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Capitulo 1 Introduccién General

1. 1Introduccion general

Intentando responder la pregunta ¢ Como cambian, se adaptan o desaparecen las
especies de fauna al aparecer algas invasoras del gémalerpa? La presente tesis
doctoral reune los trabajos realizados durante el periodo comprendido entre 2004-2008
con el objetivo de analizar leespuesta de la fauna de las praderasasdonia
oceanica, principal productor primario del Mediterraneo, anteinteoduccion y
desarrollo dealgas del génerodlilerpa.

Para la realizacion del presente trabajo se han combinado metodologias clasicas
de estudio de bentos con metodologias mas novedosas, como la aplicacion de
biomarcadores de estrés oxidativo e isotopos estables. Ademas de completarse un
estudio de la evolucién anual de concentracion de caulerpenina, toxina propia de

caulerpales, en las tres especies de Caulerpa presentes en el mar Mediterraneo.

La estructura del presente trabajo se ha dividido en 7 capitulos:
" Capitulo 1, introduccion con tres apartados principales:
o0 Especies invasoras.
o Praderas de Posidonia oceanica, caulerpales e invertebrados.
o Caulerpenina y biomarcadores de estrés oxidativo.
" Capitulos 2, 3, 4 y 5, resultados de los trabajos de faunistica en
caulerpales:
o Cambios en las comunidades de moluscos.
o Cambios en las comunidades de decapodos.
o Cambios en las comunidades de poliquetos.
o Cambios en la comunidad general.
" Capitulo 6, ciclo anual de concentracion de caulerpenir@agierpay
aplicacion de biomarcadores de estrés oxidativo en relacion a la
concentracion del metabolito secundario caulerpenina.

. Capitulo 7, sintesis de los resultados mas destacables obtenidos.

La estructura de cada capitulo consta de:

" Una introduccion de los trabajos realizados.

-13 -



Capitulo 1 Introduccién General

" Una enumeracion de l@nalisis realizados, acompafados de una breve
descripcidon metodoldgica.

" Una relacién de las publicaciones cientificas en preparaciéon, enviadas
y/o aceptadas.

" Y finalmente,una sintesis de los principales resultados y coioclas

obtenidos en el capitulo.

-14 -



Capitulo 1 Introduccién General

1. 2 Especies invasoras

1.2.1 Definicion de especie invasora y problematica

Una especie invasora se define como cualquier espaga translocacion a un
ambiente fuera de su area de distribucion original, dentro de los tiempos histéricos, ha
sido debida a la accién del hombre (de modo intencionado o accidental) (Olenin and
Leppakoski 1999) o a su dispersion activa a través de vias naturales (ej: Estrecho de
Gibraltar) (Streftaris et al. 2005).

Las especies invasoras son un problema a escala global ya que constituyen una
amenaza para la especies nativas (Boudouresque and Verlague 2002). La introduccion

de una especie puede afectar a la fauna y flora nativa a nivel de:

u Introduccién de nuevos depredadores.

" Competencia por los recursos con las especies nativas.

" Mezcla genética con especies nativas proximas.

" Dispersion de sus patdégenos afectando a las especies locales.

" Desplazamiento de especies locales colonizando y cambiando su hbitat.

En el medio marino la presencia de especies invasoras es considerada como un
tipo de contaminacion en auge, con efectos negativos sobre el medio ambiente y la
sociedad, por la presencia de organismos potencialmente peligrosos para la salud, y con
impactos sobre la economia (Carlton and Geller 1993).

Los efectos negativos de la introduccion de especies en el ecosistema han sido
ampliamente estudiados (Streftaris and Zenetos 2006). Un ejemplo del potencial de
impacto de las especies invasoras son los dinoflagelados, cuyos quistes transportados en
aguas de lastre de embarcaciones sEsponsables de mareas rojas tdxicas, con
importantes efectos sobre las pesquerias y la salud humana (Ruiz et al. 1997).

Sin embargo, no siempre los ejemplos de introduccibn de especies son
considerados como negativos. En algunos casos, la especie invasora tiene efectos
positivos en sectores comerciales como la acuicultura (FAO DIAS 1998), en pesquerias

(aumentando los stocks) y en la pesca recreativa (Minchin and Rosenthal 2002).

-15 -



Capitulo 1 Introduccién General

Algunos casos de especies introducidas que han adquirido importancia comercial a nivel
local para consumo humano son el gasterofatdombus persicug el cangrejo azul
Callinectes sapidus (Mienis 1999).

El nimero de especies invasoras conocidas emedio marino esté relacionado
con los recursos materiales y humanos empleados en el estudio del medio ambiente. Las
areas geograficas con una mayor o menor incidencia de especies invasoras y los grupos
zoologicos mas invasores dependen del nimero de estudios realizados en cada zona
geografica y el nUmero de expertos taxbnomos en la region. Un caso claro es la costa
norte de Africa donde la citacion de especies invasoras es claramente inferior a la costa

Europea de Mediterraneo (Boudouresque and Verlaque 2002; Zenetos et al. 2003).

1.2.2 Especies invasoras en el mMtediterraneo y Baleares

La posible pérdida de biodiversidad tiditerraneo asociada a la presencia de
especies introducidas es una disciplina de la ecologia marina en continuo estudio. A dia
de hoy la introduccién de especies no ha supuesto la extincion de especies nativas
(Boudouresque 2004); sin embargo, aungque no se extingan, las especies mediterraneas
se ven desplazadas por las invasoras, las cuales pueden ser favorecidas en algunos casos
por la accion del hombre (provocando la alteracion del habitat y calentamiento global)
(Galil 2007).

Los vectores de introduccién de especies en el Mediterraneo son muy diversos,
destacandose por su importancia:

" Apertura de Canal de Suez; es el principal vector de entrada de especies
en la cuenca Mediterranea. Tras su construccion en 1869, se unieron dos
regiones biogeograficata Atlantico-Mediterrdnea con la Indo-Pacifica
permitiendo la dispersién de especies desde la regién Indo-Pacifica al
Mediterraneo Oriental, y con el paso del tiempo y el calentamiento del

Mediterraneo, hasta el Mediterraneo Occidental.

. El transporte maritimo (aguas de lastrebipfouling), es el segundo
vector de entrada de especies invasoras en el Mediterraneo. ElI mar
Mediterraneo presenta un elevado trafico maritimo comercial, que se ha

incrementado probablemente desde la apertura del canal de Suez.
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" La acuicultura es el tercer vector en importancia en el mar Mediterraneo.
El cultivo de una especie fuera de su region de distribucion original, sin
las oportunas medidas de control, puede permitir que el organismo
cultivado escape al medio y establezca poblaciones naturales por sus
propios medios (Verlaque 2001).

" Las via de comunicacion natural, Estrecho de Gibraltar, permite que la

entrada de especies Atlanticas en la cuenca Mediterranea.

" La introduccién de especies es una realidad en la que un 10 % del total
de especies introducidas no se sabe con certeza su vector (Fig 1).

Desconocido Otros Tran§port(
10% 1% marftimo
20%

Estrecho Gibraltar
6% i

Canal de Suez
52%

Fig. 1: Vectores de entrada de especies invasoras en el mar Mediterrdneo (extraido de:
Streftariset al.2005).

En Baleares las especies invasoras con caracter invasor mas importante
detectadas son el decapoBercnon gibbess(H. Milne Edwards)y las macroalgas
Lophocladia lallemandii (Montagne) Womersleyella setacea(Hollenberg)
Acrothamnion preisii{Sonder) Asparagopsis taxiformi¢Delile), Caulerpa racemosa
var cylindracea (Forsskal) y Caulerpa taxifolia (Vahl) C. Agardh.

Las macroalgas del géne@aulerpason plantas que desarrollan praderas sobre
fondos arenosos y fangosos litorales, en ocasiones, ocupados previamente por
angiospermas marinas. Las pradera€delerpaspp estan formadas por clones que se

inician a partir del asentamiento en el substrato de un zigoto o fragmento de talo, el
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cual, desarrolla un cuerpo vegetativo que consta de un eje principal reptante fijado en el
sustrato mediante rizoides del que surgen frondes fotosintéticos. Presentan una
estructura sifonal, consecuencia de la cual cada cl@adkerpaesta formado por una

Gnica célula multinucleada que contiene entre una y varias vacuolas y una capa fina
periférica de protoplasma. Las caulerpales presentan un rapido crecimiento, favorecido,
por las altas temperaturas estivales (Terrados and Ros 1995).

Caulerpa taxifolia(Vahl) C. Agardh, alga de origen tropical, accidentalmente
introducida en el mar Mediterraneo en 1984 desde el acuario de Mdénaco (Jousson et al.
1998). Quince afios después de su introduc€onaxifolia se encuentra en las costas
de Francia, ltalia, Croacia, Tunez y Espafia (Meinesz 2004). Esta alga se caracteriza por
un rapido crecimiento, gran capacidad de formar praderas densas (mas de 14.000
frondes/m) y colonizacién de todo tipo de sustratos en la zona infralitoral.

Las concentraciones elevadas de nutrientes favorec€aukerpa taxifolia,
situacion en la que forma praderas monoespecificas, pudiendo desplazar a la flora algal
nativa (Verlaque and Fritayre 1994; Boudouresque et al. 1995), entrando en
competencia por el sustrato con fanerdgamas marinas @ymmdocea nodosy
Posidonia oceanicé&Ceccherelli and Cinelli 1999a; Ceccherelli and Cinelli 199@b).
taxifolia también afecta a la comunidad ictica, formando un entramado de frondes y
estolones sobre el sustrato que impide el acceso al alimento de algunas especies de
peces com®ullus surmuletus (Linnaeus) (Francour 1997; Levi and Francour 2004).

En las BalearegCaulerpa taxifoliase encuentra sélo en la localidad de Cala
d’Or (Mallorca), entre la pradera deosidonia oceanicazonas arenosas Yy sobre
rizomas deP. oceanica. La primera cita de esta especie fue precisamente en Cala d'Or
en el afio 1992, a una profundidad de 6 metros (Pou et al. 1993). Desde el afio 2003
hasta la actualidad, durante la recogida de muestras y trabajos de campo, se ha
observado una reduccién de las areas con presen€latdgifolia. Este algao forma
praderas monoespecificas y las areas donde se ha detectado su presencia estan rodeadas
de Posidonia oceanicdFig. 1) o de fondos arenosos (Fig. 2). En toda la zona no se
encuentran grandes superficies cubiertas de esta caulerpal. Al tratarse de una especie de
afinidad tropical, su biomasa se ve muy reducida durante el periodo invernal, donde la
temperatura puede descender hasta los 13-14 °C.

Caulerpa racemosavar. cylindraceaes un alga de origen australiano cuya
presencia en el mar Mediterrdneo data del afio 1990. Desde esta fecha hasta la
actualidad se ha extendido desde Chipre hasta Espafa llegando a ser incluso citada en

-18 -
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las Islas Canarias (Verlaque et al. 2003; Verlaque et al. 2004). Morfolégicamente se
diferencia deC. taxifoliapor tener unos frondes mas cortos en forma de racimo de uvas.
Su caracter invasor se ve reforzado por el rapido crecimiento que presenta, que le
permite en menos de seis meses cubrir completamente el sustrato reduciendo la
presencia de otras macroalgas (Piazzi and Cinelli 2001; Piazzi et al. 2003). Sus tasas de
crecimiento maximas en Baleares pueden ser de 1 cm en 5 dias (Jorge Terrados y Nuria
Marba com pers). El reemplazo de las comunidades de macroalgas nativas por Caulerpa
racemosavar. ¢/lindraceatiene efectos sobre los invertebrados benténicos, provocando
una proliferacion de poliquetos, bivalvos y equinodermos y una reduccion de

gasteropodos y crustaceos (Argyrou et al. 1999).

Fig 2: Caulerpa taxifoliacreciendo entre la pradera Besidonia oceanicaEn la imagen se puede

observar el cuadrante 20*20 cm utilizado para la recoleccién de muestras de fauna.
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Fig 3: Zona de rizomas deosidonia oceanicaubiertos por arena donde se observa la presencia del
alga invasoraCaulerpa taxifolia.En la imagen se observa q@ taxifolia no ocupa grandes

superficies continuas.

