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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

-32 -



Capitulo 1 Introduccién General

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.
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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
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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).

-67 -



Capitulo 2 Cambios en las comunidades de moluscos

125 -
Q —-r=— - e P e w o P
£ -
(=]
N
<
m L
i
o
o
%
> -
-
T T T T T T
Mar-03 Jul-03 Dec-03 Apr-04 Aug-04 Dec-04 Mar-03 Jul-03 Dec-03 Apr-04 Aug-04 Dec-04
Oct-03 Feb-04 Jun-04 Oct-04 Feb-05 May-03 Oct-03 Feb-04 Jun-04 Oct-04 Feb-05
C.prolifera C.taxifolia
100
75™= -
(%]
]
>
@
3
50™= -
S
25= -
u _iﬂﬁﬁﬁ_ﬁ%ﬁﬁqﬂ
Mar-03 Jul-03 Dec-03 Apr-04 Aug-04 Dec-04 Mar-03 Jul-03 Dec-03 Apr-04 Aug-04 Dec-04
May-03 Oct-03 Feb-04 Jun-04 Oct-04 Feb-05 May-03 Oct-03 Feb-04 Jun-04 Oct-04 Feb-05
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throughout the study period. (a) Percentage contribution of roots and rhizomes (b) contribution of
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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

-70 -



Capitulo 2 Cambios en las comunidades de moluscos

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
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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. prolifera, molluscs were
mainly characterised by herbivores and detritivores, whiléaxifolia appeared to be a
more suitable habitat for filter-feeders. The results obtained provide a baseline for
further studies to examine other factors that may explain the molluscan community
associated with the invasive Caulerpa taxifolia. These may include the presence of toxic
metabolites, which are lower 1@. taxifolia (Sureda et al. 2006), and the herbivory of
non-specialised molluscan feeders on Caulerpa (Sureda et al. 2007; Sureda et al. 2008).
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2.4 Resumen de las comunidades de moluscos

Resumen del estudio “A mollusc community associated with invasiv€aulerpa

racemosa in the Western Mediterranean shallow seagrass beds”

e Las especies dominantes de moluscofaulerpa racemosa&ar. cylindraceason
los gasteropodoBittium reticulatum, Alvania cimex, Ascobulla fragilis, Nassarius
incrassatus, Smaragdia viridis, Rissoina bruguieri, Cerithium vulgatu@ibbula
ardensy los bivalvosGlans trapezia, Ctena decussata, Loripes lacteus, Limaria

hians, Venerupis aurea, Venus verrucggsdusculus costulatus

e Caulerpa racemosavar. g/lindraceay Posidonia oceanica comparten un gran
namero de especies de moluscos con distintas densidesteses el caso de las
especieGlans trapezia, Bittium reticulatum, Loripes lacteu$Smaragdia viridis,
presentes en ambdsbitats pero con mayores abundancias @nracemosavar.
cylindracea. También contribuye de forma importante a las diferenciacion entre
ambas praderas el bivalMBtena decussatas6lo presente el€. racemosavar.

cylindracea.

* La abundancia acumulada de moluscos a lo largo de los doce muestreos temporales
realizados en la pradera deaulerpa racemosavar. cylindracea es de 1925
individuos correspondientes a 37 especiesP&sidonia oceanica la abundancia de

moluscos es inferior, con un total de 492 individuos pertenecientes a 23 especies.

 ElI nidmero de especies de moluscos, su diversidad y su abundancia presentan
patrones estacionales eDaulerpa racemosavar. cylindracea con diferencias

significativasrespecto &osidonia oceanica.

« La mayor diversidad de moluscos €aulerpa racemosavar. cylindracea se
encontré en octubre (5 especies de gasterépodos y 7 especies de bivalvos) y la
menor en febrero 2003 (3 especies de gasteropodos). La abundancia maxima de
moluscos erC. racemosaar. cylindracease encontrd en febrero del 2005 asociada

a los picos de presencia Bitium reticulatum(92 ind. / nf) y Glans trapezig100
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ind. / nf). La abundancias y diversidad de especies no presentan una coincidencia

temporal..

El ciclo anual de biomasa d@aulerpa racemosaar. cylindracea no muestra
correlacion con la abundancia y diversidad de moluscos. No obstante, los muestreos
correspondientes a periodos con cobertura del sustratGadierpa racemosa,
muestran mayor diversidad de especies de moluscos que la pradeosidiznia
oceanica.La cobertura del sustrato por macroalgas promueve la generacién de un
hébitat que permite el incremento de la diversidad de especies de moluscos, tal y
como muestran los resultados, coincidiendo con estudios similares (Gambi et al.
1998; Arrivillaga and Baltz 1999; Sanchez-Jerez et al. 1999b).

Resumen del estudio “How different is the mollusc community between invasive

Caulerpa taxifolia (Chlorophyta: Caulerpaceae) and establishedC. prolifera in

shallow seagrass beds of the Western Mediterranean?

El principal resultado es la presencia de una mayor diversidad de moluscos en la
macroalga invasor&aulerpa taxifolia (35 especies) respedio prolifera (27
especies)Por el contrario, la abundancia acumulada de moluscos a lo largo de los
dos afos, es superior €n prolifera, con 3617 moluscos, respect€ ataxifolia,

con 1450 ejemplaresprincipalmente debido a la elevada abundancia del
opistobranquio Ascobulla fragilis, consumidor directo de Caulerpa.

En Caulerpa prolifera son mas abundantes los gasterépodos (70 % de la abundancia
total de los moluscos) que los bivalvos (29 %). La abundandasctbulla fragilis
supone un 55.3% del total de moluscos. Las esp€aathium vulgatum, Bittium
reticulatum, Loripes lacteus, Glans trapegi&/enerupis aurea junto coh. fragilis

son las especies dominantes.
En Caulerpa taxifolialas especies dominantes son los gasterépédmebulla

fragilis, Cerithium vulgatum, Tricolia pullus, Bittium reticulatum, Bittium latreilli,

Rissoina bruguiery los bivalvosGlans trapezia, Ctena decussata, Loripes lacteus,
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Arca noae, Arcopagia balaustina, Limaria hians, Venus verrucosa, Chama

gryphoides, Lucinella divaricata, Parvicardium exiguyrdenus casina.

e Caulerpa taxifoliay C. prolifera presentan una elevada coincidencia a nivel de
especies, pero con diferencias en las densidades relativas. Las especies responsables
de la diferenciacion entre ambos habitats Aeoobulla fragilis, Loripes lacteug
Bittium reticulatum,con mayor abundancia ed. prolifera, y Glans trapeziay
Ctena decussata, con mayor abundanciaCentaxifolia. La especie/enerupis
aurea, dentro de las especies que mas contribuye a las diferencias, ha sido

muestreada Unicamente en C. prolifera.

» El analisis de las estrategias troficas muastra@ominio de organismos herbivoros
como Ascobulla fragilis y detritivoros comoLoripes lacteusen habitats de
Caulerpa prolifera; mientras que erC. taxifolia son favorecidos los moluscos
filtradores tales com@lans trapeziaParece ser qué. taxifoliano presenta efectos
deletéreos sobre organismos filtradores, como ha sido previamente descrito por

Gribben et al (2006) para la espegieadara trapezia.

« El incremento de biomasa &uaulerpa proliferatiene un efecto positivo sobre el
consumidor directoAscobulla fragilis, reflejado como un aumento de su
abundancia. Elevadas biomasas Grulerpa spp. implican una reduccion de la
abundancia de organismos filtradores cdglans trapeziao Ctena decussata. Este
resultado es similar al encontrado en moluscos en la bahia de Algeciras. para
prolifera (Sanchez-Moyano et al. 2001b)
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Capitulo adaptado de:

Changes in decapod crustacea faunistic composition associated with the seagrass
Posidonia oceanica (Delile) induced by the presence of invasiv€aulerpa species.
Box, A., Deudero, S., Abello, P. 2008. In prep
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3.1 Introduccién al capitulo.

En el presente capitulo se analizan las variaciones en abundancia, diversidad y
estacionalidad de decdpodos encontrados en pradePasidi®onia oceanica, Caulerpa
prolifera, C. taxifoliay C. racemosa var cylindracea.

Los decapodos pertenecen al filum de los crustaceos, junto a otros érdenes como
los anfipodos, anis6podos o isGpodos. Comprenden gran cantidad de especies de gran
movilidad como las pequefias gambas de los génklyspolyte y Palaemon
(principalmente asociados al estrato folial e oceanica) La fauna movil de las
faner6gamas marinas constituye un grupo de organismos bien estudiado, especialmente
aquella asociada al estrato folial Hesidonia oceanica (Templado 1984; Ergen et al.
1988; Gambi et al. 1992). El estrato rizomatico ha sido muy poco estudiado,
principalmente por la dificultad de trabajo con las muestras. Dentro de los pocos
trabajos referidos al rizoma, debemos destacar los trabajos referentes a decapodos
realizados por Garcia-Raso (Garcia-Raso 1990; Garcia-Raso et al. 1996).

Este trabajo se ha realizado a lo largo del periodo comprendido entre febrero
2003 y febrero 2005. Se han recogido muestras de bentos cada dos meses, en areas
pobladas poPosidonia oceanica, Caulerpa prolifera, C. taxifolfaC. racemosavar.
cylindracea. Se han estudiado los organismos recogidos en el volumen correspondiente
a un cuadrante 20 * 20 cm, insertado 5 cm en el sustrato blando.

La abundancia y diversidad de especies de decapodos han sido analizadas con el
fin de establecer la similitud o disimilitud entre los cuatro habitats y cuales son las
especies responsables de las diferencias entre ellos.

Para completar el presente estudio, se ha valorado la importancia de los
parametros estructurales del habitat (biomasa de las caulerpales, biomasa de los
diferentes componentes B@sidonia oceanica y las caracteristicas granulométricas del
sedimento) como variables que pueden afectar la abundancia tanto de especies concretas
como de los descriptores de la comunidad de decapodos.

Para la correcta identificacion de las especies de decapodos en el presente
capitulo, se han utilizado como obras de referencias, los trabajos taxondmicos
“Crustaceos Decapodos Ibéricos” (Zariquiey 1968), “Hermit Crabs of the Northeastern
Atlantic Ocean and the Mediterranean Sea” (Ingle 1993), “European and Mediterranean

Thalassinidea (Crustacea, Decapoda)” (Ngoc-ho 2003), “Cle preliminaire
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d’identification des Crustacea Decapoda de France” (Noel 1992), “Campagnes du
“Professeur Lacaze-Duthiers” aux Baléares: Juin 1953 et Aout 1954 Crustacés
Décapodes” (Forest 1965), “Inventaire et distribution des crustacés décapodes
del’Atlantique nord-oriental, de loa Mediterranée et des eaux continentales adyacentes
au nord de 25° N” (d'UdeKem d'Acoz 1999), entre otras publicaciones cientificas, y la

direccion de internet de “Crustikonfittp://www.imv.uit.no/crustikon/ La correcta

nomenclatura de las especies ha sido verificada en “ERMS, The European Register of

Marine Species”, http://www.marbef.org/data/erms.php.
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3.2 Changes in decapod crustacean faunistic composition
associated with the seagrasdfPosidonia oceanica (Delile)

induced by the presence of invasiv€aulerpa species.

Abstract

The regression of thRosidonia oceanicaeagrass meadows, associated to the
colonisation of the basal stratum by invasive macroalgae of the genus Caulerpa, induces
important alterations in the ecosystem functioning such as changes in the benthic faunal
communities. To evaluate the differences in the P. oceanica seagrass and Caulerpa mats
decapoda communities a two-year study was carried out in the Balearic Islands
(Western Mediterranean). The present study shows that the occurrence of invasive
Caulerpa macroalgae increase the number of decapoda species, densities and
seasonality €. taxifoliaand C. racemosanats presenting a total of 11 species in late
summer) compared to the non-invad&d oceanicaseagrass meadows (with a
maximum of 6 species found in spring). Shannon- Wiener diversity index showed
significant differences among meadows with maximum valués. iprolifera in June
2004 (H=1.77),C. racemosaApril 2004 (H=2.03),C. taxifolia (H= 2.06) andP.
oceanicain April 04 (H= 1.79). For some species, such Ashanas nitesceni
Caulerpamats and®. oceanicaneadows, different abiotical parameters were correlated
with the decapoda specie abundances. Multivariate analysis showed significant
differences among invaded and non-invaded meadows in decapoda species abundances,
diversity and seasonality (ANOVA, p<0.05). Multidimensional scaling showed a clear
differentiation of theP. oceanicaneadow decapoda assemblage from th&aflerpa
mats. The results demonstrate tGaiulerpa taxifoliaand Caulerpa racemosgenerate
a suitable habitat for decapoda infaunal species changing the general patterns in the

Mediterranean seagrass ecosystem dynamics.

Key words: alien species, Caulerpa racemosa, Caulerpa taxifolia, seagrass,

Decapoda, infauna, benthos, western Mediterranean.
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Introduction

Seagrass beds are key ecosystems around the world (Hillman et al. 1995) and in
the MediterraneanPosidonia oceanica(L.) Delile is the dominant species in
infralittoral waters, with an estimated extension ranging from 2.5 to 5.5 million hectares
(Buia et al. 2000). Seagrass beds are characterized by a foliar canopy and a root-
rhizome layer that considerably influence the associated fauna (Buia et al. 2000; Borg et
al. 2006). The dead of the seagrass mats also constitutes a new habitat which supports a
rich macrofauna in terms of species number and diversity (Borg et al. 2006).

In recent years, invasive species have become a serious problem around the
world, representing a serious threat to natural ecosystems (Mack et al. 2000) and
constituting a major driver of biodiversity loss (Sakai et al. 2001). This problem is
present in the Mediterranean Sea where at least 84 introduced macrophytes have been
reported (Boudouresque and Verlaque 2002). The spread of alien species changes the
ecosystem dynamics and affects the invertebrate communities. In the Mediterranean,
three species of the gen@aulerpaare found:Caulerpa taxifolia(Vahl) C. Agardh
(non-native speciesf;aulerpa racemosgForskal) (non-native species) afidulerpa
prolifera (native species). The ocurrence of the alien species changes the faunistic
composition and species abundances, becoming an incipient problem (Pandolfo and
Chemello 1995; BellanSantini et al. 1996; Argyrou et al. 1999; Buia et al. 2001).
Caulerpa prolifera(Forskal) is a subtropical species with the growth-reproductive cycle
linked to water temperature (Meinesz 1979). It occurs throughout the Mediterranean and
is considered an autochthonous species (Sanchez-Moyano et al. 2@@derpa
prolifera (Forskal) is common in areas with high organic matter content and sheltered
bays with low flow and little water renewal (Sanchez-Moyano et al. 2001a).

Caulerpa racemosa is spreading throughout the Mediterranean basin and it has
been reported along the coastline of 10 Mediterranean countries: Albania, Croatia,
France, Greece, ltaly, Libya, Malta, Spain, Tunisia and Turkey (Verlague et al. 2003).
This species spreads on all types of substrate, in both sheltered and exposed areas, and
shows a wide depth distribution ranging from 0 to 70 m (Argyrou et al. 1999; Piazzi and
Cinelli 1999; Zuljevic et al. 2003). The first report 6f racemosan the Balearic
Islands took place in Palma Bay in 1998 (Ballesteros et al. 1999) and nowadays is
common around Mallorca Island. The other invasWaulerpa, C. taxifolia, was
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introduced in 1984 in Monaco and in a few years this algae has expanded throughout
the western Mediterranean occupying 3000 ha in 1997 (Meinesz 1@97axifolia
spreads over all types of substrate including rocks, sand, mud (Meinesz and Hesse
1991) and deadPosidonia oceanicahizomes The first report ofC. taxifolia in
Mallorca was in 1992 in Cala d’Or Bay and, nowadays, it continues restricting its
presence to this bay.

The vagile fauna associated to Mediterranean seagrasses represents a relatively
well-studied group of organisms, specially those occurringPinoceanicabeds
(Templado 1984; Ergen et al. 1988; Gambi et al. 1992). Most studies are focused on
foliar communities, whereas the rhizome compartment has been less studied (Garcia-
Raso 1990; Garcia-Raso et al. 1996). The death. aiceanicamatsand the posterior
colonisation of the substrate Baulerpaspecies is an ecological problem that alters the
invertebrate community. The main objective of this work is to detect changes in the
decapoda species composition and diversity inhabfogidonia oceanica seagrass
beds caused by the colonisation of algae of the genus Caulerpa.

Material and methods

Study areas

The study was carried out in Mallorca (Balearic Islands, Western
Mediterranean). Sampling stations were selected within a similar bathymetry (5-8 m)
and hydrodynamic regimes (enclosed bays). The sampled substrates wd?e (1)
oceanicaseagrass meadow (withoQtulerpa); (2)P. oceanicacolonised byCaulerpa
prolifera mats; (3)P. oceanica colonised baulerpataxifolia; and (4)P. oceanica
colonised byCaulerparacemosa. Substrate (1), (2), and (3) were sampled at Cala d’Or
Bay, on the east coast of Mallorca; category (4) was sampled at Portals Vells, on the
west (facing south) coast of the island (Fig. 1).
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Figure 1: Map of the sampling locations. At Cala d’Or BRgsidonia oceanica, Caulerpa prolifeend

C. taxifoliawere sampledAt Portals VellsC. racemosavas collected.
Sampling methods

The macrobenthic fauna associatedCaulerpa mats, including the infaunal
decapod crustaceans, was sampled bimonthly from February 2003 to February 2005,
with the exception of the samples taken between July 2003 and October 2003, in which
a three-month lapse occurred due to logistical and weather conditions. Three replicate
samples (for each meadow and sampling date) of a 20 x 20 cm frame were inserted 5
cm deep into the sediment, providing a total sampling area of 2080T¢m frames
were sampled by SCUBA diving in the morning (10-12 h GMT). Samples were placed
in a bag of 0.5 mm mesh plastic bag and sorted out in the laboratory. Rhizomes, roots,
sheaths and leaves Bf oceanica were sorted out and after drying during 24 h at 60°C
their biomass was quantified as dry weight (DW). The diffeRenbceanicafractions
were expressed as percentage of the Ritalceanicebiomass.Caulerpaspp. biomass
was also determined and after drying the fronds and stolons for 24 hours at 60°C, the

dry weight was quantified.
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Species of decapod crustaceans were sorted out using a stereomicroscope and
identified at the lowest possible taxonomic level. Samples were fixed in 10%
formaldehyde and preserved in ethanol 70%.

Sediment characteristics were determined by sampling with cores. Three cores
per site were inserted 5 cm deep into the sediment in each meadow to characterize the
grain size parameters. After eliminating organic mater usu@@,Hediment was dried
for 24 h and grain size fractions were established following the Wentworth scale.

Statistical analysis

In order to characterise the community, the diffeRenbceanicdractions (dead
leaves, live leaves, rhizomes, roots and sheaths) were taken into account. To test for
differences among meadows, a two-way ANOVA was carried out (factors meadow and
time) for each P. oceanica fraction, expressed as contribution percentage.

Decapoda densities (ind. Ayrwere fourth-root transformed and the Bray-Curtis
similarity matrix was calculated. Based in this similarity matrix, species contribution to
the similarity of each meadow and dissimilarity among meadows were calculated using
SIMPER (PRIMER 5.0).

To test the importance of the contribution of abiotic factors such as the
granulometry,Posidonia oceanicdractions biomass an@aulerpabiomass variables,
Pearson correlations were performed between these variables and the decapoda species
densities.

A multidimensional scaling (MDS) (PRIMER 5.0) was performed to test for
differences in decapoda densities between non-invRdemteanicameadows and the
samples with the thre€aulerpa species and among the three differ&dulerpa
samples categories. To avoid the presence of occasional species in statistical analyses,
species with less than 8 individuals of total abundance were excluded from the analyses.

The number of species, Shannon-Wiener and Jaccard indexes were calculated
using the DIVERSE routine (PRIMER 5.0). Two-way ANOVA (factors meadow, time)

were performed to study seasonal changes in the diversity indices.
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Capitulo 3 Cambios en las comunidades de decapodos

Results

Characterisation of the non-invaded and invaded Posidonia oceanica meadows

There were significant differences in the contribution percentages oP.the
oceanicastructural components among the studied meadows (Table 1). The sheath
fraction was predominant at the four studied meadows but significant differences among
meadows were found (ANOVAp<0.05). In theP. oceanica pristine meadow, live
leaves represented the second dominant fraction, Wb#élonia roots was the second
dominant fraction at those samples wthproliferaandC. racemosa. Finally, seagrass

rhizomes was the second most important fraction at samples with C. taxifolia (Fig 2).

Table 1.- Characterisation of the different meadows studied in terms of vegetated fragtidiéOVA

to test difference among meadowSa(lerpa prolifera, C. taxifolia, C. racemosa, P. oceaniead
sampling dates. very high significant differences (ANOVA, p < 0.001) high significant differences
(ANOVA, p < 0.01)," significant differences (ANOVA, p < 0.05). Tukey analysis results: a = significant
difference betweerC. prolifera and C. racemosasamples b = significant differences betwedd.
prolifera and C. taxifolia; ¢ = significant differences betweed. prolifera and P. oceanica d =
significant differences betwee@. racemosaand C. taxifoligz e = significant differences betwe&h

racemosandP. oceanicaf = significant differences betweé&h taxifoliaandP. oceanica

%Weight %Weight %Weight live %Weight %Weight roots
rhizomes sheath leaves dead leaves
Source of df MS MS MS MS MS
variation
Date 8 147.601 596.416 191.730 4.040 272.534
Meadow 3 400.75% 1543.7033¢ 2517.67G¢" 5.364 1383.057¢%bde
Jdeadov*d ate 24 147.767 863.469 135.579 3.946 364.144
Residual 72 91.877 268.190 103.301 3.095 173.967

There were significant differences in grain size fractions among meadows
(ANOVA p<0.05). Thus, samples wit@aulerpa proliferawere characterized by a
predominance of very fine sands (predominant fraction 125 pum) along the two years of
sampling. Samples witlC. taxifolia and the P. oceanicapristine meadow were

characterized by the predominance of the fine sand fraction (250 um). Sampl€s with

-100-
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racemosashowed an interannual variability in grain size linked to the medium sands

(500 um fraction) of the 2003 year and predominance of the fine sands in 2004 .

100%
90% -
80% -
70% -
60% -
50% -
40% -
30%
20% -
10% -+ -

0% -

C.prolifera C.racemosa C.taxifolia P.oceanica

Accumulative contribution percentage

m Rhizomes 0O Sheats O Live leaves m Dead leaves | Roots

Figure 2: MeanPosidonia oceanicfractions percentage value fGaulerpamats and®.oceanica

seagrass.

The biomass o€. taxifoliaand C. racemosahowed temporal variations, with
maximum biomass values in summer 2003 and summer-autumn 2004 (Fi@. 3).
prolifera had maximum biomass values in winter in the two sampled years. The

biomass ofC. proliferawas always higher than that 6f racemosaand C. taxifolia
(Fig. 3).

Faunistic composition and temporal variability in non-invaded and invaded
habitats

In non-invaded, pristineP. oceanica meadowsa total of 466 individuals
belonging to 19 decapod crustacean species were sampled during the two years of the
study. The highest densities and dominant values were shown by the caridean shrimp
Athanas nitescenghe hermit cralCalcinus tubularisand the squat lobst&alathea
bolivari (Table 2). Concerning frequency of occurrence, the highest value corresponded

to C. tubularis
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Figure 3: Temporal variations of th€aulerpa prolifera, C. racemosandC. taxifoliabiomass expressed
as g dry weight/f

A total of 964 decapod crustacean individuals belonging to 18 species were
sampled inP. oceanicameadowswith Caulerpa prolifera (Table 3). The highest
densities and dominant values were shown by the caridean shAtirapas nitescens
the hermit crab Calcinus tubularénd the crab Xantho pilipeSoncerning frequency of
occurrence, the highest value correspondedXtopilipes occurring in almost all
samples, followed by C. tubularend A. nitescens

In P. oceanica meadowsith the invasiveCaulerpa racemosaa total of 1812
decapod crustaceans belonging to 17 species were sampled (T.ablee 4)ighest
densities and dominant values were shownAllyanas nitescenss. bolivari and the
hermit crabCestopagurus timidusConcerning frequency of occurrence, the highest
value corresponded t. nitescensfollowed byG. bolivari and the thalassinid shrimp
Upogebia mediterranea.

Samples corresponding . oceanica meadowsith the invasiveC. taxifolia
showed a total abundance of 1175 decapod individuals grouped in 19 different species
(Table 5). The highest densities and dominant values were shoitindiyas nitescens
and Calcinus tubularis followed by Cestopagurus timids, Ebalia edwardsii, Alpheus
dentipes Galathea bolivari, Xantho polipeand Achaeus cranchii Concerning
frequency of occurrence, the highest value correspondgédltinus tubularisfollowed
by Athanas nitescens, Ebalia edwardsii and Cestopagurus timidus
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Differences among meadows

Some significant differences were found among the studied decapod
assemblages corresponding to the studied habitats (ANOSIM, Table 6). An MDS plot
(Fig. 4) showed a partial grouping &aulerpa samples rounded b¥y. oceanica
samples for the three Caulerpa, but more clearlfCtaprolifera. Higher dissimilarities
among meadows correspondRooceanicaandCaulerpa. Decapoda assemblages were
more similar among th&€aulerpa species than betwee. oceanicaseagrass and
Caulerpa species (SIMPER, Table 6).

Main differences between seagrass @adilerpaspecies must be interpreted in
terms of abundance variation of decapoda speddisanas nitescensvas more
abundant in the thre@aulerpaspecies than iPosidonia oceanica. Higher abundances
of Xantho pilipesn C. proliferaare directly related to promote differences betw&en
prolifera and P. oceanica. Most important differences betwéanprolifera and C.
taxifolia were mainly due to highest abundancesopilipesin C. prolifera. Higher
abundances dbalathea bolivariandA. nitescengn C. racemosahanC. proliferawere
responsible of most important differences betw€erproliferaand C. racemosa. The
most important differences betweéh racemosaand C. taxifolia were also due to
higher abundances @. bolivari and A. nistescensn C. racemosahan C. taxifolia
(Table 6).
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Table 2.- Density (individuals/f) temporal variation in decapod crustacean species present in pRistii®nia oceanicaneadows located at Cala d’Or (E Mallorca). Ni:
total number of individuals / fnDi: dominance values (number individuals of each species / total number of individuals), Fi: frequency of occurrence (number of samples

with presence of each species / total number of samples).

Posidonia oceanica Mar-03 May-03  Jul-03 Oct-03 Dec-03 Feb-04 Apr-04 Jun-04 Aug-04 Oct-04 Dec-04 Feb-05 Ni Di Fi
Athanas nitescens 42 0 0 0 0 0 8 0 8 0 25 0 83 17.86 0.33
Calcinus tubularis 0 8 17 8 8 0 0 33 8 0 0 0 82 17.86 0.50
Galathea bolivari 8 0 0 8 0 0 8 17 0 0 17 58 1250 0.42

Pisa muscosa 0 0 0 0 0 8 8 0 0 8 8 32 7.14 0.33
Alpheus dentipes 8 0 0 0 0 17 0 0 0 0 0 0 25 536 0.17
Galathea cenarroi 0 0 0 0 0 0 0 17 0 0 0 8 25 5.36 0.17
Alpheus macrocheles 0 0 0 0 0 25 0 0 0 0 0 0 25 5.36 0.08
Achaeus cranchii 8 0 8 0 0 0 0 8 0 0 0 0 24 536 0.25
llia nucleus 0 0 0 0 0 0 0 0 8 0 0 8 16 3,57 017
Pisidia longimana 8 0 0 0 0 0 8 0 0 0 0 0 16 357 0.17
Automate branchialis 0 0 0 0 0 0 0 0 0 8 0 0 8 1.79 0.08
Cestopagurus timidus 0 0 8 0 0 0 0 0 0 0 0 0 8 1.79 0.08
Dromia personata 0 0 8 0 0 0 0 0 0 0 0 0 8 1.79 0.08
Ebalia edwardsii 0 0 0 8 0 0 0 0 0 0 0 0 8 1.79 0.08
Macropodia longirostris 0 0 0 0 0 0 0 0 8 0 0 0 8 1.79 0.08
Pagurus anachoretus 8 0 0 0 0 0 0 0 0 0 0 0 8 1.79 0.08
Pilumnus hirtellus 0 0 0 0 0 0 0 0 0 0 8 0 8 179 0.08
Xantho incisus
granulicarpus 0 0 0 0 0 0 8 0 0 0 0 0 8 1.79 0.08

Xantho pilipes 0 0 0 0 0 0 8 0 0 0 0 0 8 1.79 0.08




Table 3.- Density (individuals/f) temporal variation in decapod crustacean species present in sampl€awtpa prolifera located at Cala d’Or (E Mallorca). Ni: total
number of individuals / A Di: dominance values (number individuals of each species / total number of individuals), Fi: frequency of occurrence (number of samples with

presence of each species / total number of samples).

Caulerpaprolifera Mar-03 May-03  Jul-03  Oct-03 Dec-03 Feb-04 Apr-04 Jun-04 Aug-04 Oct-04 Dec-04 Feb-05 Ni Di Fi
Athanas nitescens 8 0 42 0 0 25 0 0 17 150 17 0 259 26.72  0.50
Calcinus tubularis 8 8 42 17 0 0 0 33 0 17 0 92 217 22.41 0.58
Xantho pilipes 17 8 8 8 17 25 25 8 33 17 17 183 18.97 0.92
Cestopagurus timidus 0 0 17 0 0 0 0 0 0 25 42 4.31 0.58
Sirpus zariquieyi 0 8 0 0 17 0 0 8 8 41 431 033
Upogebia pusilla 0 0 0 0 0 8 0 25 0 8 41 4.31 0.25
Upogebia mediterranea 0 0 8 0 8 8 8 0 8 0 40 431 042
Processasp. 0 0 0 0 0 0 0 0 17 0 0 25 2.59 0.17
Galathea squamifera 0 0 0 0 0 0 0 0 0 0 0 17 17 1.72  0.08
Liocarcinus arcuatus 0 0 0 0 0 0 0 17 0 0 0 0 17 1.72 0.08
Galathea bolivari 0 0 8 0 0 0 0 8 0 0 0 0 16 172 017
Achaeus cranchii 0 0 0 0 0 0 8 0 0 0 0 0 8 0.86 0.08
Alpheus dentipes 0 0 0 8 0 0 0 0 0 0 0 0 8 0.86 0.08
Automate branchialis 0 0 8 0 0 0 0 0 0 0 0 0 8 0.86 0.08
llia nucleus 0 0 0 0 0 0 0 8 0 0 0 0 8 0.86 0.08
Liocarcinus corrugatus 0 8 0 0 0 0 0 0 0 0 0 0 8 0.86 0.08
Pilumnus hirtellus 0 0 0 0 0 8 0 0 0 0 0 0 8 0.86 0.08
Pisasp. 0 0 0 0 0 0 0 0 0 8 0 0 8 0.86 0.08




Table 4.-Density (individuals/rf) temporal variation in decapod crustacean species present in sampl€auwltipa racemosdocated at Portals Vells (W Mallorca). Ni:
total number of individuals / nDi: dominance values (number individuals of each species / total number of individuals), Fi: frequency of occurrence (number of samples

with presence of each species / total number of samples).

