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«La mer, une fois qu’elle vous a jeté un sort, vous tient
dans son filet merveilleux pour toujours ».

JACQUES-YVES COUSTEAU

« -Oui! Je I'aime! La mer est tout! Elle couvre les sept dixiémes du globe terrestre. Son souffle est pur et
sain. C'est I'immense désert ou I'homme n'est jamais seul, car il sent frémir la vie a ses ctés. La mer n'est
que le véhicule d'une surnaturelle et prodigieuse existence; elle n'est que mouvement et amour; c'est
I'infini vivant, comme I'a dit un de vos poétes. Et en effet, monsieur le professeur, la nature s'y manifeste
par ses trois régnes, minéral, végétal, animal. Ce dernier y est largement représenté par les quatre groupes
de zoophytes, par trois classes des articulés, par cing classes des mollusques, par trois classes des
vertébreés, les mammiféres, les reptiles et ces innombrables Iégions de poissons, ordre infini d'animaux qui
compte plus de treize mille espéces, dont un dixiéme seulement appartient a I'eau douce. La mer est le
vaste réservoir de la nature. C'est par la mer que le globe a pour ainsi dire commencé, et qui sait s'il ne
finira pas par elle! La est la supréme tranquillité. La mer n'appartient pas aux despotes. A sa surface, ils
peuvent encore exercer des droits iniques, s'y battre, s'y dévorer, y transporter toutes les horreurs
terrestres. Mais a trente pieds au-dessous de son niveau, leur pouvoir cesse, leur influence s'éteint, leur
puissance disparait! Ah! Monsieur, vivez, vivez au sein des mers! La seulement est I'indépendance! La je
ne reconnais pas de maitres! La je suis libre!».

JULES G. VERNE, Vingt mille lieues sous les mers, 1870
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ABSTRACT

The loggerhead turtle is an endangered species that has undergone a serious reduction of

populations worldwide. In this regard, many factors involved in the mortality of this species
have been identified, but from all, the most significant is bycatch due to professional fishing. In
the western Mediterranean, bycatch of sea turtles has traditionally been associated mostly with
drifting longlines. However, several cent studies have identified other gears as significant
sources of sea turtle bycatch, at least at certain regions within the Mediterranean. Ten years ago,
nothing was known about the impact caused by the Catalan professional fishing fleet on sea
turtles and hence this thesis aimed to estimate the mortality generated by professional fishing in
the region, identify the relative importance of different fishing gears in sea turtle bycatch, asses
the post-release mortality of bycaught turtles and identify methods to reduce the bycatch levels
by bottom trawlers. Furthermore, this thesis aimed to test the hypothesis that a decline in the
population of sea turtles because of high levels of incidental bycatch was the reason for recent
jellyfish outbreaks. The results of this thesis showed that drifting longlines and bottom trawls
are the gears most often involved in incidental bycatch of loggerhead sea turtles in the region. In
particular, drifting longlines catch loggerheads in the oceanic basin and bottom trawling on the
continental shelf. Satellite tagging of incidentally hooked turtles has revealed high rates of post-
release mortality (0,308-0,365), hence indicating that the line has to be cut and the hook
removed before release alive turtles to minimize the impact of bycath. Regarding bottom-
trawling bycatch, it concentrated in the Ebro Delta during the winter months, not because of a
higher abundance of loggerhead turtles, but because of operations factors, as bottom trawlers in
the region usually operate on the continental shelf and not on the slope. Aerial surveys revealed
that loggerhead turtles distributed randomly over the continental shelf and hence closing to
fishing the shelf shallower than 50 m, as elsewhere off Spain, will result into a small reduction
in bycatch figures. Conversely, as most of the bycatch has been recorded in late winter, a closed
season would be more useful. Finally, results showed that the loggerhead sea turtles are not the
only consumer of jellyfish in the Mediterranean. On the contrary, a rich guild of opportunistic
predators of jellyfish exists, all of them species with commercial interest such as the bluefin
tuna or swordfish. Therefore, jellyfish blooms are unlikely to be the result of a decline in the

numbers of loggerhead turtles alone.

Key words: Sea turtles, Mediterranean, Caretta caretta, Bycatch, Longlines, Bottom-trawling,

Pop-ups, Aerial surveys, Satellite tracking, Stable Isotopes, Jellyfish consumers.
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INTRODUCCIO

Els ecosistemes marins estan afectats mundialment per 1’accid antropica i, de tots els

factors d’impacte que pateixen, la pesca €és una de les causes més importants de la davallada de
moltes poblacions d’animals marins arreu del moén, juntament amb el canvi climatic (Pauly et

al. 1998, 2002, 2005, Jackson et al. 2001, Myers i Worm 2003, Planque et al. 2010).

Pero els seus efectes s’estenen més enlla de les especies comercials, de manera que la pesca
ha causat també la reduccié de poblacions d’espécies no objectiu 0 sense interés comercial
(Dayton et al. 1995, Hall 1996, Soykan et al. 2008, Davis et al. 2009), la captura de les quals en
molts casos fins i tot pot causar grans molesties als mateixos pescadors. Son les anomenades
captures accidentals (Crowder i Murawski 1998, Hall et al. 2000), degudes sobretot a les
caracteristiques de molts arts de pesca, que en ser poc selectius poden arribar a pescar qualsevol
altra espécie que comparteixi habitat i aliment amb les espécies comercials objectiu de la

pesqueria.

En aquest sentit, els grans vertebrats marins son uns dels grups més afectats per la
interacci6 amb la pesca i les captures accidentals son, sovint, I’amenaca més greu per la seva
conservacio (Heppell et al. 1999, Fujiwara i Caswell 2001, Lewison i Crowder 2003, Lewison
et al. 2004a). Aixi, gran quantitat d’especies de mamifers marins, elasmobranquis, aus marines i
tortugues marines son capturades accidentalment arreu del mén, i com a consequeéncia les seves
poblacions s’han vist drasticament reduides (Tuck et al. 2001, Baum et al. 2003, Read 2008,
Rivalan et al. 2010, Wallace et al. 2010, Crowder et al. 2011, Komoroske i Lewison 2015).

A més, les captures accidentals poden comportar consequiéncies negatives no només per a
la biodiversitat, sind també per a 1’ecosistema, ja que poden afectar a la dinamica trofica dels
sistemes marins. Per aquest motiu, als darrers anys, la recerca i estudis sobre captures
accidentals de grans vertebrats marins ha augmentat exponencialment (Soykan et al. 2008),
contribuint a una millora del coneixement pel que fa a les espécies més afectades i a la magnitud
relativa de la captura accidental a gran escala (per exemple, Lewison et al. 2004a, b, 2007,
Casale et al. 2010, Wallace et al. 2010).

Per una banda, és basic coneixer quines son les especies i poblacions afectades, ja que les
seves caracteristiques biologiques i el seu comportament determinaran els seus patrons de
distribuci6 i 1’as que en fan de I’habitat, fent-les més o menys vulnerables a ser capturades
(Lewison et al. 2014). Per altra banda, també és necessari caracteritzar les captures accidentals

en si mateixes, és a dir, quantificar el nombre total de captures per cada art i zona, definir els
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arts de pesca que hi tenen una incidéncia més elevada, estimar la mortalitat que generen (tant
directa com indirecta) i determinar les consequiencies que comporten per les poblacions. Només
amb aquesta informacié podem ser capacos de definir les estratégies necessaries per poder
trobar una solucid a cada situacio, aconseguint realitzar una gestié adequada per arribar a un
consens entre la reduccio de les captures i els efectes per als pescadors, i assolint a la llarga una
pesca sostenible.

En els darrers anys s’han aconseguit avengos substancials en el desenvolupament
d'estratégies de mitigacio i gestié per tal de reduir aquesta captura accidental de grans vertebrats
marins (Cox et al. 2007, Gilman et al. 2007, 2010, Howell et al. 2008, 2015). De manera que,
en molts casos, s’ha arribat a la recuperacié de poblacions col-lapsades amb la creacié d’acords
nacionals molt eficacos (Gerber i Hilborn 2001, Crowder et al. 2011). Tot i aixi, en molts paisos
encara no s’ha aconseguit i segueix essent un problema d’actualitat per moltes especies

migradores (Wallace et al. 2013, Lewison et al. 2014, Komoroske i Lewison 2015).

La reduccid de les captures accidentals representa un dels problemes de conservacio de més
dificil solucié per a les espécies de megafauna amb cicles bioldgics complexos, de vida llarga i
que necessariament han de realitzar llargs viatges per a desplacar-se de les seves arees de
reproduccio fins a les arees d’alimentacio, i a la inversa (Heppel et al. 1999, Lewison et al.
2004b ). La llargada dels seus desplacaments i la seva gran longevitat, fan que fins i tot un risc
de captura relativament baix pugui tenir un efecte acumulat important sobre aquestes espécies.
A més, els seus viatges impliquen territoris amb diferents jurisdiccions, de manera que per
I’aplicacié de mesures de gestid adients s’exigeix l'accio internacional, la cooperacié entre
paisos i, en alguns casos, la necessitat d’instruments politics a gran escala per fer-hi front. Per
tant, el desenvolupament d'estrategies eficaces de reduccié de la captura accidental és un repte
ambiental complex, que inclou components cientifics, socioculturals i socioeconomics

(Komoroske i Lewison 2015).

Les tortugues marines i la pesca

Les tortugues marines son particularment vulnerables a la captura accidental degut,
precisament, al seu caracter migratori: podent arribar a recorrer fins a 1.000 km de distancia
(Spotilla 2004), i a les seves caracteristiques biologiques: de maduracié sexual en edats
avancades, vida llarga i baix rendiment reproductiu, és a dir, per tenir uns cicles vitals realment

complexos i dilatats en el temps (Wyneken et al. 2013).

Per aquest motiu, practicament totes les espéecies de tortugues marines es troben actualment
amenacades i, tot i que en algunes zones hi ha poblacions considerades estables,

majoritariament encara hi ha moltes poblacions arreu del moén que pateixen una elevada
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mortalitat generada per la pesca accidental o 1’explotacio6 directa (Lewison et al. 2004b, Koch et
al. 2006, Peckham et al. 2007, 2008, Read 2008, Wallace et al. 2010a, 2011, Mancini et al.
2011), de manera que s’han vist greument reduides i, fins i tot, algunes especies estan
considerades en perill critic d’extinci6 (Wallace et al. 2013, Komoroske i Lewison 2015). Es
tracta, doncs, d’especies que presenten un bon exemple de la necessitat de plantejar estratégies
de conservacio que siguin globals (Koch et al. 2006, Peckham et al. 2007, Wallace et al. 2010a,

b, 2011, Hamann et al. 2010, Lewison et al. 2014) per poder recuperar les seves poblacions.

Tot i aixi, el fet d’ocupar un territori tan gran ha causat una gran complicacié a 1’hora de
considerar el seu grau d’amenaga, aixi com el seu corresponent estat de conservacié de les
poblacions de tortugues marines entre diferents regions. D’aquesta manera, tot i la necessitat
d’aconseguir €xitS globals de conservacid per a les poblacions de tortugues marines, s’ha vist

gue és necessari actuar localment, per respondre als impactes especifics de cada regié.

Per aquest motiu, recentment s’han creat les anomenades unitats de gestio regional (RMUS)
(Wallace et al. 2010b), com a resposta a una necessitat d’organitzar les tortugues marines en
unitats de protecci6 que estiguin per sobre el nivell de poblaci6 nidificant, perod per sota el nivell
d’espécie. Per cada RMU, s’han tingut en compte una série de factors com la mida de la
poblacio, la tendencia poblacional, la vulnerabilitat de les colonies i la diversitat genética, aixi
com també les captures accidentals i altres amenaces que les afecten particularment. D’aquesta
manera, doncs, s’estan adaptant les estratégies de gestio a cada cas, ja que per cada RMU poden
variar els arts de pesca de més incidencia, les taxes de mortalitat generada, les conseqliéncies
per les diferents poblacions i la resposta de I’espécie a les mesures de gestio potencialment més

adequades.

En concret, sis de les set espécies de tortugues marines que existeixen mundialment estan
catalogades a la Llista Vermella d’espécies amenagades (http://www.iucnredlist.org/) de la
UICN (2015) i, en conjunt, les set espécies de tortugues marines formen un total de 58 RMUs
diferents (Wallace et al. 2010b).

Actualment encara hi ha una gran manca important de coneixement sobre lI'impacte de la
captura accidental en la dinamica de les poblacions de tortugues marines en molts llocs del mén,
en particular sobre el nombre de tortugues que es capturen a cada RMU i les que moren
posteriorment a la captura (Godley et al. 2008, Hamann et al. 2010). El que si s’ha comprovat,
pero, és que les regions amb taxes de captura accidental més grans son les que presenten una
superposicio mes elevada entre les zones de pesca i els habitats més importants de tortugues
marines (Mancini et al. 2011, Peckham et al. 2007, Wallace et al. 2010a). De manera que la
caracteritzacio de 1’esforg pesquer permetra identificar les zones amb més potencial d’afectacio

en el marc de cada RMU de les tortugues marines a nivell mundial.
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El palangre de superficie i la tortuga babaua

Tradicionalment, el palangre de superficie (Figura 1) havia estat considerat 1’art amb més
incidéncia en la captura accidental de tortugues marines (Lewison i Crowder 2007). I fa pocs
anys, Wallace et al. (2010a) van confirmar (en base a I’analisi de diferents regions i arts de
pesca) que, entre els anys 1990 i el 2008, aquest art era el que generava accidentalment més
captures a nivell mundial que no pas 1’arrossegament o el tresmall, encara que no es
consideraven moltes zones on no estaven caracteritzats ni les captures accidentals ni 1’esforg

pesquer.

Fins aleshores, doncs, la majoria d’esfor¢os de gestid a nivell mundial havien estat dirigits
al palangre de superficie i al plantejament de mesures de mitigaci6 i reduccio de les captures
accidentals de tortugues marines generades per aquest art.

Figura 1. Representacid
d’un palangrer de
superficie, amb I’art calat
(es pot observar la filera
de bragolades amb
I’esquer posat a cada
ham) i una tortuga marina
susceptible de ser
capturada amb aquest art.
Font:

Sea Turtle Conservancy.

El palangre de superficie s’utilitza de forma estesa per tots els mars i oceans (Lewison et al.
2004b, 2007). Es tracta d’un monofilament de mida variable pero generalment molt llarg d’on
pengen milers d’hams amb esquers, i que es cala a prop de la superficie (a diferents profunditats
segons la modalitat) on romandra unes hores flotant i esperant que les espécies d’interés s hi
quedin enganxades. En concret, les especies objectiu d’aquest art de pesca solen ser: la tonyina
vermella (Thunnus thynnus), la tonyina d’ulls grossos (T. obesus), la tonyina d’aleta groga (T.

albacares), la bacora (T. alalunga) i el peix espasa (Xiphus gladius).

La tortuga babaua (Caretta caretta) és una de les espécies més capturades accidentalment
amb palangre de superficie (Lewison et al. 2004b) i les seves poblacions nidificants han patit
una davallada d’entre un 80-86% en els darrers 20 anys (Limpus i Limpus 2003, Kamezaki et
al. 2003). A nivell mundial, s’estima que al voltant de I’any 2000 s’estaven capturant anualment
aproximadament 250.000 tortugues babaues amb aquest art (Figura 2), de les quals una gran
quantitat acabava morint com a consequéncia de la captura.
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Figura 2. Exemplars de tortugues marines capturades en palangre de superficie. A la imatge de la dreta es pot
observar el fil de la bragolada sortint de I’esofag de ’animal, indicant que I’ham a quedat a I’interior. Autors
fotografies: 1. Alvarez de Quevedo i J. Sanchez/Submon.

Aixi, es van dur a terme gran quantitat d’iniciatives per tal de reduir aquest impacte per a
les poblacions de tortugues babaues, sobretot a 1’ Atlantic i al Pacific, pero, de la distribuci6 tan
amplia tant de I’espécie com de 1’esfor¢ pesquer del palangre de superficie requerien plans
d’acci6 internacionals (Crowder et al. 2007). S’havien estudiat modificacions de I’art i de les
operacions de pesca per tal de reduir les captures accidentals (com per exemple, 1’is d’hams
circulars, el canvi de calamar a peix com esquer, Watson et al. 2005, Gilman et al. 2006), pero
es va comengar a veure que eren necessaris esforcos nacionals i internacionals per tal de seguir
desenvolupant i implementant les mesures de mitigacié que puguin aconseguir la reduccié o
eliminacio total de les captures accidentals generades al llarg de les diferents conques i flotes
palangreres (Lewison et al. 2004b).

El cas del mar Mediterrani occidental

Degut a les elevades taxes de captures accidentals i a la gran quantitat d’esfor¢ pesquer
(figura 2), tots els arts de pesca del mar Mediterrani i de 1’est de 1’ocea Pacific es van identificar
com a prioritats urgents de conservacio, i es feia essencial I’estudi i caracteritzacidé de la
interaccié entre les flotes de pesca professional i les tortugues babaues al mar Mediterrani per a
la conservacio de I’espécie (Watson et al. 2005, Cox et al. 2007, Casale 2008, Gilman i Lundin
2009).

A la Mediterrania, les elevades taxes de captura accidental afectaven sobretot a tortugues
juvenils a la zona més occidental i, malgrat els valors reproductius inferiors dels juvenils
respecte als dels adults (és a dir, individus "de menys valor" per la dinamica de la poblacié en
general, Crouse et al. 1987, Heppell et al. 2005), també podien tenir impactes significatius per
la poblaci6 en funci6 de la magnitud de I'esforg total. Aixi, encara que la majoria de captures

fossin de tortugues juvenils, les captures per unitat d’esforg i I’esfor¢ observat per als palangres
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en aquesta regio es trobaven entre els més alts de tot el moén (Figura 3). Per tant, la combinacid
dalta freqiiéncia d'esdeveniments de captures accidentals i d'elevat esfor¢ pesquer implicava
que l'impacte acumulatiu de la captura accidental en les poblacions de tortugues babaues a la
Mediterrania occidental s’havia de tenir en especial consideracié per la conservacié de I’espécie
(Casale 2008, Lucchetti i Sala 2010).

D’aquesta manera, el mar Mediterrani occidental en concret és, doncs, des d’aleshores una
de les zones identificades com a punt calent o hotspot de captures accidentals de tortugues
babaues de tot el mon (Wallace et al. 2013, Lewison et al. 2014), pel fet de coincidir una zona

d’esfor¢ pesquer molt intensiu amb una area on 1’espécie hi és particularment present.
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Mediterranean Pelagic Longline Fishing Effort

Figura 3. Mapa mundial i mediterrani de 1’esforg pesquer de palangre de superficie, incloent tot ’esforg
pesquer realitzat per capturar tonyina i peix espasa a I’any 2000. El color fosc indica els nivells d’esforg
més elevat. Extret de Lewison et al. 2004b.

El mar Mediterrani esta considerat com una reserva molt important de biodiversitat marina,
amb prop de 17.000 espeécies registrades (Costello et al. 2010), tot i que des del 500aC-600dC,
va patir una reduccio drastica de la biodiversitat a causa de les activitats humanes, principalment
per la pesca (Coll et al. 2010). A nivell general, la produccié pesquera del Mediterrani ha
incrementat en un 50% des del 1977 fins a I’actualitat, en part degut a que la produccio primaria
ha augmentat com a conseqiiéncia de I’eutrofitzaci6 antropogenica d’algunes arees, incrementat
aixi la biomassa demersal i bentonica mitjangant la xarxa trofica. D’aquesta manera, l'esforg
pesquer actual a la Mediterrania es considera insostenible per diversos taxons i dels ecosistemes
marins en el seu conjunt (per exemple, Smith et al. 2000, Tudela 2004, Ferretti et al. 2008), i
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aquestes alteracions d'habitat poden representar amenaces addicionals per a les poblacions de
tortugues babaues. En aquest sentit, la captura accidental ha impactat greument els ecosistemes
del mar Mediterrani (per exemple, Tudela 2004, Sacchi 2008), afectant no només a la
conservacio de les tortugues marines, sind també a d’altres grans vertebrats d'interes com els

taurons (Ferretti et al 2008), els cetacis (Bearzi 2002) o el vell mari (Karamanlidis et al. 2008).

Pel que fa a les tortugues marines, tot i que a moltes regions es capturaven fins fa poc per
I’autocostum, I'explotacié comercial a gran escala es va iniciar a la primera meitat del segle XX
amb les flotes de pesca dirigides especificament a la tortugues a la zona de Palestina i Turguia
(Sella 1982, Casale 2011). Durant la segona meitat del segle XX, les tortugues marines van
passar a ser protegides legalment a la major part dels paisos mediterranis (Casale 2011) i les
captures directes van desapareixer. En canvi, les captures accidentals van continuar,
especialment després de la popularitzacié del palangre de superficie durant la década de 1980
(Mayol et al. 1988, Aguilar et al. 1995, Camifias i Valeiras 2001, Deflorio et al. 2005, Béez et
al. 2007a, b, Casale et al. 2007, Jribi et al. 2008), afectant especialment a la tortuga babaua.

Les primeres estimacions, realitzades a mitjans de la decada de 1980 i comengaments de la
década de 1990, indicaven que la flota palangrera espanyola capturava anualment a la
Mediterrania occidental més de 20.000 tortugues anuals (Mayol et al. 1988, Camifias 1988,
Aguilar et al. 1995, , Camifias i Valeiras 2001), amb una probabilitat de mortalitat després de
I'alliberament de 0,29 (Aguilar et al. 1993, 1995). Estimacions posteriors han elevat el nombre
de tortugues capturades encara més (Lewison et al. 2004b), pero sovint sense afegir noves dades

i simplement refinant les estimacions originals.

Per alta banda, la recerca realitzada durant els darrers vint anys ha demostrat que la major
part dels arts de pesca emprats a la regi6 sén susceptibles de capturar també tortugues, incloses
les xarxes de deriva (per exemple Bradai 1993, Di Natale et al. 1995, Silvani et al. 1999), el
tresmall (per exemple, Godley et al. 1998a, Carreras et al. 2004, Casale et al. 2005a), les xarxes
d'arrossegament de fons (per exemple Laurent et al. 1996, Oru¢ 2001, Margaritoulis et al.
2003b, Casale et al. 2004, Jribi et al. 2007) i el palangre de fons (per exemple Casale et al.
2007, Jribi et al. 2008). El resultat és que al conjunt de la Mediterrania es podien capturar al
voltant d’unes 130.000 tortugues anualment (Casale 2011).

La tortuga babaua (Caretta caretta), principal espécie afectada per la captura accidental a la
regid, és l’espécie de tortuga marina més abundant al mar Mediterrani, present en zones
d’alimentacié oceaniques i neritiques de tota la conca, malgrat que les seves zones de
nidificacié més importants a la regi6 es troben a la part central i oriental (Grécia, Turquia, Xipre
i Libia), amb uns 7.200 nius anuals (Casale i Margaritoulis 2010). En canvi, la nidificacio de la

tortuga babaua a la Mediterrania occidental és esporadica, tot i que als darrers anys s’ha produit
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un increment en la deteccié de nius (Carreras et al., 2015). Pel que fa a les altres tortugues
marines presents a la Mediterrania, només la tortuga verda (Chelonia mydas) hi nidifica, pero la
seva poblacio és petita i la seva presencia a la Mediterrania occidental poc habitual (Carreras et
al. 2014). Les altres espécies son ocasionals i no nidificants (Casale 2011, Carreras et al. 2014).

Tot i no ser zona de nidificacié habitual, la Mediterrania occidental és una gran area
d’alimentaci6é de juvenils de tortugues babaues. En aquesta regio hi coexisteixen individus
juvenils de dues RMUs diferents: juvenils d’origen mediterrani provinents principalment de les
platges de nidificacié de Libia (Clusa et al. 2014), RMU Mediterrania, i individus d’origen
atlantic provinents principalment de les platges de nidificacio del sud de Florida (Laurent et al.,
1993, 1998, Casale et al. 1998, Carreras et al. 2006, Carreras et al. 2011, Clusa et al. 2014), la
zona de nidificacié més important de I'espécie a I'Atlantic i una dels més grans del mén (Ehrhart
et al. 2003, Wallace et al. 2010b), RMU del nordoest de I’Atlantic. També poden entrar
tortugues de la RMU del I’ Atlantic nordest, pero la contribucié és minima (Clusa et al. 2014).

Els juvenils d'aquesta poblacié migren primer cap a I'est seguint el Corrent del Golf, fins
arribar a Europa i I’Africa nord-occidental (Laurent et al. 1993, 1998, Bolten et al. 1998,
Mansfield et al. 2014). Una part desconeguda d’aquest contingent entra a la Mediterrania per
I’estret de Gibraltar, un fenomen d’intensitat anual variable determinat per les condicions
oceanografiques (Béez et al. 2014). En qualsevol cas, i un cop dins el mar Mediterrani, els
juvenils de tortuga babaua d'origen atlantic hi romandran diversos anys, ja que els corrents de
l'estret de Gibraltar i del mar d’Alboran exerceixen de barrera fisica per les tortugues de mida
petita que es veuen arrossegades pels corrents, i que no podran superar fins arribar a una talla

suficient per poder nedar-hi en contra (Revelles et al. 2007c, Eckert et al. 2008).
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Figura 3. Contribucions en percentatge del diferent origen de les tortugues babaues presents a les zones
d’alimentacié del mar Mediterrani . Es destaca en negre el percentatge de les tortugues atlantiques, que decreix
d’oest a est i de sud a nord. Colonies de procedéncia: ATL (Atlantic), MIS (Misrata-Libia), WGR (oest de Grecia),
WTU (oest de Turquia), LEV (Israel, Liban, Xipre i una altra colonia de Turquia), ALTRES (Sirte-Libia, Calabria,
Italia, Creta, Grécia). Les estrelles indiquen les colonies Mediterranies. Adaptat de Clusa et al. 2014.
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Tanmateix, els juvenils d’origen atlantic no es distribueixen de forma homogénia per tota la
conca mediterrania (Figura 3), doncs la seva abundancia relativa disminueix com més al nord i a
I’est ens desplacem des de Gibraltar (Clusa et al. 2014). D’aquesta manera, trobem una
predominanga de tortugues d’origen mediterrani al mar Catalano-balear (entre la Peninsula
Iberica i les Balears) i a la mar Tirrena, mentre que les tortugues atlantiques hi predominen al
mar d’Alboran i a la conca Algeriana (entre Balears, la comunitat Valenciana, Murcia i
Andalusia). Per tant, tal i com Clusa et al. (2014) han assenyalat recentment, s’haura de tenir en
compte aquesta heterogeneitat regional a 1’hora de valorar I’impacte de la pesca accidental a
diferents subconques i poder establir uns plans de gestié adequats, actualitzats i viables a llarg

termini per a la conservacié de les tortugues babaues.

Tal i com s’ha indicat anteriorment, la Mediterrania occidental ha estat assenyalada en
diverses revisions i metanalisis com la principal zona de captura accidental de tortugues babaues
a la Mediterrania (Mayol et al. 1998, Lewison et al. 2004b, Casale 2011, Wallace et al. 2013).
Tanmateix, la major part d’aquest estudis han fet servir dades obtingudes a les décades de 1980
i 1990 (Aguilar et al. 1993, Mayol et al. 1998). Es a dir, el que semblaria ser una constant
actualitzacio de les dades de captures accidentals és, en realitat, una permanent revisié d’unes
dades obtingudes fa 30 anys i que de cap manera poden representar el que ha succeit a la regio6

durant I’Gltima década, testimoni de notables canvis en el sector pesquer.

Per altra banda, i com ja s’ha comentat, I’émfasi en el palangre de superficie va causar una
subestima dels altres arts de pesca que potser tenien més impacte del considerat, ja que en
determinades regions del mar Mediterrani s’havia vist que 1’arrossegament i el tresmall, estaven
generant també un nombre de captures accidentals de tortugues realment molt elevades (tal i
com posteriorment també s’ha anat veient en altres llocs del mon). En concret, es va detectar
per una banda que I’arrossegament era 1’art amb més incidéncia al mar Adriatic i que, a més,
generava una mortalitat directa molt més elevada que no pas el palangre (Casale et al. 2004). I,
per altra banda, al sud de Turquia i nord de Xipre, es van identificar els arts menors com a font
important de la captura accidental, concretament les xarxes de tresmall (Godley et al., 1998a).
Finalment, i precisament a les llles Balears, ja dins el mar Mediterrani occidental, també es va
detectar mitjancant la realitzacié d’enquestes i embarcaments que es capturaven més tortugues

amb arts menors, en concret, amb el tresmall de llagosta (Carreras et al. 2004).

Per tant, ara fa una década comencava fer-se evident que la situacié era més complicada del
que es pensava inicialment. En primer lloc, hi podien estar implicats molts sistemes de pesca, a
més del palangre de superficie, i la seva importancia relativa podia variar regionalment. A més,
la poblaci6 de tortugues afectada (i la corresponent RMU) també podia variar regionalment. |

per acabar, no es sabia gairebé res de la mortalitat post —alliberament i per tant del veritable
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impacte demografic d’aquestes captures. A partir d’aqui, doncs, va sorgir la necessitat de
augmentar la recerca a la Mediterrania occidental pel que fa a les captures accidentals de
tortugues babaues. En el moment de plantejar-se la present tesi doctoral, només es disposava de
dades recents sobre la captura accidental de tortugues babaues per part de la flota espanyola del
Mediterrani a les Illes Balears (Carreras et al. 2004) i Andalusia (Béez et al. 2006). Per altra
banda, les Uniques dades sobre la mortalitat post-alliberament de tortugues capturades amb
palangre provenien d’estudis en captivitat (Aguilar et al. 1993) o d’animals alliberats sense
I’ham (Swimmer et al. 2006, Sasso i Epperly 2007). Finalment, els mitjans de comunicacid
sovint es feien resso d’afirmacions segons les quals cada vegada hi havia més meduses degut a
la desaparicié de les tortugues marines com a conseqiiencia de la pesca, pero en realitat es

coneixia molt poc sobre les interaccions entre les meduses i els seus depredadors.

En aquest context, la manca d’informacié sobre les captures accidentals de tortugues
babaues pel que fa als altres arts de pesca a la Mediterrania occidental en general i, en concret,
la manca de dades sobre I’impacte causat per la flota de pesca professional catalana van

impulsar I’inicia d’aquesta tesi.

Méetodes d’estudi en tortugues marines i captures accidentals

Un dels problemes metodologics més seriosos que calia afrontar era com obtenir dades
de captures d’una espécie legalment protegida. La recopilacié acurada de dades sobre captures
accidentals requereix observadors experts i recursos considerables per cobrir totes les flotes i
els oceans (Soykan et al. 2008). De fet, si bé els programes d'observadors per a les pesqueries a
petita escala poden oferir dades completes sobre les dades de captura accidental de tortugues
relacionades amb la pesca, també poden ser molt costosos, en termes socioeconomics (Peckham
et al. 2008). Aixd es deu principalment a les dificultats inherents de treballar de forma
sistematica amb una flota gran, dispersa i segons com poc regulada (Lewison et al. 2011). En
aquest sentit, 1’is d’enquestes a pescadors com a metode d’estudi, s’havia demostrat
anteriorment que és el metode més senzill i fiable (Godley et al. 1998b, Carreras et al. 2004), tot
i que les dades obtingudes poden ser escasses si no es realitza un estudi acurat amb una
cobertura minima de la flota, o esbiaixades si els pescadors no responen amb veracitat (Lien et
al. 1994). Per aixo, en general, es considera com a metodologia ideal d’estudi de les captures
accidentals la combinaci6 d’enquestes i la seva corresponent verificacidé mitjancant
embarcaments d’observadors a bord de les embarcacions de pesca, essent aquest 1’enfocament

adoptat en aquesta tesi.

El segon problema era com estimar la mortalitat provocada per la captura accidental. Les
enquestes permeten estimar la mortalitat directa que pateixen les tortugues com a conseqiiéncia

de la captura, pero, també és necessaria la determinacid de la mortalitat posterior, és a dir, tenint
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en compte també la probabilitat que pugui acabar morint una tortuga que sigui capturada viva i
retornada posteriorment al mar. En aquest sentit, I’inic métode disponible son els dispositius
coneguts com a PSAT tags o pop-up tags en angles, dissenyats inicialment per al seguiment de
grans peixos pero adaptats posteriorment a l’estudi de la mortalitat en tortugues marines
(Swimmer et al. 2006, Sasso i Epperly 2007). Es tracta d’uns aparells que es col-loquen a la
closca de les tortugues capturades de forma accidental, de manera que en ser retornades al mar
se’n podra fer un seguiment durant un periode determinat de temps, ja que aquests aparells es
poden programar per enregistrar la pressio (és a dir, la profunditat, m) i la temperatura (° C)
cada 2 s, i el nivell de llum cada 10 s. Les dades s'emmagatzemen en parts de 14 segments (de
profunditat i temperatura) que cobreixen els rangs de 0 a> 250 m (i fins a 500 m) i de 5 a> 32
°C, respectivament. Aix0 permet veure els patrons d’immersio de cada tortuga alliberada, de
manera que es podra comprovar el temps en que I’animal ha estat en superficie o sota I’aigua, i
a la profunditat maxima a la que ha arribat durant la immersid. Aquest procediment es basa, per
una banda, en que s’ha comprovat, gracies a estudis en captivitat, que quan una tortuga es mor
inicialment s’enfonsa (Swimmer et al. 2006), de manera que es podria veure en el patré
d’immersio si I’animal es manté de forma continua sota 1’aigua, fet que faria que la tortuga esta
morta. Per altra banda, també té en compte que les tortugues babaues no fan immersions a més
fondaria dels 240 m (Lutcavage i Lutz 1997), de manera que si es registren profunditats
superiors als 250 significara que I’animal és mort. Aixi, amb aquesta informacio es podra arribar
a determinar el desti de els tortugues capturades i posteriorment retornades al mar, permetent la

realitzacié d’una estima de mortalitat total agregada.

A més calia avaluar la distribucio de les tortugues a la plataforma continental per avaluar si
era possible ordenar la distribucio de I’activitat pesquera en aquesta regid per tal d’evitar les
zones amb major abundancia de tortugues, tal com s’estava fent en el cas de les aigiies
oceaniques (Cardona et al. 2005, Revelles et al. 2007a,b). En aquest sentit, les metodologies
més utilitzades per als estudis de estimes d’abundancia, distribucio i tis d’habitat son els censos
aeris i la telemetria per satél-lit. No obstant, I'estimacio6 de la mida de la poblaci¢ i la distribuci6
de les especies amenagades sovint es veu obstaculitzada per la dificultat en la deteccio dels
animals en arees grans. A més, en el cas de les tortugues marines, aixi com per altres grans
vertebrats marins, és particularment cert, pel fet que viuen en habitats tant oceanics com
neritics, on passen grans periodes de temps submergides i, per tant, “no detectables” durant els
estudis de monitoratge i seguiment quan romanen sota 1’aigua (Cardona et al. 2009, Seminoff
et al. 2014). Aquest fet, doncs, s’ha de tenir en compte ja que, si no, es pot estar presentant
resultats subestimats, per no haver considerat tot els animals que no es trobaven en superficie

durant els censos visuals, per exemple.
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Les tortugues babaues i les poblacions de meduses

Finalment, es coneixia molt poc sobre la dieta de les tortugues babaues a la Mediterrania
occidental (Tomas et al. 2001, Revelles et al. 2007) i la potencial relacio entre la reduccié de
poblacions de tortugues babaues i un possible efecte sobre les poblacions de meduses, tot i que

tampoc es coneixia gairebé res sobre el consum de meduses per altres depredadors pelagics.