Actualmente en las Islas Balear€s,racemosaar cylindracea crece sobre todo

tipo de sustratos de la zona infralitoral: rocoso, coraligeno, rizomRod&onia
oceanicay fondos de arena (Ballesteros et al. 1999). Su presencia en Baleares data del
afo 1999, cuando fue identificada en la bahia de Palma (Ballesteros et al. 1999). En las
zonas someras de Portals Vells, area de estudio (Mallorca) (4-8 m€troaemosa

var cylindraceapresenta un ciclo anual de biomasa muy marcado, con una cobertura
total del sustrato durante finales de verano y otofio y pérdida casi completa de su
biomasa visible durante el invierno dejando el sustrato sin cobertura vegetada (Fig 4, 5).
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Fig 4: Zona de rizomas deosidonia oceanicaolonizados poCaulerpa racemossar cylindracea
Al fondo de la imagen se puede observar la pradera de Posidonia.

Fig 5. Caulerpa racemosaar cylindraceacrece desde los bordes de la praderaPdsidonia
oceanicahacia el interior de las zonas no vegetadas. Cubre totalmente el sustrato cuandoalcanza su

biomasa méaxima.
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1.3 Praderas de Posidonia oceanica, Caulerpales e

Invertebrados

La Posidonia oceanica(L.) es una especie endémica de Mediterraneo
ampliamente extendida por toda su cuenca en la que puede formar grandes praderas
desde pocos metros de profundidad hasta 40 metros (Buia et al. 2000). Es considerada
como un ecosistema prioritario por la Unidon Europea en la Directiva Habitats
(92/43/CEE). Las praderas d& oceanicason equiparables en importancia a los
bosques terrestres formados por una sola especie arborea (Teet@g@004). Sobre
sus hojas y rizomas crecen gran cantidad de macroalgas e invertebrados epifitos que
forman una comunidad diversa en especies y compleja en estructura y funcionamiento.
Su importanciano solamente radica en la gran diversidad de especies asociadas que
alberga, sino que es ademas el principal productor primario bentonico y uno de los
ecosistemas mas extendidos en toda la cuenca mediterranea.

Las praderas d@osidonia oceanicason un habitat muy complejo con dos
estratos bien diferenciados: el estrato rizomatico y el estrato folial. El estrato foliar se
caracteriza por ser efimero, produciéndose a lo largo del tiempo una renovacion de las
hojas Estasse ven sometidas a un movimiento continuo debido a la accion del oleaje y
al ramoneo de algunas especies como elSaepa salpa, por lo que en muchos casos,
fragmentos o hojas se pierden de los haces. Las especies que encontramos sobre o entre
las hojas son todas especies tipicas de un habitat fotéfilo (Fig 6) como el gasterépodo
Smaragdia viridis, el decapodo Hippolyte spp y el pez Symphodus spp.

En el estrato rizomatico dBosidonia oceanicanos encontramos con una
comunidad més esciéfila. Se trata de un estrato mas estable y puede presentar una gran
complejidad debido al gran grosor que puede alcanzar (varios metros). Alberga mayor
namero de especies excavadoras y detritivoras, como los crustdigkess dentipes,
Athanas nitescens o los poliquetos Chone collaris, Amphiglena mediterranea.

También es frecuente encontrar especies con migraciones nictamerales, que
generalmente buscan refugio de dia en el rizoma y ascienden al estrato folial durante la
noche, como son los anfipoddsnpeliscaspp, Dexamine spinosa los decapodos
Processa edulis, Calcinus tubulagigCestopagurus timidus

La rigueza y diversidad de especies que encontramos en las praderas de

Posidonia oceanicazonsiderando todos sus estratos, es tal que podemos hablar de mas
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de 123 especies de foraminiferos (Mateu-Vicens com. pers.), 20 de esponjas, 21 de
cnidarios, 3 de platelmintos, 227 de anélidos poliquetos, 201 de moluscos, 139 de
crustaceos, 27 de lofoforados, 26 de equinodermos, 24 de tunicados y 84 de osteictios
(Templado etal, 2004). Algunas de estas especies han evolucionado y desarrollado
adaptaciones para camuflarse y alimentarse dentro de las praderas de faner6gamas como
son algunos signatidos y los peces del género Symphodus, entre otros.

Las praderas dé@osidonia oceanica sufren un proceso de regresion en el
Mediterraneo debido a gran namero de perturbaciones, generalmente asociadas a la
actividad humana (Diaz-Almela et al. 2007). La muert®dgidonia se traduce en una
pérdida de la parte foliar. Los rizomasRleoceanicason una estructura mas persistente
en el tiempo, muy rica en ligninas, que presenta unas tasas de ingesta de herbivoros
practicamente nula. Una vez desaparecida la parte folial de la pradera, la mata muerta es
un sustrato sobre el que las caulerpales se asientan preferencialmente (Gamundi et al,
2006). Este tipo de habitat estd muy extendido a lo largo del litoral Balear y lo podemos
encontrar en grandes extensiones en zonas como la Bahia de Palma o la zona de Puerto
Adriano.

Los efectos deCaulerpa sobre otras macroalgas han sido estudiados,
encontrandose una reduccién de la diversidad (Balata et al. 2004; Piazzi and Ceccherelli
2006). Los trabajos sobre comunidades de invertebradGs temifolia en la actualidad
son escasos Yy tratan principalmente de los cambios en comunidades faunisticas
(BellanSantini et al. 1996; Travizi and Zavodnik 2004), adaptacion de opistobranquios y
uso de los metabolitos secundarios @el€rpa como mecanismos de defensa por parte
de los invertebrados (Guerriero et al. 1995; Thibaut and Meinesz 2000; Gianguzza et al.
2002; Cutignano et al. 2004; Trowbridge 2004; Cavas et al. 2005b), efectos nocivos de
la caulerpenina sobre los huevos de erizo y su escasa importancia en la dieta de
Paracentrotus lividug§Boudouresque et al. 1996; Lemee et al. 1996; Pedrotti et al.
1996; Ganteaume et al. 1998; Pesando et al. 1998; Pedrotti and Lemee 1999; Girard et
al. 2000; Erickson et al. 2006). Los efectosGddaxifoliasobre las especies icticas ha
sido mas estudiado pudiéndose destacar los trabajos sobre el cambio en el
comportamiento del pedullus surmuletugLevi and Francour 2004; Longepierre et al.
2005), cambios en la coloracion de labridos (Levi et al. 2005) y modificaciones en la
composicion de especies que habitan las zonas invadidas (Relini et al. 1998; Uchimura
et al. 1999b; Relini et al. 2000; York et al. 2006).
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Fig 6: Detalle de pradera deosidonia oceanicaEn la imagen puede apreciarse la gran cantidad de
epifitos que pueden presentar las hojaB.deceanica.

En Caulerpa racemosalos trabajos cientificos tratan sus efectos sobre las
comunidades de invertebrados. El primero, desarrollado en Chipre, concluye que la
presencia d€aulerpaafecta negativamente a los moluscos y los poliquetos aumentan
sus abundancias y diversidad (Argyrou et al. 1999). Otro mas reciente, realizado en la
costa de lItalia, concluye que tiene un efecto positivo sobre las comunidades de
moluscos, especialmente para sus formas juveniles (Buia et al. 2001). Ambos trabajos
son muestreos puntuales por lo tanto es dificil de interpretar a que nivel se producen
cambios en las comunidades de invertebrados tras la sustitudRosidenia oceanica
por algas invasoras del género Caulerpa.

Para evidenciar el cambio que produce la caulerpal invasora sobre el bentos se
ha considerado una tercera especie de caul€palerpa prolifera, considerada como
establecida en el Mediterraneo (Fig. 7, 8). Al tratarse de una especie comun de aguas
Mediterraneas y Atlanticas, hay gran cantidad de literatura que trata sobre sus
comunidades de invertebrados y sus variaciones estacionales (Thibaut and Meinesz
2000; Sanchez-Moyano et al. 2001a; Sanchez-Moyano et al. 2001b; Guerra-Garcia et al.
2002; Sanchez-Moyano et al. 2004; de la Rosa et al. 2006). Su comunidad de
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invertebrados es tipica de fondos blandos o arenosos, con los que comparte gran niumero
de especies, pero también aparecen especies especializadas en el consumo @irecto de
prolifera, como son los opistobranquifscobulla fragilis, Oxynoe olivacealobiger
serradifalci. Es por ello que la comunidad @ prolifera presenta una comunidad de
invertebrados asociada caracteristica, con especies muy especializadas a vivir

exclusivamente en zonas con disponibilidad de Caulerpa.

Fig 7 Zona de rizomas deosidonia oceanic&olonizados
por Caulerpa prolifera
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Fig 8 Zona deCaulerpa prolifera.En la imagen se puede ver como la praderdo&idonia

oceanicaen la bahia de Cala d’Or esta muy deteriorada groliferaocupa casi todo el sustrato en

la zona de muestreos.
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1.4 Caulerpenina y Biomarcadores de estrés oxidativo

1.4.1 Metabolitos secundarios, Caulerpenina

Las caulerpales se caracterizan por contener sustancias toxicas para los
herbivoros con la finalidad de evitar ser consumidas (Erickson et al. 2006). Las defensas
de las algas verdes (Chlorophyta) son especialmente disuasorias para los herbivoros
mediante la produccién de metabolitos secundarios repulsivos y toxicos para los
consumidores potenciales (Doty 1966; Maiti et al. 1978; Mahendran et al. 1979; Nielsen
et al. 1982; Schwede et al. 1987; Jung et al. 2002). Entre estas sustancias podemos
encontrar polifenoles, terpenos, bases aminoacidas y compuestos halogenados, que se
caracterizan, por afectar a la palatabilidad del alga. Dentro de los metabolitos
secundarios producidos por las caulerpales, se debe destacar la caulerpenina como
principal sustancia activa inhibidora, tanto del herbivorismo como del epifitismo
(Pohnert and Jung 2003). Esta sustancia afecta negativamente al crecimiento de
microorganismos, al desarrollo de los huevos fecundadd?adeentrotus lividusy
posee efectos citotdxicos sobre las células humanas (ParentMassin et al. 1996; Pesando
et al. 1996; Barbier et al. 2001). La toxicidad de la caulerpenina se incrementa cuando el
alga es dafada, ya que se transforma en oxitoxinas mas toxicas y repelentes (Gavagnin
et al. 1994; Jung and Pohnert 2001). A pesar de su toxicidad, algunas especies de peces
tropicales macroherbivoros ingieren sin problema apar€atdgerpa (Meyer y Paul,

1992).

1.4.2 Estrés oxidativo

La toxicidad del oxigeno se explica por la produccién de los denominados
radicales libres del oxigeno, altamente reactivos y responsables de la lesién e incluso de
la muerte celular en circunstancias patolégicas. Ademas de las especies reactivas de
oxigeno (reactive oxigen species, ROS), hay muchas otras moléculas que pueden ser

origen de especies reactivas, como las derivadas del nitrogeno (tabla 1).
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Tabla 1. Principales especies activas del oxigeno y de los nitrdgenos relacionados con el estrés oxidativo

Radicales No radicales

0o Anidn superoxido H,0, Peroxido de hidrégeno
OoH Radical hidroxilo o, Oxigeno singlete

HO, Radical hidroxiperoxilo HOCI Hipoclorito

ROO Radical peroxilo ONOO Peroxinitrito

RO Radical alcoxilo

NO Oxido nitrico

Estas ROS son altamente reactivas y pueden afectar a las propias estructuras
celulares alterando su funcion (Halliwell 1994). Para contrarrestar estos radicales libres
las células disponen de un complejo sistema antioxidante que les permite mantener un
balance equilibrado y limitar el dafio celular (Clarkson and Thompson 2000). Debido a
que las ROS se generan de forma continuada, es esencial una continua regeneracion de
las defensas antioxidantes para mantener la homeostasis celular (Packer 1997). La
situacidén de estrés oxidativo aparece como consecuencia de un desequilibrio entre la
produccion de especies reactivas y las defensas antioxidantes del organismo (Todorova
et al. 2004).

