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Introduccion

La llegada de plantas exoticas a zonas fuera de su rango de distribucién
original y su posterior asentamiento en ecosistemas naturales es uno de los
problemas ambientales mas importantes que afectan a la conservacion de la
biodiversidad (Mack et al. 2000; UICN 2000). La colonizacion por parte de
estas especies exoticas provoca el desplazamiento de la flora nativa con el
consecuente cambio en la estructura original de las comunidades naturales
(Myers and Bazely 2003). Este constante avance de las plantas exdticas es un
hecho global que tuvo lugar con las primeras migraciones humanas y
principalmente con el inicio de la ganaderia y el cultivo de plantas. En la
actualidad, el nimero de especies introducidas estd incrementando con mucha
rapidez, debido principalmente a la globalizacion del comercio y al aumento
del turismo, amenazando la conservacién de la diversidad bioldgica y, en
algunos casos, llegando a constituir verdaderas plagas de gran importancia
econdmica (McNeely et al. 2001).

En los ecosistemas insulares la introduccion de plantas exoticas
provoca graves consecuencias para la conservacion de la flora nativa, hasta el
punto de convertirse en una amenaza para las especies mas vulnerables. Los
sistemas insulares son particularmente sensibles a las invasiones, pues en las
islas hay una mayor tasa de endemismos y muchas de sus especies han
evolucionado bajo condiciones de baja competencia interespecifica, por lo que
estan mal preparadas para competir con nuevas especies que llegan de fuera
(ISSG 2000).
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Fruto de esta preocupacion, se cred el proyecto europeo EPIDEMIE
(Exotic Plant Invasions: Deleterious Effects on Mediterranean Island
Ecosystems) (EVK2-CT-2000-00074), y en el cual se enmarca esta tesis.
EPIDEMIE fue una iniciativa en la que se abarcaron un total de seis islas del
mediterraneo (Cerdefia, Cdrcega, Creta, Lesbos, Mallorca y Menorca) y tres
plantas invasoras comunes en todas ellas (Ailanthus altissima, Oxalis pes-
caprae y Carpobrotus spp.). La finalidad del proyecto fue incrementar la
preocupacion existente sobre la invasion de plantas exoticas perjudiciales y
avanzar en la comprension de la vulnerabilidad de los ecosistemas insulares
mediterraneos a esta invasion, con el objetivo de promover una gestion
sostenible de habitats y especies. En primer lugar, se hizo una revisién
completa del estado actual y de los caracteres de las plantas exéticas en el
Mediterrdneo que confirman la importancia de los factores ambientales y
humanos determinantes para la invasion. Por otro lado, mediante el trabajo de
campo en las islas mediterraneas se cuantifico el impacto tanto econémico
como ambiental de las tres especies exoticas seleccionadas en diferentes
hébitats. Al integrar los conocimientos sobre el riesgo de invasion con los de
impacto, el proyecto pretendia: a) predecir la vulnerabilidad actual y futura de
los diferentes ecosistemas a las invasiones vegetales, b) identificar las
estrategias Optimas de gestion, y c) presentar planes apropiados para mitigar
los efectos perjudiciales. EPIDEMIE ha aportado a los gestores del medio
ambiente, la conservacion y la agricultura, la informacion necesaria para (1)
identificar las especies perjudiciales, (2) reducir el riesgo de invasion, (3)
predecir el impacto ambiental y economico de las plantas exdéticas y (4)
predecir los escenarios futuros de invasion y las estrategias apropiadas de
gestion. Estas herramientas son de suma importancia para la conservacion de

la biodiversidad futura de las islas mediterraneas.
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Esta tesis esta centrada en el contexto de las islas Baleares, donde la
introduccion de plantas exoticas es un hecho constatado que aumenta dia a dia
modificando los ecosistemas y desplazando la flora nativa. Ademas de
actualizar la lista de especies exoticas y conocer su distribucion y abundancia
por ambientes, a escala de 10 x 10 km, en la isla de Mallorca, esta tesis esta
enfocada en el estudio de la especie Carpobrotus edulis y C. affine
acinaciformis al ser una de las principales plantas no nativas que afectan a la

conservacion de los ambientes mas vulnerables de las islas.

En este trabajo se plantearon tres objetivos bien diferenciados pero
complementarios, por ello la tesis se ha estructurado en tres grandes bloques

gue se comentan a continuacion:

Bloque 1. Especies Exdticas Invasoras. Generalidades
Objetivo: Tener una idea global de la problemética actual de las

especies exdticas invasoras.

Se ha realizado una revision bibliografica sobre las plantas exdticas
invasoras a nivel global. Se han revisado aspectos de terminologia, de
problematica de las especies, de su establecimiento, tipologia y disposiciones
legales. La finalidad de este primer bloque es tener una perspectiva amplia de
la importancia de las mismas. También se han pretendido conocer los
problemas tanto ambientales como econdémicos y sanitarios que provocan el
asentamiento de especies exoéticas en el medio natural, asi como también

conocer las posibles causas de entrada y naturalizacién de las mismas.
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Bloque I1. Especies Exdticas Invasoras en las Islas Baleares
Objetivo: Conocer las plantas introducidas en las islas Baleares. El
grado de invasion de sus ecosistemas y las especies invasoras que

principalmente los modifican.

Se analiza la situacion actual de las plantas exoticas en las Islas
Baleares. En este apartado, se ha confeccionado (1) el primer catalogo general
de las plantas vasculares introducidas en la flora Balear y se han reconocido
cudles son las especies mas abundantes y peligrosas, asi como también la
distribucion de las mismas. Por otro lado, (2) se ha analizado la vulnerabilidad
de diferentes ecosistemas insulares en funcion de la densidad de especies
exoticas presentes en cada uno de ellos y su grado de infestacion. Ademas, (3)
se incluye un trabajo, a nivel de diferentes islas del Mediterrdneo, donde se
han examinado diversas caracteristicas ecoldgicas de las plantas exdticas con
el fin de extraer una pauta ecolégica comun que garantice el éxito de la
invasion. Este ultimo apartado abarca un estudio realizado en cinco islas
focales dentro del proyecto EPIDEMIE (Cerdefia, Corcega, Creta, Malta y
Mallorca), y por tanto, se ha incorporado al inicio del mismo un resumen de la

parte local del trabajo.
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Bloque I11. Carpobrotus edulis (L.) L. Bolus y Carpobrotus affine
acinaciformis (L.) L. Bolus
Objetivo: Ahondar en el conocimiento de dos de las principales

especies invasoras de las Islas

Se ha profundizado en el conocimiento de esta especie en funcion de:
(1) su relacion con otras especies nativas en relacion con los vectores de
transmision de polen, (2) su tasa de crecimiento y produccion en ambientes de
sol y sombra, (3) la creacion de un modelo de crecimiento para predecir
futuras tasas de colonizacion, y (4) valoracion del impacto de estas especies
invasoras en la estructura de la vegetacion nativa y las caracteristicas del
sustrato en islas Mediterraneas. Este Ultimo apartado es parte de un articulo
més amplio que abarca diferentes islas del Mediterraneo y junto con el estudio
de otras dos especies exdticas. Al igual que en el apartado 4 del Bloque I, se

ha incorporado un resumen de la parte local del trabajo al inicio del apartado.

Puesto que esta tesis estd enmarcada dentro de un proyecto europeo, se
ha beneficiado de un enfoque multidisciplinar que abarca temas tanto de
ecologia como de botanica entrelazados con métodos sofisticados de sistemas
de informacion geografica (gracias a la colaboracion de Mauricio Ruiz.
Apartado 2.5: How to explain exotic richness distribution? Large-scale
observational studies in Mallorca Island (Spain), modelos fisicos (gracias a la
colaboracion de Tomas Sintes. Apartado 3.3: Clonal growth dynamics of the
invasive Carpobrotus affine acinaciformis in Mediterranean coastal systems: a
non-linear model) y aspectos fisiologicos (gracias a la colaboracion de
Fernando Valladares. Apartado 3.2: Good performance in both sun and shade

habitats leads to the spreading of invasive Carpobrotus spp. in Mediterranean

17



ecosystems). Los apartados 2.3 (Species attributes and invasion success by
alien plants in Mediterranean islands) y 3.4 (Regional assessment of the
impacts of plant invaders on vegetation structure and soil properties of
Mediterranean islands) forman parte del trabajo realizado para el conjunto de
islas que formaban parte del proyecto EPIDEMIE. En ambos trabajos, se ha
extraido la parte correspondiente a Mallorca y de la cual se han realizado los
trabajos de campo. Dichos trabajos se han introducido en esta tesis con
permiso de los primeros autores y porque creemos que el contenido de los

mismos esta muy relacionado con el resto de la tesis.

En las ultimas décadas el tema de las especies exdéticas invasoras esta
“de moda” y diariamente hay un bombardeo continuo de nueva informacion.
Es un tema muy amplio e interesante con muchas incognitas por resolver, y
esta tesis es un pequefio granito de arena dentro de este gran mundo. Lo que se
ha intentado con este trabajo es, por un lado tener una vision general de cuan
problematica es la introduccion de especies exoéticas para conocer los
principales riesgos y las prioridades de actuacion. Y por otro, es necesario
conocer en profundidad la biologia de las especies mas problematicas para que
las actuaciones de control sobre ellas estén correctamente encaminadas. Esto
sin olvidar que es siempre la prevencién la estrategia mas economica y
prudente de mantener a estas especies potencialmente peligrosas fuera de sus

areas de distribucion originarias.
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Bloque |

Especies ExoOticas Invasoras

Generalidades






1.1. Terminologia usada en la Biologia de las Invasiones

Para las definiciones de los términos utilizados se han seguido los
criterios de la UICN (Union Internacional para la Conservacion de la
Naturaleza) publicados en su Guia para la prevencion de las pérdidas de
diversidad bioldgica causadas por las especies exdéticas invasoras (SSC
2000), la Enciclopedia natural de los Paises Catalanes (Masalles et al. 1992),
el Atlas de las Plantas Aldctonas Invasoras en Espafa (Sanz Elorza et al.
2004) vy las definiciones de Richardson et al. (2000) y Py3ek et al. (2004).

Especies adventicias: Especies introducidas que no tienen capacidad de

perdurar en los nuevos territorios ocupados y que desaparecen al cabo de poco

tiempo.

Especies arquedfitas: Especies introducidas antes del afio 1500 dC. La fecha

mas exacta seria 1492, afio de regreso de los primeros colonizadores de las

Americas (Scherer-Lorenzen et al. 2000; Williamson 2002).

Especies criptogénicas: Especies de las cuales se desconoce si son nativas o
introducidas (Diamond 1989).

Especies efemerdfitas: Especies cultivadas o no introducidas de forma

temporal.

Especies ergasiofigofitas: Especie escapada de cultivo.
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Especies introducidas, aldctonas, antropophyta, exoéticas, no nativas, xenofitas:

Son especies o taxones inferiores (subespecies, variedades) que, a causa de la
intervencion intencionada o accidental del hombre, se encuentran en un
territorio fuera de su area de distribucién natural (presente o pasada) y de su
area de dispersion potencial.

Especies invasoras: Hay un uso desigual del término en la literatura. Algunos
autores, por ejemplo Vila (2001), Mayers y Bazely (2003) y PySek (2004),

enfatizan la capacidad de expansion sobre nuevos territorios; asi, consideran

que son aquellas especies naturalizadas que tienen capacidad de propagarse en
gran numero y a grandes distancias ocupando territorios amplios. Pero hay
otra definicién mas restrictiva, utilizada por organismos internacionales como
por ejemplo la UICN, que consideran que son especies aldctonas naturalizadas
en ambientes naturales o seminaturales (sin tener en cuenta los ambientes
antropizados) que producen cambios significativos sobre los ecosistemas en
términos de composicion, estructura o procesos, y que tienen el potencial de
expansion (D’Antonio y Vitousek 1992; Gordon 1998; Cronk y Fuller 2001;
McNeely et al. 2001; Hager 2004).

Especies keophytas: Sinonimo de especies neofitas, o0 sea especies
introducidas después de 1500 dC.

Especies nativas, autdctonas o indigenas: Son las especies, o taxones inferiores

que se encuentran dentro de su area de distribucion natural (pasada o presente)
y en su potencial de distribucién (es decir el area que ocupa de forma natural o
que podria ocupar sin ninguna intervencién directa o indirecta por parte del

hombre).
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Especies naturalizadas: Especies introducidas que viven y se reproducen en

ecosistemas naturales o seminaturales y mantienen sus poblaciones durante
muchos ciclos de vida sin la intervencion directa del hombre, tal como lo
hacen las plantas nativas.

Epecophyta: Especies establecidas s6lo en ambientes ruderales o arvenses.

Agriophyta: Especies establecidas en ambientes naturales (Holoagriophyta) y
seminaturales (Hemiagriophyta).

Especies sinantropicas: Plantas ligadas a la accion voluntaria o involuntaria

del hombre, que generalmente tiende a modificar su area de distribucion

natural por extension (Sanz Elorza et al. 2004)

Especies subespontaneas o casuales: Especies introducidas de forma

voluntaria en cultivo o jardines y que se extienden de forma autonoma por los
alrededores. Son dependientes de los ambientes humanizados y no pueden

propagarse y formar nuevas poblaciones por si mismas.

Especies transformadoras: Término poco utilizado pero que es reivindicado

por algunos autores (PySek 2004) para sefialar las especies invasoras que
generan cambios en los ecosistemas sobre un &rea suficientemente grande. Es

equivalente a la acepcion mas estrecha de planta invasora.
Mala hierba. Especie de planta silvestre (no directamente utilizada por el

hombre en sus cultivos), nativa o no, que ocupa los terrenos cultivados a

menudo compitiendo con las especies cultivadas.
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1.2. El problema de las especies invasoras

1.2.1. Un problema ambiental

Las invasiones bioldgicas estan ampliamente reconocidas como uno de
los mayores peligros para la conservacion de los ecosistemas naturales y la
biodiversidad (Vitousek et al. 1996; Parker et al. 1999; Mack et al. 2000). La
Unidn Internacional para la Conservacion de la Natura (UICN) considera que
la invasion de especies es la segunda amenaza en importancia para la
conservacion de la biodiversidad del planeta después de la alteracién directa
de los ecosistemas (McNeely et al. 2001). Cuando las especies exoticas se
introducen en nuevos ecosistemas, influyen negativamente en su
funcionamiento, desplazan las plantas nativas y las especies animales,
pudiendo dafiar irreparablemente las areas ecolégicamente sensibles (Elton
1958; Cronk y Fuller 2001; Hink y Ohmart 1985) y provocando graves

consecuencias econémicas (Mack et al. 2000; Callaway 2002).

La introduccién de especies en nuevos territorios, gracias al papel del
hombre como agente dispersor, es un problema ambiental global. La
combinacion de cuatro procesos en paralelo: (1) Alteracion de los hébitats
originales (agricultura, incendios forestales, etc.), (2) Introduccion de especies
de plantas no nativas, (3) Introduccidn de animales, especialmente herbivoros,
no nativos, y (4) Introduccion de patdgenos, ha provocado pérdidas
irreparables para la diversidad bioldgica del planeta, que se han materializado
en extinciones de especies de plantas y animales con alteraciones profundas de

los ecosistemas (Costello and McAusland 2003; Samways and Taylor 2004).
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Estos procesos son especialmente notables en las islas. Los
ecosistemas insulares, que han evolucionado aislados, a menudo tienen pocas
plantas, herbivoros, carnivoros y descomponedores para sustentar los procesos
esenciales, y son los mas vulnerables a una invasion (Lowe et. al. 2004). Las
islas son un centro de formaciéon de nuevas especies y de conservacion de
especies relictas: son por tanto centros de alto valor en cuanto a la diversidad
bioldgica. Asi, se ha calculado que las islas tienen el 20% del total de la flora
del planeta, aunque sélo supongan el 3,6% de la superficie emergida (sin
considerar Groenlandia). Por otro lado, los procesos evolutivos en las islas se
han producido bajo competencia interespecifica y bajo presion de depredacion
(Fernandez-Palacios JM 2004). Esto ha hecho que las especies insulares sean
mas sensibles a la competencia de las especies introducidas y a los patdgenos
importados. Por tanto, los territorios insulares son més vulnerables a la
penetracion de especies, y esta vulnerabilidad implica extincion de numerosas
especies nativas. En este sentido, solo hace falta recordar que la mayor parte
de la fauna de vertebrados del Cuaternario que vivia en las Baleares se
extinguid después de la llegada del hombre. No sabemos que paso con la flora,
pero podemos imaginar una situacion similar. Algunos ejemplos notables de
invasiones en islas han tenido lugar, por ejemplo, en las islas Hawali, en las
Galapagos vy, en general, en la mayor parte de las islas oceanicas. En las islas
Canarias, el 34% de la flora corresponde a especies introducidas (L6pez et. al.
2003), mientras que en Nueva Zelanda esta cifra llega al 50%. En las islas
Britanicas la flora introducida es del 44 al 50% segun las fuentes consultadas
(Heywood 1989; Crawley et al. 1997; Kew Garden 2003:
<http://www.rbgkew.org.uk/ksheets/pdfs/ T4invasive_species.pdf>).
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Pero el problema afecta también a las zonas continentales como el Sur
de Africa, Australia o América del norte, donde se considera que para cada
hectarea alterada por los incendios forestales, al afio se alteran dos a causa de
las especies introducidas
(<https://www.denix.osd.mil/denix/Public/ESPrograms/Conservation/Invasive
/hawaii.html>). En el estado de Nueva York la proporcion de especies
introducidas es del 35% (Mitchel and Tucker 1997); con valores similares en
la Republica Checa (Pysek et al. 2002).

A grandes rasgos, la introduccion de nuevas especies de plantes en un

ecosistema puede afectarlo en alguna de las maneras siguientes:

- Provocando la extincion de especies nativas o el empobrecimiento de la

biodiversidad de un lugar.

- Compitiendo por el espacio y los recursos (nutrientes, agua y luz) con las
especies autoctonas (como pasa, por ejemplo, con Carpobrotus spp. en las
islas Baleares, Tradescantia fluminensis en Nueva Zelanda (Standish et. al.
2004), etc.).

- Modificando las caracteristicas geomorfologicas del habitat ocupado (Ej.:
Ammophila arenaria en ecosistemas dunares (Hilton et al. 2002).

- Modificando aspectos basicos de la biologia reproductiva de las especies

autoctonas: compitiendo por los polinizadores y dispersores (Ej. con
Carpobrotus spp. (Moragues and Traveset 2005).
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- Modificando la estructura del ecosistema afectando las cadenas troficas (Ej.:
Caulerpa taxifolia (Dumay et al. 2004), Robinia pseudoacacia y especies del
género Acacia aumentan la fertilidad del suelo mediante la fijacion de
nitrégeno (Weber 2004).

- Modificando el régimen hidrico (Ej. Eucaliptus spp. con un consumo
excesivo de agua, la cafia (Arundo donax) o el jacinto de agua (Eichhornia
crassipes) (Webber 2004).

- Modificando el régimen de incendios (Ej. con la introduccion de coniferas o
de Cortaderia selloana que generan grandes volimenes de material
combustible (Webber 2004).

- Incorporando compuestos alelopéticos al suelo (Ej.: Centaurea diffusa y C.
maculosa son dos de las especies invasoras mas destructivas del oeste de

América del Norte (Callaway and Aschehoug 2000).

- Facilitando la llegada de otros organismos patégenos o parasitos (Ej.: la

procesionaria del pino (Thaumetopoea pityocampa).

- Provocando la contaminacion genética de las poblaciones autdctonas si
Ilegan individuos que pertenecen a razas proximas a las que se encuentran en
la region de acogida, incluyendo aqui el reciente problema de las plantas
modificadas genéticamente. (Ej.: Rosmarinus officinalis o Santolina
chamaecyparissus en Baleares, la familia Brassicaceae (Hurka et. al. 2003),
etc.
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- Desvalorizando las especies autoctonas y provocando la pérdida de identidad
cultural (Bertonatti 1998).

Muchas especies invasoras provocan varios de estos efectos y no
siempre es facil revelar las consecuencias ecolégicas que provocan las plantas
invasoras (Weber 2004). Esta amenaza se ha acelerado en las Gltimas decadas
a causa del incremento de la movilidad del hombre y de la globalizacion del
comercio. También el cambio climatico puede crear condiciones mas propicias
para el establecimiento y propagacion de especies invasoras, asi como cambios
en la idoneidad de climas locales para especies nativas y cambios en la
naturaleza de las interacciones entre comunidades nativas (McNeely et al.
2001).

De todas maneras, la probabilidad de que una especie introducida
llegue a colonizar el medio natural de una nueva region geografica es baja; y si
lo hace, que llegue a convertirse en un problema todavia es menor (Cronk and
Fuller 2001). Pero la enorme dimension del movimiento de plantas de una
zona a otra por el hombre (con la jardineria, la agricultura, las actividades
forestales o de forma involuntaria) hace que, a pesar de esta baja probabilidad,
el grado de perturbacion que provocan las especies que se convierten en
invasoras sea extremadamente importante. Asi, por ejemplo, en los Estados
Unidos, se pueden conseguir mas de 60 mil especies diferentes en los
catalogos de los «viveristas», y solo unas pocas se han vuelto invasoras, pero
se gastan decenas de miles de millones de délares cada afio para combatir esta
minoria.

<http://www.rbgkew.org.uk/ksheets/pdfs/T4invasive_species.pdf>
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En Hawai, de mas de 8 mil especies vegetales introducidas en el
archipiélago, solo 860 se han incorporado en los ambientes naturales. En el
Reino Unido, de las 1.170 especies naturalizadas, solo 70 estdn tan
incorporadas en los habitats naturales que parecen especies nativas, y solo
unas 15 son consideradas auténticas plagas (‘pests’ en la terminologia inglesa)
(Crawley et al. 1997). En las islas Canarias, de las 670 especies de plantas
naturalizadas, solo 70 (10,4 %) representan un grave problema ambiental; los
datos sobre las islas Baleares son coincidentes, como veremos méas adelante:
de un total de 308 especies naturalizadas o subespontaneas, solo 42 (el 13,7 %)

especies representan un problema ambiental en sentido amplio.

A grandes rasgos, podriamos decir que alrededor de un 10 % de las
especies de plantas importadas a un territorio llegan a naturalizarse, y un 10 %
de éstas (es decir un 1 % del volumen inicial) se convierten en un problema en
sentido amplio (Groves and Di Castri 1991). Estas cifras solo representan
ordenes de magnitud, porque hay grandes diferencias segun los territorios y
climas. Asi, Williamson 1993 (en Crawley et al. 1997) reduce al 0,1 % las
especies naturalizadas que en las islas Britanicas han llegado a ser invasoras
(en estas cifras tiene mucha importancia la falta de una clasificacion objetiva
para considerar «invasora» una determinada especie, y esto hace que sea dificil

comparar las cifras dadas por diferentes autores).

En cualquier caso, es muy frecuente que solo una o dos especies
invasoras sean suficientes para provocar la degradacion irreparable de un
ecosistema en concreto (Frankel et al. 1995), situacion de la cual hay multitud

de ejemplos, como es el caso de Carpobrotus spp. en nuestras islas.
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1.2.2. Un problema econdémico

La introduccién de especies de plantas en nuevos territorios supone,
ademas de un problema ambiental, un problema econémico. Podemos tener
una idea intuitiva solo pensando en el coste que ha supuesto a las islas
Baleares la introduccion de la procesionaria de los pinos (Thaumetopoea
pityocampa), el escarabajo de la patata (Leptinotarsa decemlineata), los agrios
(Oxalis pes-caprae) o el coste de erradicacion de Carpobrotus spp. con fondos
europeos de aproximadamente de 1 €/m® més el precio del transporte (Fraga et
al. 2003). Se han publicado muchos calculos sobre el coste de las especies
exoticas (para una revision ver McNeely et al. 2001); podemos citar algunos
ejemplos en délares americanos: dos mil millones para la erradicacion de
arboles introducidos en los parques del sur de Africa, 344 millones anuales en
herbicidas en el Reino Unido, entre 123 i 137 mil millones en pérdidas en los

Estados Unidos y en India segun las fuentes. Ver méas ejemplos en la tabla 1.

Desde un punto de vista econémico, la penetracién de plantas en

nuevos territorios genera unos costes ocasionados por:

- Pérdidas o devaluacién de la rentabilidad de las recolectas o del ganado.
- Pérdidas paisajisticas o de potencial turistico.

- Coste dedicado a la erradicacion o al control de estas plantas.

- Coste de las investigaciones necesarias para controlarlas.