Caulerpa racemosa Jul-03 Oct-03  Dec-03 Feb-04  Apr-04 Jun-04  Aug-04 Oct-04 Dec-04 Nov-04 Feb-05 Ni Di Fi
Athanas nitescens 17 25 0 0 33 50 67 150 100 75 42 559 30.80 0.82
Galathea bolivari 25 0 0 0 17 25 33 100 100 88 8 396 21.84 0.73

Cestopagurus timidus 0 25 0 0 25 42 67 33 0 0 0 192 10.57 0.45
Upogebia mediterranea 0 0 0 25 17 42 17 17 8 142 7.82 0.73
Xantho pilipes 8 8 25 0 0 33 0 50 17 0 141 7.82 0.55
Calcinus tubularis 0 25 17 0 25 17 0 0 0 100 5.52 0.64

Galathea squamifera 8 8 0 0 8 17 33 17 0 0 0 91 5.06 0.55
Alpheus dentipes 0 0 0 0 8 0 0 25 33 25 0 91 5.06 0.33
Sirpus zariquieyi 0 8 0 0 0 0 8 8 0 0 0 24 1.38 0.27

Pisa muscosa 0 0 0 0 8 0 0 8 0 0 0 16 0.92 0.18

Macropodia linaresi 0 0 0 0 8 0 0 0 0 0 0 8 0.46 0.09

Pagurus anachoretus 0 0 8 0 0 0 0 0 0 0 0 8 0.46 0.09
Pilumnus hirtellus 0 0 0 0 0 0 0 0 0 0 8 8 0.46 0.09

Processa edulis 0 0 0 0 0 0 0 8 0 0 0 8 0.46 0.09
Processasp. 0 0 0 0 0 0 0 0 8 0 0 8 0.46 0.09
Upogebia pusilla 0 0 0 0 0 0 0 8 0 0 0 8 0.46 0.09
Achaeus cranchii 0 0 0 0 0 0 0 0 0 8 0 8 0.46 0.08




Table 5.- Density (individuals/f) temporal variation in decapod crustacean species present in sampl€awlétpa taxifolia located at Cala d’Or (E Mallorca). Ni: total
number of individuals / Ay Di: dominance values (number individuals of each species / total number of individuals), Fi: frequency of occurrence (number of samples with

presence of each species / total number of samples).

Caulerpa taxifolia Mar-03 May-03  Jul-03 Oct-03 Dec-03 Feb-04 Apr-04 Jun-04 Aug-04 Oct-04 Dec-04 Feb-05 Ni Di Fi
Athanas nitescens 0 0 17 17 0 0 25 17 25 33 83 25 242  20.57 0.67
Calcinus tubularis 8 17 8 50 8 0 8 8 25 42 8 0 182 15.60 0.83
Ebalia edwardsii 33 0 0 17 8 8 25 0 0 8 17 0 116 9.93 0.58
Galathea bolivari 0 0 0 0 25 8 42 8 17 100 8.51 0.42
Alpheus dentipes 0 0 0 25 17 0 0 17 33 0 100 851 0.42
Cestopagurus timidus 17 8 0 0 8 17 0 0 0 8 17 83 7.09 0.58
Achaeus cranchii 0 0 8 33 0 0 8 8 0 25 0 0 82 7.09 0.42
Xantho pilipes 0 0 8 17 0 8 0 0 0 8 8 0 49  4.26 0.42
Sirpus zariquieyi 0 17 0 8 0 0 0 0 8 8 0 0 41 355 0.33
Processasp. 0 0 0 0 0 0 0 17 8 0 8 0 33 2.84 0.25
llia nucleus 0 0 0 8 0 0 8 0 8 0 8 0 32 284 0.33
Pisa muscosa 0 0 8 0 0 8 0 8 0 0 0 0 24 213 0.25
Alpheus macrocheles 0 0 0 0 0 0 8 8 0 0 0 0 16 1.42 0.17
Automate branchialis 0 0 0 0 0 0 0 0 0 8 0 8 16 1.42 0.17
Pisa tetraodon 0 0 0 0 0 0 0 0 8 8 0 0 16 142 0.17
Hippolytesp. 0 0 0 0 0 0 0 0 8 0 0 0 8 071 0.08
Macropodia longirostris 0 0 0 0 0 0 0 0 0 8 0 0 8 071 0.08
Pagurus anachoretus 0 0 0 0 0 0 0 0 0 8 0 0 8 0.71 0.08
Upogebia pusilla 0 0 0 0 0 0 8 0 0 0 0 0 8 071 0.08
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Figure 4: MDS ordination plots of bimonthly samples based on the fourth root of the number of decapod
individuals per square meter. (A) Comparison betw@aulerpa prolifera(cp) (encircled) anéosidonia
oceanica(po). (B) Comparison betweelh. oceanicgpo) samples versuG. taxifolia (ct) (encircled). (C)

Comparison betweeB. oceanicgpo) samples versus. racemoségcr) (encircled).
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Table 6.- ANOSIM differences among studied meadows and SIMPER dissimilarity values between
meadow pairs and most contributing decapoda species to the dissimilarity values (in bold). AA: average
abundance . DS: contribution to the dissimilarity percentage between meadows paiPnskiOnia

oceanicasamplesCP: Caulerpa proliferasamplesCT: C. taxifoliasamples, CRC. racemosaamples.

ANOSIM PO-CP PO-CT PO-CR CP-CT CP-CR CT-CR
Global R 0.383 0.150 0.345 0.345 0.255 0.308
P 0.001 0.035 0.001 0.001 0.001 0.002
AA.  AA. AA AA Contr. DS Contr. DS Contr. DS Contr. DS Contr. DS Contr. DS
SIMPER PO CP CT CR PO-CP PO-CT PO-CR CP-CT CP-CR CT-CR
Galathea. bolivari ~ 5.30 1.39 8.33 39.58 6.95 7.84 10.71 5.91 13.74 9.84
Athanas nitescens  7.58 21.53 20.1455.83 10.62 10.16 13.21 9.62 12.73 8.95
Calcinus tubularis 7.58 18.06 15.2810.00 10.52 8.27 7.65 8.62 9.18 6.62
Upogebia mediterranea 0.00 3.47 0.00 14.17 6.13 10.25 5.12 8.88 9.36
Cestopagurus timidus 0.76  3.47 6.94 19.17 3.66 9.26 7.57 8.50 8.51 7.93
Galathea squamifera 139 0.00 9.17 7.56 8.31 6.87
Xantho pilipes 0.76 1528 4.17 1417 16.37 551 9.04 10.14 8.02 7.37
Sirpus zariquieyi 0.00 347 347 250 6.42 4.53 3.03 6.34 6.17 4.64
Aalpheus dentipes 227 0.69 8.33 9.17 3.81 6.54 5.78 6.63 6.02 6.64
Upogebia pusilla 0.00 347 0.69 0.83 3.78 3.71 3.84
Processasp. 0.00 208 278 0.83 2.18 2.99 3.96 2.85 3.02
Pilumnus hirtellus 0.76  0.69 0.83 2.37 2.53 2.54
Ebalia edwardsii 0.76 0.00 9.72 0.00 9.22 8.47 7.21
Achaeus cranchii 227 069 0.83 6.94 4.69 3.70 5.44 4.73
llia nucleus 152 069 278 0.00 3.11 4.64 3.72 2.92
Pisa muscosa 3.03 0.00 208 1.67 5.31 6.10 4.82 3.38 3.69
Automate. branchialis 0.00 0.69 1.39 2.14 251
Pagurus anachoretus 0.76 0.83 0.69 2.58 2.03
Galathea cenarroi 227 000 0.00 0.00 2.94 271 2.37
Pisida longimana 1.52 0.00 2.19
Alpheus macrocheles 2.27 1.39 3.31
Average Dissimilarity between
meadows pairs 81.90 73.00 76.36 71.34 63.01 66.10

Effects of the habitat structure over decapoda assemblages

The effect of the structural parameters over the decapoda assemblages differ
among meadows. IfPosidonia oceanicaseagrass meadow onKthanas nitescens
abundances were related to structural parameters (Table 7). For GatiNerpa
prolifera correlations were found with structural parameters for the spéthemas
nitescensand Calcinus tubularis(Table 7). The structural parameters for invasiie

racemosawere correlated with the decapoda spedesnitesces, Calcinus timidus,
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Galathea squamifera, Galathea bolivari, Upogebia mediterraard Xantho pilipes
(Table 7)

Diversity indexes

Species richness (number of species) in non-invadesdidonia oceanica
samples ranged between one (May, December 2003 and October 2004) and six species
(March 2003, April 2004) (Fig. 5 a). Maximum diversity values (Shannon-Wiener
index) were obtained in March 2003 and April 2004 (Fig. 5 b). In meadowsGwith
prolifera, species richness ranged between 3 and 7 species, with maximum values
corresponding to the summer season (July 2003 and June 2004) (Fig 5 a, b). In
meadows with the invasiv€. taxifolia, species richness ranged between 3 and 11
species, with maximum values in October 2003 and October 2004 with 9 species (Fig. 5
a, b). In samples with the invasii@ racemosaspecies richness ranged between no
decapod presence and 11 species, with maximum values in October 2003 (7 species)
and October 2004 (11 species) (Fig. 5 a, b).

Significant differences in diversity, species richness and in seasonality were
found among meadow categories (Table 8) Thus, Tukey analysis found significant
differences betweerC. taxifolia and P. oceanicameadows as well as between
December 2003 - February 2004 and the spring-summer samples (April-June 2004,
August October 2004). The highest number of species was found in late spring and
summer, coeval to the maximum growth of thaulerpamats, especially in the non-
native Caulerpa sampleg¢Fig. 5. The Shannon-Wiener index showed also significant
differences among meadows (ANOVA, p<0.05) and Post-Hoc analysis revealed

significant differences between C. taxifolia and P. oceanica samples. (Table 8).
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Table 7.-Pearson correlations between the most abundant species and structural parameters. Decapoda species and structural parameters with no correlation are not includec

Athanas Calcinus Cestopagurus Galathea Galathea Upogebia Xantho Ebalia

nitescens tubularis timidus squamifera bolivari mediterranea pilipes edwardsii

P. oceanica
rhizomes -0.585
Fine sands fraction 0.579

Posidonia

oceanica
Very fine sands

fraction 0.608

C. prolifera
Caulerpa  Biomass 0.896
prolifera P. oceanica

Leaves 0.985

DeadP. oceanica

leaves 0.867" 0.847

Medium sands

Fraction 0.717 0.742

Granules sand

fraction 0.900" 0.801" 0.740
Fine sands fraction 0.875 0.812 0.894"
Very fine sands

fraction 0.644 -0.757
Very coarse sand

Fraction -0.757

Caulerpa

racemosa

DeadP. oceanica
Caulerpa  |eaves 0.688
taxifolia Medium sands

Fraction 0.733"
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The other invasive&Caulerpa, C. taxifoliastructural parameters of the habitat
were correlated with the abundances of A. nitescens and Ebalia edWaadids 7).
a)
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Figure 5: a) Bimonthly mean number of decapod species folGhelerpamats and?osidonia oceanica
seagrassh) Bimonthly mean values of Shannon-Wiever diversity IndexJaulerpamats andPosidonia

oceanicaseagrass.

-112 -



Capitulo 3 Cambios en las comunidades de decapodos

Table 8.- ANOVA of the total number of species (S), number of individuals (N), Jaccard index (J'),
Shannon-Wiener index (H) and 1- Lambda indéx. very high significant differences (ANOVA <
0.001),”: high significant differences (ANOVA, p < 0.01),significant differences (ANOVAp < 0.05).
Tukey analysis results a = significant differences betvizmrerpa racemosandPosidonia oceaniceb

= significant differences betwe&h taxifoliaandP. oceanica

S N J H

Source of  df MS MS MS MS
variation

Meadow 3 25.225° 24680.952 0.008 0.934P

Date 4 16.750 15244.792 0.010 0.462

Meadow*date 12  3.433 4985.532 0.002 0.106

Residual 20 4.425 4630.642 0.005 0.174
Discussion

The colonisation and substitution of thHosidonia oceanicameadows by
Caulerpamats change habitat structural parameters and the seasonal vegetal coverage.
EachCaulerpa species present particular structural characteristics, seasonality patterns,
toxicity and different arrival date. Altogether induces changes over the decapoda
community previously associated with the seagrass P. oceanica. Main finding of present
study is the higher decapoda abundances and diversity in non-Gatilerpa mats
thanP. oceanicaseagrass meadow. However, dominant species fou@duterpamats
are common inP. oceanicaseagrass meadows (including alive and dead mats)
(Templado 1984; Chimenz et al. 1989; Garcia-Raso 1990; Garcia-Raso et al. 1996;
Templado et al. 2004; Borg et al. 2005).

Nowadays the degradation of seagrass meadows by several factors such as
anchoring, pollution and eutrophication, among others, leaves a nude substratum
susceptible to be colonised Baulerpaspecies. EaclCaulerpagenerates a particular
habitat over dead rhizomes, different from the other congeneferderpa species
present a water temperature dependent growing cycle with higher biomass in the post-

summer period with higher temperatures (Terrados and Ros 1995; Thibaut et al. 2004).
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However we found species differences in biomass seasonality dbautgypaspecies.

Apart from the differences in biomass seasonality, the different time of substrate
colonisation is responsible for increase or decrease differences between the original
seagrass meadow and the actballerpamats. The different contribution percentages

of theP. oceanicdractions among@aulerpaspecies must be also considered. It implies
differences in the habitat promoting or reducing the occurrence of spaces and crevices
in the mats. Another important parameter to differentiate bet@aeaierpamats andP.
oceanicameadow is the presence of caulerpenyne, a secondary metabGlaalarpa
macroalgaes (Jung et al. 2002; Sureda et al. 2006).

The sampling methodology was appropriate for the infaunal decapoda
community but the vagile decapoda was not fully sampled. Motile species such as
shrimps of the genuslippolyte and Palaemormdominant in previous works of.
prolifera (Sanchez-Moyano et al. 2001b; de la Rosa et al. 2002; Sanchez-Moyano et al.
2004; de la Rosa et al. 2006) aRAdoceanica(Garcia-Raso 1990; Garcia-Raso et al.
1996; Sanchez-Jerez et al. 1999; Sanchez-Jerez et al. 2000) here show a low presence in
the rhizome substratum, indicating a sampling.bias

The non-nativeCaulerpa considered recent invaders in the Balearic waters do
not have an own decapoda infauna community. Therefore, the decapoda endofauna of
the non-nativeCaulerpais highly influenced by th@osidonia oceanicaeagrass beds.

The native Mediterranea@. prolifera mats have been growing over ddadoceanica
mats for a longer period than the non-nat@a&ulerpaand has associated a decapoda
community that has developed adaptative mechanisms to feed and {Dhphilifera
mats. Multidimensional scaling analysis (MDS) showed grouping trends in the
Caulerpamats. These trends were ever clearer wBeproliferamat andP. oceanica
meadow were compared.

The general trend in the decapoda endofauna is the important coincidence of the
species composition betweé€aulerpamats andPosidonia oceanica. Most important
differences were due to enhanced abundanceB. afceanicadecapoda species in
Caulerpa mats. P. oceanicaspecies associated with rhizome substratum such as
Calcinus tubularis, Cestopagurus timidus, Athanas nitescens, Alpheus deantigpes
Galathea bolivari(Templado et al. 2004) were most abundant specigSauderpa
mats. The hermit cralSestopagurus timidusnd Calcinus tubularisyhich could reach
50% of the decapoda endofaunaRn oceanicameadows (Templado et al. 2004),

increased abundances @aulerpamats. This trend had been previously reported in a
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deeper habitat (30 meters) where both species increases its abundance€.when
racemosa colonised the space previously occupigd. mceanicaseagrass (Argyrou et
al. 1999).

The substrate studied colonised ®@gulerpaspecies is a particular habitat with
important presence of species which usually inhabit hollows and crevices in the
Posidonia oceanicalead mats ané. oceanicameadows such aAthanas nitescens,
Alpheus dentipeand Galathea bolivari, (Garcia-Raso 1990; Garcia-Raso et al. 1996;
Borg et al. 2006). As previously reported by Betgl (2006) for the dead matte, in our
study these decapoda species present higher abundanCeailerpa mats thanP.
oceanicameadows and contribute mostly to the dissimilarity betw@aunlerpaandP.
oceanica decapoda assemblages.

Posidonia oceanicanats are a suitable substrate for decapod species such as
Upogebia (Garcia-Raso 1990; Garcia-Raso et al. 1996), which create large feeding
galleries (Waldbusser and Marinelli 2006) and live insideRbsidonia oceanicanat.
Upogebia mediterranegresents higher abundances Qaulerpa racemosand C.
prolifera than atP. oceanicaand contributes importantly to the dissimilarity between
these Caulerpa mats andP. oceanica. The presence of gerugogebiahad been
described folC. prolifera (de la Rosa et al. 2002) but not @rracemosa (Argyrou et
al. 1999).U. mediterraneaventilate their borrows creating an environment rich in
organic matter and oxygen, which favours bacterial growth. That may lead to a more
rapid decomposition of seagrass tissues (Borg et al. 2006).

The crabXantho pilipeswas more abundant in the thr€aulerpamats than in
Posidonia oceanicaneadow. This crab, common in shallow waters, is more frequent in
rocky bottoms but is also present in seagrass meadows (Zariquiey X968ipeswas
common inC. proliferamat being also responsible for large part of differences between
C. proliferawith C. taxifoliaandP. oceanicaC. racemosanat community had also an
important presence of this species but no previous reports of this speCiaag@mosa
mat had been found (Argyrou et al. 1999) which supports the hypothesi& thiipes
is an opportunistic species and Caulerpa mats provides a useful habitat to this specie.

Another crabEbalia edwardsiiwas one of the species with high contribution to
the SIMPER similarity value oCaulerpa taxifoliamat. The presence of this species
had been reported id. oceanicaseagrass meadows (Garcia-Raso 1990; Garcia-Raso et
al. 1996) but not in dead seagrass mats (Borg et al. 2BO@dwardsiiis a common

species in sandy bottoms and seagrasses (Zariquiey 1968).
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The correlations among decapoda species and sample characteristics mainly
revealed the importance of grain size for species such a#\tf@anas nitescens,
Galathea bolivariandUpogebia mediterranea. The correlations found for one meadow
are not applicable to others and no general trends regarding the effects of the sample
structural parameters over the decapoda species could be established. The $ructural
oceanicafractions also influenced some decapoda species suéh agescens, C.
timidusandG. squamifera. Caulerpa biomass only affected the presenCetabularis
in C. prolifera. Consequently, the decapoda infauna community was more affected by
changes in the sediment structural parameters such as grain size. The presence of
Caulerpa biomass did not seem to be the main factor directly responsible for the
changes in the infaunal decapoda community. However, the preserCauldrpa
species enhances the sedimentation rates (Piazzi et al. 2005) and in the Case of
prolifera it provides a reduction of grain size in the colonised area (Sanchez-Moyano et
al. 2001a).

Caulerpamats seemed to increase the decapoda species diversity, which occurs
along with highelCaulerpabiomass in late summe€( racemosandC. taxifolia), and
in late spring-summerd. prolifera). Consequently the habitat generatedChylerpa
species seems to enhance decapoda diversity related to the occurrence of maximum
Caulerpabiomass. Many authors proposed mechanisms by which variations of habitat
architecture may influence the composition and distribution of the associated
assemblages (Dean and Connell 1987; Bologna and Heck 2000). Th&€ duleepa
mats have different foliar structure with different length, ramification degree, biomass
and seasonality. This habitat is completely different from the large lineal leaves of
oceanicameadow.Caulerpaspecies form a complex stolon structure over the dead
mats, generating a more complex habitat and increasing decapoda abun@ances.
taxifolia develops a network of stolons on the substratum surface and possesses a
rhizoid system that allows to colonize any substratum, affecting negative endemic
macroalgae (Levi and Francour 2004). Speciealized fishes sudullas surmuletus,
by increasing a barrier to reach food resources are also affected negativately

(Longepierre et al. 2005).
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Conclusion

The decapoda community of invasiv€aulerpa species and the one
corresponding toPosidonia oceanicaseagrass are similar in species composition.
However, several decapoda species commd. iaceanicancrease their abundances
in invasive Caulerpa. Similarly occurs irC. prolifera with an important amount of
coincident decapoda species wirh oceanicabut different abundances. The substrate
sampled seems to be at least in part responsible for these coincidencE€auldrpa
seasonality of each species, with different biomass and periodicity, seems to be also
responsible for the differences in decapoda diversity. Our results suggest that maximum
substrate coverage by eaChulerpaenhances decapoda diversity. The introduction of
the non-nativeCaulerpa macroalgae increases the number of species and densities
compared to the previouB. oceanicaseagrass meadow and the Mediterranean
Caulerpa prolifera. On the other hand the rhizome habitat seems to be a peculiar habitat
selected by some decapoda species. The loose oPdk&lonia oceanica aerial
strucutres implies the increase of the abundances of these species which usually inhabits
hollows and crevices such &shanas nitescens, Galathea bolivari, Alpheus dentipes
and Upogebia mediterraneaAt each studiedCaulerpa stations, the seagrad®.
oceanicaand the macroalgae of genGaulerpaform a mixed habitat with patches of
the two species. The progressive degradation of the seagrass by continued human
perturbations might be on the side @&ulerpamacroalgae, which might expand its
invasion forming monoespecifi€aulerpa mats with important consequences over

decapoda diversity and abundances.
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3.3 Resumen de las comunidades de decapodos

* EnPosidonia oceanic#é abundancia acumulada de decapodos a lo largo de 12
muestreos repartidos en 2 afos es de 446 ejemplares pertenecientes a 19
especies. Las decapodos dominantesAdbanas nitescens, Calcinus tubulayis

Galathea bolivari.

« En Caulerpa prolifera la abundancia acumulada es de 964 decapodos
pertenecientes a 18 especieas decapodos dominantes sathanas nitescens,
Calcinus tubularisy Xantho pilipes

» En Caulerpa taxifoliase obtuvo una abundancia acumulada de decdpodos de
1175 ejemplares. En esta caulerpal se obtuvo el mayor nimero de especies, 19,
de las cuales, las dominantes sAthanas nitescens, Calcinus tubularis,

Cestopagurus timidus, Ebalia edwardsii

 La comunidad de decdpodos asociad&alerpa racemosapresenta una
abundancia acumulada de 1175 ejemplares. La abundancia de decdpodos es
superior a los otros 3 habitats estudiados. Fueron identificadas 17 especies de
decapodos. Las especies dominantesAgbanas nitescens, Galathea bolivgri

Cestopagurus timidus.

e Tanto las abundancia de decapodo£anlerpa racemosasomo la diversidad
de decpodos e@. taxifolia es significativamente superior que Rosidonia

oceanica.

o Caulerpa prolifera no muestra diferencias respecto a las invasoras ni a
Posidonia oceanica&n lo referente a abundancias y diversidad de especies de

decépodos.
» La composicion especifica de la endofauna de decapodos muestreada presenta

una elevada coincidencia de decapodos en las tres espec{esuldepay

Posidonia oceanica. Las principales diferencias entre los habitats estan en la
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abundancia de las especies coincidentes, generalmente maydZesilerpa
spp., como Calcinus tubularis, Cestopagurus timidus, Athanas nitescens,

Alpheus dentipeg Galathea bolivari.

* En las zonas colonizadas foaulerpaspp. destacan por su abundancia especies
excavadoras cométhanas nitescens, Alpheus dentigesalathea bolivari.
Estas contribuyen de forma importante a diferenciar la comunidad de decapodos
entreCaulerpaspp yPosidonia oceanicaDe acuerdo con Borgt al (2006) la
mata muerta es un sustrato que favorece los organismos excavadores gracias a la
gran cantidad de huecos y espacios que se generan al desaparecer el estrato folial

de P. oceanica.

* El decapodo excavadodpogebia mediterraneadambién contribuye en la
diferenciacion deCaulerpa racemosavar. cylindraceay C. prolifera de

Posidonia oceanica donde presenta menores abundancias.

» La introduccion de las especies @aulerpainvasoras conlleva un aumento en
las abundancias y diversidad de decapodos. Esto puede ser debido a varios
factores: la presencia de mata muert&®dsidonia oceanica (Borgt al, 2006),
el habitat generado por los frondes y estolonesCdelerpa spp, el efecto
barrera de las estructuras @aulerpasobre los peces (Longepierre et al. 2005)
y las migraciones horizontales de muchos decapodos desé®sldonia
oceanica hacia las caulerpales en busca tanto de refugio como de alimento.

* Las correlaciones entre los componentes estructurales de la muestra y las
principales especies de decapodos no muestran un patron coincidente entre los
habitats. A pesar de ello la granulometria afecta a la abundandithaeas
nitescens, Galathea bolivary Upogebia mediterranealos componentes
estructurales deP. oceanicaestan relacionados con la abundancia Ade
nitescens, Cestopagurus timidysG. squamiferaEl efecto de la biomasa de
Caulerpaspp, solo queda patente én proliferay en el decapod&alcinus

tubularis, cuya densidad se ve aumentada al aumentar la biomasa.
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Capitulo adaptado de:

Seagrass polychaete assemblages changes after invasiorChyler pa racemosa var
cylindracea: community structure and trophic guilds . Box, A., Martin, D.,
Deudero., S. In prep

Seagrass polychaete assemblages differences between inva€iaelerpa taxifolia
and establishedC. prolifera: community structure and trophic guilds. Box, A.,

Martin, D., Deudero, S. In Prep
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4.1 Introduccion al capitulo

El presente capitulo se analizan los resultados obtenidos referentes a abundancia,
diversidad, estacionalidad y estrategias tréficas de poliquet@o&donia oceanica,
Caulerpa racemosa varylindracea, Caulerpa taxifolig Caulerpa prolifera.

Los poliquetos constituyen una clase del filum annelida. Este se puede dividir en
dos grupos, aquellos con mayor capacidad de desplazamiento, llamados errantes, y los
que acostumbran a construir tubos o tuneles con escaso o0 nulo desplazamiento,
llamados sedentarios. La diferente capacidad de retener particulas de cada una de las
algas, junto con su diferente estacionalidad afectara de modo diferente a las especies de
poliquetos tras el cambio en la cobertura vegetada en el habitat.

Entre los invertebrados bentonicos, los poliquetos constituyen uno de los
principales grupos en la estructura de las comunidades, destacandose su importancia
como descriptores de la comunidadRiisidonia oceanicéGambi et al. 1995). A pesar
gue las praderas de P. oceanica carecen de especies propias, la comunidad de poliquetos
en esta fanerogan&s muy caracteristica con gran presencia de ejemplares de la familia
Syllinae (Gambi et al. 1998). El estrato foliar, esta caracterizado por presentar menor
namero de especies y diversidad, y el estrato rizomatico es mas diverso y con mayores
abundancias de poliquetos (Gambi et al. 1995).

En el primer trabajo expuesto en este capitulo se analizan las diferencias
referentes a la composicion especifica, abundancia, nimero de especies y diversidad de
los poliguetos muestreados a lo largo del periodo 2004-2005, correspondientes a una
pradera de Posidonia oceanica invadida por C. racemosa var. cylindraceapradera
de P. oceanica no invadida.

Las muestras analizadas en el presente trabajo se han recogido mediante un
cuadrante 20 x 20 cm insertado 5 cm en el sustrato durante el periodo de febrero 2004
hasta febrero 2005. Dentro de estas muestras se han separado, entre otros filums, los
poliquetos de los cuales se han analizado su composicién especifica, abundancia y
variacion estacional.

En el segundo trabajo del presente capitulo se analizan y comparan las especies
y abundancias de poliquetos de una prader€alderpa proliferay C. taxifolia. La
comunidad de poliquetos €h proliferaha sido estudiada por Sanchez-Moyano 2001

a,b. La comunidad de poliquetos @etaxifoliano ha sido estudiada hasta el momento
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por lo que los resultados de este trabajo suponen una primera aproximacion a la fauna
de C. taxifolia en el Mediterraneo.

Las muestras analizadas en este trabajo abarcan desde marzo del 2003 hasta
febrero del 2005. Las muestras se han obtenido siguiendo el mismo proceso que en el
primer caso. Dentro de cada muestra se han separado los poliquetos, para los cuales se
han analizado su composicion especifica, abundancias, variacién estacional y estrategias
troficas.

En ambos trabajos se ha considerado la contribucion de las diferentes estructuras
de Posidonia oceanica (hojas, raices, rizomas y vainas), la biomaSautierpaspp. y
las granulometrias del sustrato para establecer las diferencia entre las comunidades de
poliquetos propias de los habitats estudiados.

La clasificacion taxonomica se ha realizado mediante la consulta de las obras
“Faune de France 5, Polychétes Errantes” ,“Faune de France 16, Polychétes
Sédentaires” (Fauvel 1923; Fauvel 1927), “Fauna de Espafia, Fauna de Anélidos
Poliquetos de la Peninsula Ibérica” (Campoy 1982), “Policheti Serpuloidei” (Bianchi
1981), ‘A Systematic Revision of the Sabellidae-Caobangiidae-Sabellongidae Complex
(Annelida: Polychaeta)” (Fitzhugh 1989), “Maldanidae (Annelida: Polychaete) from
Japan (Part 1)” (Imajima 1982), “The Aphroditoidea (Annelida: Polychaeta) of the
Mediterranean Sea (Barnich and Fiege 2003) y la gran obra “Fauna Iberica, Annelida
Polychaeta 1l, Syllidae” “Fauna lberica, Annelida Polychaeta I” (San Martin 2003;
Viétez et al. 2004), entre otras publicaciones cientificas.
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4.2 Seagrass polychaete assemblages changes
after invasion by Caulerpa racemosa var.
cylindracea: community structure and trophic

guilds

Abstract

The regression of theosidonia oceanicaeagrass meadows altogether with the
colonisation of rhizomes by invasiv€aulerpa racemosa in the Balearic Islands
produces important changes in the ecosystem functioning, which affect the benthic
faunal communities. Polychaete assemblages were studied out along two years to
describe the populations associatedPusidonia oceanica meadows invaded @y
racemosa. Higher abundances and number of species were found from August to
December (e.g. 358 indfnand 20 species in October) and the abundance, number of
species and diversity of polychaetes were positively correlated @ithacemosa
biomass. Therefore, the spatial complexity provided by the frond and stolon @et of
racemosa seem& combine with that of the remaining seagrass matt allowing to
support a well-developed polychaete assemblage. Compared to a closer,Pliving
oceanica meadow (where the maximum abundances and number of species occurred
from February to June), the invaded meadows harboured significantly modified
polychaete assemblages. However, the major impacts seemed to be non-harmful (i.e.
increasing abundance and number of species) and affected the seasonality of the

assemblages, in coincidence with the fluctuations of the C. racemosa biomass.

Keywords: Posidonia oceanicaCaulerpa racemosgyolychaete, diversity, trophic

guilds, Mediterranean.
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Introduction

The presence of alien species in the Mediterranean, currently about 662 (Gollasch
2006), is an increasing problem that still needs to be studied to clarify its consequences.
Invasive species are considered a serious threat to natural ecosystems (Mack et al.
2000), as well as one of the major drivers of biodiversity loss (Sakai et al. 2001).
Invaders could be highly competitive and their interaction with native species can cause
a global decrease of biodiversity (Bax et al. 2003). Negative effects of invasive species
over the local biota have been recently reported, especially for macroalgal communities
(Piazzi & Cinelli 2000; Meinesz et al. 2001; Balata et al 2004; Meinesz 2004).

In the Mediterranean Sea, 84 introduced macrophytes have been cited to date
(Boudouresque & Verlague 2002). Two of them belong to the green algae genus
Caulerpa:C. taxifolia andC. racemosa (Ceccherelli et al. 200R3. presence induces
drastic changes in faunistic composition and abundance of the affected systems, thus
becoming a serious problem in the Western Mediterranean (Pandolfo & Chemello 1995,
Bellan-Santini et al. 1996, Argyrou et al. 1999, Buia et al. 2001). The species of
Caulerpaproduce anti-herbivorous secondary metabolites (Amade & Lemee 1998, Jung
et al. 2002), such as caulerpenyne, the major one, which affects negatively the grazing
organisms (Boudouresque et al. 1996, Parent Massin et al. 1996, Pesando et al. 1996,
Amade & Lemee 1998, Pesando et al. 1998, Sureda et al. 2006) and changes chemically
the environmental conditions of the habitat (Amade & Lemee 1998, Sureda et al. 2006).

Posidonia oceanica(L.) Delile meadows are among the most important
Mediterranean ecosystems, with an estimated extension between 2.5 - 5.5 million
hectares (Buia et al. 200osidonia beds are characterized by their foliar canopy and
root-rhizome layer, which strongly influenced the associated fauna (Buia et al. 2000,
Borg et al. 2006). Even dead (i.e. after losing the foliar structuPes)donia beds still
support a rich macrofauna in terms of number of species and diversity (Borg et al.
2006). However, the particular characteristicsPofoceanica meadows make them
highly sensible to competitors, such as the invasive species of the Ganlespa
(Ceccherelli et al. 2002).

