rely-
ing only on beached bird number, by con-
trast, few have tried to assess whether this
estimate was reliable or not. For example, in
their drift experiments, Bibby and Lloyd (1977)
showed that between 11 and 59 % of ringed
corpses were found on the coast {Table 2). Hope
Jones ef al. (1970) recaptured only 20 %. In
1966, after the shipwreck of the Liberian tanker
“South America”, the Hydrobiological Delta
Institute calculated that the number of birds
perished at sea was between 8 to 11 times more
important than what could be counted on the
coast line ({x Tanis and Bruyns, 1968). In Alas-
ka, after the shipwreck of the “Exxon
Valdez” in 1989, using extrapolation of the
number of dead birds recovered on the coast-
line and observations from aerial and ship-
based surveys, Piatt ef al. (1990) also estimat-
ed that the total mortality from oil pollution
was 3 to 10 times more important. After the
“Prestige” shipwreck, the underestimation of
mortality varied from 5 to 13 times according
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F1G. 7.—a) Seasonal variation in guillemot abundance at sea expressed by the average number of indi-
viduals per hour (1980 - 2002); b) evolution of beached birds and oil arrivals during the period of the study:
[a) Yariacion estacional de la abundancia de avaos en el mar expresado por el mimere medio de indivi-
duos por hora (1980 - 2002), b) evolucion de las aves varadas y de la llegada de petrdleo durante el pe-

riode de estudio. ]

to the studies (Table 2). Arcos ef al. (2004) es-
timated this underestimation between 6.5 to
10.8 times more important using drift blocks
experiment.

Our CMR-based study is in accordance with
those results despite revealing a slightly
higher underestimation (x 11) than many oth-
er studies above. This could be explained by

the fact that our work used standardized
methodology combining simultaneously and
at the exact time of oilspill i» situ release and
ex situ floating corpse’s experiments to
match perfectly the intrinsic characteristic of
the oil spill. However, caution is required be-
fore comparing any results with other estimates
describing other oil spill events. Indeed, each

Ardeola 54(2), 2007, 289-307
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Tapis 2

Some total mortality estimate of marine birds (all species) quoted in lterature,
[Algumas estimas de morialidad de aves marinas oblenidas de la liferafiva. ]

Tepic Year Lecation  Beached Estimate of total Estimate Source
birds mortality Methods
collected death tell
Experiment 1966 - {(x8to 11 7 Tanis and
Bruyns
(1968)
Drift 1973-1974  Irish Sea - 11 %10 59 % CMR Bibby and
carcasses =17t09 Lloyd
experiment (1977
Dirift 1960 Irigh Sea - 20 % (x 5) CMR Hope Jones
carcasses ef al {1970
experiment
Exxon 1989 Alaska 30 040 100 000-300 000 Aerial and  Platt of ol
Valdez {x3 to 10} ship-basad (19945
survey
Erika 1999 France 74 000 8 000- 150 000 Empirical Cadiou
(Britain} (x 1.1 to 2} ef al. (2003)
Prestige 2002 Spain 23181 25G:000-300 000 Bmpirical  Domngnez
((ralice) (x 10.8 t0 13} ef al. (2003)
Prestige 2002 Spain 23181 115 000-230 000 Empirical Garcia ef af.
{Galice) (x5 to 10) 2003
Drift blocks 002 Spain 23 181 156 000-250 000 CMR Arcos ef al,
experiment {Galice) (x 6.5 to 10.8) (20043
{Prestige)
Drift carcasses 2003 France 2707 30240 CMR COnrr study
experiment {Aquitaine) {(x11)
{Prestige}

oil spill is different and presents its own par-
ticudar characteristics [(geographic location of
the spill, season during which it oceurs, ccol-
ogy of species affected (abundance, breeders,
winferess. ..} and environmental weather con-
ditions such as wind].

Aside from the mamn trends described
above, this study also revealed subtle patterns.