- Estrategias de prevencion. Para mas informacion:

http://www. gisp.org/newsletter/GISPnewslettersp3. pdf
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1.2.3. Un problema sanitario

A pesar de que no sea un problema muy general en el caso de las
plantas, se ha hecho referencia a la aparicion de problemas alérgicos a causa
de la expansion de especies no nativas. Aunque los problemas sanitarios estan
mas relacionados con la introduccion de especies animales, sobretodo de
vectores transmisores de enfermedades como son los mosquitos o los acaros,
podemos citar algunos ejemplos de plantas que provocan problemas de salud
(Weber 2004):

- Heracleum mantegazzianum (Apiaceae): Nativa de zonas templadas
de Asia e invasora en las islas Britanicas y en el norte y este de Europa.
Provoca foto-sensibilizacion de la piel produciendo una fuerte dermatitis.

- Abrus precatorius (Fabaceae): Nativa de Islas del Océano indico y
Asia, invasora en el sureste de Estados Unidos. Sus semillas son
extremadamente venenosas para el ganado y los humanos.

- Agrostis capillaris (Poaceae). Nativa de Europa y norte de Africa,
invasora en Australia. Las colonias extensivas de esta graminea alteran las
comunidades locales de invertebrados en Nueva Zelanda.

- Cestrus diurnum (Solanaceae): Nativa del sur de América e invasora
en el sureste de Estados Unidos. El fruto es venenoso para los humanos y otros
mamiferos.

- Conium maculatum (Apiaceae): Nativa de Europa, norte de Africa y
las Azores, invasora en el oeste de Norte América. Todas las partes de la
planta contienen alcaloides tdxicos que perjudican a animales domésticos y

salvajes.
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- Datura stramonium (Solanaceae): Nativa de Méjico y de América del
sur, invasora en las Galapagos y en el sur de Africa. La planta es toxica para
los animales y el hombre.

- Ambrosia artemisiifolia (Asteraceae): Nativa del norte de América e
introducida en Europa hace 100 afios. Se ha propagado por numerosos paises
y es considerada como invasora en muchos de ellos. Es perjudicial para la
salud humana porque libera cantidades abundantes de polen alergénico (Laaidi
et al. 2003).

Los cientificos creen que una mayor investigacion sobre el tema podria
revelar mas plantas exoticas perjudiciales que pueden propagarse y cuyo polen
en la actualidad aspiramos. En Australia, al menos 23 malas hierbas muy
comunes provocan serios problemas respiratorios, especialmente entre los
nifios pequefios (CRC 2003).

Entre los efectos indirectos de las Especies exoticas Invasoras sobre la
salud del ser humano se incluye el uso de una amplia gama de plaguicidas para
combatir plagas y malezas invasoras. Libres de sus factores de control
naturales, estos organismos suelen alcanzar niveles de multiplicacion
sumamente elevados que alientan el uso generalizado y cronico de plaguicidas
(McNeely et al. 2001).
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1.3. Las vias de penetracion y el establecimiento de las

especies invasoras
Al margen de las vias naturales (animales, viento, corrientes marinas),
la llegada de especies exdticas a un nuevo territorio, siendo el hombre el

vector dispersor, sigue dos vias principales:

e Importadas de forma intencionada por el hombre. Utilizadas como plantas de

cultivo o forrajeras, para hacer repoblaciones forestales (silvicultura), para
luchar contra la erosién o estabilizacion de dunas, para mejorar las
caracteristicas del suelo (plantas capaces de fijar nitrogeno) y también como
especies de jardineria, incluidos los jardines botanicos y los acuarios. Méas de
un 70% de las malezas invasoras que hay en Nueva Zelanda fueron
introducidas deliberadamente como plantas ornamentales (McNeely et al.
2001). Cytisus scoparius, nativa de Europa, es un ejemplo de planta criada y
usada para prevenir la erosion y estabilizar dunas en América del Norte,
siendo actualmente una invasora muy comun en diferentes areas naturales
(Wittenberg and Cock 2001).

e Importadas de forma involuntaria. A menudo mezcladas con las semillas de

las especies de cultivo, pero también pegadas a la ropa y los zapatos de las
personas, o0 al pelo y las patas del ganado que llega a las islas. La maquinaria
rural o de obras publicas también es una via importante, ya que es frecuente
que lleve fango seco con semillas pegadas a las ruedas. Granjeros del este de
Europa llevaron semillas de malezas invasoras (Euphorbia esula, Centaurea
spp., Lythrum salicaria y Sonchus arvensis) a los Estados Unidos como

contaminantes transportadas entre las semillas de cultivos; la maleza
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neotropical Parthenium hysterophorum ha llegado recientemente a Africa en
cargamentos de cereales destinados a paliar la hambruna en Etiopia (McNeely
et al. 2001).

Una Unica introduccion inicial puede transformarse en una poblacion
fundadora exclusiva. En las Islas Britanicas, todas las poblaciones de la gran
invasora japonesa Fallopia japonica, se piensa que proceden de un dnico clon
probablemente introducido en 1848. La propagacion del alga Caulerpa
taxifolia en el Mediterrdneo se remonta a un Unico evento de liberacion,

probablemente en 1984, del Oceanografico de Monaco (Kowarik 2003).

La llegada de una especie a un nuevo territorio (tanto por dispersién
natural como introducida por el hombre) solo es uno de los pasos necesarios
para que pueda llegar a convertirse en un problema ambiental, porque la
invasion de un nuevo territorio implica saltar hasta seis barreras bioticas o
abioticas (Richardson et al. 2000): (1) Introduccion: superacion de la barrera
geografica que separa el nuevo territorio. (2) Inicio de la colonizacién: las
plantas superan las condiciones ambientales del nuevo territorio. (3)
Capacidad de reproduccion: las plantas consiguen producir semillas o
propagulos. (4) Dispersion: las semillas y los propagulos pueden diseminarse
por el nuevo territorio. (5) Aparecen nuevas poblaciones en otras zonas,
generalmente en ambientes alterados. Si se llega a esta fase se ha producido la
colonizacion efectiva y el riesgo de extincion disminuye significativamente.
(6) Las plantas superan los ambientes alterados y se establecen en ecosistemas
naturales. La especie podria llegar a convertirse en invasora.

Otro ejemplo, estructurado por etapas, de este proceso es el propuesto
por Heger (2001) (Fig. 1).
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Estas barreras generalmente son eficientes y, por este motivo, muy
pocas especies llegan a naturalizarse y, finalmente, a hacerse invasoras
(Williamson 1996). Ademas, muchas de las especies que se convierten en
invasoras lo hacen mucho tiempo después de la colonizacion inicial (Mack et
al. 2000; Sakai et al. 2001).

Por otro lado, no todas las plantas exoticas pueden explotar todos los
habitats y no todos los habitats son igualmente susceptibles de ser invadidos.
Por esto, una misma especie puede presentar comportamientos completamente
diferentes en unas zonas y en otras; no obstante, es un criterio bastante general
el hecho de mantener una alerta especial sobre las especies de las cuales se ha
constatado un comportamiento invasor. Sin embargo, hay plantas introducidas
que pueden responder de manera flexible y 6ptima al medio que colonizan
creciendo de manera mas vigorosa 0 destinando mas recursos a la
reproduccion, determinando el eéxito de la colonizacion y evolucionando de
manera rapida (Maron et al. 2004). Normalmente esta tasa de crecimiento
acelerada es el resultado de un periodo inicial de expansién lento o un periodo
«latente» Ilamado efecto Allen (Cappuccino 2004). Este momento de latencia
es el mejor para realizar una erradicacion local y para tomar medidas de
gestion antes de que la especie invasora se vuelva mas perjudicial o llegue al

estatus de plaga (Parker et al. 1999).

También hay que remarcar, al hablar del establecimiento de especies
introducidas, que las zonas perturbadas suelen ser mas facilmente colonizadas
por las especies aldctonas, y que a partir de estas zonas se puede producir el
salto a los ambientes mas naturales. La perturbacion puede ser el principal

factor que facilite la vulnerabilidad de los ecosistemas naturales a las
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invasiones. Provoca cambios en los ecosistemas (fisicos, quimicos,
desorganizacion de su estructura, etc.) y crea nichos vacios que las nuevas
especies invasoras pueden ocupar. Las perturbaciones pueden llegar a ser un
paso previo necesario para ciertas especies exoticas a la hora de establecerse
(Hobbs and Huenneke 1992; PysSek et al. 2002; Borgmann and Rodewald
2005). Asi, por ejemplo, Lake and Leishman (2004) encontraron en Australia
que ambientes sin perturbar no presentaban especies exoticas, mientras que en
las areas perturbadas si que encontraban especies exoticas; en cantidad mayor
cuando se trataba de ambientes perturbados ricos en nutrientes, donde la

cobertura de exoticas era mayor y la riqueza de especies nativas menor.
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1.4. ;Qué caracteriza a las especies invasoras y en qué

ecosistemas se encuentran?

Hasta un 10% de las 300.000 plantas vasculares de todo el mundo,
podrian convertirse en invasoras en otros ecosistemas y afectar a la biota
nativa de forma directa o indirecta (Rejmanek et. al. 2003). No parece que
haya un patréon Unico de planta que pueda volverse invasora, ni ninguna
familia més peligrosa que otras (aunque las Asteraceae, Poaceae y Fabaceae
s.l. son familias que aportan muchas especies invasoras (Cronk and Fuller
2001; Lloret et al. 2004). Hay plantas invasoras de todas las formas vitales:
anuales, herbaceas perennes, arbustos, arboles, lianas, plantas acuéticas, etc. A
pesar del amplio abanico de tipos de especies que se han vuelto invasoras,
cuando se han hecho listas de caracteristicas que se pueden asociar a esta
capacidad invasora, se han sefialado las siguientes (Ejemplos de Weber
(2004):

- Combinan mecanismos de dispersion tanto a corta como a larga distancia. Ej.
Impatiens glandulifera, Lonicera japonica.

- Capacidad de autofecundacion. Ej. Muchas plantas de cultivo como: Coffea
arabica, Oryza sativa, Solanum melongena, Glycine soja, Lycopersicum
esculentum.

- Alta produccion de semillas. Ej. Ageratina adenophora, Araujia sericifera,
Lupinus polyphyllus, Solidago canadensis.

- Mecanismos de reproduccion asexual. Ej. Agapanthus praecos ssp.
orientalis, Arundo donax, Opuntia maxima, Oxalis pes-caprae.

- Semillas viables durante mucho tiempo. Ej. Acacia longifolia, Cotula

coronopifolia, Ricinus communis.
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- Alta tasa de crecimiento bajo condiciones favorables. Ej. Parkinsonia
aculeata, Paspalum distichum, Pueraria montana.

- Capacidad de rebrote después de ser cortadas o0 quemadas. Ej. Arundo donax,
Leucaena leucocephala, Tamarix ramosissima.

- Tolerancia a factores ambientales adversos. Ej. Lantana camara,
Stenotaphrum secundatum.

- Mecanismos de defensa contra los depredadores. Ej. Agave americana,
Cinnamomum camphora, Aloe arborescens, Opuntia maxima, Robinia
pseudoacacia.

- Buena aptitud competitiva’. Ej. Acer negundo, Fallopia japonica, Mimosa
pigra, Tradescantia fluminensis.

- Rango ecoldgico amplio (Keane and Crawley 2002). Ej. Ailanthus altisima,
Cortaderia selloana, Eucalypthus globulus, Nicotiana glauca.

- Variabilidad genética (Hurka et. al. 2003). Ej. Mahonia aquifolium, Freesia
leichtlinii, Helianthus tuberosus.

- Bajo contenido de ADN nuclear. El tamafio pequefio del genoma parece ser
fruto de la seleccion natural hacia un periodo de generacién minimo, y por
tanto asociado con la capacidad invasora en espacios bidticos vacios
(Rejmanek 1995).

McNeely et al. (2001) aporta mas caracteristicas que se pueden asociar
a esta capacidad invasora.

- La probabilidad de que una especie se vuelva invasora incrementa con el

tamafio de la poblacién inicial.

! Las especies exéticas, cuando ocupan un nuevo ecosistema, suelen ser mas
competitivas que las especies nativas (Vila and Weiner 2004).
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- Las especies con una amplia distribucion geografica tienen maés
probabilidades de convertirse en invasoras.

- Las especies con antecedentes de ser invasoras en otros territorios son mas
peligrosas.

- Las especies con una alta especificidad en cuanto a sus polinizadores o
dispersores tienen menos probabilidades de ser invasoras.

- Las invasiones generalmente requieren un clima y unas condiciones

ambientales parecidas a las originales de la especie.

Ninguna de estas caracteristicas por si sola puede discriminar las
especies invasoras de las no invasoras; en su conjunto, son las caracteristicas
del invasor ideal, y se podria asumir que la probabilidad de éxito de una
invasora aumenta con el nimero de estas caracteristicas (Heger and Trepl
2003).

Ademas, hay que tener en cuenta que las especies que se comportan
como invasoras en nuevos territorios no lo suelen ser en sus habitats de origen.
El ejemplo de Caulerpa taxifolia es paradigmatico. Otro ejemplo puede ser
Clematis vitalba, una liana mediterranea que es una grave invasora en Nueva
Zelanda. Por otro lado, los cambios genéticos que experimentan las especies
exoticas en sus nuevas areas de dispersion en relacion con el tamafio de los
ejemplares, es un fenémeno poco comuln y que generalmente, cuando este
hecho ocurre, es debido a una respuesta plastica de la especie exotica al nuevo
ambiente (Willis et al. 2000).
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Los principales factores bioldgicos para predecir si una planta va a

convertirse en invasora (McNeely et al. 2001) son:

- Dentro de un género de planta, un genoma pequefio equivale a
capacidad invasora en entornos perturbados.

- La capacidad invasora de los taxones lefiosos en entornos perturbados
estd asociada a semillas de pequefio tamafio, a periodos juveniles
cortos y a intervalos breves entre periodos de semillas grandes.

- Las formas vegetativas de reproduccion son un factor importante, y su
importancia aumenta con la latitud.

- Los taxones que pertenecen a géneros no representados en la flora
nativa tienen mas probabilidades de convertirse en invasores que
taxones exadticos con parientes cercanos en la flora nativa.

- Las especies de plantas que dependen de polinizadores y dispersores de
semillas generalistas en lugar de especificos tienen méas probabilidades

de convertirse en invasoras.

Tampoco no hay ninguna norma respecto a los ecosistemas y climas
que son mas facilmente invadidos por especies introducidas. Se han producido
invasiones en ambientes acudticos, zonas forestales, matorrales, campos de
cultivo, ambientes abiertos, etc. A pesar de todo, parece que los espacios
tropicales son invadidos con mayor facilidad que los matorrales
mediterraneos, y que las islas son més sensibles que las zonas continentales.
Aunque el Unico aspecto que se ha reconocido como una caracteristica
realmente general es la relacion entre el grado de intervencion humana y la
proporcion de especies introducidas (D’Antonio 1993; Alpert et al. 2000;
Thompson et al. 2001; Lake and Leishman 2004; Zerbe et al. 2004).
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Las especies invasoras tienen éexito cuando sus caracteristicas son
coincidentes con las caracteristicas especificas del nuevo ambiente que
colonizan (Heger and Trepl 2003) y cuando pueden utilizar los recursos
disponibles (Davis et al. 2000; Vila and Weiner 2004). La perturbacién, como
hemos comentado antes, normalmente es un prerrequisito para el
establecimiento de las especies exoticas (Stohlgren et al. 1999; Rose and
Hermanutz 2004).
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1.5. Disposiciones legales

Para prevenir el movimiento internacional de especies exéticas invasoras y para
coordinar una respuesta eficaz en el momento oportuno al problema de las
invasiones hara falta la cooperacién y colaboraciobn de gobiernos, sectores
econémicos, organizaciones no gubernamentales y organizaciones basadas en

tratados internacionales (McNeely et al. 2001).

Uno de los primeros documentos internacionales que referencia el
problema de la introduccién de plantas exéticas es el Convenio Internacional
para la Proteccion de las Plantes (IPPC) de 1951, revisado en 1997, que
sefiala como uno de sus propositos «asegurar las acciones comunes y efectivas
para prevenir la expansion y la introduccién de las plagas (pests) de plantas y
productos de las plantas, y promover las acciones adecuadas para su control» y
define como «plaga» cualquier especie o biotipo de planta, animal o agente
patdgeno que provoca dafios a las plantas o a los productos de las plantas

(<http://www.ippc.int> y <http://www.fao.org/legal>).

Obviamente, fue un convenio aplicado principalmente a las plantas de
cultivo, aunque también se ha ampliado a la flora natural. EIl secretariado de
este convenio pertenece a la FAO (Organizacion de las Naciones Unidas para
la Agricultura y la Alimentacion), en Roma, y promueve los acuerdos
internacionales para la aplicacion de medidas fitosanitarias en el comercio
internacional, para evitar las plagas, definidas en este sentido amplio. Sus
recomendaciones son reconocidas por la OMC (Organizacion Mundial del
Comercio). Uno de los resultados de este convenio ha sido la publicacion de
un Codigo de conducta para la importacion y la liberacion de agentes

exaticos para el control biolégico (FAO 1995).
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El Convenio de Berna de 1979, Convenio sobre la Conservacion de la
Vida Silvestre y del Medio Natural en Europa, manda a las partes contratantes
un control estricto de la introduccién de las especies no nativas (Art. 11, 2b).

<http://conventions.coe.int/treaty/EN/Treaties/Html/104.htm>.

También el Convenio de Barcelona, de 1995, Protocolo sobre Areas
Especialmente Protegidas y la Diversidad Bioldgica en el Mediterraneo,
especifica en los Art. 6 y Art. 13 (1) i 13 (2) la regulacion de la introduccion
de especies no indigenas y también de las especies modificadas genéticamente
en las areas protegidas, y prohibe las que pueden tener unos efectos negativos
sobre las especies y los ecosistemas. Manda igualmente la erradicacion de las
que han sido introducidas y causan problemas ecoldgicos. (Convenio de
Barcelona para la proteccion del mar Mediterraneo: Generalitat de Catalunya.
Departamento de Medio Ambiente, 1995.)

Aunque seguramente el convenio méas conocido en relacion con el
problema de las especies introducidas es el Convenio de Biodiversidad (CDB)
aprobado en la Cimera de Rio de Janeiro en 1992 en la Conferencia de Medio
Ambiente y Desarrollo organizada por la ONU. En el Art. 8 hace una llamada
a las partes firmantes a: «Prevenir la introduccion, el control o la erradicacion
de las especies no nativas que amenazan los ecosistemas, los habitats o las
especies.» (http://www.biodiv.org). Desde que entrd en vigor en 1993, el CDB
ha sido recalificado por casi 180 paises. ElI Organo Subsidiario de
Asesoramiento Cientifico, Técnico y Tecnoldgico (SBSTTA) del CDB se
retine periédicamente para tratar cuestiones de suma importancia, como las

especies invasoras.
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Para desarrollar estos articulos se cred en el afio 1997 el Programa
global para las especies invasoras (GISP), implementado por un consorcio de
organismos integrados por el Comité Cientifico sobre los Problemas de Medio
(SCOPE), CAB Internacional (CABI) y la Unién Internacional para la
Naturaleza (UICN), en asociacion con el Programa de las Naciones Unidas
para el Medio Ambiente (PNUMA). El GISP forma parte de DIVERSITAS,
un programa internacional sobre las ciencias de la biodiversidad. Este
programa pretende establecer las bases cientificas para la toma de decisiones
en el tema de las especies invasoras, desarrollar capacidades para una rapida
valoracion y actuacion sobre los problemas de estas especies y reducir el

impacto econémico y ambiental que provocan (http://www.gisp.org).

Otro producto generado a partir del Convenio de Biodiversidad fue la
Estrategia global para la Conservacion de las Plantas (2002), aprobada en la
VI reunién de las partes firmantes del Convenio de Biodiversidad, el objetivo
10 de la cual es: «Disponer de planes de manejo al menos para las 100
principales especies invasoras que amenazan las plantas, las comunidades de
plantas y los habitats y ecosistemas asociados.»
(http://mww.biodiv.org/programmes/cros-cutting/plant/default.asp). Este objetivo
ha sido desarrollado en recomendaciones concretas por miembros del Invasive
Species Specialist Group (ISSG) de la UICN publicadas en el volumen 31 (2003)
de Plant Talk.

La CIPF (Convencién Internacional de Proteccion Fitosanitaria) es un
tratado multilateral en vigor desde 1952. Con 111 gobiernos como partes
contratantes, el propoésito de la convencion es “garantizar una accién comin y

eficaz para prevenir la introduccion y diseminacion de plagas de plantas y
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productos vegetales y promover medidas apropiadas para combatirlas”, tanto
en la mayoria de cultivos como en la proteccion de la flora natural. La CIPF
cubre cualquier especie exdtica invasora que sea considerada como plaga de
planta. Facilita el desarrollo de normas acordadas internacionalmente para la
aplicacion de medidas fitosanitarias en el comercio internacional, con el fin de

prevenir y controlar la propagacién de plagas de plantas (http://www.ippc.int).

En 1997, la Asamblea de la OMI (Organizacion Maritima
Internacional) adopt6 las Directrices para el control y la gestion del agua de
lastre de los buques a fin de reducir al minimo la transferencia de organismos
acuaticos perjudiciales y patogenos (http://www.imo.org). El acuerdo
MSF/OMC (Medidas Sanitarias y Fitosanitarias/ Organizacion Mundial del
Comercio) y los servicios nacionales de SAIA (Sanidad Agropecuaria e
Inocuidad de Alimentos) establece:

- Art. 1: Reafirma el derecho de los miembros para “...proteger la salud
humana, animal y vegetal...”
- Art. 2.2: Los Miembros deben asegurar que las MSF estén “...
sustentadas en principios cientificos...”
Sus funciones principales son: Creacién de campafas de erradicacion de
enfermedades y plagas, Medidas de Cuarentena y Medidas de respuesta a la

emergencia.

Por otro lado, hay una Estrategia Europea para la Conservacion de las
Plantas redactada conjuntamente entre Planta Europa y el Consejo de Europa,
como una aportacion a la reunion de las partes del Convenio de Biodiversidad
que aprobd la Estrategia global (http://www.plantaeuropa.org). En este

documento se presenta un apartado entero especifico para el problema de las
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plantas invasoras, con un objetivo a largo plazo: E36: Desarrollar un acuerdo
institucional holistico, politico y legislativo sobre las especies invasoras. Este

objetivo fue completado con otros mas especificos:

e 2.21 Actualizar la informacion sobre las especies invasoras en Europa y

hacerla llegar a las mas relevantes audiencias (relevant target audiences).

En 2004: Recopilacion de listas de especies invasoras al menos en el 90% de
los paises miembros de Planta Europa i divulgarlas de forma apropiada.

En 2004: Toda la informacion relevante ha de estar incorporada a la base de
datos de la pagina Web del GISP.

En 2006: Lista de las especies introducidas en Europa, incluyendo su
distribucion 'y publicacion de sus impactos ecologicos y econdmicos
negativos.

En 2006: Publicacion de fichas (Fact sheets) sobre la biologia e informacién

sobre medidas de control de las 100 peores especies invasoras.

e 2.22. Conseguir un acuerdo institucional, politico y legislativo para el

control de las especies invasoras en el 25% de los paises europeos.

El Consejo de Europa recientemente ha publicado una Estrategia
Europea sobre Especies Invasoras (Genovesi and Shine 2004). Dicha
estrategia proporciona orientacion para ayudar a las partes de la Convencion
de Berna en su esfuerzo para (1) dar a conocer la problematica de las especies
invasoras y las vias para abordarlas, (2) fortalecer la capacidad nacional-
regional y de cooperacion, (3) prevenir nuevas introducciones y ayudar en los

sistemas de deteccidn y respuesta, (4) reducir los posibles impactos negativos,
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(5) recuperar especies y restaurar habitats naturales afectados por las especies
invasoras e (6) identificar y priorizar las pautas de accion para ser

incorporadas a nivel nacional y regional.

En referencia al resto de paises, hay que citar la creacion, dentro del
Gobierno Norte-americano, de un Consejo Nacional sobre las Especies
Invasoras (NISC) (http://www.invasivespecies.gov), que ha publicado un
documento sobre estrategia nacional.

(http://www.invasivespecies.gov/council/nmp.shtml).