The substitution of local species by invaders is nowadays a worldwide
phenomenon (Montefalcone et al. 2007), and the Mediterrdesidonia meadows are

not an exception. Our study focuses on one of its competitors particularly, the invading
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Caulerpa racemosa, which has already been reported from 11 Mediterranean countries:
Albania, Croatia, France, Greece, ltaly, Libya, Malta, Spain, Tunisia and Turkey
(Verlague et al. 2003)Caulerpa racemosapreads in sheltered and exposed areas,
colonising all kind of substrates from 0 to 70 m deep (Argyrou et al. 1999, Piazzi &
Cinelli 1999, Zuljevic et al. 2003). Introduced species often become more invasive in
impacted ecosystems. For instance, the brown Skggassum muticursubstitutes
Zostera marina in damaged beds of the French Atlantic coast (Givernaud et al. 1991) or
the green alg&nteromorpha radiata, which spreads in deteriorated mixed beds of
Zostera noltiandZ. marina in Great Britain coasts (Den Hartog 1994). In particular,
regressivePosidonia oceanicaneadows are more prone to be invadedbyacemosa

var cylindracea than healthy ones (Ceccherelli et al. 2000).

The invertebrate assemblages, including those associated to seagrass beds, may
also be affected by the presence of invasive species, which may either enhance
(Argyrou 1999; Antoniadou & Chintiroglou 2007) or decrease (Galil & Zenetos 2002,
Zenetos et al 2003; Streftaris & Zenetos 2006) its diversity. Among benthic
invertebrates, the polychaetes are considered as excellent descriptors of the structure of
faunal assemblages, including those in association with seagrasses (Gambi et al. 1998,
Brito et al. 2005). AlthouglPosidonia oceanicaeds lack exclusive polychaete species,
the structure of their assemblages is very characteristic and tends to differ between the
leaf stratum and the rhizomes and “matte”, the former being less abundant and diverse
and the latter having, in general, no dominant species but a high richness with relative
low abundances per species (Gambi et al. 1995).

Previous studies showed an increase of soft-bottom polychaete diversity and
abundance in association with the presendeaaferpa racemosgArgyrou et al. 1999)
However, in the Balearic Island€, racemosa has only been found overgrowing dead
Posidonia meadows. Therefortae aim of our study was to describe the structure (both
in terms of species and trophic diversity) and the seasonal patterns of the polychaete
assemblages associated to dBadidonia oceanicaneadows invaded by C. racemosa

and to compare the m with those associated to living Posidonia meadows.
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Material and methods

Study area

The study was carried out in Mallorca Island (Balearic Islands, Western
Mediterranean), whereCaulerpa racemosavar. cylindracea overgrowing dead
Posidoniameadowsforms patches that are surrounded by sandy bottoms and living
seagrass meadows. Samples (hereafter c&@lkderpa mats) were collected in an
enclosed bay (Portals Vells Bay, Southwest Mallorca, N 39° 28.321'/ E 2° 31.320',5-8
m deep).For the comparisons, samples of liviRgsidonia oceanica (hereafter called
Posidonia meadows) were collected in a similar enclosed bay (Cala D’Or Bay,
Southeast Mallorca, N 39° 22.164’ / E 3° 13.887" and N 39° 22.028’, 5 -8 m deep),

which was not invaded b@aulerpa.

Sampling

From February 2004 to February 20@aulerpamats andPosidoniameadows
were sampled bimonthly. Three replicate samples (per meadow and sampling date) of a
20 x 20 cm frame were collected by SCUBA diving in the morning (10h - 12h GTM).
The frame was inserted 5 cm into the sediment. Samples were placed in a plastic mesh
bag of 0.5 mm pore size, fixed in formaldehyde 4 %, preserved in 70 % ethanol and
then sorted out in the laboratofyaulerpa racemosa was sorted and dry-weighted (24 h
at 60 °C), as well as the rhizomes, roots and sheaths of th&dgiddnia mat. For the
living Posidonia meadows, leaves were also sorted out dry-weighted (24 h at 60 °C). All
their respective biomasses were expressed as percentages.

The polychaete specimens were sorted under a stereomicroscope, identified at the
lowest taxonomic level possible, and then grouped into trophic guilds: carnivorous,
herbivorous, omnivorous, deposit feeders and filter feeders (according Fauchald &
Jumars 1979, Gambi et al. 1995, Martin et al. 2000, Antoniadou & Chintiroglou 2006).
For statistical purposes, the species of Paraonidae, Capitellidae, Sabellidae and
Maldanidae were pooled at family level, due the misidentification of several
individuals. A species was considered as dominant when its abundance was more that
1% of the total.
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In parallel with macrobenthic samples, three corers per meadow and sampling
date (inserted 5 cm into the sediment) were collected to characterize the granulometry.
After eliminating organic mater using,€,, the sediment was dried for 24 h and the

grain size fractions were established following classic Wentworth (1972) scale.

Statistical analysis

In order to characterize the polychaete assemblages associ@tadlégpamats,
their different structures (i.eGaulerpa network anéosidonia rhizomes, sheaths, dead
leaves and roots) were taken into accountPdsidonia meadows, living leaves were
also considered. In the comparisdretweenCaulerpamats and Posidonieneadows,
the differences in the polychaete assemblages harboured by these structures were tested
by two-way analysis of variance (two-way ANOVA) including time as factor.

The structure of the polychaete assemblages was analyzed using PRIMER 5.0
software (Clarke 1993, Clarke and Warwich, 1994). A CLUSTER analysis was
performed on a resemblance matrix (Bray-Curtis index) estimated from a fourth-root
transformed abundance per sample (replicates samples pooled by meadow and sampling
date) matrix. No reduction in species was applied. The Multidimensional Scaling
(MDS) routine was used for a two-dimensional representation. The ANOSIM routine
(Clarke and Warwick 1994) was applied to assess the differences between the groups
obtained in the CLUSTER analysis. The polychaete species responsible for the
observed differences were identified by means of the SIMPER routine and the
DIVERSE routine was used to obtain the following descriptors of the polychaete
assemblages: density, number of species per sample, the diversity index and evenness
(Clarke and Warwick 1994). Pairwise correlations (Pearson test) were performed to
assess the relationships betwe@n racemosabiomass and the descriptors of the
polychaete assemblages, as well as with the trophic groups. One-way ANOVA (factor
meadow) was performed to test changes in the main trophic guilds between meadows.
The most characteristic polychaete species (i.e., with a higher contribution according to
the SIMPER routine) were used to analyse the seasonal trends of the assemblages by

means of a two-way ANOVA (factors meadow and time).
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Sample characterization

The sheath fraction was significantly predominant botiCaulerpa matsand
Posidoniameadows, while roots and living leaves were the second main fractions,
respectively (Fig 1 A)In Caulerpa mats, however, there was a significant seasonal
effect, as the maximum biomasses of the algae occurred between August and December,
being highly influenced by the warm 2004 end (Fig. 2).

The sediments associated to Caulerpa rpatsented an inter-annual variability in grain
size, whit a predominance of medium sands (500 pm) in 2003 and fine sands (250 pum)
in 2004 (Fig. 1B). Conversely, irPosidonia meadowsthere was an overall
predominance of fine sands (Fig. 1B).

Faunistic composition

A total of 1863 polychaete individuals belonging to 43 taxa were identified in
Caulerpamats. Nereididae and Sigalionidae were the most abundant families thoughout
the year. The species richness was high, with 25 species being dominant through the
year. The most abundant species w&teanthes agulhana, Pelogenia arenosa,
Polyopthalmus pictusand Lumbrineris latreilli (Table 1). Neanthes agulhanavas
present in all sampled periods, whi arenosa,P. pictus, Arabella iricolorand
Sthenelais boahowed frequencies over 70% (Table 1). The internal similarity of the
polychaete assemblages from thaulerpamatwas 32.57% and the taxa with higher
contributions ¥ 80%) wereN. agulhana, P. arenosa, P. pict@3apitellidaeA. iricolor,

L. latreilli, S. boa, Harmothoe spinifera, Pholoe inornata, Pontogenia chrysoemua
Syllis garciai.

On the other hand, 1475 polychaete specimens belonging to 44 taxa were
identified in thePosidoniameadows. Eunicidae amdereididae were the most abundant
families thoughout the year. There was a high species richness, with 29 dominant
species. The most abundant w&tematonereis unicornis, Aponuphis bilineatad
Neanthes agulhana (Table. Z)hree species showed frequencies over 70%: Lumbrineris
gracilis, Aponuphis bilineatandN. agulhana(Table 2). The internal similarity of the
polychaete assemblages from tResidoniameadowwas 25.01% and the taxa with

higher contributionX 80%) were Capitellidad\. bilineata, L. gracilis, N. agulhana, N.
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unicornis, Maldanidae Polyopthalmus pictus, Eunice vittata, Lumbrineris latrealfid

Terebellidae.

100% - e

50% -

percentage

Posidonia structures contribution

w I | —

Caulerpa mats Posidonia meadow

m Rhizomes O Sheats O Live leaves m Dead leaves m Roots

100% -

A

T
S

50% -

grain size contribution percentage

Caulerpa mats Posidonia meadow

E2mm @ 1mm @ 500 um 0O 250 um @ 125 pm 0 63 pm B < 63 ym

Figure 1: Caulerpa mats andPosidonia meadows annual means of. A: Biomass of BEasidonia

oceanicafractions (as percentage in weight), B: granulometry.
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Figure 2: Seasonal patterns @aulerpa racemoshiomass and water temperature.

The structure of the polychaete assemblage showed seasonal differences (Fig. 3).
At 60% of similarity, there was a cluster Ghulerpamat samples corresponding to
those (i.e. August, October and December) with higher algal biomass (Group 1). Then,
at 40% of similarity, all remaining Caulerpa mat samples (except February 2005) joined
successively Group 1 (forming Group 1B). The February 2005 sample, in turn, was
clustered with the October 20Bbsidonia meadow (Group 2). Group 3 included late
winter, spring and early summe@osidonia meadow from 2004, while both the 2004
and 2005 winter ones formed Group 4. Finally, the single surRosidoniameadow

sample remained isolated (Group 5).
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Table 1: Seasonal changes in tBaulerpa racemosaolychaeta expressed as individuafssampled in Cala d’Or. Frequency = n° samples with presence/ total n°
seasonal samples). Dominance = total number of specie individuals / total polychaeta number (expressed as percentage)

Total Standard
Taxa CRFEB0O4 CRAPR04 CRJUNO4 CRAUGO04 CROCTO04 CRDECO04 CRFEBO5 Number Error Frequency Dominance
Neanthes agulhana 17+8.33 25+14.44  25+24.01 8+8.33 58+8.33 25+14.44 8+8.33 167 9.00 100.00 8.94
Pelogenia arenosa 17+8.33 8+8.33 17+8.33 8+8.33 42+41.01 42+30.04 133 8.40 85.71 7.16
Polyophthalmus pictus 25+14.44 33+8.33 42+22.05 17+8.33 8+8.33 8+8.33 133 8.40 85.71 7.16
Capitellidae 17+16.33 25+16.66 8+8.33 58+22 17+16.67 125 9.45 71.43 6.71
Lumbrineris latreilli 42+41.67 33+16.67 33+8.33 8+8.33 117 11.02 57.14 6.26
Harmothoe spinifera 17+25.00 8+8.33 42+22.05 25+25.00 92 8.66 57.14 4.92
Arabella iricolor 8+8.33 17+16.67 8+8.33 25+25 8+8.33 1748.33 83 5.23 85.71 4.45
Sthenelais boa 17+8.33 8+8.33 8+8.33 25+14.43 17+16.67 75 5.67 71.43 4.03
Syllis garciai 8+8.33 42+41.66 17+16.67 8+8.33 75 7.09 57.14 4.03
Pontogenia chrysocoma 25+25.00 8+8.33 17+16.67 17+8.33 67 6.30 57.14 3.58
Pherusa eruca 17+8.33 33 8+8.33 58 7.35 42.86 3.13
Pholoe inornata 17+16.67 17+16.67 8+8.33 17+16.67 58 5.51 57.14 3.13
Platynereis dumerilii 8+8.33 17+8.33 25+14.44 50 6.30 42.86 2.68
Lumbrineris gracilis 42+30.05 848.33 50 9.45 28.57 2.68
Maldanidae 17+16.67 17+16.67 17+16.67 50 6.30 42.86 2.68
Pectinaria (Lagis) koremi 17+8.33 848.33 848.33 848.33 42 3.94 57.14 2.24
Hyalinoecia bilineata 17+16.67 8+8.33 8+8.33 8+8.33 42 3.94 57.14 224
Neanthes caudata 8+8.33 17+16.67 17+16.67 42 5.25 42.86 2.24
Sphaerosyllis pirifera 25+14.44 8+8.33 8+8.33 42 5.25 42.86 2.24
Spirobranchus polytrema 25+25.00 25 9.45 14.29 1.34
Haplosyllis spongicola 17+16.67 8+8.33 25 4.72 28.57 1.34
Malmgreniella lunulata 818.33 17+8.33 25 4.72 28.57 1.34
Pectinaria(Amphictene)
auricoma 8+8.33 17+16.67 25 4.72 28.57 1.34
Paraonidae 8+8.33 8+8.33 8+8.33 25 3.15 42.86 1.34



Eunice vittata
Syllis variegata 17+16.67
Vermiliopsis striaticeps
Harmothoe sp.

Glycera sp.
Parapionosyllis brevecirra
Fimbriosthenelais minor
Chrysopetalum debile 848.33
Terebellidae

Syllis gerlachi

Syllis westheidei

Schistomeringos rudolphi

Sabellidae

Lumbrineropsis paradoxa
Sphaerosyllis austriaca

Lysidice ninetta

Nematonereis unicornis

Exogone (exogone) dispar

Exogone (exogone) rostrata
Cirratulidae

8+8.33

8+8.33

8+8.33
8+8.33
8+8.33

8+8.33
8+8.33

8+8.33 8+8.33 8+8.33
17+16.67
8+8.33
8+8.33
17+16.67
8+8.33
8+8.33
8+8.33
848.33
8+8.33
8+8.33

8+8.33

8+8.33
8+8.33
8+8.33

24

® 0O ® © ® g g g © ® © ©

3.07
6.30
6.30
3.15

3.15
6.30
3.02
3.02
3.15
3.15
3.15
3.15
3.15
3.15
3.15
3.15
3.15
3.02
3.02
3.02

42.86
14.29
14.29
28.57

28.57
14.29
28.57
28.57
14.29
14.29
14.29
14.29
14.29
14.29
14.29
14.29
14.29
14.29
14.29
14.29

131
0.89
0.89
0.89

0.89
0.89
0.86
0.86
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.43
0.43
0.43




Table 2 Seasonal changes in tResidonia oceanicpolychaeta expressed as individuafssampled in Cala d’Or. Frequency = n° samples with presence/ total n°
seasonal samples). Dominance = total number of specie individuals / total polychaeta number (expressed as percentage)

Total Standard

POFEB04 POAPRO4 POJUNO4 POAUG04 POOCTO04 PODEC04 POFEBO5 Number Error Frequency Dominance
Capitellidae 50+14.44 33+22.05 33+22.05 17+16.67 8+8.33 141 17.76 71.43 9.68
Nematonereis unicornis 33+22.05 33+8.33 42+8.33 8+8.33 116 14.61 57.14 7.96
Hyalinoecia bilineata 17+8.33 8+8.33 33+8.33 17+8.33 25+14.45 100 12.60 71.43 6.86
Maldanidae 17+8.33 42+30.04 8+8.33 25+8.33 92 11.59 57.14 6.31
Neanthes agulhana 25+0.00 25+14.43 25+14.43 8+8.33 8+8.33 91 11.46 71.43 6.25
Lysidice ninetta 58+30.05 8+8.33 17+8.33 83 10.46 42.86 5.70
Paraonidae 8+8.33 50450 25+14.43 83 10.46 42.86 5.70
Eunice vittata 42+8.33 8+8.33 1748.33 8+8.33 75 9.45 57.14 5.15
Terebellidae 33+£22.05 17+16.67 17+16.67 67 8.44 42.86 4.60
Lumbrineris gracilis 17+16.67 1748.33 8+8.33 8+8.33 8+8.33 8+8.33 66 8.32 85.71 4.53
Polyopthalmus pictus 17+8.33 8+8.33 8+8.33 25+14.44 58 7.31 57.14 3.98
Lumbrineris latreilli 17+8.33 17+16.67 8+8.33 42 5.29 42.86 2.88
Platynereis dumerilii 25+14.44 8+8.33 8+8.33 41 5.17 42.86 2.81
Hydroides nigra 17+16.67 17+16.67 34 4.28 28.57 2.33
Sabellidae 8+8.33 25+14.44 33 4.16 28.57 2.26
Pterocirrus macroceros 25+14.44 25 3.15 14.29 1.72
Syllis variegata 17+8.33 8+8.33 25 3.15 28.57 1.72
Arabella iricolor 8+8.33 17+8.33 25 3.15 28.57 1.72
Cirratulidae 8+8.33 8+8.33 8+8.33 24 3.02 42.86 1.65
Chrysopetalum debile 8+8.33 8+8.33 8+8.33 24 3.02 42.86 1.65
Spirobranchus polytrema 17+16.67 17 2.14 14.29 1.17
Phyllodoce (Anaitides) mucosa 17+16.67 17 2.14 14.29 1.17
Pelogenia arenosa 17+16.67 17 2.14 14.29 1.17
Neanthes caudata 17+16.67 17 2.14 14.29 117
Syllis gerlachi 8+8.33 8+8.33 16 2.02 28.57 1.10
Sthenelais boa 8+8.33 8+8.33 16 2.02 28.57 1.10
Pherusa eruca 8+8.33 8+8.33 16 2.02 28.57 1.10
Glycera sp. 8+8.33 8+8.33 16 2.02 28.57 1.10



Haplosyllis spongicola
Sphaerosyllis pirifera
Pectinaria (Lagis) koremi
Syllis garciai
Schistomeringos rudolphi
Pontogenia chrysocoma
Lumbrineropsis paradoxa
Lumbrineris impatiens
Harmothoe sp.

Eunice harassii

8+8.33

8+8.33

8+8.33

8+8.33

8+8.33

8+8.33

8+8.33
8+8.33

8+8.33

8+8.33

8+8.33

o 0 0 0 0 0

2.02
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01

28.57
14.29
14.29
14.29
14.29
14.29
14.29
14.29
14.29
14.29

1.10
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.00
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Fig 3: Cluster and MDS respresentation of polychaete assemblagé€xawérpa racemosavar

cylindraceaandPosidonia oceanica

The ANOSIM revealed significant differences among the clustered groups
(globalR = 0.769, number of used permutations = 20.000, significance level = 0.1%)
(Table 3). The SIMPER analysis results showed that that dissimilarity between the
Caulerpa mat samples from group 1 and thHeosidonia meadow samples (other
groups) were mainly caused Pylyapthalmus pictus, Neanthes agulhana, Lumbrineis
latreilli and Capitellidae (Table 3).

In Caulerpa mats, the maximum densities and highestmber of species
occurred in October, while the maximum diversities and evenness corresponded to
August — December and august, respectively. Accordingly, the bioma3sautérpa
racemosawas positively correlated with density, number of species and diversity (r =
0.839, r = 0.907 and r = 0.868; p = 0.05). ConverselyRasidonia meadows, the
maximum densities, number of species and diversity occurred in February 2004, while

maximum evenness was also in August (Fig. 4). No correlations were found between
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polychaete descriptors arfébsidonia oceanica fractions biomass in b&hulerpa

mats and Posidonia meadow.

08

Feb Ax an Ay at

---m--- C racemosa —a— P. ocearica

Feb Ax an Ag at Dec Feb

---m--- C racempsa —s— P. ccearica

Figure 4: Total polychaeta abundances square meter and number of species (N), Jaccard index (J) and

Shannon-Weaver index (H’) iosidonia oceanicandCaulerpa racemoswith seasonal changes.

The analysis of the main species @Qaulerpa mats andPosidoniameadow

show that there were significant differences in the abundances of several polychaete

species such d@darmothoe spinifera, Lumbrineris latreilli, Lysidice ninetta, Neanthes

agulhana, Pelogenia arenosa among others (Table 4)
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Table 3: ANOSIM and SIMPER analysis between groups established after Cluster analysis.

GROUPS

ANOSIM

R
statistic

Sig Average
level Dissimilarity
%

SIMPER
Most contributing species (to reach 60%
dissimilariy)

Group 1-2

Group 1-3

Group 1-4

Group 1-5

Group 2-3

Group 2-4

Group 2-5

Group 3-4

Group 3-5

Group 4-5

0.432

0.646

0.667

0.917

1.2 67.81

3.6 76.35

3.6 81.21

14.3 92.50

10 73.74

10 75.54

25 88.23

33.3 77.56

33.3 89.63

33.3 85.24

Capitellidae N. unicornis Maldanidae Lysidice
ninetta, L. latreilli, E. vittata, L. gracilis, P. arenosa,
TerebellidaeP. pictus, H. spinifera, S. garciai. P.
dumerlii, S. boa, P. eruca

Paraonidad). agulhana, N. unicornis, L. Latreilli,
P. pictus,Capitellidae H. bilineata,H. spinifera, A.
iricolor, Maldanidae, Sabellida®, arenosa, L.
gracilis, S. garciai.

P.pictus, P. arenosa, L. latreilli, H. bilineata, N.

agulhana,Capitellidae A. iricolor, H. spinifera, S.

garciai, S. boa, P. chrysocoma, P. eruca, P.
inornata, L. gracilis.

P. macroceros, P. Pictus, L. latreilli, N. agulhana,
Capitellidae N. agulhanaCapitellidaeP. arenosa,
A. iricolor, H. spinifera, S. garciai, S. boa, L.
gracilis, P. chrysocoma.

Paraonidae, CapitellidaB, agulhana, N. unicornis,
L. ninetta,MaldanidaeE. vittata, TerebellidaeH.
bilineata, SabellidaeP. pictus.

Maldanidae P. arenosaCapitellidaeN. unicornis,
E. vittata, L. ninetta, N. agulhana, H. bilineata,
Terebellidael.. latreilli, P. pictus.

Capitellidae P. macrocerosMaldanidaeN.
unicornis E. vittata, N. agulhana, L. ninetta,
TerebellidaeP. pictus

Paraonida€é\. unicornis, P. arenosddaldanidae,
H. bilineata, P. pictusSabellidae, Capitellidae.

ParaonidaeP. macroceros, N. unicornis, H.
bilineata, MaldanidaeP. pictus.

P. macroceros, P. arenos@apitellidae H.
bilineata, L. latreilli
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Table 4: Two-way ANOVA to test difference in abundances among mead@wsatemosand P. oceanicajpnd sampling dates. Species selected after the SIMPER percentages
similarity.” very high significant differences (ANOVAx< 0.001) ; high significant differences (ANOV/< 0.01),” significant differences (ANOVAp<0.05).

Arabella iricolor Paraonidae Capitellidae Cirratulidae Chrysopetalum debile Eunice vittata
Source of
variation Df MS MS MS MS MS MS
Meadow 2,526 0.256 0.436 2.411 0.023 0.471
Date 0.895 0.774 0.995 0.441 0.222 1.208
Meadow*Date 9 0.589 0.723 4.776" 0.677 0.556 1.838
Residual 40 0.846 0.640 1.081 0.553 0.500 0.806
Harmothoe spinifera Hyalinoecia bilineata Lumbrineris gracilis Lumbrineris latreilli Lysidice ninetta Maldanidae
Meadow 2.824 0.688 0.433 7.428" 3.775 2.113
Date 0.566 1.507 0.792 2.653" 0.725 1.068
Meadow*Date 9 0.875 2.036 2,772 1.231 1.012 1.887
Residual 40 0.678 1.128 0.854 1.547 0.573 0.822
Neanthes agulhana Nematonereis unicornis Pectinaria (Lagis) Pelogenia arenosa Pholoe inornata Platynereis dumerilii
koremi
Meadow 1 7.546 5.179 2.083 12.198 6.117" 0.055
Date 9 1.973 1.729 0.380 0.767 0.361 0.926
Meadow*Date 9 1.566 2.198" 0.601 0.694 0.361 1.348
Residual 40 1.232 0.457 0.500 0.990 0.687 0.739
Polyophtalmus pictus  Pontogenia chrysocoma Sthenelais boa Syllis garciai Terebellidae
Meadow 6.300 0.333 3.390 5.851" 4.169
Date 1.738 1.496 0.816 2.375 1.394
Meadow*Date 9 1.419 1.892 0.626 1.183 0.742
Residual 40 1.006 0.652 0.720 0.649 0.990




Capitulo 4 Cambios en las comunidades de poliquetos

Trophic guilds

No seasonal significant differences for the different trophic guilds were found
in bothCaulerpamats and?osidoniameadow. The main polychaete trophic guilds did
not change significantly betwedbaulerpamats andPosidoniameadows, being (in
order of importance according to its abundance) deposit feeders, carnivores and

omnivores. In both types of samples, herbivores and filter feeders were less abundant
(Fig. 5).

A 1009
80%
60%
40%
20%

0%’
FEBO4 APRO4 JUNO4 AUGO4 OCT04 DECO4 FEBO5

B 1009
80%
60%
40%
20%

0%
FEBO4 APRO4 JUNO. AUG04 OCT04 DEC04 FEBOS

U Herbivores® Filter feeder® Deposit feede®Carnivores BEOmnivores

Figure 5: Seasonal contributions of the trophic guilds foundCiaulerpa mats (A) and Posidonia

meadowgB).
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Discussion

The presence of the invasi@aulerpa racemosapreading along the western
Mediterranean appears to be associated to characteristic patterns of abundance and
diversity of the polychaete assemblages, as well as to a specific seasonality. The loose
of Posidonia oceanicaboveground structures (leaves and vertical sheaths) in mats
invaded byC. racemoa changed the habitat structure (with the short fronds and
complex stolon network of the algae) as well as the dynamics of the associated
polychaete assemblage (particularly due to the marked seasonality of the algal
biomass). When compared to livilRy oceanicaneadows, the effects of the invasion
revealed to be non-negative. In fact, the abundance and number of species of the
polychaete assemblages tended to increase, as previously reported for soft-bottoms
colonised by C. racemosa (Argyrou, 1999).

The composition of the polychaete assemblages associaBaltlerpamats did
not show a clear between-sample differentiation in species composition. In other
words, the assemblages were very uniform, most of them including also common soft
bottom species, as reported for liviRgsidoniameadows (Gambi et al. 1995, Gambi
et al. 1998, Brito et al. 2005). In the study area, several of the most abundant species in
Caulerpa mats also occurred inPosidoniameadows andsiceversa(i.e. Pelogenia
arenosa, Polyaphtalmus pictus, Lumbrineris latredind Arabella iricolor, on one
side, and Nematonereis unicornis, Aponuphis bilineata, Lysidice ninattdEunice
vittata on the other)In fact, the increase or decrease in abundances of coincident
polychaete species seems to be a characteristic trend when comparingPliving
oceanicaand dead mats invaded KBy racemosa. However, onNeanthes agulhana
was dominant in both habitats, but it was significantly more abunda@Gaiterpa
mats

Accordingly, the most abundant polychaete familyGaulerpamats (and the
second most one iRosidoniameadows)was the Nereididae, as previously reported
for seagrass systems (Gambi et al. 1998). In additiddvemthes agulhana, nereidids
were represented by the omnivorous specMsanthes caudata and Platynereis
dumerilii. The second most abundant familyGaulerpa mats was the carnivorous
Sigalionidae (also relatively less abundantPiasidoniamats). As a general trend,

carnivorous species tended to increase their abundandeaumerpa mats. We
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postulated that a major availability of preysG@aulerpamats, i.e. other polychaetes

(this paper) and molluscs (Box, 2007), could be the responsible of this increasing
presence of carnivores, both polychaetes (this paper) and crustaceans (A. Box, personal
observations). Nevertheless, this tendency towards a relative increase of carnivores and
an associated reduction of deposit feeders was non-significant, likely due to the actual
stage of the invasion and deposit feeders were dominant bGdwierpamats and in
Posidoniameadows too. Therefore, we may conclude that the invasiddallerpa
racemosadid not affect the trophic composition of the associated polychaete
assemblages.

In turn, a characteristic trend of the polychaete assemblages harboured by the
Caulerpa mats was the particular seasonal dynamics, which showed the highest
density, species richness and diversity during summer and autumn. This clearly
deferring from those associatedRosidoniameadows, which raised up during winter,
as previously reported (Gambi et al. 1995). Our results demonstrate that these seasonal
peaks were linked to maximums Ghaulerpabiomass. Thus, we postulated that the
increasing spatial complexity provided by a high biomass #telons and fronds,
growing over the dead seagrass matt layer, increased the complexity of the habitat and
enhanced the structuring of the polychaete assemblage. During summer and autumn,
the invasive algae greguickly and formed extensive mats of stolons, which trapped
sediments to the extreme that the lower vegetation layers may be affected (Balata et al.
2004). The stolon/frond network was less complex in winter and spring and,
correspondingly, low polychaete densities and diversities were found. The co-generic
invasive Caulerpa taxifoliaalso develops a network of stolons on the substratum
surface and possesses a rhizoid system allowing this alga to colonize virtually all
substrates (Levi & Francour 2004). As a result, specialized species such as the fish
Mullus surmuletusuffered strong decreases in densities in the preseri@etafifolia
(Longepierre et al. 2005)Caulerpa racemosa alsdeveloped a similar network
complex, thus having similar effects dh surmuletusand other benthic-feeders fishes
(A. Box, personal observations). However, the sharp decrease lmbtsass species
during winter may reduce the overall impact over the invaded communities.

The presence dCaulerpa racemosa seemed to cause a significant reduction in
the density of several polychaetes that are characterisRosfloniameadows, such
as some species of Eunicidae (e\gmatonereis unicorniand Lysidice ninetta),

which were also among the major contributors to the dissimilarity arG@uderpa
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mats andPosidonia meadows in the SIMPER analysis. However, the reasons of this
negative effect are not clear, as it is not possible to assess whether it has a trophic basis
— these species feed oweroceanicascales according to Gambi et al. (2003, 2005) —

or a chemical basis - linked to the secondary metabolites produced by the algae that
may either affect grazing directly or indirectly through the inhibition of the growth or
dead of P. oceanica (Raniello et al. 2007).

Besides, the marked changes in the associated polychaete assemblages induced
by the increasingCaulerpa racemosdiomass tended to be stable through time, as
revealed by the high similarity of the samples collected in August, October and
December (which strongly influence the observed seasonal patterns). In addition,
minimum C. racemosabiomasses were observed during the coldest months (i.e.
February 2004 and April 2005), in parallel with a reduction in the polychaete
abundance and diversity at tBaulerpa matsPosidoniameadovg did not show such
a seasonal pattern, and the values were more homogeneous and stable through the year
and relatively higher in winter. Compared with a bare sandy bottom, its presence
increases the amount of fine particles and organic matter (Brito et al. 2005), but this is
also true when compared to the winter, less d€aderpa mats from the study area.
Living Posidonia meadows also harbour less abundant and rich polychaete
assemblages than dead mats in summer (Borg et al., 2006). This difference, however,
seems more likely to be related to changes in the dynamics of the assemblages
associated to the former, when they present the lowest annual polychaete diversity
(Gambi et al. 1995). As non-invaded dead mats do not occur in the studied area,
however, it has not been possible to isolate this particular effect in our analyses.