@ e o,” O, Fe Fe @ H*
Q7 Q7
02 > 02' SOD > H202 » OH > HZO

CAT| (GP GR

GSSG

v

H,O

Fig 6: Principales especies reactivas de oxigeno y enzimas antioxidantes

En los seres vivos, en condiciones normales, las células metabolizan la mayor
parte del oxigeno, incluso el agua sin la formacion de intermediarios toxicos. Sin
embargo una parte de este oxigeno genera ROS mediante la adicion sucesiva de
electrones al oxigeno molecular (Livingstone 2001). Ha sido estimado que
aproximadamente entre el 1-3% del €@nsumido por los animales se transforma en
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ROS. Los sistemas biologicos han desarrollado a lo largo de su evolucion mecanismos
enzimaticos y no enzimaticos para proteger sus componentes celulares del dafio
oxidativo.

El balance entre la generacién y la neutralizacién de ROS por los mecanismos
antioxidantes en el organismo, es lo que se conoce como estrés oxidativo (Davies 1995).
En organismos acuaticos y terrestres el estrés oxidativo se ha convertido en un
importante objetivo de estudios (Ames et al. 1993; Livingstone 2001).

Los seres vivos disponen de un complejo sistema antioxidante que incluye
compuestos y enzimas antioxidantes de vital importancia para eliminar las ROS y
reducir el dafio celular (Clarkson and Thompson 2000). El sistema antioxidante esta
formado por antioxidantes enddgenos que pueden ser enzimaticos, no enzimaticos y
antioxidantes exogenos. Los seres vivos generan ROS de forma continua, por lo es
necesaria la permanente regeneracion de los enzimas antioxidantes para mantener la
homeostasis. Estos antioxidantes actuan reduciendo las ROS, tanto en espacios

intracelulares como extracelulares.

Los antioxidantes actian de diferentes maneras reduciendo las ROS:
" Reduciendo las concentraciones locales de oxigeno libre.

" Quelando iones metalicos o inactivando sustancias prooxidantes.

" Eliminando las especies reactivas de oxigeno o trasformandolas en sustancias

menos activas.

n Previniendo la formacién de radicales libres o evitando la transformaciéon de las

formas mas reactivas en formas mas activas.

" Reparando el dafio oxidativo e incrementando la eliminacion de moléculas

dafadas.

Los enzimas antioxidantes son los principales responsables de la transformacién
de las ROS en especies no reactivas y la reparacion de los posibles dafios de la
oxidacion. Los enzimas antioxidantes primarios encargados de eliminar un tipo concreto
de ROS incluyen la superéxido dismutasa (SOD), glutation peroxidasa (GPX) y la
catalasa (CAT). Es también muy importante la participacion de la glutation reductasa

(GR) que es la responsable de regenerar la glutation para que pueda actuar la GPX.
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SOD
Este enzima es el responsable de la detoxificacion del anién superoxido. El
enzima dismuta los radicales superoxido para generar peréxido de hidrogeno y oxigeno

molecular.

SOC

v

20 + 2H HO; + O
GPX

Es la responsable de la canalizacion de la reduccion del peroxido de hidrogeno
en agua y de hidroperéxidos organicos a alcohol usando el glutation reducido (GSH)
como dador de electrones (Halliwell et al. 1989).

GPX
2GSH + HO, » GSSG + 2HO

2GSH + ROOH > GSSG + ROH

La reaccion realizada mediante el enzima glutation peroxidasa usa como sustrato
glutation reducido (GSH) y se forma glutation oxidado (GSSG). Para que los
mecanismos de detoxificacion de ROS sigan funcionando es necesario reciclar el GSSG
y volver a tener GSH para que la GPX pueda seguir eliminaa@® YHROOH. El
enzima encargado de transformar el GSSG en GSH es la glutatiébn reductasa que
cataliza la siguiente reaccion:
GR

GR

GSSG + NADPH > 2GSH +  NADP

CATALASA

Es el enzima encargado de catalizar la descomposicion del peroxido de

hidrogeno en agua y oxigeno molecular, de una manera independiente a la glutation.

CAT
250, > 2H,0 + O

Los antecedentes sobre la aplicacion de biomarcadores muestran que la
presencia de ROS puede ser incrementada por la presencia de un amplio nimero de
compuestos naturales o producidos por el hombre. Posibles fuentes antropogénicas de
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compuestos que incrementan el ROS y la produccién de otros radicales libres pro-
oxidantes incluyen compuestos organicos, como los PAHs (benceno, productos de
oxidacion de PAH) hidrocarburos halogenados (bromobenceno, PCBs, lindano)
dioxinas y pentaclorofenol, metales (Al, Ar, Cd, Cr, Hg, Ni, Va) gases,(8§) SG),
peroxidos, radiacion ultravioleta, hipoxia e hiperoxia (Livingstone 1991; Livingstone
2001). En la bibliografia podemos encontrar gran numero de trabajos referentes a la
variacion de las defensas antioxidantes y la presencia de contaminantes de origen
antropogénico (Winston and Digiulio 1991; Livingstone et al. 1992; Livingstone et al.
1995; Solé et al. 1996; Bard 2000; Regoli 2000; Martinez-Alvarez et al. 2005;
Valavanidis et al. 2006).

A pesar de que gran parte de los estudios relacionados con el ROS estan
efectuados en relacion a los compuestos producidos por el hombre, existen una serie de
estudios que analizan los efectos de compuestos naturales sobre los organismos
marinos. Un ejemplo es que la produccion de microcistinas por cianobacterias induce
estrés oxidativo en el p&reochromissp (Jos et al. 2005). Ademas de lo anteriormente
explicado, las actividades antioxidantes estan también influidas por factores intrinsecos
de la especie como son la edad del pez, sus habitos alimenticios y factores ambientales
(Martinez-Alvarez et al. 2005).
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Capitulo adaptado de:

A mollusc community associated with the invasiveCaulerpa racemosa in the
Western Mediterranean shallow seagrass bedsn prep. Authors Box, A., Deudero,
S., and Pons, G. X.

How different is the mollusc community between invasiveCaulerpa taxifolia
(Chlorophyta: Caulerpaceae) and establishe®. proliferain shallow seagrass beds

of the Western Mediterranean In prep.Authors Box, A., Deudero, S. and Pons, G. X.
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2.1 Introduccién al capitulo.

En el presente capitulo se analizan los resultados obtenidos referentes a la
abundancia y la diversidad de la fauna de moluscos presen@subtpa racemosa
var. cylindracea, C. taxifolia, C. prolifera y la fanerégama marina Posidonia oceanica.

Los moluscos son un filum dividido en ocho clases, dentro de las cuales,
destacan los bivalvos y gasteropodos por su abundancia y diversidad de especies en
zonas litorales y praderas deosidonia oceanica. Dentro de los gaster6podos,
encontramos especies especializadas en el consumo dire€auti¥pa, como son
Oxynoe olivacea, Lobigeserradifalciy Ascobulla fragilis(Thibaut and Meinesz 2000;
Gianguzza et al. 2002; Cutignano et al. 2004; Trowbridge 2004; Cavas et al. 2005b).
También hay organismos mesoherbivoros, cd@itbum reticulatum, Rissoapp. y
Alvania cimex,gue son capaces de incluir en su dieta todo tipo de macroalgas y, en
algunos casos, tambi€aulerpa. La clase de los bivalvos presenta un elevado niamero
de especies filtradoras que se ven negativamente afectadas por las elevadas biomasas de
Caulerpa prolifera (Sanchez-Moyano et al. 2001b).

En el primer trabajo “A mollusc community associated with the invasive
Caulerpa racemosavar cylindraceain the Western Mediterranearse compara la
abundancia, diversidad de especies y estacionalidad de moluscosCauntegpa
racemosavar. cylindraceay Posidonia oceanica. Para ellos se recogieron muestras
bimensualmenteje diciembre 2003 a febrero de 2005 mediante un cuadrante 20 x 20
cm insertado 5 cm de profundidad en el sedimento.

En las muestras recogidas se han identificado y cuantificado las especies de
moluscos halladas. Simultdneamente se han separado las diferentes fracciones de
Posidonia oceanicdraices, vainas, hojas vivas, hojas muertas) ademas de la biomasa
de Caulerpa racemosaar. cylindraceacuando ésta estaba presente. Con la misma
periodicidad que las muestras de bentos, se recogieraotessle 3.5 cm de diametro
con el objetivo de estimar la granulometria. Estos parametros estrucuturales del habitat
han sido considerados como variables que pueden afectar a los descriptores de la
comunidad de moluscos.

El segundo estudio “How different is the mollusc conmity between invasive
Caulerpa taxifolia (Chlorophyta:Caulerpacea) establishe€. proliferain shallow

seagrass beds of the Western Mediterraneae?4analiza la malacofauna a nivel de
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especies, abundancias y estacionalidad eddnderpa proliferay Caulerpa taxifolia.

Este trabajo se haalizado a lo largo de los afios 2003-2004 mediante la recogida de
muestras con una periodicidad bimensual, con un cuadrante 20 x 20 cm insertado 5 cm
en el sedimento. De las muestras recogidas se han apartado los moluscos encontrados
ademas de separarse las fraccionePak@donia oceanicg la biomasa de€aulerpa

spp. Con la misma periodicidad se recogieron t@®s de diametro 3.5 cm para
estimar la granulometria de las areas estudiadas.

Para comprender el efecto de la biomasa de cawsrmabre la fauna de
moluscos, se han realizado analisis estadisticos con las finalidad de estimar la
importancia de la biomasa d€aulerpa sobre algunas especies de moluscos y
descriptores de la comunidad (abundancias, nUmero de especies, diversidad). En los
trabajos presentados en este capitulo, al completarse uno o dos ciclos anuales de
biomasa deCaulerpa,pueden estudiarse tanto el impacto de la biomadaadéerpa
sobre los moluscos de mandeanporal como a nivel de diferenciacion respecto a la
pradera de Posidonia oceanica.

Para la correcta identificacion de las especies se han utilizado como obras de
referencia los trabajos taxondmicos “Atlante delle conchiglie marine del Mediterraneo”
Vol [, Il 'y 1l (Giannuzi-Savelli et al. 1994; Giannuzi-Savelli et al. 1996; Giannuzi-
Savelli et al. 1999), “European SeaShells” (Poppe and Goto 1991; Poppe and Goto
1993) y las publicaciones de (Nordsieck 1969; Nordsieck 1972; Nordsieck 1982).
Ademas, la clasificacion aqui propuesta se ha comparado con las publicaciones
cientificas disponibles. La correcta nomenclatura de las especies ha sido verificada
mediante el “CLEMAM, Check List of European Marine Mollusca’,

http://www.somali.asso.fr/clemam/index.clemam.htnyy “ERMS, The European

Register of Marine Species”, http://www.marbef.org/data/erms.php
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2.2 A mollusc community associated with invasive
Caulerpa racemosa in the Western Mediterranean shallow

seagrass beds.

Abstract

This study focuses on the mollusc community in an area w@arderpa
racemosavar. cylindraceahas invaded &osidonia oceanicgeagrass meadow. There
were significant differences betweén racemosavar. cylindraceaand P. oceanican
the contribution of structural components Bf oceanicaand the mean grain size
between the two meadows. A total of 1,925 individual molluscs comprising 37 species
were collected in th€. racemosavar cylindraceamats. Twenty bivalve species and
thirty-seven gastropod species were identifie€aulerpamats. The dominant species
of gastropods wer8ittium reticulatum, Alvania cimex, Ascobulla fragilis, Nassarius
incrassatus, Smaragdia viridis, Rissoina bruguieri, Cerithium vulgatumch Gibbula
ardensand for bivalvesGlans trapezia, Ctena decussata, Loripes lacteus, Limaria
hians, Venerupis aurea, Venus verrucosa and Musculus costwees the most
abundant. The highest number of mollusc species (6.75 + 3.39) iacemosavar.
cylindracea was determined according to its maximum biomass. Most of the molluscan
species found iC. racemosavar cylindraceawere typical of those found in seagrass
beds and among photophilous macroalgae. The main differences between the molluscs
found inC. racemosavar. cylindraceavs. inP. oceanicavere due to different numbers
of coincident species such &lans trapezia, Ctena decussata, Alvania ciraex
Rissoina bruguierin C. racemosavar. cylindracea.Moreover,Arca noaeand Striarca
lactea had greater abundances &n oceanicathan C. racemosavar. cylindracea.
Caulerpa racemosaar. cylindraceadoes not affect negatively the mollusc abundances

and diversity. Only one specialised feed&sdobulla fragili3 of Caulerpa was found.