En Espafia, el Ministerio de Medio Ambiente, siguiendo las
recomendaciones del Convenio de Biodiversidad, redacto en 1998 la
«Estrategia Espafiola para la Conservacion y el Uso Sostenible de la
Diversidad Bioldgica». A pesar de que hasta el momento no ha sido
oficialmente aprobada, en la parte 2, capitulo de Medidas 2, Pag. 18, propone:
«La elaboracion y armonizacion de recursos juridicos y técnicos necesarios
para controlar, y en su caso impedir, la introduccion de especies exoticas que
amenazan sistemas habitats, especies o poblaciones autoctonas.»
(http://www.mma.es/conserv_nat/planes/estrateg_biodiv/diversidad.htm#docu
m1)

Se han creado algunas instituciones gubernamentales y grupos de
especialistas para estudiar, aplicar medidas y hacer recomendaciones

referentes a las especies invasoras. Entre todos ellos podemos destacar:

- La UICN, dentro de la Comision de Especies, ha creado un Grupo de

Especialistas de Especies Invasoras (ISSG) (http://www.issg.org) en la que
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hay una iniciativa concreta referente a las islas: Cooperative Initiative on
Invasive Alien Species on Island, y el principio del que sera una gran base de
datos sobre especies invasoras:

(http://issg.appfa.auckland.ac.nz/database/welcome).

Este grupo participa, como uno de los miembros mas relevantes, en el
Programa global sobre especies invasores (GISP) surgido a partir del
Convenio de Biodiversidad. Este grupo publica un boletin llamado Aliens y ha
publicado diversas obras que sirven de guia para la gestion del problema de les
especies invasoras:

- IUCN Guidelines for the prevention of biodiversity loss caused by
alien invasive species. 2000, SSC-UICN.

- Global Strategy on Invasive Alien Species. 2001, GISP-UICN.

- The 100 worst Invasive alien Species

(http://www.issg.org/booklet.pdf).

- Por su parte, los Estados Unidos han creado un Alien Plant Working Group
dentro de la Plant Conservation Alliance (PCA), que es un consorcio entre
agencias federales e instituciones no gubernamentales que produce mucha
informacion sobre plantas invasoras, incluida una agencia de actuacion

(http://nps.gov/plants/alien/bkgd.htm).

- Actualmente, debido a que el tema de las invasiones bioldgicas esta en auge,
se han creado muchas revistas internacionales de ecologia y botanica que
dedican muchos articulos al tema de las invasiones. Concretamente, en 1999
nacio una revista que aborda Unicamente estudios relacionados con este tema

(Biological Invasions) (http://www.kluweronline.com/issn/1387-3547).
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- En Espafa, hay que destacar las iniciativas del Gobierno Canario, con el
desarrollo de la «Estrategia Canaria de la Biodiversidad», que les ha
permitido cuantificar el problema de una manera general y precisa
(http://www.gobcan.es/medioambiente/biodiversidad/ceplam/vidasilvestre/pro
blema4.html). Llevan a cabo algunas acciones concretas de erradicacion de
plantas, como es el caso de Pennisetum setaceum, en la erradicacion de la cual
han invertido cerca de 35 millones de pesetas (fondos del INEM y Fomento
del Trabajo). La Consejeria de Medio Ambiente de la Junta de Andalucia con
el apoyo de la Union Europea, ha puesto en marcha el Plan Andaluz para el
Control de las Especies Exaticas Invasoras que recoge las siguientes
actuaciones: (1) Inventario y Seguimiento de las especies Exdticas Invasoras,
(2) Control de las Especies Exdticas Invasoras y, (3) Camparfias de
sensibilizacion y formacion. Han realizado planes de erradicacion, y posterior
repoblacidn con plantas autéctonas, del Carpobrotus edulis (Ufia de Ledn) y

Opuntia dillenii (Chumbera brava).

- También ha habido diferentes iniciativas impulsadas desde las universidades
y los centros de investigacion. Podemos citar el Spanish Working Group on
Urban and Alien Plants organizado por investigadores de la Universidad de
Almeria (http://www.ual.es/personal/edana/alienplants/home.htm), que ha
generado una primera lista de especies de plantas invasoras en Espafia
(http://lwww.ual.es/personal/edana/alienplants/checklist.pdf). ~ También el
Grupo de Especies Invasoras (GEI), centrado en la Universidad de Leon,
organizé en 2003 el primer congreso nacional sobre especies exoticas

invasoras (http://orbita.starmedia.com/~gei_invasores/).
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- En las islas Baleares, el IMEDEA (Institut Mediterrani d’Estudis Avangats) y
la Universidad (UIB) participaron en el proyecto europeo de investigacion
EPIDEMIE, centrado en el estudio de la biologia de Carpobrotus spp.,
Ailanthus altissima y Oxalis pes-caprae (http://www.ceh.ac.uk/epidemie/), y
gracias al cual ha sido posible la realizacion de esta tesis. Actualmente, el
IMEDEA, estd trabajando en los siguientes proyectos relacionados con
especies exoticas invasoras:

- Biological determinants of the risk of plant invasions (RINVE).
Ministerio de Educacion y Ciencia, Plan Nacional de 1+D. Pl: A. Traveset.
Duracion: 2005-2007.

- Impact of invasive species on pollination networks: is island ecosystem
invasibility related to super-generalist pollinator abundance? (INVASRED).
Ministerio de Ciencia y Tecnologia. PI: L. Santamaria. Duracion: 2004-2006.

- Impact of exotic herbivores in the plant communities of Cabrera National
Park: degradation thresholds, risk analysis and integrated management
(HERBIMPACT). Ministerio de Medio Ambiente. IP: A. Traveset. Duracion:
2004-2006.

El Consejo Insular de Menorca desarrollé un Proyecto LIFE
(2000NAT/E/7355) que en parte pretende erradicar Carpobrotus edulis de la
costa protegida de Menorca, por el peligro que supone para la flora autéctona
(http://www.cime.es/life/newlife/sp/portada.htm).

Respecto a la erradicacion de Carpobrotus en las islas Baleares,
también ha habido iniciativas del Ministerio de Medio Ambiente (en zonas del
litoral), de la Consejeria de Medio Ambiente del Gobierno Balear

(concienciacion sobre el problema de Carpobrotus spp. y una cartografia y
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erradicacion en el afio 1996, con sucesivas campafas anuales en Mallorca,
Menorca y las Pitiusas. También ha erradicado y controlado invasores en los
parques de S’Albufera, Sa Dragonera, Cabrera y Mondragd) y del GOB
(Grupo de Ornitologia Balear) e iniciativas particulares también relacionadas
con la concienciacion sobre el problema de Carpobrotus.

En cuanto a las acciones de regulacion juridica sobre estas especies,
hay que citar el Decreto del Gobierno Balear 125/95 del 24 de octubre sobre el
comercio de Caulerpa taxifolia, que es el primer antecedente de este tipo en

nuestras islas sobre plantas invasoras.

Aunque tanto el problema como la solucion pueden parecer
enormemente complejos, se nos presenta una oportunidad irrepetible de
responder con medidas que combinen la conservacion de la biodiversidad con
la proteccion de la salud y los medios de subsistencia de la poblaciones

humanas de todo el mundo (McNeely et al. 2001).
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Las islas Baleares no son una excepcion a este fenémeno global de
introduccidn de especies, todo lo contrario: desde la ocupacion humana de
estos territorios muchas especies vegetales han sido introducidas y muchas de
ellas se han incorporado a nuestra flora. En el caso de las islas Baleares existen
numerosos interrogantes acerca del origen del paisaje actual. La vegetacion
mediterranea occidental, no puede contemplarse Unicamente desde la
perspectiva de la evolucion climatica sino que es también atribuible a la
intervencion humana (Pérez-Obiol et al. 2000). Hay plantas de introduccion
muy antigua que no las sabemos diferenciar de las especies autdctonas, y
plantas introducidas que han pasado a formar parte de nuestro paisaje (como
es el caso de la cafia, las chumberas, los agrios o las palmeras). Del resto de
plantas exdticas introducidas, podemos encontrar las que se comportan como
especies invasoras, creciendo rapidamente y desplazando a la flora local: el
caso de la patata frita (Carpobrotus spp.) es una de las mas conocidas

En esta tesis se ha hecho una evaluacion del estado de la cuestion en
las Islas Baleares. Con una revision de la bibliografia actual y los datos de
campo acumulados hemos podido confeccionar el primer catalogo de las
especies de plantas vasculares introducidas en nuestra flora, y hemos podido
reconocer las especies mas abundantes y peligrosas (ver apartado 2.4 Habitat
distribution of exotic invasive plants on the Island of Mallorca (Spain). Alien
impact indexes).

Para cualquier botanico seria un suefio poder reconocer el paisaje que
habia antes de la llegada del hombre. Sabemos que se han producido
transformaciones muy profundas tanto de la flora como del paisaje. Tal vez

nos llevariamos algunas sorpresas importantes: algunas de las plantas que hoy
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en dia son vulgares tal vez no se encontraban, mientras que otras que eran
importantes en aquella época han desaparecido en la actualidad. Cuando se ve
la extraordinaria capacidad de colonizacidn que pueden tener algunas especies
de plantas y la capacidad de transformacién que tiene el hombre, nos damos
cuenta que todas las hipdtesis de cdmo era el pasado se parecen mucho a
aquella historia de un grupo de ciegos intentando describir un elefante, pero

cada uno cogiendo una parte diferente del animal.
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2.1.1. ¢Cuantas especies invasoras se encuentran en las

Baleares?

Alrededor de 308 especies, en las islas Baleares, se pueden considerar
como no nativas. Esto quiere decir que el 16 % de la flora total de las Islas son
especies naturalizadas o subespontaneas (sin considerar las plantas cultivadas,
los arqueofitos de los cuales falta mucha informacion y los taxones de origen
dudoso). Estas cifras son forzosamente provisionales, pues la entrada de
especies es constante y con el tiempo se iran incorporando nuevas especies;
por otro lado, muchas especies introducidas en tiempos antiguos son
dificilmente detectables como tal por la falta de datos, puede ser que en un

futuro se puedan ir reconociendo.

De este 16 %, solo un 9.5 % pueden ser consideradas especies
naturalizadas, mientras que el 6.4 % restante son subespontaneas o
adventicias. Esto representa que un 60.0 % del catdlogo de especies exoticas
son naturalizadas y un 40 % son subespontaneas (Fig. 1). Un 14,6 % de las
especies exaticas (45 especies) pueden recibir la consideracion de invasoras en
sentido amplio (Ver tabla 2 del capitulo 2.4. Pagina 177-178). De todas
maneras, algunas especies que hoy no son un problema inmediato podrian
llegar a ser invasoras en el futuro porque ya lo son en otras zonas del mundo
(ej: Lantana camara (forma parte de las 100 peores plantas invasoras (The 100
worst Invasive alien Species) publicadas por ISSG (Grupo de Especialistas de
Especies Invasoras) en el GISP (Programa global sobre especies invasores)
(http://www.issg.org/booklet.pdf), Cortaderia selloana y Pennisetum

setaceum entre otras).
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Plantas introducidas en las Islas Baleares

Sin embargo, hemos de destacar que estos calculos se han hecho sin
considerar muchos arqueofitos, basicamente porque no tenemos suficiente
informacién para saber cuales son, pero es cierto que muchas especies
introducidas por el hombre se hayan integradas en nuestros ecosistemas. Con
toda probabilidad la mayoria debian de ser de origen mediterraneo, por lo que
sabemos que infravaloramos la aportacion que nuestra region hace al conjunto
de la flora aloctona. Haciendo constar esto, hemos de hacer notar que en las
zonas donde se ha evaluado exhaustivamente el papel de los arquedfitos (como

en el Reino Unido o Chequia) la flora aloctona supera el 30 % de la flora total.

Subespontaneas
40%

Naturalizadas
60%

Figura 1. Numero de especies exaticas introducidas en las Baleares en funcion de su status en
el medio natural.
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Nuestros datos son un poco inferiores a los encontrados en otras islas,
especialmente de caracter oceanico. Por un lado, esto puede indicar una mayor
resistencia de los ecosistemas mediterraneos a la invasion de las especies
exoticas. Pero también es probable que infravaloremos las cifras, porque
muchas de las especies introducidas podrian ser de origen mediterraneo y
haber llegado en tiempos muy antiguos, y ahora pasan desapercibidas. En este
momento, no nos es posible discriminarlas de las que existen antes de la

colonizacién de las Baleares.

Datos similares a los encontrados en las islas y presentados en el
International Workshop: Invasive Plants in Mediterranean Type Regions of the
World. Méze (Hérault). France son: EI 15% de la flora total de Chile (690
spp.) corresponde a plantas exoticas, encontrandose el 57% de las mismas en
ecosistemas mediterrdneos (Bustamante et al. 2005). También el 15% de la
flora de Bulgaria son especies de origen antropogénico (1/4 son arqueofitos,
1/4 son neofitos y de la mitad restante no se tiene informacién suficiente). El
25,4% (141 plantas exdticas) del total de plantas presentes en la Reserva
Natural de Ernesto Tornquist provincial Park (Argentina) son plantas exdticas
que se establecen en ecosistemas naturales (Zalba et al. 2005). En Portugal,
méas del 15% del total de la flora son especies exoéticas (Marchante et al.
2005).
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2.1.2. Analisis de los biotipos y las familias

2.1.2.1. Formas Vitales

De acuerdo con la clasificacion de formas biologicas de Raunkjaer
(1934), los fanerdfitos (arboles, grandes arbustos, grandes plantas herbaceas)
representan la forma vital méas frecuente entre la flora introducida (34.4 %)
seguidos en una proporcion notable por las plantas de ciclo anual (terofitos),
con un 29.5 % (Fig. 2).

Hidréfitos Caméfitos
Terofitos 1% 13%

29%

anerofitos
35%

Hemicriptdfitos
12% Gedfitos
10%

Figura 2. Porcentaje de los principales biotipos en la xenoflora de las Baleares.
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Este patron es claramente desarmonico cuando se compara con la flora
autoctona, que se caracteriza precisamente por la falta de fanerdéfitos (8.5 %),
especialmente arboles, y una mayor proporcion de teréfitos (41.5 %) (Payeras
y Rita 2005) (Fig. 3).

41,45

40,00
34,54

29,28
30,00

22,37
20,00

% de especies

13805 g3 12,17

1000 | 10,81 g g7 8,45
3,11
0,00

Caméfitos Hemicriptofitos Fanerofitos
Geodfitos Hidrofitos Terofitos

Figura 3. Frecuencia de las formas vitales para las especies nativas (barras de color negro) y
las especies exdticas introducidas en las Baleares (barras punteadas). Entre las especies
exoticas predominan las especies arbustivas y las plantas anuales. Esta sobrerrepresentacién
de estas dos formas vitales se puede deber a la introduccién de &rboles ornamentales y plantas

de cultivos.

Hay que destacar que las plantas perennes normalmente son las
invasoras mas agresivas de los habitats naturales, y son un peligro emergente
para la vida silvestre de los ecosistemas (Crawley et al. 1997; Mack et al.
2000; Kriticos et al. 2003). Esta desarmonia muestra también que la flora

exotica no surge de un grupo de plantas cogidas al azar de la amplia fuente
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floristica del Mediterraneo; méas bien han sido fuerzas selectivas las que han
favorecido unas formas vitales sobre las otras. Los arboles y otras especies de
tamafio grande han sido seleccionados e introducidos con un uso especifico
(ornamental, medicinal, forestal, etc.), mientras que las especies anuales han
llegado sobretodo de forma involuntaria como contaminantes de las semillas

de las plantas cultivadas.

En las Baleares, los hidrofilos son un grupo muy poco importante; con
la excepcién de la cafia, planta invasora de torrentes y canales. Esto es
interesante porque en otros territorios hay problemas serios en las zonas

himedas por la presencia de especies invasoras.

No se puede dar un patrén morfoldgico comdn que caracterice todas o
la mayor parte de las especies al6ctonas de nuestras Islas. Mas bien hay un

abanico de formas que colonizan un ambiente u otro.

2.1.2.2 Familias

Podemos encontrar especies exoticas invasoras en todos los grupos
taxondmicos mas importantes. Estas especies se agrupan en 78 familias, 8 de
las cuales representan el 44 % del total (por orden de importancia: Asteraceae
10,16 %, Poaceae 7,5 %, Fabaceae 6,9 %, Solanaceae 5,3 %, Brassicaceae
4,3 %, Aizoaceae 3,9 % Amarantaceae 3,9 %, Labiatae 3,3 %) (Fig. 4).

73



49% 3%

BOTRAS
OASTERACEAE
OPOACEAE
OFABACEAE

B SOLANACEAE
BRASSICACEAE

B AIZOACEAE

B AMARANTHACEAE
B LABIATAE

5%

7%
56%
7%

10%

Figura 4. Porcentaje de las principales familias en la flora al6ctona de Baleares.

Datos similares se pueden encontrar en otras islas del mediterraneo
(Creta, Cércega, Malta y Cerdefia), donde las Caryophyllaceae, Asteraceae y
Poaceae son las familias con mayor nimero de especies exéticas y con mayor
promedio de abundancia (Lloret et al. 2005). Las Asteraceae y Poaceae
también fueron las familias mas importantes en nimero de representantes de

plantas exéticas a nivel nacional en el afio 2001 (Vila et al. 1999).

Esta distribucion de las plantas exoticas en grupos taxonomicos
principales, se puede explicar por la presencia de diferentes caracteristicas
morfoldgicas o atributos que favorecen la expansion de estos tdxones. Tales
como: la produccién elevada de semillas, la dispersion a largas distancias por
el viento, la nemocoria, largos periodos de floracion estival y métodos de
reproduccion asexual. La alta representacion de tdxones de la familia de las
Aizoaceae se puede explicar por su uso extensivo como plantas ornamentales

adaptadas al clima Mediterraneo y con escasas necesidades hidricas.
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Todas las plantas exoticas pertenecientes a las familias mas
representativas provienen de diversas areas de distribucion y abarcan todas las
formas vitales posibles. No existe entre ellas una pauta comun ni en origen
geografico ni en biotipos, sino que forman parte de un gran abanico de
diversificacion morfoldgica y ecoldgica. Podemos destacar que méas del 50 %
de las especies de cada una de las principales familias estan naturalizadas,
pudiendo llegar a cifras del 82-83 % en el caso de las Amaranthaceae y

Poaceae respectivamente.

75



2.1.3. Los ambientes colonizados y principales especies en las

Islas Baleares

Las especies exodticas invasoras estan causando enormes dafios a la biodiversidad
y a los valiosos sistemas agricolas naturales de los que dependemos (McNeely et
al. 2001).

Muchos de los datos que a continuacion se presentan estan extraidos
del articulo realizado para la isla de Mallorca (ver apartado 2.4.).

Los ambientes que se encuentran mas afectados (en término de nimero
de especies) por la invasion de especies exoticas son, por orden de
importancia: los margenes de caminos, los torrentes, los campos de cultivo vy,
en menor cantidad, las costas rocosas, los sistemas dunares y las zonas
humedas (Moragues and Rita 2003; Rita and Moragues 2003). A diferencia de
lo que pasa en otros medios insulares, se han encontrado valores muy bajos de
infestacion dentro de las comunidades lefiosas, como los bosques y las
garrigas. Parece que en nuestras islas mediterraneas los ambientes mas
maduros y estables se muestran muy resistentes a la invasion; por el contrario,
los habitats abiertos i/o permanentemente perturbados son los mas sensibles a

la invasion de las especies exdticas.

¢Porqué hay comunidades mas resistentes a las invasiones biologicas?
Las caracteristicas bidticas y abiéticas, tales como una elevada diversidad,
ecosistemas maduros, falta de perturbacion humana, una cobertura vegetal méas
densa (Rejmanek 1989) o la disponibilidad de los recursos (Stohlgren et al.

1999), presumen de ser los factores responsables de la resistencia de los
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ecosistemas. Por lo que, el éxito de la invasion depende tanto de las
caracteristicas de las especies invasoras como de las caracteristicas de los
ecosistemas invadidos (Heger and Trepl 2003). Asi, una especie puede

comportarse como invasora en un territorio y/o ecosistema y no serlo en otro.

En los torrentes hemos encontrado un elevado grado de infestacion de
especies no nativas gque, con toda probabilidad, se debe a la proximidad de los
nucleos urbanos, que facilitan la llegada y, después el establecimiento de las
especies gque no son propias de nuestra region mediterranea. También la mayor
humedad del suelo que en estas zonas puede darse en el verano facilita la
permanencia de especies que no son propias de climas mediterraneos. Por otro
lado, el régimen hidrico espasmddico, tan propio de nuestro clima, genera
perturbaciones constantes y provoca que estos ambientes tengan una cierta
equivalencia con las zonas alteradas por el hombre. Aunque es evidente, que
en los torrentes humanizados la infestacion es mucho mas importante que en
los torrentes bien conservados; en este sentido, las herramientas de limpieza de
los torrentes, para evitar inundaciones, pueden favorecer la penetracion de
exdticas en estas zonas. Muchos arboles se encuentran naturalizados en estos
tipos de habitats, como Ipomoea indica, Ailanthus altissima o plantas
herbaceas como Aster squamatus, Paspalum paspalodes y Mirabilis jalapa,
pueden ser muy comunes o invasoras (Tabla 1). Pero el caso méas grave es el
de Arundo donax (la cafia), que es una especie invasora dominante en muchos
torrentes de las tres islas mayores. La presencia de la cafia supone una
transformacion radical del ecosistema y la expulsion de la mayor parte de las
especies propias de estos ambientes. Esta especie forma parte de las 100
peores plantas invasoras a nivel mundial publicadas por ISSG

(http://www.issg.org/booklet.pdf). Plantas similares a las encontradas en los

7l



torrentes de las Baleares, también estan presentes en los torrentes de Portugal

(Aguilar et al. 2001).

Ailanthus altissima
Amaranthus hybridus
Amaranthus retroflexus
Apium graveolens
Artemisia verlotiorum
Arundo donax

Aster squamatus

Celtis australis
Chasmanthe floribunda
Clematis vitalba
Cyperus alternifolius
Fraxinus angustifolia

Ipomoea indica
Mirabilis jalapa
Paspalum paspalodes
Phytolaca americana
Platanus spp.
Populus spp.

Ricinus communis
Solanum lycopersicum
Spartium junceum
Tropaeolum majus
Ulmus spp.

Tabla 1. Especies introducidas mas frecuentes en los torrentes de las Baleares

La disponibilidad de luz, de suelo vacio y el pH del suelo son también

caracteristicas importantes para las especies exoticas que colonizan los

torrentes (Rose and Hermanutz 2004). Hay que decir, ademas, que estas areas

actian como corredores para la expansion de las especies exdticas (PySek and
Prach 1993; Planty-Tabacchi et al. 1996).

Afortunadamente, en las zonas himedas no hay, por el momento,

problemas graves a causa de la invasion de especies aldctonas (con la

excepcién de Arundo donax), como pasa en otros territorios (como es el caso

de la costa Cantabrica). Cotula coronopifolia se ha detectado desde hace

bastantes afios en la albufera de Alcudia, pero hasta el momento no se ha
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extendido de forma preocupante (sin que se pueda descartar que pueda hacerlo

en un futuro).

Los ambientes donde la invasion de especies aldctonas supone un
mayor riesgo para la biodiversidad son las costas rocosas, los acantilados vy,
en menor medida, los sistemas dunares, no tanto por el nimero de especies
como por su comportamiento invasor en zonas muy Vvulnerables.
Efectivamente, estos ambientes son ricos en especies endémicas y amenazadas
y, al mismo tiempo, presentan estructuras abiertas en las que las especies
exoticas pueden instalarse. Estos ambientes son invadidos, principalmente, por
especies perennes de hojas y tallos suculentos, especialmente adaptadas a
climas semiaridos: Opuntia spp., Agave americana, Aloe spp. y Carpobrotus
spp. (Tabla 2). En las costas de Menorca también se ha encontrado
Pittosporum tobira (Pere Fraga, com. per.), que no responde al patron de este
grupo. Algunas de estas especies se comportan realmente como invasoras,
afectan seriamente el funcionamiento de las comunidades nativas y amenazan

la supervivencia de algunas especies endémicas exclusivas de estas areas.
Asi, el problema generado por Carpobrotus spp. en nuestras costas es

tan importante que se han desarrollado diferentes iniciativas para erradicarlo,

como se ha comentado en otros apartados.
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Aeonium spp.

Agave americana

Aloe spp.

Aptenia cordifolia
Carpobrotus spp.
Disphyma crassifolium
Ficus carica
Limoniastrum monopetalum
Opuntia spp.