Ardenia 342}, 20067, 283-307

For example, even if the estimaie of the total
moriality of marine birds presented an impor-
tant ASE (due to a poor rate of recaptured
corpses), this was in accordance with the
decrease in numbers of guillemots (the most
alfected gpecies) observed at sea (Fag. 8). Dur-
ing the three years following the “Exrika” oil
spill, no significant decrease in the abundance
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Fic. 8 —Variation of guillemots abundance (mean number of individuals per nautical mile) in the south
of the Bay of Biscay (1979-2004). Verticals bars represent standard errers obtained under standardized

conditions (Castége ef al., 2004),

[Yariacion en la abundancia (niimero medio de individuos por milla ndutica) de araos en el sur del
Golfo deVizeaya (1979 - 2004). Las barras verticales representan un error estandar (Castége et al. (2004). ]

of guillemots at sea was observed while a de-
crease was noted despite not significant (P
> (0.05) after the “Prestige”. This decrease
could be explained by the combined effect of
both oil spills. Indeed, most of the individu-
als present in the Bay of Biscay were young
birds (< 2 years old). As they grow older and
especially as they initiate breeding (at 3 - 5
years old), guillemots do not winter any more
the Bay of Biscay but stay in northern arcas
(Cramyp and Simmons, 1983). Thus, those sur-
viving individuals from the cohorts affected
by the “Erika” were likely to be not observed
in the Bay of Biscay during the subsequent
years. However, a low rate of juveniles pro-
duction, resulting in fewer individuals being
observed in the Bay of Biscay in winter, oc-
curred three to five years after the catastro-
phe when these birds recruited into the breed-
ing population. Eventually, it appeared that
both the long term impacts of “Frika” and the
underestimated gross mortality caused by the

“Prestige” were likely to explain the decrease
in the number of guillemots observed in the
south of the Bay of Biscay.

The applied issue 1s that, because seabirds
have a late sexual maturity (Schreiber and Burg-
er, 2002), it is crucial to monitor the seabird’s
abundance affected by oil spills at least five
years after the accident.

Correlation between arrivals of oiled
beached birds and hydrocarbons

It has been demonstrated here that beached
birds patterns were strongly correlated with
wind measured the same day (P < 0.05). This
suggests that birds beached on the Aquitaine
¢oast came from a population that wintered
in coastal waters where their abundance is max-
imum (Fig.1), and in particular Aquitaine and
near Spanish areas. It is unlikely that beached
birds may have come from remote areas such

Ardeola 54(2), 2007, 289-307
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as (Galicia because of hmited floating time and
rapidity of the response.

Moreover oil arrivals were strongly corre-
lated with the variables described by 7 days
of cumulated wind (F <(1.05). This result is not
surprising as the shipwreck occurred in are-
mote place and the oil drifted slowly and with
complex patterns belore reaching French
coastal waters and sotled the Aquitaine coast
(CEDRE, 20035}, Oil arrivals were strongly and
significantly correlated (£ < (.05) with birds
beached 8 days before (Fig.4). This supgests
that once oiled, birds reach the nearest coast
mainly because of impermeability loss
{(Hémery e al, 2005). This phenomenon can
explain the early arrival of birds on the coast
before the oil as this &5 often observed during
pollution by hyvdrocarbons (Camphuysen and
Heubeck, 2001,

The applied issue is clearly that the beached
birds precede (about § - days advance in the
case of “Prestige™) the arrivals of hydrocarbons
on the beaches.

Conclusion

This study showed that i the case of "Pres-
tige”, oif arrivals on Aquitaine coast were strong-
by and significanily correlated with birds beached
& days before. As quoted in literature for oth-
ers oil spill, this further confirm that beached
birds can be used as indicators of oil pollution.

The originality and novelty in this approach
was to assess real tofal mortality through insit
and ex sify experiments carried out exactly at
the time of o1l spills. The derived parameters
(i.e. Tloating time, expected proportion and lo-
cation of beached corpses, mortality estimate
and confidence interval) matched perfectly the
infrinsic characteristics of the ol spill, thus giv-
ing the best “warranty” in term of estimate re-
lability. Furthermore, the combination of a
simple drift model to a CMER experiment proved
to be a powerful strategy. However, because
each o1l spill is different in nature and presents

Ardenia 342}, 20067, 283-307

its particular characteristics {geographic loca-
tion of the spill, season during which it oceours,
ecology of species affected, environmental
weather conditions. ..} any estimate of mortal-
ity calculated after an oil spill may not be ex-
trapolated to others.