Key words: benthos; Caulerpa racemosa \@tindracea; introduced species;

Marine mollusc; Mediterranean Sea; seaweed.

-39 -



Capitulo 2 Cambios en las comunidades de moluscos

Introduction

The introduction of species is recognised as a major driver of change in marine
environments and contributes to the loss of biodiversity in ecosystems (Sakai et al.
2001). The growth of international shipping, aquaculture and aquarium trade has
promoted the introduction of species in marine ecosystems (Boudouresque and
Verlaque 2002) and consequently has increased the frequency of invasion events. The
main effect of invasive species is a reduction in biodiversity and an alteration of the
structure and functioning of the invaded ecosystems (Mack et al. 2000; Boudouresque
and Verlaque 2002; MacDougall and Turkington 2005).

The presence of alien species in the Mediterranean Sea is an increasing problem,
with approximately 662 introduced species (Gollasch 2006). Currently, 84 introduced
macrophytes are reported to be in the Mediterranean Sea (Boudouresque and Verlaque
2002). Two of these alien algal species belong to the green algae Grulespa: C.
taxifolia andC. racemosaTheir presence induces changes in faunal composition and
abundance in the affected systems, and they are thus becoming a serious problem in the
Western Mediterranean (Pandolfo and Chemello 1995; BellanSantini et al. 1996;
Argyrou et al. 1999; Buia et al. 2001). The geQailerpaproduces anti-herbivorous
secondary metabolites (Amade and Lemee 1998; Jung et al. 2002), with caulerpenyne
being the major one of these; this affects grazers negatively (Boudouresque et al. 1996;
ParentMassin et al. 1996; Pesando et al. 1996; Amade and Lemee 1998; Pesando et al.
1998; Sureda et al. 2006). It also changes the chemical environmental conditions of the
habitat (Amade and Lemee 1998; Sureda et al. 2006).

This study focuses on the macroaldaaulerpa racemosa varylindracea.In
the Mediterranean basi€. racemosavar. cylindracea has been reported in 11
countries: Albania, Croatia, France, Greece, Israel, Italy, Libya, Malta, Spain, Tunisia
and Turkey (Verlagque et al. 2003) and has now reached the Canary Islands (Verlaque et
al. 2004).Caulerpa racemosaar. cylindraceaspreads in sheltered and exposed areas,
colonising all types of substrates in water depths of up to 70 m (Argyrou et al. 1999;
Piazzi and Cinelli 1999; Zuljevic et al. 2003). On Mallorca Island, the first recagd of
racemosavar. cylindracea was reported in 1999 in Palma Bay (Ballesteros et al. 1999)
and it is now common elsewhere around the island (with the exception of the north

coast).
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Posidonia oceanicdL.) Delile seagrass meadows constitute one of the most
important Mediterranean ecosystems with an estimated coverage of between 2.5 and 5.5
million hectares (Buia et al. 2000). Seagrass beds are characterised by a leafy canopy
and root-rhizome layer that significantly influences the fauna associated with it (Buia et
al. 2000; Borg et al. 2006). Even dead (i.e., after losing the foliar strucRosg)onia
beds still support a rich macrofauna in terms of the number of species and diversity
(Borg et al. 2006). Previous work has shown that the colonization of the subst€ate by
racemosachanges the mollusc communities, but there is no clear trend in the magnitude
of this change. Argyrou et al. (1999) found a decrease in the abundance of molluscs in
Cyprus while Buia et al. (2001) detected an increase in mollusc densities at the Gulf of
Salermo; both of these changes were induced by the colonisatidbawerpa
racemosa.

The aim of this work was to study the mollusc community associated with the
presence of invasiv€aulerpa racemosaar. cylindracea. In addition, the seasonal
changes in the mollusc community were studied with special effort in order to clarify
the effect ofC. racemosaar. cylindraceabiomass according its seasonality. This study
was completed with a simultaneous study of the seadras&donia oceanicao
compare the changes in the mollusc community associated with the prese@ice of

racemosa var. cylindracea.

Materials and methods

Study area and sampling design

The study was carried out on Mallorca Island (Balearic Islands, Western
Mediterranean). Two sites, which had similar bathymetry (5-8 m depth) and similar
hydrodynamic regimes (enclosed bays), were seledBallerpa racemosavar.
cylindraceawas collected in Portals Vells Bay, Southwest Mallorca (N 39° 28.321' / E
2° 31.320") Caulerpa racemosaar. cylindraceadoes not form mono-specific mats in
this area and grows ové. oceanicarhizome patches on sandy bottoms and on the
living seagrass. To compare mollusc communities, a likiogidonia oceanica seagrass
bed was chosen. This meadow was located in aGauterpainvaded area in Cala
D’Or Bay, Southeast Mallorca (N 39° 22.164’ / E 3° 13.887" and N 39° 22.028).
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Six replicate samples per meadow on each sampling date were collected
bimonthly during the period from December 2003 until December 2004. One additional
sampling date occurred in February 2005 to sample “zero” biomass (no visible
presence) foC. racemosaar cylindraceaandP. oceanica. Each sample was collected
using a 20 x 20 cm frame inserted 5 cm into the sediment, providing a total sampling
volume of 2,000 cthor a surface area of 400 €nThe frames were sampled by
SCUBA during morning hours (11-12 h GTM). Samples were placed in a 500-pum
plastic mesh bag until being processed at the laboratory.

Simultaneously to faunal samples collection, three cores (3.5 cm diameter) per
meadow and sampling date were inserted 5 cm into the sediment at each location to
characterise grain size. To characterise the sampling zone visually, a digital analysis of
aerial photographs of the sampling area was performed using SIGPAC software version
4.0. This method estimatdebsidonia oceanicdiving meadows and sandy bottoms or
deadPosidoniamats, as well as calculating the amount of substrate totally colonised
during maximum C. racemosa var. cylindracea biomass.

Seawater temperature was recorded using StowAwaipit® (Onset Computer
Corporation, Pocasset, MA, USA) temperature loggers installed permanently at the

sampling depth in both bays.
Sample processing

Individual molluscs were sorted from samples in the laboratory using a
stereosmicroscope. After sorting, organisms were kept in 70% ethanol and identified to
the lowest taxonomic level possible. Identification was not possible for some juvenile
bivalve species and one opistobranch species.

Posidonia oceanica rhizomes, roots, sheaths and leaves were dried for 24 h at
60°C to estimate the percentage contribution to the sample of aboveground (leaves and
flowers) and belowground (roots, rhizomes and sheaths) strudiaekerpa racemosa
var cylindraceabiomass was also dried for 24 h at 60° C to estimate the dry weight of
the algae in the sampl€aulerpa racemosaar. cylindraceabiomassand Posidonia
oceanica structural biomass were also characterized in the samples.

Mean grain size fractions were estimated following the Wentworth scale after

eliminating organic matter from samples usingkiand drying the sample for 24 h.
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Statistical analysis

For community structural parametelPgsidonia oceanicaomponents and grain
size fraction differences between the livilj oceanicameadow and invasive.
racemosa varcylindraceaarea were tested using two-way ANOVA (factors were
meadow (2 levels) and time (6 levels)). Differences in the number of mollusc species
and abundances between meadows were tested by two-way ANOVA (factors were
meadow (2 levels) and time(6 levels)). Analyses were carried out using the SPSS v.
15.0 package.

To analyse differences in mollusc species composition bet@Weaacemosa
var. cylindraceaand a similar area in the. oceanicaseagrass meadow, multivariate
analyses were carried out. Species abundance data (pooled by meadow and date and 4
root transformed to minimise the contribution of dominant species) was analysed using
PRIMER v. 5.0. A ranked triangular matrix was constructed using the Bray-Curtis
similarity algorithm. A representation of the results was obtained with a Cluster
similarity dendrogram. Differences betwe&h racemosavar. cylindracea and P.
oceanica were tested using ANOSIM (PRIMER 5.0). The SIMPER procedure
(PRIMER 5.0) was applied to analyse the mollusc species with the highest contribution
to the dissimilarity between meadows.

Dominance (D) (relative abundance of a particular species within the sample)
was calculated for each bimonthly sample and for the total of all samples collected. The
frequency index was calculated as the percentage of bimonthly samples in which a
particular species was present over the sampling period. The following basic and
derived parameters were also calculated for each sample: number of individuals in the
sample, number of species and Shannon diversity index (Krebs, 1989). The
evenness indexJ) (Pielou, 1969) was also calculated using the DIVERSE routine
(PRIMER v. 5.0). Pearson correlations using SPSS vs. 15.0 examined relationships

between mollusc characteristics with temperature and Caulerpa biomass.
Results

Caulerpa and Posidonia structural factors

Statistical analyses indicated that the percentage contribution &foidonia

oceanica root-rhizome fraction (higher @. racemosa samples) and the canopy of
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Posidonia oceanica (higher if°. oceanicasamples) were significantly different
between meadows (ANOVAp < 0.05), although no temporal trends were observed
(Figs. 1a, 1b). Grain size composition also showed significant differences between
Caulerpa racemosaar. cylindracea andPosidonia oceanica with higher mean grain

size in C. racemosavar. cylindracea (ANOVA, p < 0.05) (Figs. 2a, 2b)A clear
seasonal pattern was observed @aulerpa racemosa&ar. cylindracea with maximal
biomass in the months with warmest water temperatures and null biomass during the
coldest months. It should be noted that 2004 was warm, and during December, the water

temperature was over 20°C, thus affecting the seasonal biomass of Caulerpa (Fig. 3).

C.racemosa var cylindracea P.oceanica
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Figure 1. Posidonia oceanicgercent contribution to samples in both meadows throughout the study

period. (a) Percentage contribution of roots and rhizomes (b) contribution of leaves.
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Figure 3: Seasonality ofCaulerpa racemosaar. cylindraceabiomass expressed as dry weight (DW)

(discontinuous line) with water temperature (continuous line).

The sampling area located in Portals Vells was approximately 1,60This
area was characterised by the presencePaisedonia oceanica seagrass bed with sandy
areas and dead seagrass mats. The maximum estimated extension of substrates
colonised byC. racemosaar. cylindraceawas 403 i Maximum coverage of this area

occurred during October 2004, with the highest C. racemosa var cylindracea biomass.
Mollusc community

A total of 1,925 individual molluscs comprising 37 species were collected in the
C. racemosavar cylindraceamats (Table 1). Twenty bivalve species and thirty-seven
gastropod species were identifiedGaulerpamats. The dominant species (dominance
higher than 1%) of gastropods weBdttium reticulatum, Alvania cimex, Ascobulla
fragilis, Nassarius incrassatus, Smaragdia viridis, Rissoina bruguieri, Cerithium
vulgatum and Gibbula ardermd for bivalvesslans trapezia, Ctena decussata, Loripes
lacteus, Limaria hians, Venerupis aurea, Venus verrucosa and Musculus costulatus
were the most abundafitable 1)
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Table 1: Seasonal mollusc assemblages in @milerpa racemosaar cylindraceameadow. Results are expressed as individualshmindicates the total number of
individuals/nf, D indicates dominance values (number of individuals of each species/total individuals), F is the frequency of appearance (number of samples with presence of

species/ total samples).