Les proliferacions de meduses a la Mediterrania han suscitat un considerable interes public
(Avian i Rottini-Sandrini 1988, Goy et al. 1988, Malej 1989, Legovic 1991, Gili i Pagés 2005)
degut al seu impacte en la indastria del turisme. Les proliferacions de I’espécie Pelagia
noctiluca, per exemple, s'han estat registrant des de fa gairebé dos segles, i s’han relacionat amb
el canvi climatic (Goy et al. 1989, Molinero et al. 2005). Pero també s’ha suggerit la
desaparicio dels depredadors de meduses a causa de la sobrepesca com un factor potencial
d’afavorir les proliferacions de meduses a la regié (Avian i Rottini-Sandrini 1988, Legovic
1991, Parsons 1995, Gili i Pagés 2005, Lilley et al. 2011).

Anteriorment, mitjangant 1’analisi de contingut estomacal, ja s’havia suggerit un cert
consum de meduses per part d’altres depredadors mesopelagics (Mostarda et al. 2007, Tomas et
al. 2001, Revelles et al. 2007a, Massuti et al. 1998, Campo et al. 2006, Castriota et al. 2008,
Consoli et al. 2008, Sinopoli et al. 2004, Romeo et al. 2009), com la tortuga babaua, essent la
majoria espécies d’interés comercial o de captura accidental (Lloris et al. 2000), tot i que se’n
desconeixia la contribuci6 real a la seva dieta, ja que semblava reduida perd no es podia
verificar. Perd 1’analisi del contingut estomacal podria estar subestimant aquest consum en
algunes espécies, ja que es tracta d’animals gelatinosos de digestié molt rapida i es pot estar
donant una subestima de les preses toves i una sobreestima de les preses dures. D’aquesta
manera, la tortuga babaua podria no ser 1’anic depredador majoritari de meduses, i hi podrien

haver altres espécies actuant de factor regulador.

Per tant, es feia necessari, 1’Gs d’altres metodologies alternatives per tal de realitzar una
estima real del consum de zooplancton gelatinds per part dels mesodepredadors pelagics del
Mediterrani. | aquest és el cas dels isotops estables, una bona alternativa pel fet que es basa en la
relacié de la senyal isotopica del depredador i les seves preses. Aixi, ens proporcionen:
informacio sobre la dieta assimilada, informacié temporal de la dieta (a curt o llarg termini
segons el teixit) i es minimitza I’impacte pels animals mostrejats. Ens permeten, doncs, d’una
banda, determinar el nivell trofic de cada espécie, coneixent I'abundancia relativa de °N i **N
(expressada com 0™°N) i esbrinant també la contribuci6 de cada presa en ’alimentacié d’un
depredador dins la xarxa trofica i, de ’altra, la font del carboni del sistema, amb l'abundancia

relativa de **C i **C (expressada com 6*°C).
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OBJECTIUS

L’objectiu principal d’aquesta tesi és estudiar la interaccio entre les tortugues

marines i la flota de pesca professional de Catalunya, per tal de determinar la mortalitat
d’aquests animals generada directa o indirectament, avaluar-ne les consequéncies per a
I’ecosistema, i proposar les mesures de gestio més efectives per la conservacio de les seves

poblacions al Mediterrani occidental.

La present tesi consta de quatre eixos principals, a partir dels quals s’estructuren els

diferents capitols i que en determinen els objectius especifics:

LES CAPTURES ACCIDENTALS DE TORTUGUES GENERADES PER LA FLOTA DE
PESCA PROFESSIONAL A CATALUNYA (Capitol 1)

- Quantificar el nombre de tortugues marines capturades accidentalment anualment per la

flota de pesca professional a Catalunya, per art i zona.
- Determinar els arts de pesca més implicats i les zones amb més interaccid.

- Estimar la mortalitat directa generada pel conjunt de la flota catalana.

LA INTERACCIO AMB EL PALANGRE DE SUPERFICIE (Capitol 2)
- Determinar la mortalitat post-alliberament de tortugues capturades amb palangre de
superficie.
- Estimar la taxa de mortalitat global generada per la flota espanyola de palangre de
superficie.
- Proposar mesures de gestid per reduir la captura i la mortalitat de tortugues en el

palangre de superficie a la Mediterrania occidental.

LA INTERACCIO AMB L’ARROSSEGAMENT (Capitol 3)

- Determinar 1’1s d’espai i la distribucio de les tortugues marines a la zona on sén més

vulnerables a la captura arrossegament, la plataforma del Delta de I’Ebre.

- Estimar la mortalitat generada per arrossegament, en base a parametres demografics

L’EFECTE SOBRE LES POBLACIONS DE MEDUSES (Capitol 4)

- Determinar el paper de les tortugues marines com a depredador implicat en el control de
les proliferacions de meduses a la Mediterrania, per tal d’avaluar si la reduccio de les
poblacions de tortugues podria tenir conseqiiéncies sobre 1’abundancia de meduses.

- Avaluar les mesures de gesti6 més efectives per a reduir les captures de tortugues

marines generades per arrossegament al litoral mediterrani espanyol.
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1.1. Les fonts de captura accidental de tortugues babaua (Caretta caretta) al mar

Mediterrani occidental, a més del palangre de superficie

Resum: En el present estudi, es van realitzar una série de questionaris a pescadors professionals
de tots els ports de la costa catalana, aixi com embarcaments d’observadors a bord
d’embarcacions de diferents arts de pesca, per tal d’avaluar la captura accidental de tortugues al
llarg de la costa de Catalunya. Es tracta d’una regié habitada principalment per individus de
tortuga babaua (Caretta caretta) d’origen mediterrani, concretament de les poblacions de la
Mediterrania oriental, greument amenacades. Les dades registrades pels observadors van
confirmar la fiabilitat de les respostes obtingudes dels pescadors, de manera que els resultats de
les enquestes van ser utilitzats per realitzar una estima del total de captures accidentals generat
per cada art de pesca i per cada zona. EI nombre de tortugues capturades mensualment per cada
embarcacié es va estimar en 0,01 per al palangre de fons, 0,02 pel tresmall, 0,07 per a
l'arrossegament, i 1.2 per al palangre de superficie. A partir d'aquests valors, es va estimar que,
anualment, un total de 481 (95% CI: 472-491) tortugues son capturades accidentalment per la
flota catalana de pesca professional. L’arrossegament i el tresmall es van determinar com els
arts de pesca més utilitzats (33 i 31% del total de 11.237 mesos de pesca), tot i que els arts més
implicats en la captura de tortugues van ser lI'arrossegament (249; 95% IC 83-415) i el palangre
de superficie (124; IC 40-199). L’index d’electivitat d’Ivlev va revelar que la captura accidental
de tortugues generada per I’arrossegament era més elevada en zones on la plataforma
continental és més ampla. Donada 1’elevada mortalitat de tortugues associada amb la pesca
d'arrossegament i el fet que la flota captura principalment tortugues babaua de les poblacions
mediterranies, els resultats d’aquest estudi posen en relleu la necessitat d’una regulaci6 urgent
de la pesca d’arrossegament a Catalunya. Aixi, es suggereixen diferents estratégies de gestio per
a la conservacio de I’especie: com 1’aplicacidé de restriccions de pesca per l’arrossegament
durant els mesos d’hivern, la reduccié del nombre d’embarcacions d'arrossegament que
treballen a la zona, la reduccié del temps d’arrossegament de la xarxa dins I’aigua (per evitar
l'asfixia de les tortugues capturades), o la obligacié d’utilitzar dispositius a les xarxes que

permetin I’alliberament immediat de les tortugues capturades accidentalment.
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Sources of bycatch of loggerhead sea turtles in the western
Mediterranean other than drifting longlines

Irene Alvarez de Quevedo, Luis Cardona, Andrea De Haro, Eva Pubill, and Alex Aguilar

Alvarez de Quevedo, I, Cardona, L, De Haro, A, Pubill, E, and Aguilar, A. 2010. Sources of bycatch of loggerhead sea turtles in the western
Mediterranean other than drifting longlines. — ICES Journal of Marine Science, 67: 000-000.

A survey, including questionnaires to fishers and observers on board fishing vessels, was conducted to assess turtle bycatch in the
waters off Catalonia (northeastern Spain), a region inhabited mainly by loggerhead sea turtles (Caretta caretta) from the highly endan-
gered eastern Mediterranean rookeries. Observer reports confirmed that the data produced by the interviewees were reliable, so inter-
view results were used to estimate turtle bycatch. The number of turtles caught monthly per vessel was estimated at 0.01 for bottom
longlines, 0.02 for trammelnets, 0.07 for bottom trawling, and 1.2 for drifting longlines. From these values, 481 (95% Cl: 472-491)
turtles were estimated to be taken annually as bycatch by the whole fleet. Bottom trawling and trammelnets were the most
widely used fishing gears (33 and 31% of the total 11 237 fishing months), but most turtles were caught either by bottom trawlers
(249; 95% Cl 83-415) or by drifting longlines (124; 95% Cl: 40-199). Ivlev’s electivity index revealed that bottom trawler bycatch was
higher than expected in areas with a wide continental shelf. Given the heavy turtle mortality associated with bottom trawling and the
fact that, in southern Catalonia, the fleet mainly takes turtles from western Mediterranean rookeries, it is suggested that the fishery be
regulated through winter fishing restrictions, reducing the number of bottom trawlers working in the area, reducing the time the net is
in the water to prevent turtle suffocation, or being obliged to use turtle excluder devices.

Keywords: bottom trawling, drifting longlines, incidental bycatch, marine turtles, Mediterranean Sea.
Received 20 February 2009; accepted 31 October 2009.

I. Alvarez de Quevedo, L. Cardona, and A. Aguilar: IRBIO and Department of Animal Biology, Faculty of Biology, University of Barcelona, Avenida.
Diagonal 645, E-08028 Barcelona, Spain. A. De Haro and E. Pubill: IUSC, Calle Fontanella 19, E-08010 Barcelona, Spain. Correspondence to I. Alvarez
de Quevedo: tel: +34 93 4021453; fax: 434 93 4034426; e-mail: alvarezdequevedo@ub.edu.

Introduction threats for that segment of the population (Lutcavage et al., 1997;
Theloggerhead turtle (Caretta caretta) is the most common sea turtle ~ Margaritoulis et al., 2003), but interaction with fisheries is prob-
in the western Mediterranean Sea (Broderick et al., 2002), an area  ably the main threat for the species in the Mediterranean, where
where individuals from rookeries located in both the eastern  several thousand immature turtles are caught incidentally every
Mediterranean and the northwestern Atlantic coexist (Laurent  year (Aguilar et al., 1995; Carreras et al., 2004; Casale et al., 2007).
et al., 1993, 1998; Casale et al., 1998; Carreras et al., 2006). Driftnets (Godley et al., 1998; Silvani et al., 1999; Tudela et al.,
Juveniles from the Atlantic stock mainly use the feeding grounds  2005), drifting longlines (Caminas, 1988; Aguilar et al., 1995;
in the southwestern Mediterranean, whereas Mediterranean-origin ~ Caminas and Valeiras, 2001), bottom trawling (Bertolero, 2003;
turtles use the feeding grounds along the European shore of the  Casale et al., 2004), and trammelnets (Godley et al., 1998;
western Mediterranean, north to Cape la Nao. This heterogeneous ~ Carreras et al., 2004) have been reported as catching sea
distribution results in a marked genetic structuring at the foraging  turtles in the region, but reliable information on the relative
grounds (Carreras et al., 2006). contribution of each fishing gear to the total bycatch is unclear.

The turtle stock nesting in the eastern Mediterranean is smaller ~ Questionnaire-based surveys by Baez et al. (2006) revealed that
than that nesting in the Atlantic (Ehrhart and Ogren, 2000;  most of the bycatch of sea turtles in southern Spain was attribu-
Margaritoulis et al., 2003), and it has declined dramatically as a  table to drifting longlines, and longlines were involved in 28% of
consequence of incidental catch in fisheries, egg harvest, and  the turtle strandings in central-eastern mainland Spain during
tourism developments that encroach on the coastal environment  the past decade (Tomas et al., 2008). Trammelnets are a significant
(Margaritoulis et al., 2003). However, despite the threats to the  source of bycatch in southern Turkey, northern Cyprus, and the
breeding areas, demographic studies have shown that, in logger- Balearic Archipelago (Godley et al., 1998; Carreras et al., 2004),
head turtles, the loss of adults and juveniles larger than 30 cm  and high levels of sea turtle bycatch by bottom trawlers have

(straight carapace length) has a more dramatic impact on popu-  been reported for some regions in the eastern Mediterranean
lations than the loss of younger turtles (eggs, hatchlings, and  (Casale et al, 2004). Differences between areas are likely the
younger juveniles; Crouse ef al., 1987; NRC, 1990). Boat collisions,  result of dissimilarities in the composition of the local fishing

ingestion of debris, and chemical pollution have been identified as  fleets and their operations, for which any strategy for reducing

© 2009 International Council for the Exploration of the Sea. Published by Oxford Journals. All rights reserved.
For Permissions, please email: journals.permissions@oxfordjournals.org
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Figure 1. Subareas exploited by the fishing fleet from Catalonia (NE Spain). Grey, land; white, sea areas. The 200 and 1400-m isobaths are

shown.

bycatch in the Mediterranean would require a multi-gear
approach. The relevance of gillnets and other often-neglected
fishing gear is probably higher in the eastern and northern
Mediterranean than in the south because of the widespread use
of such gear in the former areas, as well as the fact that the
turtles inhabiting those regions originate mainly from the com-
paratively small eastern Mediterranean rookeries (Carreras et al.,
2006) and make much use of the shelf waters (Cardona et al.,
2009).

In this context, this study, conducted among fishers operating
off northeastern Spain, sought to (i) assess the relevance of differ-
ent fishing gear to loggerhead sea turtle bycatch, and (ii) estimate
the total number of turtles that are caught and killed annually by
each gear. From this information, management regulations are
suggested.

Material and methods

We carried out our study along the coast of Catalonia (northeast-
ern Spain), and given the difference in the behaviour of the
fishing fleet between harbours and regions, we stratified the
study area to provide more realistic estimates. We subdivided
the study area into nine subareas (Figure 1) according to their
depth profile, geographic orientation, and topography. We col-
lected information from interviews with professional fishers,
and to validate the reliability of their responses, we recorded
the results of fishing sets directly by placing observers on
board fishing vessels.

34

Interviews

We conducted the survey during July and August 2004 and June
and July 2005, but the questions we asked referred to turtle
bycatch and fishing sets in the period between June 2003 and
July 2004. The survey was conducted at all Catalonian fishing har-
bours and was stratified in accordance with the information sup-
plied by the Fisheries Office of Catalonia (Direccié General de
Pesca i Afers Maritims de la Generalitat de Catalunya), which reg-
isters all professional fishing vessels based in the region and classi-
fies them into five categories according to the main fishing gear
they use: bottom trawlers, drifting longliners, bottom longliners,
purse-seiners, and artisanal boats. The latter category includes
boats using traps, whelk dredges, gillnets, pots, and trammelnets,
and other gears. We interviewed fishers from at least 20% of the
vessels in each port using each type of gear operational during
2003 and 2004 (Table 1). The study unit was the vessel, so just
one fisher, generally the captain, was interviewed from each
vessel. Only questionnaires fully responded to were considered
for further analysis.

The questionnaire was designed by CIREM (Centre
d’Iniciactives i Recerca Europees al Mediterrani) for the specific
use of this study, and it included 41 questions (a combination of
open and closed questions) concerning fishing sets carried out
by the vessel during the period June 2003—July 2004, as well as
any turtle bycatch. The main questions were:

(i) Which subareas from Figure 1 did you visit during the period
June 2003 —July 2004?
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Bycatch of loggerhead sea turtles in the western Mediterranean

Table 1. Catalonian fishing fleet split by fishing gear, detailing
survey coverage (as number of vessels per fishing gear).

Fishers Registered fishing Coverage
Fishing vessel interviewed vessels (%)
Bottom 76 336 226
trawlers
Purse-seiners 20 115 17.4
Drifting 9 18 50.9
longliners
Bottom 30 55 54.5
longliners
Artisanal boats 100 483 20.7
All vessels 235 1007 233

(ii) Monthly, which grounds did you use in this period?
(iii) Monthly, which gear did you use?

(iv) In your opinion, what is the status of the turtle population
(declining, stable, or increasing)? If declining, what are the
causes (open answer)?

(v) When do you think turtles are more often observed and
caught, monthly?

(vi) How many turtles did you catch accidentally during the
period June 2003—July 2004 (open answer)? In which
months did this occur? What type of fishing gear was
involved? Were the turtles released dead or alive?

A copy of the full questionnaire is available on request from the
authors.

Based on the responses of the fishers, we estimated the total
annual turtle bycatch of loggerhead sea turtles in the study area
as well as the fishing effort of the fishing fleet. Fishers identified
loggerhead as the most common turtle they caught, but they
also knew leatherbacks. Other species of sea turtle are extremely
rare in the area (Bertolero, 2003).

Fishing effort
A boat’s fishing effort was defined as the number of months during
which it operated from June 2003 to July 2004. When the vessel
visited more than one subarea (Figure 1) in the same month,
the effort was assumed to be distributed evenly between subareas
and, therefore, was divided by the number of subareas visited.
When a vessel used several fishing gears in the same period,
effort was divided by the number of distinct types of gear, again
assuming equal proportion.

Total fishing effort with gear a in subarea z (E,,) was therefore

Ey = Eui, ( 1 )
1

1

where E_, is the effort supported by subarea z from vessels from the
ith harbour operating with gear a. Consequently, E,, was calcu-
lated as

N
Eui = Eoui — s (2)

Noai

where E,_,; is the effort reported by the fishers interviewed from
harbour i operating in subarea z with gear a, n,; the number of
registered vessels with a base in harbour i that used gear a, and
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Noq; the number of vessels from harbour i that used gear a and
whose captain had been interviewed.

Turtle bycatch
Total turtle bycatch in subarea z with gear a (C,,) was

Eza

Ca = Coz Eor

; (©)

where C,,, is the number of turtles that fishers reported to have
caught in subarea z with gear a, E,, the total fishing effort with
gear a in subarea z, and E,,, is the effort reported by fishers in
subarea z with gear a.

Finally, we calculated the catch per unit effort (cpue) as
the number of turtles caught per vessel and fishing month, per
fishing gear and subarea, from

CZ[I
cpue = —. 4)

za

Observations on board

Loggerhead turtles are protected in the study area and it was feared
that fishers might understate the frequency and the number of
incidental catches. To validate the cpue calculated from the ques-
tionnaires, therefore, we placed scientific observers on board
fishing vessels and compared the catch data recorded by the obser-
vers with those reported by fishers for the same subareas.

For each vessel, observers recorded the number of fishing sets
and total fishing days surveyed, the geographic position of each
fishing operation, and the number, if any, of turtles taken inciden-
tally, along with their physical condition (healthy, injured, coma-
tose, or dead).

Statistics

A Chi-squared test (Cuadras, 1983) was used to check whether the
turtle bycatch was distributed similarly to fishing effort in the sub-
areas. When differences were statistically significant, Ivlev’s (1961)
electivity index (I') was calculated to identify the areas where turtle
bycatch was higher or lower than expected:

I'=(pr = pe)/(pr + o), 5)

where p, is the percentage of turtles caught in a given area, and p,
the percentage of turtles expected to be caught according to the
fishing effort displayed there.

Confidence intervals were calculated following Strauss (1979):

2p.
E= 2—————||1£1.96
Pe+pt

1— e
X [20p(1=pe)(pe+pe)’ +pi(1—=pi)ne +P67pz -
111,(pr+-pe)

(6)

where 1, is the number of turtles, and #n, the total number of sub-
areas. The 95% confidence intervals of estimated turtle catch
associated with each fishing gear for the whole region (2C,,)
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were calculated using the procedure detailed by Greenwood (1996) S ecsacaslc
for stratified sampling. RS2 A m A g
The average numbers of fishing sets per month and vessel were ; 5 ; Lz E g g E 5 LE 5 E’
used to transform the cpue (turtles caught per fishing operation) E VO OLRRLI IS
reported by on-board observers to the unit used in the fisher ques- PN A
tionnaires (turtles caught per month and vessel). Bootstrapping -
was used to calculate the 95% confidence interval of the cpue o ~
because the data were not normally distributed. s 3
S
3182348888881
Results FlevguwsSSSooog
We interviewed fishers from 235 vessels, representing 23.3% of the -
Catalonian fishing fleet (1007 vessels). When categorized by " =
fishing gear, >20% of each gear type was covered (Table 1), 8 5
except for the purse-seiners, which proved difficult to interview _f;: ¥R8R8888888
given that they operated at night and tended to be laid up by day. 3 § g° g ©ecocce-s §
In all, 69% of fishers felt that the abundance of sea turtles was
declining and, from these, 45% considered fishing at least partially ~ ~
responsible. Moreover, 22% recognized themselves as being ] 'g;
responsible for turtle bycatch, although there was substantial vari- _f.';'t 3238588388885
ation in this response between fishing gears and subareas. a § g g gSco ?\‘ e E\
Fishing effort 5
Bottom trawling and trammelnets were the most used fishing gears et g
according to survey respondents (33.67 and 31.58% of total effort, flhocomnmoocowvwomina
respectively; Table 2). However, effort was distributed unevenly S xreggzssresess
between subareas (Table 3), with bottom longlines and purse- Al oMo RE E
seines the only gear used in all subareas. Bottom trawling and .
trammelnets were used in all coastal subareas, excluding subarea > [
9 (Figure 1), which covers deeper water in the western ?o i E
Mediterranean. E fl¢ymoocoowvwoaonm
g Bl nssesman
Turtle bycatch Egggs,‘_\:g%c‘goﬁgﬁ
As a result of the data on fishing effort (Table 2) and the turtle §
bycatch reported by respondents, we were able to calculate that 2 N
some 481 turtles (95% CI: 472—-491) were caught annually by 5| §
the whole fleet (Table 3). Seven fishing gears were responsible ; g 9®82398Q391ES :‘_\/
for this incidental catch, but the largest share was that of bottom EN 3 S VN NEIGRRS
trawlers (249 turtles; 51.5% of the total catch) and drifting long- g_ ~Y T om T aes
lines (124 turtles; 25.7% of the total catch; Table 3). However, o
the distribution of turtle bycatch between subareas differed signifi- g 53
cantly from what would be expected based on the distribution of € |% o
the fishing effort of bottom trawling (y* = 238.351; d.f.=7; & % NONSRYIS]ISTY L;
p <0.001), drifting longlines (x*=108.516; d.f.=1; p< é 3 guoadnogosad
0.001), and trammelnets (x*=15.478; d.f.=7; p=0.009). 9 ® o ooz
Hence, Ivlev’s electivity index revealed that turtle vulnerability to g _
bottom trawling and trammelnets was much higher in subareas 3 | s
1 and 2 (Figure 1) and that vulnerability decreased northwards s 2
(Figure 2). S |5|8838383m88 7
Furthermore, turtle bycatch differed significantly between t—? 3 § &8 ER § S R é % §
seasons ()(2 = 106.533, d.f. = 3, p < 0.001; Figure 3). Therefore, ‘g o
the estimated bycatch based on survey responses was much £ —~
higher during summer (July—September; n =287, n,= 156), = %
when drifting longlines operated, than in any other season. i; % o~ o o000~
Conversely, fishers on bottom trawlers declared a significantly 9 3 g § 33333 g E 3 é
greater bycatch in winter (n=32) than in any other season & -
(X2=53.833, d.f.=3, p<0.001). Seasonality could not be g o 0
assessed for the other fishing gear, because the number of sea g w ££ 3 "
turtles taken was too small to allow statistical testing. < |5 § g %O %D %D g g
According to the responses of fishers, immediate mortality (i.e. N |lweZweg T 2,5
the proportion of turtles found as a result of drowning or injury) B ERS é 8 éi 2 E g%
was only caused by two types of fishing gear: bottom trawling FIEIR2S88F3CRFEF
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Table 3. Estimated number of turtles taken incidentally per vessel (cpue) during the period covered by the survey (June 2003 —July 2004)
according to fisher responses, and the estimated total catch of turtles taken (C,,) in the western Mediterranean by fishing vessels based in

northeastern Spanish ports.

Estimated number of turtles taken per gear type (cpue)

Bottom Drifting Bottom Whelk Gillnets and
trawling Purse-seines longlines longlines Traps drags trammelnets
Subarea® (0.066) (0.003) (1.151) (0.014) (0.010)  (0.063) (0.019) Total catch
1 24 0 - 0 - - 3 27
2 193 0 0 0 0 21 14 228
3 21 0 0 2 0 10 33
4 11 0 4 6 5 0 18 44
5 0 1 0 0 0 - 0 1
6 0 1 - 0 0 - 16 17
7 0 1 - 0 0 - 6 7
8 0 1 - 3 - - - 4
9 - 0 120 0 - - - 120
Total catch 249 (83-415) 4 (3-5) 124 (49-199) 11 (1-21) 5(0-16) 21(0-66) 67 (33-101) 481 (472-490)
(95% CI)

-, gear not used on that fishing ground.
?See Figure 1.

(15.7%) and trammelnets (21.4%; Table 4). Fishers from bottom
trawlers also declared that most turtles were found comatose.
Conversely, all turtles taken incidentally by drifting longlines
were reported to be alive, although hooks injured most of them
in the mouth or oesophagus.

Observations on board

Observers were on board 15 fishing vessels and surveyed fishing
sets during a total of 472 d (Table 5). The cpue data derived
from these observers were not used to estimate the annual take
in the whole area because the vessels with observers aboard
covered only a few subareas, and we knew from fisher answers
that cpue varied among subareas. However, the cpue data
derived from the observers on board were useful in validating
the cpue estimated from the interviews of the fishers operating
in the same subareas.

Observers reported the bycatch of 29 loggerhead sea turtles,
90% of them in drifting longlines. The declared and observed
cpue values (Table 5) were almost identical (Student’s t-test; t =
0.195; d.f. = 7; p = 0.851). Only for bottom trawlers were cpue,
values somewhat smaller than cpue. values, although the
number of sea turtles taken was within the range predicted by
cpue, values (Table 5). The lower cpue, of bottom trawlers was
attributed to the low rate of annual turtle bycatch per vessel
(between 0 and 2 turtles), which makes recording of the event
by observers highly improbable. The general agreement between
declared and observed values of cpue for the validated subareas
indicated that the answers of fishers to interviews were useful in
estimating the annual take, because there is no reason why the
fishers operating in other subareas would provide less reliable
answers.

Discussion

On-board observers have long been used during fishing surveys to
assess bycatches reliably (King, 1995; Godley et al., 1998; Morizur
et al., 1999; Carreras et al., 2004; Alfaro Shigueto et al., 2008). As a
consequence, drifting longlines were identified long ago as a sig-
nificant threat to sea turtles in the western Mediterranean
(Caminas, 1988; Mayol et al., 1988; Aguilar et al, 1995).
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However, unless many fishing sets are surveyed on board by obser-
vers, the surveys usually fail to detect catches made at low fre-
quency. In such a situation, questionnaire-based surveys provide
the most practical and reliable method to assess catches (Godley
et al., 1998), although the resulting data may be poor or biased
if the study is poorly designed or executed. As a result, such
surveys are considered unreliable by some, but are used to gain a
first insight into the problem or to identify potentially conflicting
scenarios or gear (Lien et al., 1994). Fisher answers have to be
reliable for questionnaire-based surveys to be valid, because
fishers may either have a poor memory for bycatch size (Lien
et al., 1994) or simply lie. Fortunately, fisher answers can be vali-
dated through data collected directly by observers aboard fishing
vessels. Using this approach, in a study similar to the present
one, Carreras et al. (2004) concluded that answers given by
fishers operating off the Balearic Archipelago were credible. The
same appears to be true for the answers obtained here from
fishers off northeastern Spain. Therefore, we believe that the
bycatch estimates derived from interviews are reliable and at
least relatively accurate.

From these results, we found that drifting longlines and bottom
trawling were the two most significant fishing gears causing logger-
head sea turtle bycatch in the study area. Drifting longlines had
already been identified two decades ago as a threat to sea turtles
in the western Mediterranean, and recent surveys estimate
bycatch at 15 000 sea turtles (Caminas, 1988; Mayol et al., 1988;
Aguilar et al., 1995). Casale et al. (2004) reported high levels of
sea turtle bycatch by bottom trawlers in the Adriatic Sea (eastern
Mediterranean), but any evidence at all off northeastern Spain
was scarce, and the potential bycatch there has never been quanti-
fied (Bertolero, 2003). Indeed, Carreras et al. (2004) and Baez et al.
(2006) reported extremely low rates of sea turtle bycatch by
bottom trawlers off the nearby Balearic Archipelago and southern
Spain, respectively, and it was generally assumed that bottom
trawls had a negligible impact on sea turtles. The difference
between the results of our survey and those from other areas is
likely attributable to dissimilarities in the fishing strategies of
bottom trawlers or to variable rates of overlap between sea turtle
distribution and bottom trawling.
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Figure 2. Vulnerability of loggerhead turtles to being caught incidentally in different subareas off Catalonia (NE Spain), as revealed by Ivlev’s
electivity index. The numbers along the x-axes refer to the subareas, as defined in Figure 1. Vertical lines show the 95% confidence intervals.

Typically, off the Balearic Archipelago and most of northeastern
Spain, bottom trawlers operate on the deeper side of the continen-
tal shelf and the upper slope (Bas et al., 2003; Massuti and
Renones, 2005). However, where the continental shelf is wide
and the upper slope too far from the home port to be reached
on a daily trip, trawlers are forced to restrict their activity to the
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shelf (Bas et al., 2003). This is the situation along the coast of
central mainland Spain, where the width of the continental shelf
is at its maximum, and it is precisely the area where the highest
level of turtle bycatch was observed in the present study.
Loggerhead sea turtles usually remain shallower than 200 m
(Lutcavage and Lutz, 1997; Houghton et al, 2002), and are
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Figure 3. Seasonal distribution of the loggerhead sea turtle bycatch
off Catalonia (NE Spain).

Table 4. Direct mortality of loggerhead sea turtles caused by
incidental catch.

On-board observer

Fisher reports reports
Sample Mortality Sample Mortality

Fishing gear size (%) size (%)
Drifting 78 0.0 26 0.0

longlines
Bottom trawls 51 15.7 2 50.0
Trammelnets 14 214 1 0.0
Bottom 4 Not reported 0 Not reported

longlines

much more vulnerable to bottom trawlers operating on the conti-
nental shelf than to those operating on the upper slope. As a con-
sequence, the average rate at which loggerhead sea turtles are taken
incidentally increases dramatically in those areas where the trawler
fleet operates mainly on the continental shelf, as off central main-
land Spain (this study) and in the Adriatic Sea (Casale et al., 2004).
Conversely, average loggerhead sea turtle bycatch in trawls remains
low where most of the fleet operate on the upper slope, as off
northern mainland Spain (this study) and off the Balearic
Archipelago (Carreras et al., 2004).
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Identifying the fishing gear contributing to turtle bycatch is just
a first step in understanding the extent of the problem. Current
removals from the population can only be assessed effectively if
post-release mortality is known. Fisher responses and on-board
observations coincided in this respect in that most of the turtles
entangled in bottom trawls were found alive but moribund,
whereas those hooked in drifting longlines were generally released
with the hook, but always still alive. Casale et al. (2004) reported
comparable results for the Adriatic Sea: just 9.4% of the turtles
taken incidentally by bottom trawlers were dead, but the rate of
potential mortality was estimated to be as high as 43.8% if all
comatose turtles died after release. The rate of post-release mor-
tality for turtles hooked by drifting longlines has been suggested
to be about half (Aguilar et al., 1995; NMFS—SEFSC, 2001),
although the actual figure may be much lower (Chaloupka et al.,
2004). Therefore, as a consequence of the high bycatch rate and
the heavy mortality on capture, bottom trawling appears to be
the most destructive means of marine turtle removals off north-
eastern Spain.

Our survey showed that bottom trawlers take turtles all year-
round, but with a possible peak in winter. Aerial surveys covering
the southern part of the study area have shown that turtles are
there all year-round, with no apparent seasonality in abundance
(Gomez de Segura et al., 2003, 2006), but satellite tracking has
revealed that at least some turtles leave the area and move south
in winter (Cardona et al., 2009). These data would indicate that
the apparent peak in cpue during winter might be a sampling arte-
fact or, if real, is not caused by a higher density of turtles in the area
but because of a greater vulnerability of turtles to bottom trawlers
then as a result of the lower temperature of the seawater (Casale
et al., 2004; Braun-McNeill et al., 2008). This is because loggerhead
turtles have a great capacity for long aerobic dives at low tempera-
ture, when they rest in a dormant state for most of their time on
the seabed and keep energetic costs to a minimum, without
truly hibernating (Hochscheid et al., 2007). Therefore, in such a
state, it is more difficult for them to avoid the nets of bottom traw-
lers. Further research would be needed to confirm the seasonal
pattern, however.

Although the Spanish drifting longliners operating in the
western Mediterranean mainly fish on the feeding grounds off
the Balearic Archipelago and southern Spain (Caminas and De
la Serna, 1995) and are expected to take mainly loggerhead sea
turtles originating in the comparatively large Atlantic rookeries

Table 5. Summary statistics of the fishing sets surveyed by on-board observers, and fisher responses (cpue, = catch per unit effort
estimated from fisher responses; cpue, = catch per unit effort reported by on-board observers).

Parameter Drifting longlines Bottom longlines Bottom trawls (fish) Trammelnets
Subareas® 9 6,78 11,2,3,6,7,8 2,6
Number of fishing vessels surveyed 2 3 6
Number of sets surveyed 34 533 346
Number of fishing days surveyed 70 267 83
Average number of sets per 12.0 271 373 77.6
month
Bycatch of turtles 26 2 1
Cpue, 9.18 (7.86-9.64) 0.00 (0.00-0.00) 0.14 (0.07-0.20) 0.22 (0.00-0.44)
Cpue, 9.25 (5.84—12.66) 0.03 (0.00-0.12) 0.48 (0.00-1.02) 0.20 (0.00-0.37)

Expected bycatch

26 (16-35) 0 (0-0)

7 (0-15) 1(0-2)

*See Figure 1.
95% Cl in parenthesis.