Pittosporum tobira
Senecio cinerarea
Stenotaphrum secundatum

Tabla 2. Plantas introducidas mas frecuentes en la costa rocosa, dunas y acantilados de
Baleares

La parte interior de las garrigas y bosques ha sido, hasta el momento,
poco afectada por la presencia de especies exoticas. Parece que nuestros
ecosistemas lefiosos son bastantes resistentes a la penetracion de estas especies
y, puede ser, que solo las plantas de origen mediterraneo puedan llegar a ser
un problema en el futuro. Es el caso, por ejemplo, de Spartium junceum, sus
poblaciones aparentemente se estan incrementando y podrian introducirse en
zonas forestales si se diese una perturbacion fuerte (por ejemplo un incendio)
en las zonas que ya ocupa. Algunas especies como Opuntia maxima, Agave
americana, Aloe arborescens, Lantana camara, Senecio angulatus, Anredera
cordifolia, etc. pueden ocupar las zonas periféricas de bosques y garrigas, a

menudo al lado de urbanizaciones y carreteras.
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En los ambientes mas perturbados por el hombre, como son los
margenes de caminos y los campos de cultivo, son colonizados por un
amplio nimero de especies aloctonas, muchas de las cuales son de origen
americano y de ciclo anual (teréfitos). Muchas de estas especies desarrollan su
ciclo vital durante el verano y principios de otofio, un tiempo en el cual la flora
mediterranea se encuentra en una fase de latencia (bulbos, semillas, etc.). Estas
plantas aprovechan este «vacio» tan caracteristico de la vegetacion
mediterranea: ocupan el mismo territorio que las especies locales y se alternan
en el tiempo. Muchas de estas especies pertenecen a la familia de las
asteraceas, que se dispersan facilmente por anemocoéria (Aster squamatus,
Conyza bonariensis, C. sumatrensis), a las amarantaceas (Amaranthus
blitoides, A. retroflexus, A. hybridus) y euforbiaceas (Chamaesyce postrata,
Ch. serpens, etc.) (Tabla 3). Estas «malas hierbas» no suelen ser consideradas
invasoras en sentido estricto porque tienen pocas capacidades de colonizar los
ambientes poco perturbados y su tiempo de floracién no parece que afecte el
desarrollo de la flora local, al margen de alguna importante excepcion como es

el caso de Oxalis pes-caprae, que florece en invierno.
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Tabla 3. Especies introducidas mas frecuentes en los campos de cultivo, margenes de caminos

Abutilon theophrastii
Acacia spp.

Agave americana
Ailanthus altisima
Amaranthus spp.
Anredera cordifolia
Artemisia arborescens
Aster squamatus
Bromus catharticus
Ceratonia siliqua
Cercis siliquastrum
Chamaesyce spp.
Conyza spp.
Cortaderia selloana
Datura spp.
Echinochloa colonum
Lantana camara
Lonicera japonica

Mesembryanthemum cristalinum

Melia azedarach
Mirabilis jalapa

Myoporum tenuifolium
Nicotiana glauca

Nosthoscordum borbonicum

Oenothera rosea
Opuntia maxima
Oxalis pes-caprae
Parkinsonia aculeata
Pennisetum spp.
Phoenix spp.
Phytolacca americana
Prunus dulcis

Punica granatum
Robinia pseudoacacia
Senecio angulatus
Setaria parviflora
Solanum bonariense
Solanum linnaeanum
Sorghum spp.
Spartium junceum
Vitis vinifera
Xanthium spp.

y zonas alteradas de las Baleares

aumente la vulnerabilidad de las comunidades a la invasion (McNeely et al.

2001).
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2.1.4. El origen de las plantas exoéticas en las Baleares

En general, las especies de origen no europeo son las exdticas mas
abundantes en las Baleares (Mallorca y Menorca) y en otras islas del
Mediterraneo (Lesvos, Rodas, Creta, Malta, Cdrcega y Cerdefia) (Lloret et al.
2004). Menos de un 10% de las especies aloctonas de las Baleares son de
origen europeo (en contraposicion con lo que pasa en el Reino Unido
(Crawley et al. 1997), pero si afiadimos las especies exdticas mediterrdneas
(ya que la mayoria se encuentran también en la zona europea), entonces
podriamos considerar que cerca de un 30% pertenecen a nuestro entorno
geografico. Aun asi, no superan las de origen americano, que suman el 32% de
las exoticas de las Islas (a nivel peninsular suponen un 38% (Sanz et al. 2004).
Africa con un 16% y Asia con un 9% son otras zonas que aportan especies
exoticas (Fig. 5). Estas cifras, no hacen mas que confirmar que la mejor
adaptacion de un xenofito esta ligada a la afinidad climatica con la regién de

procedencia (Fraga et al. 2004).

PySek et al. (2003) estudio la secuencia temporal de la llegada de
especies exoticas a la Republica Checa: Las especies de origen Europeo, las de
introduccién deliberada (no accidental) y las cultivadas (no ornamentales)
fueron las primeras en llegar, principalmente las especies anuales y las de

floracién temprana.
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Figura 5. Clasificacion segun el origen biogeografico de las especies introducidas en las

Baleares.

Las plantas de origen mediterrdneo presentan ciertas dificultades de ser
reconocidas como introducidas, ya que se encuentran dentro de su area
geografica y a menudo su origen es dudoso. La interpretacion de los cambios
producidos en el paisaje vegetal de las Baleares viene determinado, en parte,
por la cuantificacion de la influencia antropica (Pérez-Obiol et al. 2000).
Algunas de introduccion antigua estdn completamente integradas en nuestro
paisaje como pasa con muchos arboles, como es el caso del algarrobo
(Ceratonia siliqua), el almez (Celtis australis) o la higuera (Ficus carica), el
territorio original del cual ya no se sabe con certeza; o con plantas que
seguramente tuvieron un uso en el pasado, como el ajenjo de montafa
(Artemisia arborescens), o que todavia lo tienen hoy en dia, como pasa con la

vid (Vitis vinifera) o la zulla (Hedysarum coronarium). También muchas
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plantas mediterraneas fueron introducidas en los jardines, como el acanto

(Acanthus mollis) o los canarios (Spartium junceum).

Actualmente, también pasa que especies autoctonas son utilizadas en
jardineria, y a partir de los jardines se estdn formando poblaciones nuevas
donde dificilmente llegarian de forma natural; en el peor de los casos estas
poblaciones de origen aldctono pueden estar constituidas a partir de razas
genéticas diferentes y ser un foco de contaminacion genética de las razas
locales (estd pasando con Santolina chamaecyparissus, por ejemplo? o con

Euphobia paralias en la restauracion de dunas en Formentera?).

Algunos ejemplos de plantas mediterraneas de las cuales tenemos
serias dudas de que sean realmente nativas, y que pensamos que podrian ser de
introduccidn antigua pero que no estan documentadas, son: Cyperus rotundus
L., Amaranthus graecizans L. subsp. sylvestris (Vill.) Brenan., Digitaria
sanguinalis (L) Scop., Echinochloa crus-galli (L.) Link., Panicum repens L.,
Portulaca oleracea L., Ecbalium elaterium A. Richard, Tribulus terrestres L.,
Lygeum spartum L., Stipa tenacissima L. (en Ibiza), Heliotropium europaeum
L., Anagyris foetida L., Conium maculatum L., Withania somnifera (L.)
Dunal, Hyoscyamus albus L., Papaver somniferum L. subsp. setigerum (DC.)

Arcangeli y Vinca difformis Pourr.

Por otro lado, a veces se pone en duda el origen autdctono de especies
mediterraneas utilizadas por el hombre desde tiempos seculares. Los casos
mas paradigmaticos son los del pino blanco (Pinus halepensis) y el acebuche
(Olea europaea), pero los registros de sedimento polinico de los niveles
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anteriores a la llegada del hombre no dejan duda de su condicion como nativos
(Burjachs et al. 1994; Gil et al. 2002).

El espectacular desarrollo de los valores de Olea desde los 6.000 afios
AC son indicativos de la importancia paisajistica del acebuche (YII et al.
1995). En la isla de Menorca, los registros polinicos obtenidos reflejan la
presencia, relativamente elevada, de Pinus durante el periodo Boreal e inicios
del Atlantico, que segun los autores quedaria atribuida a aportes llegados del
continente (YII et al. 1995). Desde los 1.500 afios AC hasta el presente,
quedarian reflejadas las formaciones vegetales actuales de caracter arbustivo
que imperan en gran parte de la isla de Menorca dominadas por Quercus
coccifera y Olea europaea var. sylvestris, con un escaso recubrimiento
arbéreo de Pinus halepensis (YlI et al. 1995). El caso de la encina carrasca
(Quercus ilex subsp. ballota) en Ibiza también ha sido polémico, ya que
autores tan relevantes como Oriol de Bolos (1996) y Salvador Rivas Martinez
(1987) tienen opiniones contradictorias: el primero a favor de que se trata de
una especie introducida en esta isla (criterio que nosotros compartimos) y el
segundo opina que se trata de una especie autoctona (de hecho vive en la costa
peninsular cercana). A pesar de esto, nos muestra la dificultad para tener
criterios solidos para evaluar correctamente estas especies sin datos
paleobotanicos. Aunque hay que tener en cuenta que para determinar el origen
antrdpico de las especies se deberia observar que existen una serie de cambios
idénticos en una misma region en fechas variables, sin ningun orden natural; y
al mismo tiempo los cambios deben estar marcados por testigos de la actividad
humana (polen de plantas segetales, ruderales, nitréfilas, etc. (Pérez-Obiol et
al. 2000).
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2.1.5. Medidas de gestion

Sin duda la mejor estrategia es prevenir la introduccién de especies exdticas que

puedan convertirse en invasoras (McNeely et al. 2001).

Una vez que las plantas introducidas se han vuelto invasoras, la
erradicacion es muy dificil y en cualquier caso muy costosa economicamente.
La manera mas eficaz de evitar llegar a este punto son los protocolos de
actuacion de caracter preventivo que podrian evitar algunos de estos

problemas.

La mayor parte de la literatura aconseja realizar actuaciones de
prevencion para poder afrontar el problema en sus fases iniciales de
infestacién, momento en el cual no hay una urgencia inmediata y las acciones
se pueden hacer con cierta planificacion. Estas actuaciones han de poder
discriminar el hecho de que algunas plantas son conscientemente introducidas
(se recomienda la normalizacion de los andlisis de riesgos y de los
procedimientos de gestion de riesgos, por ejemplo, tomando como punto de
partida los andlisis y los procedimientos de gestion de riesgos desarrollados en
el marco del Protocolo de Cartagena del CDB (McNeely et al. 2001) mientras
que otras llegan de forma no intencionada (entonces son precisos mecanismos
de vigilancia y respuesta rapida mediante sistemas de cooperacion con los
sectores del comercio, turismo, gobierno...). De todas formas, sabemos que
algunas especies ya son invasoras y se han extendido por nuestro territorio:
tampoco podemos dejarlas de lado, sino que también se pueden realizar
actuaciones para reducir el problema que generan, con una cierta modulacion

en funcion de la capacidad para abordar este problema y en funcion de su
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gravedad, por lo tanto, es necesario establecer una prioridad en las actuaciones

de erradicacion.

Todo esto parece mucho mas sencillo si existieran unos programas de
concienciacion social a favor de la erradicacion de las especies invasoras, y
para la investigacion con el fin de conocer los mecanismos de invasion y la
distribucion de estas especies. La concienciacion del publico, la legislacién, la
informacion, la gestion, la educacion, y la formacion son areas esenciales en
las que hay que trabajar (McNeely et al. 2001, Mohler 2001).

En definitiva, es necesario una especie de plan que aborde el problema
de las especies aldctonas de una forma integral. Este plan puede aprovechar
los principios establecidos de forma internacional, como por ejemplo la Global
Strategy on Invasive Alien Species del Global Invasive Species Program
(GISP) 2001 (http://www.gisp.org) o la Guia para la elaboracion de marcos
juridicos e institucionales relativos a las especies exdticas invasoras de la
UICN (2000).

Por nuestra parte, y sobre la base de lo que acabamos de decir,
proponemos las medidas de actuacion siguientes:
1. Deteccion

Una “alerta temprana”: la capacidad de predecir donde se podria
producir la invasién de una especie exdtica y predecir qué especies podrian

convertirse en invasoras en un area determina (McNeely et al. 2001).
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Descubrir las especies que podrian llegar a ser invasoras en las fases
iniciales de infestacion es uno de los retos mas importantes y mas eficientes.

Para realizar esto seria necesario disponer de:

- Una lista de especies que podrian ser peligrosas (Tabla 4).

- Un manual de identificacion de estas especies.

- Una red de vigilancia compuesta por personas que en su actividad
diaria habitual (agentes de medio ambiente, por ejemplo) puedan
reconocer y avisar cuando observen alguna de las especies de la
lista sefialadas en los puntos anteriores.

- Unos cursos de formacion para los miembros de la red de

vigilancia.

2. Erradicacion de especies peligrosas poco dispersas

Una vez detectadas las poblaciones de especies peligrosas, seria
necesario hacer planes de actuacion para erradicarlas, siempre sobre una base

cientifica. Los pasos a realizar podrian ser:

- Crear una base de datos de localidades donde se han observado
especies potencialmente invasoras y que se puede ir enriqueciendo
con las observaciones que los miembros de la red de vigilancia
puedan hacer a lo largo del tiempo.

- Disefiar un plan de erradicacion teniendo siempre en cuenta las

implicaciones que podria causar a los ecosistemas.
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- Hacer actuaciones de erradicacion sobre especies concretas alli
donde sea posible (contando con la autorizacion de la propiedad,
zonas accesibles, etc.) y con el asesoramiento constante de un
grupo cualificado de técnicos.

- Hacer un seguimiento de las localidades donde se han hecho
actuaciones para evitar la recolonizacion y garantizar la

erradicacion.

Abutilon theophrasti Kalanchoe daigremontiana
Aeonium arboreum Lantana camara

Agave spp. Limoniastrum monopetalum
Ailanthus altissima Lonicera japonica

Aloe spp. Mirabilis jalapa

Anredera cordifolia Myoporum tenuifolium
Artemisia arborescens Nicotina glauca

Arundo donax Opuntia spp.

Carpobrotus spp. Parkinsonia aculeata
Chasmanthe floribunda Paspalum paspalodes
Clematis vitalba Pennisetum spp.
Cortaderia selloana Pittosporum tobira

Cotula coronopifolia Ricinus communis
Cuscuta campestris Senecio angulatus
Cyperus alternifolius Solanum linnaeanum
Disphyma crassifolium Spartium junceum
Eschscholzia californica  Stenotaphrum secundatum
Helianthus tuberosus Tropaeolum majus

Ipomoea indica

Tabla 4. Especies introducidas en las Baleares que merecen algln tipo de actuacion para su
control. En negrita las especie que consideramos que tienen prioridad (se han incluido algunas

que son poco frecuentes, y se necesita evaluar su comportamiento y distribucion).
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3. Erradicacion en los espacios naturales protegidos

Sabemos que algunas especies son de erradicacion imposible, o al
menos extremadamente costosa. Pero en algunos casos la erradicacion puede
ser viable en zonas concretas a causa de su valor como espacio natural
protegido o por la presencia de especies 0 ambientes sensibles. EI proceso de

actuacion podria consistir en:

- ldentificacion de especies y zonas donde existen problemas
concretos por la presencia de especies invasoras.

- Redaccion de planes de actuacién disefiados para estas zonas y
especies en concreto.

- Ejecucion y seguimiento de los planes anteriores.

4. Limitacién del comercio de especies de jardineria peligrosas y de otras

actividades que pueden favorecer la expansién de las especies invasoras

Sabemos que muchas de las especies invasoras son introducidas como
plantas de jardineria (Tabla 5). Pero la realidad, es que el nimero de especies
peligrosas es muy pequefio frente a la cantidad de especies utilizadas en
jardineria. Por tanto, el problema no es de caracter general sino concreto
respecto de un namero reducido de especies. En este sentido se considera
necesaria una regulacion del comercio que pueda prevenir la llegada de las
especies que puedan generar problemas, como se ha hecho en otras zonas (sin
entrar en la oportunidad de regular las cuarentenas de una forma méas genérica,
ver Schrader and Unger 2003).
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Crear un catalogo de especies de jardineria que son peligrosas por
su comportamiento como invasor (ver tabla 5: Principales especies
de jardin potencialmente invasoras).

Regular juridicamente las precauciones que hay que tener con el
comercio de las especies catalogadas, con una graduacion del nivel
de control (que puede ir desde la prohibicion total hasta la
necesidad de autorizaciones para la entrada en las Islas).

Regular juridicamente el mantenimiento de jardines con especies
potencialmente peligrosas.

Regular juridicamente algunas actividades que puedan resultar
peligrosas para la expansion de especies invasoras (jardineria cerca

de zonas sensibles, limpieza de torrentes, etc.).

5. Divulgacién

La regulacion o las actuaciones de erradicacion necesitan soporte social

para que puedan tener éxito. La sociedad en general ha de recibir la

informacidn necesaria para que puedan conocer el problema de les especies

invasoras y puedan cambiar su percepcion de algunas plantas invasoras

(también es vélido para los animales). Asi, las actuaciones de divulgacion son

imprescindibles casi antes de comenzar las actuaciones concretas. Los casos

de Carpobrotus spp. y Caulerpa taxifolia han tenido suficiente resonancia

para partir de un sustrato que ya estd un poco maduro, y por tanto esta

informacion puede llegar con mas facilidad.

92



Acacia spp.

Aeonium arboreum

Agave americana

Agave sisalana

Ailanthus altissima

Albizia lophantha

Aloe arborescens
Anredera cordifolia
Cardiospermum grandiflorum
Carpobrotus acinaciformis
Carpobrotus edulis
Chasmanthe floribunda
Coronilla glauca
Cortaderia selloana
Cyperus alternifolius
Disphyma crassifollium
Drosanthemum floribundum
Drosanthemum hispidum
Eichhornia crassipes
Eschscholzia californica
Freesia refracta
Helianthus tuberosus
Ipomoea indica

Ipomoea purpurea
Kalanchoe daigremontiana
Lampranthus multiradiatus

Lampranthus roseus
Lantana camara
Limoniastrum monopetalum
Lippia filiformis

Lonicera japonica
Malephora purpureo-crocea
Melia azedarach
Mirabilis jalapa

Morus alba

Myoporum tenuifolium
Opuntia dillenii

Opuntia microdasys
Opuntia subulata
Parkinsonia aculeata
Pennisetum clandestinum
Pennisetum setaceum
Phoenix canariensis
Pittosporum tobira
Robinia pseudacacia
Senecio angulatus
Senecio cineraria
Solanum bonariense
Spartium junceum
Stenotaphrum secundatum
Sternbergia lutea
Tropaeolum majus

Tabla 5. Principales especies de jardin potencialmente invasoras.
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6. Investigacién y sequimiento

Este trabajo es un punto de partida en el conocimiento de la flora
introducida, pero hemos de ser conscientes que nos queda mucho por conocer.

Seria necesario hacer estudios especificos sobre:

- Distribucion de las especies problematicas.

- Dinamica de las poblaciones y biologia de la reproduccion de
algunas de las especies para saber si su poblacion se incrementa o
es estable.

- Efectos sobre los ecosistemas de las especies de las cuales se
sospecha que pueden generar problemas ambientales.

- Métodos de erradicacion de las especies que se consideran que
merecen planes especificos de erradicacion.

- Actualizaciones de los catalogos elaborados por islas.
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Catéalogo de la Flora Balear introducida

2.2 Catalogo de la flora vascular introducida en las islas
Baleares

E Moragues y J Rita

OXALIS PES-CAPRAE

Documents Tecnics de Conservacio 112 época, nim 11
(2005). Conselleria de Medi Ambient. Bovern Balear
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A continuacion presentamos el Catalogo de las plantas introducidas de
las Islas Baleares. Esta lista es el fruto del trabajo de campo y una revision
bibliografica que recoge la opinion de diversos autores que han trabajado en
las islas. Son especialmente notables las aportaciones de O. de Bolos et al. en
su Flora de les Illes Balears, F. Bonafé en su Flora de Mallorca, Pla et al. en
su Cataleg de la Flora de les llles Balears y Fraga et al. en el Cataleg de la
Flora vascular de Menorca. El presente catdlogo se considera forzosamente
como provisional, como pasa con todos los catalogos, pero en este caso con
mas motivo porque la llegada de nuevas especies introducidas es un hecho que
se da constantemente. Aunque de todos modos, las especies mas importantes
se encuentran en este catadlogo. También se ha afiadido informacién que
consideramos relevante sobre cada taxon, como es la familia a la que
pertenecen, su origen geogréfico y la forma vital; también se ha dado una
valoracién sobre si las especies con subespontaneas o naturalizadas. Hemos
unificado en un unico simbolo las categorias Subespontanea y Adventicia
dadas las dificultades que hay para adjudicar esta diferencia entre todas las
especies. De la misma manera, la separacion entre Subespontaneas y
Naturalizadas tampoco es siempre clara, por lo que dejamos esta opinién como
un punto de partida para la discusion. Las especies aloctonas con poblaciones

naturales de origen autdctono o dudoso aparecen indicadas con un asterisco (*)
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2.2.1. Nuevas citas de flora exética naturalizada en las Baleares

* Plantas citadas en la literatura como especies cultivadas.

1. Agave sisalana Perrine: Urbanizacién del Cap Regana, en garriga
cerca del acantilado (31S-DD 477-4363 ). Litoral rocoso en Punta
Negra (bahia de Palma) (31S-DD 461-4375). Cala Figuera (31S-FE
609-4415) y en matorral costero en Cala Llonga (31S-FE 610-4416) en
el puerto de Mad (Menorca).

2. Albizia lophantha (Willd.) Benth.: dos individuos en la carretera de
Esporles (31S-DD 460-4380). Puerto de Andratx en el margen de un
campo de cultivo (31S- 447- 4379)

3. Amaranthus blitum L.: Rara en una acequia en la Puebla (31S-EE
504-4404). Acera en el pueblo de Villacarlos en Menorca, rara (31S-
FE 610-4415).

4. Artemisia verlotiorum Lamotte: Rara en el torrente de Sant Miquel a la
entrada de la Puebla (31S-EE 500-4403). Rara en torrente (31S-ED
528-4377). Rara en campo de cultivo (31D-DD 49-437).

5. *Asparagus asparagoides (L.) Druce: Cuneta a la entrada de Génova
(31S-DD 465-4379). Garriga en un camino detrds del castillo de
Bellver (31S-DD 465-4375).

6. *Asparagus officinalis L.: Individuo fructificado en el interior de una
zona himeda (31S-EE 507-4413).

7. Bromus catarthicus Vahl: 1. Localmente abundante en campo de
cultivo entre Sa Pobla y Buger (31S-EE 500-4401). De forma puntual
en el margen de carreteras (31S-DD 480-4380), (31S-DD 467-4377) y
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10.
11.

12.

13.

14.

ocasional en cultivos (31S-DD 462-4391). En la isla de Menorca en
S’hort de San Joan (31S-FE 607-4417).

Cardiospermum grandiflorum Swartz. En cuneta y margen de
matorral a la entrada de la ctra. de Génova (31S-DD 465-4379).
Centaurea cyanus L.: Atalix, campo de cultivo en Menorca (31S-EE
590-4418)

Chasmanthe floribunda (Salisb.) N.E.Br.: Rara en un camino ante

s de llegar a la Cala San Viceng (31S-EE 504-4418) y en las afueras de
Palma (31S-DD 46-438) y (31S-DD 47-438). De forma ocasional en el
torrente de Esporles (31S-DD 464-4391) y en el interior del matorral
de la urbanizacion del Cap Regana (31S-DD 478-4363).

*Colocasia esculenta (L.) Schoott: Rara como subespontanea en el
torrente de Esporles (31S-DD 464-4391).

*Cortaderia selloana (Schult.) Ach. et Gr.: Planta de distribucion
ocasional y de pocos individuos en los margenes de caminos y
carreteras. La podemos encontrar de forma localmente abundante en el
centro de la isla de Mallorca (cuneta) (31S-ED (500000-4380000). Dos
localidades en zonas humedas: Alcudia (31S-EE 511-4410) y en la
desembocadura del torrente d’en Boqueres en Porto Petro (31S-ED
518-4357). También es frecuente verla de forma aislada en varios
torrentes de la isla de Mallorca: (31S-ED 51-439), (31S-ED 52-439),
(31S-DD 45-437), (31S-DD 46-439), (31S-ED 52-436), (31S-ED 52-
437) y en el margen de zonas con matorral (31S-DD 46-437). Cunetas
de la carretera des Grau (Menorca) (31S-FE 606-4419)

*Cyperus alternifolius L. subsp. flabelliformis Kiik.: Unicamente la
hemos encontrado asociada a cursos de agua muy humanizados: (31S-
DD 464-4391) y (31S-DE 475-4402).



15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Datura ferox L. Un individuo en un campo degradado en la ctra del
Cabo Blanco frente a Ca’s Buso (31S-DD 485-4361) y en el torrent
Gros del pont d’Inca (31S-DD 473-4384).