Jul-03 Oct-03  Dec-03 Feb-04 Apr-04 Jun-04 Ago-04 Oct-04 Nov-04 Dec-04 Feb-05 N D F
Gastropoda
Bittium reticulatum 0 0 0 0 0 8 0 17 8 8 92 133 6,61 4545
Alvania cimex 0 17 0 8 8 0 17 0 58 2,89 4545
Ascobulla fragilis 25 33 0 0 0 0 0 33 33 124 6,20 36,36
Nassarius cf incrassatus 0 17 0 0 0 0 17 8 0 0 33 75 3,72 36,36
Smaragdia viridis 0 58 0 0 0 0 0 8 0 74 3,72 27,27
Rissoina brugruieri 0 0 0 17 0 33 8 0 0 58 2,89 27,27
Cerithium vulgatum 0 8 8 0 0 8 0 0 0 0 24 124 2727
Gibbula ardens 0 25 0 8 0 0 0 0 0 0 0 33 1,65 18,18
Opistrobranchiap 0 0 0 0 0 0 0 0 0 8 17 25 1,24 18,18
Alvania montagui 0 0 0 17 0 0 0 0 0 0 0 17 0,83 9,09
Alvania cancellata 0 0 0 0 0 0 8 0 0 0 0 8 0,41 9,09
Cylichna cylindracea 0 0 0 0 0 8 0 0 0 0 0 8 0,41 9,09
Mangelia multilineolata 0 8 0 0 0 0 0 0 0 0 0 8 0,41 9,09
Metaxiacf mataxa 0 0 0 0 0 0 0 0 0 0 8 8 0,41 9,09
Petalifera petalifera 0 0 0 0 0 8 0 0 0 0 0 8 0,41 9,09
Payraudeautia intricata 0 0 0 0 0 0 0 8 0 0 0 8 0,41 9,09
Tricolia pullus 0 8 0 0 0 0 0 0 0 0 0 8 0,41 9,09
Bivalvia
Glans trapezia 100 108 33 0 150 33 75 67 125 58 100 849 42491
Ctena decussata 17 0 8 0 8 25 0 8 25 25 0 115 5,79 63,64
Loripes lacteus 17 0 8 0 8 0 0 0 8 0 8 49 2,48 4545
Limaria hians 8 0 0 8 8 0 0 40 2,07 45,45
Venerupis aurea 0 0 0 8 0 0 8 32 1,65 36,36
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Capitulo 2 Cambios en las comunidades de moluscos

Gastropod species Bittium reticulatum, Alvania cimex, Ascobulla fragilis,
Nassarius incrassatus, Smaragdia viridis, Rissoina brugaed Cerithium vulgatum
and bivalve specie&lans trapezia, Ctena decussata, Loripes lacteus, Limaria hians,
Venerupis aureand Venus verrucodaad frequencies of appearance higher than 25%
(Table 1).

There was evidence of significant differences in the number of mollusc species,
in mollusc diversity and in mollusc abundance betw&saulerpa racemosavar.
cylindraceaand Posidonia oceanicdabitats. Higher abundances, more species and
greater diversityere observed in th€. racemosaar. cylindraceaareathan in theP.
oceanicaarea (ANOVA,p < 0.05) (Table 2, Figs. 4a — 4dn theC. racemosavar.
cylindraceaarea, a higher number of species was found in October (five gastropod and
seven bivalve species) and a lower number was found on February 2003 with only three
gastropod species and no bivalve species. The abundanCesanemosdollowed a
different seasonal trend with maximum abundances found during February 2005 when
Caulerpa decreased in biomass; abundance was especially influenced by the presence of
Bittium reticulatum(92 individuals/m) andGlans trapezia (100 individuals/n(Fig. 4

C).

Table 2. ANOVA results for total number of species of mollusc (per sample) and Shannon diversity

index. *p < 0.05 NS Not significant.

Source of df Number speciefper df Shannon-Wiener index
variation sample)(n=6) H’ (per sample)(n=6)
Mean F p Mean F p
square square
Meadow 1 52.56  7.08 NS 1 1.65 4.54 NS
Time 7 0.741 0.10 * 7 0.11 0.291 *
Meadow*time 7 1724  2.32 * 7 111 3.06 *
Residual 48 7.43 48 0.36
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Figure 4: Seasonal changes in molluscs specig3aalerpa racemosaar. cylindraceaand Posidonia

oceanicaareas for (a) number of species, (b) Shannon index and (c) number of individuals/m
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Capitulo 2 Cambios en las comunidades de moluscos

Cluster analysis indicated a clear separation betWZsarerpa racemosaar.
cylindracea samples arfel oceanicasamples except for one sample frénracemosa
var. cylindraceafrom February 2004 and one sampld?obceanicgrom August 2004.
ANOSIM indicated that assemblages sampled from the two mats were significantly
different (Global R = 0.537p < 0.001) (Fig. 5). SIMPER analysis showed an average
dissimilarity of 79.43% between mollusc samples from Ghaacemosanat and the
seagrass bed oP. oceanica. The most important species contributing to the
dissimilarity percentage were the bivalv@tans trapeziaand Ctena decussata, which
contributed more than 6% to the dissimilarity percentage. Overall, the observed
differences from the two studied mats were mainly due to coincident species with
substantial differences in abundance. The abundance was usually higherGn the

racemosa var cylindracea area than in the P. oceanica seagrass bed (Table 3).
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Figure 5. Cluster dendogram representation @dulerpa racemosavar cylindracea and Posidonia

oceanicaseasonal samples. cr me&hgacemosaar. cylindraceaand po meanB. oceanica

-51-



Capitulo 2 Cambios en las comunidades de moluscos

Table 3: Results of the SIMPER analysis for the mollusc species attaining the highest dissimilarity values
between the two groups of samples taken from the two habitats. AA average abundance, AD average
dissimilarity betweenCaulerpa and Posidonia AD/SD ratio of the average dissimilarity/ standard
deviation of dissimilarity for a species. The percentage of contribution to the dissimilarity between

habitats is expressed in Contribution column.

Species AA Caulerpa AA Posidonia AD AD/SD Contribution
Glans trapezia 71.30 16.67 5.12 1.20 6.45
Ctena decussata 11.11 0.00 4.98 1.31 6.27
Bittium reticulatum 14.81 1.04 3.90 1.05 4.90
Loripes lacteus 3.70 6.25 3.68 0.93 4.63
Smaragdia viridis 8.33 3.13 3.38 0.77 4.26
Alvania cimex 4.43 0.00 3.37 0.80 4.25
Arca noae 1.85 4.17 3.33 0.91 4.19
Rissoina brugruieri 6.48 1.04 2.79 0.75 3.51
Striarca lactea 0.93 4.17 2.72 0.77 3.42
Limaria hians 3.70 0.00 2.70 0.87 3.40
Eulimidae sp. 0.00 3.13 2.39 0.72 3.01
Musculus costulatus 3.70 2.08 2.26 0.75 2.85
Nassarius incrassatus 6.48 0.00 2.20 0.69 2.78
Venerupiguv. form 2.78 1.04 2.20 0.75 2.77
Cerithium vulgatum 1.85 1.04 2.16 0.61 2.72
Modiolus barbatus 1.85 2.08 2.16 0.73 2.72
Venerupis aurea 2.78 0.00 2.07 0.69 2.60
Pinna nobilis 0.00 2.08 1.92 0.54 2.42
Ascobulla fragilis 7.41 0.00 1.89 0.52 2.38
Polyplacophora sp. 0.00 4.17 1.82 0.55 2.30
Venus verrucosa 1.85 1.04 1.73 0.62 2.18
Parvicardium exiguum 2.78 1.04 1.57 0.50 1.97
Alvania montagui 1.85 0.00 1.55 0.34 1.95
Opistobranchia sp. 2.78 0.00 1.44 0.53 1.81
Chama gryphoides 0.93 1.04 1.42 0.48 1.78
Modiolarca subpicta 1.85 0.00 1.33 0.52 1.68
Gibbula ardens 0.93 0.00 1.30 0.34 1.64
Musculuguv. forms 1.85 0.00 1.26 0.53 1.58
Musculus laevigatus 0.00 1.04 0.92 0.36 1.19
Tricolia pullus 0.00 1.04 0.92 0.36 1.16
Lucinella divaricata 0.93 0.00 0.89 0.35 1.12
Petalifera petalifera 0.93 0.00 0.78 0.35 0.98
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Pearson correlations among variabfésulerpa biomass, water temperature,
species number, diversity and abundances showed that temperature was positively
correlated withCaulerpa racemosaar. cylindraceabiomass (Rho=0.746, sig 0.01),
with the number of species (Rho=0.371, sig 0.05) and with diveiRhp=0.437, sig
0.05). No correlations were found between diversity indexe<anterpa biomass, but
both were correlated with temperature, thus suggesting an indirect eff€atutidrpa

racemosa var. cylindracea on mollusc community dynamics.

Discussion

This study demonstrated that in areas invadedClylerpa racemosavar
cylindracea, the mollusc community differs from that in those not invaded areas (i.e.,
Posidonia oceanicaeagrass meadows). Multivariate analyses indicated that differences
in the mollusc community between meadows were mainly due to changes in mollusc
abundances, which were significantly higher in the amgaded byC. racemosavar
cylindracea.

Caulerpa racemosaar cylindraceahabitat andPosidoniaseagrass meadows
showed differences in the contributions Bf oceanicafractions and grain size
parameters. The phases of vegetative growth were also reversed between the species
(Dumay et al. 2002). Altogether, the significant differences in the physical and
biological properties of the mat substratum must be considered, at least in part, to
explain the differences in the mollusc assemblagesCaltllerpa racemosavar.
cylindracea compared to a similar area wWRbsidonia oceanica&eagrassPosidonia
oceanicameadows are a complex ecosystem and more than 100 molluscs species are
commonly found (Templado et al. 2004), but a larger sampling area should be
considered to thoroughly study the seagrass community.

Some of the molluscan species identifiecCaulerpa racemosuaar. cylindracea
such aSBittium reticulatum, Smaragdia viridis, Ascobulla fragilis, Cerithium vulgatum,
Loripes lacteus, Venerupis aurea, Arca noae, Parvicardium exigandn_ucinella
divaricata were previously reported f@. racemosamats in the Mediterranean Sea
(Pandolfo and Chemello 1995; Argyrou et al. 1999; Buia et al. 200ahy of the

mollusc species found i€@. racemosavar cylindracea mats were also common in the
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Western MediterraneaPosidonia oceanicaeagrass beds (Templado 1984; Ballesteros
et al. 1987; Chessa et al. 1989; Dantart et al. 1990; Scipione et al. 1996; Templado et al.
2004). Therefore, the mollusc community @ racemosavar. cylindraceamatswas
highly influenced by the taxocenosis of molluscs living in nearby seagrass patches and
also by photophilous algae (Ballesteros and Pinedo 2004). Among all mollusc species
recorded in this study, only Ascobulla fragilis could be considered as strictly a Caulerpa
specialisedeeder (Gavagnin et al. 2000). The presenc@.dfagilis in C. racemosa
var. cylindracea confirms its adaptation to include the invasive macroalgae in its diet.

The general trend in the mollusc assemblagé&s iracemosaar. cylindraceais
higher diversity when the macroalgae covers the nude substrate (from June 04 to
December 04). In winter, from December 03 to April 04 lower diversity values were
recorded in the invasive macroalgae, but in the same p@&uasitjonia oceanicahows
higher diversity. Our results show that a period of nude substratum presents lower
diversities than the seagrass meadows. The increased mollusc diversities are associated
with the vegetal coverage of the substrate. The vegetative cover over soft bottoms from
dead Posidonia mats and sand enhances sediment stabilisation and a greater
accumulation of organic matter occurs here compared to non-vegetated substrates
(Rueda and Salas 2003). This results in significantly higher species richness, abundance
and biomass in vegetated habitats in temperate and cold areas (Edgar et al. 1994,
Bostrom and Bonsdorff 1997)C. racemosavar. cylindracea covers substrate and
horizontal displacement of fauna from the seagrass beds and the photophylous algae
community towards theCaulerpa mat could explain the high coincidences in the
species composition found.

Most of the differences betwed&h racemosavar cylindraceaand P. oceanica
were due to differences in mollusc abundances, such a&léms trapezia, Ctena
decussata, Alvania cime&nd Rissoina bruguieriwith higher abundances .
racemosavar. cylindracea than inP. oceanica.Moreover, Arca noaeand Striarca
lactea had higher abundances in P. oceanica compared to C. racemosa. Both species are
well adapted to live in thB. oceanicahizome stratum (Chimenz et al. 1989; Templado
et al. 2004). The mollusc diversity and abundanceB.imceanica observed in this
work, particularly for gastropodsyere low compared to previous work focused mainly
on the invertebrate community of the foliar stratum (Chessa et al. 1989; Gambi et al.

1992; Scipione et al. 1996; Sanchez-Jerez et al. 1999a). These differences resulted from
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the sampling methodology, which was appropriate Gaulerpa mats, but not for
sampling seagrasP® (oceanica).

At the end of the summer and in early autumn, Caulerpa racemasa
cylindraceacoversP. oceanicarhizomes as well as the sandy bottoms in the studied
area. Fronds and stolons®©f racemosaover the dead seagrass mat layer and generate
a more complex habitat associated with the invasive algae. Pearson correlations showed
the most important variable to be temperature, which was positively correlated with
mollusc species number and diversity, and withracemosabiomass. The lack of
correlation between biomass and community descriptor variables may be related to the
negative effect of high biomass of algae over bivalves. Sanchez-Moyano et al. (2001)
reported a negative effect of maximum C. prolifera biomass values over bivalves.