It seems evident that exotic species introduction, together with habitat
degradation, fragmentation and overexploitation (among other processes), may cause a
reduction of species richness at large spatial scales (Rosenzweig, 2001). The overall
biodiversity of the recipient benthic communities can be modified by introducing
species, but the effects can either be negative (Galil & Zenetos 2002; Zenetos et al
2003; Streftaris & Zenetos 2006) or positive (Viejo 1999; Crooks 2002; Buschbaum et
al. 2006), with the enhanced diversity of the invaded communities being mainly due to
the increased habitat complexity. Moreover, recent colonisations by exotic plants,
animals and microbes have been reported to locally increase species richness
(Rosenzweig 2001; Sax & Gaines 2003). Therefore, the introduction of exotic species

may have diverse impacts at local and temporal scales. The effects cannot be
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generalised and each invasions event must be studied independently (Buschbaum et al.
2006).

In summary, the invasive colonization of tResidonia oceanicaneadows by
Caulerpa racemosaduceschanges in the structure and functioning of the polychaete
assemblages both at the spatial and temporal levels. Our results demonstrate that the
species composition of the polychaete assemblages was similar in living and invaded
Posidonia meadows, with only a few characteristic species being respectively replaced.
In turn, they showed clear differences in abundance, mainly because the ifvasive
racemosagenerated a new habitat suitable for polychaetes. The increased complexity
of the stolon and frond network built by tiaulerpaspecies not only enhanced the
microhabitat availability, but constitutes an effective barrier against fish predators
(Longepierre et al. 2005), favouring the presence of polychaetes. However, in the
Balearic Islands, this is only valid for the warm period,Casracemosa showed a
nearly null biomass during cold periods that affected negatively the polychaete
assemblages. In spite of the structural and seasonal changes, our results also points out
that further interesting studies would address the functional aspects (e.g., bottom up
and cascade effects, trophic web shifts) of the assemblages affected by an invasion by
C. racemosaas well as the relationships of the polychaetes with the whole benthic

community.
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4.3 Community structure and trophic guilds: Differences in
seagrass polychaete assemblage between invasGaulerpa
taxifolia and establishedC. prolifera

Abstract

We found notable similarities in polychaete assemblages of established
Caulerpa proliferaand invasiveC. taxifolia. Most of the identified species @f.
prolifera and C. taxifolia were typical of soft bottom substratééeanthes agulhana,
Pista cretaceaand Sphaerosyllis piriferavere the dominant species ©f prolifera,
while Hyalionecia bilineata, N. agulhanand Lumbrineris latreilli were dominant in
C. taxifolia. There were significant differences in polychaete assemblages during the
first sampling year, but these differences disappeared during the second sampling year.
The higher abundance of. agulhanain C. proliferaand ofHyalionecia bilineatain
C. taxifolia (during the first sampling year) was the primary driver of differences in
polychaete assemblage betw&saulerpaspecies. The number and diversity of species
present fluctuated from the first year to the secGngrolifera exhibited a maximum
abundance during October 2004, with 1141+27 individu#, mwhile C. taxifolia
experienced maximum abundance during March 2003, with 458.33+148.72%ind.m
The maximum number of polychaete specie€atilerpa prolifera was found during
October 2004, with 16.00+3.81 species, @daxifoliacontained a maximum number
of species during February 2005 14.5+£3.47. Analysis of the trophic guild exposed
differences between botRaulerpa. Significantly more carnivores, filter feeders,
herbivores, and omnivores were found @ prolifera, although there were no
significant differences in deposit feeders. Most notably we found a high level of
similarity between polychaete assemblages for bGHulerpa species. Changes
between meadows were to differences in the abundances of coincident species. The
polychaete community found i@. taxifolia was highly similar to and influenced by
the nearby P. oceanica seagrass meadow.

Keywords: Caulerpa, polychaete, Western Mediterranean, invasive species,

benthos, trophic guilds.
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Introduction

Biological invasions are some of the most influential global anthropogenic
impacts, with far-reaching influences in ecological, economic and social systems
(Sakai et al. 2001; Occhipinti-Ambrogi and Savini 2003). International shipping,
aquaculture, aquarium trade and artificial ingression between different marine regions
all promote introduction of alien species into marine ecosystems (Occhipinti-Ambrogi
and Savini 2003; Galil 2007). Invasive species alter biodiversity and change the
structure of the native ecosystem (Mack et al. 2000; MacDougall and Turkington
2005). Replacement of native species by invading exotic species is becoming a
common worldwide phenomenon (Montefalcone et al. 2007). The brown alga
Sargassum muticunfor example, has replacetbstera marina in damaged beds off
the French Atlantic coast (Givernaud et al. 1991). Furthermore, the green algae
Enteromorpha radiatdhas spread in deteriorated mixed bedZadtera noltiiand Z.
marina in Great Britain coasts (Den Hartog 1994).

Currently, 662 alien species have been described in the Mediterranean Sea
(Gollasch 2006), and 84 of these are introduced macrophytes (Boudouresque and
Verlague 2002)Caulerpa. taxifolia andC. racemosa are two of the most invasive
Mediterranean macrophytes (Ceccherelli et2@102). The presence of both of these
invasive specielas induced changes in composition and abundance of native fauna in
local ecosystems (Pandolfo and Chemello 1995; BellanSantini et al. 1996; Argyrou et
al. 1999; Buia et al. 2001)Caulerpa species produce anti-herbivorous secondary
metabolites (Amade and Lemee 1998; Jung et al. 2002), including large amounts of
caulerpenyne, which impacts negatively any grazing organisms (Boudouresque et al.
1996; Pedrotti et al. 1996; Pesando et al. 1996; Sureda et al. 2008) and induces
chemical and environmental changes of the habitat (Amade and Lemee 1998; Sureda et
al. 2006).

Caulerpa taxifolia(Vahl) C. Agardh was introduced to the Mediterranean in
1984 (Meinesz and Hesse 1991), and it rapidly spread across the western
Mediterranean basin (Meinesz et al. 2001). In the Balearic Isl&dsxifolia first
appeared in 1992 at Cala d’Or Bay at a depth of six meters (Pou et al. 1993). Currently,
this species is restricted to Cala d’Or Bay, and no expansion had been observed

(personal observation). The primary effectCoftaxifoliain local ecosystems are the
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disruption of vegetative development Bbsidonia oceanica L. Delile (Devillele and
Verlague 1995; Dumay et al. 2002) and the reduction of the algal diversity in the
invaded ecosystems (Balata et al. 2004; Verlaque et al. 2004). C. taxifolia is considered
an invasive species, but, in the Mediterranean basin, anGthderpais considered

the established native. This speci€saulerpa prolifera,is widespread throughout the
Mediterranean basin, with the exceptions of Lion Gulf and the Adriatic Sea. Since it is
an algae with subtropical affinityC. prolifera growth and spatial distribution are
highly influenced by water temperature (Sanchez-Moyano et al. 20@#pliferacan

be found over soft bottoms from depths of 1 to 20 meters, mainly in regions of little
water flow and low hydrodynamics (Sanchez-Moyano et al. 2001a; Sanchez-Moyano
et al. 2004).

The presence of invasive species affects invertebrate assemblages, including
those associated with seagrass beds. The effect of invasive species among invertebrate
assemblages is not clear, and it may enhance (Argyrou 1999; Antoniadou and
Chintiroglou 2007) or impair (Galil and Zenetos 2002; Zenetos et al 2003; Streftaris
and Zenetos 2006) local diversity. Polychaetes are considered to be excellent indicators
of faunal assemblages structure, including those associated with seagrasses (Gambi et
al. 1998; Brito et al. 2005).

The aim of the current study was to compare polychaete assemblages between
Caulerpa taxifoliaand C. proliferain terms of polychaete abundances, diversity and
polychaete trophic guilds. This study represents the first description of the eff€cts of
taxifolia on polychaete community in the western Mediterranean, and it will contribute

to a better understanding of the C. prolifera polychaete community.

Material and methods

Study area

The study was performed in Mallorca Island (Western Mediterranean). In Cala
d’Or Bay, two sites with similar bathymetry (5-8 meters) and similar hydrodynamic
processes were selected for study. Samples were collected at both sit€afienpa
species growing ovePosidonia oceanicahizomes. Sampling site coordinates @r
taxifolia wereN 39° 22.164’ / E 3° 13.887" and were N 39° 22.028’ / E 3° 13.739’ for

- 157 -



Capitulo 4 Cambios en las comunidades de poliquetos

C. prolifera. In both areagaulerpamats do not form monoespecific mats but grow
overP. oceanica rhizome patches rounded by sand bottoms &wbidonia oceanica

seagrass meadows.

Sampling methodology

For each meadow, four samples were collected twice per month during the
period between March 2003 and February 2005. Each sample was collected using a 20
x 20 cm stainless steel frame inserted 5 cm into the sediment, collecting a total sample
volume of 2000 crhwith a surface area of 400 &nThe frames were sampled by
SCUBA diving in the morning (11-12 GTM). Samples were placed in a 500 um mesh
plastic bag until laboratory sorting. These samples were used to describe polychaete
faunal composition, to estimak oceanicabiomass, and to calculate the biomass of
Caulerpa.

Concurrently with faunal sample collection, three cores (diameter 3.5 cm) per
meadow were collected. The coring device was inserted 5 cm into sediment, and
analysis allowed characterization of grain size parameters of each substrate. Seawater
temperature was recorded by StowAWa¥idbit® (Onset Computer Corporation,
Pocasset, MA, USA) temperature loggers permanently installed at each bay.

Polychaete species were sorted under a stereomicroscope, identified at the
lowest taxonomic level possible, and then grouped into one of the following trophic
guilds: carnivores, herbivores, omnivores, deposit feeders or filter feeders (Fauchald
and Jumars 1979; Gambi et al. 1995; Martin et al. 2000; Antoniadou and Chintiroglou
2006). For statistical analyses, the specieBavhonidae, Capitellidae, Sabellidaad
Maldanidae were pooled at the level of family due the misidentification of several
individuals.

Rhizomes, roots, sheaths and leaves?a$idonia oceanica were sorted and
dried for 24 h at 60 °C, and biomass was quantified as dry weight (DW) and expressed
as percentage€aulerpabiomass was also sorted from the samples, and, after drying

for 24 h at 60 °C, dry weight was quantified
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Statistical analysis

In order to characterize the assemblages of polychaetes associated with
Posidoniameadows andCaulerpamats, the differenPosidonia oceanica structures
(rhizomes, sheaths, live leaves, dead leaves and roots) were separated and quantified.
Differences betweerPosidoniameadows andCaulerpa mats were tested for each
Posidonia structure by two-way analysis of variance (ANOVA) with meadow and date
as factors.

Indexes of dominance and frequency of the polychaete assemblages were
calculated, and species were classified either as dominani%a) or not dominant
(D< 1%) and as constant (frequerneyp0 %), accessory (252drequency< 50%) or
accidental (frequency25%).

The polychaete assemblages between March 2003 and February 2005 were
analysed using PRIMER 5.0 software (Clarke and Warwich, 1994). CLUSTER
analysis was performed with a similarity matrix (Bray-Curtis similarity) estimated
using a fourth-root transformed abundance per sample matrix, with replicate samples
pooled by meadow and sampling date. Occasional species (with dominance value
below 1%) were not considered in the polychaete abundances analysis. Due to
interannual variability in the samples, analyses were performed by grouping samples
by Caulerpaspecies and sampling year (first sampling year, March 2003 to February
2004 and, second sampling years, April 2004 to February 05). The ANOSIM routine
(Clarke and Warwick 1994) was applied to assess differences between the sampling
groups. The polychaete species responsible for the observed differences were identified
through the SIMPER routine.

The DIVERSE routine was used to obtain four descriptors of the polychaete
assemblages: density, number of species per sample, diversity index and evenness
(Clarke and Warwick 1994). Three-way nested analysis (with factors meadow, year
and month nested within year and meadow) was performed to test changes in the
community descriptors betwedd. prolifera and C. taxifolia. Pairwise correlations
(Pearson test) were performed to assess relationships betweeautbegoa species in
terms of bothhiomass and polychaete assemblages (grouped by meadow and sampling
year). Three-way nested analysis (with factors meadow, year and month nested within
year and meadow) was performed to test changes in the main trophic guilds between C.

prolifera and C. taxifolia.
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Results

Mats characterization

Statistical analyses did not reveal differences in the percentage contribution of
Posidonia oceanicaroot-rhizomes and leaves betwedéaulerpa prolifera and
Caulerpa taxifolia(Fig 1 a, b). We detected differences in grain size fractions between
Caulerpaspecies (ANOVAp<0.05).C. proliferawas primarily associated with very
fine grain sizes, whil€. taxifolia mats were characterised by a predominance of fine
sand fractions (Fig 2 a, b).

Caulerpabiomass followed different seasonal trendsQoproliferaand forC.
taxifolia. Higher biomass values @. proliferawere recorded during February (2003)
and March (2004), while, fd€. taxifolia, higher biomass values were recorded in July
(2003) and December (2004). There were significant differences in biomass between
C. prolifera and C. taxifolia, (with greater biomass observad C. prolifera),
seasonality and the interaction of biomass and seasonality (ANGY00%) (Fig 3).

Faunistic composition

A total of 4575 polychaete specimens belonging to 40 taxa were counted in
Caulerpa proliferamats (Table 1). The assemblage showed a high diversity with 18
dominant species. Among these, the most abundant speciedNegmthes agulhana,
Sphaerosyllis austriacd;lyalinoecia bilineata, Lumbrineris latreilland Lumbrineris
gracilis. The polychaete assemblage results indicated that 12 species were present in
both Caulerpaspecies; these common species incluNedggulhana, Polyophtalmus
pictus, Sphaerosyllis austriaca and Hyalinoecia bilineata

In the invasiveCaulerpa taxifolia,a total of 3033 polychaete specimens
belonging to 36 taxa were identified over the two-year study period. Simil&: to
prolifera, the C. taxifolia assemblage showed high diversity with 20 dominant species
The most abundant species wekyalinoecia bilineata, Neanthes agulhana,
Lumbrineris latreilli, Nematonereis unicorniand Polyophtalmus pictusThe C.
taxifolia polychaete assemblage contained 11 constant species. The most common

- 160 -



Capitulo 4 Cambios en las comunidades de poliquetos

species in this assemblage wekebilineata, N. agulhana, L. latreilli, N. unicornand
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Figure 1: Posidonia oceanicfractions contribution percentage to samples in athlerpamats along

the study period. (a) Contribution percentage of roots and rhizomes (b) contribuBosiddnialeaves.
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Figure 3: Caulerpa prolifera(black bar) andC. taxifolia (white bar) biomass seasonality and water

temperature (continuous line) along the two-years sampling period.

Multivariate analysis

The multivariate analysis showed significant differences between years in
Caulerpa proliferapolychaete assemblages (ANOSIM global R of 0.341, significance
level 0.004). No differences were detected between the two years @ thgifolia
polychaete assemblage (ANOSIM global R of -0.072, significance level 0.738). Our
results indicate that the polychaete assemblages of eac@athlerpa mats were
comparable on an annual basis (Table 3).

The most substantial differences between @@ilerpa proliferapolychaete
assemblages during both sampling years were due to differences in relative abundances
of the specie®Neanthes agulhana, Hyalinoecia bilineata dngnbrineris latreilli. In
C. taxifolia, differences in the polychaete assemblages were mainly due to the species
Hyalinoeciabilineata, which experienced a notable reduction in abundance in 2004
(Table 3).

There were significant differences betwdeaulerpamat assemblages during
the first sampling year, but these differences were less prevalent during the second
sampling year (Table 3). The species Neanthes agulhana contributed most significantly
to the dissimilarity between polychaete assemblageSamlerpamats This nereid
worm was present i6. prolifera at a higher abundance during both yedyslinoecia

bilineataalso contributed to the dissimilarities, but it fluctuated in abundance between
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years. During the first sampling year, the greatest abundance of polychaetes was found
in C. taxifolia. However, during the second sampling year, the greatest polychaete
abundance had shifted @ prolifera mats (Table 3)

A cluster analysis of the average first sampling year (2003) polychaete
abundance irC. prolifera and C. taxifolia produced a dendogram with four main
groups. Groups 1 and 3 cont&inproliferapolychaete assemblages, and Groups 2 and
4 containC. taxifolia polychaete assemblages. Two sampling daté&s. edxifolia did
not group with the others (Fig 4 A). Samples from 2004 were more similar between
Caulerpaspecies, and only two main groups could be considered, as two samples did
not group with the others. Group 1 contains samples from both mat types, supporting
the SIMPER analysis that found few differences between polychaete assemblages from

second sampling year (Fig 4 B).

Community descriptors

Polychaete communities in the tvi@aulerpamat types differ in number of
individuals. Except for the diversity index, all the main descriptors of polychaete
communities showed differences between the two years. Differences between
meadows, including number of individuals and evenness, were enhanced by interaction
with the time of year (year by meadow). Seasonal changes in abundances did not
follow a clear seasonal trend, which made it difficult to assess the biological cause of
the observed trends (Table 4).

In Caulerpa proliferamats, the maximum density of polychaetes was observed
in October 2004, with 1141+27 individuals pef, mue to a peak in Neanthes agulhana
abundance. Elevated densities of polychaetes were also found during March and
October 2003 (408+32.80 and 400+83.00 ind maspectively; Fig 5A). Minimum
abundances values occurred in August 2004, with 33.33+5.89 individuals ’per m
Polychaete abundances@n taxifoliafollowed similar seasonal trends, with maximum
densites in  March 2003 and October 2004 (458.33+148.72 and
450.00+79.71individuals per frrespectively). Polychaete abundances were minimum
during May in 2003 and in August 2004 (91.67+11.78 and 125.00+27.00 individuals
per nf respectively) (Fig 5B).

The number of species per sample revealed interannual variability in both

meadows. The maximum number of polychaete specigSauderpa prolifera was
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observed during March and October 2003 and in October 2004 (10.00%2.12,
10.00+2.51 and 16.00£3.81 species respectively). The lowest abundance of
polychaetes irC. prolifera (1.50+0.50 species per sample) was observed in August
2004, when onlyArabella iricolor, Pelogenia arenosand Nematonereis unicornis
were described (Fig 3 C)C. taxifolia and C. prolifera polychaete assemblages
experienced similar seasonal fluctuations, with a maximum number of species during
the first sampling year in December 2004 (9.00+1.91), October 2004 (14.5+£3.30) and
February 2005 (14.5£3.47; Fig 3 D).

The Shannon-Weaver diversity index remained relatively constant throughout
the year inCaulerpa proliferawith maximum values observed in May 2003 and April
2004 (2.14+0.19 and 2.22+0.19 respectively). In August 2004, we observed a rapid
reduction in diversity (H'= 0.25+0.25; Fig 3 E). Diversity valueCintaxifolia were
higher at the end of both sampling years (February 2004 H' =2.05+0.14 and October
2004 H' = 2.45%0.22). During the second sampling year, we observed an increase in
diversity values in C. taxifolia mats (Fig 3.F)

Due to interannual variability i€aulerpamat communities, we did not find
any correlation between polychaete communities and temperatur€aolerpa
biomass. However, when community descriptors were considered from each sampling
year, significant correlations were found for b&@hulerpamats. InC. prolifera, the
first sampling year yielded no significant Pearson correlations. During the second
sampling year, the Shannon diversity was found to be positively correlatedCwith
prolifera biomass (Rho= 0.464 sig. level 0.05). During the first sampling year in the
alien C. taxifolia mats, Caulerpa biomass was found to impact polychaete species
number (Rho= -0.406 sig level 0.05) and Shannon-Wiener diversity (Rho= -0.431 sig
level 0.05) negatively. This correlation was not observed during the second sampling

year.
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Table 1: Seasonal changes in tBaulerpa proliferapolychaeta expressed as individuafsgampled in Cala d’Or. Frequency = n°® samples with presence/ total n°

seasonal samples). Dominance = total number of specie individuals / total polychaeta number (expressed as percentage)

Mar 03 May 03 Jul 03 Oct 03 Des 03 Feb04 Apr 04 Jun 04 Aug 04 Oct 04 Des 04 Feb 05 Total Feaempgnce
Neanthes agulhana 191,7+15.6 25,010 25,0+10.2 41,7+11.8 8,3+5.9 75,0£36.8  66,7+25.7 366,7+124.7 25,0+10.2 83,3+35.8 908,3 83,3 19,9
Terebellidae 33,3#5.9 16,745.9  41,7+15.6 16,7+11.8 25,010 41,7459  58,3+32.8 8,315.9 50,0+10.2 8,315.9 25,010 325,0 91,7 7,1
Sphaerosyllis
austriaca 25,0+10.2 33,3156  50,0+17.7 8,315.9 158,3+52.4  8,315.9 8,315.9 291,7 58,3 6,4
Hyalinoecia bilineata 25,0+£17.7 8,3+5.9 16,7+11.8  16,7+11.8 41,7429.4 16,7+11.7 158,3+21.2 283,3 58,3 6,2
Lumbrineris latreilli 8,315.9 8,3+5.9 158,3+79.3 16,7+11.8 8,3+5.9 16,7+5.9 41,7421.2 8,3%5.9 266,7 66,7 5,8
Sabellidae 16,745.9 116,7465.7 8,3t5.9  66,7+15.6 208,3 33,3 4,6
Lumbrineris gracilis 25,0+17.7 8,31+5.9 8,31+5.9 33,3+23.7 16,7+11.7 91,7+21.2 8,315.9 191,7 58,3 4.2
Arabella bicolor 16,7+11.8 16,7+11.8  16,745.9 16,7+11.8  16,7+5.9 8,3+5.9 16,7411.8  41,7+15.6 8,315.9 8,3+5.9 166,7 83,3 3,6
Polyophthalmus pictus 16,745.9 8,3+5.9 8,315.9 8,315.9 16,7+11.7 8,315.9 33,3+23.57 66,7+21.25 166,7 66,7 3,6
Maldanidae 25,0+17.6 8,3+5.9 25,0+17.7 8,315.9 8,3+5.9 33,31+5.9 8,3+5.9 41,7421.25 158,3 66,7 3,5
Sphaerosyllis pirifera 8,315.9 66,7+25.7 50,0+35.3 8,3+5.9 133,3 33,3 2,9
Pelogenia arenosa 25,0+10.2 8,3+5.9 8,315.9 8,315.9 8,315.9 33,3423.6  25,0+17.78,315.9 125,0 66,7 2,7
Pectinaria (Lagis)
koremi 33,3+t15.6 16,7459  25,0+10.2 16,745.7 8,3+5.9 8,3+5.9 8,315.9 116,7 58,3 2,6
Eunice vittata 16,745.9 8,3+5.9 8,3+5.9 16,7+11.8 25,0+0.0 8,315.9 16,7+11.8 8,315.9 108,3 66,7 24
Capitellidae 8,3+5.9 16,7+11.8 8,315.9 8,315.9 25,0+0.0 8,3+5.9 8,3+5.9 25,0+10.2 108,3 66,7 2,4
Nematonereis
unicornis 16,7+11.8 8,315.9 8,315.9 8,315.9 25,0+0.0 16,745.9 83,3 50,0 1,8
Pholoe inornata 8,3+5.9 16,745.9 8,3+5.9 33,3+15.6 8,3+5.9 75,0 41,7 1,6
Syllis sp 8,315.9 16,745.9  25,0+10.2 8,315.9 8,315.9 8,315.9 75,0 50,0 1,6
Cirratulidae 8,315.9 8,315.9 8,315.9 16,745.9 25,0+10.2 66,7 41,7 15
Paraonidae 16,7+11.8 16,7+11.8 8,3t5.9  25,0+10.3 66,7 33,3 15
Exogone (exogone)
rostrata 8,345.9 33,3+11.8 16,7411.8 58,3 25,0 1,3
Glycerasp. 16,7+5.9 16,7+11.8 16,7+11.8 8,31#5.9 58,3 33,3 1,3
Lysidice ninetta 8,315.9 8,315.9 8,315.9 16,745.9 16,745.9 58,3 41,7 1,3
Platynereis dumerilii  16,7+5.9 8,315.9 16,711.8 8,315.9 50,0 33,3 1,1
Pherusa eruca 8,3+5.9 8,3+5.9 8,3+5.9 8,3+5.9 33,3 33,3 0,7
Neanthes caudata 8,315.9 16,7+5.9 8,315.9 33,3 25,0 0,7
Harmothoe spinifera  8,3+5.9 8,345.9 8,315.9 8,315.9 33,3 33,3 0,7
Sthenelais boa 8,3+5.9 8,3+5.9 8,3+5.9 8,3+5.9 33,3 33,3 0,7




Syllis corallicola 33,3+11.8 33,3 8,3 0,7
Nereis falsa 25,0+17.8 25,0 8,3 0,5
Pontogenia
chrysocoma 8,3+5.9 8,3+5.9 8,3+5.9 25,0 25,0 0,5
Armandia

polyophthalma 8,34#5.9 16,7+11.8 25,0 16,7 0,5
Syllis garciai 8,3#5.9 8,3%5.9 8,31#5.9 25,0 25,0 0,5
Schistomeringos
neglecta 8,315.9 8,315.9 16,7 16,7 0,4
Lumbrineris impatiens 8,315.9 8,315.9 16,7 16,7 0,4

Lumbrineropsis
paradoxa 8,315.9 8,345.9 16,7 16,7 0,4

Malmgreniella

lunulata 16,7+11.8 16,7 8,3 0,4
Syllis variegata 8,315.9 8,315.9 16,7 16,7 0,4
Syllis westheidei 16,7+11.8 16,7 8,3 0,4

Chrysopetalum debile 8,315.9 8,3 8,3 0,2
Schistomeringos
rudolphi 8,315.9 8,3 8,3 0,2
Palolo siciliensis 8,3%5.9 8,3 8,3 0,2
Exogone (exogone)
verugera 8,315.9 8,3 8,3 0,2
Acanthicolepis
asperrima 8,315.9 8,3 8,3 0,2
Vermiliopsis
striaticeps 8,315.9 8,3 8,3 0,2
Syllis gerlachi 8,345.9 8,3 8,3 0,2




Table 2 Seasonal changes in tBaulerpa taxifoliapolychaeta expressed as individuafsgampled in Cala d’Or. Frequency = n° samples with presence/ total
n° seasonal samples). Dominance = total number of specie individuals / total polychaeta number (expressed as percentage)

Mar 03 May 03 Jul 03 Oct 03 Des 03 Feb04 Apr 04 Jun 04 Aug 04 Oct 04 Des 04 Feb 05 F&qtaincy Dominance
Hyalinoecia bilineata 291,7+129.2 16,7+11.8 50,0204 66,7+159 41,7+11.8 66,7+38.6 16,7+5.9 33,3159 8,3#5.9 593,0 19,5
Capitellidae 66,7+24.5 8,3+5.9 8,3+5.9 25,0+0.0 16,745.9 16,745.9 50,0117?3/‘315'9 16,745.9  16,7#5.9 50,0+10.2 283,3 91,7 9,3
Terebellidae 8,3+5.9 8,3+5.9 8,3+5.9 16,7411.8  33,3+23.6 25’0110.28,315.9 33,3t5.9  16,7#5.9 25,0+10.2 183,3 83,3 6,0
Neanthes agulhana ~ 8,3%5.9 8,345.9 8,3t5.9 16,7459  16,7¢5.9 16,7459 839 4171295 83+59 50,0£10.2 1833 833 6,0
Lumbrineris latreilli 16,745.9 8,3+5.9 8,3+5.9 8,3+5.9 41,7+15.9 8,3+5.9 25,0+17.7 33,3z15.6  8,3+5.9 8,3t5.9 1633 55
Nematonereis
unicornis 8,315.9 16,745.9 16,745.9 33,3.5.9 33,3t15.6 16,7+11.8 16,7+11.8  8,3+5.9 8,3t5.9 158 52
Polyophthalmus pictus  16,7+5.9 8,3+5.9 16,745.9 25,0+£10.2 16,7+11.8 16,7+11.8 25,0+1016,745.9 141,7 66,7 4,7
Pelogenia arenosa 8,315.9 8,3+5.9 8,3+5.9 8,3+5.9 8,3+5.9 25,0£17.8 41,7+21.2 108/8,3 3,6
Harmothoe spinifera 8,315.9 25,0+10.2 25,0£#10.2  25,040.0 8,3t5.9  16,7+5.9 108,3%0,0 3,6
Lysidice ninetta 16,745.9 8,3+5.9 8,315.9 33,3+15.6 16,745.9  25,0+10.2 108,3 50,0 3,6
Eunice vittata 16,7+11.8 16,745.9 16,745.9 16,7+15.9 16,745.9 83,3 41,7 2,7
Sphaerosyllis pirifera 8,315.9 8,3+5.9 16,7+11.8 8,3t5.9  33,3+23.6 75,0 41,7 2,5
Paraonidae 8,315.9 8,315.9 8,315.9 8,315.9 33,3+15.6 8,3t5.9 75,0 50,0 2,5
Maldanidae 8,315.9 8,315.9 8,315.9 8,3+5.9  16,7+11.8 16,745.9 66,7 50,0 2,2
Sabellidae 8,315.9 16,7+11.8 8,315.9 8,315.9 16,745.9 58,3 41,7 1,9
Sthenelais boa 8,3+5.9 8,3+5.9 16,7+11.8 8,3+5.9 8,315.9 8,3t5.9 58,3 50,0 1,9
Platynereis dumerilii 8,315.9 25,0+17.7 16,7+11.9 50,0 25,0 1,6
Pontogenia
chrysocoma 16,7+5.8 8,315.9 8,315.9 8,3+5.9 8,3t5.9 50,0 41,7 1,6
Lumbrineris gracilis 8,315.9 16,7£11.8 8,315.9 16,7459 50,0 33,3 1,6
Sphaerosyllis
austriaca 8,3+5.9 8,3+5.9 33,3£15.6 50,0 25,0 1,6
Syllis garciai 8,3+5.9 16,745.8 8,3+5.9 8,3t5.9 41,7 33,3 14
Pholoe inornata 8,3+5.9 16,7+5.9 16,7#5.9 41,7 25,0 14
Lumbrineris impatiens 8,315.9 8,315.9 8,315.9 8,315.9 33,3 33,3 11
Lumbrineropsis
paradoxa 8,315.9 8,315.9 8,315.9 8,3t5.9 33,3 33,3 1,1
Pherusa eruca 16,7+11.8 16,7+11.8 33,3 16,7 11
Syllis sp 16,7+5.9 8,3+5.9 25,0 16,7 0,8
Armandia cirrhosa 8,345.9 8,315.9 16,7 16,7 0,5
Fimbriosthenelais
minor 16,7+11.8 16,7 8,3 0,5




Exogone (exogone)
rostrata 16,7+£11.8 16,7 8,3 0,5
Cirratulidae 8,3%5.9 8,3t5.9 16,7 16,7 0,5
Pectinaria (Lagis)
koremi 8,315.9 8,315.9 16,7 16,7 0,5
Eunice harassii 8,3#5.9 8,3 8,3 0,3
Goniada sp. 8,315.9 8,3 8,3 0,3
Phyllodoce (Anaitides)
mucosa 8,3+5.9 8,3 8,3 0,3
Pterocirrus
macroceros 8,3+5.9 8,3 8,3 0,3
Chrysopetalum debile 8,315.9 8,3 8,3 0,3
Acanthicolepis
asperrima 8,3+5.9 8,3 8,3 0,3
Syllis gerlachi 8,315.9 8,3 8,3 0,3
Syllis variegata 8,315.9 8,3 8,3 0,3
Armandia
polyophthalma 8,345.9 8,3 8,3 0,3
Syllis corallicola 8,345.9 8,3 8,3 0,3
Arabella iricolor 8,3+5.9 8,3 8,3 0,3
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Table 3: ANOSIM differences and SIMPER dissimilarity values between polychaete assemblages

betweenCaulerpa proliferaandC. taxifolia

ANOSIM CP03-CP04 CT03-CT04 CP03-CT0-3 CP04-CT04
Global R 0.341 -0.072 0.278 0.106
p 0.004 0.738 0.015 0.117
AA. AA  AA  AA
SIMPER CP03 CP04 CT3 CT04 Contr. DS Contr. DS Contr. DS Contr. DS
Neanthes agulhana 61.11 90.28 6.94 23.61 1543 4.92 13.70 12.18
Terebellidae 29.17 25.00 6.94 23.61 5.24 5.24 6.30 4.80
Pectinaria (Lagis) koremi 18.06 1.39 3.67 4,95
Hyalinoecia bilineata 18.06 29.17 77.7820.83 7.78 18.79 14.74 8.82
Sphaerosyllis austriaca 19.44 278 278 5.56 5.87 1.94 494 3.82
Arabella bicolor 1111  16.67 1.39 1.99 2,97 3.22
Lumbrineris gracilis 1250 19.44 417 4.17 4.96 1.97 3.53 4.19
Pholoe inornata 1111 139 139 556 251 1.64 3.06 1.04
Syllissp. 9.72 278 2.78 2.15 2.86
Eunice vittata 8.33 9.72 833 556 1.94 3.02 2.35 1.98
Polyophthalmus pictus 6.94 20.83 11.1112.50 3.56 3.57 245 4.12
Lumbrineris latreilli 3194 1250 13.8913.89 6.64 4.02 8.06 3.12
Capitellidae 6.94 11.11 20.8326.39 217 6.42 3.88 4.66
Maldanidae 9.72 16.67 417 6.94 3.17 2.36 2.84 2.87
Pelogenia arenosa 5.56 15.28 4.17 13.89 2.52 3.41 2.06 2.74
Sabellidae 278 3194 417 5.56 4.53 1.87 1.42 4.82
Glycerasp. 9.72 1.70 1.78
Nematonereis unicornis 4.17 9.72 12.5013.89 1.74 3.90 3.19 2.48
Paraonidae 11.11 417 8.33 1.89 2.38 244
Sphaerosyllis pirifera 1,39 20.83 6.94 3.17 2.77 1.53 3.79
Harmothoe spinifera 417 139 16.17 5.41 3.55
Lysidice ninetta 6.94 278 556 1250 1.63 4.16 1.87 2.88
Cirratulidae 4.17 6.94 139 1.39 1.49 1.17 1.14
Exogone (exogone) rostrata 9.72 1.33 1.38
Platynereis dumerilii 4.17 4.17 8.33 1.25 2.09 1.76
Neanthes caudata 1.39 4.17 0.93
Sthenelais boa 4.17 139 278 6.94 0.93 2.04 154
Pherusa eruca 2.78 278 1.28 1.84 1.27 1.28
Syllis garciai 4.17 278 139 278 1.69 117 0.92
Pontogenia chrysocoma 278 278 556 2.24 1.25
Nereis falsa 4.17 0.94
Lumbrineris impatiens 139 139 417 1.31 0.93
Lumbrineropsis paradoxa 139 4.17 1.14
Average Dissimilarity between
meadows pairs 71.96 65.32 72.34 72.13
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Figure 5: Seasonal changes in the polychaete descriptors in both sampling y&zasl&pa prolifera

andC. taxifolia
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Table 4 Three way nested ANOVA of the polychaete descriptors bet®aeterpa proliferaandC.

taxifolia. * meangp<0.05, ** mean$<0.01 and *** mean$<0.001

Species ) _
Abundance Diversity
number

Source of variation Degr of
MS MS

freedom
Meadow 1 396123" 51.042 0.000
Year 1 278067  140.167 0.674
Month(Meadow*year) 21 167829 41702  0.898
Residual 72 28866 25.694 0.248

Table 5: Three way nested ANOVA of the polychaete main trophic guilds bet@esiterpa prolifera

andC. taxifolia.* meansp<0.05, ** mean$<0.01 and *** mean<0.001

' Deposit Filter . .
Carnivores Herbivores Omnivores
feeders feeders

Source of  Degr of

variation freedom MS MS MS MS MS
Meadow 1 33750.0  1157.0 41782 20416.7 74074
Year 1 20416.7 741.0 61227 10416.7 31296
Month

(Meadow* 21 9131.4 25489.0° 2736.4° 10745.1" 249207
year)

Residual 72 4265.0 6875 856.5 1770.8 4079.9

Trophic guilds

There were significant differences betwe@aulerpa proliferaand invasiveC.
taxifolia for all trophic guilds, excluding deposit feeders (Fig BJr carnivores, filter
feeders, omnivores and herbivores abundances were high€. iprolifera than
Posidonia oceanica. Additionally, there were significant differences in polychaete

trophic guilds between sampling years and seasonality (Table 5).
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Discussion

Habitat structure, or the fraction of dead mat composdebsidonia oceanica,
was quite similar in botiCaulerpaspecies. However, the higher yearly biomas€ of
prolifera induced a higher sedimentation rate and resulted in a smaller average grain
size than in C. taxifolia. During the winter montlds, taxifolia exhibited low biomass,
and the sediment retention by fronds and stolons was consequently lower. The
vegetation coverage of tl@&aulerpasubstrate resulted in organic matter enrichment and
reduction of mean grain size (Sanchez-Moyano et al. 2001a; Sanchez-Moyano et al.
2001b). These differences were constant for both sampling years and do not explain the
differences in polychaete assemblages between years.