Note that the number of fishing days includes travel time to the deployment area.
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(Carreras et al., 2006), the bottom trawlers surveyed here also took
turtles from the highly endangered and comparatively scarce rook-
eries in the eastern Mediterranean (Carreras et al., 2006). This
makes regulation of the fishery a matter of urgency if the
Mediterranean loggerhead turtle population is to be conserved
effectively. Possible mitigating techniques are (i) winter fishing
restrictions, (ii) reducing the number of bottom trawlers
working in the area, (iii) reducing the time the net is underwater
to prevent turtle suffocation (Henwood and Stuntz, 1987;
Robins-Troeger et al., 1995), and (iv) enforcing the use of turtle
excluder devices (Epperly, 2003). A population viability analysis
would be useful to assess the real impact of bottom trawling on
the population nesting in the eastern Mediterranean and to ident-
ify the best management option for it (Crowder et al., 1994), but
several of the required demographic parameters are unknown or
have been estimated without discrimination between sea turtles
from Atlantic and Mediterranean rookeries (Casale et al., 2007,
2009), which render them of limited utility in conducting a popu-
lation viability study.

To summarize, our study aimed to assess the threat of different
fishing gears to loggerhead sea turtles and to estimate the total
number of turtles taken annually by each gear off northeastern
Spain. Our conclusion is that most turtles were taken incidentally
by bottom trawlers and drifting longlines, so indicating that any
strategy for reducing bycatch in the Mediterranean would
require a multi-gear approach.
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CAPITOL 2

Interaccio amb el palangre de superficie







2.1. La taxa de mortalitat en les tortugues babaues (Caretta caretta) capturades

accidentalment per palangre de superficie al mar Mediterrani occidental, i les

seves conseqiieéncies per a les poblacions d’origen Atlantic

Resum: Per tal d’avaluar l'impacte del palangre de superficie per les tortugues marines, €s
essencial disposar d’unes estimes acurades de la mortalitat post-alliberament de les tortugues
capturades accidentalment per aquest art. Des de la década dels 1980, un gran nombre de
tortugues babaues (Caretta caretta) de les poblacions del nord-oest de I'Ocea Atlantic entren
anualment al mar Mediterrani, pero es desconeixia la mortalitat que pateixen aquests animals un
cop retornats al mar en condicions naturals, després d’haver estat capturats accidentalment amb
palangre de superficie. Per esbrinar-ho, es van col-locar transmissors via satél-lit, o Pop-up, a 26
tortugues babaues després de ser capturades accidentalment per palangrers espanyols. A
diferéncia d’altres estudis, els hams no van ser extrets dels animals i es van deixar uns 40 cm de
fil, per tal de simular al maxim les condicions reals d’alliberament de les tortugues capturades.
La mortalitat posterior a I'alliberament durant els 90 dies seguents va variar entre 0,308-0,365, i
era independent de la ubicaciéo de I’ham. Quan la mortalitat posterior a l'alliberament es va
combinar amb estimacions de mortalitat posterior descrites préviament, la mortalitat total
agregada resultava en 0,321-0,378. Suposant un total anual de captura incidental d’unes 10.656
tortugues babaues per la flota palangrera espanyola que opera a la Mediterrania sud-occidental,
en resulta un total de 3.421-4.028 tortugues mortes anualment. Aquest resultat equival a un
percentatge entre el 8.5 i el 10.1% de les 40.000 tortugues babaues que habiten aproximadament
a les zones de pesca utilitzades pels palangrers espanyols, la majoria d'elles de la poblacié de
I'Atlantic nord-occidental. Com a consegiiéncia, s'espera que la mortalitat acumulada durant la
fase oceanica sigui més elevada per a aquestes tortugues babaues d'origen atlantic que passen
varis anys a el mar Mediterrani que la que puguin patir les tortugues de la mateixa cohort que
romanen a I'Atlantic. Per aquesta ra6, el mar Mediterrani es pot considerar un punt negre per a
les poblacions de tortugues babaues originaries de I'Atlantic, tot i que la rellevancia demografica
de la mortalitat real causada per la captura incidental de tortugues babaues a la Mediterrania

continua sent desconeguda.
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ABSTRACT: Reliable estimates of the post-release mortality probability of marine turtles after
incidental by-catch are essential for assessing the impact of longline fishing on these species.
Large numbers of loggerhead turtles Caretta caretta from rookeries in the northwestern Atlantic
Ocean have been by-caught annually in the southwestern Mediterranean Sea since the 1980s, but
nothing is known about their post-release mortality probability under natural conditions. Pop-up
archival transmitting tags were attached to 26 loggerhead turtles following incidental capture by
Spanish longliners. Hooks were not removed, and 40 cm of line was left in place. The post-release
mortality probability during the 90 d following release ranged from 0.308 to 0.365, and was
independent of hook location. When the post-release mortality probability was combined with
previously reported estimates of the mortality probability before hauling, the aggregated by-catch
mortality probability ranged from 0.321 to 0.378. Assuming a total annual by-catch of 10656
loggerhead turtles by the Spanish longline fleet operating in the southwestern Mediterranean, by-
catch results in 3421 to 4028 turtle deaths annually. This range is equivalent to 8.5-10.1 % of the
approximately 40 000 turtles inhabiting the fishing grounds used by Spanish longliners, most of
them from rookeries in the northwestern Atlantic. As a consequence, the accumulated mortality
during the oceanic stage is expected to be larger for those loggerhead turtles of Atlantic origin
that spend several years in the Mediterranean Sea than for turtles of the same cohort that remain
in the Atlantic. For this reason, the Mediterranean can be considered a dead end for loggerhead
turtle populations nesting in the Atlantic, although the actual demographic relevance of by-catch
mortality of loggerhead turtles in the Mediterranean remains unknown.

KEY WORDS: Caretta caretta - By-catch - Mortality - Longlines - Mediterranean - Satellite tags
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INTRODUCTION

Direct exploitation and incidental by-catch have
depleted the populations of many large marine verte-
brates worldwide (Jackson & Sala 2001, Lewison
et al. 2004a). National regulations have sometimes
been effective in allowing depleted populations to
rebuild (Gerber & Hilborn 2001), but this approach
can be unsuccessful for species with complex life

*Email: alvarezdequevedo@ub.edu
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histories involving migrations beyond national juris-
dictions.

As migratory species, sea turtles represent a good
example of the need for global conservation strate-
gies because they disperse over entire oceans and
use habitats 1000s of kilometers apart (Spotilla 2004).
Furthermore, there are major gaps in our knowledge
about the impact of by-catch on the dynamics of sea
turtle populations, particularly about how many tur-
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tles are taken in each region and how many die
following incidental capture (Godley et al. 2008,
Hamann et al. 2010)

The loggerhead turtle Caretta caretta inhabits
most of the tropical and subtropical oceans of the
world (Wallace et al. 2010a), and the largest nesting
aggregation of the species in the Atlantic (and one of
the largest in the world) is found along the sandy
coasts of North America (Ehrhart et al. 2003, Wallace
et al. 2010a).

High numbers of hatchlings from these rookeries
migrate eastward with the Gulf Stream to reach
Europe and northwestern Africa (Laurent et al. 1993,
1998, Bolten et al. 1998). Once in the Mediterranean,
young loggerhead turtles of Atlantic origin will
remain there for many years due to the barrier
imposed by the currents at the Straits of Gibraltar
and the Alboran Sea (Revelles et al. 2007c, Eckert et
al. 2008).

The eastern Mediterranean also supports a geneti-
cally distinct nesting population of loggerhead turtles
(Broderick et al. 2002, Carreras et al. 2007, 2011), but
loggerhead turtles of Mediterranean and Atlantic
origin do not mix homogenously within the Medi-
terranean feeding grounds and the latter represent
>90 % of the oceanic-stage loggerhead turtles found
in the southwestern Mediterranean (Carreras et al.
2006, 2011, Revelles et al. 2007a).

The southwestern Mediterranean supports the
most intense longline fishing activity within the

whole basin (Fig. 1; Lewison et al. 2004b, Casale
2011), and the loggerhead turtle is the marine turtle
most often by-caught in the area (Carreras et al.
2004, Alvarez de Quevedo et al. 2010). Spanish long-
liners represent the bulk of the fleet operating there,
and most of the fishing effort is concentrated in the
south toward the Balearic Archipelago, independent
of the base port (Aguilar et al. 1993, Caminas 1997,
Carreras et al. 2004, Béaez et al. 2007, Alvarez de
Quevedo et al. 2010).

The Spanish longline fleet has been reported to
have by-caught as many as 20000 loggerhead turtles
annually since the 1980s (Mayol et al. 1988, Aguilar
et al. 1995, Casale 2011), with a probability of post-
release mortality of 0.29 (Aguilar et al. 1993, 1995).
These figures have raised international concern
(Wallace et al. 2010b) and suggest that the Spanish
longline fishing fleet might have Kkilled approxi-
mately 5800 turtles annually since the early 1980s,
equivalent to 14.5% of the 40000 turtles inhabiting
the fishing grounds in the southwestern Mediter-
ranean according to the results of aerial surveys
(Cardona et al. 2005, Gémez de Segura et al. 2006).
As most of the turtles inhabiting the fishing grounds
used by the Spanish fleet in the southwestern
Mediterranean have a northwestern Atlantic origin
(Carreras et al. 2006, 2011, Revelles et al. 2007a), this
is presumed to be the origin of approximately 90 % of
the turtles by-caught by the Spanish fleet (L. Cardo-
na & M. Clusa unpubl. data).
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Accordingly, incidental by-catch in the foraging
grounds in the southwestern Mediterranean could
have a relevant impact on the population nesting in
the northwestern Atlantic, although there are uncer-
tainties in the above-reported figures. First, the post-
release mortality rate of by-caught turtles remains
unclear, as the only available estimate is derived
from hooked turtles held in captivity (Aguilar et
al. 1993, 1995). Second, by-catch data collected
throughout the past decade from multi-boat surveys
have often yielded much lower by-catch estimates
(Carreras et al. 2004, Caminas et al. 2006, Alvarez de
Quevedo et al. 2010) than those reported from earlier
surveys and/or from surveys based on a single boat
(Mayol et al. 1988, Aguilar et al. 1995, Caminas 1997,
Béez et al. 2007).

The objectives of the present study were to assess
the post-release mortality rate, under natural condi-
tions, of oceanic-stage loggerhead turtles inciden-
tally by-caught by longliners operating in the south-
western Mediterranean and to calculate how many
loggerhead turtles are killed annually by the Spanish
longliner fleet.

MATERIALS AND METHODS

We deployed pop-up archival transmitting (PAT)
tags (PAT-Mk10, Wildlife Computers) on 26 logger-
head turtles which had been incidentally caught by
Spanish longliners off the Balearic Archipelago in
2007 and 2008 (Fig. 1). The turtles were hauled on
board with a scoop net to avoid further damage.

The hooks were not removed, and 40 cm of line
from the mouth was left in place. This procedure
raises certain ethical issues, but we believe that it
represents the only way to replicate the release of
turtles by fishermen and to obtain a robust estimate
of the post-release mortality probability. Control
turtles were not used because a very large number of
turtles had to be tracked to obtain confidence inter-
vals sufficiently tight to detect any statistically signif-
icant differences and because using PAT tags for
control turtles would have resulted in a smaller sam-
ple size for hooked turtles.

We employed a 15 cm tether and a base plate sys-
tem to attach the PAT tags. The tether was a 2 mm
fishing line, and the base plate was made with a plas-
tic lattice coated with several layers of resin and
fiberglass. An opening in the coating allowed the
tether to be secured to the lattice (Fig. 2). Laboratory
trials confirmed the positive buoyancy of the PAT-
base plate system.
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Fig. 2. Attachment system for the PAT tags used in this study

The PAT tags were programmed using PATHOST
software to record pressure (i.e. depth, m) and tem-
perature (°C) every 2 s and light level every 10 s. The
data were stored in 14 depth and temperature bins
covering ranges from 0 to >250 m (up to 500 m) and
5 to >32°C, respectively. This procedure was based
on observations that turtles that die in captivity ini-
tially sink (Swimmer et al. 2006) and that loggerhead
turtles never dive deeper than 300 m (Lutcavage &
Lutz 1997). The PAT tags were also programmed to
release and transmit data if they did not experience
significant pressure changes for 192 h, i.e. if they
were shed and floating on the surface or if the turtle
had died and sunk to a depth of 500 m. Further-
more, the tags were programmed to release when
they reached a depth of 1500 m. In addition, to avoid
reaching a depth that would crush the recording sys-
tem in the case of a sinking turtle and failure of the
premature release programming, a device (RD-1800;
Wildlife Computers) was attached to sever the tether
if the tag descended below 1800 m.

The PAT tag data were used to classify tagged
turtles according to 3 possible outcomes: (1) ‘alive’
(scheduled), representing turtles who survived the
entire duration of the planned deployment; (2) ‘in-
conclusive' (prematurely released), representing tur-
tles of unknown fate (e.g. the tag became detached
or popped up before the expected date for an un-
known reason); or (3) ‘dead’ (prematurely released),
turtles presumed to be dead (e.g. the tag remained at
a constant depth for the programmed premature
release period or sank below 1500 m).

Although the PAT tags were programmed to
release from the turtle 120 d after deployment and
archive data for this period, we right-censored the
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data and included in the study only the first 90 d after
deployment. Most hooked turtles actually die during
the first 3 mo after release (Aguilar et al. 1993,
Chaloupka et al. 2004), and expanding the study pe-
riod would have confounded the mortality resulting
from by-catch with that resulting from natural causes.

The survival rate (throughout the 90 d of tracking)
was calculated using 2 different methods. First, the
mortality probability of the tagged turtles was calcu-
lated as the ratio of ‘alive’ plus ‘inconclusive’ turtles
to the total number of turtles tagged, and bootstrap-
ping was used to calculate the 95 % confidence inter-
vals of this estimate by sampling 26 turtles randomly
from our data base to generate 1000 simulated sur-
veys. Furthermore, a chi-squared test was used to
compare the mortality probability of those turtles
hooked in the jaw or the mouth and those hooked in
the esophagus or the stomach. The ‘alive’ and the
‘inconclusive’ turtles were merged for those analyses
because most of the latter were thought to be alive
when the PAT tags released prematurely. This con-
clusion was based on the comparison of the diving
behavior of the 3 groups of turtles (‘alive’, ‘dead’ and
‘inconclusive’).

Raw dive and time data were collected by PAT tags
as frequency histograms based on predefined depth
and duration bins programmed into the transmitter
prior to deployment. These histograms were aggre-
gated over several hours for transmission, and we
received on average 4 of those aggregated data sets
for every tracking day. This information was used to
create an average time-depth histogram for each
group of turtles, and the histogram of the ‘inconclu-
sive' turtles was latter compared with that of the
other 2 groups using a Kolmogorov-Smirnov test (Zar
1984). Furthermore, the average time at surface and
the average maximum dive-depth of each individual
turtle during the whole tracking period were calcu-
lated. Average time at surface was calculated as the
average daily percentage of time spent at the 0 m
bin, and average maximum dive-depth was calcu-
lated as the average depth of the deepest daily dives.
These parameters are widely used to characterize
turtle diving behavior (Polovina et al. 2003, Swimmer
et al. 2006, Hochscheid et al. 2010, Howell et al.
2010). The gross average of each of those parameters
was computed for each group of turtles and com-
pared using ANOVA, after checking for normality
and homoscedasticity using Lilliefors and Levene
tests, respectively (Zar 1984).

For the second approach, we followed the example
of Sasso et al. (2011) and used the capture histories of
the tagged turtles to estimate survival at the end of
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the 90 d tracking period, using the known fate model
in the program MARK (White & Burnham 1999). We
ran 4 models in MARK, considering survival as con-
stant over time (survival being the same in each
week after release) and survival by time period
(survival varying by week) and considering hook
location (mouth vs. internal) or ignoring hook loca-
tion. We used Akaike's information criterion adjusted
for small sample sizes (AICc) to rank the models and
determine which model best fit the data (Hurvich &
Tsai 1989, Burnham & Anderson 1992, 1998). When
comparing models using AICc, a difference of <2 in
AlICc values indicates no real difference, a difference
between 2 and 7 indicates considerable support for a
difference, and a difference of >7 indicates strong
support for a difference between the models (Burn-
ham & Anderson 1998).

In both approaches, the post-release mortality
probability derived from the PAT tags experiment
was combined with the hauling mortality probability
reported by Caminas et al. (2006) to calculate the
aggregated mortality.

Data from Carreras et al. (2004) and Alvarez de
Quevedo (2010) were used to estimate the turtle by-
catch by the Spanish fishing fleet and combined with
the aggregated mortality to calculate the total num-
ber of turtles that die annually as a result of inter-
actions with the Spanish longliner fleet. Spanish
longliners operating in the Mediterranean between
2001 and 2006 included 184 vessels (www.magrama.
gob.es/es/estadistica/temas/estadisticas-pesqueras/
2012_01_Buques_eslora_tcm7-194379.pdf), but only
105 used drifting longlines (Carreras et al. 2004, Baez
et al. 2007).

RESULTS

The 26 turtles tagged ranged in size from 43 to
60 cm curved carapace length (CCL). A total of 16
turtles were hooked in the jaw or the mouth (classi-
fied as ‘mouth’), and 10 turtles were hooked in the
esophagus or the stomach (classified as ‘internal’).

Turtles were usually released a few hours after tag
attachment, but one of them was retained on board
because it was very weak and finally died on the
deck of the longliner 15 h after being captured and
tagged. The remaining 25 turtles were released
alive, and their PAT tags reported data within the
3 mo following deployment (Table 1).

Nine turtles were classified as ‘alive’ at the end of
the entire programmed tracking period because their
PAT tags were released as scheduled. The PAT tags
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Table 1. Caretta caretta. Characteristics of satellite-tracked loggerhead turtles.
CCL: curved carapace length; PAT: pop-up archival transmitting

suggesting that these turtles were
not dead.

The average time—depth histogram
Turtle Capture CCL Hook Tracking days PAT tag Classi- of the ‘inconclusive’ turtles was sig-
month  (cm) - position at’fsﬁfé °. release  fication nificantly different from those of the
‘alive’ and 'dead’ turtles and inter-
12007 Sep 54  Mouth 90 Scheduled Alive mediate between them (Fig. 3;
22007 Sep 45 Mouth 45+ 8 Premature Alive Komogorov_Smirnov; alive—incon-
32007 Sep 43 Internal 85+8 Premature Alive o _ /7. w _
42007 Sep 53 Internal 90 Scheduled Alive clusive: dy se; = 67; dead-inconclu
52007  Sep 62 Internal 0 Dead on board Dead sive: diy,se2 = 34; p < 0.001 in both
62007 Sep 58  Internal 58+8 Premature Alive cases). The 3 groups of turtles did not
72007 Sep 63 Mouth 90 Scheduled Alive differ in time at surface (Fig. 4;
82007 Sep 54 Internal 22 192h/>250m Dead _ _
92007 Sep 50 Internal 90 Scheduled Alive ANOVA, I3 2, = 1.582, p = 0.230), but
102007 Sep 51  Mouth 90 Scheduled ~ Alive the average maximum dive-depth of
112007  Sep 60  Internal 73+8 Premature Alive the ‘inconclusive’ turtles did not dif-
122007  Sep 64  Mouth 90 Scheduled Alive fer from that of the 'alive’ turtles and
132007  Sep 58 Internal 90 Scheduled Al}ve was much deeper than that of the
142007  Sep 61 Internal 90 Scheduled Alive , , . _
12008  Jul 69  Mouth 74+8 1500 m Dead dead’ turtles (Fig. 4; ANOVA, F 5, =
22008 Jul 49  Mouth 25 192h/>250m Dead 5.159, p = 0.016). Based on these
32008 Jul 53 Internal 13+8 1500 m Dead results, we concluded that the djvjng
42008 Jul 50 Mouth 25+8 1500 m Dead behavior of the turtles classified as
52008 Jul 60 Mouth 87+8 Premature Alive . lusive' 1 h f
62008  Jul 49 Mouth  54+8  Premature Alive inconclusive’ was closer to that o
72008 Jul 58  Mouth 70+ 8 Premature Alive the ‘alive’ turtles; hence, they were
82008 Jul 59 Mouth 77+8 Premature Alive most likely alive when the PAT tags
92008 Jul 53 Mouth 25+8 Premature Alive were prematurely released.
102008 Jul 66 Mouth 1+8 192h/>250m Dead A dinalv. 8 of the 26 1
112008 Jul 63 Mouth 90 1500 m Dead® ccordingly, 8 of the 26 turtles
122008  Jul 58  Mouth 90 Scheduled Alive tagged were considered to have died
“This turtle was alive at the end of the study period, but died some days during the 90 d after hooking: the
later, and we considered it as dead turtle that died while on deck and
the 7 turtles that remained at a con-

of the other 16 turtles were released prematurely.
Seven of them were certainly dead (and were accord-
ingly classified as 'dead’); 3 of them sank deeper than
250 m and remained there for 192 h, when the PAT
tags were released and transmitted;
and the other 4 PAT tags were released
when turtles sank to 1500 m. The rea-

stant depth for 192 h or sank to
1500 m. These assumptions yielded a post-release
mortality probability during the 90 d following by-
catch equal to 0.308 (95% CI: 0.127 to 0.489). More-
over, hook position (‘mouth’ vs. ‘internal’) had no

Time (%)
10 20 30 40 50

sons for the premature release of the 9 0—
other PAT tags were unknown; hence,

they were classified as ‘inconclusive’.
Some data error related to tracking
and/or release dates occurred for all of
those 9 PAT tags, but these errors 30
were unlikely to have affected the
accuracy of the data related to depth
and temperature or to have caused
premature release. Moreover, 5 of
these PAT tags were released after a 75
relatively deep dive (100 to 150 m),
suggesting a failure of the attachment
system due to pressure or the drag
caused by deep-diving acceleration,

40

50

Depth (m)

100

125

51

O Alive (Scheduled)
O Inconclusive (Premature)
B Dead (Premature)

Fig. 3. Caretta caretta. Time—depth data for 26
loggerhead turtles incidentally by-caught with
longlines and instrumented with PAT tags
before release. The bars show the average
time spent in each depth range. Three groups
of turtles were compared, based on their fate
after 90 d of tracking: ‘alive’ (n = 9), ‘inconclu-
sive’ (n =9) and ‘dead’ (n = 8)
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Maximum dive-depth
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Depth (m)
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Time (%)
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Fig. 4. Caretta caretta. Mean + SD 'maximum dive-depth’

and ‘time at surface’ of 3 groups of loggerhead turtles inci-

dentally by-caught with longlines and instrumented with

PAT tags before release. Turtles were classified by their fate

after 90 d of tracking as ‘alive’ (n = 9), ‘inconclusive’ (n = 9)

or ‘'dead’ (n = 8). Different lower case letters denote statisti-
cally significant differences

effect on the proportions of turtles alive or dead at the
end of the tracking period (chi-squared = 0.030, df =
1, p = 0.862): 5 of the 16 turtles with hooks in the
‘mouth’ and 3 of the 10 turtles with ‘internal’ hooks
died during the tracking period (Table 1). The aggre-
gated by-catch mortality probability was 0.321.

The analysis of these data using the MARK pro-
gram yvielded results similar to those reported above.
On the one hand, the 90 d post-release mortality
probability was 0.365 (95% CI: 0.105 to 0.576) and
was best modeled as time- and hook-location-invari-
ant (AICc = 72.9 with an AICc weight = 0.732 vs.
AICc =74.9 with an AICc weight = 0.265 for the time-
invariant, hook-location-dependent model; AICc =
84.1 with an AICc weight = 0.003 for the time-depen-
dent, hook-location-invariant model; and AICc =
113.4 with an AICc weight = 0.000 for the time- and
hook-location-dependent model). The aggregated
by-catch mortality probability calculated using this
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approach was 0.378. On the other hand, the analysis
run as a best-case scenario (assuming that all the
censored turtles survived for 90 d) was also best mod-
eled as time- and hook-location-invariant (AICc =
75.3 with an AICc weight = 0.729 vs. AICc = 77.4 with
an AICc weight = 0.266 for the time-invariant, hook-
location-dependent model; AICc = 85.5 with an AICc
weight = 0.004 for the time-dependent, hook-loca-
tion-invariant model; and AICc = 114.2 with an AICc
weight = 0.000 for the time- and hook-location-
dependent model) with an estimate mortality prob-
ability of 0.323 (95% CI: 0.171 to 0.523). The calcu-
lated aggregated by-catch mortality probability was
0.346.

Alvarez de Quevedo et al. (2010) collected data on
turtle catch per unit effort and fishing effort from 15
vessels throughout the fishing season and reported
an average annual turtle catch of 102 turtles vessel .
The extrapolation of this value to the entire fleet
yields an estimated total annual by-catch of 10656
turtles, equivalent to 3421 to 4028 turtles killed annu-
ally by the Spanish fleet of longliners when the
aggregated by-catch mortality probability estimates
reported above (0.321 to 0.378) are considered.

DISCUSSION

The results of the present study suggest that the
post-release mortality probability of monitored log-
gerhead turtles during the 90 d following their
release ranged from 0.308 to 0.365, depending on
the calculation approach used, and was independent
of hook location. When the post-release mortality
probability was combined with the previously re-
ported estimates of the mortality probability before
hauling, the aggregated by-catch mortality probabil-
ity ranged from 0.321 to 0.378. Assuming a total by-
catch of 10656 loggerhead turtles yr!, these figures
indicate that the Spanish longline fleet operating in
the southwestern Mediterranean may have killed
3421 to 4028 turtles annually during the 2000s. These
figures are lower than the estimate of 5800 turtles
killed annually, according to early reports (Aguilar et
al. 1993, 1995), mainly because total by-catch figures
from more recent reports are lower (Carreras et al.
2004, Alvarez de Quevedo et al. 2010).

Satellite tracking and conventional tagging have
revealed that most of the loggerhead turtles in the
southwestern Mediterranean remain throughout the
year within the Algerian Basin, a region limited by
the Balearic Archipelago, Sardinia, northern Africa
and southwestern Spain, whereas those in the
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Balearic Sea, the region between southern France,
the Balearic Archipelago and eastern Spain, remain
there year-round or move to the Algerian Basin (Car-
dona et al. 2005, Revelles et al. 2007b, Eckert et al.
2008, Revelles et al. 2008). Accordingly, the density
figures derived by combining aerial surveys with
surfacing behavior revealed by satellite tracking
(Cardona et al. 2005, Gémez de Segura et al. 2006)
can be used to calculate an estimate of approxi-
mately 40000 turtles within the oceanic habitats sup-
porting the activity of the Spanish longline fleet. If
this calculation is correct, the total number of logger-
head turtles killed annually by the Spanish fleet of
longliners represents approximately 8.5 to 10.1% of
the oceanic turtles in the Algerian Basin and the
Balearic Sea.

However, this estimate is sensitive to some
methodological issues with the use of PAT tags that
deserve careful consideration. PAT tags are pro-
grammed for premature release when turtles exhibit
anomalous diving patterns suggestive of turtle death,
such as very deep dives (>1500 m) or very long peri-
ods at a constant depth. However, PAT tags may also
release prematurely if the tether breaks up because
of drag or predation (Sasso et al. 2011). Since the rea-
son for premature release is unknown, the actual fate
of those turtles and the actual mortality rate is un-
certain, because, even if ‘inconclusive’ turtles were
alive when PAT tags were released prematurely, we
ignored their fate after release. Double tagging
would avoid these shortcomings, but this approach is
infeasible due to the high cost of PAT tags.

Analysis of diving behavior offers an alternative
method of determining the fate of those turtles whose
PAT tags were prematurely released for unknown
reasons, because injured turtles often experience
buoyancy problems, which may persist even after
rehabilitation (Cardona et al. 2012). Although each of
the 3 groups of turtles considered differed in their
time-depth distribution patterns, the maximum dive-
depth reached by the ‘inconclusive’ turtles was not
different from that reached by the surviving (‘alive’)
turtles and was much greater than that of the dead
turtles. The time at surface was not informative, as
the differences were not statistically significant.
Hence, we can conclude that most of the ‘inconclu-
sive' turtles were likely to have been alive when the
PAT tag was released prematurely, although the pos-
sibility that some of them were dead cannot be
excluded completely. The conclusion that most of the
‘inconclusive’ turtles were alive when the PAT tag
was released prematurely is also supported by the
similarity of the mortality probabilities resulting from
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considering the ‘inconclusive’ turtles alive and the
output of the MARK program, which considers only
the known-fate turtles (dead or alive).

Limiting the tracking period to 90 d may have also
led to underestimation of the post-release mortality
rate, although the available evidence indicates that
most hooked turtles die within 3 mo after hooking
(Aguilar et al. 1993, Chaloupka et al. 2004), and most,
but not all, of the turtles monitored in this study died
in the first month after release. It should be noted that
tagged turtles may also die during tracking due to
predator attacks or a second incidental by-catch
event (Swimmer et al. 2006, Sasso & Epperly 2007,
Sasso et al. 2011). As a consequence, increasing the
tracking time to >90 d could have resulted in over-
estimation of the post-release mortality rate, as other
mortality sources would be included. We cannot
exclude the possibility that some of the turtles
tracked for 90 d died for reasons other than longline
interaction, but the fact that most died in the first
month after release strongly suggests that mortality
was not randomly distributed over time, although the
model that best fitted the data was time invariant.

Even with these caveats, and assuming that we
offer an estimate of the minimum post-release mor-
tality probability, the figures reported here are much
higher than those reported in other studies in which
PAT tags have been used (Swimmer et al. 2006, Sasso
& Epperly 2007). On the other hand, the results are
similar to those obtained in a study in which hooked
turtles were kept in captivity after by-catch (Aguilar
et al. 1993, 1995). Differences in the PAT tag attach-
ment methods are unlikely to have caused the
observed differences in the post-release mortality
probability, as mortality was low when the PAT tag
tethers were attached to bolts secured to bones
underlying the carapace scutes (Sasso & Epperly
2007) and also when attached to a base plate secured
to scutes with epoxy (Swimmer et al. 2006). Con-
versely, studies in which tag tethers were attached to
base plates secured to scutes with a fixative yielded
both low (Swimmer et al. 2006) and high mortality
rates (present study).

In some previous studies, the hook and line have
been removed from turtles hooked in the mouth
(Chaloupka et al. 2004, Swimmer et al. 2006, Sasso &
Epperly 2007), but, in others, the hook was left in
place, together with a piece of line spanning from the
hook to the turtle beak in internally hooked turtles
(Chaloupka et al. 2004). Hook removal consistently
resulted in a low mortality probability after release
(Chaloupka et al. 2004, Swimmer et al. 2006, Sasso &
Epperly 2007), whereas leaving hooks in place con-
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sistently resulted in a higher mortality probability
(Aguilar et al. 1995, Chaloupka et al. 2004, present
study). Although hook size and the point of attach-
ment to the gastrointestinal tract could be relevant to
turtle survival, the data reported here do not reveal
any significant difference in the post-release mortal-
ity probability of turtles hooked in the jaw or the
mouth and turtles hooked in the esophagus or the
stomach. The presence of a long monofilament is
most likely the single most crucial factor that deter-
mines a turtle's fate after by-catch, because strangu-
lations and tractions produced by the line throughout
the gastrointestinal tract result in lethal injuries more
often than hook action (Valente et al. 2007, Casale et
al. 2008, Alessandro & Antonello 2010, Parga 2012).
The results reported here strongly support this
hypothesis and suggest that the use of hook types
that are less likely to be swallowed but do not reduce
by-catch will not result in a lower mortality rate,
unless hooks lodged in the mouth can be easily
removed onboard (Parga 2012). Furthermore, the
evidence presented here indicates that line cutters
are most likely useless in reducing post-release mor-
tality, as the line left will usually be longer than the
40 cm used in this study.

The high levels of incidental mortality reported
here may have consequences well beyond the
Mediterranean, as available genetic data indicate
a very high prevalence of turtles of northwestern
Atlantic origin in the fishing grounds used by the
Spanish fleet (Carreras et al. 2006, 2011, Revelles et
al. 2007a) and in the by-catch of Spanish longliners
(L. Cardona & M. Clusa unpubl. data). Furthermore,
loggerhead turtles entering the Mediterranean are
expected to move to neritic habitats in the northwest-
ern Atlantic at a much higher age than those of the
same cohort that remain in the Atlantic, because,
once they are in the Mediterranean, they grow more
slowly (Bjorndal et al. 2003, Piovano et al. 2011), and
because the currents at the Straits of Gibraltar and
the Alboran Sea keep them in the Mediterranean
until they are, on average, 58.8 cm CCL or 20 yr old
(Revelles et al. 2007a, Piovano et al. 2011). Further-
more, once turtles leave the Mediterranean, they
spend approximately an additional year crossing the
North Atlantic, although only a few turtles have been
satellite-tracked during such a trip (Cejudo et al.
2006, Eckert et al. 2008).

This means that turtles of northwestern Atlantic
origin entering the Mediterranean when 2 yr old
(Piovano et al. 2011) will settle into the foraging
grounds in the northwestern Atlantic 13 yr later, on
average, than members of the same cohort that
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remain in the Atlantic (Scott et al. 2012). This time
lag will be shorter for turtles that enter the Medi-
terranean at a higher age and larger size, but, in this
study, we ignored the length distribution of recently
entered turtles. Nevertheless, the protracted oceanic
stage of loggerhead turtles of northwestern Atlantic
origin entering the Mediterranean means that they
will remain exposed to high levels of incidental mor-
tality for a much longer time. The actual relevance
of this phenomenon for the northwestern Atlantic
management unit will depend on the proportion of
loggerhead turtles of North American origin enter-
ing the Mediterranean, a quantity that is currently
unknown.
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2.2. Evolucié de les captures accidentals de tortuga babaua (Caretta caretta) a la

Mediterrania: replica al comentari de Béez et al. 2014

Resum: En el seu comentari a Alvarez de Quevedo et al. (2013; Mar Ecol Prog Ser 489: 225-
234), Béez et al. (2014; Mar Ecol Prog Ser 504: 301-302) explicaven que la captura accidental
anual de tortugues babaues deguda a la flota palangrera espanyola és en realitat menor que la
reportada (6060 vs. 10.656 individus), en base a dades no publicades de 1’esfor¢ pesquer dels
anys 2006-2007. No obstant, els resultats presentats per Alvarez de Quevedo et al. (2013)
corresponen al periode 2001-2004, per tant, els diferents resultats no sén contradictoris, ans al
contrari, es complementen i donen suport a l'evidéncia d'una tendéncia decreixent en el nombre
de tortugues capturades per la flota espanyola de palangre de superficie al llarg de I'GItima

decada.
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ABSTRACT: In their comment on Alvarez de Quevedo et al. (2013; Mar Ecol Prog Ser 489:
225-234), Béez et al. (2014; Mar Ecol Prog Ser 504:301-302) argued that the annual loggerhead
turtle by-catch by the Spanish longline fleet was actually lower than that reported (6060 vs.
10656 ind.), on the basis of unpublished data on fishing effort collected in 2006-2007. However,
the data provided by Alvarez de Quevedo et al. (2013) corresponded to the period 2001-2004,
hence the different results are not contradictory. Conversely, they are complementary and support
the evidence of a decreasing trend in the number of turtles by-caught by the Spanish fleet

throughout the last decade.
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Alvarez de Quevedo et al. (2013) reported an esti-
mate of 10656 loggerhead turtles accidentally cap-
tured by the Spanish fleet, based on the data col-
lected during the period 2001-2004 (Carreras et al.
2004, Alvarez de Quevedo et al. 2010). Likewise, the
aerial surveys used to estimate the abundance of
sea turtles in the fishing grounds in Alvarez de
Quevedo et al. (2013) were conducted during the
period 2001-2003 (Gémez de Segura et al. 2006).
However, the effort data provided by Bdez et al.
(2014) were collected in 2006 and 2007, and the dis-
agreement between the estimates of turtle by-catch
in Baez et al. (2014) and Alvarez de Quevedo et al.
(2013) is likely due to these temporal differences.