For Caulerpa taxifolia,the other Mediterranean invasizaulerpaspecies, a
decrease in specialist grazers suchMadlus surmuletus(fish) occurs due to the
complex algal structure that prevents the fish from reaching food sources (Levi and
Francour 2004; Longepierre et al. 2005). All invertebrate predators with morphological
feeding adaptations encounter a structural barrier built by the Caulerpa mats and stolons
that make it difficult to access the food source. An example of this was in Australia,
where it had been reported that the presence of inv&siuterpa taxifolia reduced the
number of syngnathids and monocanthids compared to the number found in seagrass
beds (York et al. 2006 aulerpa racemosaar. cylindraceadevelops similar complex
algal structures with similar effects & surmuletusand other benthic-feeding fishes,
but with a sharp decrease @ racemosaiomass during the winter. Mollusc species
increased in abundance with the presence@hw@erpamat. The highest abundance of
molluscs inC. racemosavar. cylindraceawas during February 2005 and did not follow
the seasonal biomadeends. Therefore, other factors, such as Gheacemosavar
cylindraceabiomass degradation, may be related to seasonal changes in abundances of
molluscs. Bittium reticulatumhad the highest abundance of all sampling months in
February. These abundances may be dugatderpabiomass degradation and the loss
of chemical defences (Dumay et al. 2002) that enable ingestion by the herbivorous
detritivore Bittium reticulatum This gastropod species can feed ©@aulerpa spp.
without antioxidant damag&ureda et al. 2008).

The results obtained in this study clearly indicate that there is an effect of the
invasive macroalga€. racemosavar. cylindraceaon the mollusc community; this

agrees with results found by Buia et al. (2001). The results of this study seem to indicate
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that bivalves are favoured by the presence of the invasive macroalgae in accordance
with results reported by Argyrou et al. (1999). The mollusc community is clearly related
to the seasonal trends Gf racemosa vacylindraceabiomass; this is consistent with
previous work orC. racemosgBuia et al. 2001). Several works have emphasised the
importance of algal cover on the substratum, which increases invertebrate abundances
and diversity (Connolly 1997; Sanchez-Jerez et al. 1999b; Gribben and Wright 2006).
Previous work on otheCaulerpaspecies found higher abundances and diversity when
the algae attained maximum biomass (Rueda et al. 2001; Rueda and Salas 2003).
Posidonia oceanicdnas a high ecological value (Buia et al. 2000) that fulfils
many ecological functions not supported ®gulerpa racemosaar. cylindracea, as it
functions as a nursery for many species (Harmelin-Vivien 1982; Harmelin-Vivien 1984;
Mazzella et al. 1986 aulerpa racemosaar. cylindraceais known to be a successful
invader (Boudouresque and Verlaque 2002; Galil 2007). Its rapid growth allows it to
overgrow other macroalgae and to change macroalgae assemblages (Piazzi et al. 2001;
Piazzi et al. 2003; Piazzi and Balata 2008) resulting in the replacement of the dominant
P. oceanicacommunity within six years (Argyrou et al. 1999). This is the first study to
compare mollusc composition {D. racemosa areas and in seagrass beds. We found a
diversification of the mollusc community {@. racemosavar. cylindraceacompared to
the community inP. oceanica due to the presence of several species of the nearby
taxocoenosis within th€. racemosavar. cylindraceaarea. It is also important to note
that the effect of the Caulerpa biomass on the invertebrate community resulted in higher
diversity values related to the maximu@aulerpa biomass. The effect of invasive
species on Mediterranean species must be studied in more detail and long-term
monitoring programs should be instituted to evaluate the spatial and temporal effects on

mollusc communities associated with the presence of C. racemosa var. cylindracea.
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2.3 How different is the mollusc community between
invasive Caulerpa taxifolia (Chlorophyta: Caulerpaceae)
and establishe@. prolifera in shallow seagrass beds of

the Western Mediterranean?

Abstract

Differences in the mollusc communities on establisGadlerpa proliferamacroalgal

mats versus those found on the invasVaulerpa taxifolia growing over shallow
seagrass rhizomes over 2 years have been described in terms of community structure
(species composition, diversity and abundance). Ezaatlerpa species differed in
biomass, associated sediment granulometry and contribution to seagrass fractions.
Higher mollusc abundances were founddnprolifera (3,617 ind/hfrom 27 mollusc
species)than C. taxifolia (1,450 ind/m from 35 species). BotBaulerpaspecies had
coincident mollusc species ranging from gastropods to bivalves, suélscadulla
fragilis, Loripes lacteus, Ctena decussatad Glans trapezia that accounted for the
main differences in the abundances. There were differences in the main trophic guilds
between meadows with a dominance of herbivores and deposit feeders foGnd in
prolifera (such as Ascobulla fragilend Ctena decussata), while C. taxifolia induced an
increase in filter feeders (such as Glans trapegallerpa prolifera is characterised by
higher mollusc abundances while taxifolia presents a more diverse mollusc species
composition as would be expected from the initial colonization stages of an alien

species.

Keywords: alien species; Ascobulla fragilis; Caulerpa; marine molllBatearic

Islands
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Introduction

Biological invasions are considered to be among the most important human-
caused global changes with important impacts on ecological, economic and social
systems (Sakai et al. 2001; Occhipinti-Ambrogi and Savini 2003). The growth of
international shipping, aquaculture and aquarium trade promotes the introduction of
species in marine ecosystems (Boudouresque and Verlaque 2002). Invasive species alter
biodiversity and change the structure of the invaded ecosystem (Mack et al. 2000;
MacDougall and Turkington 2005). Invaders are usually highly competitive and, in their
interaction with native species, may cause a severe reduction in ecosystem biodiversity
(Bax et al. 2003).

In the Mediterranean, 84 introduced macrophytes are currently found
(Boudouresque and Verlague 2002aulerpa taxifolia(Vahl) C. Agardh is considered
one of the most invasive species in the Mediterranean (Phillips and Price 2002), having
been introduced in 1984 (Meinesz and Hesse 1991) and rapidly spreading across the
Western Mediterranean basin (Meinesz et al. 2001). This species seems to interfere with
the vegetative development of the endemic seadPassdonia oceanica L. Delile
(Devillele and Verlague 1995; Dumay et al. 2002) and reduces algal diversity in the
invaded communities (Balata et al. 2004; Verlaque et al. 2004). It has thereby greatly
altered the Mediterranean shallow benthic communities in certain locations (Meinesz et
al. 1993; Meinesz 2004). In the Balearic Islands the first repo@. aéxifolia was in
1992 at Cala d’Or Bay in water 6 m deep (Pou et al. 1993). Currently, its presence
continues to be restricted to Cala d’Or Bay and no expansion had been observed.

Caulerpa proliferais widespread throughout the Mediterranean basin (with the
exception of the Lion Gulf and the Adriatic Se@aulerpa proliferagrowth and spatial
distribution are highly influenced by water temperature, as it is an algae with
subtropical affinity (Sanchez-Moyano et al. 2004). This macroalgae covers soft bottoms
from 1 to 20 meters depth, and it is mainly found in water with low flow and low
hydrodynamic effects (Sanchez-Moyano et al. 2001a; Sanchez-Moyano et al. 2004).

The effect of the invasion o€aulerpa taxifolia over soft bottoms on the
invertebrate macrofauna is still unknown; however, there are several studies of mollusc
communities in C. prolifergRueda et al. 2001; Sanchez-Moyano et al. 2001a; Sanchez-
Moyano et al. 2001b; Rueda and Salas 2003). The present study aims to increase the
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understanding of the invertebrate molluscan fauna on soft bottoms colonised by the
invader macroalgae C. taxifolia.

The aim of this study is to compare the mollusc invertebrate faunal community
found in establishe@aulerpa proliferahabitatwith the community found in introduced
C. taxifolia habitat over a two-year period. The specific objectives are:

- Description of the species composition and abundances of molluscCfrom
prolifera and from invasive C. taxifolia.

- Analysis of seasonal changes in mollusc abundance linked with changes in
biomass of Caulerpa spp.

The present study represents the first comparison of malacological fauha on
prolifera versusC. taxifolia, thus contributing to the elucidation of patterns and

dynamics in pristine and invaded areas

Materials and methods

Study area and sampling design

The study was carried out in Mallorca (Balearic Islands, Western
Mediterranean). Two sites were selected with similar bathymetry: 5-8 meters depth and
a similar hydrodynamic regime. The sampled substrate consisiakmfonia oceanica
rhizomes colonised bZaulerpa prolifera andCaulerpa taxifolia. The macroalgae.
taxifolia and C. proliferawere collected at Cala D’Or Bay, Southeast Mallorca (N 39°
22.164’ /| E 3° 13.887' and N 39° 22.028’ / E 3° 13.739’, respectively). In both areas
Caulerpamats do not form mono-specific mats but grow oReroceanica rhizome
patches on sandy bottoms and Posidonia oceanica seagrass meadows.

Six replicate samples per meadow and sampling date were collected bimonthly
during the period from March 2003 until February 2005. Each sample was collected
using a 20 x 20 cm stainless steel frame inserted 5 cm into the sediment, with a total
sampling volume of 2,000 chand a surface area of 400%rfihe frames were sampled
by SCUBA during the morning hours (11-12 GTM). Samples were placed in a plastic

500-pum mesh bag until they were sorted in the laboratory.
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At the same time as the collection of the faunal samples, three cores (diameter
3.5 cm) per meadow and sampling date were collected. The corer was inserted 5 cm into
the sediment to characterise grain size parameters of the substrate.

Seawater temperature was recorded by StowAwEigbit® (Onset Computer
Corporation, Pocasset, MA, USA) temperature loggers permanently installed at both
sites.

Sample processing

Individual molluscs were sorted from the sediment and algal samples at the
laboratory using a stereosmicroscope and then kept in 70% ethanol and identified to the
lowest taxonomic level possible. Algal components (fronds and stolons)Jauterpa
spp. and other seagrasfdsidonia oceanicajractions contributing to plant biomass
were sorted when they were present in the samples to quantify their biGosisnia
oceanica rhizomes, roots, sheaths and leaves were dried for 24 h at 60°C to estimate the
percentage contribution to the aboveground (leaves and flowers) and belowground
(roots, rhizomes and sheaths) structu€aulerpabiomass for both speciegas dried
for 24 h at 60° C to estimate the dry weight of algae in the samples.

Sediment grain size was estimated following the Wentworth scale after
eliminating organic matter from samples usingokiand drying the samples for 24 h.
Statistical analyses

For community structural parametelPgsidonia oceanicaomponents and grain
size fraction differences betwe&aulerpa proliferaand Caulerpa taxifolia were tested
using two-way ANOVA (factors: meadow (2 levels) and time (12 levels)). Differences
in the number of mollusc species and abundances between meadows were tested using a
two-way ANOVA (factors: meadow (2 levels) and time (12 levels)). Analyses were
carried out using SPSS v. 15.0.

To analyse differences in mollusc species composition bet@eproliferaand
C. taxifolia, multivariate analyses were carried out on the species abundance data
(pooled by meadow and date aréréot transformed to account for the contribution of
dominant species) using PRIMER v. 5.0. A ranked triangular matrix was constructed
using the Bray-Curtis similarity algorithm. A representation of the results was obtained
with a Cluster similarity dendogram. Differences betw€erproliferaand C. taxifolia

were tested by analysis of similarity (ANOSIM). The similarity percentages SIMPER
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procedure was applied to analyse the highest contribution by mollusc species to the
dissimilarity between meadows.

Dominance (D) (relative abundance of a particular species within a sample) was
calculated for each bimonthly sample and for the total samples collected. The frequency
index was calculated as the percentage of bimonthly samples in which a particular
species was present over the sampling period. The number of individual samples,
number of species, Shannon diversity inddX) (Krebs, 1989) and evenness indéx (
(Pielou, 1969) were calculated for each sample by applying the DIVERSE routine
(PRIMER 5.0). Means of the differences in the number of species, Shannon diversity
index and abundances between meadows were tested using two-way ANOVA (factors:
meadow and time). Pearson correlations were carried out to examine relationships
between mollusc descriptor variables with temperature Gawaerpa biomass using
SPSS 15.0.