The structures of the polychaete communities inhabi@aglerpamats were
quite similar between C. proliferand the invasiveC. taxifolia. Dominant, common
species were often found in both habitats. The most abundant speCegsleénpamats
were Neanthes agulhanen C. proliferaandHyalinoecia bilineatain C. taxifolia. Both
species were abundant and frequent in l&dhlerpamats. The nereitl. agulhanais
typical to shallow infralitoral locations and prefers calm waters (Viétez et al. 2004).

bilineatais a common species . oceanicaseagrass rhizomes (Campoy 1982)Cln
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prolifera mats, thdamily Terebellidae (predominantRista cretacea) and the species
Sphaerosyllis austriacaere also dominant. Both species are considered typidal to
oceanicaseagrass meadows (Gambi et al. 1995; Gambi et al. 1998). The polychaete
species composition described in this study is highly similar to th&. afceanica
seagrass meadows. Consequently, we must consider the effects of substrate and
proximity of the sampling area of the seagrass meadow.

Polychaeta abundances and diversity did not show a clear seasonal trend, as
abserved in the results. I@aulerpa prolifera,dramatic fluctuations in polychaete
abundance were due to a late summer peak in abundanicentdirineris latreilli
(during the first sampling year) arideanthes agulhan&uring the second sampling
year). This abundance peak was preceded by low abundance and diversity (July 2003,
August 2004). To explain these results, we considered the effects of vegetative substrate
cover and structural habitat complexity on benthic faunal community composition
(Edgar et al. 1994; Gambi et al. 1998; Sanchez-Jerez et al. 1999b). Howeger, in
prolifera, the period of greatest vegetative growth affected the diversity of the infauna
community negatively (Sanchez-Moyano et al. 2001a). In this study, we considered
only polychaete communities, and biomass was not found to affect polychaete
abundance. However, during the second sampling year, polychaete diversity was
positively correlated withC. prolifera biomass, indicating that great€&. prolifera
biomass positively impacts polychaetes. Increased biomas€aaferpa favours
stabilisation and organic enrichment of the substrate, and it may induce anoxic
conditions that affect certain taxa negatively, including bivalves (Sanchez-Moyano et al.
2001b). However, some polychaete species could increase in abundance with high algal
biomass, particularly those species associated with organically enriched sediments
(Cardoso et al. 2004).

Polychaete abundance was loweiGntaxifolia, than inC. prolifera. Complex
seasonal abundance changes were observed in mats of both species. During the first
sampling yearCaulerpabiomass was found to impact polychaete species number and
diversity negatively. This correlation was not found during the second sampling year.
This negative correlation indicates that the vegetative substrate cover does not
necessarily favour particular polychaetes. During the first sampling year, geater
taxifolia biomass was recorded, and this may correspond to the negative effect of high
Caulerpa biomass previously described by Sanchez-Moyano (2001b). Despite the
similar polychaete species compositions of the Waulerpa species,C. taxifolia
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species composition was typical frdh oceanicaseagrass meadows. prolifera has

long been endemic to the Western Mediterranean, and several polychaete species,
including Neanthes agulhana, Pista cretacea and Pectinaria (Lagis) korbee
developed mechanisms to thrive inG prolifera mats. C. taxifolia is a recent
introduction to the Balearic coastal waters, and the invertebrate community composition
is likely related to factors such as nearby habitat and substrate type more than to the
species of Caulerpa.

The Caulerpaspecies are characterised by the production of toxic metabolites
such as caulerpenyne (Jung et al. 2002) that prevent from herbivorism and epiphytism
of fronds and stolons. Environmental caulerpenyne could also affect indirectly fauna
living inside Caulerpamats (Sureda et al. 2006). Despite the fact @aprolifera
produces higher levels of caulerpenyne tRaraxifolia (Sureda et al. 2006), the long
period of coexistence has allowed several species to develop mechanisms of avoiding
the damage associated with this toxic compound. This fact may also be due to the
amount of time since substrate colonisation of the ®awulerpa mats polychaete
species composition, abundances and diversity.

The analysis of the trophic guild differences @©f prolifera and C. taxifolia
showed that only the presence of deposit-feeder polychaetes was similar b&tween
prolifera and C. taxifolia. Other trophic guilds showed greater abundanceé.in
prolifera. The abundance of the deposit feeddrsrebellidae, Capitellidaeand
Onuphidae(Hyalionecia bilineata) was high in botbaulerpamats. Caulerpales show
enhanced vegetative growth and capacity to trap sediment (Piazzi et al. 2005). This
enhanced ability to trap sediment induces an increased organic load (Sanchez-Moyano

et al. 2001a) that favours the presence of deposit feeders in both Caulerpa mats.

Conclusions

Our primary finding is that the differences in polychaete communities between
an established C. prolifera mand invasive C. taxifolia mat adgiven by differences in
abundance of species found in both m@tsprolifera mats showed higher polychaete
abundance and diversity than that founirtaxifoliamats. The long-term colonisation
of C. prolifera will change the abiotic parameters of substratum and will induce changes

in the polychaete community. The recent introduction of andQouaxifolia biomass
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during the first year indicates that the habitat is unstable Sintaxifoliacommunities
decline during the winter. I&. taxifolia matsthe polychaete community was highly
influenced by the nearby polychaefe oceanicacommunity, with P. oceanica
polychaete species extraordinarily abundant. The expansion and evolution of polychaete
assemblages i€. taxifoliamust be monitored since the actual stage of colonisation is
unclear, and the invasive effects Caulerpa must be further studied.
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4.4 Resumen de las comunidades de poliquetos

Resumen del estudio “Seagrass polychaete assemblages changes after invasion by

Caulerpa racemosa var cylindracea: community structure and trophic guilds “

En Caulerpa racemosavar. cylindracea se ha encontrado mayor abundancia
acumulada de poliquetos (durante 1 afio de muestreo bimensual) con 1863
ejemplares respectoRosidonia oceanicaon 1475 individuos contabilizados. El
namero de especies de poliquetos es similar entre ambos sustratos (43 en Caulerpa,
44 en Posidonia). La abundancia de poliquetos muestra una aumento como

previamente habia descrito Argyrou et al (1999).

La composicion de especies de poliguetos eRtrsidonia oceanicy Caulerpa
racemosavar. cylindracea es muy similalLas especies mas abundantesCen
racemosa var. cylindracea son Neanthes agulhana, Polyophthalmus pictus,
Lumbrineris latreilli y Arabella bicolor que estan también presentes Bn
oceanica.Las especiefNematonereis unicornis, Hyalionecia bilineata, Lysidice
ninettay Eunice vittata, son las mas abundante® eaceanicatambién presentes
en C. racemosavar. cylindracea.Por lo tanto las diferencias entre praderas estan

fundamentalmente asociadas a las abundancias de poliquetos presentes en ambas.

Las especies encontradas@mracemosaar. cylindraceay Posidonia oceanicae
caracterizan por ser especies propias tipicas de fondos blandos (Gambi et al. 1995;
Gambi et al. 1998; Brito et al. 2005).

Los biomasa deCaulerpa racemosavar. cylindracea esta positivamente
correlacionada con las abundancias, nimero de especies y diversidad de poliquetos.
Estos resultados destacan la importancia de la cobertura del sustrato por parte de la
caulerpal. Los resultados obtenidos muestran mayor abundancia y diversidad de
poliqguetos en verano-otofio (mayor biomasaCdelerpa, respecto a las muestras

de invierno (sustrato sin cobertura pG: racemosavar. cylindracea). Este

resultado se ve reforzado por las menores abundancias y diversidad de especies que
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en Posidonia respecto Caulerpa encontrado durante el periodo sin biomasa
aparente de Caulerpa racemosa (solo mata de Posidonia).

La invasion deCaulerpa racemosaar. cylindraceaen zonas donde previamente
habia praderas dPosidonia oceanicano supone cambios en las principales
estrategias troficas de poliquetos, aunque se observa una tendencia al incremento

de especies carnivoras y reduccién de detritivoras

En la situacién actual de invasid@aulerpa racemosaar. cylindraceano forma
praderas monoespecificas, por lo tanto, ademas de compartir sustrato con
Posidonia oceanica, las especies de poliqguetos moviles pueden desplazarse de la

pradera de P. oceanica hacia la Cauleypaceversa.

Resumen del estudio “Seagrass polychaete assemblages differences between

invasive Caulerpa taxifolia and establishedC. prolifera: community structure and

trophic guilds”

El nUmero de especies de poliquetos encontradas es similar en ambas caulerpales,
(40 enCaulerpa proliferay 36 enC. taxifolia) aunque con diferentes patrones
estacionales. Las abundancias de poliguetos son significativamente superiores en la
zona deC. prolifera, con una abundancia acumulada de 4575 ejemplares, que en C.

taxifolia con una abundancia acumulada de 3033 ejemplares

Las especies mas abundantesCamilerpa proliferason en orden de importancia
Neanthes agulhana, Sphaerosyllis austriaca, Hyalinoecia bilineata, Lumbrineris

latreilli y Lumbrineris gracilis.
En la invasora&Caulerpa taxifolialos poliquetos mas abundantes son, en orden de
importancia, Hyalionecia bilineata, Neanthes agulhana, Lumbrineris latreilli,

Nematonereis unicornis Bolyophthalmus pictus.

Las especies dominantes y mas frecuentes coinciden en ambas caulerpales, como

es el caso dé&leanthes agulhana, Hyalionecia bilineata, Lumbrineris gragilis
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Lumbrineris latreillientre otras. En general la mayoria de especies identificadas en
el presente trabajo son especies tipicas de fondos blandos colonizadas por
prolifera (Sanchez-Moyano et al. 2001la; Sanchez-Moyano et al. 2001b) y de
praderas d@osidonia oceanicéGambi et al. 1995; Gambi et al. 1998; Brito et al.
2005).

e Las especies de poliguetdeanthes agulhan&mayor abundancia e@aulerpa
prolifera) y Hyalionecia bilineata(mayor abundancia ef. taxifolia), son las
principales responsables de las diferencias entre las comunidades de poliquetos de

ambas caulerpales.

« La comunidad muestreada de poliquetos presenta variaciones anuales. Los
resultados del primer afio muestran una clara diferenciaciéon en la comunidad de
poliquetos deCaulerpa taxifoliay C. prolifera, pero en el segundo afio
desaparecen. Esta variacion es debida, en gran parte, al incremégarndiees
agulhanaen C. taxifoliay al descenso delyalionecia bilineataen C. taxifolia

durante el segundo afio (2004).

» EIl andlisis de las estrategias troficas muestra que el numero de detritivoros es
similar entre ambas caulerpales. Las otras estrategias troficas muestran mayor
abundancia para los carnivoros, herbivoros, filtradores y omnivorGauderpa
prolifera. Estas mayores densidades se asocian en general a la mayor abundancia

de poliquetos en C. prolifera.

* El mayor tiempo de colonizacién del sustrato por parteCdelerpa prolifera
conlleva cambios en el habitat, como es una textura del sedimento caracterizada
por una menor granulometria. La comunidad de poliquetdS. garolifera lleva
mas tiempo asociada al habitat de esta caulerpal, desarrollando las adaptaciones
necesarias. Por otro ladd taxifoliaes mas reciente en los fondos de Baleares y
ademas no coloniza grandes superficies ni presenta grandes biomasas. Por lo tanto
la comunidad de poliquetos asociada muestra una gran influencia por parte de la
comunidad de poliquetos de los rizomasPasidonia oceanicy la pradera viva

gue rodea las zonas muestreadas.
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Capitulo adaptado de :

Changes in the faunistic communities associated with the presence of green

algae Caulerpa (2008)Box, A., Deudero, S. In prep.

A new species ofNuuanu (Amphipoda: Gammaridea: Melitidae) from
shallow sandy bottoms of the Balearic Islands (W Mediterranean) (2006).
Jaume, D and Box A. Scientia Marina, 70 735-747.

Ocurrence of Automate branchialis (Holthuis &Gottlieb, 1959) (Decapoda,
Alpheidae) in the Balearic Islands (Western Mediterranean Sea) (2007). Box, A.,
Guerao, G., Abello, P. Deudero, S. Crustaceana,80 495-501.
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5.1 Introduccién al capitula

En el presente capitulo se realiza una sintesis de los resultados de la abundancia
y diversidad de especies obtenidos para los grupos faunisticos estudiados en detalle
(crustaceos, moluscos y poliquetos) ademas de incluir sipunculidos y equinodermos, en
los habitats generados pdCaulerpa prolifera, C. taxifolia, C. racemosaar.
cylindraceay Posidonia oceanicaMoluscos, decapodos y poliquetos presentan en
mayor o0 menor medida un cambio en sus abundancias y composicién de especies con la
presencia de algas del géne@aulerpa. Las diferencias en abundancias de los
principales filums nos permiten comprender cuales son mas labiles para adaptarse al
habitat generado por especies invasoras. Los trabajos publicados hasta el momento no
muestran un patrén comun sobre los efectos de las caulerpales sobre la fauna. Se han
observado importantes reducciones en diversidad y abundancias de especies de
invertebrados erC. taxifolia (Bellan-Santini et al. 1996). EL. racemosase ha
obtenido que los moluscos reducen sus abundancias y los poliquetos las incrementan
(Argyrou et al. 1999). Aunque Buia et al. (2001) destaca el incremento de la diversidad
y abundancias de moluscos en zonas invadidas por C. racemosa.

Las muestras analizadas de macrofauna y sedimento en el presente capitulo han
sido recogidas mediante un cuadrante 20 x 20 insertado 5 cm en el sedimento. Las
diferencias en abundancias se han analizado para los cuatro habitats. La importancia de
los diferentes filums en cada uno de los habitats también ha sido estudiada.

Las especies identificadas @aulerpaspp. yPosidonia han sido listadas para
evaluar las diferencias en composicion especifica por filum y asi comprender si la
presencia de especies invasoras implica una reduccion de la diversidad y que especies
son comunes en caulerpeles y entre caulerpalegsidonia oceanica. Estos listados
faunisticos son ademas de gran importancia para incrementar el conocimiento de la
fauna de invertebrados en las Islas Baleares en fondos poco profundos.

Durante el desarrollo del presente trabajo han sido encontradas tres especies
previamente no descritas como son el anfifddanuu beatricensjd.eptocheila dubia
agg. sp. nov (en proceso de descripcion) y una nueva especies de isépodo (en proceso
de descripcion). Se ha incluido en la presente tesis la descripcion de la d$panias

beatricensis.
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Ademas se ha realizado una descripcion de la espet@nate branchialis
previamente considerada como posible migrante lessepsiana, pero descrita en el

presente capitulo como propia del Mediterraneo.
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5.2 Changes in the faunistic communities associated with the

presence of green alga€aulerpa

Introduccioén

En el presente apartado se analizan los resultados obtenidos sobre las
comunidades benténicas muestreadaSaurerpay Posidonia oceanicaomparandose
la abundancia de los diferentes grupos taxonémicos.

El andlisis de la comunidad se basa en grandes grupos, basados en las categorias

taxonomicas de Filum, Clase y Orden como se especifica a continuacion:

* Filum Mollusca

e Clase Polychaeta

e Orden Decapoda

* Orden Tanaidacea
e Orden Amphipoda

e Orden Isopoda

e Phylum Sipunculida

* Filum Echinodermata
Material y métodos

Las muestras, localidades y metodologia de estudio de este capitulo son
coincidentes con los capitulos anteriores. Debido al procesado, las correspondientes al
aflo 2003 no se consideran ya que los anisopodos no fueron correctamente separados
por error en el procesado de las muestras. Por ello dentro de esta seccion solo se

consideraran las muestras comprendidas entre febrero 2004 y febrero 2005.
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Resultados

Los poliquetos son el grupo que presenta mayor porcentaje de contribucion en
los cuatro habitats estudiados. Bosidonia oceanicauponen el 50 % del total de
ejemplares recogidos. Ebaulerpa prolifera,junto a los poliquetos, los moluscos son
los mas importantes a la hora de caracterizar el habitat (porcentaje contribucion 38%)
(Fig. 1).

En las invasora€aulerpa racemosa vacylindracea yC. taxifoliadisminuye el
porcentaje de poliquetos respectoPasidonia oceanicay aumentan decapodos,
anfipodos y moluscos (Fig. 1).

Las abundancias de los diferentes 6rdenes de crustaceos solo muestran
diferencias significativas entr€aulerpa racemosavar. cylindracea y Posidonia
oceanicapara anisopodos y decapodos. Ambos con abundancias significativamente
superiores en C. racemosa var. cylindracea (ANOVA 88) (Fig. 2)

Los moluscos presentan abundancia significativamente superiofesuérpa
prolifera respecto a las otras caulerpaleBogidonia oceanicéANOVA, p<0.05) (Fig.

3).

Los poliquetos no presentan diferencias significativas entre las caulerpales y
Posidonia oceanica (Fig. 4). Las menores abundancias de equinodermos las
encontramos egf. prolifera, siendo sus abundancias significativamente superiores en
C. taxifolia respecto a C. prolifera (ANOVA [@x05) (Fig. 5)

Los resultados del SIMPER muestran que la mayor abundancia de moluscos y
poliquetos erCaulerpa proliferason las responsables de sus diferencias respecto a las
otras caulerpales Rosidonia oceanica. La comunidad @e proliferay P. oceanica
son las comunidades estudiadas con mayores diferencias (TableCl)d€emosaar.
cylindracea la mayor abundancia de los crustaceos de los oOrdenes anfipodos y
decapodos son los principales causantes de sus diferenciaB. coceanica.La
comunidad de invertebrados €h taxifolia tiene abundancias intermedias en@e
racemosavar. cylindraceay P. oceanica no diferenciandose significativamente de

ninguna de ellagTabla 1)
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Tabla 1: Analisis SIMPER y ANOSIM de las comunidades de CaulerpalRgsydoniapara establecer

las principales diferencias entre los grupos estudiados. CP sigh#igarpa prolifera CT Caulerpa
taxifolia, CR Caulerpa racemosg POPosidonia oceanica.

CP-PO CT-PO CR-PO CP-CT CP-CR CT-CR
SIMPER
Amphipoda 7.78 18.53 19.65 11.37 15.39 23.10
Anisopoda 6.69 7.99 4.89 6.70
Decapoda 7.08 17.86 23.67 10.30 17.13 22.14
Isopoda 6.29 3.73 5.33
Mollusca 40.60 14.70 20.62 34.44 28.71 16.44
Polychaeta 36.19 30.86 19.82 32.35 28.08 20.83
Equinoderma
Sipunculida
Average dissimiliraty 53.98% 39.49% 49.17% 42.47% 44.84% 36.22%
ANOSIM
Global R 0.477 0.229 0.469 0.337 0.311 0.184
Sig. Level 0.004 0.039 0.007 0.005 0.010 0.012
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Fig 1. Porcentaje de contribucién de la abundancia de los diferentes grupos faunisticos identificaCisli@guaspp yPosidonia oceanica.
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Fig 3: Cambios temporales en la abundancia de moluscGsialerpaspp. yPosidonia oceanica
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A lo largo del estudio se han identificado un total de 72 especies de poliquetos,
53 de moluscos, 68 crustaceos (33 decapodos, 33 anfipodos, 2 Anisépodos), 2
sipunculidos y 10 equinodermos, lo que supone un total de 205 especies identificadas
repartidas entreCaulerpa prolifera, C. taxifolia, C. racemosear. cylindraceay
Posidonia oceanica.

El mayor nimero de especies de poliguetos encontradas corresponde a la pradera
de C. taxifolia, con 53 especiesian sido identificadas 30 especies de moluscoS.en
taxifoliay C. racemosavar. g/lindracea (praderas con mas especies). La diversidad de
especies de crustaceos es mayoCemnacemosavar. cylindracearespecto a los otros
habitats estudiados, con 41 especies identificadas. El niamero de especies de
sipunculidos y equinodermos son bajos, encontrandose como maximo 2 especies de
sipunculidos enC. taxifolia y C. racemosavar. cylindraceay 8 especies de

equinodermos en C. racemosa var. cylindrac®agidonia oceanica (Fig. 8, tabla 2).

N° de especies
w
o
L

o Ll
Polychaeta Mollusca Crustacea Sipunculida Equinoderma

0O Caulerpa prolifera @ C. racemosa var cylindracea m Caulerpa taxifolia m Posidonia oceanica

Fig 8: Niumero de especies, de los principales filums y érdenes, identificadas en los cuatro habitats

estudiados.
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Tabla 2: Especies encontradas en los cuatro habitats estudiados. * significa la presencia de las especies en
la pradera que marca la columna

C. racemosa . .
Caulerpa  Caulerpa var Posidonia

prolifera taxifolia : oceanica
cylindracea
Polychaeta
Acanthicolepis asperrima (M. Sars, 1861) * *
Amphiglena mediterranea (Leydig, 1851) *
Arabella iricolor (Montagu, 1804) * * * *
Aricidea similis (Fauchald, 1972) * * *
Armandia cirrhosa Filippi, 1861 *
Armandia polyophthalma Kukenthal, 1887 * *
Cirriformia tentaculata (Montagu, 1808) * *
Chone infundibuliformis Kroeyer, 1856 *
Chone sp Kroeyer, 1856 * * * *
Chrysopetalum debile (Grube, 1855) * *
Eteone longa (Fabricius, 1780) *
Eunice harassii Audouinin & Milne Edwards,
1834 * *
Eunice vittata (Delle Chiaje, 1828) * * * *
Exogone (exogone) dispar (Webster, 1879) *
Exogone (exogone) rostrata Naville,1933 * * *
Exogone (exogone) verugera (Claparede, 1868) *
Fabricia sabella (Ehrenberg, 1836) *
Fimbriosthenelais minor (Pruvot & Racovitza,
1895) * *
Glycera sp. (Savigny, 1818) * *
Goniada sp. (Audouin & Mildne Edwards, 1933) *
Haplosyllis spongicola (Grube, 1855) * *
Harmothoe spinifera (Ehlers, 1864) * *
Heteromastus filiformis (Calparéde, 1844) * *
Aponuphis bilineata (Baird, 1870) * * * *
Hydroides nigra (Zibrowius, 1971) *
Laetmonice hystrix (Savigny in Lamarck, 1818) *
Lumbrineris coccinea (Renier, 1804) *
Lumbrineris gracilis Ehlers, 1868 * * * *
Lumbrineris impatiens (Claparéde, 1868) * * *
Lumbrineris latreilli Audouin & Milne Edwards,
1834 * *
Lumbrineropsis paradoxa (Saint-Joseph, 1888) * * * *
Lysidice collaris Grube, 1870 *
Lysidice ninetta Audouin & Milne Edwards, 1833 * * * *
Malmgreniella lunulata (Delle Chiaje, 1830) * *
Marphysa fallax Marion & Bobrezky, 1875 *
Neanthes agulhana (Day, 1963) * * * *
Neanthes caudata (Delle Chiaje ,1833) * * *
Nematonereis unicornis Schmarda, 1861 * * * *
Nereis falsa Quatrefages, 1866 *
Notomastus aberans Day, 1957 * *
Notomastus latericeus Sars, 1851 * *

- 198 -



Capitulo 5 Cambios en las comunidades de invertebrados

C. racemosa . .
Caulerpa  Caulerpa var Posidonia

prolifera taxifolia . oceanica
cylindracea
Notomastus (Clistomastus) lineatus (Claparede,
1869) * * * *
Oriopsis armandi (Claparede, 1864) * * * *
Palolo siciliensis (Grube, 1840)
Paradoneis armata Glemarec, 1966 * *
Paraonis lyra Southern, 1914 * * *
Parapionosyllis brevicirra Day, 1954 *
Pectinaria (Amphictene) auricoma (O. F Mulle,
1776) * *
Pectinaria (Lagis) koremi (Malmgren, 1866) * * * *
Pelogenia arenosa (Delle Chiaje, 1830) * * * *
Pherusa eruca (Claparéde, 1870) * * * *
Pholoe inornata Johnston, 1839 * * *
Phyllodoce (Anaitides) mucosa Oersted, 1843 * *
Pista cretacea (Grube, 1960) * * *
Platynereis dumerilii (Audouin & Milne Edwards,
1833) * * * *
Polyophthalmus pictus (Dujardin, 1839) * * * *
Pontogenia chrysocoma (Baird, 1865) * * * *
Praxillella praetermissa (Malmgren, 1865) * *
Pterocirrus macroceros (Grube, 1860) * *
Schistomeringos neglecta (Fauverl, 1923) *
Schistomeringos rudolphi (Delle Chiaje, 1828) * * *
Sphaerosyllis austriaca Banse, 1959 * * *
Sphaerosyllis pirifera Claparéde, 1868 * * * *
Spirobranchus polytrema (Philippi ,1844) * *
Sthenelais boa (Johnston, 1833) * * * *
Syllis corallicola Verrill, 1900 * *
Syllis garciai (Campoy, 1982) * * * *
Syllis gerlachi (Hartmann-Schrdder, 1960) * * * *
Syllis variegata Grube, 1860 * * * *
Syllis westheidei San Martin, 1981 * *
Thelepus setosus (Quatrefages, 1866) *
Tharix marioni (Saint Joseph, 1894) *
Vermiliopsis striaticeps (Grube, 1862) * *
Mollusca
Alvania cancellata (da Costa, 1778) *
Alvania cimex (Linné, 1758) * * * *
Alvania montagui (Payraudeau, 1826) *
Arca noae Linnaeus, 1758 * * *
Arcopagia balaustina (Linnaeus, 1758) * *
Ascobulla fragilis (Jeffreys, 1856) * * *
Barbatia barbata (Linné, 1758) *
Bittium latreillii (Payraudeau, 1826) *
Bittium reticulatum (da Costa, 1778) * * * *

- 199 -



Capitulo 5 Cambios en las comunidades de invertebrados

C. racemosa . .
Caulerpa  Caulerpa var Posidonia

prolifera taxifolia . oceanica
cylindracea

Bulla striata Bruguiére, 1792 * *

Cerithium vulgatum Bruguiére, 1792 * * * *
Columbella rustica (Linnaeus, 1758) *
Coralliophila squamosa (Bivona Ant. in Bivona
And., 1838) *
Crepidula unguiformis Lamarck, 1822 *
Ctena decussata (Costa O.G., 1829) * * * *
Chama gryphoides Linnaeus, 1758 * * *
Dacrydium hyalinum Monterosato, 1875 *
Gastrana fragilis (Linnaeus, 1758) *
Gibbula ardens (Von Salis, 1793) * *
Glans trapezia (Linnaeus, 1767) * * * *
Irus irus (Linnaeus, 1758) * *
Jujubinus exasperatus (Pennant, 1777) *

Limaria hians (Gmelin, 1791) * *
Loripes lacteus (Linnaeus, 1758) * * * *
Lobiger serradifalci (Calcar 1840) * *