Datura innoxia Miller: En campo de cultivo a las afueras de Felanitx
(31S-ED 514-4369) y en la carretera del Cabo Blanco en Ca’s Buso
(31S-DD 485-4361).

Echinochloa oryzoides (Ard.) Fristh: 1: Localmente abundante en una
acequia en la Puebla (31S-EE 504-4404) y (31S-EE 505-4403).
*Eriobotrya japonica (Thunb.) Lindl.: Normalmente encontramos
siempre individuos aislados subespontaneos en margenes de caminos
(31S-ED 52-437) y torrents (31S-ED 50-437), (31S-ED 52-437).
*Eschscholzia californica Cham.: Zonas degradas cerca de
Valldemossa (31S-DD 465-4390) y (31S-DD 463-4394).
Gomphocarpus physocarpus E. Mey.: Cuneta (31S-ED 515-4359).
*Gossypium hirsutum L.: Cuneta a la salida del puerto comercial de
Pollenca (31S-EE 513-4411).

*Helianthus tuberosus L.: Rara en la cuneta de la carretera de
Esporles (31S-DD 46-439) y localmente abundante en el torrente de
Muro antes de llegar a Llubi (31S-DD 499-4394).

*Kalanchoe daigremontiana R Hamet & H Perrier: En Sant Tem costa
rocosa (31S-DD 444-4381), Bahia de Palma (31S-DD 46-437), Camp
de Mar (31S-DD 449-4376), torrente (31S-DE 47-440) y cuneta (31S-
DD 44-438), Son Termes (31S-DD 470-4390. Puerto de Ciutadella
(Menorca) (31S-EE 570-4428). Sa Canal en Ibiza (31S-CD 359-4300).
Kleinia neriifolia Cav.: En cuneta a la entrada de Cala Llamp (31S-
DD 447-4376).
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25.

26.

27.

28.

29.
30.

31.

32.

Opuntia dillenii (Ker-Gawter) Haw.: Puerto de Cabrera (31S-DD 494-
4334). Coves d’Arta (31S-ED 538-4389)

Opuntia microdasys (Lehmann) Pfeiffer.: Localmente abundante en
garriga, cerca del Cap regana (31D-DD 478-4362).

Oxalis articulata Savigny: En un campo de cultivo en el parque natural
de Mondrag6 (31S-ED 516-4356) y en la cuneta de la carretera de
Puigpuyent (31S-DD 467-4385),

Parkinsonia aculeata L.: La mayoria de individuos se encuentran
aislados en margenes de carreteras: (31S-DD 45-437), (31S-DD 45-
438), (31S-DD 48-437), (31S-DD 47-438), (31S-DD 45-439), (31S-ED
52-437), (31S-ED 53-437), (31S-ED 51-437), (31S-ED 51-438) y en
algunas ocasiones en el margen de zonas de matorral (31S-ED 52-437).
Son Oleo en Ciutadella (Menorca) (31S-EE570-4427). Cala Llonga en
Ibiza (31S-CD 372-4313).

Paspalum dilatatum Poiret: Planta rara en torrente (31S-EE 50-440).
Pennisetum cladestinum Chiov.: Localizada en diferentes ambientes
muy humanizados. Torrentes: (31S-ED 50-438), (31S-ED 52-437),
costa rocosa (31S-DD 49-435) (31S-ED 52-437), sistema dunar (31S-
ED 52-437), margenes de caminos (31S-ED 52-438), y zonas
asociadas a jardines como a la entrada de la urbanizacién Mayoris en la
carretera del Cabo Blanco (31S-DD 479-4367), en una cuneta cercana
a la clinica Planas (31S-DD 469-4383) o a la entrada de la
urbanizacion Nova Valldemossa (31S- DD 463-4393).

Pennisetum setaceum (Forsk.) Chiov.: Cuneta (31S-DD 471-4382).
Carretera de Sa Mesquida en Mad (Menorca) (31S-FE 607-4417).
Phytolaca polyandra Batalin: 21: Planta asociada a torrentes.

Frecuente en el torrente de Bunyola en la carretera de Soéller (31S-DD



33.

34.

35.

36.

471-4387) y (31S-DD 473-4391) y rara en cultivo cerca de Raixa (31S-
DD 472-4391).

Podranea ricasoliana (Tanfani) Sprague: 21: Planta subespontanea.
Localmente abundante en torrentes (31S-DD 464-4392), (31S-DD 462-
4376) y en matorral (31S-DD 44-437). De forma mas puntual en
marges de caminos (31S-DD 45-439), (31S-ED 51-435), (31S-ED 51-
436), (31S-ED 52-435), (31S-DD 48-439), (31S-ED 50-437) y cultivo
(31S-ED 53-439). En S’Esgleieta (31S-DD 469-4389).

Senecio angulatus L. f.: Ocasional en cunetas (31S-EE 50-441), (31S-
ED 51-435), (31S-DD 476-4370). En margenes de garrigas (31S-EE
50-441), (31S-DE 49-440) y localmente abundante en (31S-DD 44-
437). También asociada a margenes de torrentes humanizados (31S-ED
52-439), carretera de Esporles (31S-DD 46-439), (31S- DE 48-441)...
y rara en ambientes de costa rocosa (31S-ED 53-439) y (31S-DD 49-
435). Cala Llonga, Menorca (31S-FE 610-4416).

Setaria parviflora (Poir.) Kerguélen: Cuneta (31S-ED 51-436), (31S-
ED 51-439), (31S-DD 49-439), (31S-DD 46-438), (31S-ED 50-436),
(31S-ED 52-437) y torrentes (31S-DD 47-437) y en San Lloreng des
Cardassar (31S-ED 524-4384).

Washingtonia sp.: Individuos aislados en margen de camino en el port
dels anglesos (31S-EE 510-4405) y en la acequia de la Font de la Vila
(31S-DD 470-4388).
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Species tributes and invasion success by alien plants

2.3 Species attributes and invasion success by alien

plants on Mediterranean islands
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NICOTIANA GLAUCA

Journal of Ecology (2005) 93, 512- 520
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Resumen de la parte realizada en Mallorca

En el articulo completo (ver pagina 134) se aborda la importancia de
los atributos bioldgicos implicados en el éxito de la invasion de las plantas
invasoras en cinco islas de Mediterraneo (Cerdefia, Cdrcega, Creta, Malta y
Mallorca). A continuacién se resume la parte correspondiente a Mallorca en la

que hemos trabajado.

La finalidad de este trabajo es contestar a las siguientes preguntas: (1)
¢tienen las plantas exdticas algun tipo de atributo que se pueda relacionar con
el éxito de la invasion en el Mediterraneo?, (2) ¢puede la covariacion entre
estos atributos permitir establecer de forma definida el sindrome de invasion?,
y (3) ¢(cambia la relevancia de los atributos “invasores” en funcién de la
habilidad de las especies para establecerse en diferentes tipos de habitats?.

Material y métodos

El listado de plantas exoticas utilizado en este trabajo es el resultado de
las observaciones de campo que realizamos durante el otofio-invierno de 2002.
De las 185 plantas actualmente naturalizadas en nuestros ecosistemas naturales
de Mallorca, s6lo se consideraron 162 especies exdticas conocidas en esa
fecha. No se incluyen las plantas exdticas cultivadas o casuales, hibridos,

subespecies y taxones de origen desconocido.

De todas las especies exéticas, foco de estudio, se seleccionaron 15

categorias y atributos potencialmente relacionados con el éxito de las
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invasiones: 8 de ellas corresponden a caracteristicas vegetativas (longevidad,
propagacion vegetativa, tamafio de la hoja, espinescencia, pubescencia,
suculencia, forma vital y altura) y 7 a rasgos reproductivos (tipo de
reproduccion, polinizacion, época de floracion, duracion de la floracion, tipo
de fruto, tamafio de la semilla y modo de dispersién). EI ambiente donde vive
cada exdtica (ruderal, cultivos y areas naturales) y su abundancia (indice
DAFOR de Tansley) fueron otras caracteristicas también utilizadas en los

analisis.

Las relaciones entre la abundancia de plantas exoticas introducidas y
sus atributos fueron analizadas mediante modelos lineales generalizados
(GLM). También se realizaron modelos de multivariantes que incluyeron el
grupo taxondmico y los atributos de las especies. Estos analisis fueron
realizados para el promedio de la abundancia y para la abundancia de plantas
exoticas introducidas estimada en cada isla. Se fueron desarrollando diferentes
modelos para el conjunto de las especies y para los subgrupos en funcion del
habitat. Para testar la hipotesis de que un conjunto de caracteres comunes
puede representar un ‘sindrome de invasion’, se realizaron andlisis cluster
considerando sélo los atributos que producen efectos significativos en los
modelos construidos. Después de situar cada especie en un cluster
determinado, se compard la abundancia media de las especies entre clusters
mediante un ANOVA Diferencias significativas en la abundancia media entre
la especies apoyaria la idea de sindromes particulares ligados al éxito en la
invasion mientras que su ausencia sugeriria que dicho éxito deberia explicarse

mas para cada atributo o para combinaciones simples de atributos.
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Resultados

Considerando el listado de plantas exoéticas de las 5 islas del
mediterraneo estudiadas, se encontrd que de los 15 atributos estudiados, tan
solo 5 explicaban significativamente la discrepancia en la abundancia de
especies: Propagacion vegetativa, tamafio de la hoja, época de floracion,
duracion del periodo de floracion y tipo de dispersion (Figura 1 del articulo
general). Al estudiar las especies en funcion del habitat que colonizan, se
observé una pauta diferente en los atributos que explican la abundancia de las
mismas: la abundancia de las especies ruderales se explica por la propagacion
vegetativa, tamafio de la hoja, suculencia y época de floracion; las especies

exoticas de cultivo por solo la época de floracion; y las especies exdticas de

zonas naturales por la propagacion vegetativa, el tamafio de la hoja, la época

de floracion, el tipo de dispersion y el tipo de fruto.

Cuando analizamos los datos exclusivamente para Mallorca, se observa
que la suculencia tanto para el conjunto de las especies como solo para
aquellas que viven en héabitats naturales tiene un efecto significativo en la
abundancia de exdticas. Del conjunto global de especies exdticas invasoras, la
suculencia y la espinescencia en habitats naturales son caracteres poco

manifiestos (Figura 2 del articulo general).

Para cada isla por separado no se encontraron Ordenes taxondmicos que
tuvieran mas éxito en la invasion. Sin embargo, al considerar el listado total de
plantas exoticas para todas las islas si se detectaron diferencias entre dichos
Ordenes (Tabla 4 del articulo general).
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Conclusion

Obijetivo 1: ¢Tienen las plantas exdticas algun tipo de atributo que se pueda
relacionar con el éxito de la invasién en el Mediterraneo?, y (2) ¢puede la
covariacion entre estos atributos permitir establecer de forma definida el

sindrome de invasion?

Diversos atributos bioldgicos, tales como: la suculencia en zonas
rurales, las hojas grandes mayores de 50 cm?, los largos periodos de floracion
estival, los frutos carnosos en zonas naturales, la dispersion por el viento y
vertebrados, y en especial la propagacion vegetativa, explican la abundancia
de plantas exoéticas en islas del Mediterraneo. A pesar de este conjunto de
caracteristicas que tipifican las especies invasoras méas abundantes, no se ha
podido establecer una categoria ecoldgica relevante que fuera consistente en
los tres clusters de plantas exoticas que se diferenciaron en funcion de sus
atributos. Es decir, no existe una pauta universal de atributos que expliquen el

éxito de las invasiones.

Obijetivo 3: ¢cambia la relevancia de los atributos ““invasores” en funcién de

la habilidad de las especies para establecerse en diferentes tipos de habitats?

El estudio con un nimero tan amplio de especies exdticas entre islas
permite minimizar las idiosincrasias locales; los atributos biolégicos pueden
cambiar entre gradientes ambientales y en funcion del tipo de habitats.
Préacticamente no se han encontrado pautas relevantes a nivel local (isla) tal
vez debido al bajo numero de especies estudiadas asi como también a efectos

estocasticos asociados con un area regional.
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Abstract

Species attributes have been used to explain invasion patterns assuming
the prevalence of biological mechanisms, although this approach often suffers
several methodological and conceptual limitations, such as local
idiosyncrasies, differences among habitats, phylogenetic constraints and
insufficient sample size. The relative importance of 15 species traits for
explaining the abundance over 350 naturalized alien plant species was
assessed across five Mediterranean islands (Corsica, Crete, Majorca, Malta
and Sardinia). A comparative analysis accounting for phylogeny was used to
examine variation in semi-quantitative estimates of species abundance in

comparable habitats across the five island floras. Species were divided into
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those with affinity for semi-natural, agricultural and ruderal habitats. Both
vegetative and reproductive attributes were evaluated for individual islands
and averaged across all islands. Vegetative propagation, large leaf size,
summer flowering, long flowering period and dispersal by wind or vertebrates
were positively associated with average alien abundance across all five islands.
Fewer significant trends were found in island-specific patterns. The relative
importance of a few reproductive traits is reflected in over-representation of
Caryophyllales, Asterales and Poales (late flowering, large seed size and
anemochory). Although significant covariation in traits was found there was
no evidence for well-defined invasive syndromes. Succulence was important
in ruderal habitats, long flowering period in agricultural habitats and vertebrate
seed dispersal in semi-natural habitats, suggesting that empty niches,
avoidance of competitors and exploitation of mutualists, respectively, are
important. The study highlights the importance of estimating invasion success
across a wide region, but analyses of specific invasion stages are also needed.
Reproductive traits, which may be more relevant for long-distance
colonization, and vegetative traits, which determine local dominance and

persistence, were, nevertheless, both related to abundance within islands.
Key-words: alien plant species, biogeography, biological invasions, invasion

syndrome, island ecology, Mediterranean Basin, naturalized species, species
traits.
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Introduction

The invasion of terrestrial ecosystems by non-native plants is a major
component of global change, with considerable potential for significant
impacts on the species composition and ecosystem function of native
communities (Mack et al. 2000; Pimentel et al. 2001). A major goal in the
study of biological invasions is the identification of potentially invasive
species before they impact upon ecosystems (Hulme 2003), either by finding
an ‘invasive species syndrome’ or by constructing decision trees that might
screen species in terms of their potential invasion risk (Scott & Panetta 1993;
Reichard & Hamilton 1997; Goodwin et al. 1999; Bennett 2001). Both
approaches have used comparative analyses of species attributes in order to
identify key traits associated with species invasiveness (Roy 1990; Thompson
et al. 1995; Crawley et al. 1996; Williamson & Fitter 1996; Rejmanek 2000;
Sutherland 2004), on the assumption that invasion primarily reflects species

attributes rather than characteristics of the environment.

However, the analysis of the relationship between invasiveness and
species attributes suffers from methodological and conceptual limitations.
Analyses that compare native and alien species within a flora are questionable:
native species do not actually constitute a reliable control group because the
attributes of alien species may have been selected by human criteria, such as
horticultural desirability (Thompson et al. 1995; Crawley et al. 1996).
Historical and stochastic events, as well as geographical particularities, may
determine idiosyncratic species responses in different geographical areas
(Lloret et al. 2004) and analyses from a single flora may therefore be unable to

distinguish between traits of generic rather than locally specific importance.
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Attributes often covary due to phylogenetic constraints, and, while
comparison of closely related species reduces this problem (Rejméanek &
Richardson 1996), resulting generalizations are limited in scope. The
relationship between attributes and invasion success may also differ among
habitats (Pysek et al. 1995) to the extent that traits important in the invasion of
one habitat are unimportant in another. Finally, the sample size (number of
species) and the availability of data on species traits may be insufficient to
detect significant differences (Kolar & Lodge 2001).

This study attempts a comprehensive analysis of the relative
importance of 15 species traits on the abundance of over 350 naturalized alien
plant species invading five Mediterranean islands (Corsica, Crete, Majorca,
Malta and Sardinia) in which these limitations are addressed. Mediterranean
islands are particularly appropriate model systems for studying invasions due
to the diversity of alien taxa, long history of species introductions and detailed
floristic records (Hulme 2004). A comparative analysis accounting for
phylogeny was used to examine variation in semi-quantitative estimates of
species abundance in comparable habitats across the five island floras. This
approach enabled the following questions to be addressed. (i) Are certain
species traits related to the success of alien plant species in the invasion of
Mediterranean islands? (ii) Do covarying suites of traits facilitate the
identification of well-defined invasive syndromes? (iii) How specific are these

relationships to the type of habitat invaded?
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Although we examined the relationship between species abundance
and individual traits, different traits are unlikely to be independent of each
other, and we also investigated the success with which clustering into syn-

dromes accounted for differences in species abundance.

Materials and methods

Data on the species composition, habitat affinities, status and species
attributes of the naturalized alien flora of the five Mediterranean islands were
drawn from the literature for the whole Mediterranean basin (Tutin et al.
1964-80; Tutin et al. 1993) and for each island (see Table 1 for a description
of island characteristics): Corsica (Natali & Jeanmonod 1996; completed by
Jeanmonod & Burdet 1997, 1998, 1999; Jeanmonod 2000; Jeanmonod &
Schlissel 2001), Crete (Jahn & Schonfelder 1995; Chilton & Turland 1997,
2002), Majorca (de Bolos & Vigo 1984 —2001), Malta (Haslam et al. 1977)
and Sardinia (Pignatti 1982; Viegi 1993; Camarda 1998). These data were
updated and validated by local botanists (E. Moragues and J. Rita for Majorca,
I. Camarda and G. Brundu for Sardinia, and F. Médail for Corsica) based on
their own field observations and collections.

Only naturalized species, that is, those sustaining populations without
direct intervention by humans (Richardson et al. 2000a; Pysek et al. 2004),
were included in the data base. Cultivated (but not naturalized ornamentals)
and casual species (as defined by the sources) as well as hybrids, subspecies
and taxa of unknown origin (overall, 500 taxa) were excluded from the data
base. Cultivated taxa (even where naturalized) were excluded because they are

often of uncertain origin and taxonomic assignation, and have been
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deliberately spread over the territory. The final data base consisted of 354
species (162 species from Corsica, 88 species from Crete, 83 from Malta, 119

from Majorca and 105 from Sardinia).
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Fifteen attributes were assessed for each species. They integrate a wide
range of traits associated with both colonization and plant performance, and
are thus potentially involved in invasion success (Table 2). As species are not
independent units and phylogenetic constraints may influence species
abundance patterns, each species was allocated to phylogenetic groups and the
relationship between abundance and phylogenetic groups analysed (Whittaker
et al. 2000). Taxonomic order was used as the grouping level, following a
recent ordinal classification for angiosperms (APG 1998). Following Pysek et
al. (2002), three broad habitat categories were used to classify species
occurrence: (i) ruderal (human-made habitats, excluding arable land) (n = 242
species), (ii) agricultural (arable and traditional agricultural habitats) (n = 98
species), and (iii) semi-natural (i.e. relatively low impacted plant communities,
including semi-natural forested and treeless habitats) (n = 218 species). Many
species occurred in more than one habitat, so the sum for the three habitat

categories is higher than the total number of species studied.

For each species, a semi-quantitative estimate of species abundance
(ranging from 1 to 4) was derived from descriptions in the individual island
floras (Table 3). Expert knowledge was used to compare these different

estimates and derive a single average abundance score across all five islands.
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The relationship between species abundance and attributes was
analysed for univariate and multiterm effects, including their respective
interactions, by generalized lineal models (GLM) using the gamma
distribution for the error term, and the reciprocal link function (Crawley 1993),
following the Statistica 5.1. package. In each case, models were considered

adequate when the effect terms were significant at P = 0.05, and the change in

explained deviance was significant in a xz test with the difference in degrees of
freedom between models. This approach was also used to evaluate the
relationship between taxonomic group (order) and species abundance.
Multivariate models including taxonomic group and species attributes were
also used. In taxonomic groups where particular attribute categories were
poorly represented and models could not therefore be calculated, we either
merged attribute categories (e.g. dispersal, first flowering) or did not analyse
the attribute (e.g. leaf size). Analyses were performed for the average
abundance across all islands and for the abundance estimates for individual
islands. Different models were developed for the whole set of species, and for
subsets of species with affinities to ruderal, agricultural and semi-natural
habitats.

To test the hypothesis that a suite of co-occurring plant attributes may
represent an ‘invasive syndrome’, we performed a cluster analysis, considering
only attributes that proved significant in the models described above. We used
a k-means clustering procedure with three preestablished groups, following the
criteria of using the minimal number of groups that produced significant
differences for all variables (P < 0.01, after ANOVA).
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After allocating each plant species to one cluster group, we performed
an ANOVA with the average species abundance as the dependent variable,
and cluster as the main factor. Significant differences in average species
abundance between cluster groups would support particular syndromes being
linked to invasion success, whereas their absence would suggest that invasion
success would be better explored individually for each attribute, or for more

simple combinations of attributes.
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Results

Because multiterm models did not significantly increase the explained
deviance when compared with univariate models, results are initially presented

for each significant variable separately. Five attributes significantly explained
variation in average species abundance: vegetative propagation (XZ =4.60,P =
0.032), leaf size (= 11.88, P = 0.018), flowering phenology (; = 22.06, P <
0.001), length of the flowering period (X2 = 5.11, P = 0.024) and dispersal

mode (XZ = 8.22, P = 0.016). Species that reproduced vegetatively, had large
leaves, flowered in summer, had an extended flowering period or were
dispersed by wind or animals had the highest average abundances across all
five islands (Fig. 1).

The species attributes identified as significant varied among the three

habitats. Among species occurring in ruderal habitat, vegetative propagation
2 2 2

(x =6.25, P =0.012), large leaf size (x = 10.19, P = 0.037), succulence (y =

6.48, P = 0.011) and summer flowering (X2 = 16.18, P < 0.001) were related to

higher abundance. For species in agricultural habitats, only summer flowering

2
(x =8.89, P =0.012) showed a significant effect. For species in semi-natural

habitats, the attributes that showed significant effect (Fig. 1) were vegetative
propagation (XZ = 7.75, P = 0.005), large leaf size (X2 = 13.45, P = 0.009),
summer flowering (X2 = 157.48, P < 0.001), wind and animal dispersal (X2 =

7.50, P = 0.024), and presence of fleshy fruit (xz =6.14, P = 0.046).
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Vegetative attributes Reproductive attributes
YES [ E
VL

! : YES _L NO

ML

VS

Abundance
o
]
T

Vegetative Leaf Succulence Flowering Flowering Fruit Dispersal
propagation size (ruderal) start length (semi- mode
natural)

Figure 1. Average abundance (error bars: SE) of species with different vegetative and
reproductive attributes in five islands of the Mediterranean Basin. Only attributes with a
significant effect on average abundance are shown and data on succulence therefore

correspond only to ruderal species, and data for fruit type to species living in semi-natural
2 2
habitats. Key to leaf size categories: VS = very small (less than 1 cm ); S = small (1-7 cm);

M = medium (7-20 cmz); L = large (20-50 cmz); VL = very large (more than 50 cmz).
Flowering phenology: A-W = autumn to winter; SPR = spring; SUM = summer. Flowering
length: SHORT = 1- 3 months; MED = 4-6 months; LONG = more than 6 months. Fruit type:
C = capsule; A = achenes; F = fleshy fruits. Dispersal mode: NO = none; WA = water; WI =
wind; AN = animal. Presence or absence of vegetative propagation and succulence is indicated

by YES or NO, respectively.

When analysing the relationship between species attributes and
abundance in each island, significant effects were only found in two islands:

2
Corsica and Majorca (Fig. 2). In Corsica, summer flowering (y = 6.15, P =

0.046) and presence of achenes (XZ = 6.17, P = 0.046) produced significant
increase in the abundance of species growing in semi-natural habitats. Among

2
ruderal habitats, annuals were more abundant than perennials (y = 6.02, P =
0.049), while species producing dry fruits (achenes, capsules, etc.) were more
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successful than those having fleshy fruits (XZ =7.17, P =0.028).

i - : 2
In Majorca, succulence had a significant effect for all species (y =

6.37, P = 0.012) and for species found in semi-natural habitats (X2 =8.53,P=
0.003); in both cases, succulent species were less successful. Finally, in this

island, spinescence was associated with lower success in semi-natural habitats

( = 4.45, P = 0.035).