Broadly speaking, the main question i as-
sessing the real impacts of any oil spill on
seabirds population 1s to know if the number
of birds recovered on beaches after the spill is
true or represents only a fraction of the real
mortality, Lo this study, it is demonstrated how
the impact of the “Prestipe” oil spill was strong-
Iy underestimated by the sole consideration of
beached bird collection, In particular, it was
obwvious that off-shore wind masked the real
mortality whilst bird abundance at sea was max-
tmum (February - Mags). This leads to advo-
cating the use of deift models, even as simple
as the one proposed m this paper, either {0 sim-
ulate expected location of beached corpses ei-
ther to assess frue mortality using CMR method
for example. Using such an approach, the to-
tal mortality of manne birds was demonstrat-
ed to be about eleven times the amount of
beached birds collected on the Aquitaine coast.

This result is in accordance with those
provided by the ongoing standardised moni-
toring of scabirds abundance at sea. This fur-
ther explains why guillemois declined recent-
ty i the south of the Bay of Biscay; indeed, it
is hypothesised that the differed impact of the
“Frika” shipwreck, expected between 3 or 4
vears after the catastrophe, added to the mor-
tality caused by the “Prestige”.

Because of their complexity, m particular
effects delayed m time, true assessment of oil
spill impact needs further moniformg of ma-
rine ecosystems on a long term basis, at least
five vears afier the accident. More generally,
the pooling of databases of different nature and
arigins proves to be necessary to apprehend the
tmpact of pollutions, such as those of “Hrika™
and “Prestige”, on the animal populations and
more generally for the copservation of the ma-
rine biodiversity.
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ApPPENDIX 1 [dPENDICE T ]

Simple model for corpses drifl (see § 2.3.3)

D P
Dijr,!-ﬂ = ox [W ,3 L+
where:

Dy and 2, represent drift direction an drift intensity for corpses;
W and ¥, represent wind direction (degree} and wind mtensity (Jan per houry;
&ia the drift coefficient (in this study wea assume that &= 2.5 % for Guillemot corpses - Hope Jones a1 21,

1970; Bibby and Lovd, 1977).
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Annexe |l : Poster présentant les travaux du programme ERMMA dans le cadre du suivi
scientifique de I'estran rocheux de Guéthary, exposé lors@esjues internationauxde
Biarritz en 2011 sur la « Vulnérabilité des écosystemes cotiers au changement global et aux

évenements extrémes »8OBAY XllI a Santander en 2012 sur 'océanographie du golfe de
Gascogne.
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LITY OF BENTHIC MACROFAUNA OF THE GUETHARY’S .
ATLANTIC, FRANCE) AFTER THE “PRESTIGE” OIL SPILL
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13th November 2002 the “Prestige” surk near (b the Finistere Cape in Galicia (Spain) with 77 000 tons of fuel on baard spilling some 63 D00
it sea. The oil slick swhich followed the shipwreck impact the Guethary’s foreshore in ¢arly 2003. The effects of this pollution on the littoral
i community have been studied during nine years following the spill.
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v of Biscay. The standardized and quantitative monitoring method
cnunts 20 geographically referenced quadrats spread on 3 littoral zones
's racky foreshore: the supralittoral, the mediolittoral and the

7= Statistical approach:
Non parametric Spearman test
Multivariate statistical technique : correspondence analysis
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Annexe IIl : Article intitulé « Response of benthic macrofauna to an oil pollution: lessons
from the “Prestige” oil spill in the South of the Bay of Biscay (France).» Soumis pour
publication en 2012.
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Response of benthic macrofauna to an oil pollution:
lessons from the “Prestige” oil spill in the South of
the Bay of Biscay (France).

lker CASTEGE", Emilie MILON', Frangoise PAUTRIZEL®,

' Centre de la mer de Biawitz, Plateau de I'Atalaye, 64200 Biarritz
£ Biarritz Océan, Musée de la Mer de Biarritz, Plateau de I'Atalaye, 64200 Biartitz

*Cosresponding author; Tél: (33) 559 22 33 34; Fax: (33) 559 22 75 30; E-mail
address: iker.castege@univ-pau.fi

Abstract:

The “Erika” oil spill which impacted the Bay of Biscay ecosystem in
December 1999 confirmed that reference state of ecosystems was needed in
order to assess the impact of an oil spill especially on benthic communities.
Thus, the benthic community on the rocky foreshore of Guéthary (France) is
monitored since 2002. The standardized and quantitative monitoring method
counts twenty geographically referenced quadrats spread on three littoral
zones: upper mediolittoral, lower mediolittoral and infralittoral zone. The year
of the setting up of these monitoring, the “Prestige” sunk near to the Finistere
Cape in Galicia (Spain). T he oil slick following the shipwreck impacted the
foreshore of Guéthary in early 2003.