Lucinella divaricata (Linnaeus, 1758) * * *
Metaxia abrupta (Watson, 1880) *
Modiolarca subpicta (Cantraine, 1835) *
Modiolus barbatus (Linnaeus, 1758) * * * *
Musculus costulatus (Risso, 1826) *
Mysella bidentata (Montagu, 1803) *
Nassarius incrassatus (Strom, 1768) * *
Oxynoe olivacea Rafinesque, 1814 * *
Paphia rhomboides (Pennant, 1777) *
Parvicardium exiguum (Gmelin, 1791) * * * *
Parvicardium scriptum (Bucquoy, Dautzenberg
& Dollfus 1892) *
Payraudeautia intricata (Donovan, 1804) * * *
Petalifera petalifera (Rang 1928) *
Pinna nobilis Linnaeus, 1758 *
Pusillina philippi (Aradas & Maggiore, 1844) *
Rissoina bruguieri (Payraudeau, 1826) * * *
Ruditapes decussatus (Linnaeus, 1758) *
Smaragdia viridis (Linnaeus, 1758) * *
Striarca lactea (Linnaeus, 1758) * * *
Tellina (Moerella) donacina Linnaeus, 1758 * *
Tricolia pullus (Linnaeus, 1758) * * * *
Tricolia speciosa (Von Mihlfeldt, 1824) * *
Venericardia antiquata (Linné, 1758) * *
Venerupis aurea (Gmelin, 1791) * * * *

Venus casina Linnaeus, 1758 *

Venus verrucosa Linnaeus, 1758 * * *
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C. racemosa . .
Caulerpa  Caulerpa var Posidonia

prolifera taxifolia . oceanica
cylindracea
Crustacea
Decapoda
Achaeus cranchii Leach, 1817 * * * *

Alpheus dentipes Guérin-Méneville, 1832 * * * *

Alpheus macrocheles (Hailstone, 1835) * *
Athanas nitescens (Leach, 1814) * * * *

Automate branchialis Holthuis & Gottlieb, 1958 * * * *
Calcinus tubularis (Linnaeus, 1767) * * * *
Cestopagurus timidus (Roux, 1830) * * * *
Dromia personata (Linnaeus, 1758) *

Ebalia edwardsii Costa, 1838 * *
Galathea bolivari Zariquiey-Alvarez, 1950 * * * *
Galathea cenarroi Zariquiey-Alvarez, 1968 *
Galathea squamifera Leach, 1814 * *
Hippolyte inermis Leach, 1815 * * * *
Hippolyte niezabitowskii D'Udekem d'Acoz,
1996 * *

Hippolyte garciarasoi D’'Udekem d’Acoz, 1996 * * * *

Eualus cranchii (Leach, 1817) * * *

Palaemon xiphias Risso, 1816 *

llia nucleus (Linnaeus, 1758) * * * *
Liocarcinus navigator (Herbst, 1794) * *

Liocarcinus corrugatus (Pennant, 1777) * *

Macropodia linaresi Forest & Zariquiey-Alvarez,

1964 *

Macropodia longirostris (Fabricius, 1775) * *
Pagurus anachoretus Risso, 1827 * * *
Pilumnus hirtellus (Linnaeus, 1761) * * *

Pisa muscosa (Linnaeus, 1758) * * *
Pisa tetraodon (Pennant, 1777) * *
Pisidia longimana (Risso, 1816) *
Processa edulis (Risso, 1816) * * * *
Sirpus zariquieyi Gordon, 1953 * * * *
Upogebia mediterranea Noél, 1992 * *
Upogebia pusilla (Petagna, 1792) * * * *
Xantho granulicarpus Forest, 1953 *
Xantho pilipes A. Milne-Edwards, 1867 * * * *
Amphipoda
Pariambus typicus (Kroyer, 1844) *
Caprella acanthifera Leach, 1814 * * * *
Phtisica marina Slabber, 1769 * * * *
Pseudoprotella phasma (Montagu, 1804) *
Caprella cavediniae Krapp-Schickel & Vader,
1998 *
Deutella shieckei Cavedini, 1982 *
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C. racemosa . .
Caulerpa  Caulerpa var Posidonia

prolifera taxifolia . oceanica
cylindracea
Harpinia truncata Sars, 1891 *
Leptocheirus guttatus (Grube, 1864) *
Maera grossimana (Montagu, 1808) *
Ericthonius argenteus Krapp-Schickel, 1993 * * *
Maera hirondellei Chevreux, 1900 *
Harpinia zavodniki Karaman, 1987 * *
Maera inaequipes (Costa, 1857) * *
Melita valesi Karaman, 1955 *
Colomastix pusilla Grube, 1861 *
Ampelisca sp Krgyer, 1842 *
Gammarella fucicola (Leach, 1814) *
Iphimedia minuta G.O. Sars, 1882 *
Monoculodes Stimpson, 1853 *
Dexamine spinosa (Montagu, 1813) * * *
Biancolina algicola Della Valle, 1893 *
Amphilochus neapolitanus Della Valle, 1893 *
Harpinia crenulata (Boeck, 1871) *
Perioculodes longimanus (Bate & Westwood,
1868) *
Leucothoe spinicarpa (Abildgaard, 1789) *
Lilieborgia dellavallei Stebbing, 1906 *
Maera pachytelson Karaman & Ruffo, 1971 * *
Leptocheirus bispinosus Norman, 1908 * *
Atylus guttatus (Costa, 1851) *
Nuanuu beatricensis (Jaume & Box, 2006) * *
Anisopoda
Leptocheila dubia agg. sp. nov. * * * *
Apseudes latreillii (Milne-Edwards, 1828) * * * *
Sipunculida
Sipunculus nudus Linnaeus, 1766 * *
Aspidosiphon muelleri Diesing, 1851 * * *
Phascolosoma granulatum Leuckart, 1828 *
Equinoderma
Echinocyamus pusillus (O.F. Miller, 1776) * * *
Genocidaris maculata A. Agassiz, 1869 * * *
Holothuria spp Linnaeus, 1767 * * * *
Ophioderma longicaudum (Retzius, 1789) * * * *
Amphipholis squamata (Delle Chiaje, 1828) * * * *
Ophiothrix fragilis (Abildgaard, 1789) * *
Amphiura chiajei Forbes, 1843 * * *
Ophiura pentagona Lamarck, 1816 *
Asterina pancerii (Gasco, 1870) * *
Paracentrotus lividus (de Lamarck, 1816) *
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Discusion

Las caulerpales generan un habitat diferenciado de la pradePasidonia
oceanicaal colonizar las areas donde la parte folial de la pradera ha desaparecido. La
magnitud de este cambio se refleja en mayores abundancias de invertebrados y mayor
namero de especies de moluscos y poliquetos en las caulerpales estudiadas.

Nuestros resultados muestran una zona invadidaCpaterpa taxifolia, con
unas abundancias superiores Pa@sidonia oceanica de crustaceos, moluscos Yy
poliquetos. Los trabajos previos, muestran que la invasid dexifolia, en zonas de
sustrato rocoso, conlleva una reduccion de las abundancias de invertebrados
especialmente para anfipodos y moluscos (BellanSantini et al. 1996). Esta reduccion de
anfipodos ya ha sido también observada en California, Hedionda Lagoon, en un estudio
sobre sustrato blando (Tippets 2002).

Caulerpa taxifolia no siempre tiene un efecto deletéreo sobre la fapnadg
generar un habitat adecuado para algunos invertebrados. En un estudio sobre meiofauna
realizado en Croacia, el principal resultado obtenido esCyuexifolia al colonizar
areas de faner6gamas marinas puede proporcionar un habitat adecuado para los
invertebrados bentdnicos (Travizi and Zavodnik 2004).

Otro trabajo referido al bivalvdAnadara trapezia, realizado en Australia,
concluye que la invasioproporciona un habitat que no afecta negativamente al
reclutamiento y a adultos de esta especie (Gribben and Wright 2006). En las Islas
Baleares el patron de invasién no implica la formacion de praderas monoespecificas,
pero si que significa la coexistencia@etaxifoliacon las comunidades de macroalgas
y faner6gamas marinas locales. La no formacion de praderas monoespecificas genera
un incremento en la heterogeneidad de habitat que permite compartir habitat a especies
gue en otras condiciones no lo harian.

Puede que lo anterior se explique porque no se observen efectos negativos sobre
las comunidades de invertebrados y si que se observe la presencia de especies de
Posidonia oceanicacohabitando ernC. taxifolia con otras especies oportunistas o
especificas de Caulerpa.

La comunidad de invertebrados @aulerpa racemosaar. cylindraceanos
muestra un incremento para la abundancia de crustaceos, moluscos, decapodos y

equinodermos respectdPasidonia oceanica. Al igual qu@. taxifolia,enC. racemosa
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var. cylindraceason escasos los trabajos referentes a los efectos del macaiaigda
comunidad de invertebrados. Argyrou @&t (1999) encontr60 que gasteropodos y
crustaceos experimentaron una reduccién en sus abundancias, mientras que bivalvos,
equinodermos y especialmente poliquetos aumentaron tras el reempRzocganica

por Caulerpa racemosa. Un estudio mas reciente, destaca el efecto posit®o de
racemosa sobre los moluscos, donde sus formas juveniles encuentran un habitat
adecuado para su asentamiento (Buia et al. 2001).

Como se ha demostrado en capitulos anteriores y en el presente capitulo, la
fauna encontrada ébaulerpa racemosaar. cylindraceaesta influenciada por las otras
comunidades que rodean@G racemosa comd. oceanica,comunidades de algas
fotéfilas y fondos arenososEsta confluencia de especies es la responsable del
incremento en abundancias que experimentan los anisépodos y decapodos.

La comunidad d€aulerpa proliferapresenta mayor abundancia de moluscos y
poliquetos que la€aulerpa invasoras fPosidonia oceanica. En la literatura podemos
encontrar gran cantidad de trabajos sobre la comunidades de invertebra@os en
prolifera (Sanchez-Moyano et al. 2001a; Sanchez-Moyano et al. 2001b; Guerra-Garcia
et al. 2002; Rueda and Salas 2003; Sanchez-Moyano et al. 2004; de la Rosa et al. 2006),
destacandose entre ellos algunos desarrollados en las Islas Baleares (Ballesteros et al.
1987; Dantart et al. 1990). Las praderaLd@roliferase caracterizan por las elevadas
abundancias y diversidad de especies de moluscos y poliquetos Este resultado es similar
al obtenido por Sanchez-Moyano et al. (2001b) en C. prolifera.

Caulerpa prolifera,en la localidad estudiaderece sobre rizomas de Posidonia
al igual que laaulerpainvasoras. Pero el tiempo de colonizacion del sustrato de esta
cloroficea es mas largo y por tanto cambia ampliamente los pardmetros fisico-quimicos
del sustrato (Jorge Terrado com. pers) por lo que la disimilitud en el habitat es mayor
con Posidonia oceanic@ue en el caso de las caulerpales invasoras. Este habitat mas
diferenciado y su larga permanencia en el Mediterraneo es responsalepyoifera
presente una comunidad de invertebrados en algunos casos altamente especializada.

Caulerpa taxifoliay C. racemosa son especies recién llegadas a Baleares y
carecen especies especializadas en Baleares. Son las especies de invertebrados locales
las que se han de adaptar a las zonas invadidas. En ambas Caulerpa invasoras confluyen
especies de los habitats préximos, la rigueza de organismos detritivoros de la mata
muerta dePosidonia oceanicgBorg et al. 2006) y la riqueza tipica de los bordes de

praderas de fanerégamas marinas (Sanchez-Jerez et al. 1999b).
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En un principio era de esperar un efecto negativo sobre la abundancia de fauna
bentonica, pero como los resultados muestran, el efecto de la presencia de macroalgas
invasoras del géner@aulerpano puede ser considerado como negativo. En los casos
mas drasticos de invasion si que se han encontrado efectos importantes sobre la fauna
(BellanSantini et al. 1996). Es por tanto necesario continuar con un seguimiento de la
expansion y evolucion de las comunidades faunisticas en areas invadidas por
macroalgas. En la literatura actual hay multitud de ejemplos de efectos de especies
invasoras sobre las comunidades bentdnicas (Bax et al. 2003; Levi and Francour 2004;
Padilla and Williams 2004; Verlaque et al. 2004; Longepierre et al. 2005; Gribben and
Wright 2006; Streftaris and Zenetos 2006; Antoniadou and Chintiroglou 2007; Galil
2007) por citar algunos trabajos. Los resultados obtenidos y su comparacion con la
literatura disponible muestran que cada especie tiene unos patrones de alteracion del

medio y la comunidades de invertebrados diferentes.
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5.3 A new species oNuuanu (Amphipoda: Gammaridea:
Melitidae) from shallow sandy bottoms of the Balearic Islands

(W Mediterranean)

Introduction

Nuuanu is a genus of melitid amphipods comprising 10 mostly shallow-water
species known from tropical and warm-temperate seas, with species distributions
usually restricted to a single locality. Records of this genus appear scattered through the
Hawaiian Islands, Micronesia, E Australia, Andaman Islands, Madagascar, SE Africa,
W Mediterranean, and the Caribbean, either in anchialine caves, marine macroporous
interstitial environments, or exceptionally in the deep-sea. The genus is considered to be
of tropical affinity and Tethyan origin, althougW. castellana (Griffiths, 1977) was
reported from deep muddy bottoms (at 550 m depth) off the east coast of South Africa
(Marti and Villlora-Moreno, 1995). Here we describe a new species associated with
coarse sandy sediments in shallow waters of the Balearic Islands. In the Mediterranean,
there was a previous report of the gerdsuanu garciai(Marti and Villora-Moreno,

1995), from coarse sandy bottoms at Chafarinas Islands (northern Moroccan coast). The
only other gammarellid (sensu Lowry and Watson, 2002) known from the area is
Gammarella fucicola (Leach, 1814), widely distributed along the Mediterranean and
NE Atlantic coasts, and present also at the Balearic stations that rendered the new
species described herein.

The new taxon was gathered in the framework of a research project aiming to
evaluate the effects of the colonization of the rhizomes of the sedgoasdonia
oceanicaDelile by the macroalga€aulerpa prolifera(Forsskal) J. V. Lamoroux
(native), and the alien tropic@laulerpa racemoséorsskal) J. Agardh and. taxifolia
(M. Vahl) C. Agardh. It is possible that the new amphipod could be an alien species
introduced from a distant tropical location with the alien algae, but we prefer to regard
it as an ancient Mediterranean element because its peracarid condition, regressed visual
apparatus, and crevicular-interstitial existence all suggest a significantly reduced

potential for dispersal.
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Material and methods

Nuuanu beatricisp. nov. was collected at Portals Vells cove (Calvia, Mallorca,
Balearic Islands) at 3 m depth amoRgsidonia oceanicahizomes colonized by
Caulerpa racemosalt was also gathered at Cala d’Or cove (Santanyi; Mallorca)
between 4-8 m depth amorpsidonia oceanicahizomes colonized byaulerpa
taxifolia and Caulerpa prolifera. Collection of specimens proceeded using a 20x20 cm
frame set by scuba-diving in the rhizome bed until 5 centimetres depth; both sediment
and rhizomes inside the frame were removed and placed in a net-bag of 200 um mesh
size, which was transferred to a plastic flask with seawater for transport to the
laboratory, prior to fixation with formalin. Sediment at Portals Vells consisted of
biogenic medium sand (mean grain size: 250 um), whereas at Cala d’Or mean grain
size of the sand was smaller (125-250 um). Once in the laboratory, amphipods were
sorted under the stereomicroscope and their internal tissues partially digested with lactic
acid to facilitate observation. Drawings were prepared using a camera lucida on an
Olympus BH-2 microscope equipped with Nomarski differential interference contrast.
Body measurements were derived from the sum of the maximum dorsal distances of
somites and exclude telson length. Appendages preserved in permanent slides were
mounted in lactophenol and the coverslips sealed with nail varnish. Materials are
deposited in the Crustacea collection of The Natural History Museum, London
[BMNH].

Taxonomy

Suborder GAMMARIDEA

Family MELITIDAE Bousfield, 1977

Genus Nuuanu J. L. Barnard, 1970 emend. Lowry and Watson, 2002
Nuuanu beatricisp. nov.

(Figs. 1-10)

Material examined: Portals Vells, Calvia, Mallorca (Balearic Islands); UTM
coordinates (Datum Europe 50): 4369557 / 31 459026. HOLOTYPE: brooding female
(oostegites developed, setose) 3.59 mm [BMNH reg. no. 2006.359]; PARATYPES:
male 2.48 mm with left second gnathopod dissected and mounted on single slide; 2
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females without oostegites, 3.25 mm (completely dissected and mounted on single
slide) and 2.81 mm; other 2 female specimens partially damaged, not measured [BMNH
reg. nos. 2006.360-364].

Diagnosis

Antennule non-geniculate, much longer than antenna. Distal segment of
mandibular palp shorter than second, armed with both D and E setae. Second segment
of mandibular palp with 2 setae. Posteroventral lobe (sensu Lowry and Watson, 2002)
on posterior margin of coxa 4 wanting. Reduced spine present on medial surface of
coxa 5. Posterior margin of basis of pereopod 5 convex. Anterodistal lobe of coxa 7
wanting. Posterior margin of basis of pereopod 7 sparsely serrated along proximal half
only. Pleonites 1-2 lacking dorsodistal spines. Anterodistal corner of epimeral plate 1
rounded. Exopod of uropod 3 longer than protopod. Telson with terminal spine on each

lobe.

Description of female

Body (Fig. 1) compact, with integument of somites and most limbs
densely caespitose (e. g. Figs. 2E; 5; 7; 8A, D, F; 9A; 10A, F; integumental
ornamentation omitted from rest of figures); tiny surface spinules with truncate tip
observable at high magnification (not figured). Head (Fig. 2A) with obtuse triangular
lateral cephalic lobes and with deep anteroventral notch. Eyes hardly developed, with
separated ommatidia (Fig. 1). Pleonites lacking dorsodistal spines (Fig. 1A). Epimeral
plates 1-3 (Fig. 9A) with evenly-rounded anteroventral corner and pointed
posteroventral corner; ventral margin of epimeral plate 1 straight, margins of plates 2-3
convex; posterior margin of plate 1 strongly convex, those of plates 2-3 slightly convex;
short and stout seta present submarginally close to anteroventral corner of plate 2;
posterodistal corner of plate 3 variably produced, from falcate in smaller specimens
(including male; Fig. 9B) to less produced in bigger specimens (Fig. 9A) . Urosomite 1

without dorsal keel; urosomites 2-3 with posterodorsal spine at each side (Fig. 10A).
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Job e

0.5 mm

Fic. 1. — Nuuanu beatricis n. sp., habitus of brocding female holotype (co=al pills and costegites omitted).

Antennule (Fig. 2A) non-geniculate, longer than antenna, with 3-segmented
peduncle, 10 to 13-articulate main flagellum and 3-articulate accessory flagellum. First
peduncle segment longer than segment 2, with 2 stout spines on posterior margin.
Single aesthetasc on third peduncle segment anffem&” articles of main flagellum.

Antenna (Fig. 2A) with 5-segmented peduncle and 8-articulate flagellum;
second peduncle segment not produced dorsodistally, with short spine (Fig. 2E); gland
cone acute. Flagellum about as long as 4 proximal peduncle segments taken together.

Labrum (Fig. 2B) globose with short epistome; 2 slits present on anterior
surface. Paragnaths (Fig. 2C) with 2 sub-parallel rows of flattened hyaline spines with
serrate tips on outer lobes; spines comprising posterior row smaller (Fig. 2D). Inner

lobes wanting.
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0.25 mm (A)

Fro. 2 — Numanu bearricis n. sp., female hologype. AL head with left antermmle and antérma amached, lateral; B, detail of proximal portion
of left awermal peduncie, laseral; C; labram, anterior, T, paragnaths, anterion; E, detzil of distomedial pordon of rizht paragnath, antetior

Left Mandible (Fig. 3A) with 6-cuspidate incisor and 4-cuspidate lacinia
mobilis, latter similar in appearance and orientation to incisor process; basis of lacinia
developed as articular condyle associated to incisor, which acts as articular socket.
Spine row comprising 8 denticulate elements; row of 6 pappose slender setae running
parallel to spine row on lateral side; molar process truncate, columnar, with patch of
short, pappose slender setae basally on anterior margin, and long denticulate molar seta
on posterior margin; grinding surface comprising series of parallel, sclerotized serrate
ridges. Palp 3-segmented, second segment longest, with 2 unipinnate setae on distal half
of anterior margin; distal segment about 75% length of preceding segment, with 9 stout,
bipinnate D-setae with rounded tip and 3 E-setae, one of which smooth and reduced.
Right Mandible (Fig. 3B) with 5-cuspidate incisor and articulated lacinia, latter
bifurcate, distal branch 8-cuspidate, proximal branch 7-cuspidate; spine row comprising

6 spinulose elements, distalmost with row of rounded denticles similar to those of
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lacinia on one margin; 2 short pappose slender setae disposed on lateral margin of spine
row as figured.

Maxillule (Fig. 3C) coxal endite subtriangular with row of 9 stout bipinnate
setae along medial margin and 3 shorter spines with multicuspid tip submarginally; 3
short spines subdistally close to unarmed tip of endite. Basal endite with 6+5 distal
arrangement of stout denticulate spines. Endopod (= palp) bisegmented, distal segment
with 5 short and stout distal spines, plus 2 setae with expanded rounded tip subdistally

as in Fig. 3D. Outer margin of coxa and basis each with short seta close to distal corner.
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Fiz 3 — Ninagnu bearness n. sp, female bolosvpe. A left mandible, medial; B, dewil of incisor, [acmia mobilis and spine row of nghe

mandible, medial; C, laft maxillule, medizl, D, detail of endopod of latter, anterior
Maxilla (Fig. 4A) coxal endite (= inner lobe) with oblique row of 10 stout setae
on anterior surface and 6 short spines along medial margin. Basal endite (= outer lobe)
with 1 stout curved spine distally and transverse row of 5 additional stout curved spines

subdistally on posterior surface of segment. Rest of armature on both endites as figured.
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Fra. 4 — Nunanu besmicis n. sp,, female holotvpe. A right maxills, angenor (omamensation of several zetze of obligue row on coxzl endite
pumirted); B, mizht maxillipad with endopod pardally disarticulated. postenior, ©. carpms to dactylus of lstter, postenior, D, deail of
ammamenizion of propodus and dactyhes, amtertor; E, dedail of maxillipedal bazal endite {amow points 10 outlet of gland),

Maxillipeds (Fig. 4B) with fused coxae unarmed. Basis with 1 short seta close to

distolateral corner and 3 setae on posterior surface of segment. Basal endite (= inner

plate; Fig. 4E) subrectangular, with 2 smooth spines and 3 smooth setae on posterior

surface; curved row of 9 spinulose setae on anterior surface, setae progressively shorter

and stouter towards distolateral corner of endite, latter occupied by tubular outlet of

unidentified gland (arrowed in Fig. 4E); distal margin of endite with 3 smooth stout

spines on medial half. Ischium unarmed; ischial endite (= outer plate) reaching halfway

along carpus (= second palp segment), with 7 denticulate stout spines along distomedial

margin; 3 longer and more slender spines, spinulose proximally and denticulate distally,
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on distolateral margin; cluster of about 12 smooth setae with rounded tip and
presumably with pore terminally disposed submarginally close to medial margin on
posterior surface of endite. Merus, carpus, propodus and dactylus (together comprising
so-called palp) with relative proportions of segments as in Fig. 4B-C; patch of densely-
set spinules on anterior surface of both carpus and propodus as in Fig. 4D.
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Fre 5. — Nuwama beafricis n sg.. femaie holotype. A, might first gnathopod, lateral, B, right secomd: prathopod, lateral Ammarure of distal
segmernits of both limbs pardally outlined only (see Fiz 6 for cetails of crmamentaton and anuamre of these sezmants).

Coxal gills on gnathopod 2 (Fig. 5B) and pereopods 3 to 6 (Figs. 7A, D; 8A, B,
D), smooth, ovoid, hardly stalked. Oostegites (Fig. 7C) on second gnathopod and
pereopods 3 to 5, narrow, with about 4 long setae and single short seta distally.

Gnathopods reduced compared to rest of pereopods (Fig. 1). Coxal plate of
gnathopod 1 (Fig. 5 A) about twice longer than wide, roughly romboid due to strongly
convex anterior margin; posterior margin deeply concave; posterodistal corner notched.
Carpus longer than propodus, latter subchelate, with palm angle at about 75%
maximum (= anterior margin) length of segment, bearing 2 flagellate bifid spines on
medial side (Fig. 6B) and 4 flagellate bifid spines on lateral side (Fig. 6C); rest of
armature on segments as in Figs. 5A and 6A. Gnathopod 2 (Fig. 5B) larger than

gnathopod 1, with narrow subrectangular coxal plate, about 2.4 times longer than wide,
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posterodistal corner notched; merus subquadrate posterodistally (Fig. 6D); carpus and
propodus equal in length, propodal palm angle placed at about 71% maximum length of
segment, with short flagellate bifid spine on medial margin and strong flagellate
unicuspid spine on lateral margin; integument of palm margin microtuberculate (Fig.
6E). Rest of armature on segments as in Figs. 5B and 6D.

Pereopods 3-4 slender, pereopod 3 longer than 4 due to longer basis and merus.
Pereopod 3 (Fig. 7A) coxa 2.1 times longer than wide, with convex anterior margin and
shallowly excavate posterior margin, posterodistal corner notched; merus longer than
carpus, and this shorter than propodus; claw (= dactylus + unguis) slender, dactylus
with 2 smooth setae distally and one penicillate seta proximally on anterior margin (Fig.
7B). Pereopod 4 (Fig. 7D, E) similar to preceding limb except for coxa and for presence
of more long marginal setae on basis; coxa expanded distally and with deeply concave
posterior margin lacking so-called posteroventral lobe (Lowry and Watson, 2002).

Pereopods 5-7 with claws progressively shorter and more robust ftaen7
(compare Fig. 8C, E and F), each with 3 distal smooth setae and proximal penicillate
seta on dactylus. Pereopod 5 (Fig. 8A) coxa about as long as wide, with evenly rounded
anterior margin and slightly convex, almost straight posterior margin; equilobate:
anterodistal lobe evenly rounded, not outreaching posterodistal lobe of segment; tiny
spine (arrowed in Fig. 8B) present in homologous position to structure interpreted as
putative sternal gill in other congeneric taxa (e.g. Vonk, 1988). Basis about 1.3 times

longer than broad, posterior margin sparsely serrated, with triangular posterodistal lobe.
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0.05 mm

Foo. 6. — Nuwanu beafrices n, 5p. A, detail of distal portion of first gnathopod of female holotype, medial {lateral axmamre of palm angle omit-

ted); B. TofmadmimamntpihnanthﬁdmlﬂflzmlmnmntpahIkaDde::ﬁnidﬁﬂlpcmﬂmu!mtmﬂﬁuﬂmp:ﬂ

offemahho]ui;pe medial, E, detail of palm mazein intezmmental omamentation, medizl, F, detail of distal porton of second
grathopod of male parasype, meadial.
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Fio. 7. — Nusaru beamecas o sp. A, left pereopod 3 of female holotype, Lateral, B, detail of mail (dactylas + unguisy, C, costegite an
perecpad 3 of brooding female paratvpe; D, rizht pereopod 4 of famale holotype, Lateral; E; desail of nail.

Pereopod 6 (Fig. 8D) longest, with anterior margin of coxa straight, posterior
margin slightly concave; coxa bilobate, anterodistal lobe triangular, separated from
anterodistal corner of segment by wide notch, slender, not outreaching evenly rounded
posterodistal lobe. Basis slender, about 1.7 times longer than broad, with sparsely
serrated posterior margin and well-developed, evenly rounded posterodistal lobe.

Pereopod 7 (Fig. 8F) with coxa unilobed, anterodistal lobe wanting. Basis
widely expanded posteriorly, plate-like, sparsely serrated only along proximal half of

posterior margin, about 1.2 times longer than wide; posterodistal lobe evenly rounded.
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Feo. 8. — Nuwgnu beatricis n. sp., female holotype, A, right pereopod 3, lateral; B, dewsl of medial surface of coxa of left pereopod 3 {amow
points 1o “stermal 2ill” spine);C, detail of nail, T '1='h[Elre"]:q:.inb lateral; E, derail of nail, F, mghi pereopod 7. lateral, G, deail of nail Srale
bars: 0,125 mm (A, B, D, Fy, 0.05 mm (C, E, &)

Pleopods (Fig. 9C-E) biramous, untransformed, protopods with pair of retinacles
close to distomedial corner, and with presumed traces of intersegmental articulation
proximally; nevertheless muscle signature not supporting subdivision of segment into
coxa and basis. Outer margin of protopod of pleopods 1 and 3 with setulose outer
margin, that of pleopod 2 apparently smooth. Protopod of pleopod 1 unarmed and
slightly shorter than rest (Fig. 9C); that of pleopod 2 with 1 seta on anterior and 1 on
posterior surface of segment (Fig. 9D); protopod of pleopod 3 with 2 setae on anterior

surface and cluster of 3 setae on posterior surface of segment (Fig. 9E). Rami of

pleopods about equal in length to corresponding protopod except pleopod 1, with rami

longer than protopod.
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Fig- 8. — Nuwanu beairicis . sp. A, left epimeral plates of female holotype, lateral, same for male paratype (integumental ormamendation omit-
ed), T, left pleapod le female ha]cr]:-e anterior; D, r'_Tut_]: eapod 2, anterior (setae on distal articles of rami omined); E, koft pleopod
3, anaerior {setae om distal arceles of tam and omamentaton of all ramal seme omitad)

Uropods progressively shorter towards posterior (Fig. 10A). First uropod (Fig.
10B, C) protopod with basofacial spine, 2-3 spines on outer margin, and 2 spines on
inner margin; 2 unequal spines present on outer distal corner and 1 on inner distal
corner of segment. Rami about equal in length, slightly shorter than protopod. Exopod
with 1 spine at each margin; tip of segment with long spine and short penicillate seta
flanged by 1 spine and 1 striated hyaline spine-like process at each side. Endopod
similar to exopod except for presence of 2 spines on inner margin, 0-1 on outer margin,
and absence of terminal penicillate seta. Second uropod (Fig. 10D) protopod shorter
than rami, with 1 spine at each distal corner, inner spine shorter. Exopod shorter than
endopod, with 1 short spine on inner margin and smooth outer margin; 1 stout spine
flanged with 1 spine and 1 striated hyaline, spine-like process at each side on tip of
segment. Endopod with 2 spines on outer margin and 3 on inner margin; tip of segment
with same armature as exopod. Third uropod (Fig. 10E) protopod with 2 unequal distal

spines on anterior margin and single distal spine on posterior margin; 1 seta and 1 distal
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spine on medial margin of segment as figured. Exopod biramous, proximal segment
longest, about as long as protopod, with single spine about midway of outer margin and
3 unequal spines distally; inner margin of segment with single spine distally. Distal

segment about one-half length of preceding segment, tapering into bifid process.
Endopod triangular, less than one-half length of proximal exopodal segment, with tiny
subdistal spine. Telson (Fig. 10F) completely cleft, slightly broader than long, each lobe
with 2 penicillate setae at about two-thirds of distance on outer margin, and another

pencillate seta plus spine on tip.

Description of male

Apparently smaller than female (body length of single specimen available 2.48
mm). Identical in all respects to female except for second gnathopod (Fig. 6F), with
comparatively shorter carpus (specially posterior margin of segment), and more oblique
palm margin of propodus (palm angle at 57% length of segment). In addition, palm
displaying higher number of unicuspid flagellar spines, and dactylus with 3 laminar
spine-like processes on posterior margin, absent in female. Paired penile papillae not
figured.
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Fre 10 — Nuiern beatricis n. sp., female bolocype. A, datail of urosome and telson, Lateral {integumental omamensation reprasented only on
dorsal surface of urosomites and telson), B, left uwroped 1. anterior, C, mght weped 1, medial- T, might woped 2, ancerior; E. right nropod
3. pasterzor; F, elson, dorsal (= posterior). Integmmental amamenzation of wropeds omited.

Etymology

Species named after our laboratory colleague, Beatriz Morales Nin.