Corsica Majorca

Seminatural Ruderal [ All
habitats Seminatural

25 [ SUM A A B

Abundance

Phenology Fruit Fruit Longevi Succulence Succulence  Spinescence

Figure 2. Mean abundance (error bars: SE) of species with different attributes in Corsica and
Majorca. In Corsica, data on flowering phenology correspond to species living in semi-natural
habitats, data of fruit type were obtained from ruderal species and from species living in semi-
natural habitats, and data on longevity from ruderal species. Only attributes with significant
effects on the species abundance on an island are shown. Key to flowering phenology
categories: A-W = autumn to winter; SPR = spring; SUM = summer. Fruit type: C = capsule;
A = achenes; F = fleshy fruits. Longevity: A = annual; B = biennial; P = perennial. Presence or

absence of succulence and spinescence is indicated by YES or NO, respectively.
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Taxon (at order rank) explained a significant amount of variation in

average species abundance (X2 = 48.49, P = 0.008), but the deviance explained
did not increase in multivariate models that include both taxonomic group and
species attributes. Among orders with five or more species, Oxalidales,
Sapindales, Caryophyllales, Malpighiales, Asterales and Poales were the most

successful (Table 4). This pattern was also observed in species likely to be

found in semi-natural habitats (XZ = 55.05, P = 0.001), but not in ruderal and
agricultural habitats. There were no substantial differences in the more
successful orders of species living in semi-natural habitats, except for the
increasing success of Solanales. No significant effects of taxonomic group

were found when analysing the five islands separately.

Cluster analysis separated three groups of species with similar suites of
attributes. Cluster 1 included species with vegetative propagation, small or
very large leaves, short to medium flowering period in spring, and no
specialized dispersal mechanisms. Typical species with these characteristics
belong to Oxalidaceae (Oxalis pes-caprae L.), Convolvulaceae (Ipomoea sp.
pl), Fabaceae (Trifolium sp. pl) and Onagraceae (Oenothera rosea L’Hér.).
Most succulent species, such as Opuntia sp. pl., were also allocated to this
cluster. Cluster 2 included species with medium size leaves, flowering in
summer over more than 3 months, and producing wind-dispersed achenes.
Typical species of this cluster include Asteraceae (Tagetes minuta L.,
Galinsoga paviflora Cav., spe-Conyza sp. pl), and Poaceae (Panicum capillare
L., Pennisetum villosum R.Br.). Cluster 3 included species with very small
leaves, but also species with medium- to large-size leaves, short and spring
flowering, and capsular fruits; all three dispersal syndromes were represented

but wind and animal dispersal were most common. This was the most
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heterogeneous cluster that included trees such as Acacia dealbata Link. and
Tamarix sp. pl, hydrophytes such as Elodea canadensis Michaux and annuals

such as Tropaeolum majus L.

There were significant differences in average abundance of the species
belonging to each cluster (one way ANOVA, F,35; = 5.23, P = 0.006). While
no significant difference was found in the average abundance of species found
in clusters 1 and 2, species in cluster 3 had significantly lower average
abundances than the other two clusters (post-hoc Tukey-Kramer test, P <
0.05).
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Discussion

Several biological attributes were found to explain differences in the
abundance of alien species across five Mediterranean islands. The regional
perspective was especially important as few attributes were observed to
explain abundance patterns on individual islands. The absence of significant
patterns for each island may be due to the lower number of species considered
at this level, as well as the stochastic effects associated with a single
geographical area (Kolar & Lodge 2001; Lloret et al. 2004).

Among the non-reproductive attributes, vegetative propagation has
previously been found to correlate with invasiveness in woody plants
(Reichard & Hamilton 1997; Daehler 1998). Although vegetative propagation
does not guarantee long-distance spread, this trait may ensure an optimal
establishment, and then a rapid expansion and maintenance within suitable
habitats, enhancing competitive ability and more efficient use of resources
(Pysek et al. 1995; Jakobs et al. 2004; Suehs et al. 2004). Some species, e.g.
Melia azedarach L., an ornamental weedy tree that typically reproduces by
seeds, may exhibit clonal growth following disturbance such as fire, herbivory
or animal injury (Tourn et al. 1999). The relationship between leaf size and
species abundance reflects extreme size classes: aliens with very large leaves
are more likely to become abundant, while the opposite trend is observed for
species with very small leaves. Crawley et al. (1996) proposed that aliens
could colonize more easily at ‘both ends’ of any niche axis defined by native
species, enhancing the existence of extreme values for some traits in alien
floras. Large leaf size is often associated with higher competitive ability,

particularly in nutrient-rich moderately disturbed habitats (Grime 1979), and
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has previously been found to differ between alien and native species in
Australia (Lake & Leishman 2004). Other attributes related to plant size (e.g.
growth form, height) or life cycle (e.g. longevity) failed to explain significant
variation in species abundance. Thus long-lived trees and shrubs were neither
more nor less likely to be successful invaders than short-lived herbaceous
species. This contrasts with findings for the British Isles in which introduced
species tended to be larger than native plants (Crawley et al. 1996). There was
no evidence for morphological attributes related to herbivore defence, such as

pubescence or spinescence, as important determinants of species abundance.

Among the reproductive traits, time of flowering (e.g. phenology, length
of flowering period), remained a significant attribute for all types of species.
Although flowering period has not been identified as important in the alien
invasion of temperate floras (Thompson et al. 1995; Reichard & Hamilton 1997)
this may not be the case in Mediterranean biomes (e.g. Lake & Leishman 2004).
Flowering in these regions is often bimodal, with peaks in spring and autumn
(Santandreu & Lloret 1999), rather than the single summer peak seen in many
temperate floras. Longer flowering periods may increase the likelihood of cross-
pollination and reproductive success in circumstances where pollination is
seasonal and /or competition for pollinators is high. Although mutualists may be
important in invasion success (Richardson et al. 2000b), seed dispersal was a
more significant correlate of species abundance than pollination mutualisms in
this study. Both vertebrate and wind dispersal have been previously identified as
important attributes of plant invaders (Rejmanek 1996; Lake & Leishman
2004). These reproductive traits explain the taxonomic heterogeneity in invasion
success with an over-representation of Caryophyllales, Asterales and Poales,

which tended to show late flowering, large seed size and anemochory.
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These taxa are often over-represented in alien floras (Binggeli 1996;
Weber 1997; Daehler 1998; Vila et al. 2001).

Overall, these findings support the hypothesis that different ecological
strategies can trigger invasion success as a result of interactions with the
native community. Competitive performance may be enhanced by the
existence of some vegetative traits, such as vegetative propagation or large
leaves. Niche differentiation may be favoured by characters that are rare or
extreme in the native community (small or large leaves, summer flowering)
and the associated avoidance of competitors may be reinforced by the
exploitation of mutualists, such as pollinators. As expected, the importance of
particular biological attributes for these interactions is often habitat dependent
(Thompson et al. 1995; Pysek et al. 1995; Rejmanek 1999). For example,
succulence was found to correlate with invasion success in ruderal habitats,
largely due to the occurrence of Opuntia sp. pl and Agave americana L. near
villages and farms. Succulence constitutes an efficient way to resist the
seasonal water deficit of the Mediterranean climate; this trait is rare among
native species from the Mediterranean Basin, but it is fairly common in other
Mediterranean-type regions, such as California (with several species of
Opuntia and Agave) and South Africa (where Mesembryanthemaceae are

common).

Thus, our results support the hypothesis that invasion success may be
triggered by functional traits qualitatively different from those occurring in the
native flora, in which some life-forms may be more saturated than others
(Crawley et al. 1996). Succulents appear to regenerate poorly in established

vegetation where microsites may be limited (Vila et al. 2003) and thus this

157



trait appears not to be important in the invasion of semi-natural habitats. In
agricultural habitats, summer flowering was the only significant trait related to
invasion. In native grasslands, most species flower in spring or early summer
(Bosch et al. 1997), and later flowering may allow release from pollinator
competition. Alien species in Mediterranean Italy have also been shown to
differ in the timing of flowering relative to natives (Celesti-Grapow et al.
2003). For species invading semi-natural habitats, dispersal mode was
significant, especially the presence of fleshy fruit. Native fleshy-fruited species
are also more common in undisturbed, late successional communities (e.g.
Debussche & lIsenmann 1994), where vertebrates could also be efficient
vectors for alien shrubs or trees (e.g. Pittosporum tobira (Thunb.) W.T. Aiton,
Phytolacca dioica L.). Animal dispersal may be particularly relevant for the
colonization of semi-natural habitats, where propagule pressure is often lower
than in anthropogenic habitats (Vila et al. 2003). The finding that certain traits
were significant across all habitats but not within a single habitat probably

reflects the lower sample sizes when single habitats were examined.

Ecological trade-offs determine the covariation of species traits and,
accordingly, some set of well-correlated attributes could explain successful
invasion. Crawley et al. (1996) identified the existence of at least two groups
of aliens, according to the classical r- and K-strategies, but with more
contrasted characters than the native flora. While our study certainly identified
species that could be grouped in relation to a suite of traits, these groups did
not reflect successful invasive species syndromes. These results lend further
support to the hypothesis that a universal pattern of attributes is unlikely to
explain invasion success (Thompson et al. 1995; Pysek 1998; Rejméanek

2000). As the relevance of biological attributes may change during the
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processes of dispersal, colonization and invasion, analyses should also focus
on specific invasion stages. For example, reproductive traits may be expected
to be more relevant for long-distance colonization, while vegetative traits
would prevail in achieving local dominance. Both types of traits were related
to abundance within the studied Mediterranean islands, but more research is

needed to test this hypothesis.
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Abstract

One of the crucial steps in the management and conservation of the
natural environment is to recognize the exotic flora as one of the most
important threats to our natural ecosystems. For the elaboration of control
plans, it is essential to know its_distribution and abundance, as well as its
degree of impact on the more vulnerable environments. Bearing this in mind,
we have elaborated a distribution study of the naturalized and casual exotic
species in the distinct natural ecosystems of the island of Mallorca (Spain).
Additionally, some semi-quantitative indicators were elaborated to typify, on
the one hand, the ecosystems according to their degree of invasion (Habitat
Alien Richness and Habitat Alien Infestation indexes) and, on the other hand,
the exotic species according to their abundance (Alien Abundance Index),
coverage (Alien Expansion Index) and the degree of threat they imply (Alien
Invasion Index). These indicators provided results in a simple objective
manner and are reproducible for other survey areas, thus, homogenizing the
criteria used for the elaboration of lists of invasive species in relation to their

actual state of invasiveness in the natural environment.

In this case of study, roadside ditches and torrents were found to be the
environments most affected by exotic plants invasion, and that these exotic
species have, by large, an invasive behaviour in cultivated fields and torrents.
The remaining island’s ecosystems (rocky coasts, dune systems, wetlands,
forests and rock dry-wall) are less rich in exotic species and are usually either
casual or only slightly invasive species, with the exception of Carpobrotus
spp., Arundo donax, Opuntia spp. and Agave spp., among others.
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These indexes also reveal which of the exotic species present on the
island are the most invasive (colonizing the most rich and protected

environments), common and extensive.

Key words: alien impact indexes, cartography, exotic plants, invasive status,

plant invasions, susceptible habitats.
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Introduction

The constant arrival of exotic plants into areas outside their original
distribution range and further settlement in natural ecosystems is one of the
most important environmental problems affecting biodiversity conservation
(Mack et al. 2000). Due to the current trade globalization and the excessive
growth of tourism in recent years, the number of introduced species is rapidly
increasing, posing a threat to the preservation of our biological diversity and in
some cases causing real epidemics of great economic impact (McNeely et al.
2001).

One of the first steps in the elaboration of a plan for the control of
exotic species is to determine which of these plants may be considered an
invasive species for a determined region and to what degree these plants
threaten the natural ecosystems. The availability of objective criteria to
discriminate these species and identify the most affected environments is one
of the recommendations usually given by regional strategies for dealing with
invasive species (Genovesi and Shine 2004). Although there are numerous
inventories on the local and national scales in which the species considered
(by the authors) as the more dangerous have been cited , (PySek et al. 2002;
Kuhn et al. 2004; Muller 2004; Sanz et al. 2004; Moragues and Rita 2005),
however, rarely have uniform criteria been used to define the concept of an
invasive species (Richardson et al. 2000; Lockwood et al. 2001, Pysek et al.
2004), nor is there a replicable method to discriminate the most dangerous
species according to the environment vulnerability of the area they occupy
(Prieur-Richard and Lavorel 2000; Pysek et al. 2004). It seems there is a lack

of a methodology to permit rapid and objective evaluations of large expanses
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of territory. Such methods would allow the identification of the most extensive
and endangering species according to the sensitivity of the varying

environments.

Given the importance of this subject, it is not unusual that different
groups are developing indicators to objectify the elaboration of dangerous
plant species inventories. However, these lists have either yet to be published
or have not been generally accepted (Schutzki et al. 2004, Di Tomaso 2005,
Vladimirov 2005, Brunel and Tison 2005).

The aim of this work is to determine the actual degree of invasion or
occupation by the exotic species present in the natural ecosystems of Mallorca
(Balearic Islands, Spain). For this purpose, we have studied the distribution of
these species throughout the island and have developed several semi-
quantitative indicators which enabled the evaluation of the degree of impact on
the main types of ecosystems, as well as the classification of the species as a
function of the danger they pose and their abundance. Specifically, this work
intends to answer the following questions: which environments have more
exotic species and what is the extent of their invasion, and which are the more
frequently occurring exotic species in this territory and which of these behave

as invaders in sensitive ecosystems?
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Material and methods

The work has been carried out on the island of Mallorca, located in the
western Mediterranean basin off the east coast of the Iberian Peninsula (Figure
1). The island has a surface area of 3,620.42 km? and a population of 677,000
inhabitants (2001 census). Of the 305 exotic species reported in the Balearic
Islands (Moragues and Rita 2005), 189 casual and naturalized species
(according to the definition by PysSek et al. 2004) were found in the natural
environment. The remaining 116 exotic plant species correspond to either

older citations or are related to other islands of the archipelago.
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Figure 1. This study took place on the island of Mallorca, the largest island of the Balearic

Archipelago, located in the western Mediterranean Sea.
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1. Field work

A catalogue of exotic species was worked up for each of the 10 x10 km
UTM squares, dividing the island into 57 of these squares, during the period of
time from summer 2001 to autumn 2002. From each square we have
monitored the main habitats (rocky coast, dune systems, croplands, roadsides,
torrents, wetlands, forests and stone-wall), and for each of these habitats, the
exotic species were recorded, noting their abundance according to the DAFOR
scale created by Tansley where: D = Dominant, A = Abundant, F = Frequent,
O = Occasional and R = Rare. In order to adjust these recordings to the actual
aspect of the terrain, two more values were added in addition to those recorded
using the DAFOR criterion: LA (Locally abundant) and LD (locally
dominant). These values were used when the presence of exotic species was
very much localized and clustered within the same habitat and the same
square. To assure a minimum sampling density, for each habitat and for each
UTM cell, three localities were surveyed. These localities were selected
according to the presence of at least one exotic plant. In this way, we worked
only in areas affected by exotic plants.
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2. Assessment of alien impact indexes
To perform the calculations using the DAFOR index, each semi-
quantitative scale was transformed into numerical values, where: D = 7; LD =

6;A=5LA=4F=3;0=2andR=1.

2.1. Evaluating the habitats more vulnerable to exotic species invasion

To determine the impact suffered by the studied ecosystems, two indexes were
developed to evaluate the degree these invaders affect our natural ecosystems.

Habitat Alien Richness index (HAR): The mean number of exotic

species in each habitat. This index measures the degree of invasion of each
habitat as a function of the number of species present.

This is calculated using the equation: For each habitat: >, number of
species observed in each UTM square/ total number of UTM squares where

this habitat is present.

Habitat Alien Infestation index (HAI): The degree of occupation by the

most abundant exotic species in each habitat.

This is calculated using the equation: For each habitat: 2. (number of
observed species x DAFOR value)/ total number of UTM squares where the
habitat is present. Non-native plants with values of low abundance (Occasional

and Rare) were not considered.

HAR provides an estimate of the degree of invasion of a habitat,
independent of the abundance value (DAFOR) of each non-native species, by

only taking into consideration if the exotic species is present or not in the
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natural environment; whereas, HAI gives an estimate of which habitats are
more affected by the presence of exotic species as a function of their

abundance in the considered habitat.

Differences in HAR and HAI between ecosystems were tested using the
GENMOD Procedure (SAS v. 9.0). In the former, the ecosystem was included
as a fixed factor and the indexes (HAR and HAI) as random factors (subject).
The gamma distribution was used with the Log as link function. This analysis
was followed by a posteriori comparisons and corrected using a sequential
Bonferroni test (Rice 1989). A Wilcoxon-signed rank-test was performed to

compare HAR with HAI between ecosystems.

2.2. Evaluation of the more abundant and dangerous exotic species
To determine which exotic species are the most frequently occurring and
dangerous to our ecosystems, three different types of indicators were

developed:

Alien Invasion index (Al): The invasion degree of each species according

to the vulnerability of the habitats it colonizes.

This is calculated using the equation: For each observation of a species
with abundance values of D, LA or A: X the value of each habitat where
exotic species are present. The values for these habitats are the following:
Rocky coasts and cliffs = 10; Forests = 8; Dunes and wetlands = 6; Torrents =
4 and crop plants, roadside ditches and stonewall = 1. Each one of these values
was assigned in relation to the importance of each habitat, taking into account
its degree of conservation, biodiversity and the presence of endemics. The
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Michigan Invasive Plant Council has elaborated a similar methodology to
evaluate the degree of impact of exotic plants on their natural ecosystems
(Schutzki et al. 2004).

Alien Abundance index (AA): The mean of the abundance values
(DAFOR) of each species for each UTM square.

Alien Expansion index (AE): Percentage of the UTM square where

each species is present.

Al gives an estimate of the more concerning exotic species invading, in
an abundant or very abundant manner, the more sensitive ecosystems; species
with larger values correspond to invasive species in a stricter sense (Pysek et
al. 2004). AA and AE, respectively, are indixes which give an estimate of
which species have a greater degree of abundance (DAFOR) and distribution
throughout the territory, independent of the environment they occupy. The
relationship between AE and AA was examined by means of a Pearson’s

correlation.

Oxalis pes-caprae was not included in this analysis as its vegetative

period is hibernal and was not visible during our sampling period.
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Results

1. Assessment of the more vulnerable habitats to exotic species invasion.

Habitat Alien Richness index and Habitat Alien Infestation index:

Significant differences between ecosystems where found according to
the Habitat Alien Richness index, (HAR) (x*7 = 209.92; P < 0.001). The habitats
most affected (in terms of the number of species) by the invasion of exotic
species are, in order of importance: roadsides, torrents, and to a lesser extent,
croplands, rocky coasts, dune systems, wetlands, forests and stonewall (Figure
2). The number of exotic species found along roadsides and in torrents is
significantly greater than that in the remaining habitats (Table 1). In contrast, the
number of exotic species found in croplands, rocky coasts and dune systems is
significantly similar, and a lesser number than average was found in wetlands
(only marginally with croplands), forests and stonewall; the latter two

mentioned ecosystems presented the same number of species (Table 1).
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Figure 2. Means (+ standard error) for Habitat Alien Richness (HAR) and Habitat Alien
Infestation (HAI) indexes on each ecosystem. Asterisks indicate significant differences
between both indexes (Wilcoxon-signed rank-test. (*) P < 0.01). Different letters on bars
indicate significant differences between ecosystems for each index (small letter compares
HAR and capital letter compares HAI) (GENMOD procedure: P < 0.02 corrected by a
sequential Bonferroni test (Rice 1989).
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HAR HAI
ECOSYSTEM ¥ P ¥ P
Rocky coast — Croplands 0.04 0.83 3.30 0.069
Rocky coast — Roadside 50.11 <0.001 | 2242 <0.001
Rocky coast — Dune systems | 0.84 0.36 0.02  0.896
Rocky coast — Forests 1197 <0.001 |0.04 0.834
Rocky coast — Stone-wall 11.34 <0.001 | 0.73  0.394
Rocky coast — Torrents 10.89 <0.001 | 16.13 <0.001
Rocky coast — Wetlands 3.04 0.081 |0.17 0.680
Croplands - Roadside 7265 <0.001|17.28 <0.001
Croplands - Dune systems 1.46 0.23 094 0.332
Croplands - Forests 1739 <0.001 292 0.088
Croplands — Stone-wall 1541 <0.001 | 3.00 0.084
Croplands — Torrents 13.99 <0.001|9.63 0.002
Croplands — Wetlands 4.09 0.043 |0.32 0572
Roadside - Dune systems 5090 <0.001 520 0.023
Roadside - Forests 119.47 <0.001 | 16.33 <0.001
Roadside — Stone-wall 95.16 <0.001|9.25 0.002
Roadside — Torrents 18.23 <0.001 | 0.66  0.418
Roadside — Wetlands 4492 <0.001 | 4.62 0.032
Dune systems - Forests 4.87 0.027 0.00 1.00
Dune systems - Stone-wall 511 0.024 |0.30 0.581
Dune systems - Torrents 15.07 <0.001 | 401 0.045
Dune systems — Wetlands 0.86 0355 |0.16 0.689
Forests - Stone-wall 0.07 0.794 | 047 0491
Forests - Torrents 50.02 <0.001 | 12.23 <0.001
Forests — Wetlands 0.74 0.391 |0.28 0.596
Stone-wall - Torrents 4204 <0.001|7.61 0.006
Stone-wall — Wetlands 1.02 0.312 |1.01 0.315
Torrents — Wetlands 17.27 <0.001 | 3.28 0.070

Table 1. GENMON procedure for parameter differences between ecosystems with an a
posteriori comparison, corrected by a sequential Bonferroni test (Rice 1989). Only differences

with a P < 0.002 where considered to be significant.
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Significant differences were also found between ecosystems according
to the Habitat Alien Infestation index (HAI) (x*; = 47.29; P < 0.001). Roadside
ditches and torrents are the habitats with the greatest coverage number by
exotic species, with significant equal indexes, followed by croplands (Table
1). The smaller infestation values correspond to the rest of the ecosystems
(Table 1), dune systems and stonewall being the habitats least invaded by

exotic species (Figure 2).

HAR gives an evaluation of the degree of habitat invasion as a function
of the number of exotic species present in each habitat (quantity index) and
HAI reflects which habitats were invaded by rapidly expanding and colonizing
exotic species (quality index). In our case, torrent and cropland environments
have similar HAR and HAI: (Z =- 0.843, P = 0.399; Z = - 0.896, P = 0.370,
respectively); suggesting that the exotic plants which colonize these habitats
behave as a whole as invasive species, covering great expanses when
established. However, the indexes for the remaining environments are
significantly different (P < 0.05) indicating that many of the exotic species do
not colonize these environments as invaders, but behave more as casual

species (Figure 2).

2. Evaluation of the most abundant and dangerous exotic species.

Alien Invasion index:

Plants with a greater Al prove to be the most invasive species in
ecosystems which are more vulnerable and of greater ecological interest

(Table 2). Of the 189 species studied, only 45 have shown an invasive
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behaviour (Al value > 1). Phanerophytes, in contrast to the native flora, are the
most common life form within this group of invasive species (Figure 3);
however, on the contrary, therophytes are the second most frequent life form;

as occurring in a considerable number of examples of the native flora.