After the “Prestige” oil spill, the specific richness decreased in the studied

area with a loss of 16 species from 57 in 2002 (before the shipwreck) to 41
species in 2004. In the following years, taxonomic richness increased to a
level observed prior to the oil spill.

Temporal variations in community structure of benthic macrofauna among
years 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...). Noteworthy changes were found in 2004
driven by the sudden increase in abundance of grazers. Following years
these abundances went back to a stable level. The benthic community
seems to recover almost five years later although a new composition of
macrofauna populations is observed.

On 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 for the conservation of the marine
biodiversity.

Keywords: Oil spills, Benthos, Rocky shores, Taxonomic richness,
Abundance, Recovery, Bay of Biscay
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1. Introduction:

Over the last three decades, Bay of Biscay coast has experienced many oll
spills such as “Torrey Canyon” (1967), “"Urquicla” (1976), "Amoco Cadiz"
(1978), “Aegan Sea" (1992) or “Erika” (1999). In 2002 a new oil spill following
the "Prestige” shipwreck impacted French coast.

The “Prestige’ was an oil tanker that been broken in two parts about 130
nautical miles off the west Spanish coast, near Galicia, on November 19
2002. Of the 77,000 tons of heavy fuel carried by the tanker, 63,000 spilled.
Since the accident, fuel has spread along the north coast of Spain and
reached the French and Portuguese shores. According to the rough weather
conditions of that winter, the oil might also have been mixed until a certain
depth within the water column, where sensitive organisms may have been
exposed and affected (Sanchez et al., 2006). Finally, such a spill involves the
deposition of oil, in particulate and aggregate forms, on the sea floor, where it
can also affect the benthic ecosystem.

The “Prestige” accident represents one of the largest environmental
catastrophes in the history of European navigation. Due to its expansion,
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
years following the oil spill, including seabirds (Camphuysen et af., 2002;
Velando et al.,, 2005; Alonso-Alvarez et al, 2007; Castége ef af, 2007),
plankton (Varela et al,, 2008), microfauna (Pascual et a/., 2008), fishes
(Sanchez et al., 2008; Martinez-Gomez et al,, 2009) and benthic
communities (Sanchez et al., 2006; Puente et al., 2008...).

Most benthic communities studies following the POS have been carried out in
Spain: in deep shelf (Sanchez ef al,, 2006; Serrano et al., 2006), on estuaries
(Puente et al., 2009) or sandy beaches (de la Huz et al., 2005; Junoy et al.,
2008%). None monitored only dedicated on rocky shore affected by POS has
been brought to our attention.

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), changes in the overall composition of the community may
be seasonal, due to more or less regular annual changes as a result of
mortality, recruitment, growth and behavior patterns. 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 many of them must be tolerant to a wide rahge of
stresses. Rocky shores are also subject to a variety of human impacts on a
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wide range of spatial and temporal scales (see Crowe et af., 2000;
Thompson et al.,, 2002 for reviews): pollution (e.g. oil spills, eutrophication
and toxic alga blooms, endocrine disrupter...); food gathering; introduced
species; global change (e.g. Mieszkowska &t a/, 2006); modification of
coastal processes.

Thereby, the need of long-term monitoring is highlighted by many authors to
study polluted areas or variability of natural systems in general (Southward,
1995; Peterson, 2001; Hawkins et al., 2002; Puente et al., 2009). Indeed,
recovery after acute events may take several years and can only be studied
properly over long periods of time. The length of the period needed would
depend on the nature of the habitat, the degree of shore cleaning as well as
the 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 reference state
was heeded in order to assess the impact of an oil spill in particular on
benthic communities (Laubier ef af., 2004). Due to this, benthic community is
monitored since 2002 on the rocky foreshore of Guéethary (France).

In this paper we investigate the temporal change of benthic communities
after the “Prestige” oil spill on the rocky shore of Guéthary using a ten-year
data set, including one sample prior the oil spill. We focus more particularly
on three changes 1) global taxonomic richness 2) temporal variations of
community structure and 3) variations ih species abundance.