Remarks

The new taxon conforms precisely to the gedusanu as recently redefined by
Lowry and Watson (2002) based on the small body size, the poorly-developed eyes, the
3-articulate accessory flagellum, and the absence of dorsal keel on the first urosomite.
Of the 10 species comprising the genus, diilyanu garciashares with the new taxon
the absence of dorsodistal spines on pleonites 1-2 and of posteroventral lobe on the
posterior margin of coxa of pereopod 4. But the new species differs strikingly in other
features. Namely: (1) second segment of mandibular palp with 2 setae (unarmed in
garciai); (2) third segment with several D and 3 E setae (armature reduced to only 2 E

setae ingarciai); (3) posterior margin of basis of pereopod 5 convex (shallowly
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excavated irgarciai); (4) exopod of third uropod clearly longer than protopod (versus
much shorter than protopod grarciai); and (5) telson with 1 distal spine on each lobe
(unarmed in garcigi to mention only the most conspicuous differences.

The tiny spine present on the medial surface of coxa 5 (Fig. 8B) of the new
species is similar, although more reduced, to that displayed in homologous position by
Nuuanu curvata Vonk, 1988, which was tentatively considered by the latter author as a
sternal gill. Vonk (1988) mentions it is displayed alsoNnyuanu numbad(Barnard,

1970) and byNuuanu muelleriOrtiz, 1976, although the original description of the
latter species (Ortiz, 1976) does not show nor mention anything about this. Descriptions
of other Nuuanu species do not indicate whether this structure is present or not.
Schellenberg (1930) was first to distinguish in amphipods between gills directly
attached to the ventral part of the body (“Sternalkieme”), from the ordinary coxal
(“Coxalkieme”) qills. It is worth mentioning that, at least in the new species, the spine
is placed on the coxa and not on the sternite, and consequently it is hardly comparable
to a true sternal gill. Even its form as an ordinary spine differs from those of sternal
gills (see, for example, those figured in Ueno (1966: 511), or Holsinger (1977: 272).
Sternal gills are reported to occur in amphipods of many families (e.g. Crangonyctidae
Bousfield, 1973; Pseudocrangonyctidae Holsinger, 1989; Paramelitidae Bousfield,
1977; Neoniphargidae Bousfield, 1977; Hyalellidae Bulycheva, 1957;
Paracrangonyctidae Bousfield, 1982; Bogidiellidae Hertzog, 1936), but we interpret the
spiniform structure present on the medial surface of coxa 5 of Bom@nu species as

an ordinary spine. The presence of setae or spines on the medial surface of other
pereopodal coxae of the new species lends additional support to this interpretation
(notice, for example the tiny seta present proximally on the medial surface of coxae 1
and 2 (Fig. 5A, B), the slender subdistal flagellate spine on coxa 3 (Fig. 7A), or the 2
setae on coxa 7 (Fig. 8F).
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5.4 Ocurrence of Automate branchialis (Holthuis &Gottlieb,
1959) (Decapoda, Alpheidae) in the Balearic Islands (Western

Mediterranean Sea)

The faunistic composition of Mediterranean marine ecosystems is still far from
being well known, despite the intensive effort to increase our knowledge on the
biodiversity all over the planet. Many marine ecosystems are as yet poorly understood,
including even many sublittoral and shallow water areas. Decapod crustaceans
constitute a relatively well studied faunistic group within the Mediterranean Sea
(Zariquiey-Alvarez, 1968; d’'Udekem d’Acoz, 1999). However, the Mediterranean is not
a stable environment and it is a region with a strong faunistic influence both from the
Atlantic Ocean in the west, thought the strait of Gibraltar and also from the Indian
Ocean and Red Sea in the east, since the opening of the Suez Canal in 1869.

Within the framework of a research project aiming to evaluate the effects of the
colonization of the rhizomes of the seagr&sssidonia oceanicgL.) Delile by the
macroalgalsCaulerpa, specimens of decapod crustaceans were collected. Individuals
were sampled from the sediment among the rhizom®&s oteanica during 2003-2005
in Mallorca (fig. 1).

Infaunal communities were sampled with a square of 20 x 20 cm and a height of
5 c¢m, thus sampling a total volume of 2000°cand sorted with 500 pm mesh. Four
specimens of an alpheid shrimp, attributed to Automate brancHialibuis & Gottlieb,

1958 (Caridea, Alpheidae), were found at the rhizoafe®osidonia oceanicéeds at

Cala d’Or (Mallorca, Balearic Islands, western Mediterranean) (table I; fig. 1). No
Automate branchialisvere collected in the leaves stratum that was sampled with a
hand-net of 20 x 40 cm along straight transects of 20 meters. Three of these specimens
have been deposited in the Biological Collections of Reference of the Institut de
Ciencies del Mar (CSIC) under access codes ICMD 61-63/2006.
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Cala d’Or
~39922,232'N
3013,928'E
o 10w wm s \; Cala Llonga Mediterranean
_— 24 - 39022 232'N Sea
/j 3013,928'E

Fig 1. Localities of the present findings Alitomate branchiali$dolthuis & Gottlieb, 1958 in Mallorca,

western Mediterranean Sea.

Fig. 2 and 3 show the relevant morphological details of the specimens that have
allowed to identify them a8utomate branchialisMost morphological characters are in
agreement with the original description of the species. However, Holthuis & Gottlieb
(1958) stated that the outer margin of the scaphocerite ends in a distinct tooth, which is
somewhat overreached by the lamella, as is clearly figured in their original description.
This character was considered thus a valuable character to differentiate the species from
some other species of the genus. However, in the individuals examined, the lamella
does not overreach the spine (fig. 2 D, E).

Automate branchialiss a rare alpheid shrimp, described and initially recorded
only from the eastern Mediterranean Sea. The present finding constitutes the second
report of the species in the western Mediterranean, since Katagan & Kocatas (2001)
made reference to an unpublished report by P. Noél where that author reports this
species from Port-Cros, Marseille. All other records are restricted to the eastern
Mediterranean Sea. The four individualsfofbranchialisfound in our study constitute
the western most record of the species, and considerably expand its known distribution
range. Despite its description from the Mediterranean Sea, Holthuis & Gottlieb (1958)
considered the possibility of the species being a Lessepsian colonizer (see also Galil,
1992), but it is currently considered a specie native to the Mediterranean basin (Katagan
and Kocatas 2001). Its occurrence in the western Mediterranean provides further
support to consider it an endemic Mediterranean specie, especially given the fact that no

Lessepsian species has yet been recorded in the western basin of the Mediterranean.
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The substrate where these organisms were found was characterized by
colonization of thd?osidonia oceanica meadows by the macroalGaeyerpa prolifera
(Forsskal) Lamourouxand Caulerpa taxifolia (Vahl) C. Agardh. Concerning the
microhabitat inhabited byA. branchialis Dounas et al. (1992) stated that in Crete the
species appeared frequently in a coastal silty-sand assemblageawlidrpa prolifera
(10-40 m), whereas Froglia (1975) reported one specimen in the southwestern Adriatic
Sea on sandy mud with dead Posidonia roots, and Koukouras et al. (1992) reported it
from a substrate consisting of gravel and algae. In the Turkish Aegean Sea, individuals
of Automate branchialihave been sampled in R oceanicameadow (Ates et al.,
2004). The deepest individual recorded was found at a depth of 59 m at Malta¢(Steve
1979).

The lack of previous records in the Balearic Islands, and the scarceness of
records elsewhere, may be linked to the type of substrate the species is known to
inhabit, which is very infrequently sampled. All individuals recorded in this report were
collected from among the rhizomes Bbsidonia oceanicacolonized byCaulerpa
prolifera andC. taxifolia, except in one case where a single specimen was collected in a
meadow ofP. oceanica non-colonized Iyaulerpaspp. (Table 1) Our results and those
reported in previous works may lead to conclude that the rhizomes and roots of P.

oceanicaconstitute the main habitat for this infrequent alpheid species.
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Fig 2. Automate branchiali¢iolthuis & Gottlieb, 1958. A, whole animal, lateral view; B, frontal margin

of the carapace, dorsal view; C, antennule; D, antenna, withsetation and flagellum omitted; E, anterior
margin of scaphocerite, with setae truncated and setules omitted; F, detail of telson and uropods, with
setation of uropods omitted; G, detail of posterior margin of telson. Scale bar S: A, 1 mm; B-D, F, 0.5

mm; E, 0.2 mm; G, 0.1 mm.

- 228 -



Capitulo 5 Cambios en las comunidades de invertebrados

Fig 3. Automate branchialiHolthuis & Gottlieb, 1958. A, incisor process and palp of mandible; B,
maxillule; C, maxilla, with setation omited; D, first maxilliped; E, second maxilliped; F, third maxilliped;
G, detail of endopod of third maxilliped; H, detail of endopod of third maxilliped; | detail of distal margin
of endopod of third maxilliped. Scale bar S: A-C, 0.1 mm; D, G, H, J, 0.2 mm; E, 0.3 mm; F, 0.5 mm; I,

0.1 mm
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Reference Locality Sampling date Depth (meters) Sampling gear Habitat N
1 Holthuis & Gottlieb (1958) Israel coast 1954,1955,1956 18-73 grab-dredge Sand, mud 19
2 Froglia (1975) Adriatic Sea (Manfredonia Gulf) 1974 18 grab Sandy, mud 1
3 Stevic (1979) Malta (35°59'04"N 14°27'05"E) 1965 59 grab - 1
4 Koukouras et al.(1992) Southern Aegean Sea ("Calyd€55 46 grab Gravel 1
Sta.832)
5 Dounas et al.(1992) Southern Aegean Sea (Iraklion Bay) 1988-1991 10-40 grab Silty sand -
6 Noél (2001) Port-Cros (Marseille) 1983 1.8 Posidonia -
6 Noél (2001) Port-Cros (Marseille) 1993 - - -
7 Katgzan & Kocata (2002) North Aegean Sea (Izmir Gulf) 1996 30 grab Sand 1
7 Katgzan & Kocata (2002) North Aegean Sea (Izmir Gulf) 2000 35 grab Sand 1
7 Katgzan & Kocata (2002) Cyprus (Magosa Bay) 1997 37 Trawl Mud 1
8 Present study Mallorca (Cala Llonga) 07/ii/2003 6 SCUBA Caulerpa prolifera 1
8 Present study Mallorca (Cala d'Or) 11/x/2004 9.8 SCUBA Caulerpa taxifolia 1
8 Present study Mallorca (Cala d'Or) 11/x/2004 10 SCUBA Posidonia oceanica 1
8 Present study Mallorca (Cala d'Or) 24/ii/2005 9.8 SCUBA Caulerpa taxifolia 1

Table 1: Previous (cf Katgan & Kocatg, 2001) and present recordsAftomate branchialisiolthuis & Gottlieb, 1958 in the Mediterranean S&§ number of individuals

recorded.
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5.5 Resumen de cambios en la comunidades de invertebrados

» La presencia de algas del gén@aulerpaimplica cambios en las abundancias de

poliquetos, crustaceos, moluscos, sipunculidos y equinodermos.

« Ao largo del estudio se han identificado un total de 72 especies de poliquetos, 53
de moluscos, 68 crustaceos (33 decapodos, 33 anfipodos, 2 anisopodos), 2
sipunculidos y 10 equinodermos, lo que supone un total de 205 especies
identificadas repartidas enti@aulerpa prolifera, C. taxifolia, C. racemosaar.
cylindraceay Posidonia oceanica.

» Las éareas con presencia @Gaulerpa proliferay C. racemosavar. cylindracea
tienen una comunidad de invertebrados mas diferenciad®osidonia oceanica.
Estas diferencias se producen €n prolifera por las mayores abundancias de
moluscos y enC. racemosa,por las mayores abundancias de crustaceos, en

concreto, de decapodos y anisdpodos.

» Caulerpa taxifolia, presenta unas abundancias y porcentajes de crustaceos,
poliquetos y moluscos similaresPosidonia oceanica. Esta caulerpal a pesar de
estar presente desde 1992 en aguas de Mallorca no presenta gran capacidad invasora
(s6lo es presente en Cala d’Or). De ahi su escaso impacto en el ecosistema tanto por
Ssu presencia vegetada como por sus efectos sobre invertebrados, menores que las

otras dos caulerpales.

* La abundancia de invertebrados en las tres caulerpales son superiores respecto
Posidonia oceanica, pero ha de tenerse presente que las praddPasidimnia
oceanicason un ecosistema muy complejo y rico en especies (Chessa et al. 1989;
Gambi et al. 1992; Lepoint et al. 1999; Barbera-Cebrian et al. 2002; Gallmetzer et
al. 2005). La metodologia de muestreo no es la mas apropiada para el estrato folial y

los resultados se refieren principalmente a la infauna.

» Lariqueza de especies es en general superior en las tres espétaesedea. En

las muestras recogidas en Caulerpa interaccionan varios efectos como la proximidad
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de praderas dBosidonia oceanica, la no formacién de praderas monoespecificas,
efecto borde de la pradera Be oceanica (Sanchez-Jerez et al. 199%b)mata
muerta como sustrato (Borg et al. 2006), la cobertura con su efecto barrera del
sustrato porCaulerpa (Longepierre et al. 2005) y movimientos horizontales de
invertebrados (Buschman 1990) son factores a considerar para explicar la mayor
diversidad de especies en Caulerpa.

» El estrato rizomético deosidonia oceanica esta poco estudiado y debemos destacar

las nuevas especies y citas de invertebrados encontradas. Toda la informacion

recogida contribuye a aumentar el conocimiento de la fauna del litoral balear.
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6.1 Introduccion al capitulo

En el presente capitulo se exponen una serie de experimentos dirigidos a
observar como afectan las especies invasoras en la fauna de las zonas invadidas. La
abundancia de las diferentes especies de invertebrados aumentan o disminuyen como
muestran los estudios faunisticos realizados. Para poder comprender el aumento o
descenso de las especies y tras una consulta de la literatura existente, se penso en la
aplicacién de biomarcadores de estrés oxidativo como herramienta para analizar estos
cambios. Para el desarrollo del capitulo con una mayor componente de bioquimica se

disefiaron los siguientes experimentos:

Variaciones anuales de caulerpeninaCalerpa prolifera, C. racemosya C.

taxifolia.

* Respuesta antioxidante de Coris julis ante la caulerpenina ambiental.

» Efectos de la herbivoria del gasterépodo Bittium reticulatum sobre C. taxifolia.

* Interaccién entre dos especies invasoras C. taxifdli@phocladia lallemandii

El objetivo del presente capitulo es ver la aplicabilidad y valoracion de técnicas
bioguimicas para interpretar la respuesta de los organismos ante la presencia de las
algas del génerd&aulerpa como herramienta para comprender los cambios en la

respuesta del bentos.

Seasonality of caulerpenyne contents in the nativ€. prolifera and the invasiveC.
taxifolia and C. racemosa var cylindracea in the Western Mediterranean

En el primero de los trabajos desarrollados, se ha medido la variacion anual de
caulerpenina en las tres especies de caulerpales presentes en Baleares. En la literatura
disponible hasta el momento, siempre se ha considerado la caulerpenina como el
principal metabolito secundario de las caulerpales responsable de una inhibicion de la

herbivoria por parte de los invertebrados bentonicos.
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A lo largo de un aflo completo, con una periodicidad mensual, se han recogido
muestras d€aulerpa prolifera, C. taxifoliay C. racemosaar. cylindracea en la Isla
de Mallorca. Las muestras han sido cuidadosamente procesada segun el protocolo de
Amade and Lemee (1998) y la caulerpenina ha sido cuantificada mediante High

Precision Liquid Cromatography (HPLC)

Enzymatic antioxidant response of a labrid fish Coris julis) liver to environmental

caulerpenyne

El segundo trabajo que presentamos en este capitulo se estudia la toxicidad de
las caulerpales sobre el p€&oris julis. Para ello, se han estudiado las defensas
antioxidantes y dafio oxidativo de C. julis dos praderas de caulerpales con diferencias
significativas en su concentraciones de caulerpenina ademas de una zona control con la
faner6gamd&osidonia oceanicadAmade (1994) demostré que en el agua circundante a
los frondes deCaulerpa taxifolia la caulerpenina esta presente a pesar de su
degradacion en contacto con el agua de mar. Bajo esta premisa, todos los organismos
gue viven asociados a la caulerpales se veran afectados por esta caulerpenina ambiental.

Se ha seleccionad@oris julis para el estudio de estrés oxidativo ya que la
presencia d€aulerpa taxifolia parece favorecer la presencia de este laffidacour
1997) y también por sus habitos sedentarios y de escaso movirfMobe! et al.,

1987) Refuerza la eleccién de esta especie las coloraciones miméticas que desarrollan
al vivir en un entorno colonizado p@. taxifolia, donde aumentan las coloraciones
verdes (Arigoni et al. 2002)Coris julis es una especie de labrido principalmente
carnivora, por lo tanto solo ingerir4 accidentalmente fragment@aderpa y se vera
expuesta a la caulerpenina y derivados presente en sus presas Yy la caulerpenina
ambiental.

Para la realizacion del presente estudio se capturaron ejemplaCesisigulis
en una zona d€aulerpa prolifera,otra deC. taxifoliay una zona control deosidonia
oceanica. Después de seleccionar ejemplares de un mismo tamafo se procedié a la
evaluacion de enzimas antioxidantesenulisy a la determinacién de caulerpenina en

las dos caulerpales.

Reciprocal effects if caulerpenyne and intense herbivorism on the antioxidant

response of Bittium reticulatum and Caulerpa taxifolia
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Bittium reticulatumes un pequefio gaster6podo cuya alimentacién se basa en
algas y detritus. EI aumento de dicha especie observado durante el trabajo de campo en
sus abundancias en zonas invadidasChaiaxifolia hace pensar en la posibilidad que
este gasteropodo mesoherbivoro sea capaz de iGgeligrpay adaptarse a los habitats
con caulerpenina ambiental. Bajo la hipdtesis de un incremento de defensas
antioxidantes pero no de dafio oxidativoBattium reticulatumpretendemos explicar el
“no descenso” en sus abundancias en las zonas invadidas por caulerpales.

Por otro lado, se analiza la respuesta Ghulerpa ante una situacién de
herbivorismo inducido. Partiendo de la hipotesis ya demostrada para otras algas
(Erickson et al. 2006) de un aumento de los metabolitos secundarios frente a situaciones
de herbivorismo, se pretende demostrar ést€.daxifolia (aumento de caulerpenina)
ademas de la respuesta fisioldgica que experimenta el alga frente a su consumo directo.

En condiciones controladas (acuarios) se prepararon varios tratamientos tales
comoCaulerpa taxifoliasola,C. taxifoliaconBittium reticulatumy Bittium reticulatum
conPosidonia oceanicpara medir la respuesta antioxidanteBitium y la produccion

de caulerpenina bajo presion de herbivoros.

Antioxidant response and caulerpenyne production of the alie@aulerpa taxifolia
(vahl) C. Agardh epiphytized by the invasive algaelophocladia lallemandii
(Montagne)

La especie invasoraophocladia lallemandise introdujo en el Mediterraneo a
través del Canal de Suez (Boudouresque and Verlaque 2002). Al igu@laglexpa
taxifolia posee sustancias toxicas para evitar el consumo de sus estructuras como son
lofocladinas y alcaloides (Gross et al. 2006). Se trata de una especie con gran capacidad
invasora que, en la actualidad, esta colonizando grandes extensiones a lo largo del
litoral balear. Esta especie de alga crece sobre todo tipo de sustratos, rocas desnudas,
comunidades rocosas de macroalgassidonia oceanica y sobre comunidades de
coraligeno (Patzner 1998; Ballesteros 2006).

En la zona de Cala d’Or, nos encontramos ante la coincidencia de dos especies
invasoras, Caulerpa taxifolia y Lophocladia lallemandii, en una situaciéon de
competencia por el sustrato, que en este caso son los rizorRasidenia oceanica.

Ademas de competir por el sustrato, visualmente comprobamoslcdaiemandiies
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capaz de epifitar &. taxifolia,lo que hace pensar que lallemandiies capaz de de
detoxificar la caulerpenina. Los frondes epifitados potallemandii muestran un
cambio de morfologia (frondes mas pequefios y compactos) y una degradacion de
tejidos.

A partir de esta observacion pretendemos demostrar la hipétesis que
Lophocladia lallemandiiprovoca dafio oxidativo &aulerpa taxifolia ademas de

provocarle un aumento de la caulerpenina.
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6.2 Seasonality of caulerpenyne contents in the native
Caulerpa prolifera and the invasivesCaulerpa taxifolia
and Caulerpa racemosa var cylindracea in the Western

Mediterranean

Abstract

The presence of thre€aulerpa (C. prolifera, C. taxifoliaand C. racemosa)
species in the Balearic Islands allows to evaluate the differences across species in
caulerpenyne concentrations in the same growing conditions. The established
prolifera was the species with higher caulerpenyne contents ( 83.91 + 10.75 ug
caulerpenyne/ mg algae DW) compared with the invasive algaexifolia (43.02+
6.31 pg caulerpenyne /mg algae DW) and C. racemasseylindracea(16.27+ 4.24 g
caulerpenyne /mg algae DW). The three Caulerpa species showed different
caulerpenyne seasonal trends in fronds and stolangoliferashowed lower contents
from May to October in fronds and not clear seasonal pattern in stolons. The irtvasive
taxifolia reach maximum caulerpenyne value in fronds in May decreasing slightly until
winter and not showing clear seasonal trends in stolons. The contents of caulerpenyne in
fronds of C. racemosavar cylindracearemain relatively constant through the year and
stolons showed a clear seasonal pattern increasing caulerpenyne contents in spring
reaching maximum values at the end of summer and decreasing during wir@er. In
prolifera caulerpenyne contents were positively correlated with densities of the
Caulerpa feeder gastropod Ascobulla fragilis (Rho= 0.837, p<0.05). The three Caulerpa
showed differences in caulerpenyne concentration and in the degree of protection of
their thallus parts. It is also important to remark that other factors, not caulerpenyne,

were responsible for the widespread in the Mediterranean of invasive Caulerpa

Keywords: Caulerpa, chemical defense, caulerpenyne, Balearic Islands, Western
Mediterranean

Introduction
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The presence of introduced species in marine ecosystems is an increasing
problem around the world and is related to the development of international shipping,
aquaculture, aquarium trade (Verlaque and Fritayre 1994; Boudouresque et al. 1995;
Boudouresque 1998; Boudouresque and Verlaque 2002). In the Mediterranean sea the
Suez Channel opening is most important species introduction vector (Galil 2007). When
an introduced species is able, not only to establish as viable, self-sustaining population
outside its native area spread and be able to modify the structure of the invaded
ecosystems causing ecological and/or economic impacts the introduced species is
considered invasive (Sakai et al. 2001; Boudouresque and Verlaque 2002). The escape
from biotic constraints (competitors, predators, grazers, parasites) may be one of the
mechanisms by which introduced species become successful invaders (Mack et al.
2000; Sakai et al. 2001).

Several macroalgae can deter herbivores by using chemical defenses (Hay and
Fenical 1988; Erickson et al. 2006). The species of the order Caulerpales (Chlorophyta)
produce sesquiterpenoid and diterpenoid compounds which are toxic and actively deter
generalist herbivores (Paul and Fenical 1986; Hay and Fenical 1988; Paul and
Vanalstyne 1992). Caulerpenyne is a secondary metabolite synthesized by the species of
the genusCaulerpa which plays a major role in their chemical defence (Paul and
Fenical 1986; Pohnert and Jung 2003). The main function of caulerpenyne production is
the defence of the algae against epyphites and herbivorism (Erickson et al. 2006).
Caulerpenyne has also cytotoxic effects in mammalian cells (ParentMassin et al. 1996;
Barbier et al. 2001), inhibits the growth of marine fungi (Paul and Fenical 1986),
interferes with the sexual reproduction of sea urchins at different stages (Paul and
Fenical 1986; Lemee et al. 1996; Pesando et al. 1996), deters the herbivory by
gastropods and fishes, and is toxic to fishes as well (Paul and Fenical 1986). There are
examples, however, where caulerpenyne did not deter fish herbivory (Meyer and Paul
1992) which indicates that toxicity of caulerpenyne is not intrinsic of the compound but
a result of metabolite-consumer interactions (Paul 1992). Recent studies demonstrated
that caulerpenyne is transformed into the most toxic and deterrent oxytoxins when the
algae are wounded (Gavagnin et al. 1994; Jung and Pohnert 2001). For instance,
caulerpenyne has been shown to be an inductor of increased antioxidant response in the
Mediterranean labrid Coris juliSureda et al. 2006).

Three species dCaulerpa are present in the Western Mediterran€ajerpa

prolifera (Forsskal) LamourouxCaulerpa taxifolia (Vahl) C. Agardh, an@aulerpa
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racemosa varcylindracea (Sonder) Verlaque, Huisman et Boudouresguerolifera

is a native species which is widely distributed throughout the Mediterranean Sea. An
aquarium-maintained strain @f. taxifolia was introduced in the Mediterranean Sea in
1984 (Meinesz and Hesse 1991) and rapidly spread by the Western Mediterranean
(Meinesz et al. 2001). This species seems to interfere with the vegetative development
of the seagrasBosidonia oceanica L. Delile (Devillele and Verlaque 1995; Dumay et

al. 2002) and reduces the algal diversity of the invaded communities (Balata et al. 2004;
Verlaque et al. 2004) and has thereby greatly altered the Mediterranean shallow benthic
communities in certain locations (Meinesz et al. 1993; Meinesz 2004acemosdas

been present in the Eastern Mediterranean Sea since the efriye2iry, likely
introduced from the Red Sea through the Suez Channel. But is the in@asaeEmosa

var cylindraceavariety, originary from South West Australia (Verlaque et al. 2003),
which has rapidly spread throughout the Western Mediterranean during the last twenty
years (Verlague et al. 2000) and even reached the Canary Islands in the Atlantic
(Verlaque et al. 2004)C. racemosavar cylindracea affects the development of
seagrasses (Ceccherelli and Campo 2002; Dumay et al. 2002) and reduces the species
richness, reduces diversity of macroalgae in the invaded communities (Piazzi et al.
2001a; Balata et al. 2004) and changes benthic invertebrate communities (Argyrou et al.
1999; Buia et al. 2001).

The aim of this study was to compare the caulerpenyne content of the native
Caulerpa proliferawith those of the two invasive species @dulerpapresent in the
Mediterranean Se&C( taxifolia and C. racemosa varcylindracea) We estimated the
contents of caulerpenyne at monthly intervals during one year considering that previous
studies showed that the content of caulerpenyne changes seasorizdlylénpa spp
(Amade and Lemee 1998; Dumay et al. 2002) and evaluated its coupling to seasonal
forcing, reflected by seawater temperature, the biomaSsugerpa, and the abundance
of Caulerpaspecialized herbivores. The study was performed in three izatérpa-
Posidonia oceanica meadows in Mallorca (Balearic Islands, Western Mediterranean),

all experiencing a similar seasonal forcing.

Materials and methods

Sampling locations
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Samples ofCaulerpa species were collected monthly from November 2004 to
October 2005 in Mallorca (Balearic Islands, Western Mediterranean). Because the three
Caulerpa species do not co-occur at any location in the island we chose two sampling
locations: C. taxifolia and C. proliferawere collected in Cala D’Or Bay, Southeast
Mallorca (N 39° 22.164’ / E 3° 13.887" and N 39° 22.028’ / E 3° 13.739’, respectively),
and C. racemosaar. cylindraceawas collected in Portals Vells Bay, Southwest
Mallorca (N 39° 28.321' / E 2° 31.320"). Both bays are facing East, and Gltiherpa
samples were collected at depths of 4-8 m over the rhizome mat of the seagrass
Posidonia oceanica. Seawater temperature was recorded by StoWAvetjt® (Onset
Computer Corporation, Pocasset, MA, USA) temperature loggers installed permanently

at the sampling depth in both bays.

Extraction and quantification of caulerpenyne

Caulerpa spp were carefully hand-collected by scuba-divers to prevent the
transformation of caulerpenyne into reactive aldehydes driven by the fragmentation of
the thallus (Gavagnin et al. 1994; Jung and Pohnert 2001). The algal material was
maintained in fresh sea water at ambient temperature until the extraction of
caulerpenyne which was done within 1 hour from collection. In the laboratory,
Caulerpa fragments were quickly washed in freshwater to remove external salt, dried
with absorbent paper, and the fronds and stolons were separated. Five g (fresh weight)
of algal material were placed in 50 mL of methanol to obtain the crude methanolic
extract, and each sampling date five extracts (replicates) ofGaadRrpa species and
algal part (frond, stolon) were prepared. In addition, five replicate samples of 5 g (fresh
weight) of eachCaulerpaspeciesvere dried at 70 °C for 24 hours to estimate the ratio
wet weight/dry weight and be able to compare the concentrations of caulerpenyne that
were measured with the values reported in the literature.

The methanolic extracts were filtered through silica columns and eluted with 5
mL of a mixture of methanol/ethyl acetate (50:50). The concentration of caulerpenyne
was determined using an HPLC method. The mobile phase consisted of 80:20
methanol/HO. The HPLC was a Shimadzu with a diode array detector and the column
was Nova Pak, C18, 3,9x150mm. Caulerpenyne was determined at 254 nm and

guantified by comparison to a standard curve of known concentration prepared with .
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pure caulerpenyne provided by Dr. Amade P. (Equipe antitumoraux Naturels,
Universite Nice, Sophie Antipolis).

Biomass of Caulerpa and abundance of Caulerpa-specialized herbivores

Six quadrats of 20 x 20 cm were collected each sampling date in 100% cover
patches of eacaulerpa species by hand by SCUBA divers. The algal material was
sorted into fronds and stolons and dried for 48 h at 70°C to express biomass as dry
weight. To estimate the abundanceGaulerpa-specialized herbivores three additional
samples were collected from November 2004 to August 2005 in 100% cover patches of
each Caulerpa species using a 20 x 20 cm bottom-less stainless steel box that was
inserted 5 cm into the substratum. The whole content of the box was transferred to a 500

pm mesh bag, washed with sea water, and sorted under a dissecting binocular scope.

Statistical analysis

Statistical analysis were carried out using the statistical package SPSS 14.0 for
Windows. The statistical significance of the differences between the concentration of
caulerpenyne in the fronds and stolons of the ti@aslerpa species was evaluated
using the ANOVA for two groups test, while two-way ANOVA was used to test for
significant differences in the content of caulerpenyne betvisarerpa species and
sampling dates for each thallus part (frond, stolon).

The relationship among the biomass and the concentration of caulerpenyne in
the thallus part of eacBaulerpa species and seawater temperature was evaluated by
performing a linear correlation (Pearson) analysis. The relationship between the
abundance ofAscobulla fragilisin C. prolifera and the biomass and caulerpenyne
content of this species was also evaluated by linear correlation. Pearson correlations of
cualepenyne concentration betwe@aulerpaspecies were also used to evaluate the

temporal coherence of the concentration of caulerpenyne among species.

Results
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The average (+ 1 SE) biomass of taulerpameadows was 83.91+10.75 ¢/m
for Caulerpa prolifera, 43.02+6.31 gfnfor C. taxifolia and 16.27+4.24 g/fnfor C.
racemosa varcylindracea. Both stolon and frond biomass of @hulerpa species
exhibited temporal changes during our st@lyproliferabiomass remained low during
the summer months, and increased during autumn and winter months to reach maximum
values in spring (Fig 1 a, b.) The biomas£otaxifoliafronds showed a clear seasonal
pattern decreasing from the end of summer to reach minimum values at the end of
spring. The biomass df. taxifolia stolons was higher in winter and summer months
than in the rest of the year (Fig. 1c, @).racemosaar. cylindraceabiomass showed a
clear seasonal pattern with maximum biomass values in August both for fronds and
stolons. The biomass of this species showed a distinct seasonal cycle with undetectable
biomass during winter, increasing during spring to reach maximum value in August
decreasing afterwards (Fig 1d, f)

The content of caulerpenyne was different betw@aulerpa species, part of the
thallus, and sampling dates (Tables 1, Qaulerpa taxifolia andC. racemosa var.
cylindracea had higher content of caulerpenyne in fronds than in stolons widle in
prolifera the content of caulerpenyne was higher in stolons than in fronds (Table 1). The
content of caulerpenyne in fronds was highe€Cirtaxifolia than inC. prolifera, and it
was lowest inC. racemosa varcylindracea. The content of caulerpenyne in stolons,
however, decreased fro@ prolifera toC. taxifolia,andC. racemosa varcylindracea
(Table 1).