Results

Characterization of algal mats

Statistical analyses showed no differences in the percentage contribution of
Posidonia oceanicaoot-rhizomes and leaves betwe@aulerpa proliferaandCaulerpa
taxifolia (Figs. 1a, 1b). There were differences among grain size fractions between
Caulerpaspecies (ANOVAp < 0.05). The main grain size f@aulerpa proliferawas
very fine sand while foiC. taxifolia mats, there was a predominance of fine sand
fractions (Figs. 2a, 2Db).

Biomass followed different seasonal trends @r prolifera and C. taxifolia.
Higher biomass values @. proliferawere found during February and March, while for
C. taxifolia, higher biomass was found in July (2003) and December (2004). There were
significant differences betwee@. prolifera and C. taxifolia biomass (higher focC.
prolifera), seasonality and the interaction between biomass and seasonality (AINOVA,
< 0.05) (Fig. 3).
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Figure 3: Caulerpa prolifera(black bar) andC. taxifolia (white bar) biomass seasonality and water

temperature (continuous line) for the two-year sampling period.
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Caulerpa prolifera meadow

A total of 3,617 mollusc individuals/mwere collected irCaulerpa prolifera
mats over two years. Gastropods were more abundant than bivalves and they made up
70% of total mollusc abundance. The molluscan fauna was mainly characterised by the
presence of the specialis€thaulerpa feeder Ascobulla fragilis (55.3% of the total
abundance). Other species with abundances greater than 1% evihéum vulgatum,
Loripes lacteus, Glans trapezia and Veneropis aurea (Table 1).

The gastropod specie&scobulla fragilis, Bittium reticulatunand Cerithium
vulgatumand bivalve specieGlans trapezia, Loripes lactewsd Veneropis aurehad
a frequency of appearance higher than 25% (Table 1).

Caulerpa taxifolia meadow

A total of 1,450 individuals/fwere found over two years. The dominant
species in terms of abundance (higher than 1%) were the gastropod #secieslla
fragilis, Cerithium vulgatum, Tricolia pullus, Bittium reticulatum, Bittium latredhd
Rissoina bruguieriand bivalve specie$slans trapezia, Ctena decussata, Loripes
lacteus, Arca noae, Arcopagia balaustina, Limaria hians, Venus verrucosa, Chama
gryphoides, Lucinella divaricata, Parvicardium exiguum arahds casina (Table 2).

The gastropod speciedscobulla fragilis, Cerithium vulgatunand Tricolia
pullusand bivalve specieSlans trapezia, Ctena decussata, Loripes lacteus, Arca noae,
Arcopagia balaustineand Limaria hianshad a frequency of appearance higher than
25% (Table 2).

Differences between meadows

The average dissimilarity of molluscan assemblages (SIMPER) between the two
Caulerpa areas was 69.6% (Table 3). The specialSadlerpa feeder, Ascobulla
fragilis alone, contributed 13.1% to the dissimilarity betw&aulerpaspecies but had
higher abundances i€aulerpa prolifera. Overall, not considering seasonality, the
observed differences between meadows were mainly due to the large differences in the
mollusc abundances between meadows. For exampliagilis, Loripes lacteusnd

Bittium reticulatumwere more abundant i@. proliferawhile Ctena decussata, Glans
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trapeziaand Cerithium vulgatumwere more abundant i@. taxifolia (see Table 3 for
further details). The cluster representation of results does show an acceptable grouping
for C. proliferasamples, but not fo€. taxifoliasamples (Fig. 4). The ANOSIM results
showed differences between samples from both meadows (Global R = 0.443, p < 0.01).
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Table 1.Seasonal molluscan assemblageSanlerpa prolifera Results are expressed as individuatsihis the total number of individuals, D represents dominance values

(number of individuals of each species/total individuals) and F is the frequency of appearance (number of samples with presence of the species/total number of sampling

dates).
Mar 03  May 03 Jul 03 Oct 03 Des03 Feb 04  Apr04 Jun04 Aug04 Oct04 Des 04 Feb05 N D F
Gastropoda
Ascobulla fragilis 17 75 58 325 67 58 175 67 8 408 300 442 2000 55,3 100,00
Bittium reticulatum 17 8 0 0 0 0 0 208 92 0 8 0 333 9,2 33,33
Cerithium vulgatum 0 8 17 0 0 0 0 0 8 17 0 0 50 14 33,33
Columbella rustica 8 0 17 0 0 0 0 0 0 0 0 25 0,7 16,67
Nassarius cf cuvierii 0 0 8 0 0 0 0 0 8 0 0 0 17 0,5 16,67
Alvania cimex 0 0 17 0 0 0 0 0 0 0 0 0 17 0,5 8,33
Bulla striata 0 0 0 0 0 0 0 0 8 0 0 0 8 0,2 8,33
Eulimidae sp. 8 0 0 0 0 0 0 0 0 0 0 0 8 0,2 8,33
Gibbula ardens 0 0 0 0 0 0 0 0 0 0 0 8 8 0,2 8,33
Jujubinus exasperatus 0 0 0 0 0 0 0 0 0 0 0 8 8 0,2 8,33
Lobiger serradifalci 0 0 0 0 0 8 0 0 0 0 0 0 8 0,2 8,33
Oxynoe olivacea 0 0 0 0 0 0 0 0 0 0 8 0 8 0,2 8,33
Tricolia pullus 17 0 0 0 0 0 0 0 0 0 0 0 17 0,5 8,33
Tricolia speciosa 0 0 0 0 8 0 0 0 0 0 0 0 8 0,2 8,33
Payraudeautia intricata 8 0 0 0 0 0 0 0 0 0 0 0,2 8,33
Bivalvia
Glans trapezia 25 8 0 8 25 0 8 17 0 25 17 42 175 4,8 75,00
Loripes lacteus 42 0 17 42 25 0 8 358 42 142 0 683 18,9 75,00
Veneropis cf aurea 8 17 0 33 0 0 8 8 17 0 8 8 108 3,0 66,67
Veneropiguv forms 0 0 8 0 8 0 0 0 0 8 0 0 25 0,7 25,00
Lucinella divaricada 0 0 0 0 0 0 0 8 0 8 0 0 17 0,5 16,67
Parvicardium exiguum 0 0 0 0 0 8 0 0 0 0 0 8 17 0,5 16,67
Arcopagia balaustina 0 0 0 8 0 0 0 0 0 0 0 0 8 0,2 8,33
Irus irus 0 0 0 0 0 8 0 0 0 0 0 0 8 0,2 8,33
Modiolus barbatus 0 0 0 0 0 0 8 0 0 0 0 0 8 0,2 8,33
Tapes romboides 0 8 0 0 0 0 0 0 0 0 0 0 8 0,2 8,33
Striarca lactea 0 0 0 0 0 0 8 0 0 0 0 0 8 0,2 8,33
Ruditapes decussates 0 0 0 0 0 0 8 0 0 0 0 0 8 0,2 8,33
Scaphopoda sp. 0 0 0 0 0 0 0 0 17 0 0 0 17 0,5 8,33




Table 2. Seasonal molluscan assemblage€anlerpa taxifolia Results are expressed as individuafsiis the total number of individuals, D represents the dominance
values (number of individuals of each species/total individuals) and F is the frequency of appearance (number of samples with presence of the species/total number of

sampling dates).

Mar 03  May 03 Jul 03 Oct 03 Des03 Feb 04  Apr 04 Jun04 Aug04 Oct04 Des 04 Feb05 N D F
Gastropoda
Ascobulla fragilis 0 0 33 8 0 8 8 0 17 0 0 75 517 33,33
Cerithium vulgatum 17 0 0 0 17 0 17 0 0 8 0 58 4,02 33,33
Tricolia pullus 0 8 8 0 0 8 0 0 0 0 0 0 25 1,72 25,00
Bittium reticulatum 25 0 0 0 0 0 0 0 0 0 0 8 33 2,30 16,67
Bittium latreilli 0 0 17 0 0 0 0 0 0 8 0 0 25 1,72 16,67
Eulimidae sp. 0 0 0 0 0 0 8 0 0 8 0 0 17 1,15 16,67
Rissoina brugrueri 0 0 0 0 0 8 0 8 0 0 0 0 17 1,15 16,67
Alvania cimex 0 0 0 8 0 0 0 0 0 0 0 0 8 0,57 8,33
Murex alucoides 0 0 0 0 0 0 0 0 0 8 0 0 8 0,57 8,33
Crepidula unguiformis 0 8 0 0 0 0 0 0 0 0 0 0 8 0,57 8,33
Gibbula ardens 0 0 0 0 8 0 0 0 0 0 0 0 8 0,57 8,33
Payraudeautia intricata 0 0 0 0 8 0 0 0 0 0 0 0 8 0,57 8,33
Pusillina philippi 8 0 0 0 0 0 0 0 0 0 0 0 8 0,57 8,33
Trivia arctica 0 0 0 0 0 0 0 0 8 0 0 0 8 0,57 8,33
Bivalvia
Glans trapezia 33 58 42 42 8 75 33 58 25 67 50 67 558 38,51 100,00
Ctena decussata 50 8 8 17 8 8 8 8 0 0 25 150 10,34 83,33
Loripes lacteus 33 8 17 0 0 0 25 8 8 0 17 117 8,05 58,33
Arca noae 0 0 25 8 0 0 0 8 0 8 50 3,45 33,33
Arcopagia balaustina 0 0 0 8 0 8 0 0 8 0 8 0 33 2,30 33,33
Limaria hians 0 0 0 0 0 8 0 0 17 0 8 17 50 3,45 25,00
Venus verrucosa 0 8 0 8 8 0 0 0 0 0 0 0 25 1,72 25,00
Chama gryphoides 0 0 0 8 8 0 0 0 0 0 0 0 17 1,15 16,67
Lucinella divaricada 0 0 8 0 0 0 0 0 0 8 0 0 17 1,15 16,67
Venerupiguv forms. 0 8 0 8 0 0 0 0 0 0 0 0 17 1,15 16,67
Parvicardium exiguum 0 0 8 0 8 0 0 0 0 0 0 0 17 1,15 16,67
Venus casina 8 0 0 0 0 0 0 0 0 8 0 0 17 1,15 16,67
Venericardia anticuata 0 0 0 8 0 0 0 0 0 0 0 0 0,57 8,33
Gastrana fragilis 0 0 0 0 0 0 0 0 8 0 0 0 0,57 8,33
Irus irus 0 0 0 0 0 0 0 0 0 8 0 0 0,57 8,33
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Table 3: Results of the SIMPER analysis for molluscan species presenting the highest
dissimilarity values between the two groups of samples collected from the two habitats. AA
means average abundance, AD stands for average dissimilarity b&eaglenpa prolifera

and Caulerpa taxifolia AD/SD is the ratio of the average dissimilarity/ standard deviation
of dissimilarity for each species. Contribution means contribution to the dissimilarity

between meadows.