The overall evidence indicates a reduction in log-
gerhead turtle by-catch, as suggested by Alvarez de
Quevedo et al. (2013). Thus, during the 1980s and the
1990s, 17000 to 20 000 loggerhead turtles were esti-
mated to be by-caught annually (Mayol et al. 1988,
Aguilar et al. 1995); Subsequent reviews assumed
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that the higher by-catch value of 20000 loggerhead
turtles annually during those decades was correct
(Lewison et al. 2004, Alessandro & Antonello 2010,
Wallace et al. 2010); in the early 2000s, Alvarez de
Quevedo et al. (2013) estimated that 10656 turtles
were captured annually; finally, Bédez et al. (2014)
estimated that total by-catch had decreased to 6060
turtles in 2006-2007. Furthermore, Tomas et al.
(2008) reported a steady decline throughout the 2000s
in the proportion of loggerhead turtle deaths after
interacting with drifting longlines.

Such reduction in loggerhead turtle by-catch may
have 2 causes. Firstly, gears used by the Spanish
longliners have changed continuously during the
past 3 decades, and the use of those with a very high
catch per unit effort (Caminas et al. 2006) might have
decreased. Secondly, most of the loggerhead turtles
inhabiting the fishing grounds used by the Spanish
longliners come from Florida (Carreras et al. 2011,
Clusa et al. 2014), where the number of nests de-
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creased 50 % from 1998 to 2007 (Arendt et al. 2013).
Considering the carapace length of the turtles inci-
dentally by-caught in drifting longlines and the
growth rate of loggerhead turtles of Atlantic origin
while in the Mediterranean (Piovano et al. 2011), the
reduced arrival of juveniles from Florida to the east-
ern Mediterranean was probably the major cause for
the recent decline in turtle by-catch reported by
Tomas et al. (2008) and Béez et al. (2014).

In conclusion, the discrepancy in the by-catch fig-
ures reported by Alvarez de Quevedo et al. (2013)
and Baez et al. (2014) are likely because data were
collected in different periods. The overall evidence
suggests a decreasing trend in the number of turtles
by-caught by the Spanish fleet throughout the last
decade, but careful monitoring by onboard observers
of the actual fishing effort and catch per unit effort is
essential to obtain accurate estimates of sea turtle
by-catch.

LITERATURE CITED

Aguilar R, Mas J, Pastor X (1995) Impact of the Spanish
swordfish longline fisheries on the loggerhead sea turtle
Caretta caretta population in the western Mediterran-
ean. In: Richardson JI, Richardson TH (eds) Proc 12th
Ann Workshop Sea Turtle Biol Conserv:1-6

Alessandro L, Antonello S (2010) An overview of loggerhead
sea turtle (Caretta caretta) bycatch and technical mitiga-
tion measures in the Mediterranean Sea. Rev Fish Biol
Fish 20:141-161

Alvarez de Quevedo I, Cardona L, De Haro A, Pubill E,
Aguilar A (2010) Sources of bycatch of loggerhead sea
turtles in the western Mediterranean other than drifting
longlines. ICES J Mar Sci 67:677-685

Alvarez de Quevedo I, San Félix M, Cardona L (2013)
Mortality rates in by-caught loggerhead turtle Caretta
caretta in the Mediterranean Sea and implications for the
Atlantic populations. Mar Ecol Prog Ser 489:225-234

Arendt MD, Schwenter JA, Witherington BE, Meylan AB,
Saba VS (2013) Historical versus contemporary climate

Editorial responsibility: Konstantinos Stergiou, Thessaloniki,
Greece; and Christine Paetzold, Oldendorf/Luhe, Germany

60

forcing on the annual nesting variability of loggerhead
sea turtles in the Northwest Atlantic Ocean. PLoS ONE 8:
e81097

Béez JC, Garcia Barcelona S, Real R, Macias D (2014) Esti-
mating by-catch of loggerhead turtles in the Mediter-
ranean Sea: Comment on Alvarez de Quevedo et al.
(2013). Mar Ecol Prog Ser 504:301-302

Caminas JA, Baez JC, Valeiras X, Real R (2006) Differential
loggerhead by-catch and direct mortality due to surface
longlines according to boat strata and gear type. Sci Mar
70:661-665

Carreras C, Cardona L, Aguilar A (2004) Incidental catch of
the loggerhead turtle Caretta caretta off the Balearic
Islands (western Mediterranean). Biol Conserv 117:
321-329

Carreras C, Pascual M, Cardona L, Marco A and others
(2011) Living together but remaining apart: Atlantic and
Mediterranean loggerhead sea turtles (Caretta caretta)
in shared feeding grounds. J Hered 102:666-677

Clusa M, Carreras C, Pascual M, Gaughran SJ and others
(2014) Fine-scale distribution of juvenile Atlantic and
Mediterranean loggerhead turtles (Caretta caretta) in
the Mediterranean Sea. Mar Biol 161:509-519

Goémez de Segura A, Tomas J, Pedraza SN, Crespo EA, Raga
JA (2006) Abundance and distribution of the endangered
loggerhead turtle in Spanish Mediterranean waters and
the conservation implications. Anim Conserv 9:199-206

Lewison RL, Freeman SA, Crowder LB (2004) Quantifying
the effects of fisheries on threatened species: the impact
of pelagic longlines on loggerhead and leatherback sea
turtles. Ecol Lett 7:221-231

Mayol J, Muntaner J, Aguilar R (1988) Incidencia de la
pesca accidental sobre las tortugas marinas en el Medi-
terraneo espanol. Boll Soc Hist Nat Balears 32:19-31

Piovano S, Clusa M, Carreras C, Giacoma C, Pascual M,
Cardona L (2011) Different growth rates between logger-
head sea turtles (Caretta caretta) of Mediterranean and
Atlantic origin in the Mediterranean Sea. Mar Biol 158:
2577-2587

Tomads J, Gozalbes P, Raga JA, Godley BJ (2008) Bycatch of
loggerhead sea turtles: insights from 14 years of strand-
ing data. Endang Species Res 5:161-169

Wallace B, Lewison R, McDonald S, McDonald R and others
(2010) Global patterns of marine turtle bycatch. Conserv
Lett 3:131-142

Submitted: March 28, 2014; Accepted: April 11, 2014
Proofs received from author(s): April 23, 2014



CAPITOL 3

Interaccio amb I’arrossegament

V_ & :
T

v '

R 4







3.1. Una veda a I'hivern és la millor mesura per a la reduccié de la captura

accidental de tortugues babaues causada per la pesca d'arrossegament a la
Mediterrania occidental

Resum: L’arrossegament ha estat identificat com el principal art de pesca implicat en la captura
accidental de tortugues babaues al litoral mediterrani espanyol, on la flota d’arrossegament
captura accidentalment cada any aproximadament 500 tortugues babaues. La majoria d'aquestes
tortugues, pero, son capturades en una area relativament petita al nord-est del pais, que inclou el
Delta de I’Ebre i el litoral de la provincia de Castell6. En aquesta zona, la plataforma continental
és la més extensa de tota la regi6 i la captura per unitat d'esforg (tortugues per mes i barca) és
molt més elevada que a la resta del litoral mediterrani espanyol. En aquest estudi es comparen
les dades sobre la captura accidental de tortuga babaua registrades mitjangant telemetria via
satél-lit i censos aeris, realitzats entre 2005 i 2010, per entendre els patrons d'Us d'habitat de les
tortugues babaues de la zona, i poder avaluar les mesures de conservacié que podrien ser més
adients, per reduir la captura de tortugues, com una veda estacional o la creacié d'una zona
tancada a la pesca que permetés reduir les captures accidentals de tortugues. Els vols van
suggerir una distribucié a ’atzar de les tortugues babaues sobre la plataforma continental al
llarg de tot I’any i van permetre estimar que en zona de plataforma s’hi troben en promig unes
1.800 tortugues babaues, després de corregir pel percentatge de temps en superficie (8,4%), tot i
gue es va veure que la densitat canvia estacionalment. No obstant, el nombre de tortugues que
visiten la zona anualment segurament és molt més gran, ja que la telemetria per satél-lit va
revelar l'existéncia de dos grups de tortugues: residents, que passen mesos a la zona, i visitants
(o de pas), que hi romanen poques setmanes. De fet, els censos aeris van revelar una major
abundancia de tortugues a finals de l'estiu i principis de tardor, probablement a causa de
l'arribada de les tortugues visitants. Aquest fet, fa dificil comparar les captures anuals de
tortugues babaues a I'area amb la seva abundancia. Per altra banda, el seguiment via satél-lit va
suggerir una taxa molt elevada de mortalitat anual de les tortugues de ’estudi (0,626, IC 95%:
0,566-0,716) corroborant que la plataforma continental de la zona del Delta de I'Ebre i Castelld
és un punt negre per a les tortugues babaues de la Mediterrania occidental. Actualment, es fan
vedes per a l'arrossegament durant un mes o dos mesos 1’any a la zona, pero sobretot durant la
temporada d'estiu a la part catalana, i per decisi6 de les confraries de pescadors de cada port a la
part valenciana. Pero, la concentracié de la major part de les captures accidentals generades per
arrossegament es ddna als mesos d'hivern, quan es déna una disminuci6 de l'abundancia de
tortugues segons el seqguiment via satel-lit i els vols, tot i que és també quan augmenta de forma
drastica la vulnerabilitat de les tortugues, degut a la baixa temperatura de I'aigua. En definitiva,

doncs, la distribucié aleatoria de les tortugues babaues a la plataforma continental i la
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distribucié temporal de les captures incidentals descrites suggereixen que una veda a la
temporada correcta és probablement la millor mesura per reduir la captura incidental de tortuga
babaua a la zona del Delta de I’Ebre i provincia de Castello, i no pas la creacié d'una zona
d'exclusio a la pesca d'arrossegament durant tot I'any. Els resultats finals, per tant, suggereixen
que un desplagament de la veda actual a finals d'hivern seria molt beneficids i un pas endavant

per a la conservacié de les tortugues marines a la Mediterrania occidental.
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Abstract: Bottom-trawling has been identified as the main fishing gear involved in the incidental catch of
loggerhead turtles over the Mediterranean continental shelf of Spain, where some 500 turtles are bycaught
annually by the bottom-trawlers. Most of these turtles are captured in a relatively small area including the Ebro
Delta and waters of the Castellon province, where the continental shelf is the widest in the region and turtle catch
per unit effort is the highest in the Spanish Mediterranean. Here we compare data on loggerhead turtle bycatch
with satellite tracking and aerial surveys conducted in 2005 and 2010 to understand habitat use patterns by
loggerhead turtles in the area, and evaluate conservation measures such as seasonal closure or the creation of a
no-take zone to reduce turtle bycatch. Aerial surveys suggested that loggerhead turtles were randomly distributed
over the continental shelf year round and that the region supported some 1800 turtles simultaneously, after
correcting for percentage of time at surface (8.4%), although density changed seasonally. However, the number
of turtles visiting the area on an annual basis was much larger, as satellite telemetry revealed the existence of
both transient and resident turtles, the former spending only a few weeks in the area. Actually, aerial surveys
revealed the highest abundance of turtles in late summer and early fall, probably because of the arrival of
transient turtles. This makes difficult to compare the annual bycath of loggerhead turtles in the area with the
turtle stock size estimated from aerial surveys. Nevertheless, satellite tracking suggested a very high annual
mortality rate of the tracked turtles (0.626, Cl 95%: 0.566-0.716) corroborating that the continental shelf off the
Ebro Delta — Castellon is a sink for loggerhead turtles in the western Mediterranean. Currently, the area is closed
to bottom trawlers for one month every year, but mostly during the warm season, and upon decision of fishermen
associations of each harbour. However, the concentration of most of the incidental captures from trawlers
occurred in winter months, when turtle abundance declines according to satellite tracking and aerial surveys but
turtle vulnerability may increase due to low water temperature. Overall, the random distribution of loggerhead
turtles on the continental shelf and the seasonal bycatch distribution described suggest that a correct seasonal
closure is probably a better measure to reduce loggerhead turtle bycatch rather than a proposed no-take zone
where bottom trawling would be forbidden year round. The overall evidence suggests that moving the closed
season to late winter will be highly beneficial for the conservation of sea turtles in the western Mediterranean.

Keywords: sea turtles, incidental bycatch, bottom trawling, conservation measures, Mediterranean Sea.

Introduction In the Western Mediterranean, high levels of
incidental bycatch of sea turtles have been reported

Incidental bycatch has been identified as a major  (Carreras et al. 2004, Camifias et al. 2001, 2006,
threat for the conservation of sea turtles worldwide  Cardona et al. 2005, 2009, Casale et al. 2008, 2011,
(Lewison and Crowder 2007, Casale 2011, Finkbeiner ~ Alvarez de Quevedo et al. 2010, 2013, Doménech et
et al. 2011, Wallace et al. 2010, 2013, Lewison et al.  al. 2015). Most of the bycaught turtles are juvenile
2014). To date, most of the efforts to reduce it have  loggerhead sea turtles (Caretta caretta) from the
focused on gear modification and the identification of ~ Mediterranean, North-Atlantic, and Cape Verde

areas that should be closed to fishing, because sea  Regional Management Units (RMU) visiting the
turtle are highly vulnerable there. foraging grounds in the western Mediterranean
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(Wallace et al. 2010) (Figure 1), although the
prevalence of turtles of Atlantic origin decrease
northward along the coast of Spain (Carreras et al.
2006, Clusa et al. 2014).

I 20 3

a0 0

Figure 1 Regional management units (RMU) of North-Atlantic,
Cape Verde and Mediterranean. Arrows show the direction to
Mediterranean feeding grounds.

The fishing gears most involved in loggerhead sea
turtle bycatch in the area are drifting longlines and
bottom trawlers (Béez et al. 2006, 2007, Alvarez de
Quevedo et al. 2010, 2013, Domenech et al. 2015).

Longlines are deployed mainly in the oceanic
realm, whereas bottom-trawles operate in the
continental shelf and the slope. Previous studies have
demonstrated that a large fraction of the immature
loggerhead sea turtles found off the eastern coast of
mainland Spain used the continental shelf extensively
and exhibited strong fidelity to some neritic feeding
grounds where they are exposed to incidental bycatch
in neritic fishing gears (Cardona et al. 2009). Thus,
incidental bycatch by bottom trawlers is a problem to
be considered in the Spanish Mediterranean coast
(Figure 2) for the conservation of loggerhead sea turtle
populations (Cardona et al. 2009, Alvarez de Quevedo
et al. 2010, Casale 2011, Domenech et al. 2015),

The area between Catalonia and Valencia region,
the Ebro Delta — Castellon province (Figure 2), has the
widest continental shelf of the Spanish Mediterranean
coast, and is a particular hotspot of turtle bycatch,
with bottom trawling is the fishing gear most often
involved (Alvarez de Quevedo et al. 2010, Doménech
et al. 2015). About 500 turtles are bycaught annually
by the Spanish bottom-trawling fleet, and more than
70% are bycaught in this particular small area. There,
the highest values of CPUE in the entire Spanish
coastline have been detected there: between 0.21
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(Ebro Delta) and 0.14 turtles per boat and year
(Castellon province) (Alvarez de Quevedo et al. 2010,
Domenech et al. 2015), in contrast with less than
0.01turtles per boat and year in northern regions
(Alvarez de Quevedo et al. 2010) or05 turtles in
southern ones (Domeénech et al. 2015).

The continental shelf is very wide in the area and
sea turtles are highly wvulnerable to bottom trawlers
operating on the continental shelf (Casale et al. 2004,
Braun-McNeill et al. 2008, Alvarez de Quevedo et al.
2010), because there they spent most of the time
underwater than when they are on the slope (Cardona
et al. 2009). This is particularly true in winter and
early spring, when sea temperature is lower and it is
more difficult for turtles to avoid the nets of bottom
trawlers, as they rest in a dormant state on the seabed
and keep energetic costs to a minimum (Hochscheid et
al. 2005, 2007).

Moreover, areas shallower than 50 m are closed to
bottom trawlers in most of Spain, because fishery
regulations prohibit this king of fishing less than 3nm
from the coastline (DOGC 2000, 2006). However, off
the the Ebro delta — Castellon province, the gentle
slope of the continental shelf results in bottom
trawlers operating in much shallow water (> 20 m)
when they operate close to the 3 nnm limit. .

All these reasons might explain why bycatch levels
in this area are higher than elsewhere in the
Mediterranean coast of Spain. Several proposals have
been suggested to deal with this conservation problem,
such as seasonal closures or closing to bottom
trawling the areas with highest abundance of marine
turtles. If most loggerheads used the area between
20m and 50m of depth, it would be a good
conservation measure the close it to bottom trawlers.

Figure 2 Western Mediterranean Sea: note the continental shelf in
light blue. Red circle shows the study area, with the highest levels
of loggerhead bycatch due to bottom trawling along the Spanish
Mediterranean costline.




But distribution and habitat use patterns of
loggerhead in the area remain unknown.
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Figure 3 Layout of the transects and loggerhead turtles
observed in the study area (6,533.856 km2) during aerial
surveys (red circles). Light blue area shows the continental
shelf, with 50m depth as the first line and 100m depth the
second one.

This study aims to understand habitat use patterns
by loggerhead turtles in the Ebro delta to assess the
potential reduction of loggerhead turtle bycatch if
areas sallower than 50 m were closed to bottom
trawling.

Material and methods

Study area

This study was conducted along the coastline of
the Ebro Delta (south Catalonia) and Castellon
province (Valencia region) (Figure 2). This area,
considered as a hoptspot of sea turtles bycatch caused
by bottom-trawlers, includes the widest continental
shelf of the Spanish Mediterranean coastline.

Aerial survey methods
Ten aerial surveys were conducted from May 2005
to March 2006 in the study area (one per month except
for February due to bad weather conditions),
following the transect-line methodology (Buckland et
al., 2001). Surveys were taken from a high-wing
aircraft (‘push-pull’Cessna 337-G) with flat windows
as described in Gomez de Segura et al. (2003, 2006).
Two different track designs were used, one each
month starting at a random point, to cover the study
area completely (Figure 3). Each design covered 4.5%
of the total area (coverage=total transect length width
observed on both sides of the plane/total area).
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Ttransects followed a systematic saw-tooth pattern,
with a maximal perpendicular distance to the coastline
of 20 nautical miles (36 km), thereby limiting the
survey to the continental shelf (depth <200 m).

Transects were flown at a groundspeed of c.
166kmh™ (90 kn) and altitude was maintained at 152m
(500 ft). The standard crew consisted of 4 people: the
pilot, a recorder and two observers positioned behind
them on each side of the plane. The recorder took note
of the species, group size (number of animals sighted),
location (obtained with a GPS), time and angle
between the horizon and the target.

The angle was estimated using a hand-held
clinometer that, in conjunction with aircraft altitude,
provided an estimate of the perpendicular distance to
the animal. Environmental conditions, including
Beaufort sea state, were also updated at the beginning
of the transect and whenever changes occurred. We
conducted surveys only at Beaufort Sea State < 3 with
good weather conditions, because visibility is lower in
bad weather conditions. GPS provided a continuous
record of position (updated every few seconds).

The survey methodology for this study follows
protocols established in previous aerial surveys
(GOmez de Segura et al. 2003, 2006). Observers were
trained in loggerhead identification techniques,
although loggerhead turtle is the most common
species in the region (Tomas et al. 2001, Carreras et
al. 2006, Alvarez de Quevedo et al. 2010, Doménech
et al. 2015). Once a turtle was sighted, the location of
the plane (obtained from a global position system,
GPS) and the vertical angle of the sighting line
(obtained from a clinometer) were recorded. This
angle was converted during analysis to perpendicular
sighting distances, based on the altitude of the aircraft.
We subtracted 86m from all the perpendicular
sightings distances, corresponding to the blind
distance under the plane because of flat windows
(more than 601 from the horizon).

The surface covered by the survey was calculated
as the distance flown multiplied by twice the survey
strip. Geographic information system (GIS) software
was also used to assess the depth of the water column
beneath the turtle at each position.

Transect data were used to estimate turtle density
(D) and abundance (N) in the area, although we
corrected mean density by the percentage of time
loggerheads spend at the surface in the area. Turtles
spent less time at the surface in the neritic domain
(8.4%), than in the oceanic domain (58.3%) (Cardona
et al. 2009). Thus, the number of sightings is an



underestimate of the real number of turtles present in
the area and this bias must be corrected.

We also analyzed transect data using the program
Distance 6.0 (Thomas et al. 2009). Nevertheless,
number sights per month were low and thus all results
must be taken with caution. The program fits a
detection function to the distance frequency histogram
and this function is used to estimate the probability
density function evaluated at zero distance, f(0). Half-
normal, uniform, and hazard-rate models with simple
cosine adjustment terms were fit to the perpendicular
sighting distance data to estimate f(x) and the
effective strip width (ESW). The ESW is that
perpendicular distance from the transect line at which
the number of objects detected beyond this distance
equals the number missed within the same distance
(Thomas et al. 2009, 2010).

Perpendicular  sighting  distances were right-
truncated at 253 m (which eliminated the largest 5%
of perpendicular distances) to avoid fitting extreme
values in the tail of the distribution. The model fit
with the lowest Akaike’s Information Criterion (AIC,
Akaike 1974) was selected by the program Distance to
estimate turtle density.

Satellite-tracking

Two types of Telonics satellite transmitters, herein
referred to as tags, were used: ST-20 (weight: 188 g,
dimensions: 11.5 cm, 6.3 cm, 3 cm) and TAM-4310
(weight: 140 g, dimensions: 9.4 cm, 4.6 cm, 3.0 cm).
Tags were attached to eight loggerhead sea turtles
collected off the coast of central mainland Spain
between 2005 and 2010.

The average minimum straight carapace length
(SCLmin, Bolten 2000) of the turtles was 48.4 + 6.2
SD cm (range: 39.5-55.5 cm). Animals used in this
study had been bycaught incidentally by professional
fishermen and were then transferred to land, where
they received veterinary treatment. Tags were attached
to the second central scute with polyester resin and
fibreglass. A synthetic polymer was used to make a
base for the tag that matched the curved carapace and
several layers of resin and fibreglass were applied
(Balazs et al. 1996). Only healthy turtles were tagged,
and tag weight did not exceed 3% of turtle body
weight. Moreover, metallic tags where attached on one
or both front flippers of the turtles, to identify them in
case of re-encounter after satellite tag release.

The Service Argos satellites received the
information transmitted by the tags and sent this data
to the processing centre, where positional data were
calculated and retransmitted to the user (Argos 2000).
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Argos assigns a quality index (location class or LC) to
each location on the basis of the estimated accuracy in
latitude and longitude. Positional data were screened
to select the ‘‘highest quality’’ fix (a positional
accuracy of less than 1 km, i.e., LC 3-1 and A; and a
velocity lower than 5 km h-1; Luschi et al. 1998;
Argos 2000). When there were multiple days without
“‘high quality’” data (LC 3-1 or A) and the velocity to
or from the low-accuracy fix was \5 km h-1, a fix with
a lower accuracy was occasionally used (Luschi et al.
1998). Inland locations were never used. Using a
bathymetric dataset with a resolution of 1 9 1 min
(latitude 9 longitude; Smith and Sandwell 1997), a
GIS was used to assess the depth of the water column
at each turtle position. A depth scale was used to
classify fixes into different bathymetric domains. The
software was programmed to also record the time
spent underwater in three time slots: from 8:00 to
12:00 GMT (morning), another from 12:00 to 16:00
GMT (afternoon) and a third one from 19:17 to 4:14
GMT (night). Each transmission showed the time
spent underwater at the three time intervals in the last
24 h. Tag duty cycles (hours on/off) were set as 8/96
h, in order to increase the battery life as much as
possible.

Mortality rate was calculated based on the number
of turtles dead while being tracked and the tracking
effort, according to Trent and Rongstad (1974) and
Hays et al. (2003).

Results

Aerial surveys covered a total of 5 311.30 mn of
effort during good to excellent conditions.

Figure 3 Loggerhead turtles observed in the study area
(6,533.856 km2) during aerial surveys (red circles). Light blue
area shows the continental shelf, with 50m depth as the first
line and 100m depth the second one.
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Figure 4 Example of route followed by each group of tracked turtles. Transient (yellow line): route followed by one loggerhead that didn’t
came inside the Ebro delta bays, and moved other regions. Resident (red line): rout followed by one loggerhead that was detected during all

the study inside the Ebro delta bays (14 months).
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We sighted a total of 67 loggerhead turtles at the
water’s surface (Figure 3), being September and
October the months with highest sighting rate.

We calculated a mean relative density of 0.025
turtles per km? (ranging from 0.004 to 0.57 throughout
the vyear), and total averaged abundance once
corrected by surface time (8.4%) wa 1 982.28 turtles
(95% IC: 1249 — 2716).

On the other hand, in Distance we used the half-
normal model to analyze also all data. This model was
selected because it provided the best fit to the
perpendicular distance data over competing uniform
and hazard rate models. Based on these analyses, we
calculated f(0) of 0.64067E-02, and a mean ESW of
156.1 m (CV = 0.09). The best estimate of mean
loggerhead annual turtle abundance, once corrected by
surface time, is 1.774 (CV = 0.17, 95% CI range =
1.274— 2.464). Moreover, aerial surveys revealed that
loggerhead turtles were randomly distributed
(Chi2=2.773, df=3, p=0.428) over the continental
shelf off the Ebro delta, with 81.4% of the animals
observed in areas deeper than 50 m (Figure 5).

Nevertheless, data from satellite-tracking add an
interesting different point of view as 56% of the
tracked loggerhead turtles remaining near the coast
(shallower than 50 m depth). Eight turtles, ranging
39.5-55.5 cm SCL, were tracked for an average time
of 232 + 166 days (from 20 to 442 days) and satellite
tracking data suggested the existence of two different
groups of turtles in the area:

Transients turtles spent only a few weeks in the
area, used randomly all the bathymetric domains and
seldom entered the bays. After leaving the Ebro delta,
these turtles moved to other regions in the western
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Mediterranean (Figure 4).Conversely, residents turtles
spent several months in the area, primarily inside the
bays of the Ebro delta (Figure 4). As the aerial surveys
did not cover the bays, the turtles sighted during the
aerial surveys clearly corresponded to the transient
turtles identified by satellite telemetry and represent
the bulk of the population in the area.

Nevertheless, 32% of the time the resident turtles
spent in areas shallower than 50 m depth was inside
the Ebro Delta bays. Moreover, these animals, when
they remained inside the bays, spent 69% of time in
areas shallower than 50 depth. It must be taken into
account that inside the bays only 18% of available
habitat is shallower than 50m depth.

Finally, the annual mortality rate of the satellite
tracked animals was 0.626 (IC 95%: 0.566-0.716).
Three of the eight turtles were founded dead
(stranded), without any hook or external signs of
collision. Another two turtles were considered dead,
as the satellites showed that they spent three days
underwater before the last transmission.

Figure 5 Percentage of habitat use of turtles in the study area.

50% 1
40% A
30%
20% 1

10%

0%

Ebro Delta bays

<50m =80m

W Total individuals W Residents




Discussion and Conclusions

Aerial surveys results suggest, on one hand, that
the region supported on average some 1 800 — 2 000
turtles simultaneously, after correcting sightings for
percentage of time spent at surface (8.4%), although
density changed seasonally. On the other hand, aerial
surveys also indicate that turtles present on the
continental shelf of the Ebro Delta are randomly
distributed in space and 80% are in areas with more
than 50 meters deep. This means that the bulk of the
turtles would still be vulnerable to trawling if the
exclusion zone would be extended to the 50 meters
isobath. However, the flights did not include the bays
of the Ebro Delta, intensely used by some of the
satellite tracked turtles.

Some turtles appeared to be transient individuals
passing through the continental shelf of the Ebro
Delta, using different bathymetric zones according to
their availability and without entering the bays of the
Ebro Delta. These transient turtles would be observed
in flight and surely represent the bulk turtles present in
the area. However, resident turtles spent several
months in the Delta del Ebro, with particular fondness
for Fangar and Alfacs bays, but not for the areas
shallow areas less than 50 m deep located outside
those bays.

The annual mortality rate found in this study was
much higher than that reported for other areas of the
Mediterranean (Casale 2011). Considering the fact
that bottom trawling was the most likely cause of
death, these results corroborate that the continental
shelf off the Ebro delta is a sink for loggerhead turtles
in the western Mediterranean. Moreover, the results of
this study shown that simple management measures,
as closing areas shallower than 50 m to the bottom
trawlers, will not significantly reduce bycatch, as most
of the turtles in the area would still be vulnerable to
this type of fishing gear even if areas shallower than
50 m were closed to bottom trawlers. Thus, other
management strategies will have to be enforced to
ensure the survival of this species in the area.

Loggerhead turtles are more vulnerable in winter
in the area and, although turtles abundance is expected
to be the lowest in cold season, highest values of
bycatch have been reported between January and
March, when water temperature is colder (Alvarez de
Quevedo et al. 2010, Domenech et al. 2015).
Moreover, the recent discover of the Decompression
sickness (DCS) in sea turtles (Garcia-Parraga et al.
2014), a clinical diagnosis encompassing a wide range
of manifestations related to formation of gas bubbles
within supersaturated tissues after decompression
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(Barratt et al. 2002, Francis & Mitchell 2003), may
affect loggerheads caught by bottom trawling
specially in winter and may probably increase the
mortality rate of bycaught turtles. Thus, current
procedures used aboard fishing vessels to revive
comatose turtles, while useful for drowning, are
probably ineffective for DCS, and any mitigation
measures should focus on prevention and
minimization of risk of DCS (Garcia-Parraga 2014).

Thus we suggest that winter closures to bottom
trawling would be the best way to reduce turtle by
catch in the area. Currently, the studied area is closed
to bottom trawlers for one month every year, but
mostly during the warm season, and upon decision of
the fishermen associations of each harbour.

The overall evidence suggests that moving the
closed season to late winter will be highly beneficial
for the conservation of loggerhead sea turtles in Ebro
Delta — Castellon province and, thus, in the western
Mediterranean.
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CAPITOL 4

Efectes sobre les poblacions de meduses







4.1. Els depredadors apicals del mar Mediterrani consumeixen de forma general

plancton gelatinds

Resum: En el present estudi es van utilitzar isotops estables de carboni i nitrogen per provar la
hipotesi que l'analisi del contingut estomacal ha subestimat sistematicament el consum de
zooplancton gelatinds per part dels mesodepredadors pelagics i depredadors apicals. Els
resultats confirmen un consum important de plancton gelatin6s en la dieta de la tonyina
vermella (Thunnus thynnus), la bacoreta (Euthynnus alletteratus), el marli (Tetrapturus belone)
i el peix espasa (Xiphias gladius). Les tortugues babaues (Caretta caretta) en fase oceanica i els
peixos lluna (Mola mola) també depenen principalment de zooplancton gelatinds. En contrast,
les proporcions d'isotops estables descarten qualsevol consum de plancton gelatinds per part del
tallahams (Pomatomus saltatrix), la tintorera (Prionace glauca), la palometa (Lichia Amia), el
bonitol (Sarda sarda), el dofi llistat (Stenella caerueloalba) i la tortuga babaua (Caretta caretta)
en fase neritica, la dieta dels quals es basa, principalment, en peixos i calamars. El rorqual comu
(Balaenoptera physalus) es va confimar com a consumidor de crustacis. Les proporcions
d'isotops estables en la tonyina blanca (Thunnus alalunga), la serviola (Seriola dumerili), la
castanyoleta (Stromaeus fiatola), la melva (Auxis rochei), la llampuga (Coryphaena hyppurus),
el sorell (Trachurus trachurus), el verat (Scomber scombrus) i el pampol (Trachinotus ovatus)
van ser consistents amb les dietes mixtes revelades per I'analisi del contingut estomacal,
incloent nécton i crustacis, pero el consum de plancton gelatins no es pot descartar del tot. En
conclusio6, el grup consumidor de zooplancton gelatinés a la Mediterrania integra dues especies
especialistes (el peix lluna i la tortuga babaua en fase oceanica) i diversos oportunistes (tonyina
vermella, bacoreta, marli, peix espasa i, segurament, palometa), la majoria dels quals pateixen

una reducci6 de les seves poblacions degut a la sobrepesca.
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Abstract

Stable isotopes of carbon and nitrogen were used to test the hypothesis that stomach content analysis has systematically
overlooked the consumption of gelatinous zooplankton by pelagic mesopredators and apex predators. The results strongly
supported a major role of gelatinous plankton in the diet of bluefin tuna (Thunnus thynnus), little tunny (Euthynnus
alletteratus), spearfish (Tetrapturus belone) and swordfish (Xiphias gladius). Loggerhead sea turtles (Caretta caretta) in the
oceanic stage and ocean sunfish (Mola mola) also primarily relied on gelatinous zooplankton. In contrast, stable isotope
ratios ruled out any relevant consumption of gelatinous plankton by bluefish (Pomatomus saltatrix), blue shark (Prionace
glauca), leerfish (Lichia amia), bonito (Sarda sarda), striped dolphin (Stenella caerueloalba) and loggerhead sea turtles
(Caretta caretta) in the neritic stage, all of which primarily relied on fish and squid. Fin whales (Balaenoptera physalus) were
confirmed as crustacean consumers. The ratios of stable isotopes in albacore (Thunnus alalunga), amberjack (Seriola
dumerili), blue butterfish (Stromaeus fiatola), bullet tuna (Auxis rochei), dolphinfish (Coryphaena hyppurus), horse mackerel
(Trachurus trachurus), mackerel (Scomber scombrus) and pompano (Trachinotus ovatus) were consistent with mixed diets
revealed by stomach content analysis, including nekton and crustaceans, but the consumption of gelatinous plankton could
not be ruled out completely. In conclusion, the jellyvorous guild in the Mediterranean integrates two specialists (ocean
sunfish and loggerhead sea turtles in the oceanic stage) and several opportunists (bluefin tuna, little tunny, spearfish,
swordfish and, perhaps, blue butterfish), most of them with shrinking populations due to overfishing.
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Introduction

An interest in gelatinous plankton has developed over the past
decades after a long period of neglect by marine biologists [1]. The
driver of this change is the widespread perception that the
abundance of medusa and ctenophores is increasing in many
oceanic basins [2,3,4] and the concern about the potential
negative impact of these phenomena on commercially important
fisheries [2] and the tourism industry [5].