The content of caulerpenyne in fronds @dulerpa prolifera was lower from
May to October than during the rest of the year, while the content of caulerpenyne in the
stolons showed no clear seasonal pattern (Fig. 2 a, b). None of the correlations among
biomass and caulerpenyne content in the fronds and stolons of this species and

temperature of the water were significant (Table 3).
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The content of caulerpenyne in frondsCzulerpa taxifolia reached a maximum
value in May and decreased slowly during summer and autumn to reach a minimum
value at the end of winter. Except for the relatively high values in April, September, and
October, the content of caulerpenyne in the stolons of this species did not change during
the year (Fig. 2 c, d). The content of caulerpenyne in frond€.ofaxifolia was
positively correlated with the water temperature but not with frond biomass (Table 3).
The content of caulerpenyne in the stolons was correlated neither with temperature with
stolon biomass.

The content of caulerpenyne in fronds@dulerpa racemosaar. cylindracea
remained relatively constant during the year except for a high value recorded in
October. However, the caulerpenyne contents in stolons showed clear seasonal pattern,
increasing in spring to reach maximum values at the end of summer-autumn and
minimum values during winter (Fig. 2 d, f). The content of caulerpenyne in the stolons
of this species was positively correlated with the water temperature and was not

correlated neither with biomass nor with water temperature in the fronds (Table 3).

Table 1: [CYN] means concentration i@aulerpaspecies (ug CYN /mg alga DW+ standard error). Post
hoc DMS results compares [CYN] to each tissue among meadows, different symbols (#, *, +) mean
different groups; *** means significant differences betw&aulerpasp. thallus parts (ANOVA p<0.01),

n. s means no significant differences betw€anlerpasp. thallus parts.

Thallus part
Caulerpa spp. Frond Stolon
C. prolifera 46.35+2.51 72.92+6.44 ok
C. taxifolia 54.70+3.21  12.73+0.37 ok
C. racemosa 4.31+0.79" 2.97+1.30" n.s
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Table 2 Two-way ANOVA (factorsCaulerpasp. and time) for fronds and stolons; *** means significant

differences betweeBaulerpasp. thallus parts (ANOVA p<0.01)

Thallus part

Fronds Stolons
Source of Df MS Df MS
variation
Caulerpa sp. 2 30840.53" 2 49256.71"
Time 8 159.40 9 2009.51"
Caulerpasp* 16 777.97 18 2896.16"
time
Residual 81 139.02 90 182.15

Table 3: Pearson bivariate correlations between caulerpenyne concentration in thallus parts with its
biomass and temperature. ns means no significant correlations. * means significance 0.05, ** significance
0.01.

Fronds Stolons
Biomass Temperature Biomass Temperature
C. prolifera ns ns ns ns
C. taxifolia ns 0.644 ns ns
C. racemosa ns ns ns 0.927"

Table 4: Ascobulla fragilisabundances iaulerpa proliferamats. In Feb 05, May 05 and Jun 05 faunal

samples were not collected.

Date Ascobulla fragilis(expressed as ind /m2)
Nov-04 408

Des-04 300

Jan-05 442

Mar-05 58

Apr-05 175

Jun-05 67

Aug-05 8
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Ascobulla fragiliswas the onlyCaulerpa-specialised opistobranchia found in the
threeCaulerpa speciedA. fragilis was more frequent and abundanCinprolifera than
in the non-nativeCaulerpa, where it was only found in one sampling date. The
abundance oA. fragilis was higher from November to January than during the rest of
the year (Table 4) and it was positively correlated (Rho=0.837 significance p<0.05) to
the content of caulerpenyne in the fronds of Caulerpa prolifera.

The concentration of caulerpenyne in the stolonaftilerpa proliferawas
negatively correlated with that &. taxifolia (Rho=-0.364 significanqe<0.05) andC.
racemosa(Rho=-0.303 significanc@<0.05) and it was positively correlated between
the last two species (Rho=0.490 significanpg0.01). The concentration of

caulerpenyne in the fronds was not correlated between Caulerpa species.
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Discussion

Our results demonstrate that the concentration of caulerpenyne differs
significantly amongCaulerpa species, and it decreases flonproliferato C. taxifolia
and to C. racemosavar. cylindracea.The concentration of caulerpenyne was also
different between fronds and stolons @ prolifera and C. taxifolia but not inC.
racemosa varcylindracea. The stolons of Qurolifera have higher concentration of
caulerpenyne than the stolons but in C. taxifolia the fronds have higher concentration of
caulerpenyne than the stolons. Differences in the concentration of caulerpenyne among
Caulerpaspecies had been previously reported by other authors (Paul and Hay 1986;
Amade and Lemee 1998; Dumay et al. 2002; Jung et al. 2002; Sureda et al. 2006). The
concentrations of caulerpenyne quantified in this study fall within the upper range of the
concentrations of this compound reported for theaalerpa species elsewhere (Table
5). In addition, and similar to previous studies (Amade and Lemee 1998; Dumay et al.
2002), we found that the concentration of caulerpenyne changes during the year.

Temperature and biomass seasonality were not the main factors that determine
caulerpenyne concentrations@n proliferathallus partsBoth were not correlated with
caulerpenyne concentration seasonal variations. High densitiéscobulla fragilis
were found inC. prolifera. Ascobulla is a specialized Caulerperbivore that uses
caulerpenyne derivates as chemical defence (Gavagnin et al. 1994; Marin and Ros
2004) A fragilis mainly feeds over stolons (Sanchez-Moyano et al. 2004) which is the
part of thallus with highest caulerpenyne concentratio@.iprolifera. This fact could
explain a higher protection il€. prolifera of stolons than fronds. Caulerpenyne
concentration in stolons was positively correlated with the abundange foagilis.
Previous studies concluded that algae toxicity could be increased as result of herbivore
pressure, which could drive an increase of concentration in the defensive metabolites in
the algae (Vanalstyne 1988; Paul and Vanalstyne 1992; Erickson et al. 2006). Some
small herbivores eat noxious plants to obtain relative safety against predators. In the
Western Mediterranean, three ascoglossan species are known to f€egmtifera:
Lobiger serradifalci, Oxynoe olivaceand Ascobulla fragilis(Barrajon et al. 2004;
Sanchez-Moyano et al. 2004). Our results suggest that the presence of the opistobranch
Ascobulla fragilis could be a key factor explaining the high caulerpenyne concentrations

in C. prolifera stolons.
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Caulerpenyne concentration @aulerpa taxifolia was 2-10 times higher in
fronds than stolons depending on the period of the yea€. Itaxifolia the highest
caulerpenyne concentration was found in spring in fronds and in summer-autumn in
stolons. The increase in caulerpenyne concentration during spring was observed earlier
in stolons (April) than in fronds (May). These values corresponded to the minimum
biomass period of fronds and stolonsGftaxifoliaand appear just beforf@. taxifolia
increased its biomas€. taxifolia habitat colonisation in Balearic Islands is in a patchy
distribution and does not form dense meadows, moreover, in winter, in the seagrass
meadow only a few fronds and stolons remain over deadceanicarhizomes. An
increase in water temperature provides a better environment for the grov@h of
taxifolia, which increases its biomass and protects the new structures with secondary
metabolites. Caulerpenyne concentrationCintaxifolia stolons exhibited a different
seasonal pattern, with an important increase at the end of summer. These results are
similar to those obtained in previous studies (Amade and Lemee 1998; Dumay et al.
2002) which reported higher caulerpenyne concentration in summer and autumn but
these studies were performed in monoespe€ifialerpameadows which present high
biomass values along the year. Caulerpenyne concentration in fronds was positively
correlated with temperature; when temperature was over 18°C (May) a significant
increase in caulerpenyne concentration occurred. Amade and Lemee (1998) found this
important increase in caulerpenyne concentration in June with temperatures over 20 °C
in samples obtained over a rocky substrate in Cap Martin, withQuigaxifolia winter
biomass.

Caulerpa racemosaar. cylindracea, is the most recédaulerpa species in the
Balearic Islands waters (Ballesteros et al. 1999). Nowad@ysyacemosavar.
cylindracea has colonised larger areas around Balearic Islands Ghaaxifolia
(Personal observationdh agreement with previous works (Dumay et al. 2002; Jung et
al. 2002) C. racemosavar. cylindraceashowed lower caulerpenyne concentration
compared with the other two studi€hulerpa(Table 5) In the coldest period, from
February to April, there was practically n@l racemosavar. cylindracesbiomass and
consequently no caulerpenyne concentration measurements could be performed. The
influence of temperature on caulerpenyne concentration was observed in stolons with a
positive correlation between them. The seasonality observed in caulerpenyne

concentration was similar to that described by Dumay (2002) along one year cycle.
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Caulerpenyne concentration did not present significant differences between fronds and
stolons which suggest that both thallus parts are similarly protected against herbivores.

This study showed different seasonal variations of caulerpenyne for the three
Caulerpa species inhabiting the Balearic Islands under similar seasonal and climate
forcing. Caulerpa proliferahad inverse seasonal production of caulerpenyne in stolons
compared to invasiveCaulerpa species as Pearson’s result shows. The invasive
Caulerpa species caulerpenyne concentrations in stolons were positively correlated,
confirming similar trend in the caulerpenyne concentrations for invasive species. The
native MediterranearCaulerpa prolifera species presents the highest caulerpenyne
concentrations in stolons as a response to grazing pressure and direct herbivorism being
more chemically protected than invasive Caulerpa species.

The invasive specie€. taxifolia and C. racemosahad not associated an
established community @taulerpaspecialized feeders which excludes the herbivorism
as a factor affecting the concentration of caulerpenyne in the thallus parts of these
species. In invasiv€aulerpaspecies temperature was correlated with the concentration
of caulerpenyne in fronds @. taxifolia and stolons ofC. racemosa. Previous studies
have also shown the highest concentrations of caulerpenyne coincident with higher
temperatures (Amade and Lemee 1998; Dumay et al. 2CG023xifoliafronds present
higher caulerpenyne concentrations than stolons, whileC.inracemosasimilar
concentration of caulerpenyne was found in fronds and stolons. Each inQasilegpa
species shows the highest concentration of caulerpenyne in the thallus part where the
highest proportion of biomass is recorded. Field results in C. prolifera did not reflect the
seasonal cycle in temperature at our region of study and the presence @auteiba
herbivorous influence the caulerpenyne production.

In conclusion, under similar climate conditions and seasonality, C. proiffera
the Caulerpa specieswith higher caulerpenyne concentration in Balearic Islands
followed by C. taxifoliaand C. racemosaar. cylindracea. The expansion of invasive
Caulerpaspecies does not seem to depend on the caulerpenyne concentration, higher in
C. prolifera than in invasiveCaulerpa species Temperature is an important factor
influencing the caulerpenyne concentration in invasheglerpaspecies but not i.
prolifera. However the concentration of caulerpenynedn prolifera stolons was
correlated with the abundance of stolons specialised herbAsm@bulla fragilis.This
result suggests that the feeding activity of this herbivore influences the concentration of

caulerpenyneTherefore, further studies are needed to evaluate in different aspects of
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the physiology and seasonality on the toxicityG#ulerpamacroalgae, on the biotic
interactions with other plant species, on the effects of temperature and on the
herbivorous pressure to discern the main factors involved in the caulerpenyne

production.
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6.3 Enzimatic antioxidant response of a labrid fish

(Corisjulis) liver to environmental caulerpenyne

Abstract

Exposure of marine animals to certain toxic compounds can enhance reactive
oxygen species production with subsequent damage to macromolecules and alterations
in oxidant defenses levels. Caulerpenyne is the major metabolite synthesized by
Caulerpa species, used as chemical defense affecting several cellular and molecular
targets. We assessed the changes produced by the presebaelespaspp. in the
activities of antioxidant enzymes as well as lipid peroxidation levels in liv€oois
julis. Fishes were captured at two stations with Caulerpa sp&aeserpa taxifolia and
Caulerpa prolifera- and at a region with the seagfssidonia oceanica as negative
control. Caulerpenyne concentration was significantly high@ainlerpa prolifera than
in Caulerpa taxifolia <0.05). Glutathione S-transferase, glutathione peroxidase and
glutathione reductase activities were significantly higher in both Caulerpa stations
compared to th€osidonia oceanic§<0.05). No statistical differenceX0.05) existed
in Catalase activity between groups. Glutathione reductase activity is significantly
higher in Caulerpa prolifera station than i€aulerpa taxifolia(p<0.05). Despite the
variations in the antioxidant enzyme activities, there was no significant difference in
malondialdehyde concentration. In conclusion, the production of caulerpenyne by
Caulerpa species could induce an antioxidant adaptation in the liveorsf julis in
order to prevent oxidative damage.

Keywords: Antioxidant enzymes, Oxidative stres€aulerpa, Coris julis,

Caulerpenyne, Catalase, Glutathione peroxidase, Glutathione S-transferase, Lipid

peroxidation.
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Introduction

The seaweed of tropical origin alg@aulerpa taxifolia (Vahl) C. Agardh was
introduced in the Mediterranean Sea in 1984 (Meinesz and Hesse 1991). In a@ecade,
taxifolia had spread along the western Mediterranean Sea colonizing over a variety of
substrates in a wide depth range (Meinesz et al. 1993; Meinesz 2004), covering the
infralittoral zone and competing with autochthonous flora (Verlaque and Fritayre 1994).
C. taxifoliainduces an homogenation of microhabitats provided to fishes resulting in a
persistent decrease in mean species richness, density and biomass, when compared to
indigenous communities livingn Posidonia oceanicabeds or in rocky areas
(BellanSantini et al. 1996; Arigoni et al. 2002)

The green alga€aulerpa prolifera(Forsskal) Lamouroux is a subtropical algae
with a growth-reproductive cycle water temperature dependent (Meinesz 1979). It is
found along all Mediterranean Sea and is considered autochthonous specie.

Caulerpales produce repulsive and toxic secondary metabolites against grazers
and fouling organisms (Doty 1966; Maiti et al. 1978; Mahendran et al. 1979; Nielsen et
al. 1982; Schwede et al. 1987; Jung et al. 2002). Caulerpenyne (CYN) is the main
secondary metabolite synthesized by the Caulerpa green marine algae family
(Ulvophyceae, Caulerpales), playing a major role in its chemical defense (Pohnert and
Jung 2003). CYN has antibiotic properties and cytotoxic effects in mammalian cells
(ParentMassin et al. 1996; Barbier et al. 2001). In animals, exogenous molecules should
be rapidly metabolised and/or excreted in order to avoid its accumulation in the body.
This metabolism, which inactivates toxic compounds, is mainly produced in the liver.
There is a direct evidence th&xynoe olivacea, a Mediterranean sacoglossan,
transforms efficiently the algal metabolite CYN into oxytoxin-2, the main defensive
metabolite of the mollusc (Cutignano et al. 2004). Patients with food poisoning due to
the ingestion ofSarpa salpa, a fish consuming. taxifolia, showed neurological
disorders such as amnesia, vertigo, and hallucinations; these symptoms have been
associated to CYN (De Haro et al., 1993).

Cellular oxidative metabolism is a continuous source of reactive oxygen species
(ROS), resulting from univalent reduction of,Qvhich can damage most cellular
components. Cells contain a complex network of antioxidant defense that scavenge or

prevent the generation of ROS, and repair or remove the damaged molecules (Elias et
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al. 1999). The antioxidant system involves enzymes such as superoxide dismutases
(SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione reductase (GR)
that act by detoxifying the ROS generated. Moreover, in animal liver, glutathione S-
transferase (GST) produces a glutathione conjugate that seems to be the first step in the
detoxification of several toxins. This enzyme also plays a role in protection against
oxidative stress by catalysing a selenium-independent glutathione-peroxidase activity
(Prohaska, 1980)The conversion of several toxins to a more polar mmmd is
correlated with a depletion of the cellular glutathione pool (Kondo et al. 1996;
Pffugmacher et al. 1998). Thus, the GST activity has been used as marker of
detoxification in aquatic organisms and as biomarker of water pollution (Di Giulio et al.
1993; Gravato et al. 2005). Nevertheless, under several situations, the rate of generation
of ROS exceeds that of their removal, inducing oxidative stress and increasing oxidative
markers. It is well established that pollutants such as various pesticides (Sayeed et al.,
2003) and metals (Almeida et al., 2002), as well as, hyperoxia exposure (Lushchak and
Bagnyukova, 2006) estimulate protective mechanisms against ROS. Naturally occurring
toxicans such as microcystins, a family of cyclic peptide toxins produced by
cyanobacteria, are also capable of inducing oxidative stress (Jos et al., 2005).

Fish are of special interest to study oxidative stress because of the properties of
the water environment and its relationship with organisms. Caelerpa taxifolia
meadows seem to be a favorable environment for the recruitement of the labridae fish
Coris julis (Linnaeus, 1758) (Francour et al. 1995). Dispersion is apparently limited in
C. julis, given that it shows sedentary habits and that migration movements have not
been described to date in this spe¢Mghel et al., 1987). An adaptative coloration is
detected inC. julis living in C. taxifolia towards an increase in green coloration of the
fishes (Arigoni et al. 2002). The diet Gf julisis based on zoobenthos such as molluscs
and benthic crustaceans (Pinnegar and Polunin 2@0Qulis living in Caulerpaspp.
meadows are in direct contact with CYN not only from food sources, but also directly
from C. taxifolia meadows which produce CYN (Amade et al. 1998).

Contaminants in exposed organisms increase the production of ROS leading to
oxidative damage (Livinstone 2001). Changes in the levels of endogenous antioxidant
defenses have been proposed as biomarkers of aquatic pollution (Livinstone 2001;
Camus et al. 2004). In this work we studied the antioxidant enzyme response and the

existence of cellular oxidative damage in liver@fjulis exerted by the different CYN
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content of two Caulerpa species —C. taxifaiad C. prolifera- and the seagrags

oceanica, used as negative control.

Materials and methods

Corisjulis sampling

All C. julis fishes were sampled in September and October 2004 at Mallorca
Island (Balearic Islands, Spain). Three sampling stations were selected (Fig. 1). The first
station was located in Cala d’Or and was invadedbyaxifolia. The second station
was located in Cala Llonga, with a meadowfprolifera. The control station was
located near Portals Vells, inRa oceanicaneadow with no presence Gaulerpa spp.

Depth at the three stations was about 5-7 meters.

Caulerpenyne assay

Caulerpenyne (CYN) contents were measured in fronds and stolo®s of
taxifolia andC. prolifera manually collected by scuba diving. Caulerpa samples were
collected carefully to prevent the alga fragmentation avoiding the transformation of
CYN into reactive aldehydes and, transported in marine fresh water until processing to
prevent CYN degradation before extraction. The samples were quickly washed in fresh
water to remove salt and dried with absorbent paper. Then, 5 g were placed in 50 ml of
methanol to obtain the crude methanolic extracts. This CYN extraction was performed
within one hour from collection. The extracts were filtered on silica columns. Each
sample was eluted with 5 ml of a mixture of methanol:ethyl acetate 50:50. CYN
concentration was determined using a HPLC method. The mobile phase consisted of
80:20 methanol:kD. The HPLC was a Shimadzu with a diode array detector and the
column was a Nova Pak, C18, 3.9 x 150 mm. CYN was determined at 254 nm and was
quantified by comparison to a standard curve of known concentration. Pure CYN to
establish an standard curve was provided by Dr. Amade P. (Equipe Antitumoraux

Naturels, Universite Nice, Sophie Antipolis).
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Fig 1: Distribution of the Sampling locations in Majorca Island (Balearic Islands, Spain). In the Bahia of
Cala d’'Or were placed Cala Llonga stati@h prolifera)and Cala d’Or stationQ. taxifolia). The control

station was placed in Portals VelR. (oceanic

Experimental animals

Coris julis were chosen because of its wide geographical distribution and great
abundance in the Balearic region. The size of the fish (total length:10-14 cm) caught in
the three stations was similar and corresponded to adult female individuals. Specimens
were caught alive by fishing, and immediately killed by decapitation. Liver was
immediately removed, washed carefully with 0.9% NaCl to prevent enzyme activities

from blood and frozen in liquid nitrogen. 10 individuals were sampled in each station.

Preparation of liver homogenates

Livers were homogenized in ten volumes (w/v) of 100 mM Tris-HCI buffer pH
7.5. Homogenates were centrifuged at 9,000 g, 10 min, 4°C. Antioxidant enzyme
activities —CAT, GPx, GR and GST- and MDA concentration were determined on the
supernatants. All results were refereed to the protein content in the samples (Biorad

Protein Assay).
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Enzymatic activities

All  enzyme activities were determined with a Shimadzu UV-2100
spectrophotometer at 37°GST activity was measured by the method of Habigo{ia
et al. 1974) using reduced glutathione (GSH) and 1-chloro-2,4-dinitrobenzene (CDNB)
as substrates. CAT activity was measured by the spectrophotometric method of Aebi
(Aebi 1984) based on the decomposition gOHin 50 mM phosphate buffer. GPx
activity was measured using an adaptation of the spectrophotometric method of Flohé
and Gunzler (Flohe and Gunzler 1984). This activity was determined with hydrogen
peroxide (HO,) and GSH as substrates and GR and NADPH as enzyme and non-
enzymatic indicators, respectively. GR activity was measured by a modification of the
Goldberg and Spooner method (Goldberg and Spooner 1984), which required oxidized
glutathione (GSSG) as substrate.

MDA determination

Malondialdehyde (MDA), as a marker of lipid peroxidation, was analyzed by a
colorimetric assay kit (Calbiochem, San Diego, CA, USA) following the manufacturer’s
instructions. Briefly, liver homogenates or standard were placed in a glass tubes
containing n-methyl-2-phenylindold 0.3 mM)in acetonitril:methanol (3:1). HCI 12 N
was added and samples were incubated one hour at 45 °C. The absorbance was
measured at 586 nm. MDA concentration was calculated using standard curve of known

concentration.
Statistical Analysis

Statistical analysis was carried out using a statistical package (SPSS 12.0 for
Windows’). The statistical significance of the antioxidant enzyme activities was
compared by one-way analysis of variance (ANOVA). The statistical significance of
CYN concentration was assessed by two-way ANOVA. The statistical factors analyzed
were Caulerpa specie (C) and the parts of the algae analysed (P). Least significant

difference t-test (LSD) post hoc paired comparison was further made to recognize
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deviant groups. Results are expressed as mean +/- S.E.NP<@r@b was considered

statistically significant.

Results

C. julis showed a higher proportion of green morphs in botlCthexifoliaand
C. prolifera meadows, comparedRo oceanicabeds. In thd®. oceanica seagrass bed, a
great abundance of brown-white morph was observed.

We compared the CYN content in the two Caulerpa species selected Rnd in
oceanica, as negative control. The CYN content was significantly higher in fronds than
in stolons in both Caulerpa species (Fig 2). The concentration of CYN in the sdagrass
oceanica was null (data not shown)CYN concentration presented significant
differences between the alg@e proliferaandC. taxifolia. InC. prolifera, our results

showed a significant higher CYN concentration, in both fronds and stolons, tizan in

taxifolia.
_ P #
60 O C.taxifolia C, P, CxP *
m C.prolifera
45 |
#
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Fig 2: CYN concentration in stolons and fronds from the ®eaulerpaspeciesThere was no presence of
CYN in P.oceanicaValues were computed as meanstS.E.M. Significant effedBaoferpaspecie (C)

and the parts of the algae analysed (P) or interaction of both factors (CxP). Two-way ANOVA. (*)
Indicates significant differences betwe@ntaxifoliaandC. prolifera (#) Indicates significant differences

between fronds and stolons, p<0.05.

The hepatic antioxidant enzyme activities@fjulis living in the two Caulerpa
stations with environmental CYN and in the Posidonia station without CYN are

reported in Table 1. We measured the antioxidant enzyme activities —CAT, GPx, GR
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and GST- in the liver o€. julis, as markers of oxidative stress. CAT presented similar
activities in the three regions studied. GPx activity was higher in the two stations with
Caulerpa respect t@osidonia C. prolifera, 38%;C. taxifolia, 27%). GR activity was
higher in both C. prolifera and C. taxifolia stations compared to Posid@nigrolifera,
180%;C. taxifolia, 76%). GR activity measured@ julis liver was significantly higher

in the C. prolifera station than in th€. taxifolia one (60%). GST activity in liver @.

julis was significantly higher (about 65%) in both Caulerpa stations compared to the

Posidonia station, with no significant differences between the two Caulerpa stations.

Table 1:Antioxidant enzyme activities in the liver d@oris julis. One-way ANOVA. (*) Indicates
significant differences respect Rosidonia oceanica(#) Indicates significant differences respectCto

taxifolia, p<0.05

P. oceanica C. taxifolia C. prolifera
CAT
K/mg prot 53.2+6.1 54.9 #4.3 57.3#4.9
GPx
nKat/mg prot 11.3+£1.1 14,4309 * 15.7+16*
GR
nKat/mg prot 18.0+2.4 31.7+£3.3* 50.5 £7.4 **
GST
nKat/mg prot 232 +24 371 34 * 391 £28 *

MDA concentration was used to evaluate the lipid peroxidative status in liver of
CYN exposed and controC. julis (Figure 3). Hepatic MDA levels showed no

significant differences between the three areas.
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Fig 3: MDA concentration in the liver oforis julis. Values were computed as meanstS.E.M. One-way

ANOVA. No significant differences were observed between stations, p>0.05.

Discussion

Oxidative stress is related to the formation of ROS, which are continuously
generated endogenously as a result of normal metabolism. Furthermore, ROS can be
generated as by-products of biotransformation reactions of toxins or xenobiotics.
Cellular antioxidant systems have demonstrated a great adaptation to oxidative stress in
order to counteract the excessive ROS production (Alvarez and Boveris 1993; Niwa et
al. 1996). ROS may also act as messenger molecules to activate adaptive responses
through redox-sensitive signalling pathways to maintain cellular oxidant-antioxidant
homeostasis. Activation of NF-kappaB signalling pathway has been shown to elevate
the gene expression of antioxidant enzymes (Ji et al., 2006). Cellular antioxidant status
is used to evaluate the ability of organisms to resist an environmental stress such as
some marine pollutants (Frenzilli et al. 2004). Correlations between the efficiency of
ROS detoxification and the stress tolerance were reported by several authors (Porte et
al. 2002; Cavas and Yurdakoc 2005a). However, biological responses of
environmentally exposed animals are often barely interpretable because of the high
complexity of the pollutants and also because chronic exposure to low levels of
contaminants can lead to physiological mechanisms of adaptation reducing the animal

sensitivity to contaminants.
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CYN secreted by the members of genQaulerpa presents toxic effects
evidenced on various species (ParentMassin et al. 1996; Brunelli et al. 2000; Barbier et
al. 2001; Mozzachiodi et al. 2001). The present study shows the first evidence
correlating the presence of CYN with a higher antioxidant activity in the species living
in caulerpa meadows. Previous results of the g&mderpain the Mediterranean
showed a higher concentration of CYNGn taxifolia respect t&€. prolifera(Amico et
al. 1978; Gavagnin et al. 1994; Amade and Lemee 1998). Our results showed a higher
presence of CYN in th€. proliferameadow compared 8. taxifolia. The presence of
CYN in C. prolifera andC. taxifolia meadows could induce an antioxidant response as
we evidenced with the higher antioxidant enzyme activities as GPx and GR in the liver
of C. julis. The presence df. julis in C. prolifera meadows, with the higher CYN
levels indicates that the fish is well adapted to the presence of the toxin, with the
antioxidant defences participating in the adaptation mechanism.

CYN degradation is very fast with a total disappeeeawithin 24 hours, but the
continuous production of CYN bgaulerpa spp. suggests that the presence of CYN is
high at the surface of the algae with a negative gradient in the immediate seawater
environment (Amade and Lemee 1998). julis is a benthic fish that lives inside
Caulerpa meadows, so is directly affected by the CYN presence in the seawater. It has
been evidenced that changes in color morphs occurred relatively slowly, probably
involving acquisition or loss of pigments (Arigoni et al. 2002). The different coloration
observed irC. julis suggest that this fish does not easily change its locattendiet of
C. julisis based on the benthic invertebrates living in the meadow. Some of the benthic
invertebratesl(obiger serradifalci, Oxynoe olivacea, Bittium reticulatum, Risspaor
others) eaCaulerpaspp. accumulating and/or metabolising CYN to other compounds.
These sea slugs transform CYN to more toxic structures such as oxytoxin-1 and -2
which are known as ichthyotoxic substances(Thibaut et al. 2001; Cutignano et al. 2004).
Therefore the labrida€. julis would be directly affected not only by the variations of
CYN concentration but also by other toxins by eating these sea slugs. Moreover, recent
evidences prove that the invasi@e taxifolia as well as the non-invasi@ prolifera
have the ability to transform CYN into reactive aldheydes, which could intera€. the
julis liver (Jung et al. 2002).

The metabolism of toxic compounds results in the formation of ROS frequently,
which contributes to their toxicity (Chovanec et al. 2003). It has been evidenced that

microcystins produced by cyanobacterial cells induce oxidative stress in a time-
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dependent manner evidenced by the induction of lipid peroxidation and by the increase
in antioxidant enzymatic activities (Jos et al., 2005; Towner et al., 2002). GPx and CAT
are the most important enzymes detoxifyingdb] whereas SOD dismutates superoxide
anion to HO,. GPx, as well as GST, also participate in the detoxification of lipid
hydroperoxides using GSH and, consequently, can reduce the cellular pool of GSH
(Winston and Di Giulio 1991). In the present study we show an increased liver
antioxidant defenses in Caulerpa meadows suggesting a possible interaction between
CYN and antioxidant mechanisms.

In a previous study, it was evidenced that the enzymatic detoxifying system of
Scorpio fish Scorpaena porcyswas affected by the presence ©f taxifolia in its
aquarium (Uchimura et al.,, 1999). The characteristics of CYN and particularly the
presence of an acetylenic triple bound suggest that CYN could be a substrate of
cytochrome P450 leading to the formation of reactive intermediates (Uchimura et al.,
1999). The resulting reactive intermediates could induce lipid peroxidation that could be
responsible for the enhanced GPX and GST activities.

The higher GPX and GST activities in the liver ©f julis observed in the
stations withCaulerpa could be attributed to an enhanced biotransformation rate of
CYN or repair of cellular components damaged by ROS, such as oxidized proteins. The
GST activity requires GSH as a substrate, which is oxidized to GSSG. GSH is the most
abundant cellular thiol and is involved in many metabolic processes (DelLeve and
Kaplowitz 1991). Furthermore, GSH plays a central role in the detoxification of ROS,
which can be generated as by-products during the biotransformation of a variety of
endogenous and exogenous substances (Pastore et al. 2003). The maintenance of the
GSH/GSSG ratio, which is used as marker of the cellular redox status, is essential for
the normal cell metabolism. GR is the main system maintaining this ratio. GR catalyzes
the reduction of GSSG to GSH in a NADPH-dependent reaction and therefore protects
cells against oxidative damage (Jos et al. 2005). The high activity of GR @& {hks
liver reflects a high GSSG reduction in order to recycle GSH in the reduced form. The
increased GPx and GST activities and the maintenance of CAT activity in Caulerpa
stations could indicate a higher lipid hydroperoxide detoxification rather th@a H
detoxification. These high activities evidenced in the Caulerpa stations could contribute
in decreasing the GSH content in cells, and in parallel, in increasing GR activity. The
higher antioxidant enzyme activities in the stations Witlulerpacould also be related

to the lack of differences in MDA levels between the three stations analyzed. The
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absence of an increased lipid peroxidation rate indicates that the antioxidant response of
C. julis in the regions with Caulerpa is enough to counteract the increased oxidative
stress induced by the presence of CYN.

In conclusion, the increased activity of liver antioxidant enzymeSainlerpa
stations is indirectly indicating the formation of ROS as well as ongoing detoxification
of CYN. Activation of the antioxidant enzymatic system suggests that the defense
system plays an important role in the response to an increased oxidative situation. The
determination of antioxidant enzyme activities in fish livers allows detecting the

presence of pollutants and toxins, such as CYN, in the meadows.
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