Al LF AA. AE. LF
Arundo donax 96 P  Conyza bonariensis 3.07 100.00 Th
Agave americana 75 P Amaranthus retroflexus 2.53 91.23 Th
Paspalum paspalodes 63 G  Arundo donax 240 7544 P
Opuntia maxima 45 P Aster squamatus 211 8421 Th
Ipomoea indica 35 P Chamaesyce postrata  2.09 80.70 Th
Conyza bonariensis 33 Th Amaranthus blitoides 186 8246 Th
Carpobrotus spp. 26 Ch Conyza sumatrensis 1.67 80.70 Th
Ailanthus altissima 24 P Agave americana 156 7895 P
Aster squamatus 24 Th Paspalum paspalodes 151 38.60 G
Amaranthus retroflexus 21 Th Ceratonia siliqua 149 73.68 P
Platanus hybrida 21 P Opuntia maxima 146 7719 P
Senecio cineraria 20 Ch Ficus carica 139 8246 P
Ricinus communis 16 P Ipomea indica 112 4211 P
Amaranthus blitoides 15 Th Solanum bonariense 0.96 4737 P
Solanum bonariense 13 P Sorghum halepense 0.96 63.16 G
Amaranthus hybridus 11 Th Prunus dulcis 0.93 63.16 P
Chamaesyce postrata 11 Th Ailanthus altissima 091 3860 P
Aeonium arboreum 10 P  Carpobrotus spp. 0.91 49.12 Ch
Conyza sumatrensis 10 Th Ricinus communis 0.82 4386 P
Disphyma crassifolium 10 Ch Nicotiana glauca 0.70 4561 P
Nicotiana glauca 10 P Amaranthus hybridus  0.68 38.60 Th
Ulmus minor 10 P Populus alba 0.68 4386 P
Senecio angulatus 9 P Mirabilis jalapa 0.67 56.14 H
Anredera cordifolia 8 P Platanus hybrida 0.67 3158 P
Opuntia microdasys 8 P Echinochloa colonum  0.61 35.09 Th
Populus x canadensis 8 P Celtis australis 053 4386 P
Tropaeolus majus 8  Th Senecio angulatus 051 36.84 P
Spartium junceum 6 P \Vitisvinifera 047 4386 P
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A.ll. LF AA. AE. LF
Cyperus alternifolius 4  Hy Amaranthus viridis 0.46 40.35 Th
Fraxinus angustifolia 4 P Ulmus minor 046 2281 P
Helianthus tuberosus 4 G Cortaderia selloana 042 36.84 P
Morus alba 4 P Populus x canadensis  0.42 2281 P
Elzrr]wrtlilggil;mm 4 H Chamaesyce serpens 0.40 29.82 Th
Podranearicasoliana 4 P Solanum lycopersicum 0.40 31.58 Th
Populus alba 4 P Anredera cordifolia 037 2281 P
Solanum lycopersicum 4 Th Xanthium spinosum 0.37 29.82 Th
Xanthium echinatum 4 Th Aptenia cordifolia 0.35 29.82 Ch
Echinochloacolonum 3  Th Podranearicasoliana 0.33 1754 P
Sorghum halepense 3 G Senecio cineraria 0.33 2281 Ch
Aptenia cordifolia 1 Ch Punicagranatum 032 28.07 P
Ceratonia siliqua 1 P Phoenix canariensis 030 2982 P
Cortaderia selloana 1 P Tropaeolus majus 0.28 15.79 Th
Kochia scoparia 1  Th Acaciasp. 0.26 2456 P
Opuntia sp. 1 P Spartium junceum 0.26 1053 P
Xanthium spinosum 1 Th Myoporum tenuifolium 0.25 2456 P

Table 2. Semi-quantitative indices determining which exotic species are the most dangerous
(Alien Invasion Index: Al), abundant (Alien Abundance Index: AA) and with a frequent
habitat coverage (Alien Expansion Index: AE). Only the first 45 exotic species with larger
values are given. LF: Life Form. Th: Therophyte; Ch: Chamaephyte; H: Hemicryptophyte; P:
Phanerophyte; Hy: Hydrophyte; G: Geophyte.
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Figure 3. Percentages of native flora (Payeras and Rita 2005) and invasive flora (Al) life

forms in Mallorca.

In the study, the more dangerous species for torrent environments were
found to be: Arundo donax, Ipomoea indica and Ailanthus altissima; whereas
Agave americana and Opuntia maxima proved to be more invader to rocky
coasts and to a smaller extent to the rest of the island’s ecosystems; all of the
former being phanerophytes. The annual plants (therophytes) of greater
relevance are: Conyza bonariensis, Aster squamatus and Amaranthus
retroflexus, species very common to roadside ditches and croplands, but which
can also appear in a sporadic form in other more vulnerable habitats such as
littoral zones and torrents. The remaining life forms are only represented by
less than 10% of the invasive species (Figure 3). Amongst them, two species
which should be outlined are Carpobrotus spp. (chamaephyte) -one of the
most invasive to the littoral zone, and Paspalum paspalodes (geophyte) -a

prominent invader of torrents.
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Alien Abundance index and Alien Expansion index:

The main exotic plant species with larger AA and AE values were
more commonly found to cover and occupy the greatest number of UTM
squares (Table 2). According to these indixes, the majority of these principal
plant species have an annual or biannual life cycle, in contrast with the group

of the principal invasive species which are predominantly perennials.

Conyza bonariensis and C. sumatrensis, Amaranthus retroflexus and A.
blitoides, Aster squamatus and Chamaesyce postrata are the major annual
species of this group. Also worthwhile mentioning are Arundo donax, Agave
americana, Paspalum paspalodes and Ceratonia siliqua as perennial plants,

very common in our territory.

Two indexes were used to evaluate the behaviour of the species
independent of the type of habitat occupied. However, for the area of study,
both indixes revealed a very high positive correlation (following a polynomial
distribution: = -12,635x2 + 66,581x + 1,6546 R = 0,9485) and, therefore, the
information provided by these indixes, except for some certain species, is
redundant to a greater extent: the most abundant non-native species, according
to their coverage, are also the species most extended throughout the territory
and are present in the greatest number of UTM squares.
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Discussion

The sampling and index elaboration methodologies proved to be fast
and efficient for the evaluation of extensive and heterogeneous areas of

territory.

Both the richness (HAR) and the infestation (HAI) indexes show that

the more disturbed or anthropic environments (roadside ditches and

croplands), correspond to habitats with larger values, i.e., they are more
affected by exotic species. Roadside ditches and croplands are highly
disturbed areas, facilitating the entry of exotic species and the formation of
empty niches which new invasive species can occupy. The disturbed nature of
these habitats is usually a prerequisite for the establishment of exotic species
(Stohlgren et al. 1999; Rose and Hermanutz 2004) and is related to the
proportion of introduced species. (D’Antonio 1993; Alpert et al. 2000;
Thompson et al. 2001; Lake and Leishman 2004; Zerbe et al. 2004). Many of
the species colonizing these environments are of American origin and present
an annual cycle (therophytes), developing their life cycle during the summer
and the beginning of autumn, a time in which the Mediterranean flora is in a
latent stage (bulbs, seeds, etc.) (Lloret et al. 2005). Amongst these “weeds”
some outstanding examples worthwhile pointing out are those of the
Asteraceae family (Aster squamatus, Conyza bonariensis, C. sumatrensis), the
Amaranthaceae (Amaranthus blitoides, A. retroflexus) and the Euphorbiaceae
(Chamaesyce postrata, Ch. serpens, etc.); all being species with a wide range
of distribution on the island with very little capability to colonize the only
slightly perturbed areas; however, they can be found along the periphery of

more natural ecosystems. The exotic species of the roadside ditches and
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croplands cannot be considered invasive species in the strictest sense
(according to the definition by PySek et al. 2004). Nevertheless, we have also
found, especially along the roadside ditches, several perennial species which
manifest themselves as invaders in natural ecosystems (i.e. Opuntia maxima,
Ailanthus altissima, Agave americana), demonstrating how these anthropic
environments can act as a “stepping stone” for the colonization and invasion
of more natural adjacent ecosystems. The roadside ditches have a richness
index (HAR) almost double than that of the second richest habitat in exotic
species, thus, suggesting that these environments are “reservoirs” of

potentially invasive species.

Alien species richness is also considerably high in torrents, even more
than in croplands, with infestation values (HAI) very similar to those of exotic
species found in the roadside ditches. This unexpected situation can be
attributed to (1) the proximity of these ditches to urban areas, which facilitate
the arrival and latter settlement of these species, (2) the greater soil moisture
content during the summer months, (3) the spasmodic water regime of the
prevalent Mediterranean climate, which generates constant perturbations and
instils the idea that these types of environments are synonymous with human
alteration, and (4) the weed removal strategies used to keep torrents clean can
actually favour the spread of invasive species. No uniform life form pattern of
exotic species was found; they can either be woody plants such as (Ailanthus
altissima, Platanus hispanica, Ricinus communis), lianes (Ipomoea indica) or
herbaceous plants (Paspalum paspalodes, Aster squamatus). Aguilar et al.

(2001) found a similar species group in Portugal.
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The most predominant, dominating species in torrent colonization is
Arundo donax. This plant behaves like a “transformer” in the sense of Py3ek et
al. (2004), as it radically modifies the ecosystem and expels most of the native
species.

The environments where the invasion of allochthonous species poses a
greater risk to the biodiversity of the island of Mallorca are the rocky coast

and, with lesser number, dune systems and wetlands, not just because of the

species richness, but due to their invasive behaviour in vulnerable areas. In
fact, these environments are rich in endemic and threatened species and at the
same time, have open structures in which exotic species may install
themselves. The rocky coasts and the dune systems are mainly invaded by
perennial species with succulent leaves and stems, especially adapted to semi-
arid climates (Agave americana, Carpobrotus spp., Opuntia maxima,
Disphyma crassifolium). The wetlands of Mallorca are only slightly invaded at
this point, quite the contrary to that occurring in other territories of Portugal
(Aguiar et al. 2001) and USA (Renz and DiTomaso 2005).

In contrast to other insular environments such as the Galapagos
archipelago, Hawaii, and the Canary Islands, very small infestation values

were found in woody plant communities. Mediterranean woody plant

communities are considerably resistant to penetration by these species, surely
because ecological niches in these environments are occupied (Lloret et al.
2005). Some species such as Opuntia maxima, Agave americana, Nicotiana
glauca, Senecio angulatus, Anredera cordifolia, among others, can occupy the
peripheral zones, often at the borders of urban developments and roads,
occasionally penetrating into their interior. For the biotic and abiotic

characteristics of an ecosystem, factors such as a high diversity, ecosystem
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maturity, the lack of disturbance by humans, a more dense vegetative covering
(Rejmanek 1989) and the availability of resources (Stohlgren et al. 1999) are
all thought to be the factors responsible for an ecosystems resistance to
invasion. As an example, Lake and Leishman (2004) found that in Australia
non-disturbed environments had not been penetrated, whereas disturbed

environments had been penetrated by exotic species.

The results presented in this work show that there are large quantitative
differences in the invasion of the differing habitats. Habitats of a more natural
character appear to be affected the least, however, rocky coasts and the dune
systems have large HAR values, reflecting the influence of gardening
activities taking place in the multitude of urban developments situated along
the littoral of the island. Besides, it cannot be discarded that these HAI values
may increase substantially in the future (e.g., as occurring in the case of the

Carpobrotus spp.).

Most of the environments analyzed presented significant differences
between HAR and HAI values, due to the presence of many casual species.
However, for torrents and cultivated fields this is not the case, suggesting that
the majority of the species which colonize these environments behave as
invaders. Surely, the practice of crop rotation in cultivated fields has hindered
the establishment of casual perennial species, which does not take place in
roadside ditches. In the case of torrents, the large infestation index values
(HAI) are caused by two species (Arundo donax and Paspalum paspalodes),
very common in this environment, which show an invasive behaviour in most

occasions.
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The most dangerous species (Al) are, as a majority, the large perennial
plants; whereas, the most common and abundant exotic plants (AA and AE)
are mainly annual plants which do not behave as invaders in non-disturbed
areas. The importance of perennial plants, specifically the phanerophytes, as
the most dangerous life forms has been repeatedly described in the literature
(Crawley et al. 1997; Mack et al. 2000; Kriticos et al. 2003). The life form
spectrum of invasive plants is in disharmony with respect to native species,
indicating that the present exotic flora is the result of selective forces which
have favoured some life forms over others rather than a group of plants
selected by chance from an ample floral source (similar conclusions have been
found for UK: Crawley et al. 1997). Trees and other large—sized species have
been selected for a specific use (ornamental, medicinal, forestry), whereas,
annual species have arrived at the present state, especially in an involuntary
manner, with the exception of cultivated species.
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2.5 How to explain exotic richness distribution? Large-

scale observational studies in Mallorca Island (Spain)
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Abstract

Given the increasing problem of biological invasions which result in
important losses of native biodiversity, especially in islands, it is important to
identify the main correlates of the invasive process for an adequate alien
species management. By means of GIS techniques and stepwise regression
model, we explore here the main physical, territorial and anthropic factors that
may be associated with alien plant species density in the island of Mallorca,
the largest of the Balearic Islands (Western Mediterranean Sea). The number
and density of alien species was obtained from our floristic data in UTM 10 x
10 km cells. A principal component analysis reduced the initial nine variables
to three principal components which explained 86 % of the cumulative
variance. Density of aliens was mostly determined by two anthropogenic
variables: urban settlement and road length and secondarily with other also
important variables, such as mean rainfall and territorial characteristics
(maximum altitude, surface occupied by natural areas, total length of
temporary streams, and surface of areas with some conservation planning). By
contrast, cultivated areas and distance to coast were not associated with
density of exotic plants. From a management perspective, we need to consider
that such urban areas connected by roads are the main focus of introduction of

alien plants in Mallorca island, and probably in all the Balearic Islands.

Kewords: Alien species flora, Cartography, Geographical Information System

tecniques, Balearic Islands, Mediterranean Basin.
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Introduction

Biological invasions have been pointed out as the second cause of
species extinction at global scale after habitat loss (McNeely et al., 2001;
Levine et al., 2003), particularly affecting the biological diversity of islands
and evolutionary-isolated ecosystems (Sax et al., 2002; Genovesi and Shine,
2004). Islands are especially vulnerable to alien species due mainly to their
isolation from continental landmasses, which has favored the evolution of
unique species and ecosystems (Wagner and Funk, 1995). As a consequence,
islands and other isolated areas usually have a high proportion of endemic
species and are centers of significant biological diversity, especially
vulnerable to competitors, predators, pathogens and parasites from other areas
(ISSG, 2000). In a regional context, introductions in Mediterranean basin
began in ancient times and at present are rising sharply, being mostly
deliberate (mainly through gardening, crops and human traffic) and sometimes
accidental (Hodkinson and Thompson, 1997; Richardson et al., 2000).

Mechanisms of biological invasions are explained by the characteristics
of invading species, those of the ecosystem invaded and their interaction
(Heger and Trepl, 2003). Regarding the second mechanism, exotics species
richness is frequently positively correlated with human population density
(Vila and Pujadas, 2001; PySek et al., 2002; McKinney, 2002; Silva and
Smith, 2004) because of increased introduction effort, habitat modification and
disturbance (Evans et al., 2005). Fragmentation and changes in land use also
provide opportunities for exotic species to invade and spread (Hobbs, 2000;
Vila and Pujadas, 2001; Luken and Spaeth, 2002). Moreover, the potential

distribution of some exotic plants is sensitive to changes in climate (Schwartz,
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1992), particularly those that result in increased temperature and water use
efficiency (Kriticos et al., 2003).

The goals of the present study were (1) to know the current distribution
of alien plants in Mallorca island (Balearic Islands) and (2) to understand
which anthropogenic (urban settlement, road length), physical (rainfall,
altitude, distance to coast) and related to landscape (protected areas, land cover
and length of temporary streams) are most associated with alien species

richness.

Methods

1. Study site

Mallorca is the largest of the Balearic Islands (Spain) located at the
Western Mediterranean basin, with a land surface of 3.620 Km? and a
population of 677 000 inhabitants. The island is divided into 57 UTM cells (10
x 10 Km) (Fig. 1) which encompass a variable number of ecosystems, like
rocky coast and dunes along a perimeter of c. 671,4 km, mountains with forest
systems (holm-oaks, pines and shrublands) with a maximum altitude of 1.492
m, crops throughout Mallorca’s plain, some riparian, temporary streams and
more anthropogenic habitats like roadsides and stone walls. The climate is
typical Mediterranean characterized by a long dry summer period and
spasmodic rain the rest of the year, mainly in winter. The island has much

tourist influence all year round, but basically in summer, with almost 48
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millions of overnight pass/year (2004) in the Balearic Islands (Marqués,
2005).
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Figura 1. Mallorca Island with the main road net and the number of observed exotic invasive
plants in 10 x 10 UTM cells. Crosses marked UTM cells with a land proportion smaller than
5%.

2. Study species

We obtained the number of alien (exotic) species per each 100 Km?
UTM cells from the alien vascular flora dataset provided by Moragues and
Rita (2005). A total of 308 plant species (which represent c. 16 % of the total
flora of the Balearics) were recorded, excluding crop and garden species. We
used density of aliens as the dependent variable instead of species richness to
avoid confounding effects with area (Lonsdale, 1999).
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3. Independent predictors

We worked with nine independent variables (datasets) which we
considered might be associated with density of aliens. Three of them were
physical: (1) mean rainfall; we did not consider temperature because this
varies little across Mallorca (15.33 + 0.13. Mean + SE), (2) maximum altitude
and (3) mean distance to coast; four described the landscape: (4) surface
occupied by natural areas (pine and holm-oak forest, areas with Ampelodesmos
mauritanica and Olea europaea var. silvestris, shrub lands and riparian), (5)
crop areas (irrigated and unirrigated land), (6) total length of temporary
streams, (7) surface of areas with some conservation planning (that is, natural
areas with special interest and specially-protected areas); and the last two were
associated to urban settlement: (8) surface of urban and urbanized areas, and
(9) road length All nine layers of information were obtained from the
cartography corresponding to the Territorial Plan of Majorca carried out by the
GIS and Remote Sensing Service of the Balearic Islands University. It was
carried out a transformation from the original vectorial format to the raster (10
x 10 Km) of each one of the selected maps. The GIS software used was
ArcGIS vers 9.1. (© ESRI Inc.)

4. Statistical analysis

We used a regional regression analysis (stepwise) to model the value of
a dependent scale variable (density of aliens) based on its linear relationship to
one or more predictors. In order to reduce the number of variables in the
regresion analysis and the colinearity among them, a principal component

analysis (PCA hereafter) with varimax rotation was performed to obtain

200



orthogonal axes from the initial variables, following Pino et al. (2005). The
resulting principal components (PC) where used as explicative variables for
the regression analysis. We performed a backward stepwise regression
analysis, using the standardized beta coefficient as the ordination criteria of

the importance of PC on the dependent variable.

Only the UTM cells with a land proportion greater than 5% (n = 51)
were included in the analysis (Fig. 1). The variables urban areas, maximum
altitude and protected areas were normalized by means of the square-root
transformation whereas natural areas and mean distance to coast were

logarithmically transformed.

We also carried out a spatial autocorrelation analysis (Moran’s 1) to
estimate the relationship between number of exotic species at any UTM cell
and its neighbours on a map, and we tested the hypothesis that the relationship,
as estimated by the autocorrelation statistic, was due to chance alone. Spatial
autocorrelation is based on distance classes, so our data was divided into a
certain number of classes following Yule’s rules (Casgrain and Legendre,
2001). Bonferroni’s correction was applied to all probabilities. The statistical
R package for multivariate and spatial analysis (v. 4.0) was used for this

analysis.
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Results

From a total of 51 UTM (10 x 10 km — cells) monitored, we obtained
three cells (5.9 %) with 80 - 100 exotic plant species; 10 cells (19.6 %) with
60 — 80; 16 cells (31.4 %) with 40 — 60; 15 cells (29.4 %) with 20 — 40 and 7
cells (13.7 %) with 1 — 20 (Fig. 1). We can observe two principal territorial
axes where cells with highest density of exotic species are concentrated. (1)
Northeast axe along the principal urban road net connecting villages since the
capital (Palma) in the southeast to the north extreme of the island finishing in
an important tourist point (Alcudia); this territorial exe have a divergence to
the north connecting the main mountain villages. (2) Southeast axe along the
coast concentrating a big tourist area. In general, these two territorial axes
have UTMs with highest number of exotic invasive plants while the center of
the island, where the main rural landscape can be found, has the lowest. At
first glance, the map suggests that urban areas (industrial and residential) are

more invaded than cultivated ones in the center of the island.

The extracted PC explained nearly 86 % of the variability in the original
nine variables (Table 1), so we could considerably reduce the complexity of
the data set by using three PC, with only a 14 % loss of information. PC1 was
a combination of physical and landscape variables both related with the natural
environment (protected areas, maximum altitude, natural areas and mean
rainfall, both with main factor positive loadings, followed by length of
temporary streams). PC2 was related by the mean distance to coast and crops
area —also with main factor positive loadings-, followed by length of
temporary streams. This last variable was equally related to PC1 than to PC2.
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Finally, PC3 was highly correlated with human settlement variables (urban

areas and road length).

Principal Components

1 2 3
Mean rain 218 -.017 -.077
Maximum altitude .258 -.034 .013
Mean distance to coast -.018 458  -.140
Natural areas 233 041 -.010
Crop areas - .066 441 -.055
Length of temporary streams ~ .192 186  .108
Protected areas 270 -.132 .082
Urban areas .000 -.182 .566
Road length .045 036 .469

Table 1. Scores of the main three principal components obtained from PCA with varimax

rotation on the nine initial variables.

The stepwise linear regression performed captured two models, both
with significant but low proportion of the total variance (model 1: r* = 0.3, p <
0.001 and model 2: r> = 0.3, p < 0.031). Model 1 included only the PC3 (f =
0.516, t = 4.215, p < 0.001) as a predictor variable, whereas model 2 included
PC3 (B = 0.516, t = 4.381, p < 0.001) and PC1 (B = 0.261, t = 2.219, p =
0.031) as predictor variables. Model 1 excluded PC1 (B = 0.261,t =2.219,p =
0.031) and PC2 (B = 0.027, t = - 0.222, n.s.) variables whereas model 2
excluded PC2 (B =- 0.027,t = - 0.230, n.s.) variable.
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Moran’s | index was computed for each distance class; we worked with
seven equidistant distance classes according to Yule’s rules. When spatial
autocorrelation structure was analyzed, we found that each value of the I
coefficient was almost equal to zero, all of them with non-significant values
(Table 2), implying that there was no spatial autocorrelation in the density of
aliens among UTM cells. According to Legendre et al. (2002), analyzing the
spatial autocorrelation in a single variable (in our case the dependent variable)

is enough to not affect the tests of significance of the regression model.

Class Moran’s|l p

1 0.042 0.07
2 -0.010 0.57
3 -0.018 0.52
4 -0.098 0.09
5 -0.067 0.35
6 -0.092 0.32
7 -0.047 0.44

Table 2. Significance of the Moran’s | index for each distance class. The setting of the
distance classes defines different distance intervals. Autocorrelation indices are computed for
each class, by comparing all pairs of sequences separated by arbitrarily chosen geographic

distance.
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Discussion

The cells with the largest number of exotic species correspond to the
most urbanized sites of the island, that is, the largest city and its surrounding
areas, and to the most tourist coastal zones. On the other hand, the centre of
the island with large cultivated areas and small towns has a lower, although
not negligible, number of naturalized exotic species. Such correspondence
between the urbanized areas with the density of exotic species has been

confirmed with the results of our stepwise regression analysis.

The autocorrelation analysis showed no relation in density of exotic
species among adjacent 10 x 10 UTM monitored cells. The UTM cells are
sufficiently heterogeneous in diversity of habitats so that density of exotics in
each is independent among adjacent cells. Moreover, the majority of the most
abundant exotic species in Mallorca are mainly found in anthropogenic
ecosystems, such as road sides and temporary streams near urbanized areas,

present in all UTM cells.

Overall, the examined variables could be simplified into three main
groups of factors related to physical and landscape characteristics (PC 1 and 2)
and human activities (PC3), the last one usually having a direct relationship
with exotic plant richness (Pino et al., 2005; Vila and Pujadas, 2001).

Non-native plants appeared to be closely related with one main variable
describing anthropogenic habitats (urban areas and road length), and
secondarily with other also important variables, such as mean rainfall and

territorial characteristics (maximum altitude, surface occupied by natural
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areas, total length of temporary streams, and surface of areas with some

conservation planning).

Large-scale observational studies have shown a positive correlation
between invasibility and anthropogenic ecosystems, with more disturbed
communities being more heavily invaded (Sax and Brown, 2000; Pysek et al.,
2002; Silva and Smith, 2004; Chown et al., 2005). In Mallorca, temporary
streams near urbanized areas are particular habitats with important amounts of
exotic plant species. This is probably due to the increased level of nutrients in
the sediments (King and Buckney, 2005) and/or because exotics have access
to space in the introduced community that no local species utilize (Mack et al.,
2000; Levine and D’Antonio, 1999). Moreover, such habitats are intrinsically
disturbed due to the strong-rains regime, receiving a high frequency of
propagules which in turn have a high probability of becoming established.

Not only these anthropogenic habitats seemed to be related with a major
exotic plant density. Other abiotic characteristics are also important for the
establishment of exotic plants (Kriticos et al., 2003; Pino et al., 2005) like
physical (rainfall and altitude) and landscape (natural areas and areas with
some conservation planning) variables. One possible reason for the relation
between density of exotics and landscape variables might be that some urban
areas are close to mountain zones so that within a single cell both types of
habitats might occur (i.e., in a same 10 x 10 cell we can find mountain zones,

lowland crops or even urban zones).
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The great boom of tourism visiting the island, considerably in the past
decades, and the economic and communications growth seem to be the causes
of this hard relationship between anthropogenic habitats and non-native
species richness. Urban areas and roads are hot spots in the exotic plant
establishment. Our results suggest that garden flora associated with those
disturbed areas is the primary vector in the increase of exotic species; whereas
alien flora arrived from crops have less contribution to this alien richness

increase.