Avian and Rottini-Sandrini (1988) [6] and Harbison (1993) [7]
were the first to propose that a large number of pelagic predators
may opportunistically consume gelatinous zooplankton and
suggested that overfishing would release salps, ctenophores and
medusa from tight predator control. The proliferation of
gelatinous plankton in several heavily fished regions might be
considered to support such a hypothesis, but available evidence
indicates that competitive release, and not the relaxation of top-
down control, is the most likely mechanism [8,9,10]. As a
consequence, overfishing of gelatinous plankton consumers is
presented in recent reviews as a plausible hypothesis but with little
direct supporting evidence [4,5].

Central to the top-down relaxation hypothesis is the hypothet-
ical existence of a large community of pelagic predators that may
opportunistically consume gelatinous plankton, thereby stabilizing
their populations [6,7]. Although there is increasing evidence that
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many pelagic fish may occasionally consume gelatinous plankton
[11], and some ecosystem models include tuna and billfish as
major consumers of gelatinous plankton [12], it is a big leap from
an occasional-consumption model to the strong top-down control
assumed by the top-down relaxation hypothesis. Furthermore,
nothing is known about the actual significance of gelatinous
plankton in the diet of most pelagic mesopredators and apex
predators, and there is hard evidence for massive consumption of
gelatinous plankton only for some fishes [7,13,14] and pelagic sea
turtles [15].

Massive proliferations of gelatinous plankton in the Mediterra-
nean have raised considerable public interest [6,16—19]) because of
their potential impact on the tourism industry. Outbreaks in the
region are known to be tightly linked to climatic variability
[16,20,21], and those of the pink jellyfish (Pelagia noctiluca) have
been recorded for almost two centuries. Nevertheless, predator
release due to overfishing has been repeatedly suggested as a
potential factor in the jellyfish proliferations in the region
[6,10,18,19,22].

Stomach content analysis has revealed the consumption of
gelatinous plankton by several Mediterranean species of pelagic
mesopredators and apex predators [23-31], most of them targeted
or incidentally bycaught by commercial fisheries [32,33]. Al-
though the demographic trajectories of most of these populations
are unknown, the populations of loggerhead sea turtles migrating
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Table 1. Sample size and stable isotope ratios of pelagic prey and predators in the western Mediterranean Sea.

Species Common name n 813 ¢C 315N

mean +SD mean + SD
Prey
Copepoda Copepods A —223 1.0 2.8 0.5
Cotylorhiza tuberculata Fried egg jellyfish 5 —-174 0.2 16 0.3
Engraulis encrasicolus European anchovy 5 —185 0.6 9.8 0.8
Hyperiidae Hyperideans A —19.0 1.2 5.6 0.5
Lampanyctus crocodilus Jewel lanternfish 5 —18.6 0.2 10.2 0.4
Loligo vulgaris European common squid 5 -17.7 0.5 9.5 0.9
Meganyctiphanes Krill A —20.8 0.7 52 0.4
Pelagia noctiluca Pink jellyfish 5 —-17.8 0.6 5.6 0.5
Sardina pilchardus European pilchard 5 —18.0 0.2 8.7 0.2
Salpa maxima Salp 5 -19.7 0.6 39 0.3
Todarodes sagittatus European flying squid 5 —17.8 0.1 11.0 0.1
Predators
Auxis rochei Bullet tuna 5 —18.1 0.3 9.5 0.5
Balaenoptera physalus Fin whale 5 —184 0.1 8.7 0.1
Caretta caretta (neritic stage) Loggerhead sea turtle 5 —16.3 0.4 10.1 1.7
Caretta caretta (pelagic stage) Loggerhead sea turtle 5 —17.6 0.2 6.7 0.4
Coryphaena hippurus Dolphinfish 5 —183 0.3 9.8 0.7
Euthynnus alletteratus Little tunny 5 -17.2 0.1 104 0.4
Lichia amia Leerfish 5 =17 0.3 13.1 1.0
Mola mola Sunfish 5 -17.6 0.5 77 0.4
Pomatomus saltatrix Bluefish 5 —16.9 0.3 14.8 0.4
Prionace glauca Blue shark 5 —-17.2 0.7 133 0.4
Sarda sarda Atlantic bonito 5 -16.8 0.3 12.8 1.2
Scomber scombrus* Mackerel 5 —185 0.9 1.4 0.4
Seriola dumerili Amberjack 5 =177 0.2 1.3 0.6
Stenella caeruleoalba Striped dolphin 5 -173 0.4 121 0.8
Stromateus fiatola Blue butterfish 4 -17.3 03 10.8 0.2
Tetrapturus belone Spearfish 5 —-17.8 0.4 10.1 0.7
Thunnus alalunga Albacore 5 -17.8 0.4 11.0 0.4
Thunnus thynnus >100 cm Bluefin tuna 5 —183 0.3 103 0.6
Thunnus thynnus <100 cm Bluefin tuna 5 =177 0.4 10.6 0.3
Trachinotus ovatus Pompano 5 —-17.5 0.4 11.2 0.3
Trachurus trachurus* Horse mackerel 5 —17.6 0.2 10.5 0.5
Xiphias gladius >100 cm Swordfish 5 -17.8 0.3 1.4 0.4
Xiphias gladius <50 cm Swordfish 5 —17.8 0.7 11.2 0.2

*: considered also as prey; A: colective samples.
doi:10.1371/journal.pone.0031329.t001

into the Mediterranean from Atlantic nesting beaches (Caretta
caretta) and those of swordfish (Xiphias gladius) and bluefin tuna
(Thunnus thynnus) of the eastern Atlantic stock spawning into the
Mediterranean have undergone relevant declines over the past few
decades [34-36]. This scenario would support the top-down
relaxation hypothesis, although gelatinous plankton always occur
in very low numbers in the stomach contents of Mediterranean
predators. Whether this is because of their fragility and difficulty of
identification [11] or whether it reveals that the dietary
significance is truly minor remains unknown. This paper aims to
answer this question through stable isotope analysis, as the ratios of
stable isotopes in gelatinous zooplankton are different from those
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of other potential prey [37-39] and previous studies have
demonstrated the utility of this method for assessing the dietary
relevance of gelatinous zooplankton in the diet of marine
vertebrates [25].

Materials and Methods

Ethics

All of the species sampled were caught for purposes other than
research, except jellyfishes, salps, hyperiidean amphipods and
euphausiids. No specific approval is required in Spain to undertake
research on samples supplied by official channels and coming from
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Figure 1. Stable isotope ratios in the potential prey of apex predators from the northwestern Mediterranean. Potential prey
considered: pelagic crustaceans (solid squares), gelatinous plankton (empty squares), squid (solid triangles) and small pelagic and mesopelagic fish

(empty triangles). Error bars show standard deviation.
doi:10.1371/journal.pone.0031329.9g001

by-catch of commercial fishing vessels. Loggerhead turtles, fin
whales and bottlenose dolphins are protected by Spanish laws and
hence samples were collected by the Marine Animals Recovery
Center (CRAM), the organism officially designated by the
Catalonian regional government to collect stranded marine
animals, undertake necropsies and distribute samples among
research groups.

Study site and sample collection

Samples were collected from 2006 to 2007 in the northwestern
Mediterranean, between the Iberian Peninsula and the Balearic
islands. The area has supported very dense populations of
gelatinous plankton since 2003, with pink jellyfish (Pelagia noctiluca)
being present year round. Pelagic mesopredators (blue butterfish
(Stromateus ~ fiatola), bullet tuna (Auxis rochet), horse mackerel
(Trachurus trachurus), mackerel (Scomber scombrus) and pompano
(Trachinotus ovatus)) and apex predators (albacore (Thunnus alalunga),
amberjack (Seriola dumerili), bluefin tuna (Thunnus thynnus), bluefish
(Pomatomus saltatrix), blue shark (Prionace glauca), bonito (Sarda sarda),
dolphinfish (Coryphaena hippurus), fin whale (Balaenoptera physalus),
leerfish (Lichia amia), little tunny (Euthynnus alletteratus), loggerhead
sea turtles (Caretta caretta), striped dolphin (Stenella caeruleoalba),
swordfish (Xiphias gladius) and spearfish (Tetrapturus belone)) were
captured by commercial fishing vessels operating in the area, and
tissue samples of these species were collected by observers aboard.
Fin whales and striped dolphins were the only exception, as dead,
stranded individuals were sampled.

Potential prey were also sampled from the catch of commercial
vessels operating in the same area (anchovy (Engraulis encrasicolus),
horse mackerel (7rachurus trachurus), lanternfish (Lampanyctus
crocodilus), longfin squid (Loligo vulgaris), mackerel (Scomber scombrus),
sardine (Sardina pilchardus) and shortfin squid (7Zodarodes sagittatus)),
whereas gelatinous plankton (fried egg jellyfish (Cotylorhiza
tuberculata), pink jellyfish (Pelagia noctiluca) and salps (Salpa maxima))
and hyperiidean amphipods were collected with a dip net during
the fishing operations. Euphausiids (Meganyctiphanes norvegica) were
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collected from the stomach contents of bullet tuna, and a
plankton-net was used to collect copepods.

White dorsolateral muscle was sampled from all fish, as well as
mantle from the cephalopods and carapace scutes from loggerhead
sea turtles. Gelatinous plankton and crustaceans were fully
homogenized. All of the species had a sample size of 5, except
for blue butterfish, and copepod, hyperiidean and krill samples
were collective. Samples were stored at —20°C. prior to analysis.

Stable isotope analysis

Once thawed, tissues were dried at 60°C and ground to a fine
powder, and their lipids were then extracted with a chloroform/
methanol (2:1) solution. Crustacean samples were split in two
subsamples. One of them was treated with O.5 N CIH to remove
the inorganic carbonates of the skeleton and avoid any bias in the
3"*C. However, acidification may modify the relative concentra-
tion of N isotopes, so the other subsample was used to determine
the 8'°N value. All of the samples were weighed into tin cups,
combusted at 1,000°C, and analyzed in a Flash 1112 IRMS Delta
C Series EA Thermo Finnigan continuous flow isotope ratio mass
spectrometer. A Carlo Erba Flash 112 elemental analyzer coupled
to the isotope ratio mass spectrometer was used to measure the %
C and % N of the dry weight. Stable isotope abundances were
expressed in § notation according to the following expression:

0X = ((Rsample/ Rstandard)-1)x1,000

where X was °C or °N and Rynpe and Ryandara were the
corresponding ratio "*Ci/"?C or ""N/"*N of the sample and the
standard. The standards for *C and "’N were Vienna Pee Dee
Belemnite (VPDB) and atmospheric nitrogen (air), respectively.
International isotope secondary standards for carbon IAEA CHg
(6%C=-10.4%0), USGS 24 (8'°C=-16.1%), IAEA CH,
(8"°C = —31.8%0)) were used to a precision of 0.2%o, and for
nitrogen (IAEA NOj (8"°N =+4.7%), IAEA N, (8'°N = +20.3%o),
IAEA N, (3"°N =+0.4%o)) to a precision of 0.3%o.
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Figure 2. Stable isotope ratios of bluefish, blueshark, leerfish, bonito, striped dolphins and neritic loggerhead sea turtles from the
northwestern Mediterranean. Solid circles represent the average stable isotope ratios of each consumer after correcting for diet-tissue isotopic
discrimination and error bars show standard deviation. Other symbols show the average stable isotope ratios of potential prey: pelagic crustaceans
(solid squares), gelatinous plankton (empty squares), squid (solid triangles) and small pelagic and mesopelagic fish (empty triangles).

doi:10.1371/journal.pone.0031329.g002
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Energy density

The proximate chemical composition of pink jellyfish, salps,
mackerels and longfin squids was assessed to determine energy
density. Once thawed, samples were weighed and dried at 100°C
until a constant weight was reached. The moisture content was
calculated by gravimetric difference between wet and dry mass
[40]. Dry samples were homogenized and a subsample burnt for
six hours in a muffle furnace at 600°C for ash determination [41].
A second subsample was processed to determine its nitrogen
content by means of an elemental analyzer, a value that was later
multiplied by a conversion factor of 5.8 to obtain the relative
abundance of proteins in the dry material [42,43]. A third
subsample was processed to determine its lipid content. Lipids
were extracted with a chloroform/methanol (2:1) solution [44] and
their content was determined by the gravimetric difference
between fat and non-fat dry mass. Protein and lipid contents
were converted to energy density using the mean combustion
equivalents reported by [43], ie., 23.9 k] g~ 'and 39.5 k] g~

respectively. Carbohydrate content was not measured, as is low in
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Table 2. Relative importance of gelatinous plankton in the diet of pelagic mesopredators and apex predators from the
Mediterranean Sea, as revealed by stomach content analysis.
Species Common name Diet References
Auxis rochei Bullet tuna F.CEH,(U),(Cn) Mostarda et al. 2007 [23]
Balaenoptera physalus Fin whale E Laran et al. 2010 [55]
Caretta caretta Loggerhead turtle F.C,(U) Tomas et al. 2001 [24]
Revelles et al. 2007 [25]
Coryphaena hippurus Dolphinfish F,.D,H,C,(Cn) Massuti et al. 1998 [26]
Euthynnus alletteratus Little tunny F,.C Kyrtatos 1982 [56]
Falautano et al. 2007 [67]
Lichia amia Leerfish F Bennett 1989* [57]
Pomatomus saltatrix Bluefish F.C Buckel et al. 1999* [60]
Prionace glauca Blue shark CCtF Henderson et al. 2001* [61]
Sarda sarda Atlantic bonito F,(U) Kyrtatos 1982 [56]
Campo et al. 2006 [27]
Scomber scombrus Mackerel F.EH Kyrtatos 1982 [56]
Seriola dumerili Amberjack F,C.E Matallanas et al. 1995 [69]
Stenella caeruleoalba Striped dolphin CF Blanco et al. 1995 [58]
Meotti and Podesta1997 [59]
Ozturk et al. 2007 [62]
Tetrapturus belone Spearfish F,C,(U),(Cn) Castriota et al. 2008 [28]
Romeo et al. 2009 [31]
Thunnus alalunga Albacore F,H,ECU,(Cn) Consoli et al. 2008 [29]
Thunnus thynnus Bluefin tuna F.C.D Morovic 1961 [63]
Kyrtatos 1982 [56]
Orsi Relini et al. 1995 [66]
Sanz Brau 1990 [64]
Sinopoli et al. 2004 [30]
Trachurus trachurus Horse mackerel E F Ben Salem 1988 [68]
Xiphias gladius Swordfish F, C,(U),(Cn) Chalabi and Ifrene 1992 [65]
Orsi Relini et al. 1995 [66]
Romeo et al. 2009 [31]
The diet column reports the preys contributing at least 5% in weight or volume to stomach contents (F: Teleostei; D: Decapoda, H: Hyperiidea, E: Euphausiids; C:
Cephalopoda, Cn: Cnidaria, Ct: Cetaceans; U: Urochordata). Consumption of cnidarians and urochordata representing less than 5% is reported in brackets.
*: data from the Atlantic.
doi:10.1371/journal.pone.0031329.t002

fishes and jellyfishes and has a practically negligible contribution to
their energy density [40]. In the case of salps, tunica is though to
have a low digestibility for vertebrates [45].

Data analysis

ANOVA and a Tukey post-hoc test, conducted with the PASW
17 software package, were used to test differences in the
concentrations of stable isotopes of potential prey. As SIAR
requires that the variability associated with sources is normally
distributed [45], normality was assessed for each group using
Lilliefors test.

The Bayesian mixing model SIAR (Stable Isotope Analysis in R)
[46] was used to calculate the relative contribution of the potential
preys to the diet of each focal species. Bayesian approaches allow
for the incorporation of not only isotopic values, eclemental
concentrations and diet-tissue isotopic discrimination factors
within the mixing models but also the uncertainties involved in
all these values, and so provide results that are expected to be
considerably more robust when it comes to quantifying feeding
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Figure 3. Stable isotope ratios of fin whales from the
northwestern Mediterranean. A solid circle represents the average
stable isotope ratios of whales after correcting for diet-tissue isotopic
discrimination and error bars show standard deviation. Other symbols
show the average stable isotope ratios of potential prey: pelagic
crustaceans (solid squares), gelatinous plankton (empty squares), squid
(solid triangles) and small pelagic and mesopelagic fish (empty
triangles).

doi:10.1371/journal.pone.0031329.g003

preferences when compared with those in previous modeling
approaches [46-48]. Furthermore, as the resulting posterior
distributions of the proportions of various sources within the diet
of a consumer have associated probabilities, it is possible to use the
most likely solution as a single metric for a given dietary
component in subsequent analyses [47,48].

The model parameters were the following: the isotope ratios
and the elemental concentrations of the potential food sources, the
isotope ratio of tissue and the trophic shift, or isotopic enrichment,
for carbon and nitrogen from prey to predator. Prey-to-predator
isotopic enrichment for fishes, mammals and loggerhead sea
turtles were taken from Reich et al. (2008) [49] and Caut et al.
(2009) [50]. Published data on stomach contents were used to
identify potential preys other than gelatinous plankton.

Although SIAR incorporates uncertainty about diet-tissue
isotopic discrimination factors in the form of standard deviation,
we conducted a sensitivity analysis running SIAR for bluefin tuna
with diet-tissue isotopic discrimination factors ranging from 1.1 to
2.3%o for 8"°C and from 2.2 to 3.4%o and 8"°N.

Data are usually shown as mean = standard deviation (SD), but
the feasible contribution of potential prey species to the diet is
reported as the mean and 95% credibility interval.

Results

Table 1 summarizes the sample size and stable isotope ratios of
all the species analyzed. Figure 1 shows the pelagic isoscape of the
northwestern Mediterranean. Differences in the 8'*C and 8'°N of
the potential prey were statistically significant (ANOVA; §"*C:
Flo50=26.577, p<0.001; §"°N: T4 5= 224.311, p<<0.001). Nine
groups of potential prey differing in the concentration of at least
one stable isotope existed, on the basis of Tukey post-hoc tests:
fried egg jellyfish, pink jellyfish, salps, copepods, euphausiids,
hyperiideans, sardine, other small pelagic fish and squid (anchovy,
horse mackerel, lanternfish and longfin squid) and midsize pelagic
fish and squid (mackerel and shortfin squid). Data were normally
distributed within all the groups and hence these groups were later

@ PLoS ONE | www.plosone.org

82

Jellyplankton Predators in the Mediterranean

used for running SIAR, although the 8'*C of copepods and fried
egg jellyfish were so distinct from those of the focal species (see
below) that they were no longer considered as potential prey.

The ratios of stable isotopes in bluefish, blue shark, leerfish,
bonito, striped dolphins and neritic loggerhead sea turtles (Figure 2)
were consistent with the fish- and squid-dominated diet suggested
by stomach content analysis (Table 2). Likewise, the ratio of stable
isotopes in fin whales (Figure 3) was consistent with a crustacean-
based diet (Table 2), although euphausiids were unlikely to be the
only crustaceans consumed.

In contrast, the ratios of stable isotopes in bluefin tuna, little
tunny, spearfish and swordfish (Figure 4) were inconsistent with
the fish- and squid-based diet suggested by stomach content
analysis (Table 2). On the contrary, SIAR suggested a major role
for gelatinous zooplankton in the diet of these four species
(Figure 5), although there was a high uncertainty about the relative
contribution of salps and pink jellyfish. It should be kept in mind
that any esteem of the actual contribution of gelatinous
zooplankton to the diet of these species could be affected by the
uncertainty about the actual diet-tissue fractionation factors.
Accordingly, the sensitivity analysis revealed that the mean
contribution of salps to the diet of bluefin tuna larger than
100 cm could range from 30% to 58% and that of pink jellyfish
from 29% to 31%, depending on the diet-tissue fractionation
factors introduced into the model. Similar results were forum for
bluefin tuna smaller than 100 cm. The ratios of stable isotopes in
ocean sunfish and loggerhead sea turtles in the oceanic stage were
also consistent with a jellyvorous diet, a result confirmed by SIAR
(Figure 6).

The concentration of stable isotopes in the remaining species
suggested diets with varying combinations of fishes, cephalopods
and crustaceans (Figures 7 and 8), consistent with the results of
stomach content analysis (Table 2). Nevertheless, SIAR was
ambiguous about the relevance of salps and pink jellyfish in the
diets of these species because, although the feasible contributions
were similar to those of crustaceans, the credibility intervals were
extremely loose (Figures 8 and 9).

The proximate chemical composition and energy density of the
considered potential prey are shown in table 3. As expected, the
energy density of mackerel was much higher that that of longfin
squid, with in turn was higher than that of pink jellyfish and salps.

Discussion

The use of stable isotopes for dietary studies relies on three
major assumptions. First, that isotope fractionation from prey to
predator is known. Fractionation is species and stage specific and
controlled experiments in captivity are the best method to
calculate diet-tissue isotopic discrimination factors. This type of
experimental data were available only for the loggerhead sea turtle
[49], so for other fishes and mammals this study used previously
reported average diet-tissue isotopic discrimination factors [50].
The sensitivity analysis revealed that the global contribution of
gelatinous zooplankton to the diet was only slightly affected by the
diet-tissue isotopic discrimination factors entered into the model,
although the actual partitioning between salps and pink jellyfish
was more sensitive.

The second assumption is that the variability in the ratios of stable
isotopes of the potential prey is not obscured by migration between
contrasting isoscapes. The western Mediterrancan and the
adjoining Atlantic differ in their isotopic baselines [51], and at least
bluefin tuna and bullet tuna migrate annually between the two
basins, moving into the Mediterranean in spring for spawning
[34,52]. However, the turnover of stable isotopes in the muscle of
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Figure 4. Stable isotope ratios of bluefin tuna, little tunny, spearfish, and swordfish from the northwestern Mediterranean. Solid
circles represent the average stable isotope ratios of each consumer after correcting for diet-tissue isotopic discrimination and error bars show
standard deviation. Other symbols show the average stable isotope ratios of potential prey: pelagic crustaceans (solid squares), gelatinous plankton
(empty squares), squid (solid triangles) and small pelagic and mesopelagic fish (empty triangles).

doi:10.1371/journal.pone.0031329.9004

warm water fish is fast enough to capture changes in the stable
isotope ratios of the diet in just a few months [38,53,54]. As the
samples for the present study were collected from July to September,
the stable isotope ratios reported here should reflect feeding in the
Mediterranean. On the other hand, as isotope ratios in muscle
integrate the diet over several months [38,53,54], the result here
reported reflect dietary preferences over that time window and are
not affected by short pulses of high food availability.

The third major assumption is that differences in the
concentration of stable isotopes in the potential prey are large
enough to allow proper discrimination among potential prey.

@ PLoS ONE | www.plosone.org

Although statistically significant differences existed between all the
species of macrozooplankton considered in the present study, there
was considerable overlap in their ranges, as was also true for
nekton. As a consequence, the performance of SIAR in resolving
diet breakup within those two groups was often poor. However, for
several species, the results were unambiguous when the ratios of
stable isotope were combined with published information about
stomach contents.

On this ground, seven of the species considered here are
unlikely to consume relevant amounts of gelatinous plankton:
bluefish, blue shark, bonito, fin whales, leerfish, loggerhead sea
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doi:10.1371/journal.pone.0031329.g005

turtles (in the neritic stage) and striped dolphins. Although detailed
studies on the stomach contents of Mediterranean fin whales are
missing, these cetaceans are thought to rely primarily on
crustaceans [53], a hypothesis supported by the ratios of stable
isotopes reported here. Fish and squid dominate the stomach
contents of bluefish, blue shark, leerfish and striped dolphins

@ PLoS ONE | www.plosone.org

[24,27,56-62], although low numbers of salps have been reported
from the stomach contents of bonito [27] and neritic loggerhead
sea turtles [24]. Nevertheless, the concentrations of stable isotopes
in all of these species were highly consistent with a nektonic diet,
and no doubt exists that gelatinous plankton play no relevant role
in their diets.
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Fish and squid also dominate the stomach contents of bluefin
tuna, little tunny, swordfish and spearfish [28,30,31,56,63-67], but
all of these species are highly depleted in '°N when compared with
the fish and cephalopod consumers reported above and with their
potential prey. Estrada et al. (2005) [53] reported a similar
depletion for tuna in the northwestern Atlantic and attributed it to
the overlooked consumption of some other type of unidentified
zooplankton. The &N of decapods is close to that of
zooplanktophagous fish [38,54], and hence, their consumption
cannot cause the depletion of °N reported here. Euphausiids and
hyperiideans are more depleted in '°N than fish (this study), but
there is no reason for them to be overlooked in dietary studies, as
they have been found in large numbers in the stomach contents of
other species (Table 2). Thus, gelatinous plankton is the most likely
source of N depleted food for bluefin tuna, little tunny, swordfish
and spearfish and, according to SIAR, represents a significant
fraction of their diets.

Albacore, mackerel, bullet tuna, dolphinfish, amberjack and
horse mackerel also consume fishes and squids, but crustaceans are
relatively abundant in their stomach contents (Table 2), which
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may explain why they are more depleted in °N than pure nekton
consumers. Nevertheless, the consumption of gelatinous plankton
cannot be completely ruled out, as salps and jellyfishes occur in
low numbers in the stomach contents of at least some of these
species (Table 2). The diet of the blue butterfish has not been
investigated in detail in the Mediterranean, but the blue butterfish
is thought to consume fishes, crustaceans and jellyfishes elsewhere
[41]. The inspection of the stomach contents of the individuals
collected for this study revealed fish remnants mixed with a
purplish paste reminiscent of pink jellyfish tissue, although the
8'°N values were too high to be indicative of a diet based on
gelatinous plankton.

Finally, stable isotopes confirmed the reliance of oceanic
loggerhead sea turtles and ocean sunfish on gelatinous plankton.
The differences in the ratios of stable isotopes of oceanic and
neritic loggerhead sea turtles reported here are consistent with the
satellite telemetry data reported by Cardona et al. (2009) [70],
revealing the existence of two well-delineated groups of
loggerhead sea turtles off mainland Spain with contrasting
patterns of habitat use. This explains the dramatic differences
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crustaceans (solid squares), gelatinous plankton (empty squares), squid (solid triangles) and small pelagic and mesopelagic fish (empty triangles).
doi:10.1371/journal.pone.0031329.9007

observed in the isotope ratios of the loggerhead sea turtles The overall evidence presented here suggests the existence of a
captured on-shore and off-shore mainland Spain. The situation is guild of gelatinous plankton consumers including two specialists
completely different off the Balearic Islands, where true neritic (ocean sunfish and loggerhead sea turtles in the oceanic stage) and
turtles do not exist [71,72], and no major differences have been several opportunists (bluefin tuna, little tunny, spearfish and
observed in the isotope ratios of turtles captured over the swordfish. However, some further calculations are needed to
continental shelf and off-shore [39]. demonstrate that massive consumption of gelatinous zooplankton
@ PLoS ONE | www.plosone.org March 2012 | Volume 7 | Issue 3 | 31329
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Figure 8. Stable isotope ratios of albacore and bullet tuna from the northwestern Mediterranean and feasible contribution of
potential prey to their diet according to SIAR. Solid circles represent the average stable isotope ratios of each consumer after correcting for
diet-tissue isotopic discrimination and error bars show standard deviation. Other symbols show the average stable isotope ratios of their potential
prey: pelagic crustaceans (solid squares), gelatinous plankton (empty squares), squid (solid triangles) and small pelagic and mesopelagic fish (empty
triangles). Nekton: anchovy, lanternfish, horse mackerel and shortfin squid. Results are shown as 95, 75 and 25% credibility intervals for each prey.

doi:10.1371/journal.pone.0031329.g008

by these species is energetically possible, considering the low
energy density of gelatinous plankton (Table 3), the large body
mass of most of the gelatinous consumers and their food
consumption rates [73-76].

The daily ration of captive bluefin tuna fed with fishes and
squids ranges from 4.3% to 1.5% body mass, depending on tuna
size [76]. Assuming that the energy density of a mixed diet
including fishes and squids is 6.8 kJ g~ (Table 3), the individual
daily energy intake of a small bluefin tuna (15 kg) is 4,386 kJ and
that of a large bluefin tuna (100 kg) is 20,400 kJ. According to
SIAR, gelatinous zooplankton may represent as much as 80% of
the diet of small bluefin tuna and 60% of that of large bluefin tuna.
To meet these proportions, a small bluefin tuna (15 kg) should eat
daily 0.13 kg of fishes and squids and 8.5 kg of gelatinous
zooplankton with an energy content of 3,509 kJ, equivalent to 270
pink jellyfish (Table 3). Likewise, a large bluefin tuna (100 kg)
should eat daily 0.60 kg of fishes and squids and 14.2 kg of
gelatinous zooplankton with an energy content of 6,120 k]J,
equivalent to 474 pink jellyfish (Table 3). However, SIAR results
have wide credibility intervals, so is possible that the consumption
of gelatinous zooplankton by bluefin tuna is lower. For instance, if
gelatinous zooplankton represents 60% and 30% of the diet of
small and large bluefin tuna respectively, they should eat daily
6.3 kg and 7.1 kg of gelatinous zooplankton respectively.

These quantities may seem large, but the biomass of gelatinous
zooplankton in the epipelagic region of the Mediterranean Sea ranges
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usually 1-10 kg 100 m ™% with the biomass of the pink jellyfish
reaching sometimes values as high as 24 kg 100 m™> [10]. This
means that a bluefin tuna picking effortless jellyfish as it encounter
them can satisfy its daily energy requirements after swimming just a
few hundred meters across a swarm of gelatinous plankton. However,
this tuna will probably not be able to swallow the required biomass of
jellyplankton in a single meal, so more or less continuous consumption
of gelatinous plankton through light hours is a more likely scenario.

The results here reported demonstrate the plausibility that top
predators control the abundance of gelatinous zooplankton, but do
not prove it. Further research is needed to confirm that bluefin
tuna, little tunny, spearfish and swordfish consume large amounts
of gelatinous plankton across the Mediterranean. Stable isotope
ratios from different regions and years with contrasting abundance
of gelatinous zooplankton will be extremely useful as confirmatory
evidence. The use of other intrinsic tracers, like fatty acids, can
also be useful to precise the proportion of gelatinous in the diet of
these species and perhaps would help to better resolve the
consumption of gelatinous zooplankton by species like mackerel,
bullet tuna or dolphinfish. Behavioral observations of tuna as they
swim across jellyfish swarms will also be extremely helpful to
understand how gelatinous plankton is handled and consumed.
And last, but not least, detailed data on the demography of
gelatinous zooplankton are urgently needed to allow modeling
how the depletion of top predators might have be caused, together
with climate forcing, recent jellyfish outbreaks.
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Figure 9. Feasible contribution of potential prey to the diet of amberjack, pompano, horse mackerel, dolphinfish, blue butterfish
and mackerel according to SIAR. Nekton: anchovy, lanternfish, horse mackerel and longfin squid. Results are shown as 95, 75 and 25% credibility
intervals for each prey.

doi:10.1371/journal.pone.0031329.g009
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Table 3. Proximate chemical composition and energy density
of four potential preys.

Pink jellyfish Salp Mackerel Longfin squid

Sample size 5 5 5 5

Wet weight (g) 42+9 1914 248*31 152£23
Water (%) 96.3£0.1 958+0.5 724%x0.5 81.3*£04

Ash (%) 3.4%0.1 3.6+0.5 2.8+03 22+0.2
Protein (%) 0.2x0.1 0.2%0.1 123*04 13.2x0.3

Fat (%) 0.9+0.1 1.0£0.2 13.2%0.2 33%0.2
Energy (kJ g_;) 0.41%0.1 0.43+0.1 8.4+0.5 52*0.8

Results are reported as mean =+ standard deviation on a wet mass basis.
doi:10.1371/journal.pone.0031329.t003
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Els resultats descrits en aquesta tesi, mostren una elevada interaccio entre les tortugues
marines de 1’especie Caretta caretta o tortuga babaua i la flota de pesca professional de
Catalunya. El palangre de superficie i I’arrossegament son els arts més implicats en les captures
accidentals de tortugues babaues, i el Delta de I’Ebre s’ha identificat com un punt critic per a la
conservacio per ’especie en el litoral catald. En concret, el palangre de superficie captura
tortugues presents en zones pelagiques i I’arrossegament tortugues de la plataforma continental,
en ambdds casos tortugues babaues d’origen atlantic i mediterrani, tot i que en proporcid
diferent segons 1’area. A més, al Delta de I’Ebre, on trobem la plataforma continental més
extensa de tot el litoral mediterrani espanyol, és on les captures per unitat d’esfor¢ de la flota

d’arrossegament son més elevades.

A partir d’aqui, s’ha mirat de veure com reduir aquest impacte. En el cas de la captura en
aigiies oceaniques per palangrers de superficie, s’ha mirat d’avaluar la mortalitat dels animals
alliberats vius, que en son la gran majoria. En el cas de la captura per barques de bou al Delta de
I’Ebre, s’ha estudiat la distribucié de les tortugues babaues en 1’espai i el temps per mirar

d’identificar estratégies que minimitzin la captura.

Finalment, s’ha comprovat que la tortuga babaua no és 1’unic consumidor de meduses a la
Mediterrania ans al contrari, existeix un conjunt variat de depredadors oportunistes de meduses,
tots ells especies d’interés comercial, com la tonyina o el peix espasa. Per tant, també es
proposen consells necessaris per a gestionar de forma efectiva les preocupants proliferacions de

meduses a la Mediterrania occidental.

Captures del total de la flota catalana

La realitzacié d’enquestes a pescadors al llarg del litoral catala va ser un projecte pioner al
nord de la Mediterrania occidental, ja que fins al moment no es tenien dades acurades del que
estava passant a la zona pel que fa a la interaccié entre la flota professional de pesca i les
tortugues marines. Aixi, els resultats obtinguts en les enquestes realitzades a Catalunya (Capitol

1) van ser la base a partir de la qual s’ha pogut desenvolupar la present tesi.