2. Materials and Methods:

2.1 Study area

The study area is located on the rocky shore of Guéthary (France) on the
Aquitaine coast in the southern part of the Bay of Biscay. This area was
chosen before the POS because of its singularities. Firstly, this is a protected
area where most of fishing activities or human impacts is prohibited.
Secondly, this rocky shore is listed as a ZNIEFF (Zone Naturelle d'Intérét
Ecologique, Faunistique et Floristique), a natural area considered for its
noteworthy ecology, fauna and flora according to a national Frenhch inventory.

The standardized monitoring method counts twenty geographically
referenced quadrats spread on three littoral zones: upper mediolittoral, lower
mediolittoral and infralittoral zone. Four of them were placed outside the
protected area (Fig.1). The quadrats are located between latitude from
43.4297 N to 43.4227 N and longitude from -1.6082 W to - 1.6214 W.

2.2 Field sampling

All field work was conducted on the rocky shore of Guéthary between march

and may of each year since 2002. The sampling method is standardized, the
twenty quadrats location were randomly chosen in the three littoral zones and
are permanent since 2002. Each of them was sampled between two and four
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time a year depending on the tidal predictions: quadrats located on
infralittoral zones can only be sampled during low spring tide (which appears
one or two time by month).

Quadrat size was set to 16m? (4x4m) in order to cover a large area. Peterson
et al. (2001) pointed out, without giving a size, that a larger area of coverage
by sample can achieve better representation by spreading the sample out a
larger range of any natural gradient or across spatial heterogeneity.

In each quadrat, all individuals of each macrofauna species were counted
and identified at the lowest possible taxonomic level. The abundance of six
taxa (Balanomorpha, Botrylloides leachi Botryllus schlosseri Janua
pagenstecheri, Mytilus sp. and Spirobranchus trigueter), chosen because of
their high density, is estimated. However, abundances were not collected
during the first year so only presencefabsence data is available for 2002.

2.3 Data Analysis

Temporal variation of the benthic community was assessed using three major
analyses. Firstly the taxonomic richness was calculated for each year from
2002 to 2011 (ten years of data). The Spearman non-parametric test was
applied to calculate significant variations in the number of species before the
POS. All analyses were made with the Statistical Analysis System (CORR
procedure), and Maplnfo® 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 af, 2005). The validity of this approach is
supported by studies suggesting that effects of pollution are detectable at
taxonomic levels higher than species (Gray et af., 1990; Smith and Simpson,
1993, Gomez Gesteira et al., 2003).

Secondly we performed a multivariate analysis in order to compare
community structure of benthic macrofauna before and after the cil spill. We
used a correspondence analysis based on the presence/absence of taxa
(matrix 10 years X 110 taxa) and conducted by Statbox software (6.4
version).

Thirdly 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 SE = SD / ¥n-1 (with SD:
standard deviation and n: sample size). The analysis is then focused on the
most abundant trophic level: the grazers. Indeed, this group alone represents
53 % of the abundance of benthic macrofauna on the rocky shore of
Guéthary. For grazers, common taxa of sea urchins are considered
(Paracenirotus lividus, Echinus esculentus and Sphaerechinus granulfaris),
as well as mollusks (Aplysia sp., Calliostoma zizyphinum, Diodora sp.,
Gibbula sp., Haliotis tuberculata, Litforina fittorea, Littorina neritoides,
Monodonta fineata, Neoforicata, Patelfa vulgata) and sea slug Onchidelfa
celtica.
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A lot of temporal variations due to rocky shore natural diversity, such as
seasonality, disappearead since our samples were monitored during the same
pericd each year within three months. All the same, spatial variations are
eliminated in using permanent quadrats (Hartnoll and Hawkins, 1980).

3. Results:

3.1 Changes in the taxonomic richness

Through the ten 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 trophic
group, 42% of taxa are mainly predators, 18% are suspension feeders and
13% are grazers.

Before the ocil spill, a total of 57 species was sampled. The “FPrestige” oil spill
began the 13" of November 2002 but our study area was hit the 31% of
December (Daniel et al., 2004). Thus, the following year, when sampling
started, the area was already polluted since three months. Taxonomic
richness decreased significantly (p < 0.001) until it reaching the lowest value
of 41 species in 2004 (Fig. 2). The following years, the number of species
gets back to the level (around 58 species) observed prior to the oil spill.
Since 2005, taxonomic richness showed no significant variations (p = 0.7599)
and stabilized 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 community structure of
benthic macrofauna (Fig. 3). There was a community structure in 2002 with
taxa clearly specific to this year, such as Hymeciadon perfevis or Tethya sp.
Then structure changed through years with an important loss of taxonomic
richness (Fig. 2). After 2006, specific richness was close to prior the oil spill
but a quite new composition of macrofauna population appeared.