Species A AR AD AD/SD Contribution
C. prolifera C. taxifolia
Ascobulla fragilis 166.67 6.25 9.14 1.85 13.14
Loripes lacteus 56.94 9.72 5.06 1.23 7.28
Veneropis aurea 9.03 0.00 4.25 1.35 6.11
Ctena decussata 4.17 12.50 4.17 1.19 5.99
Glans trapezia 14.58 46.53 4.05 1.06 5.82
Bittium reticulatum 27.78 2.78 3.76 0.88 5.41
Cerithium vulgatum 4.17 4.86 3.18 0.90 4.58
Limaria hians 0.00 4.17 241 0.69 3.46
Arcopagia balaustina 0.69 2.78 2.27 0.73 3.26
Arca noae 0.00 4.17 241 0.69 3.22
Tricolia pullus 1.39 2.08 1.82 0.64 2.61
Parvicardium exiguum 1.39 1.39 1.80 0.60 2.59
Lucinella divaricata 1.39 1.39 1.59 0.61 2.29
Venus verrucosa 0.00 2.08 151 0.57 2.16
Eulimidae indet sp. 0.69 1.39 1.35 0.52 1.94
Columbella rustica 2.08 0.00 1.04 0.44 1.50
Nassarius incrassatus 1.39 0.00 1.03 0.44 1.48
Alvania cimex 1.39 0.69 1.03 0.42 1.48
Irus iris 0.69 0.69 1.00 0.41 1.43
Bittium latreilli 0.00 2.08 0.99 0.44 1.43
Rissoina brugrueri 0.00 1.39 0.99 0.44 1.42
Chama gryphoides 0.00 1.39 0.98 0.44 141
Payraudeautia intricata 0.69 0.69 0.96 0.42 1.37
Gibbula ardens 0.69 0.69 0.95 0.42 1.36
Venus casina 0.00 1.39 0.92 0.44 1.32
Modiolus barbatus 0.69 0.69 0.88 0.42 1.26
Oxynoecf. olivacea 0.69 0.00 0.66 0.30 0.95
Tricolia speciosa 0.69 0.00 0.63 0.30 0.90
Scaphopoda sp. 1.39 0.00 0.57 0.30 0.83

Trivia arctica 0.00 0.69 0.57 0.30 0.83




Capitulo 2 Cambios en las comunidades de moluscos

204

404

Sirnilarity

60 -

80 4

100 4

CPfeb04
CTaugDd
CTfeh04
CTdeddd
CToct03
CTdec03
CToctDd
CTfeh05
CTrmayd3

CTmarl3

Figure 4: Cluster dendogram representation®fproliferaandC. taxifoliaseasonal samples. CP means
C. prolifera and CT mean<C. taxifolia. The continuous line groups all. prolifera samples. The

discontinuous line groupSaulerpa taxifoliassamples that were most similar@o proliferasamples.

Seasonal trends in Caulerpa spp.

There was no clear seasonal trend in the molluscan community descriptor
variables (number of species, Shannon index and abund&hbefween the meadows
(Figs. 5a — 5c) due to inter-annual fluctuations. HoweveCanlerpa taxifolia,the
maximum number of species was during October of both yearS. prolifera, the
maximum number of species was found in March (2003) and in June (2004). Maximal
values for the Shannon index @ proliferawere found in March (2003) and August
(2004) while inC. taxifolia, the maximal valuesvere found in March (2003) and
October (2004). The number of individuals was higherCinprolifera than in C.
taxifolia mainly due to high abundance peaks associated Agtobulla fragilis
(October 2003, period from October 2004 - February 20B&jium reticulatumand
Loripes lacteugJune 2004)In C. taxifolia, the seasonal changes in total abundance
were mainly related to the abundancésddins trapezia.

Pearson correlations (Table 5) highlight the importand@anfilerpabiomass for
molluscan faunaAscobulla fragiliswas positively correlated with an increase in
Caulerpa biomass but bivalves such #&lans trapeziaand Ctena decussatavere

negatively affected by the increase in Caulerpa biomass.
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The two-factor ANOVA indicated that the Shannon diversity index was
significantly higher in Caulerpa taxifolia than inC. prolifera. Otherwise, the
abundances of molluscs were significantly higheCinprolifera than inC. taxifolia
mainly due to the high abundance peaks of Ascobulla fragilis. No significant differences

were found in overall species number (Table 4).

Table 4 ANOVA results for total abundance (per sample), Shannon diversity and total number of species

(per sample) irCaulerpaspp. *p< 0.05, *** p< 0.001, ns not significant differences.

Source of DF Number of species DF  Shannon diversity| DF Number individuals/m
variation (sample)(n=6) indexH’ (sample)(n=6)

(sample)(n=6)

Mean F p Mean F p F p
square square
Meadow 1 176 034 ns 1 184 749 [ 1 812789.32 27.99 ¥*

Time 11 281 054 n 11 028 134 |ns 11 9192235 3.17 o

U7

Meadow*Time 11 496 095 ns 11 0.27 1.11 (ns 11 85188.34 2.93 o

Residual 72 5.23 72 0.25 72 29033.56

Table 5. Pearson correlations across community descriptive indexes (S, species richness, H' Shannon
index, and abundance) afthulerpaspecies, as well as the main mollusc species contributing to the
SIMPER dissimilarity values with temperature aDdulerpabiomass. Rho values. *p < 0.01, *p <

0.05.

C. prolifera C. taxifolia C. prolifera + C.
taxifolia
Biomass Temperature Biomass Temperature Biomass  Temperature
S ns Ns ns ns ns ns
H ns Ns ns ns 0.300** 0.244*
Individuals/nf ns 0.382** ns ns -0.247* ns
Ascobulla fragilis 0.324* 0.307* ns ns 0.497** 0.202*
Bittium reticulatum  -0.386** Ns ns ns ns ns
Ctena. decussata ns Ns ns ns -0.313** ns
Loripes lacteus ns Ns ns ns ns ns
Venerupis aurea ns 0.320* ns ns 0.268** 0.202*
Glans trapezia 0.434** Ns ns ns -0.286** ns
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C.prolifera C.taxifolia
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Figure 5: (a) Number of species, (b) Shannon index and (c) number of individbalspresenting

seasonal molluscan change<aulerpa proliferaandC. taxifolia mats
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Discussion

The present study shows that the recent invaSmaerpa taxifolia supports a
more diverse, but less abundant molluscan community than that in estallished
prolifera areas. The higher molluscan abundanc€.irprolifera ismainly due to the
presence of specialist feeders @dulerpa. Multivariate analysis indicates significant
differences between molluscan assemblagesCaulerpa species mainly due to
increased or decreased abundances of coincident species at both tyjmdeopa
mats.

Previous studies on mollusc communities associated @athlerpaspecies in
the Mediterranean were mainly focused ©nprolifera (Murillo and Talavera 1983;
Ballesteros et al. 1987; Dantart et al. 1990; Rueda et al. 2001; Sanchez-Moyano et al.
2001a; Sanchez-Moyano et al. 2001b; Rueda and Salas 2003; Sanchez-Moyano et al.
2004). There has been a lack of studies of the effects of the in2aiNerpa taxifolia
on the invertebrate soft-bottom communities in the Western Mediterranean. An initial
study of the effects of the invasiv& taxifolia on the benthic community showed a
decrease in the number of species (not molluscs) and abundance (BellanSantini et al.
1996); however, a recent study showed a positive effec@.dfaxifolia on bivalve
recruitment (Gribben and Wright 2006).

The habitat conditions of botlCaulerpa species are different. Univariate
analyses indicated that there were no differences in the percentage contributions of the
different P. oceanicastructures to the habitat. Grain size parameters were different
between meadows with a predominance of finer grain fractior. iprolifera. The
seasonal changes @aulerpabiomass were also different for the two species. Biomass
values were always higher in both years r prolifera than forC. taxifolia, and
consequently this had a more important effect on the molluscan commun@y in
prolifera. These differences may be partly related to the time of substrate colonisation
by Caulerpa species; this occurred more recently for C. taxifolia patches.

Caulerpa proliferais an established Mediterranean species, which is now
considered to be a native Mediterranean species. Consequently, it has an associated
specialised fauna, such as thaulerpafeeders,Oxynoe olivacea, Lobiger serradifalci
and Ascobulla fragilis(Thibaut and Meinesz 2000; Gianguzza et al. 2002; Trowbridge
2004; Cavas et al. 20Q5)scobulla fragiliswas the species with higher abundance and

frequency inC. prolifera. It was also the species identified by the SIMPER analysis as
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having contributed more to the dissimilarity percentage between the two Caulerpa mats.
Other Caulerpa specialists, such a®xynoe olivaceaand Lobiger serradifalci were
observed although they had very low abundance€.irprolifera, probably due to
sampling methodology, which was more appropriate for endofaunal collection.
Ascobulla fragiliswas the onlyCaulerpaspecialist feeder found i€. taxifolia, but it

had lower abundances and frequencies than in C. prolifera.

Loripes lacteus, Bittium reticulatumand Veneropis aureawith higher
abundances irC. prolifera, were the species that contributed mostly to differences
betweenCaulerpaspp.Loripes lacteuss a deposit feeder bivalve (Koulouri et al. 2006)
and belongs to the infaunal community ©f prolifera mats (Sanchez-Moyano et al.
2004). Bittium reticulatumwas present in both meadows and it is considered an
ubiquitous species, which increases its densities in organic matter-enriched zones
(Sanchez-Moyano et al. 2004).

Glans trapeziavas the most abundant species in Ghdaxifolia patches. Most
of the individuals sampled were found over Bwsidonia oceanicahizomes that were
covered byC. taxifolia. In previous studies, this bivalve was found attached to
Posidonia rhizomes (Ballesteros et al. 1983)ans trapeziawas absent in faunistic
studies carried out i€. proliferamats elsewhere, such as S’Estany Peix (Formentera,
Balearic Islands) and other localities along the Spanish Coast (Murillo and Talavera
1983; Dantart et al. 1990; Rueda et al. 2001; Sanchez-Moyano et al. 2001a; Sanchez-
Moyano et al. 2001b; Rueda and Salas 2003). The results show&l thegeziagrew
over dead and live. oceanicahizomes, thus reflecting the importance of this substrate
as an adequate habitat for this species. The individuals sampled that were attached to
rhizomes were completely covered by epiphytic algae.

Both Caulerpaspecies had an important amount of coincident species such as
Ascobulla fragilis, Loripes lacteus, Ctena decussatal Glans trapezia. The most
important differences between the meadows were the abundances of the species. These
differences were reflected in the contribution to the dissimilarity index between
meadows (SIMPER analysis). Some species only appeared in one of the studied
meadows, including/eneropis aurea, Columbella rusti@ad Nassarius incrassatys
which were only found irC. prolifera, whereasLimaria hians, Arca noa@andVenus
verrucosawere only found inC. taxifolia. Altogether, this means that a dominance of
herbivores and deposit feeders existedCinprolifera while C. taxifolia induces an

increase in the number of filter feeders. The decrease of filter-feeding bival@s in
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prolifera may be explained, at least in part, by the negative effects on bivalves of the
organic matter enrichment associated with the finest grained fractions of the substrate,
which was more evident during the periods of high biomass (Sanchez-Moyano et al.
2001a; Sanchez-Moyano et al. 200XRaulerpa proliferahad an important capacity for
sediment retention mainly associated with its stolons and rhizoids. The higher biomass
of C. prolifera over C. taxifolia in both years also means that there was a higher
sediment retention by rhizoids Gf prolifera and consequently this may be the reason
for the lowest bivalve abundancesGn proliferawith respect taC. taxifolia. The effect

of Caulerpabiomass on the mollusc community was more evident when considering
both Caulerpa biomasses together. Then a decrease in the number of individuals
occurred wherCaulerpabiomass increased. This negative correlation was related to the
decrease in abundances@lfans trapeziaand Ctena decussata, despite the increase in
Ascobulla fragilis thus supporting the idea that higfaulerpabiomass values affect
bivalves negatively (Sanchez-Moyano et al. 2001a; Sanchez-Moyano et al. 2001b). This
decrease in the abundances reflects a decrease of the most abundant specie§,. such as
trapezia. Caulerpaiomass had a positive effect on molluscan diversity. Accordingly,
the habitat with the highest biomass values has increased complexity, which constitutes
a barrier for fish predators (Longepierre et al. 2005).

The molluscan communities observed, with special emphasis on the endofauna,
were similar to those observed in other localities in the Mediterranean (Murillo and
Talavera 1983; Ballesteros et al. 1987; Dantart et al. 1990; Sanchez-Moyano et al. 2004,
Templado et al. 2004; Borg et al. 2006). The use of the same sampling methodology in
the same season at the same locality is very important for comparing the differences
betweenCaulerpa. proliferaand C. taxifolia under similar conditions. Consequently,
this work revealed a more diverse community in the areas invad€dthyifolia, but a
higher number of individuals i€. prolifera, mainly because it is a more established
community with specialise@aulerpafeeders. InC. taxifolia,there were les€aulerpa
feeders, but more coincident species found in the ne&rbypceanicameadows
(Ballesteros et al. 1987; Chessa et al. 1989; Bianchi et al. 1999; Barbera-Cebrian et al.
2002; Dimech et al. 2002; Russo et al. 2002; Borg et al. 2006).

Caulerpa prolifera and C. taxifolia had differences in molluscan species
composition, diversity and abundance. The presence of the opistobdsoobulla
fragilis confirms the occurrence of a specialiseaulerpafeeder in both meadows, but

the higher biomass @. proliferaand its long-term coexistence wih fragilis resulted
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in the highest abundance being founddn prolifera. In C