A més, també van ser la referéncia i el punt de partida d’un estudi que es va dur a terme
posteriorment a Valéncia per avaluar I’impacte que esta generant I’arrossegament a les costes
valencianes (Domeénech et al. 2015). Aquest treball no esta inclos en aquesta tesi perd si que
se’n comenten els resultats al capitol 3, i ha permes unificar la informacié de tot el litoral
mediterrani espanyol, pel que fa a 1’arrossegament, donant més pes a la recerca realitzada al

llarg d’aquesta tesi i més valor als resultats que se’n desprenen.
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Per realitzar les enquestes als pescadors, es va tenir en compte que, tot i que es tracta del
meétode més practic i fiable per aconseguir informacid sobre captures accidentals (Godley et al.
2008), les dades obtingudes poden ser escasses si no es fa un estudi acurat amb una cobertura
minima de la flota, o esbiaixades si els pescadors no responen amb veracitat (Lien et al. 1994).
Per aquest motiu, i sequint el model utilitzat en un estudi similar de Carreras et al. (2004), es va
plantejar un projecte combinant les enquestes amb observadors embarcats en vaixells de
diferents arts de pesca, per tal de verificar els resultats. Aixi, amb la combinacié de les dues
metodologies, es van poder confirmar com a veridiques les respostes dels pescadors, obtenint
per tant uns resultats altament fiables.

D’aquesta manera, es va poder determinar per primer cop, que el palangre de superficie i
I’arrossegament son els arts de pesca més implicats en les captures accidentals de tortugues
babaues a Catalunya, capturant el 26% i 52% de les captures totals, respectivament (n=481,
95% IC: 472-291). Pel que fa al palangre de superficie, era esperable detectar aquest art com a
un dels més incidents en la captura accidental de tortugues, ja que s’havia descrit anteriorment
com a I’art de més impacte a la Mediterrania occidental (Camifias 1988, Camifias i Valeiras
2001, Carreras et al. 2004, Béez et al., 2006). En canvi, I’arrossegament, només s’havia descrit
com a factor d’impacte sobre les tortugues babaues en altres zones del Mediterrani al mar
Adriatic i al golf de Gabés (Casale et al. 2004, 2007, Jribi et al. 2007). Al Mediterrani
occidental I’impacte d’aquest art havia passat desapercebut, degut a que genera unes CPUE molt
més baixes que el palangre (tot i que el supera en nombre d’embarcacions) i si no s’estudia

directament és dificil de detectar.

Precisament, en estudis anteriors, a les Illes Balears i al sud d’Espanya, s’havia descrit just
el contrari, observant-se unes estimes de captures per arrossegament molt baixes (Carreras et al.
2004, Béez et al. 2006). Per aix0, a Catalunya, fins llavors només s’havia tingut en compte el
palangre de superficie en les estrategies de gestio de les poblacions de tortugues babaues. En
estudis posteriors i paral-lels a aquesta tesi, s’ha confirmat també que, en d’altres zones on no
s’havia plantejat 1’arrossegament com a problema, aquest art és una font d’impacte important
per a les poblacions de tortugues babaues (Casale 2011, Nada i Casale 2011, Domenech et al.
2015). De manera que s’ha reconegut I’arrossegament com a un dels arts considerats de més
incidéncia en molts dels paisos de la Mediterrania, tot i que en d’altres arees ho segueix essent

el palangre de superficie o d’altres arts menors com el tresmall (Casale 2011).

El que s’observa a la costa catalana és que les captures accidentals de tortugues babaues
descrites (Capitol 1) son inferiors en nombre i en CPUE en les zones on la plataforma
continental és més reduida (provincia de Girona i Barcelona). En aquestes arees, les

embarcacions d’arrossegament operen basicament a la zona del talis, en profunditats molt
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elevades (Bas et al. 2003, Massuti i Refiones 2005) perd no massa lluny de la costa (amb
espécies objectiu de gran interés com la gamba o I’escamarla). En canvi, a la zona on la
plataforma continental s’eixampla (Delta de 1’Ebre), que és on s’han detectat més captures, la
flota d’arrossegament opera basicament en zona de plataforma continental (entre els 25 1 100 m
majoritariament), ja que el cost que els implicaria desplagar-se fins a zones més profundes seria

massa elevat.

D’aquesta manera, es fa evident que la diferéncia entre les zones de més captures de
tortugues per arrossegament i les que en presenten menys, ve donada pel comportament de la
flota i no tant de les tortugues. La interacciéo amb les tortugues babaues quan 1’arrossegament
opera sobre plataforma continental és doncs més probable, perqué aquests animals es mantenen
majoritariament a profunditats inferiors als 200 m (Lutcavage i Lutz 1997, Houghton et al.
2002) i basicament a menys de 100 m (Houghton et al. 2002, Polovina et al. 2003, Hochscheid
et al. 2005, Cardona et al. 2009). Aixi doncs, al Delta de I’Ebre, la probabilitat d’interaccio és
superior ‘degut al gran solapament que hi ha entre I’arrossegament i la preséncia de tortugues, i

aixo es tradueix en un nombre molt més elevat de captura d’aquests animals.

Per tant, es fa palés, que les tortugues babaues s6n molt més vulnerables a la pesca
d’arrossegament en zones on la plataforma continental és més extensa, com a I’ Adriatic (Casale
et al. 2004, 2011) i al Delta de I’Ebre (Capitol 1), que no pas en zones amb una plataforma
reduida, com a les llles Balears (Carreras et al. 2004) o el sud de la peninsula ibérica (Baez et
al. 2006, Casale 2011). Aixi, es va veure que el Delta de I’Ebre, pel fet de tenir una extensio tan
important de plataforma continental (la més gran de tot el litoral espanyol, juntament amb la
provincia de Castelld), és una zona d’especial vulnerabilitat per a les tortugues marines i, per
tant, s’ha de considerar com a hotspot per aquesta especie. I aixi s’ha confirmat en els estudis
posteriors realitzats sobre les captures de tortugues per arrossegament a la zona (Domeénech et
al. 2015, capitol 3), on es mostra que les CPUE més elevades de tot el litoral mediterrani
espanyol es concentren en la zona de més plataforma continental, entre el Delta de I’Ebre i la

provincia de Castelld.

De tota manera, no n’hi ha prou amb identificar la contribucié de cada art de pesca en el
conjunt de les captures accidentals i les zones de més incidéncia. Aquest és tan sols el primer
pas per entendre I’abast del problema. Per determinar I’impacte causat a la poblacio, i avaluar-
ne les possibles consequiéncies, és necessari coneixer la mortalitat generada per cada art per
separat. En aquest sentit, les enquestes i els observadors van coincidir en determinar que, en el
cas del palangre de superficie, la majoria de les tortugues es capturen vives i s’alliberen amb
I’ham clavat perd en aparent bon estat de salut. Coincidint també amb el 2% de mortalitat
directa detectat posteriorment al sud de la peninsula ibérica (Baez et al. 2013) Tot i que hi

mancava considerar el percentatge de mortalitat posterior a 1’alliberament, que era probable que
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fos elevat, ja que en d’altres estudis s’havia suggerit que la meitat de les tortugues alliberades

amb 1’ham acabarien morint (Aguilar et al. 1995, NMFS-SEFSC 2001).

En el cas de I’arrossegament, en canvi, les enquestes van mostrar que aquest art de pesca
genera una mortalitat directa important de tortugues babaues (al voltant d’un 15%) i que, a més,
la majoria de tortugues es capturen vives per0 en un estat moribund. Aquests resultats
coincidien forca amb les dades que havia descrit anteriorment Casale et al. (2004) a I’ Adriatic,
amb un 9,4% de mortalitat directa i un 43,8% de mortalitat post-alliberament, i feien pensar
doncs, que la mortalitat posterior generada per I’arrossegament a Catalunya també havia de ser

elevat i, per tant, s’havia de considerar.

El fet que les tortugues capturades en arrossegament es pugin a bord en estat moribund,
segurament és degut a que les tortugues poden realitzar immersions de fins a un maxim
aproximat de dues hores i la durada dels vols en arrossegament sol igualar o superar aquest
temps (generalment unes 2-3 hores, Sanchez et al. 2007), i fins a un maxim de 4 en determinats
casos). D’aquesta manera, I’estat de I’animal un cop a bord variara en funcié del moment en qué
es capturi la tortuga i del temps en qué aquesta romangui sota 1’aigua un cop atrapada dins la
xarxa. Aixo suggereix que si I’animal no ha tingut temps de recuperar-se abans de ser alliberat

de nou al mar, molt probablement acabi morint poc temps després.

Cal destacar a més, el recent descobriment (Garcia-Parraga et al. 2014) d’una malaltia
(comentada en el capitol 3 d’aquesta tesi) que afecta a les tortugues babaues que han estat molt
temps sota I’aigua i n’han sortit de forma sobtada, 1’anomenat sindrome de descompressio
(DCS: Decompression Sickness), que pot arribar a provocar la mort. Aquest podria ser el cas,
doncs, de les tortugues capturades per arrossegament i, sobretot, les que han estat dins la xarxa

molt temps fins a ser pujades a la coberta del vaixell.

Per aquest motiu, és probable, que amb els qiiestionaris a pescadors s’hagi subestimat part
de la mortalitat generada per I’arrossegament, i que la mortalitat posterior a 1’alliberament d’una
tortuga capturada viva sigui elevada. Segurament aquest sindrome ha passat desapercebut per la
majoria de pescadors, que en desconeixien I’existéncia i la simptomatologia en 1’animal, com
per arribar a detectar-la. De fet, la malaltia (o els simptomes que podrien fer pensar que I’animal
no esta bé) no es manifesta fins a moltes hores després i, ans al contrari, un animal pujat a bord
amb aquest sindrome sol estar hiperactiu (Garcia-Parraga et al. 2014), de manera que
segurament sera considerat com a un animal sa (i sense un tractament hiperbaric segurament

acabara morint, Garcia-Parraga et al. 2014).

Per altra banda, les enquestes també van mostrar un augment de captures per arrossegament
en zona de plataforma durant els mesos d’hivern, quan la temperatura de 1’aigua arriba al minim

anual, suggerint aixi una mortalitat de les tortugues superior en els mesos freds. Aquest fet es
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deu, segurament, a qué en aquesta epoca les tortugues romanen al fons en un estat latent
(Hochscheid et al. 2007), per minimitzar al maxim la seva energia. D’aquesta manera, quan es
veuen arrossegades per la xarxa tenen menys capacitat de reaccio per escapar-se i de resistencia
sota Dl’aigua, ja que estan més febles, esdevenint molt més vulnerables a les xarxes
d’arrossegament (Casale et al. 2004, Braun-McNeill et al. 2008). Aixd fa pensar també, que
aquestes tortugues poden estar molt més afectades pel sindrome de descompressié descrit, ja
que en el seu estat latent, la pujada a la superficie pot ser molt més brusca per 1’animal i

I’impacte, per tant, molt més greu.

S’ha de tenir en compte, pero, que 1’augment de les captures de tortugues babaues causades
per arrossegament durant els mesos d’hivern podria ser el reflex simplement d’una major
abundancia d’aquests animals. GOmez de Segura et al. (2003, 2006), pero, en els seus estudis
realitzats a partir de vols en avioneta al llarg de tot litoral valencia, van veure que no existeix
cap tipus d’estacionalitat, tot i que posteriorment, Cardona et al. (2009) van observar
mitjangant telemetria per satel-lit el desplacament d’alguns animals cap al sud durant els mesos
d’hivern. Per tant, ’augment de captura de tortugues babaues per arrossegament a I’hivern no
vindria donat per un augment en el nombre d’exemplars, sind per una major vulnerabilitat de les

tortugues (capitol 3).

Aquest fet també s’ha constatat a la zona litoral de la provincia de Castello, adjacent al
Delta de I’Ebre i que n’és la continuacid natural de 1’extensa plataforma continental. En aquesta
zona, les captures accidentals de tortugues babaues causades per arrossegament esdevenen
maximes durant els mesos més freds, a finals d’hivern i inicis de primavera (Doménech et al.

2015).

Per la seva banda, el palangre de superficie, segons les enquestes realitzades als pescadors,
captura moltes més tortugues babaues durant els mesos d’estiu i preferentment a la Conca
Algeriana (sud de les llles Balears), precisament el calador més important per a la flota
espanyola de palangre de superficie (Camifias i De la Serna 1995). Perd aquest fet tampoc té a
veure amb un augment de 1’abundancia d’aquests animals a 1’estiu en zones oceaniques, com
indica la telemetria per satél-lit (Cardona et al. 2005, Revelles et al. 2007). En realitat, en deriva
novament de factors operacionals relacionats amb decisions dels pescadors, Entre els mesos de
maig i agost és quan fan servir un palangre orientat a la captura de la bacora (Thunnus
allalunga) i un altre dirigit a la tonyina vermella (Thunnus thynnus), ambdés susceptibles de
capturar moltes més tortugues babaues que cap altre sistema de palangre de superficie, en
especial el primer (Baez et al. 2013). A partir de ’agost-setembre canvien d’ormeig per anar a
pescar el peix espasa (Xiphias gladius) i llavors la captura de tortugues és minima (Capitol 1,
Béez et al. 2013). Per tant, el pic de captures a 1’estiu esta provocat per un major esfor¢ pesquer

i no per un augment en 1’abundancia de tortugues.
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Pel que fa a I’origen de les tortugues babaues capturades accidentalment a la Mediterrania
occidental, zona d’alimentacié on conflueixen juvenils de diferents estocs, podem trobar tant
individus d’origen atlantic com mediterrani. Estudis recents demostren, que la distribucio dels
juvenils no és homogeénia a la conca mediterrania (Clusa et al. 2014): hi ha una prevalenca de
juvenils d’origen atlantic a la conca algeriana, i de juvenils d’origen mediterrani (concretament
de les platges de Libia) a la resta del Mediterrani occidental. No difereixen per tant en
comportament, si no en la distribuci6 que ve determinada per les corrents, de manera que segons
la zona hi haura una majoria d’individus d’un origen o altre, perd sempre hi ha la possibilitat de

trobar individus d’ambdos estocs.

D’aquesta manera, els arts de pesca neritics i oceanics emprats a una mateixa regidé no
difereixen en I’origen de les tortugues capturades (Clusa et al. 2014). En canvi, si que hi ha
diferéncies en la composicié poblacional de les captures accidentals entre zones
hidrograficament distintes (Clusa et al. 2014). Aixi, la preséncia habitual de tortugues d’origen
atlantic en la captura accidental dels arts de pesca neritics demostra que la plataforma
continental no és utilitzada Unicament per tortugues d’origen mediterrani, com s’havia cregut

tradicionalment (Clusa et al. 2014).

Per tant, en el cas de la flota catalana de palangre de superficie, i la flota espanyola en
general, si que esta capturant majoritariament tortugues d’origen atlantic, pel fet d’operar
basicament a la conca algeriana (Camifias i De la Serna 1995), tot i que també pot capturar
juvenils mediterranis. Pel que fa a I’arrossegament, [’origen de les tortugues capturades
dependra de la zona, amb un gradient de més mediterranies i menys atlantiques com més al nord
del mar Mediterrani occidental. Es a dir, a Catalunya que estd més al nord, el percentatge de
tortugues babaues d’origen atlantic capturades en arrossegament sera inferior que no a Valéncia,

perd en canvi, el percentatge de mediterranies sera superior.

Aixi doncs, s’ha vist que a Catalunya i tota la Mediterrania occidental la incidéncia de la
pesca sobre les tortugues marines és important, degut majoritariament a la interaccié generada
per ’arrossegament i el palangre de superficie, i que esta afectant als estocs de tortugues

babaues tant d’origen atlantic com mediterrani.

D’aquesta manera, un cop definits els arts de pesca més implicats a Catalunya amb les
captures accidentals de tortugues i la mortalitat directa associada, i les poblacions afectades, es
disposava d’una primera aproximacio al problema. Aixi, ja es feia obvi que les estratégies de
gestio per reduir les captures de tortuga babaua a Catalunya han de tenir en compte

necessariament tots els arts de pesca, i s’han de plantejar per separat per cada art i zona.
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Pero calia anar més enlla i determinar el problema generat per cada art de forma concreta,
ja que en cada art i cada zona les causes de mortalitat de les tortugues marines capturades €és

diferent i, per tant, també s’hauran de trobar solucions diferents i especifiques per cada cas.

Interaccié amb el palangre de superficie

En el cas del palangre de superficie, doncs, es feia necessari determinar la mortalitat
posterior de les tortugues capturades vives i retornades al mar, ja que la mortalitat directa
generada per aquest és minima i, per tant, si es déna un factor de mortalitat important estara
determinat per la mortalitat posterior. La importancia, a més, de poder estimar aquesta mortalitat
post-alliberament, prenia especial interés, ja que no hi havia cap estudi anterior a tot el mén que
I’hagués estudiat en les condicions en que realment alliberaven les tortugues els pescadors. Per
altra banda, ja es coneixien quins factors podien reduir les captures accidentals (Introduccio,
Capitol 2) i el que calia era determinar fins quin punt aquesta captura resultava en la mort de les

tortugues.

D’aquesta manera, i mitjangant 1’Gs de pop-ups col-locats en tortugues capturades
accidentalment amb palangre de superficie i alliberades sense extreure 1’ham, amb 40 cm de fil,
es va poder realitzar una estima acurada de la mortalitat post-alliberament i, per tant, es va
aconseguir calcular la mortalitat total generada (suma de la mortalitat directa i la posterior) per
aquest art al mar Mediterrani occidental. En aquest sentit, s’ha de destacar que 1’ts dels pop-ups
en programes de seguiment presenta una série de limitacions o incerteses que s’han de tenir en
compte a I’hora d’estimar la mortalitat post-alliberament, tal i com es comenta al Capitol 2.
Perd en tots els casos, cadascuna d’elles es va poder verificar mitjangcant una metodologia
complementaria (Capitol 2), de manera que els Pop-ups es confirmen com una eina eficag en els
estudis de la mortalitat post-alliberament generada pels arts de pesca, tot i que sempre s’ha de
tenir en compte que els resultats poden ser una subestima de la mortalitat real. En tot cas, aqui
es presenta una estima de mortalitat post-alliberament minima, i que, a més, és superior a la
declarada en estudis previs amb la mateixa metodologia pero en els quals s’havia estret ’ham
abans d’alliberar les tortugues (Swimmer et al. 2006, Sasso i Epperly 2007). Aixo posa de
relleu que el fet d’alliberar les tortugues amb 1’ham i un tros de fil es un factor molt important

de mortalitat, fins ara ignorat.

Aixi, la mortalitat posterior de les tortugues babaues capturades accidentalment pel
palangre de superficie, i alliberades amb I’ham i part del fil, es va estimar en més d’un 30%
(0,308-0,365). En combinar aquests resultats amb les dades obtingudes préviament de les
enquestes, la mortalitat total agregada es va estimar en practicament un 40% (0,321-0,378).
D’aquesta manera, assumint un total de 10.656 tortugues capturades anualment per la flota de

palangre de superficie espanyola, en resulta un total de 3.420 — 4.028 tortugues mortes
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anualment, durant la década de 2000. Aquest resultat representa aproximadament entre un 8,5%
i un 10,1% del total de tortugues presents en els habitats pelagics de la Mediterrania occidental,
ja que es va estimar el nombre de tortugues babaues presents a la zona en 40.000 animals en
base a estudis previs de seguiment via satél-lit (Cardona et al. 2005, Revelles et al. 2007b,
Eckert et al. 2008, Revelles et al. 2008) i de censos aeris (Cardona et al. 2005, Gémez de
Segura et al. 2006).

Pero tal i com s’ha indicat anteriorment, no només s’ha de con¢ixer el nombre de tortugues
mortes, si no que s’ha de poder determinar I’impacte per a la poblacié o per 1’estoc on
pertanyen. En aquest sentit, tal i com s’ha comentat al Capitol 1, les tortugues babaues
capturades accidentalment per palangre de superficie al mar Mediterrani occidental, provenen
majoritariament del nord-oest de 1’ Atlantic (Clusa et al. 2014), afectant, per tant, poblaci6 de
Florida. D’aquesta manera, s’ha de considerar el temps en qué aquestes tortugues atlantiques
romandran al mar Mediterrani, és a dir, el temps en qué estaran exposades a la mortalitat
generada per la flota palangrera espanyola. Aixi, s’ha de tenir en compte, tal i com es comenta
al capitol 2, que el mar Mediterrani exerceix de barrera per a les petites tortugues atlantiques
gue entren arrossegades per les corrents (Revelles et al. 2007a, Piovano et al. 2011), amb uns 2
anys d’edat (Piovano et al. 2011), ja que passaran més de 10 anys fins que no tinguin la mida
suficient per superar els corrents de I’estret de Gibraltar i poder retornar a 1’ Atlantic (Revelles et

al. 2007a, Piovano et al. 2011).

Aixi doncs, les tortugues babaues d’origen atlantic que entren al mar Mediterrani
romandran molts anys en fase pelagica i, per tant, durant tot aquest temps estaran exposades a la
possibilitat d’interacci6é amb la pesca, augmentant aixi la seva probabilitat de captura i de morir
posteriorment. EI Mediterrani pot ser considerat, en definitiva, com a un forat negre per a les
poblacions de tortuga babaua que nidifiquen a 1’Atlantic, tot i que la rellevancia demografica
real de la mortalitat causada per la captura accidental de les tortugues babaues al Mediterrani

segueix essent desconeguda.

Tot i aixi, s’ha de tenir en compte que les estimes de mortalitat presentades fan referéncia al
periode entre 2001-2004, i si les comparem amb les Gniques dades anteriors disponibles, que
s’havien presentat als anys 90°, de 5.800 tortugues babaues mortes anualment per captura
accidental del palangre de superficie (Aguilar et al. 1993, 1995), es fa evident que hi ha hagut
una reducciéo de la mortalitat des dels anys 80°-90° als inicis dels 2000°. Pel que fa a les
captures, a més, també es fa palés una reduccid important. Aixi, als anys 80’-90’ es van
determinar al voltant de 17.000 — 20.000 tortugues capturades accidentalment per palangre de
superficie al mar Mediterrani occidental (Mayol et al. 1988, Aguilar et al. 1995), estimes

considerades posteriorment com a valides per altres autors (Lewison et al. 2004, Lucchetti i
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Sala 2010, Wallace et al. 2010a). Pels inicis del 2000, pero, 1’estima és de 10.656 tortugues
babaues (Capitol 2) i, finalment, la darrera estima de la que es disposa és de Béez et al. (2014)
corresponent als anys 2006-2007 i xifrada en un total de 6.060 tortugues babaues capturades
accidentalment. A més, Tomas et al. (2008) també detecten una reduccié de la mortalitat de les
tortugues capturades accidentalment per palangre de superficie als darrers anys, fent encara més

evident aquesta reduccio .

Les estimes d’aquesta tesi, per tant, s’han de contextualitzar en I’época de ’estudi realitzat,
de manera que la mortalitat total generada pel palangre de superficie haura de ser definida
sempre en funcio del nombre anual de captures accidentals realitzades i, per tant, segons 1’esforg
pesquer anual generat per la flota de palangre de superficie. En aquest sentit, I’evolucio de les
captures accidentals de tortugues, pot derivar de dos possibles factors, o de la suma d’ambdos:
la reducci6 de I’esforg pesquer i/o la reduccié del nombre de tortugues, ja que una reduccié de la

mortalitat no implica necessariament una millora en I’estat dels estocs de tortugues babaues.

Per una banda, als darrers anys s’ha donat una davallada important en nombre
d’embarcacions de la flota pesquera espanyola, xifrada segons el Ministeri d’agricultura
alimentacio i medi ambient espanyol en un 30% des del 2005 (MAGRAMA 2015). En concret,
a Catalunya la reduccio ha estat del 37% en els darrers 10 anys: de 1.382 embarcacions al 2003
a 869 al 2014 (GENCAT 2015). Tot i aixi, aquest fet no és necessariament extrapolable al
palangre de superficie, perd si que és cert que la flota de palangre de superficie espanyola també
s’ha vist reduida. En el cas de Catalunya, el nombre d’embarcacions registrades segons les
dades de la Generalitat de Catalunya, pero, és superior (de 9 a 13 embarcacions), tot i que si que
hi ha hagut un augment progressiu en 1’us de 1I’ormeig on 1’espécie objectiu €s el peix espasa,
amb el qual practicament no es capturen tortugues, de manera que es podria traduir en una
reducci6 en la probabilitat d’interaccio. Per altra banda, pero, també s’ha registrat una davallada
de les observacions de tortugues al mar i dels ingressos en centres de rehabilitacié (Tomas et al.
2008), de manera que sembla que també es pot haver donat una reduccié del nombre de
tortugues babaues d’origen atlantic que entren actualment al Mediterrani. Aquest fet coincidiria
amb la davallada que van patir la poblacio nidificant a Florida entre els anys 1998 i 2007, quan
es va detectar una reducci6 del 50% dels nius (Witherington et al. 2009), en les platges de
nidificacid, i que actualment en comencariem apreciar les consequéncies. De fet, si es té en
compte que al Mediterrani occidental I'esfor¢ pesquer va assolir el seu punt maxim a principis
de 1990 (Farrugio et al. 1993), sembla evident que la forta davallada del nombre de femelles
reproductores de Florida entre 1998-2007 seria resultat de la captura accidental de tortugues el
palangre de superficie que hi va haver en aquella época al mar Mediterrani occidental (Clusa et
al. 2014). Per tant, actualment, estariem observant un decalatge en el temps dels efectes de la

interaccio entre el palangre de superficie i les tortugues babaues de la poblacié e Florida.
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Aixi doncs, amb tota aquesta informacid i considerant la mida de les tortugues capturades
accidentalment per palangre de superficie, i la taxa de creixement que tenen les tortugues
atlantiques durant la seva estada a la Mediterrania, semblaria que la raé més evident per la qual
s’ha donat la reduccié en la captura accidental de tortugues observada és, probablement, la
menor entrada de juvenils provinents de les costes de Florida en els darrers anys, 0 com a minim

una combinaci6 d’ambdds factors (reducci6 d’esforg pesquer i del nombre de tortugues).

Per tant, és necessari i urgent implementar una gestio integrada i efectiva, per a garantir la
supervivencia de les tortugues babaues al Mediterrani occidental, ja que com s’ha vist no és
possible avaluar a curt termini les conseqiiéncies de la captura accidental d’aquests animals,
degut a la seva longevitat i al temps que necessiten per arribar a la maduresa sexual. De manera
que si actualment estem veient els resultats de la mortalitat que es va generar als anys 90,
aleshores les conseqiencies de la mortalitat generada en els darrers anys no es podran apreciar
fins d’aqui 20 anys més. A més, també cal tenir en compte que només s’esta considerant la flota
de pesca espanyola i es podria donar el cas que embarcacions d’altres paisos feinegin a la

mateixa zona i generin cert volum de captures accidentals.

Aixi doncs, és necessari determinar tant les mesures que resultarien en una reduccid de
captures, com les mesures per reduir els factors de mortalitat posterior, ja que son la causa de
més impacte per a les tortugues, tal i com s’ha vist amb els resultats del capitol 2. En aquest
sentit, actualment, les mesures de gestié plantejades en general per a reduir les captures de
tortugues babaues generades pel palangre de superficie al mar Mediterrani estan ampliament
descrites (Casale 2011), i s6n les que es consideren més adequades a aplicar per la flota

palangrera catalana i espanyola:

% Pel que fa a una modificacio de ['art de pesca: emprar hams semicirculars enlloc dels
convencionals en forma de J (Watson et al. 2005, Swimmer et al. 2011; Mediterrani
central, Piovano et al. 2009); calar a profunditats superiors als 50 m (Polovina et al. 2003,
2004, Gilman et al. 2006, Beverly et al. 2009), mesura també efectiva per evitar les
captures accidentals de taurons (Gilman et al. 2007); i evitar els ormejos amb més captures

de tortugues (especialment 1I’ormeig dirigit a la pesca de bacora: LLALB, Béez et al. 2013).

X3

%

Pel que fa a una modificacio de les operacions de pesca: calar en horari nocturn, sobretot
quan es fa una calada per dia (Baez et al. 2007a), mesura també efectiva per les aus
marines (Tudela 2004); i utilitzar peix de mida gran com esquer enlloc de calamar (Watson
et al. 2005, Gilman et al. 2006, 2010) tot i que no sempre és viable (Baez et al. 2010).

% Pel que fa a una modificacié en les restriccions de pesca en determinades zones i/o
époques: limitar I’esfor¢ pesquer a la zona sud de les Illes Balears on es concentren les

captures de tortugues (Béez et al. 2013), especialment durant els mesos d’estiu.
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/7

¢+ Formacio a pescadors: formar i conscienciar els pescadors d’unes bones practiques a bord,
per tal d’assegurar la superviveéncia de les tortugues capturades accidentalment (Gerosa i

Aureggi et al. 2001, Parga 2012, Piovano et al. 2012, Williard et al. 2013).

Tanmateix, pero, s’ha de tenir en compte que moltes d’aquestes mesures son complicades
d’implementar a curt termini, ja que €s necessaria una avaluaci6 preévia de la seva viabilitat,
tenint en compte també el sector pesquer i les pérdues econdmiques que podria comportar la
seva aplicacié (Komoroske i Lewison 2015). Cal trobar, doncs, una solucié considerant la
relacio costos economics/beneficis ecologics i que sigui sostenible al llarg del temps.

Per exemple, una mesura molt efectiva que seria tancar als palangrers la zona del sud de les
Illes Balears (mesura 6), i que implicaria practicament 1’eliminacié total de la mortalitat
agregada generada pel palangre de superficie, és inviable a curt termini. En ser una zona molt
rica en recursos, pels pescadors implicaria com a minim la pérdua d’un 25% de la seva pesca
anual, i afectaria a la captura d’espécies comercials que basicament capturen en aquella época i

zona (com la bacora, per exemple).

Per tant, per aconseguir aplicar les mesures més adequades i sostenibles que assegurin la
conservacio de I’especie a llarg termini, primer sera necessaria la realitzacio d’estudis de
viabilitat i la implicaci6 de tots els sectors per tal d’avaluar els costos i beneficis que suposaria
la mesura. Es a dir, pot arribar implicar un periode de temps molt elevat perd, mentrestant, els
factors de mortalitat seguiran vigents i, a més, durant aquest temps es podrien estar agreujant.
Es basic, doncs, identificar primer les mesures viables i senzilles d’aplicar a curt termini, i que
assegurin una reduccio, encara que sigui parcial, de la mortalitat de les tortugues babaues. Aixi,
s’estara actuant i incidint al problema, alhora que s’estaran avaluant les mesures més efectives i

sostenibles a llarg termini per arribar a una solucio final ideal.

En aquest sentit, es podria comengar per plantejar les mesures d’aplicacié aparentment més
facil, com el fet de calar de nit i a més de 50 m de profunditat, tot i que sempre sera necessaria
una avaluacié prévia. A partir d’aqui, ja s’hauria de comengar a plantejar les restriccions
necessaries per a dur a terme pel palangre de superficie a llarg termini. Pero, els esforcos de
gestid, a primera instancia s’han de centrar principalment en la conscienciacio i formacié dels
pescadors, per tal de reduir la mortalitat post-alliberament de les tortugues capturades.
D’aquesta manera, amb gestos molt senzills com tenir en compte la mida del fil que es deixa a
I’animal abans d’alliberar-lo amb un ham empassat o impossible d’extreure, seran molt efectius.
Simplement amb la precaucié de pujar la tortuga a bord amb un salabre i extreure’n I’ham o
tallar el fil arran de boca abans d’alliberar la tortuga si aixo no és possible se n’estara assegurant

la supervivéncia en un percentatge molt elevat.
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Per tant, les mesures de gestié més viables a curt termini passarien per reduir al minim la
mortalitat posterior de les tortugues capturades accidentalment per la flota de palangre de
superficie catalana i espanyola a nivell global, més que no intentar reduir el nombre de captures.
Aixi, els esfor¢os s’haurien de veure centrats, a primera instancia, en promoure la formaci6 i
col-laboracié dels pescadors de palangre de superficie, perqué duguin a terme unes bones
practiques a bord quan capturin accidentalment una tortuga marina i, a més, estiguin disposats a
col-laborar i comprometre’s en la implementacié d’altres possibles mesures de gestid
necessaries. La implicacio dels pescadors, doncs, sera basica per tal d’assegurar la conservacio

d’aquesta espécie tan vulnerable com és la tortuga babaua al mar Mediterrani occidental.

Interaccio amb I’arrossegament

En el cas de I’arrossegament, els resultats de les enquestes van fer evident la necessitat de
plantejar mesures especifiques al Delta de I’Ebre, on les tortugues babaues son especialment
vulnerables a aquest art (Capitol 1). A més, aixi ho han confirmat estudis posteriors que
identifiquen el Delta de I’Ebre, conjuntament amb la provincia de Castell6, com la zona on les
captures de tortugues per unitat d’esforg per part de les barques d’arrossegament son les més
elevades de tot el litoral mediterrani espanyol (Capitol 1, Domenech et al. 2015). En concret
més del 70% de les tortugues capturades pel total de la flota espanyola mediterrania
d’arrossegament provenen de la plataforma continental situada entre el Delta de 1I’Ebre i
Castell6 (6.534 km?), quan I’esfor¢ pesquer a la mateixa representa només el 25% del total
(MAGRAMA 2015, GENCAT 2015).

Tanmateix, només amb les dades de les enquestes no era possible avaluar la taxa de
mortalitat de les tortugues marines un cop alliberades i per tant se’n desconeixia la mortalitat
agregada de la pesca d’arrossegament. Aixi, les dades de la telemetria per satél-lit van permetre
estimar una taxa de mortalitat anual de més del 60% (IC 95%: 0.566-0.716) entre les tortugues
que visitaven el Delta de I’Ebre (Capitol 3), molt més elevada a la suggerida per altres estudis
(Casale 2011). Aquesta dada, confirma per una banda I’existéncia d’una elevada taxa de
mortalitat post-alliberament i el Delta de I’Ebre com un punt negre per a les tortugues babaues
del Mediterrani occidental i per tant la necessitat d’establir mesures de gestio per la reduccid
d’aquesta mortalitat. De tota manera, una part elevada d’aquesta mortalitat s’ha registrat a dins
de les badies del Delta de I’Ebre i per tant no ha estat generada per 1’arrossegament. De manera
que és necessari realitzar més estudis que ens permetin obtenir més dades acurades, per saber si

realment és un problema afegit de conservacio a tenir en compte.