A further look in data pointed out four kinds of groups: 1) taxa sampled every
year (e.g. Actinia equina, Anemonia viridis, Asterina gibbosa, Athanas
nitescens, Carcinus maenas, Eriphia spinifrons, Galathea squamifera,
Gibbuta sp., Holothuria sp.) 2) “rare” taxa sampled from time to time (e.g.
Clavelina lepadiformis, Dorfopsilla areolata, Lepidonotus squamatus,
Rostanga rubra, Onchidella celiica) 3) taxa who disappeared after the oil spill
and reappeared 2-5 years later (e.g. Amphipholis squamata, Botryllus
schiosseri, Calliostorma zizyphinum, Echinus esculentus, Littorina littorea
Psammechinus miliaris), and 4) taxa who never reappeared after 2002 (e.g.
Hymeniacidon perievis, Tethya sp.).

3.3 Changes in the abundance of some trophic groups

L]
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Notably, total mean abundance increased in 2004 with a sharp peak (176 £
30 ind.m'z). Next year total mean abundance strongly decreased until a value
of 63 + 30 ind.m > which remained above abundance measured in 2003.
During the following years, total mean abundance presents no si%nificant
variations (p = 0.2152) and stayed stable between 68 £ 14 ind.m™ (2006) and
36 + 4 ind.rm 2 (2011).

Figure 4 shows that total mean abundance is mainly explained by grazers
especially in 2004 (138 + 28 ind.m™ that is 78% of the total abundance).
There was a bloom of grazers this year: densities increased 3.6 times. Total
mean abundance and grazers mean abundance are strongly correlated (p =
0.0016) whereas relation between total abundance and abundance of other
species (i.e. excepted grazers) is no congruent (p = 0.0671). It should be
noted that total mean abundance without grazers seemed relatively stable
from 2003 to 2011 with no significant trend (p = 0.3807).

4. Discussion:

Results obtained in the present work suggest that macrofauna population on
rocky shore of Guéthary was impacted by the “Prestige” oil spill. This impact
was expressed by a global decrease in taxonomic richness with a loss of 16
species between 2002 (prior the spill) and 2004. Increase of number of taxa
in following years reveals a process of recovery of the ecosystem. Ten years
after the oil spill, taxonomic richness seems to remain stable. It took three
years to reach a taxonomic richness similar to the reference value of 58 taxa
obtained before the oil spill.

Noteworthy differences in the community structure were revealed by the
multivariate analysis. Some species never reappeared on the shore since the
POS (e.g. Sponges Hymeciadon perfevis and Tethya sp), while others are
present all along the monitoring. More interesting, some species disappeared
just after the spill and reappeared few years later (mostly between 2-5 years).
This last group gathers species known for their sensibility to pollution, such
as Amphipolis squamata, Calliostoma zizyphinum and Psammechinus
miliaris (Grall and Glémarec, 1997; Borja ef al,, 2000; Barillé-Boyer et af.,
2004), The first axis scans the temporal gradient, highlighted by the arrow,
suggesting a recovery of the ecosystem (Fig. 3).

Although taxonomic richness went back to “hermal” in 2005 with 58 species,
multivariate analysis indicated that recovery process is more complex
because benthic communities vary among time. Indeed, the recovery
process seems to take longer (almost five years) before reaching a
composition of macrofauna up to the level observed prior the spill. Finally
recovery measurement remains difficult, as highlighted by Crowe ef al.
(2000), moreover different survey design could lead to varying interpretations
of the time-scale of recovery (Peterson ef al., 2001).

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

Nevertheless the recovery can be delayed by the cleanup. The rocky shore
of Guéthary was partially cleaned using high pressure hot water washing. In
Sell et al. review (1995), cleanup appears to have delayed 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 oll spill in Cornwall, the major
damage was not caused by the tons of oil which came ashore, but by
excessive treatment with over 10 000 tons of dispersants (Smith, 1968).
These were later shown to be very toxic to marine life (Corner et af., 1968).
The dispersants killed the grazer Patella vulgata, and, to a lesser extent,
other herbivores such as Monodonta lineata and Liitorina spp. The negative
effects of high pressure or hot water to clean on rocky shore ecosystems
have also been shown too (Broman et al., 1983; Peterson, 2001; Le Hir and
Hily, 2002). Both oil slick and cleanup effects could explain that some
sensitive species attached on the rocks never reappeared (e.g. Hymeciadon
perlevis and Tethya sp.).