En aquest sentit, s’ha de tenir en compte el recent descobriment del “sindrome de
descompressio” (DCS: Decompression Sickness) en tortugues marines capturades

accidentalment per arrossegament o tremalls (Garcia-Parraga et al. 2014). Aquesta sindrome
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afecta animals que han estat molt de temps sota 1’aigua i han pujat molt sobtadament a la
superficie. Es tracta d’una malaltia aguda coneguda en medicina humana com a embolia gasosa
i que esta causada per I'aparicié de petites bombolles i inflamaci6 a nivell subcutani (Garcia-
Parraga et al. 2014). Certes regions corporals poden patir paralisi transitoria, podent-se produir

lesions permanents i, fins i tot, la mort.

Al capitol 1 ja es suggerien ja algunes mesures per eliminar o mitigar aquesta mortalitat,
com I’ampliaci6é de les restriccions de pesca per I’arrossegament a prop de la costa (per reduir
probabilitat d’interaccio), I’aplicacié d’una veda durant els mesos d’hivern (perque €s quan es
capturen més tortugues), la reduccio de 1’esfor¢ pesquer d'arrossegament a la tota la plataforma
continental del Delta de I’Ebre, la reduccio del temps d’arrossegament de la xarxa dins 1’aigua
(per evitar l'asfixia de les tortugues capturades), o la obligacio d’utilitzar dispositius a les xarxes

que permetin 1’alliberament immediat de les tortugues capturades accidentalment (TEDs).

Tanmateix, per poder avaluar quines d’aquestes mesures de gestid podien ser les més
efectives i, a I’hora viables economicament calia tenir present que la probabilitat de captura de
les tortugues marines ve donada per la combinacid de la preséncia de tortugues a la zona i també
la seva vulnerabilitat a ser capturades (Lewison et al. 2003). Es a dir, les captures accidentals
son el resultat de la interseccio entre 1’ecologia, el comportament i la distribucio de les tortugues
marines i I’activitat pesquera (Lewison et al. 2013). Per tant, per avaluar de forma correcta
quins factors afavoreixen la captura accidental arrossegament de tortugues per al Delta de
I’Ebre, calia informacid sobre una serie d’aspectes sobre la biologia de les tortugues babaues a

la zona préviament desconeguts.

En aquest sentit, estudis posteriors a les enquestes van demostrar que les tortugues babaues
utilitzen ampliament la plataforma continental i que, a més, presenten una forta fidelitat a
algunes zones d’alimentacid neritiques, on es veuen exposades a la captura accidental per
I’arrossegament i el tremall (Cardona et al. 2009). Tanmateix, calia veure, exactament, quin el
grau de preferéncia per la zona del Delta de I’Ebre, si la distribucié de les tortugues era
homogenia per tota la plataforma continental o si en feien un (s particular de zones
determinades que les pogués fer més vulnerables. Calia saber, a més quantes tortugues babaues
s’hi troben presents. Es disposava d’estimes prévies d’abundancia de tortugues babaues al
Mediterrani espanyol (Gémez de Segura et al. 2003, 2006), pero hi mancava esforc especific de
la zona del Delta de I’Ebre. A més, no s‘havia tingut en compte el temps que les tortugues
romanen submergides quan son a la plataforma continental és molt inferior al que hi passa en
aiglies oceaniques (Cardona et al. 2005, Revelles et al. 2007, Cardona et al. 2009), i per tant els
treballs previs havien subestimat el nombre de tortugues presents a la plataforma continental del

Mediterrani ibéric.
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Les dades presentades en aquesta tesi (capitol 3) han permés estimar per primer cop el
nombre de tortugues presents de forma instantania a la zona de plataforma continental del Delta
de I’Ebre i Castell6 (unes 1.800 tortugues babaues), després de realitzar la correccié pel
percentatge de temps que es troben en superficie (Cardona et al. 2009), aixi com constatar
I’existéncia de variacio estacional, amb un maxim d’observacions durant els mesos de setembre
i octubre (41,38% del total d’observacions). No obstant, el nombre de tortugues presents
anualment a la zona s’espera que sigui molt més elevat, ja que les dades dels transmissors via
satél-lit van revelar l'existéncia de dos grups diferenciats; per una banda hi havia tortugues
residents, que van passar diversos mesos al Delta de I’Ebre, especialment dins a les badies, i per
altra tortugues en transit, que serien visitants puntuals amb permanéncia continuada a la zona de
nomeés unes quantes setmanes. Aquest model s’ha descrit en altres zones de la Mediterrania
(Casale et al. 2008). Per tant, semblaria que la abundancia més elevada de tortugues detectada a
finals de l'estiu i principis de tardor seria deguda a la superposicié d’un gran nombre de
tortugues en transit, provinents de zones més septentrionals, amb les tortugues residents, que
encara no han emigrat cap al sud. Aix0 fa que el pic anual de captures per arrossegament
(hivern) no coincideixi amb el moment de major presencia de tortugues a la zona (finals d’estiu-

tardor).

Un factor potencialment important per incrementar la vulnerabilitat de les tortugues a la
pesca d’arrossegament rau en el suau perfil de la plataforma continental al Delta de I’Ebre i al
litoral de Castello. Aixo fa que I’aplicacié de la normativa pesquera permeti a les embarcacions
d’arrossegament treballar a profunditats inferiors a les permeses a la resta del litoral mediterrani
espanyol, ja que el limit de pesca és a “3 milles nautiques des de la costa o la isobata de 50
metres quan aquesta profunditat s’abasti a menor distancia” (DOGC 2000, 2010). Aixi, a la
majoria de la costa catalana i valenciana es prohibeixen les xarxes d’arrossegament a menys del
50 metres de fondaria, ja que aquesta isobata es troba abans de les 3 milles nautiques de costa.
En canvi, al Delta de ’Ebre i a Castello, pel fet de tenir la zona de plataforma més extensa i
amb un pendent molt suau, la isobata dels 50 metres es troba molt més allunyada de la cosaia 3
milles nautiques la profunditat es situa al voltant dels 20 metres. Per tant, es podria donar el cas
que la major captura de tortugues per unitat d’esfor¢ fos deguda a una major concentracié de
tortugues en aigiies somes. Si aixo fos cert, es podria plantejar variar la normativa i canviar la
limitacio de pesca a partir de la isobata dels 50 metres com realment passa a la resta del litoral,

de manera que aixi potser es capturarien moltes menys tortugues babaues.

Les dades dels censos aeris i de la telemetria per satél-lit es va poder comprovar que les
tortugues babaues estan distribuides heterogeniament sobre la plataforma continental, tot i que
el 80% dels animals es van observar a profunditats superiors als 50 metres. A més, les zones on

s’assentaven les tortugues residents es trobaven a les badies i per tat fora de 1’abast de les

106



DISCUSSIO GLOBAL

barques d’arrossegament. Aixo feia evident que la mesura de restringir la pesca de rossec en
zones de menys de 50 metres no suposaria un guany important per a I’especie i en canvi

generaria un conflicte important amb els pescadors.

Pel que fa a I’establiment d’una época de veda temporal per a la reduccié de la captura
accidental de tortugues, d’altres estudis ja n’han demostrat 1’éxit (Lewison et al. 2003), i veient
la situacié sembla la opcié que podria ser més eficag. Aixi, establint I’época de més
vulnerabilitat de les tortugues a 1’arrossegament, es podra plantejar la millor época per establir
una veda per I’arrossegament adequada per reduir les captures accidentals. En aquest sentit, la
major part de les captures accidentals de tortugues per arrossegament es van produir durant els
mesos més freds (63% del total de captures): hivern al Delta de I’Ebre (Capitol 1) i inici
primavera a Castell6 (Domeénech et al. 2015). Aquest pic de captures coincideix amb les dates
de menor abundancia de tortugues segons les dades obtingudes dels satél-lits i els censos aeris.
D’aix0 se’n deriva que segurament sigui una major vulnerabilitat el que incrementa la captura

tortugues en aquestes epoques.

Actualment, a tota la zona es realitzen vedes per a I’arrossegament durant un mes a 1’any,
generalment a I’estiu a la provincia de Tarragona (GENCAT 2015), o per decisi¢ d'associacions
de pescadors de cada port a la provincia de Castelld (Tomas, pers. com.). No obstant aix0. Des
del punt de vista de la conservacid de les tortugues marines, sera més efectiu traslladar aquesta
veda al finals d’hivern o comengament de primavera. Per tant, es fa necessaria i urgent la
inclusio d’espécies amenagades de grans vertebrats marins i susceptibles de ser capturades
accidentalment per la flota d’arrossegament, com és el cas de les tortugues marines, en els
criteris utilitzats per a determinar les époques de veda a Catalunya i a tot el litoral mediterrani

espanyol.

La implementacié a I’ormeig de dispositius que evitessin la captura de tortugues marines,
els TEDs (Crowder et al. 1994, Lewison et al. 2003, Epperly et al. 2003), no semblen una
solucio adient per a la flota pesquera del delta de I’Ebre, tot i que ha tingut éxit en varis llocs
del mén (Brewer et al. 2006, Cox et al. 2007, Finkbeiner et al. 2011). El problema rau en que
els TEDs es van desenvolupar per flotes I’objectiu de les quals son els llagostins i per tant és
facil modificar I’ormeig per queé la tortuga pugui sortir degut pel seu pes sense que els pescadors
perdin les seves captures comercials (Epperly et al. 2003, Lewison et al. 2013). En el cas del
Delta de I’Ebre, pero, les espécies objectiu son peixos de talla mitjana i gran i per tant, el
dispositiu podria afavorir que aquests animals de mida gran d’espécies comercials també es
poguessin escapar de la xarxa (Casale 2011), és a dir, no seria la millor opcié a escollir
d’entrada com a mesura viable a la zona, a no ser que s’arribi a desenvolupar alguna variacié

técnica que ho faci viable.
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Finalment, sembla que la millor manera d’assegurar la supervivéncia dels animals capturats
accidentalment amb xarxes arrossegament sigui en tots els casos el trasllat de I’animal a un
centre de recuperacid, perqué en facin 1’avaluacié corresponent i es pugui diagnosticar
correctament si 1’animal presenta sindrome de descompressié o no. D’aquesta manera, es podra
alliberar I’animal després de la seva rehabilitacio, doncs s’ha observat una resposta positiva a un
tractament hiperbaric en animals afectats (Garcia-Parraga et al. 2014). Per tant, de nou, la
col-laboracié dels pescadors sera basica per a la supervivéncia dels animals capturats en vida,

un cop retornats a la mar. Tanmateix, manca avaluar I’impacte economic de la mesura.

Aixi doncs, el tancament temporal de la plataforma continental del Delta de I’Ebre i la
provincia de Castell6 a la pesca amb arrossegament, i la correcta actuacio a bord per part dels
pescadors amb els exemplars capturats serien les millors opcions possibles per reduir la captura

accidental de tortugues marines a la zona.

L’efecte sobre les poblacions de meduses

Tal i com s’ha comentat en els tres primers capitols de la present tesi, la tortuga babaua ha
patit una reduccié important de les seves poblacions al mar Mediterrani occidental en les
Gltimes décades. Per aquest fet, i tenint en compte que, des de fa anys, aquesta espécie ha estat
identificada com un dels grans consumidors de meduses al Mediterrani occidental, s’ha suggerit
recurrentment que la davallada de tortugues podria estar afavorint 1’aparicié d’importants
proliferacions de meduses al Mediterrani. No obstant, la informaci6 sobre la rellevancia de les
meduses (o del zooplancton gelatinds en general) en la dieta de les tortugues babaues al mar
Mediterrani occidental era escassa, ja que es tracta de preses molt digeribles de manera que
sovint s6n subestimades als analisis de contingut estomacal (Tomas et al. 2001, Revelles et al.
2007). D'altra banda, també es desconeixia la contribucié de les meduses a la dieta d'altres

depredadors pelagics.

Aixi, es va utilitzar la técnica dels isotops estables de carboni i nitrogen per avaluar la
hipotesi segons la qual les tortugues babaues serien els principals consumidors de meduses a la
Mediterrania occidental, condici6 necessaria, pero no suficient, per que pugin jugar un paper en
la dinamica de les poblacions de meduses. Els resultats obtinguts van confirmar que les meduses
tenen un paper important en la dieta de les tortugues babaues oceaniques, perd no en el cas de
les tortugues neritiques. A més, es va identificar una série de consumidors també importants de
meduses: el peix lluna (Mola mola), la tonyina vermella (Thunnus thynnus), la bacoreta
(Euthynnus alletteratus), peix espasa (Xiphias gladius) i el marli (Tetrapturus belone), incloent

doncs algunes especies de gran interes comercial.

En aquest sentit, estudis previs del contingut estomacal d’aquestes espécies indicaven un

consum de peix i calamar en les seves dietes (Morovic 1961, Kyrtatos 1982, Sanz Brau 1990,
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Chalabi i Ifrene 1992, Orsi Relini et al. 1995, Sinopoli et al. 2004, Falautano et al. 2007,
Castriota et al. 2008, Romeo et al. 2009). Pero es va veure que totes aquestes especies estaven
empobrides en N, en comparar-les amb el que caldria esperar si la dieta només inclogués peix
i cefalopodes. Aquest empobriment també 1’havien detectat Estrada et al. (2005) en les tonyines
del nord-oest de 1’Atlantic i havia estat atribuit al consum subestimat d’alguna espécie de
zooplancton. D’aquesta manera, sembla que les meduses son la font d’aliment empobrit en *°N

més plausible per la tonyina, la bacoreta, el peix espasa i el marli.

Pel que fa a la tonyina, podria semblar inversemblant el consum de meduses per part de les
tonyines més grans, tenint en compte la baixa densitat energetica que tenen en relacio a la mida
del depredador i la quantitat que en necessitaria consumir (Aguado-Gimenez i Garcia-Garcia
2005, Doyle et al. 2007). Pero el que els resultats suggereixen és que les tonyines podrien
utilitzar com a recurs el consum de grans quantitats de meduses quan ’esfor¢ que els implica
aquest consum és minim i, per tant, no els suposa una despesa energetica important, ans el
contrari, poden estar menjant de forma continuada grans quantitats de meduses amb el minim
d’esforg. Aquest fet, segurament es donaria no només amb les tonyines, sind amb tots els

consumidors de meduses de mida gran.

Per altra banda, les proporcions d'isotops estables descartaven qualsevol consum de
meduses per part del tallahams (Pomatomus saltatrix), la tintorera (Prionace glauca), la
palometa (Lichia amia), el bonitol (Sarda sarda), i el dofi llistat (Stenella caeruleoalba), de
manera que la seva dieta es basa principalment de peixos i calamars, tal i com indicaven els
estudis anteriors de contingut estomacal d’aquestes espécies (Kyrtatos 1982, Bennett 1989,
Blanco et al. 1995, Meotti i Podesta 1997, Buckel et al. 1999, Henderson et al. 2001, Tomas et
al. 2001, Campo et al. 2006, Oztiirk et al. 2007).

En el cas de del bonitol (Campo et al. 2006) i la tortuga babaua en fase neritica (Tomas et
al. 2001), pero, també es va identificar un cert consum de salpids. No obstant, les
concentracions d'isotops estables en totes aquestes especies van ser molt coherents amb una
dieta nectonica, i no hi ha cap dubte que les meduses no juguen cap paper rellevant en les seves
dietes.Pel que fa a les diferéncies en les proporcions d'isotops estables de les tortugues babaues
en fase oceanica i neritica, que mostren els resultats, son consistents amb la dades de telemetria
per satel-lit presentats per Cardona et al. (2009), que revelen l'existéncia de dos grups ben
delimitats de tortugues babaues al Mediterrani occidental, amb patrons d'Us d'habitat molt

contrastats entre les zones oceaniques i les zones neritiques.

Aixi doncs, els resultats obtinguts suggereixen I'existéncia d'un conjunt de consumidors de
meduses que inclouen dos especialistes (el peix lluna i les tortugues babaues en fase oceanica) i

diversos oportunistes (tonyina vermella, bacoreta, peix espasa i marli). D’aquesta manera, donat
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el gran nombre de consumidors potencials de meduses que trobem a la Mediterrania occidental,
és poc probable que les proliferacions de meduses es puguin atribuir simplement a la disminucié
de les tortugues babaues o de qualsevol altre depredador individualment. En aquest sentit,
sembla que la causa de les proliferacions de meduses esta determinada per la temperatura i, per
tant, el canvi climatic hi tindria un efecte clau. Si realment els consumidors de meduses
exerceixen cap control de les seves poblacions, seria reduint els pics de les fluctuacions. La
modelitzacid seria segurament la millor forma d’afrontar aquest problema , pero actualment la
manca d’informacioé sobre parametres demografics basics les meduses o fins i tot de peixos com

el marli, fan dificil aquesta via.

CONSIDERACIONS FINALS I FUTURES

En una situacié ideal, podriem arribar a conéixer el nombre de tortugues que podem
permetre que es morin per captura accidental sense que afecti negativament a la poblacié, de
manera que les tortugues marines i la pesca podrien coexistir d’una forma sostenible. Pero tenim
masses incerteses com per poder-ho saber exactament. Aquestes incerteses vénen donades
sobretot de dos factors: 1’estimacié de captures i mortalitat. EI fet que no es poden posar
observadors a totes les embarcacions de la flota espanyola, pel cost economic i la gestidé que
suposaria, per aconseguir dades exactes de captures de tots els arts ja esta introduint un gran
factor d’incertesa el nombre de tortugues de la zona: les estimes d’abundancia fetes amb vols i
el nombre de varaments de tortugues a les platges i admissions als centres de recuperacid, ens
proporcionen unes dades amb uns intervals de confianga molt grans, de manera que la incertesa

que generen les dades d’abundancia és realment important.

Segurament les dades que es presenten en aquesta tesi inclouen el nivell maxim de precisié
a qué ara mateix es pot arribar, degut al marge d’incerteses en el que ens estem movent quan
fem recerca en aquest camp. De manera que 1’aproximacié més bona que podem fer per a poder
determinar quines son les mesures més adequades per a la conservacio de les tortugues marines
és fer una gestio adaptativa, que es basi en les dades que es disposen actualment i que es
presenten en aquesta tesi. Tenint en compte, pero, que és necessari promoure la creacio d’un
programa de monitoratge permanent per tal d’assegurar la veracitat de les dades i d’estar
treballant sempre sobre dades actualitzades i precises: vols d’avioneta amb répliques cada 5
anys (recollint informacié estandaritzada amb protocols curosament establerts), registre acurat
de tots els varaments de tortugues (causa de mort o ferida, i si és per pesca quin art), creacid
d’un banc de teixits i control permanent de les platges. D’aquesta manera, es podria assegurar
I’actualitzacié de les mesures de gestié adients a aplicar al llarg dels anys per a la conservacid

de les poblacions de tortugues marines a les nostres aigiies, ja que es tindria la capacitat de
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detectar les fluctuacions dels parametres demografics i els possibles canvis en la taxa de

mortalitat observada i en les seves causes.

Finalment, destacar la necessitat de continuar la recerca pel que fa a les captures
accidentals, ja que com s’ha comentat encara queda informaci6 per con¢ixer: com la mortalitat
post-alliberament en arrossegament, o el que esta passant en zona de plataforma continental al
Golf de Lleo (on s’esperarien valors elevats de captures accidentals degudes a 1’arrossegament
perd no es disposa de dades d’aquesta zona) 0 el percentatge de tortugues babaues atlantiques
que entren al mar Mediterrani, necessari per entendre I’impacte real per les poblacions i poder-
ne fer una avaluacio adequada. A més, també sera necessari intentar entendre la relacio que han
establert les tortugues marines amb els recursos que els proporciona la pesca, com els descartes i
la seva possible dependéncia, tenint en compte el paper de la pesca dins I’ecosistema mari. | per
acabar, també cal seguir investigant els possibles canvis en la dieta de les tortugues marines i la
seva relacié amb 1’abundancia de meduses al llarg dels anys, de manera que es pugui determinar

I’evolucio de la xarxa trofica i del seu baseline al Mediterrani occidental, en el darrer segle.
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v La flota de pesca professional catalana capturava anualment 481 (95% IC: 472-491)
tortugues de I’espécie Caretta caretta o tortuga babaua entre els anys 2001-2004. Els
arts més implicats en la captura de tortugues son el palangre de superficie i

I’arrossegament.

v"El palangre de superficie genera més captures per unitat d’esforg i, per aixo és facil de
detectar, pero I’arrossegament té una flota molt més nombrosa i la taxa de mortalitat
directa generada sembla superior, tot i que manquen dades sobre la mortalitat post-

alliberament.

v" El Delta de I’Ebre és un punt negre pel que fa a la captura de tortugues babaues al

litoral catala , i el rossec és I’art més implicat en les captures en aquesta zona.

v/ La gestio per reduir les captures accidentals de tortugues marines generades per la flota
professional catalana ha d’incloure, necessariament, un conjunt d’estratégies que
englobin el total d’arts implicats amb les captures: gestionant de forma diferent segons

art de pesca i zona, i fent especial atenci6 al Delta de I’Ebre.

v" La mortalitat posterior de les tortugues babaues alliberades després de ser capturades
vives accidentalment pel palangre de superficie s’ha estimat en més d’un 30%, el que
resulta en més de 3.000 tortugues mortes anualment al Mediterrani occidental durant la

primera meitat de la década dels 2000.

v La millor manera de reduir la mortalitat post-alliberament després de la captura en
palangre de superficie és realitzant unes bones practiques a bord per part dels pescadors,
més que no promoure altres possibles mesures. Aixi, per exemple, només retirant els
hams facils d’extreure (com els exteriors clavats a la boca) o tallant a ran del bec el fil,
en cas de no ser possible extreure ’ham, ja s’estaria reduint en gran part la seva

probabilitat de mort posterior a 1’alliberament.

v' La formaci6 i implicacié dels pescadors sera, doncs, essencial i indispensable per
aconseguir la reduccio total de la mortalitat de les tortugues babaues i assegurar la

conservacio d ’espécie a Catalunya i tota la Mediterrania occidental.

v' Les tortugues marines es distribueixen de forma homogeénia per tota la plataforma

continental del Delta de 1’Ebre. Per tant, no semblaria efectiu plantejar I’ampliacio6 de
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la distancia respecte a la costa a partir de la qual les embarcacions de rossec tenen
permés pescar a la zona (a la isobata dels 50 metres, com passa a la major part de la

costa catalana).

La mesura de gestid que sembla que seria més efectiva, per tal de reduir les captures de
tortugues generades per 1’arrossegament a la zona del Delta de I’Ebre, €s un tancament

temporal de la zona a la pesca d’arrossegament durant els mesos d’hivern.

Es fa palesa, doncs, la necessitat d’incloure les espécies amenacades de grans vertebrats
marins i susceptibles de ser capturades accidentalment per la flota d’arrossegament, com
és el cas de les tortugues marines, en els criteris utilitzats per a determinar les epoques

de veda de la flota de pesca a Catalunya i a tot el litoral mediterrani espanyol.

A la Mediterrania occidental, les meduses son part de la dieta d’un conjunt de
nombrosos depredadors, incloent dues espécies especialistes (el peix lluna i la tortuga
babaua en fase oceanica) i varies d’oportunistes (la tonyina roja, la bacoreta, el marli i el
peix espasa). En la dieta de la tortuga babaua en estat neritic, en canvi, aixi com en
d’altres espécies com la tintorera, el dofi llistat, la palomida i el bonitol, es descarta el

consum de zooplancton gelatinés.

Sembla poc probable que canvis en I’abundancia de tortugues babaues en fase oceanica
pugin provocar canvis en I’abundancia de les meduses de les nostres aigiies, ja que en
cas d’existir control “top-down” hi estarien implicats també altre espécies de

depredadors.

116



REFERENCIES







REFERENCIES

Aguado-Gimenez F, Garcia-Garcia B (2005) Growth, food intake and feed conversion rates in
captive Atlantic bluefin tuna (Thunnus thynnus Linnaeus, 1758) under fattening conditions.
Agua Res 36: 610-614.

Aguilar R, Mas J, Pastor X (1993) Las Tortugas marinas y la pesca con palangre de superficie
en el Mediterraneo. Greenpeace, Palma de Mallorca.

Aguilar R, Mas J, Pastor X (1995) Impact of spanish swordfish longline fisheries on the
loggerhead sea turtle Caretta caretta population in the western mediterranean. In:
Proceedings of the 12th Ann. Works. on Sea Turtle Biol. and Cons. (eds J.L. Richardson
and T.H. Richardson). NOAA Tech. Mem. NMFS-SEFSC-361: pp. 361.

Avian M, Rottini-Sandrini L (1988) Fishery and swarming of Pelagia noctiluca in the central
and northern Adriatic Sea: middle term analysis. Rapp Comm Int Mer Medit 31: 231.

Baez J, Macias D, Garcia-Barcelona S, Real R. (2014) Interannual differences for sea turtles
bycatch in Spanish longliners from western Mediterranean Sea. The Scientific World
Journal, 02/2014 (3): 861396. DOI:10.1155/2014/861396

Baez JC, Macias D, Camifias JA, Ortiz de Urbina JM, Garcia-Barcelona S, Bellido JJ, Real R
(2013) By-catch frequency and size differentiation in loggerhead turtles as a function of
surface longline gear type in the western Mediterranean Sea. Journal of the Marine
Biological Association of the United Kingdom, pp 1-5. d0i:10.1017/S0025315412001841

Béaez JC, Real R, Macias D, de la Serna JM, Bellido JJ, Camifias JA (2010) Swordfish Xiphias
gladius (Linnaeus 1758) and loggerhead Caretta caretta (Linnaeus 1758) captures
associated with different combinations of bait in the Western Mediterranean surface
longline fishery. Journal of Applied Ichthyology 26, 126-127.

Béez JC, Real R, Caminas JA (2007a) Differential distribution within longline transects of
loggerhead turtles and swordfish captured by the Spanish Mediterranean surface longline
fishery. Journal of the Marine Biological Association of the United Kingdom 87: 801 803.

Béaez JC, Real R, Garcia-Soto C, de la Serna JM, Macias D, Camifias JA (2007b) Loggerhead
turtle by-catch depends on distance to the coast, independent of fishing effort: implications
for conservation and fisheries management. Marine Ecology Progress Series 338: 249-256.

Béaez J, Camifias JA, Rueda L (2006) Incidental capture of marine turtles in marine fisheries of
southern Spain. Marine Turtle Newsletter 111: 11-12.

Bas C, Maynou F, Sarda F, Lleonart J (2003) Variacions demografiques a les poblacions
demersals explotades els darrers quaranta anys a Blanes.

Baum JK, et al. (2003) Collapse and conservation of shark populations in the Northwest
Atlantic. Science 299 (5605): 389-392.

Bearzi G (2002) Interactions between cetacean and fisheries in the Mediterranean Sea. In:
Cetaceans of the Mediterranean and Black Seas: State of Knowledge and Conservation
Strategies (ed. G. Notarbartolo di Sciara). ACCOBAMS, Monaco, pp. 9.2.

Bennett BA (1989) The diets of fish in three south-western Cape estuarine systems. S Afr J Zool
24: 163-177.

119



REFERENCIES

Blanco C, Aznar J, Raga JA (1995) Cephalopods in the diet of striped dolphin, Stenella
coeruleoalba, from the western Mediterranean during an epizootic in 1990. J Zool 237:
151-158.

Bolten AB, Bjorndal KA, Martins HR, Dellinger T, Biscoito MJ, Encalada SE, Bowen BW
(1998) Transatlantic developmental migrations of loggerhead sea turtles demonstrated by
mtDNA sequence analysis. Ecol Appl 8: 1-7.

Bradai MN (1992) Les captures accidentelles de Caretta caretta au chalut benthique dans le
Golfe de Gabes. Rapports et Procés-verbaux des réunions de la Commission Internazionale
pour I’Exploration Scientifique de la Mer Méditerranée 33, 285.

Braun-McNeill J, Sasso CR, Epperly SP, Rivero C (2008) Feasibility of using sea surface
temperature imagery to mitigate cheloniid sea turtle-fishery interactions off the coast of
northeastern USA. Endangered Species Research, 5: 257-266.

Brewer D, Heales D, Milton D, et al. (2006) The impact of turtle excluder devices and bycatch
reduction devices on diverse tropical marine communities in Australia’s northern prawn
trawl ishery. Fisheries Research 81:176-188.

Buckel JA, Fogarty MJ, Conover DO (1999) Foraging habits of bluefish, Pomatomus saltatrix,
on the U.S. east coast continental shelf. Fish Bull 97: 758-775.

Camifias JA, Valeiras J (2001) The Spanish drifting longline monitoring program. In Assessing
Marine Turtle Bycatch in European Drifting Longline and Trawl Fisheries for Identifying
Fishing Regulations. Laurent L, Camifias JA, Casale P, Deflorio M, De Metrio G,
Kapantagakis A, Margaritoulis D, Politou CY, Valeiras J (eds). Project-EC-DG Fisheries
98-008: Villeurbanne: France; 73—136.

Camifias JA, De la Serna JM (1995) The loggerhead distribution in the western Mediterranean
Sea as deduced from captures by the Spanish long line fishery. In Scientia Herpetol6gica,
pp. 316-323. Ed. by G. Llorente, A. Montori, X. Santos, and M. A. Carretero. Asociacion
Herpetoldgica Espafiola, Barcelona, Spain.

Camifias JA (1988) Incidental captures of Caretta caretta (L.) with surface long-lines in the
western Mediterranean. Rapports et Proces-Verbaux des Réunions de la Commission
Internationale pour I’Exploration Scientifique de la Mer Méditerranée, 31: 285.

Campo D, Mostarda E, Castriota L, Scarabello MP, Andaloro F (2006) Feeding habits of the
Atlantic bonito, Sarda sarda (Bloch, 1793) in the southern Tyrrhenian sea. Fish Res 81.:
169-175.

Cardona L, Revelles M, Parga ML, Tomas J, Aguilar A, Alegre F, Raga A, Ferrer X (2009)
Habitat use by loggerhead sea turtles Caretta caretta off the coast of eastern Spain results
in a high vulnerability to neritic fishing gear. Marine Biology, 156: 2621-2630.

Cardona L, Revelles M, Carreras C, Sanfelix M, Gazo M, Aguilar A (2005) Western
Mediterranean immature loggerhead turtles: habitat use in spring and summer assessed
through satellite tracking and aerial surveys. Marine Biology, 147: 583-591.

Carreras C, Pascual M, Tomas J, Marco A, Hochsheid A, Bellido J, Gozalbes P, Parga ML,
Piovano S, Cardona L (2015) From accidental nesters to potential colonisers, the sequencial
colonisation of the Mediterranean by the loggerhead sea turtle (Caretta caretta) Book of

120



REFERENCIES

abstracts of the 35th Annual Symposium on Sea Turtle Biology and Conservation,
Dalaman, Turkey.

Carreras C, Monzon-Argiello C, Lopez-Jurado LF, Calabuig P, Bellido JJ, Castillo JJ,
Sanchez P, Medina P, Tomés J, Gozalbes P, Ferndndez G, marco A, Cardona L (2014)
Origin and dispersal routes of foreign green and kemp's ridley turtles in Spanish Atlantic
and Mediterranean waters. Amphibia-Reptilia 35: 73-86.

Carreras C, Pascual M, Cardona L, Marco A, Bellido JJ, Castillo JJ, Tomas J, Raga JA,
SanFélix M, Fernandez G, Aguilar A (2011) Living together but remaining apart: Atlantic
and Mediterranean loggerhead sea turtles (Caretta caretta) in shared feeding grounds. J
Hered 102: 666-677.

Carreras C, Pont S, Maffucci F, Pascual M, Barcel6 A, Bentivegna F, Cardona L, Alegre F,
SanFélix M, Fernandez G, Aguilar A (2006) Genetic structuring of immature loggerhead
sea turtles (Caretta caretta) in the Mediterranean Sea reflects water circulation patterns.
Mar Biol 149: 1269-1279.Casale P, Affronte M, Isacco G, Freggi D, Vallini C, et al.
(2010) Sea turtle strandings reveal high anthropogenic mortality in Italian waters. Aquat
Conserv 20: 611-620.

Carreras C, Cardona L, Aguilar A (2004) Incidental catch of the loggerhead turtle Caretta
caretta off the Balearic Islands (western Mediterranean). Biol Conserv 117: 321-329.

Casale P (2011) Sea turtle bycatch in the Mediterranean. Fish and Fisheries 12: 299-316.

Casale P (2008) Incidental catch of marine turtles in the Mediterranean Sea: captures, mortality,
priorities. WWF Italy, Rome.

Casale P, Margaritoulis D (2010) Sea turtles in the Mediterranean:distribution, threats and
conservation priorities. IUCN.

Casale P, Affronte M, Isacco G, Freggi D, Vallini C, et al. (2010) Sea turtle strandings reveal
high anthropogenic mortality in Italian waters. Aquat Conserv 20: 611-620.

Casale P, Mazaris AD, Freggi D, Basso R, Argano R (2007) Survival probabilitiesof loggerhead
sea turtles (Caretta caretta) estimated from capture-markrecapture data in the
Mediterranean Sea. Scientia Marina 71: 365-372.

Casale P, Cattarino L, Freggi D, Rocco M, Argano R. (2007) Incidental catch of marine turtles
by Italian trawlers and longliners in the central Mediterranean. Aquatic Conservation:
Marine and Freshwater Ecosystems 17: 686—701.

Casale P, Freggi D, Basso R, Argano R (2005a) Interaction of the static net fishery with
loggerhead sea turtles in the Mediterranean: insights from markrecapture data.
Herpetological Journal 15, 201-203.

Casale P, Laurent L, De Metrio G (2004) Incidental capture of marine turtles by the Italian trawl
fishery in the north Adriatic Sea. Biological Conservation 119, 287-295.

Casale P, Laurent L, Gerosa G, Argano R (1998) Molecular evidence of male-biased dispersal
in loggerhead turtle juveniles. Journal of Experimental Marine Biology and Ecology,
267:139-145.

Castriota L, Finoia MG, Campagnuolo S, Romeo T, Potoschi A, et al. (2008) Diet of
Tetrapturus belone (Istiophoridae) in the central Mediterranean Sea. J Mar Bio Ass UK 88:
183-187.

121



REFERENCIES

Cejudo D, Varo-Cruz N, Liria A, Castillo JJ, Bellido JJ, Lépez-Jurado LF (2006). Transatlantic
Migration of Juvenile Loggerhead Turtles (Caretta caretta L.) from the Strait of Gibraltar.
Marine Turtle Newsletter, 114:9-11.

Chalabi A, Ifrene F (1992) Le régime alimentaire hivernal de ’espadon (Xiphias gladius). La
péche prés des cotes est de 1’ Algérie. SCRS/92/91 ICCAT 40: 162.

Chaloupka M, Work TM, Balazs GH, Murakawa SKK, Morris R (2008) Causespecific temporal
and spatial trends in green sea turtle strandings in the Hawaiian Archipelago (1982-2003).
Mar Biol 154: 887—898.

Clusa M, Carreras C, Pascual M, Gaughran SJ, Piovano S, Giacoma C, Fernandez G, Levy Y,
Tomés J, Raga JA, Maffucci F, Hochscheid S, Aguilar A, Cardona L (2014) Fine-scale
distribution of juvenile Atlantic and Mediterranean loggerhead turtles (Caretta caretta) in
the Mediterranean Sea. Mar Biol 161: 509-519. DOI 10.1007/s00227-013-2353-y.

Coll M, Piroddi C, Steenbeek J, Kaschner K, Ben Rais Lasram F, Aguzzi J, et al. (2010) The
Biodiversity of the Mediterranean Sea: Estimates, Patterns, and Threats. PLoS ONE 5(8):
e11842. doi:10.1371/journal.pone.0011842.

Consoli P, Romeo T, Battaglia P, Castriota L, Esposito V, et al. (2008) Feeding habits of the
albacore tuna Thunnus alalunga (Perciformes, Scombridae) from central Mediterranean
Sea. Mar Biol 155: 113-120.

Costello MJ, Coll M, Danovaro R, Halpin P, Ojaveer H, Miloslavich P (2010) A census of
marine biodiversity knowledge, resources, and future challenges. PLoS ONE 5, €12110.

Cox TM, Lewison RL, Zydelis R, Crowder LB, Safina C, Read AJ (2007) Comparing
effectiveness of experimental and implemented bycatch reduction measures: the ideal and
the real. Conserv.Biol. 21: 1155-1164. doi: 10.1111/j.1523-1739.2007.00772.X.

Crowder LB, Crouse DT, Heppell SS, Martin TH (1994) Predicting the impact of turtle excluder
devices on loggerhead sea turtle populations. Ecological applications 4: 437-445.

Crowder LB, Heppell SS (2011) The decline and rise of a sea turtle: How Kemp’s Ridleys are
recovering in the Gulf of Mexico. Solutions 2:67-73.

Crowder LB, Murawsky SA (1998) Fisheries Bycatch: Implications for Management. Fisheries
23 (6): 8-15. Doi: 10.1577/1548-8446(1998)023.

Crowder LB, Crouse DT, Heppell SS, Martin TH (1994) Predicting the impact of turtle excluder
devices on loggerhead sea turtle populations. Ecol. Appl. 4, 437-445.

Crouse DT, Crowder LB, Caswell H (1987) A stage-based population model for loggerhead sea
turtles and implications for conservation. Ecology 68:1412-1423.

Davies RWD, Cripps SJ, Nickson A, Porter G (2009) Defining and estimating global marine
fisheries bycatch. Marine Policy 33:661-672.

Dayton PK, Thrush SF, Agardy T, Hofman RJ (1995) Viewpoint: Environmental effects of
marine fishing. Aquatic Conserv: Mar. Freshw. Ecosyst., 5: 205-232.

Deflorio M, Aprea A, Corriero A, Santamaria N, De Metrio G (2005) Incidental captures of sea
turtles by swordfish and albacore longlines in the lonian sea. Fisheries Science 71 : 1010-
1018.

122



REFERENCIES

Di Natale A, Mangano A, Maurizi L, et al. (1995) A review of driftnet catches by the italian
fleet: species composition, observer data and distribution along the net. Collective Volume
of Scientific Papers ICCAT 44: 226 235.

DOGC (2010) Ordre, AAR/503/2010, de 29 d’octubre, per la qual es modiica I’Ordre de 2 de
maig de 2000, per la qual s’estableixen fons minims per a l’arrossegament en aigiies
interiors del litoral catala. Diari Oicial de la Generalitat de Catalunya, NOm. 5749 —
5.11.2010.

DOGC (2000) Ordre de 2 de maig de 2000, per la qual s’estableixen fons minims per a
I’arrossegament al litoral de Catalunya. Diari Oficial de la Generalitat de Catalunya, Num.
3142 —18.5.2000.

Doménech F, Alvarez de Quevedo I, Merchan M, Revuelta O, Vélez-Rubio G, Biton
S, Cardona L, Tomas J (2015) Incidental catch of marine turtles by Spanish bottom trawlers
in the western Mediterranean. Aquatic Conserv: Mar. Freshw. Ecosyst., 25: 678-689.
doi:10.1002/aqc.2463.

Domenech F, Tomas J, Merchan M (2014) Conservacion de la tortuga boba (Caretta caretta) en
el Mediterraneo occidental: influencia de la pesca de arrastre. Monografias de la Asociacion
Chelonia, Volumen VIII edited by Asociacion Chelonia, 09/2014; Asociacion Chelonia.
ISBN: 978-84-617-1549-7.

Doyle TK, Houghton JDR, McDevitt R, Davenport J, Hays GC (2007) The energy density of
jellyfish: Estimates from bomb-calorimetry and proximatecomposition. J Exp Mar Biol
Ecol 343: 239-252.

Eckert SA, Moore JE, Dunn DC, Sagarminaga van Buiten R, Eckert KL, Halpin PN (2008)
Modelling loggerhead turtle movement in the Mediterranean: importance of body size and
oceanography. Ecol Appl 18: 290-308.

Ehrhart LM, Bagley DA, Redfoot WE (2003) Loggerhead turtles in the atlantic ocean:
geographic distribution, abundance and population status. In: Bolten AB, Witherington BE
(eds) Loggerhead Sea Turtles. Smithsonian Books, Washington D.C., pp. 157-174.

Epperly S (2003) Fisheries-related mortality and turtle excluder devices (TEDs). In: Lutz, P.L.,
Musick, L.A., Wyneken, J. (Eds.) The biology of sea turtles. Volume 1l. CREC Pres, Boca
Raton, pp. 339-353.

Estrada JA, Lutcavage M, Thorrold SR (2005) Diet and trophic position of Atlantic bluefin tuna
(Thunnus thynnus) inferred from stable carbon and nitrogen isotope analysis. Mar Biol 147:
37-45.

Falautano M, Castriota L, Finoia MG, Andaloro F (2007) Feeding ecology of little tunny,
Euthynnus alletteratus, in the central Mediterranean Sea. J Mar Biol Ass UK 87: 999-1005.

Farrugio H, Oliver P, Biagi F (1993) An overview of the history, knowledge, recent and future
research trends in Mediterranean fisheries. Scientia Marina 57, 105-119.

Ferretti F, Myers RA, Serena F, Lotze HK (2008) Loss of large predatory sharks from the
Mediterranean Sea. Conservation Biology 22, 952-964.

Finkbeiner EM, Wallace BP, Moore JE, Lewison RL, Crowder LB, Read AJ (2011) Cumulative
estimates of sea turtle bycatch and mortality in USA fisheries between 1990 and 2007.
Biological Conservation 144:; 2719-2727.

123


https://www.researchgate.net/publication/279059175_Conservacin_de_la_tortuga_boba_%28Caretta_caretta%29_en_el_Mediterrneo_occidental_influencia_de_la_pesca_de_arrastre?ev=prf_pub
https://www.researchgate.net/publication/279059175_Conservacin_de_la_tortuga_boba_%28Caretta_caretta%29_en_el_Mediterrneo_occidental_influencia_de_la_pesca_de_arrastre?ev=prf_pub

REFERENCIES

Fujiwara M, Caswell H (2001) Demography of the endangered North Atlantic right whale.
Nature, 414: 537-541.

Garcia-Parragal D, Crespo-Picazol JL, Bernaldo de Quir6s Y, Cervera V, Marti-Bonmati L,
Diaz-Delgado J, Arbelo M, Moore MJ, Jepson PD, Fernandez A (2014) Decompression
sickness (‘the bends’) in sea turtles. Dis Aquat Org 111: 191-205.

Gerber LR, Hilborn R (2001) Catastrophic events and recovery from low densities in
populations of otariids: implications for risk of extinction. Mammal Review. 31:131-150.

Gili JM, Pages F (2005) Jellyfish blooms. Boll Soc Hist Nat Balears 48: 9-22.

Gilman E, Gearhart J, Price B et al. (2010) Mitigating sea turtle by-catch in coastal passive net
fisheries. Fish Fish 11: 57-88.

Gilman E, Lundin C (2009) Minimizing bycatch of sensitive species groups in marine capture
Fisheries: Lessons from commercial Tuna Fisheries. In: Handbook of Marine Fisheries
Conservation and Management (eds Q. Grafton, R. Hillborn, D. Squires, M. Tait and M.
Williams). Oxford University Press, Oxford, 150-16.

Gilman E, Kobayashi D, Swenarton T, Brothers N, Dalzell P, Kinan-Kelly I (2007) Reducing
seaturtle interactions in the Hawaii-based longline swordfish fishery. Biol.Conserv. 139:
19-28. doi:10.1016/j.biocon.2007. 06.002 .

Gilman E, Zollett E, Beverly S, Nakano H, Davis K, Shidoe D, Dalzell P, Kinan I (2006)
Reducing sea turtle bycatch in pelagic longline fisheries. Fish and Fisheries 7:1-22.

Godley BJ, Blumenthal JM, Broderick AC, Coyne MS, et al. (2008) Satellite tracking of sea
turtles: Where have we been and where do we go next? Endangered Species Research 4: 3—
22.

Godley BJ, Gucu AC, Broderick AC, Furness RW, Solomon SE (1998a) Interaction between
marine turtles and artisanal fisheries in the eastern Mediterranean: a probable cause for
concern? Zoology in the Middle East 16, 49-64.

Godley BJ, Thompson DR, Waldron S, Furness RW (1998b) The trophic status of marine turtles
as determined by stable isotope analysis. Marine Ecology Progress Series 166:; 277-284.

GoOmez de Segura A, Tomas J, Pedraza SN, Crespo EA, Raga JA (2003) Preliminary patterns of
distribution and abundance of loggerhead sea turtles, Caretta caretta, around Columbretes
Islands Marine Reserve, Spanish Mediterranean. Marine Biology, 143: 817-823.

GOmez de Segura A, Tomas J, Pedraza SN, Crespo EA, Raga JA (2006) Abundance and
distribution of the endangered loggerhead turtle in Spanish Mediterranean waters and the
conservation implications. Animal Conservation, 9: 199-206.

Goy J, Morand P, Etienne M (1989) Long-term fluctuations of Pelagia noctiluca (Cnidaria,
Scyphomedusa) in the western Mediterranean Sea. Prediction by climatic variables. Deep-
Sea Res 36: 269-279.

Hall MA, Alverson DL, Metuzals Kl (2000) By-catch: problemsand solutions. Mar Pollut Bull
41: 204-219. doi:10.1016/S0025-326X(00)00111-9

Hall MA (1996) On by-catches. Rev Fish Biol Fish 6:319-352.

124



REFERENCIES

Hamann M, Godfrey MH, Seminoff JA, Arthur K, Barata PCR, et al. (2010) Global research
priorities for sea turtles: informing management and conservation for the 21st century.
Endanger Species Res 11: 245-2609.

Henderson AC, Flannery K, Dunne JA (2001) Observations on the biology and ecology of the
blue shark in the north-east Atlantic. J Fish Biol 58: 1347-1358.

Heppell SS, Crowder LB, Menzel TR (1999) Life table analysis of long-lived marine species,
with implications for conservation and management. In Life in the Slow Lane: Ecology and
Conservation of Long-Lived Marine Animals (ed. Musick, J.A.). American Fisheries
Society Symposium 23, Bethesda, MD, pp. 137-148.

Heppell SS, Heppell SA, Read AJ, Crowder LB (2005) Effects of fishing on long-lived marine
organisms. In E.A. Norse, L.B. Crowder, editors. Marine conservation biology: the science
of maintaining the sea’s biodiversity. Island press, Washington, D.C. pp 211-231.

Hochscheid S, Bentivegna F, Bradai MN, Hays GC (2007) Overwintering behaviour in sea
turtles: dormancy is optional. Marine Ecology Progress Series, 340: 287—-298.

Hochscheid S, Bentivegna F, Hays GC (2005) First records of dive durations for a hibernating
sea turtle. Biology Lettersl: 82—86.

Houghton JDR, Broderick AC, Godley BJ, Metcalfe JD, Hays GC (2002) Diving behaviour
during the interesting interval for loggerhead turtles Caretta caretta nesting in Cyprus.
Marine Ecology Progress Series, 227: 63-70.

Howell E, Hoover A, Benson SR, Bailey H, Polovina JJ, Seminoff JA, et al. (2015)
Enhancingthe Turtle Watch product for leatherback sea turtles, a dynamic habitat model for
ecosystem-based management. FishOceanogr. 24, 57-68.d0i:10.1111/fog.12092.

Howell E, Kobayashi D, Parker D, Balazs G, Polovina J (2008) Turtle Watch :a tool to aid in
the by-catch reduction of loggerhead turtles Caretta caretta in the Hawaii-based pelagic
longline fishery. EndangerSpecies Res. 5,267-278.doi:10.3354/esr00096.

Jackson JB, Kirby MX, Berger WH, Bjorndal KA, Botsford LW, Bourque BJ, Bradbury RH,
Cooke R, Erlandson J, Estes, et al. (2001) Historical overfishing and the recent collapse of
coastal ecosystems. Science 293: 629-638.

Jribi I, Bradai MN, Bouain A (2007) Impact of trawl fishery on marine turtles in the Gulf of
Gabes, Tunisia. Herpetological Journal 17, 110-114.

Jribi I, Echwikhi K, Bradai MN, Bouain A (2008) Incidental capture of sea turtles by longlines
in the Gulf of Gabes (South Tunisia): a comparative study between bottom and surface
longlines. Scientia Marina 72: 337-342.

Kamezaki N, Matsuzawa Y, Abe O, Asaka H, et al. (2003) Loggerhead turtles nesting in Japan.
In: Bolten AB, Witherington BE (eds) Loggerhead sea turtles. Smithsonian Books,
Washington, DC, p 210-217.

Karamanlidis AA, Androukaki E, Adamantopoulou S, et al. (2008) Assessing accidental
entanglement as a threat to the Mediterranean monk seal Monachus monachus. Endangered
Species Research 5: 205-213.

Kyrtatos NA (1982) Investigation on fishing and biology of the most important fishes of the
region around the Aegean Sea. Island of Tinos. Thalassographica 5(specl. publ.): 88.

125



REFERENCIES

Koch V, Nichols WJ, Peckham H, De La Toba V (2006) Estimates of sea turtle mortality from
poaching and bycatch in Bahi’a Magdalena, Baja California Sur, Mexico. Biol Conserv
128: 327-334.

Komoroske LM, Lewison RL (2015) Addressing fisheries bycatch in a changing world. Front.
Mar. Sci. 2: 83. doi: 10.3389/fmars.2015.00083.

Laurent L, Casale P, Bradai MN, et al. (1998) Molecular resolution of marine turtle stock
composition in fishery bycatch: a case study in the Mediterranean. Molecular Ecology 7,
1529-1542.

Laurent L, Abd EI-Mawla EM, Bradai MN, Demirayak F, Oruc A (1996) Reducing sea turtle
mortality induced by Mediterranean fisheries: trawling activity in Egypt, Tunisia and
Turkey. Report for the WWF International Mediterranean Programme. WWF
Project9E0103., 32.

Laurent L, Lescure J, Excoffier L, Bowen B, Domingo M, Hadjichristophrou M, Kornaraki L, et
al. (1993) Genetic studies of relationships between Mediterranean and Atlantic populations
of loggerhead turtle Caretta caretta with a mitochondrial marker. Comptes Rendus de
1’Académie des Sciences—Sciences de la Vie, 316: 1233-1239.

Legovic T (1991) Causes, consequences and possible control of massive occurrence of jellyfish
Pelagia noctiluca in the Adriatic Sea. In UNEP: Jellyfish blooms in the Mediterranean. Proc
Il Workshop on Jellyfish in the Mediterranean Sea, MAP Tech Rep Ser 47: 128-132.

Lewison RL, Crowder LB, Wallace BP, Moore JE, CoxT, Zydelis R, et al. (2014) Global
patterns of marine mammal, seabird, and seaturtle bycatch reveal taxa-specific and
cumulative megafauna hotspots. PNAS. 111, 5271-5276.doi:10.1073/pnas.1318960111.

Lewison RL, Wallace B, Alfaro-Shigueto J, Mangel JC, Maxwell SM, Hazen EL (2013)
Fisheries bycatch of marine turtles: lessons learned from decades of research and
conservation. In Biology of Sea Turtles, (Eds.) Wyneken J, Lohmann K, Musick J. CRC,
Boca Raton, FL. Vol 3, pp 329-352.

Lewison RL, Soykan CU, Cox T, Peckham H, Pilcher N, LeBoeuf N, McDonald S, Moore JE,
Saina C, Crowder LB (2011) Ingredients for addressing the challenges of isheries bycatch.
Bulletin of Marine Science 87(2):235-250. doi:10.5343/bms.2010.1062.

Lewison RL, Crowder LB (2007) Putting longline bycatch of sea turtles into perspective.
Conservation Biology 21, 79-86.

Lewison RL, Crowder LB, Read AJ, Freeman SA (2004a) Understanding impacts of fisheries
bycatch on marine megafauna. Trends in Ecology and Evolution 19, 598-604.

Lewison, R.L., Freeman, S.A. and Crowder, L.B. (2004b) Quantifying the effects of fisheries on
threatened species: the impact of pelagic longlines on loggerhead and leatherback sea
turtles. Ecology Letters 7, 221-231.

Lewison R, Crowder LB, Shaver DJ (2003) The Impact of turtle excluder devices and fisheries

closures on loggerhead and Kemp’s ridley strandings in the western Gulf of Mexico.
Conserv. Biol. 17: 1089-1097. doi:10.1046/j.1523- 1739.2003.02057 .x.

Lewison RL, Crowder L (2003) Estimating fishery bycatch and effects on a vulnerable seabird
population. Ecol. Appl. 13, 743-753.

126



REFERENCIES

Lien J, Stenson GB, Carver S, Chardine J (1994) How many did you catch? The effect of
methodology on bycatch reports obtained from fishermen. Reports of the International
Whaling Commission (Special Issue), 15: 535-540.

Lilley MKS, Beggs SE, Doyle TK, Hobson VJ, Stromberg KHP, et al. (2011) Global patterns of
epipelagic gelatinous zooplankton biomass. Mar Biol 158:2429-2436.

Limpus CJ, Limpus DJ (2003a) Loggerhead turtles in the equatorial and southern Pacific Ocean.
In: Bolten AB, Witherington BE (eds) Loggerhead sea turtles. Smithsonian Books,
Washington, DC, p 199-20.

Lloris D, Meseguer S (2000) Recursos marins del Mediterrani. DARP, Barcelona. 240 p.

Lucchetti A, Sala A (2010) An overview of loggerhead sea turtle (Caretta caretta) bycatch and
technical mitigation measures in the Mediterranean Sea. Rev Fish Biol Fish, 20:141-161.
doi: 10.1007/s11160-009-9126-1.

Lutcavage ME, Plotkin P, Witherington BE, Lutz PL (1997) Human impacts on sea turtle
survival. In; The Biology of Sea Turtles. CRC Marine Science Series (eds P.L. Lutz and
J.A. Musick). CRC Press, Inc., Boca Raton, Florida, pp. 387-409.

MAGRAMA, Ministerio de Agricultura, Alimentacion y Medioambiente. Estadisticas de la
Flota Pesquera espafiola. http://www.magrama.gob.es/es/estadistica/temas/estadisticas-
pesqueras/pesca-maritima/estadistica-flota-pesquera/. Consultat el 15 d’octubre de 2015.

Malej A (1989) Behaviour and trophic ecology of the jellyfish Pelagia noctiluca (Forsskal,
1775). J Exp Mar Biol Ecol 126: 259-270.

Mancini A, Koch V, Seminoff JA, Madon B (2011) Small-scale gill-net fisheries cause massive
green turtle Chelonia mydas mortality in Baja California Sur, Mexico. Oryx 46(1): 69-77.

Mansfield KL, Wyneken J, Porter WP, Luo J. (2014) First satellite tracks of neonate sea turtles
redefine the ‘lost years’ oceanic niche. Proc. R. Soc. B. 281: 20133039.
http://dx.doi.org/10.1098/rsph.2013.303.

Margaritoulis D, Politou C-Y, Laurent L (2003b) Assessing marine turtle bycatch in the trawl
fisheries of Greece. In: First Mediterranean Conference on Marine Turtles (eds D.
Margaritoulis and A. Demetropoulos). Barcelona Convention — Bern Convention — Bonn
Convention (CMS), Nicosia, Cyprus, pp. 176-180.

Massuti E, Refiones O (2005) Demersal resource assemblages in the trawl fishing grounds off
the Balearic Islands (western Mediterranean). Scientia Marina, 69: 167-181.

Massuti E, Deudero S, Sanchez P, Morales-Nin B (1998) Diet and feeding of dolphinfish
(Coryphanea hippurus) in western Mediterranean waters. Bull Mar Scie 63:329-341.

Mayol J, Muntaner J, Aguilar R (1988) Incidencia de la pesca accidental sobre las tortugas
marinas en el Mediterraneo espafiol. Butlleti de la Societat d’Historia Natural de les
Balears, 32: 19-31.

Meotti C, Podesta M (1997) Stomach contents of striped dolphins, Stenellacoeruleoalba
(Meyen, 1833) from the western Ligurian Sea (Cetacea, delphinidae). Atti soc it Sci Nat
Museo civ Stor Nat Milano 137: 5-15.

Molinero JC, Ibanez F, Nival P, Buecher E, Souissi S (2005) North Atlantic climate and
northwestern Mediterranean plankton variability. Lim Ocean 50:1213-1220.

127



REFERENCIES

Morovic D (1961) Contribution to the knowledge of the nutrition of blue-fin tuna (Thunnus
thynnus L.) in the Adriatic from fishes caught with ring nets. Proceedings and Technical
Papers of the General Fisheries Council for the Mediterranean 6: 155-157.

Myers RA, Worm B (2003) Rapid worldwide depletion of predatory fish communities. Nature
423, 280-283.

Nada M, Casale P (2011) Sea turtle bycatch and consumption in Egypt threatens Mediterranean
turtle populations. Fauna & Flora International, Oryx , 45(1), 143-149
doi:10.1017/S003060531000128.

NMFS-SEFSC (National Marine Fisheries Service-South East Fisheries Science Center) (2001)
Stock assessments of loggerhead and leatherback sea turtles and assessment of the impact
of the pelagic long-line fishery on the loggerhead and leatherback sea turtles of the western
North Atlantic. US Department of Commerce, NOAA Technical Memorandum, NMFS-
SEFSC-455.

Orsi Relini L, Garibaldi F, Cima C, Palandri G (1995) Feeding of the swordfish, the bluefin and
other pelagic nekton in the western Ligurian Sea. SCRS/92/91 ICCAT 44: 283-286.

Oruc A (2001) Trawl fisheries in the eastern Mediterranean and its impact on marine turtles.
Zoology in the Middle East 24, 119-125.

Oztirk B, Salman A, Ozturk AA, Tonay A (2007) Cephalopod remains in the diet of striped
dolphins (Stenella coeruleoalba) and Risso’s dolphins (Grampus griseus) in the eastern
Mediterranean Sea. Vie Milieu 57: 57-63.

Parga ML (2012) Hooks and sea turtles: a veterinarian’s perspective. Bull Mar Sci 88: 731-741.

Parsons TR (1995) The impact of industrial fisheries on the trophic structure of marine
ecosystems. In: Polis GA, Winemiller KO, (Eds.) Food Webs: Integration of Patterns and
Dynamics, Chapman & Hall, New York. pp 352-357.

Pauly D, Watson R, Alder J (2005) Global trends in world fisheries: Impacts on marine
ecosystems and food security. Philosophical Transactions of Royal Society B, 360, 5-12.

Pauly D, Christensen V, Guénette S, Pitcher TJ, Sumaila UR, Walters CJ, Watson R, Zeller D
(2002) Towards sustainability in world fisheries. Nature, 418, 689-695.

Pauly D, Christensen V, Dalsgaard J, Froese R, Torres FJr (1998) Fishing down marine food
webs. Science, 279, 860-863.

Peckham SH, Maldonado-Diaz D, Koch V, Mancini A, Gaos A, et al. (2008) High mortality of
loggerhead turtles due to bycatch, human consumption and strandings at Baja California
Sur, Mexico, 2003 to 2007. Endanger Species Res 5: 171-183.

Peckham SH, Diaz DM, Walli A, Ruiz G, Crowder LB, et al. (2007) Small-scale fisheries
bycatch jeopardizes endangered pacific loggerhead turtles. PLoS ONE, 2(10): el1041.
doi:10.1371/journal.pone.0001041.

Piovano S, Basciano G, Swimmer Y (2012) Evaluation of a bycatch reduction technology by
fishermen: A case study from Sicily. Mar Policy 36(1):272-277.

Piovano S, Clusa M, Carreras C, Giacoma C, Pascual M, Cardona L (2011) Different growth
rates between loggerhead sea turtles (Caretta caretta) of Mediterranean and Atlantic origin
in the Mediterranean Sea. Mar Biol 158: 2577—-2587.

128



REFERENCIES

Piovano S, Swimmer Y, Giacoma C (2009) Are circle hooks effective in reducing incidental
captures of loggerhead sea turtles in a Mediterranean longline fishery?. Aquatic
Conservation: Marine and Freshwater Ecosystems 19, 779-785.

Planque B, Fromentin J-M, Cury P, Drinkwater K, Jennings S, Perry I, Kifani S (2010) How
does fishing alter marine populations and ecosystems sensitivity to climate? Journal of
Marine Systems 79(3-4): 403-417. http://dx.doi.org/10.1016/j.jmarsys.2008.12.018.

Polovina JJ, Howell E, Parker DM, Balazs GH. (2003) Dive-depth distribution of loggerhead
(Carretta carretta) and olive ridley (Lepidochelys olivacea) sea turtles in the Central North
Pacific: might deep longline sets catch fewer turtles? Fishery Bulletin 101: 189-193.

Read A (2008) The looming crisis: interactions between marine mammals and fisheries. J
Mammal 89 (3): 541-548.

Revelles M, Camifias JA, Cardona L, Parga M, Tomas J, Aguilar A, Alegre F, Raga A,
Bortolero A, Oliver G (2008) Tagging reveals limited exchange of immature loggerhead
turtles (Caretta caretta) between regions in the western Mediterranean. Scientia Marina 72:
511-518.

Revelles M, Cardona L, Aguilar A, Sanfelix M, Fernandez G (2007a) Habitat use by immature
loggerhead sea turtles in the Algerian basin (western Mediterranean): swimming behaviour,
seasonality and dispersal pattern. Marine Biology 151: 1501-1515.

Revelles M, Isern-Fontanet J, Cardona L, Sanfelix M, Carreras C, Aguilar A (2007b) Mesoscale
eddies, surface circulation and the scale of habitat selection by 22 immature loggerhead sea
turtles. Journal of Experimental Marine Biology and Ecology 347: 41-57.

Revelles M, Carreras C, Cardona L, Marco A, Bentivegna F, Castillo JJ, DE Martino G, Mons
JL, Smith MB, Rico C, Pascual M, Aguilar A (2007c) Evidence for an asymmetric size
exchange of loggerhead sea turtles between the Mediterranean and the Atlantic trough the
Straits of Gibraltar. Journal of Experimental Marine Biology and Ecology 349: 261-271.

Revelles M, Cardona L, Aguilar A, Fernandez G (2007) The diet of pelagic loggerhead sea
turtles (Caretta caretta)of the Balearic archipelago (western Mediterranean): relevance of
long-line baits. J Mar Biol Ass UK 87: 805-813.

Rivalan P, Barbraud C, Inchausti P, Weimerskirch H (2010) Combined impacts of longline
fisheries and climate on the persistence of the Amsterdam Albatross Diomedea
amsterdamensis. Ibis (Lond 1859) 152(1):6-18.

Romeo T, Consoli P, Castriota L, Andaloro F (2009) An evaluation of resource partitioning
between two billfish, Tetrapturus belone and Xiphias gladius, in the central Mediterranean
Sea. J Mar Bio Ass UK 89(4): 849-857.

Sacchi J (2008) Impact des techniques de péche sur I’environnement en Méditerranée. (Etudes
et revues, Vol. 84), FAO, Rome.

Sanchez P., Sartor P., Recasens L., Ligas A., Martin J., De Ranieri S., Demestre M. (2007)
Trawl catch composition during different fishing intensity periods in two Mediterranean
demersal fishing grounds. Scientia Marina 71:765-773.

Sanz Brau A (1990) Sur la nourriture des jeunes thons rouges Thunnus thynnus (L. 1758) des
cbtes du Golfe de Valence. Rapp Comm Int Expl Sci Mer Médit 32: 274.

129



REFERENCIES

Sasso CR, Epperly SP (2007) Survival of pelagic juvenile log- gerhead turtles in the open
ocean. J Wildl Manag 71: 1830-1835.

Sella 1 (1982) Sea turtles in the eastern Mediterranean and northern Red Sea. In: Biology and
Conservation of Sea Turtles (ed K.A. Bjorndal). Smithsonian Inst. Press, Washington DC,
USA, pp. 417-423.

Seminoff JA, Eguchi T, Carretta J, Allen CD, Prosperi D, Rangel R, Gilpatrick JW, Forney K,
Peckham HS (2014) Loggerhead sea turtle abundance at a foraging hotspot in the eastern
Pacific Ocean: implications for at-sea conservation. Endangered Species Res, 24: 207-22.

Silvani L, Gazo M, Aguilar A (1999) Spanish driftnet fishing and incidental catches in the
western Mediterranean. Biological Conservation 90: 79-85.

Sinopoli M, Pipitone C, Campagnuolo S, Campo D, Castriota L, et al. (2004) Diet of young-of-
the-year bluefin tuna, Thunnus thynnus (Linnaeus, 1758), in the southern Tyrrhenian
(Mediterranean) Sea. J Appl Ichthyol 20: 310-313.

Smith CJ, Papadopoulou KN, Diliberto S (2000) Impact of otter trawling on an eastern
Mediterranean commercial trawl fishing ground. ICES Journal of Marine Science 57:
1340-1351.

Soykan CU, et al. (2008) Why study bycatch? Endanger Species Res 5: 91-102.
Spotilla JR (2004) Sea turtles. John Hopkins University Press.

Swimmer Y, Suter J, Arauz R, Bigelow K, Lépez A, Zanela I, Bolafios Alan, Ballestero J,
Suérez R, Wang J, Boggs C (2011) Sustainable fishing gear: The case of modified circle
hooks in a Costa Rican longline fishery. Marine Biology 158(4): 757-767.
DOI:10.1007/s00227-010-1604-4.

Swimmer Y, Arauz R, McCracken M, McNaughton L, et al. (2006) Diving behavior and
delayed mortality of olive ridley sea turtles Lepidochelys olivacea alter their release from
longline fishing gear. Mar Ecol Prog Ser 323: 253-261.

Tomas J, Gozalbes P, Raga JA, Godley BJ (2008) Bycatch of loggerhead sea turtles: insights
from 14 years of stranding data. Endangered Species Research, 5: 161-169.

Tomas J, Aznar FJ, Raga JA (2001) Feeding ecology of the loggerhead turtle Caretta caretta in
the western Mediterranean. J Zool Lond 255: 525-532.

Tuck GN, Polacheck T, Croxall JP, Weimerskirch H (2001) Modelling the impact of fishery by-
catches on albatross populations. J. Appl. Ecol. , 38, 1182-1196.

Tudela S (2004) Ecosystem Effects of Fishing in the Mediterranean: An Analysis of the Major
Threats of Fishing Gear and Practices to Biodiversity and Marine Habitats. (Studies and
Reviews, Vol. 74), FAO, Rome.

UICN Red List of Threatened Species. Disponible a: http://www.iucnredlist.org/. Consultat el 15
d’octubre de 2015.

UICN Marine Turtle Specialist Group. Caretta caretta. The IUCN Red List of Threatened
Species  1996: e.T3897A10159448. Consultat el 15 d’octubre de 2015.
http://dx.doi.org/10.2305/IUCN.UK.1996.RLTS.T3897A10159448.en .

130



REFERENCIES

Wallace BP, Kot C, Dimatteo A, Lee T, Crowder L, Lewison R (2013) Impacts of fisheries
bycatch on marine turtle populations worldwide: toward conservation and research
priorities. Ecosphere 4: 1-49. doi:10.1890/ES12- 00388.1.

Wallace BP, et al. (2011) Global conservation priorities for marine turtles. PLoS ONE
6:24510.

Wallace BP, Lewison RL, McDonald S, McDonald R, Cot CY, et al. (2010a) Global patterns of
marine turtle bycatch. Conservation letters 3(2): 1-12. Washingon DC: Smithsonian
Institution Press. 367-396.

Wallace BP et al. (2010b) Regional management units for marine turtles: A novel framework
for prioritizing conservation and research across multiple scales. PLoS ONE 5:15465.

Watson JW, Epperly SP, Shah AK, Foster DG (2005) Fishing methods to reduce seaturtle
mortality associated with pelagic longlines. Can J Fish Aquat Sci 62: 965-981.
doi:10.1139/f05-004.

Williard A, Parga M, Sagarminaga R, Swimmer Y. (2015) Physiological ramifications for
loggerhead turtles captured in pelagic longlines. Biol. Lett. 11: 20150607.
http://dx.doi.org/10.1098/rsbl.2015.0607.

Witherington B, Kubilis P, Brost B, Meylan A (2009) Decreasing annual nest counts in a
globally important loggerhead sea turtle population. Ecol Appl 19: 30-54.

Wyneken J, Lohmann KJ, Musick JA (Eds.) (2013) The Biology of Sea Turtles, vol. 1ll. CRC
Press, Boca Raton, FL, p. 457 pp.

131






La tortuga babaua és una espécie amenacada, que ha experimentat una greu reduccio de
les seves poblacions a nivell mundial. En aquest sentit, s’han identificat molts factors
implicats en la mortalitat d’aquesta espécie pero, de tots ells, el més significatiu és la
pesca. En el cas del mar Mediterrani occidental, tradicionalment, la captura accidental
de tortugues marines havia estat relacionada majoritariament amb el palangre de
superficie, i molts estudis han confirmat que és I’art amb més incidencia al sud de la
Peninsula lIberica. Tot i aixi, s’han anat identificant altres arts de pesca que generen
importants captures en determinades regions, com és el cas de les llles Balears o el mar
Adriatic, on el tresmall de llagosta o I’arrossegament, respectivament, son els arts que
generen més captures. En aquest context, la manca d’informacié sobre I’impacte causat
per la flota de pesca professional catalana va impulsar Pinici d’aquesta tesi, amb la
intencié d’estudiar la seva interacci6 amb la tortuga babaua a Catalunya. D’aquesta
manera, ’objectiu principal d’aquesta tesi és estimar la mortalitat generada per la pesca
professional al mar Mediterrani occidental, aixi com avaluar el paper que té aquesta
espécie dins el conjunt de I’ecosistema, de manera que es puguin fer paleses les
consequencies que comporta la reduccié de les seves poblacions.