Despite some inter-annual variation, total mean abundance pointed out very
interesting data about response of this ecosystem. Three month after the
POS total mean abundance was 49 + 9 ind.m™ but one year later (2004)
value reached a peak of 176 + 30 ind.m™=. 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 total mean abundance is explained by densities of
grazers.

From this perspective we can link this phenomenon with study of Barille-
Boyer ef al. (2004) also located in the Bay of Biscay. 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 hot measure algual cover, following
literature, we can suggest that the maximum of herbivore density could
illustrate a variation of the 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). Three
years after the POS (2005), the density of grazers in the studied area
decreased and then seemed to stabilize. This could show balance between
herbivore and algal communities after a period of perturbation.
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The effects of the “Prestige” oil spill on marine ecosystem were studied from
plankton to seabirds. Despite varied results, most of the studies have showed
impacts on the populations, for example: a decrease in the species richness
and abundance of the macroinfauna in sandy beaches with disappearance of
rare species (de la Huz et af, 2005; Junoy et al,, 2005); reduction in the
abundance of shrimp, lobster and megrim in deep shelf (Sanchez et al.,
2006); indirect impact for European shags through a reduction on the
availability of preys (Velando et af, 2005). Generally these studies indicated
a strong initial impact during first year after the spill, mainly on intertidal
communities and fishing resources, with recovery by 2004 (Penela-Arenaz et
al., 2009). Peterson ef 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
taxonomic richness, changes in community structure, proliferation of
grazers). The recovery took between 3 (if we only considered the number of
taxa) and almost 5 years (according to community structure).

Definition of “recovery” can vary following literature (e.g. Ganning et al. 1984;
Sell et.af 1995) because processes may take many forms depending on the
nature of the oil spill damage under consideration. Kingston (2002) in his
review shares this possible definition of recovery: “Recovery of an ecosystem
is characterized by the re-establishment of a biclogical community in which
plants and animals characteristic of that community are present and
functioning normally”. Thereby, the multivariate analysis which revealed
community structure seems to be the more suitable.

We agree with Elmgren et al. (1983) who consider that whole systems are
better indicators of oil pollution than single species even if several orders
seem to he in some cases polluo-sensitive, e.g. the Amphipoda (Bellan-
Santini, 1980; Gomez Gesteira and Dauvin, 2000; de-la-Ossa-Carretero ef
al., 2012). Our study suggests considering species richness, abundances
and multivariate analysis to define recovery of this ecosystem.

Conclusion:

The “Prestige” oil spill impacted taxonomic richness, community structure
and abundance of benthic macrofauna on the rocky shore of Guéthary.

Even if taxonomic richness went back to “hormal” in 2005 (3 years after the
spill), multivariate analysis indicates that recovery processes are more
complex because benthic communities vary among time. Indeed, the
recovery processes seem to take more time (almost five years) before
reaching a composition comparable to the macrofauna observed prior to the
spill. Moreover, the proliferation of grazers suggests a perturbation of the
benthic ecosystem.

These results confirm the complexity of recovery of impacted ecosystems
and that true assessment of oil spill impact needs reference state monitoring,
at least five years after the accident. Globally, long-term study of marine
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biodiversity proves to be necessary for the understanding and the
conservation of the 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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CAPTIONS FOR FIGURES

Fig. 1:

Location of study area and benthic sample stations (black points) on the
rocky foreshore of Guéthary. Quadrats are located from the mediolittoral
(orange) to the infralittoral (yellow). Dotted lines represent the protected
zone.

Fig. 2:

Variation in taxonomic richness on rocky foreshore of Guéthary from 2002 to
2011. The vertical arrow indicates the oil slick following the Prestige
shipwreck.

Temporal variation of community structure of benthic macrofauna among
years revealed by Correspondence Analysis (matrix 10 years X 110 taxa
(presencefabsence)). Axis 1 and axis 2 plan.

Fig. 4:

Mean variation in total abundance (all species), grazers abundance and total
abundance without grazers on intertidal rock at Guéthary from 2003 to 2010.
Vertical bars represent standard errors.
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