In short, urban areas appear as the main source of exotic plants.
Increased awareness of the problem in the society is one of the major
challenges to prevent the introduction and spread of new exotic plant
invasions. The elaboration of a black checklist of ornamental plants would be
required to avoid future introductions of dangerous plants. Once established, it
is during the initial dispersal stage that management efforts can prevent the
establishment and subsequent, often detrimental, impacts of invasive species
(Puth and Post, 2005 and references therein).
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Abstract

Invasive plant species are often considered as potential competitors of
native species due to their usually greater capacity for colonization and
expansion, but we still have scarce information on whether invasives can also
compete for pollination services with natives. In the present study, we
hypothesized that the showy flowers of the highly invasive Carpobrotus spp.
can compete with native species (Cistus monspeliensis, Cistus salviifolius,
Anthyllis cytisoides and Lotus cytisoides) with which it shares habitat and
flowering time, influencing pollinator visitation. To test this, we censused
insects visiting the flowers of native species in the field and recorded the
number of flowers visited in adjacent areas with and without the presence of
Carpobrotus. We also assessed the presence of exotic pollen on stigmas of
native species and evaluated its effect on reproduction. We detected potential

competition for pollinators only in one native species (L. cytisoides), a

facilitative effect in two other species (C. salviifolius and A. cytisoides), and a

neutral effect in a fourth one (C. monspeliensis). Moreover, such effects

appear not to be consistent in time. The presence of Carpobrotus pollen on
native stigmas was almost negligible, and hand-pollination experiments

showed that such exotic pollen does not interfere significantly with native
pollen, not affecting seed set. Our results indicate that the role of the invasive
Carpobrotus in promoting or constraining the natural pollination dynamics is

likely to have species specific effects on the native flora.

Keywords: Invasive species; Competition for pollinators; Facilitation; Pollen
interference; Balearic Islands
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Introduction

An increasing number of studies have demonstrated that invasive alien
species are important competitors with native species for resources such as
nutrients, water or light (e.g. Wardle et al., 1994; Weihe and Neely, 1997,
Mack and D’Antonio, 1998) or simply for space (Newsom and Noble, 1986).

Such competition often negatively affects the population growth of native

species (e.g. Huenneke and Thomson, 1995; Randall, 1996; Williamson, 1996;
Mack and D’Antonio, 1998; Gordon, 1998; Zavaleta et al., 2001). In contrast,
little information exists on the extent to which invasives compete for pollinator
services with the native flora, with likely harmful consequences for the latter.
The only three systems studied so far consist of the invasive Lythrum salicaria
and the native congener L. alatum (Grabas and Laverty, 1999; Brown and
Mitchell, 2001; Brown et al., 2002), the invasive Impatiens glandulifera
inducing pollinators from native species such as Stachys palustris in central
Europe (Chittka and Schiirkens, 2001) and the invasives Cakile maritima and
Carpobrotus spp. that coexist with the native Dithyrea maritima in sourthern
California (Aigner, 2004). Many flowering plants depend upon pollinators for
successful reproduction, and consequently the abundance and behaviour of
pollen vectors may be an important ecological factor influencing seed

production (reviewed in Burd, 1994).

Invaders, especially those with showy flowers, can potentially
influence either the quantity or the quality, or both, aspects of pollination.
Many surveys of pollination systems reveal an inherent pollinator preference
for large flowers and for long floral periods (Campbell, 1989; Ohara and
Higashi, 1994; Schemske and Agren, 1995; Connor and Rush, 1996). The
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quantitative component of pollination is a function of the number of insect
visits, the number of flowers visited, and the amount of pollen deposited on the
stigmas. By having ‘more attractive’ (larger or more rewarding) flowers, an
invader may significantly reduce the number of pollinator visits to natives
(Brown et al., 2002; Parker and Haubensak, 2002). Alternatively, although
pollination facilitation between species appears to be rare (or has been rarely
documented; Feldman et al., 2004 and references therein), an invasive species
might facilitate the arrival of pollinators to native flowers, increasing visitation
rates and, ultimately, reproductive success. The qualitative component of
pollination, on the other hand, depends upon traits such as pollen source (e.g.,
distance from male donors to female targets), pollinator efficiency (the
capacity of pollinators to deposit pollen in the adequate place) and ““purity’” of
the pollen (i.e., whether it is conspecific or it is mixed with pollen grains from
other species). Interspecific pollen transfer, in particular, can lead to strong
competitive effects when pollen availability, stigma receptivity, or pollinator
movements are limited (Waser, 1978; Campbell and Motten, 1985; Caruso and
Alfaro, 2000; Brown et al., 2002).

The genus Carpobrotus is especially invasive along the coast of the
western Mediterranean Sea (Suehs et al., 2004a,b). In this study, we examined
the impact of two species, Carpobrotus acinaciformis (L.) L. Bol. (which is
actually a dubious taxon due to the high capacity to hybridize with other
Carpobrotus species and that is why it is also cited as C. affine acinaciformis;
Suehs et al., 2001) and Carpobrotus edulis (L.) N. E. Br., on quantitative and
qualitative components of pollination success of four native species.
Specifically, we compared pollinator services between invaded and adjacent

non-invaded stands. The questions we addressed were: (1) do native species
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and the exotic share pollinators? (2) is there a potential competitive or
facilitative effect between the invasive and the native plants for pollinator
services? (3) how commonly does heterospecific pollen transfer occur and

does it affect seed set in native species?

Materials and methods

1. The species and study sites

The Carpobrotus taxa (Aizoaceae) are immediately recognizable in the
field by their trailing habit and long, robust internodes. Flowers are solitary,
actinomorphic and up to 120 mm in diameter. Stamens and petals are
numerous (400-600 and 120-130, respectively), and the 8-18 pistils are
centrally arranged and spread to a star shape at maturity (Wisura and Glen,
1993). C. edulis is the only member of its genus that has distinctly yellow

flowers, while C. affine acinaciformis typically has magenta flowers. Both

taxa are considered a serious threat to several protected plant species in the
Balearic Islands (e.g. Vila and Mufioz, 1999; Garcia, 1999) as well as to others

in other Mediterranean islands (Suehs et al., 2001).

Two of the native species studied belong to the Cistaceae family
(Cistus monspeliensis L. and Cistus salviifolius L.), having actinomorphic
white flowers with numerous yellow stamens, while the other two are in the
Fabaceae (Anthyllis cytisoides L. and Lotus cytisoides L.), bearing typical
zygomorphic yellow flowers that require pollinator tripping. The study took
place on Mallorca, the largest island in the Spanish Balearic archipelago
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(Western Mediterranean). We selected two localities with calcareous substrate
where Carpobrotus was present: Cala Figuera, a rocky coast habitat at the
southwest, and Son Serra de Marina (Son Serra, hereafter), a dune

environment at the north (Fig. 1).

J(/C!h Figuera
\{,.,2.{.#‘ ~

Mallorca

4
&7

Figure 1. Map of the Mediterranean Sea and of Mallorca Island with the experimental

localities shown.
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2. Experimental procedures and statistical analyses

2.1. Selfing rates of native species

Before assessing if native species share pollinators with Carpobrotus
species, our concern was to determine if they are autogamous or whether they
need pollinators in order to produce seeds. Before flower anthesis, we bagged
flowering branches with white cloth bags that did not allow the passage of
pollen, counting the number of floral buds within each bag. After flower
senescence, we removed the bags and counted the number of developing fruits
in them. On the same individuals, we marked branches that were used as
control (open pollination). We used a total of 14 individuals of A. cytisoides
(1106 control vs. 767 selfed flowers), 14 individuals of C. monspeliensis (115
control vs. 221 selfed flowers), 10 individuals of C. salviifolius (93 control vs.
96 selfed flowers) and 10 individuals of L. cytisoides (100 control vs. 100
selfed flower), although samples sizes were somewhat reduced due to

vandalism. The experiment was carried out during the spring of 2001.

A cytisoides and C. monspeliensis were studied at Cala Figuera (were
C. acinaciformis is present) whereas C. salviifolius and L. cytisoides were

studied at Son Serra, where they coexist with C. edulis.

We compared seed set between control and bagged flowers for each
species by means of a paired t test. In the case of A. cytisoides, no analyses
was performed as seed set for the selfing treatment was nil in all individuals.
The software employed was STATISTICA v. 6.0 (Statsoft 2001).
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2.2. Quantitative component of pollination: censuses of flower

visitors

Observations on insect flower visitors were made during the springs of
2002 and 2003, on stands of native species sympatric with a Carpobrotus
population (“‘mixed’” stands) and on adjacent stands with no Carpobrotus

present (*‘pure’’ stands).

During the flowering peak of each year, censuses of 15 min were made
on a minimum of 15 individuals of each species (native and invasive) in each
stand and locality. Observations took place between 9 am and 6 pm, on sunny
and calm days, and were randomly performed in each stand. Pure and mixed
stands were separated by at least 50 m from each other, depending upon
locality. A total of 11.5 h of observations in the pure stands, and a total of 30 h
in the mixed stands were made. In each census we recorded: (1) the number of
insects visiting flowers; (2) the insect species identity (at least to the family
level, when species or genus was unknown); (3) the number of open flowers in

each censused individual.

As data could not be normalized with any transformation, we
performed a generalized linear model (GENMOD), using a Poisson error
distribution and a power link function. A separate analysis was done with each
dependent variable: (1) number of insect visits; (2) number of flowers visited
per census, using type of stand and year as fixed factors and number of open

flowers at each census as a covariate.
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2.3 Qualitative component of pollination

Pollinator efficiency

We examined stigmas of native flowers on mixed stands to assess the
presence of Carpobrotus pollen on them. We collected a total of 90 flowers
from each native species (10/indiv., 9 indiv.) at three different distances from a
Carpobrotus patch (close: <10 m; intermediate: 10-30 m and far: >30 m; 30
flowers/distance). Flowers were collected a short time before sunset, when
pollinators’ activity was practically finished, and inserted into small vials with
alcohol (70%) to fix pollen grains settled on stigmas. In the laboratory, stigmas
were extracted and placed in distilled water, and pollen grains were counted on

them by means of a haemocytometer under a binocular microscope.

The low levels of exotic pollen found on native stigmas did not allow

to perform a statistical analysis of the data.

Effect of heterospecific pollen on native seed set

We examined this only on the two native species of Cistus because of the

difficulty of working with the leguminous flowers. In each of five individuals of

the two Cistus, we applied three different treatments: (1) hand-pollination with

exotic Carpobrotus pollen (named hereafter aliengamy); (2) mixture of
Carpobrotus and species’ own pollen (always from other individuals) (hereafter,
mixgamy); (3) legitimate native pollen also from conspecific individuals

(xenogamy). A fourth group of flowers was used as a control (open pollination).
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Ten flowers per individual were used for each treatment and control.
The experiments were performed during the 2003 spring. For the mixture
treatment, we gathered fresh pollen from various Carpobrotus and Cistus
individuals and we mixed them with a thin paintbrush in a small Petri dish
before hand-pollinated targets. Exotic and native pollen of each Cistus species
was also collected in separate Petri dishes. Pollen was added at anthesis time,

when stigmas were fully receptive.

After hand-pollination, we marked the persistent floral stem of each
pollinated flower with a different coloured label for each treatment. At the end

of the experiment, all fruits were collected and weighted. The tiny (1.0-1.5
mm) seeds within each fruit were counted and weighted. For C. monspeliensis,
the final number of flowers from which we could obtain seed set data for each
treatment was: n = 38 (aliengamy), n =46 (xenogamy), n = 44 (mixgamy) and
n = 37 (control). For C. salviifolius, many fruits aborted and fell down at an
early stage, and in this case we could gather data from only two individuals: n
= 6 (aliengamy), n = 11 (xenogamy), n = 3 (mixgamy) and n = 12 (control);
thus, results on this species need to be taken with caution.

Variation in both number of seeds per fruit and fruit weight among
treatments was tested by performing a General Linear Model with a normal
distribution for each species and for each dependent variable, using treatment
and individual as the independent variables. As all treatments were applied to
each individual, we considered a repeated measures design with individual as

subjects and treatment as a fixed factor.
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Results

1. Dependency of native plant species upon pollination vectors

The bagging experiments revealed very low selfing rates in the native
species; they were even nil in the case of A. cytisoides. Fruit set in bagged
flowers was consistently lower than in control ones (Table 1), implying that

the four native species do need pollination vectors for their reproductive

success.
Native Control Selfed n df t P
Species  flowers flowers
A.C. 0.65+£0.05 0.00+£0.00 14 - - -
C.M. 0.31+£0.04 017007 9 8 2650 =0.029
C.S. 0.65+0.06 014005 9 8 7.065 <0.001
L.C. 053+0.11 0.08+006 10 9 4302 <0.001

Table 1. Percentage (mean £ SE) of flowers of each native species that set fruit in the control
(open pollination) and in the autogamy treatment. AC: A. cytisoides; CM: C. monspeliensis;

CS: C. salviifolius and LC: L. cytisoides.

2. Effect of Carpobrotus flowers on insect flower visitation to native species

In Cala Figuera, both insect and flower visitation rate to A. cytisoides
were higher in the mixed than in the pure stand (0.004 for insect visitation and
v’ = 8.75, P = 0.008 for flower visitation), and this was consistent between
years (x* = 0.34, P = 0.56 and »* = 0.03, P = 0.87, respectively; interaction not

significant; Fig. 2). In contrast, non-significant differences were observed in C.
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monspeliensis between stands (3* = 1.70, P = 0.19 for insect visitation, and y?
= 0.58, P = 0.45 for flower visitation, respectively), although differences
existed between years (x* = 59.93, P < 0.001 and »* = 15.80, P < 0.001,
respectively) (Fig. 2). In Son Serra, both variables differed significantly
between stands for C. salviifolius (x* = 8.80, P = 0.003 for insect visitation and
v’ = 6.00, P = 0.005 for flower visitation), being greater in the mixed than in
the pure stand (Fig. 2) and between years (x*= 10.94 and 11.203, respectively,
P < 0.002). Such differences were only significant in 2003, and that is why the

interaction stand x year was significant (P < 0.01).

The other species at Son Serra, L. cytisoides, showed also inconsistent

results: considering both years, stands were not found to differ significantly (*

= 0.42, P = 0.52), but years did differ (3> = 5.43, P = 0.02) and there was a
significant interaction (x> = 4.02, P = 0.04) because both variables were much
higher for the pure than for the mixed stand only in 2003. This year, thus, a
potential competitive effect between the exotic and this native plant was

detected (Fig. 2).
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2.1. Insect guilds visiting the flowers of native species

The main insect orders that visited native species were Hymenopterae,
Dipterae and Coleopterae (Table 2). Ants (the family Formicidae) were also
observed on the flowers of three of the species. Hymenopterans (mainly bees)
were dominant in all native species, although beetles were also quantitatively
important. A high fraction of insect species were shared between native plants
and Carpobrotus (over 50%; Table 3).

3. Presence of Carpobrotus pollen on stigmas of native species

We recorded exotic pollen on native stigmas only in the two species
studied at Son Serra (C. salviifolius and L. cytisoides). For C. salviifolius,
heterospecific pollen was found only occasionally: in 3 out of 90 flowers
examined (and in all cases at a distance <10 m from any flowering
Carpobrotus). The levels of heterospecific pollen were very low (only 0.59 *
0.39% of all pollen grains recorded corresponded to Carpobrotus). For L.
cytisoides, heterospecific pollen was also found occasionally in 2 out of 90
flowers observed (in this case at a distance >30 m), and again the proportion of

Carpobrotus pollen grains was negligible (1.14 + 0.86%).
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4. Effect of heterospecific pollen on seed set of Cistus

In the case of C. monspeliensis, results revealed significant differences

(Fs10s = 18.24, P < 0.0001) among treatments in the number of seeds/fruit
(which was highly correlated with weight of seeds/fruit: r = 0.89, P < 0.0001),
being higher for xenogamy than for the rest of treatments, lowest for
aliengamy and controls, and intermediate between these two groups for mix-
gamy (Tukeys’ HSD test) (Fig. 3). Such results suggested, thus, the possibility
of pollen limitation. Unexpectedly, aliengamy (‘pure’ Carpobrotus pollen)
resulted in a similar number of seeds per fruit as the controls, which indicates
no interference of exotic pollen on seed set. The correlation between number
of seeds and fruit weight was rather low (r = 0.30, P < 0.0001). Fruit weight

was similar among treatments (Fs 111 = 0.59, P = 0.62).

In the case of C. salviifolius, we found no significant differences
among treatments, either in the number of seeds per fruit (F39 = 1.73, P =
0.23) or in fruit weight F31, = 1.82, P = 0.20). As in C. monspeliensis, these
two variables were significantly correlated (r = 0.70, P < 0.0001). In contrast
to that species, though, C. salviifolius showed no pollen limitation as the
addition of xenogamous pollen did not increase the number of seeds produced
per fruit. The mixgamy treatment tended to decrease that parameter, although

the addition of Carpobrotus pollen alone had no effect on it (Fig. 3).
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Figure 3. Mean number of seeds per fruit for Cistus monspeliensis and Cistus salviifolius
produced in the applied treatments (see text for details) and the control. Standard error bars are

shown. Different letters on bars indicate significant differences (P < 0.001) (Tukey’s HSD

test). The * indicates a significant difference at P < 0.05 between c and b.
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Discussion

All native species examined in this study strongly depended on
pollinator vectors, as indicated by their low levels of selfing. Hence, any
change in the frequency of insect visits or in the insects’ foraging behaviour
due to the presence of an exotic plant species in their “‘environment’ is likely to

alter their reproductive success.

The consequences of competition for pollination services on seed set
have been studied in a wide variety of systems and different outcomes have

been found to vary from negative (reduced seed set; e.g. Brown et al., 2002

and references therein) to positive (increase seed set; e.g., Rathcke, 1988;
Gross, 1996), or even neutral effects (e.g. Kunin, 1997; Caruso, 1999). All
these possibilities were observed in our study system. Despite the greater
nectar and pollen rewards of Carpobrotus flowers, a negative (competitive)
effect on both insect and flower visitation rates was found only in L.
cytisoides. On the contrary, the presence of Carpobrotus flowers appeared to
facilitate insect visitation to flowers of two species: C. salviifolius and A.
cytisoides. With such result, thus, we argue that pollination facilitation among
plants may not be as rare as previously thought (Feldman et al., 2004). What is
certainly more difficult, and was not the goal of this study, is to assess that an
increased insect visitation rate translates into an increased population growth
rate (e.g. Parker, 2000; Feldman et al., 2004). The possibility that Carpobrotus
flowers had a neutral effect on pollinator attractiveness to other species was

found with the other species, C. monspeliensis.

233



Such effect of Carpobrotus flowers on insect flower visitation to a
particular native plant species may vary spatially and temporally. Preliminary
observations made in southern France, specifically in Bagaud (Hyeéres Islands)

(C. Suehs, unpublished data), suggested that Carpobrotus had a negative effect
on C. monspeliensis and a neutral effect on C. salviifolius. On the other hand,
our data from two years showed significant differences in two of the species

examined; both in L. cytisoides and C. salviifolius, the effect of Carpobrotus

was significant in 2003 but not the previous year. These results indicate, thus,
that this type of study needs to consider more than one population and field
season to generalize on the degree to which exotic species influence
pollination success of native plants. The link between fluctuating pollination
success and fluctuating reproduction may be mediated by the population
dynamics of pollinators (Thompson, 2001). It is well known, for instance, that
insect community composition and abundances can vary much from year to

year, as well as their effect on plant reproduction (e.g. Aigner, 2004). Many
factors can indeed influence reproduction, adding variability to the relationship
between visitation and fruit set (Parker and Haubensak, 2002). Such temporal
unpredictability, of even the most effective pollinator, is what actually appears

to favour generalization in most species (Waser et al., 1996).

A large proportion of the insect visitors are shared between the native
species examined and the exotic Carpobrotus spp. Hymenopterans were the
most abundant flower visitors at both localities, although beetles were also
quantitatively important. As expected from their flower morphology, the two
Cistus species shared a higher number of insect visitors with Carpobrotus than

the two leguminous species.
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The levels of heterospecific pollen on native stigmas were rather low
(and only in C. salviifolius and L. cytisoides), suggesting that Carpobrotus
does not reduce reproductive success of native plants through this mechanism
of competition. In the case of L. cytisoides, the only species that potentially
compete with Carpobrotus for insect visits, the low levels of heterospecific

pollen found in its stigmas indicate that reproductive success (measured as
number of seeds/fruit) is almost unaffected by such pollen interference. The

question remains though whether the lower frequency of insect visits in mixed
stands translates into a lower seed production. The Carpobrotus flowering
boom occurs simultaneously with that of many native species, so pollinators
are not resource limited. The low levels of heterospecific pollen found on
native stigmas might be due to an abundant (not limiting) nectar and/or pollen
of such natives, and perhaps also to a higher quality of those resources.
Assessing this would certainly require information not gathered in this study.

The addition of exotic pollen on the stigmas of both Cistus species was
shown to be irrelevant for pollination success. In both cases, the pollen grains
of Carpobrotus appeared not to obstruct, either partially or totally, the stigma
as the number of seeds produced per fruit was unaffected. Such findings
contrast with those reported by Brown et al. (2002), probably because in that
case the invasive and the native species were congeneric, which makes a

pollen germination interference much more likely.

In summary, our results suggest that the invasive Carpobrotus spp.
may influence the quantitative component of pollination, either positively (in
A. cytisoides and C. salvifolius) or negatively (in L. cytisoides), although may

also have no effect on it. Regarding the qualitative component of pollination,
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we found that the seed production of at least two Cistus species is not altered
by the exotic pollen. As this invasive species has spread and is still spreading
very rapidly along the Mediterranean coastal areas, it will be interesting to
examine its impact on other native flora in future studies. From the
conservation viewpoint, it should be kept in mind that its influence on the
pollination of native plants is likely to be species specific, that it may depend
upon the ecological context (i.e. the environmental conditions prevailing at a
given site), and that it can vary from year to year, along with fluctuations in
other factors (insect abundance, composition, flower abundance of other native

plants, etc.).
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Abstract

The high floristic diversity of Mediterranean ecosystems is threatened
by the harmful introduction of exotic plants. Insular coastal habitats are
especially vulnerable to these introductions. In the present study we have
evaluated vegetative (clonal) growth dynamics and the potential colonization
rates of the invasive species Carpobrotus spp. For over two years (2001-2003)
we evaluated branch growth rates of this creeping plant, comparing two
habitats (rocky coast vs coastal dunes) and two different environmental
conditions (sun vs shade) in four populations of Mallorca island (Spain). In
one population of each habitat we estimated the level of plant stress by
measuring chlorophyll fluorescence and the light received by each branch to
determine whether these parameters were correlated with growth rate.
Carpobrotus branches grew at similar rates in all populations, regardless of the
type of habitat. However, growth rate was greater in plants in the shade than in
those completely exposed to sunlight, and was also greater for main than for
lateral branches. The good performance of Carpobrotus in the shade (more
efficient occupation of space) was due not only to its phenotypic plasticity,
expressed in different allocation patterns in sun and shade individuals, and to
its clonal growth, which allowed for the continuous search of the best
neighbour patches, but also to the relatively moderate shade of the
understories where it can be found. Annual growth of main branches was c.
40cm, which explains the vigorous habitat colonization capacity of
Carpobrotus spp., with the consequent native flora displacement. Results
indicated that the clonal growth and the plastic morphological response to light
of this highly invasive plant are efficient mechanisms for its rapid colonization
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Good performance in both sun and shade habitats

of space and successful establishment in the vicinities of the coastal zones in

Mediterranean environments.

Key Words: Aizoaceae; Clonal growth; Colonization rate; Invasion patterns;

Invasive species; Photochemical efficiency
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Introduction

The relationship between the characteristics of an invading species
(such as effective vegetative reproduction) and the features of the invaded
ecosystem is crucial to the success of the invasion (Heger & Trepl 2003; Vila
& Weiner 2004). These relationships can influence the evolution, adaptation,
and population dynamics of introduced species and can contribute to their
establishment in a new area outcompeting native species (Myers & Bazely
2003). Clonal growth together with other life history traits has been shown to
increase invasion success (Mack 2003). Clonal plants are one of the most
successful growing strategies in the plant world, they are found in almost all
terrestrial and aquatic habitats (de Kroon & Groenendael 1997) and they
dominate in a variety of habitat types, including severely stressed (Callaghan
et al. 1992) and disturbed habitats (Sebens & Thorne 1985). By repeatedly
producing new shoots (ramets), clonal plants can efficiently occupy space,

sometimes excluding other species.

An intrinsic characteristic of clonal growth that confers
competitiveness is the efficient distribution of tasks among ramet modules
which, coupled with phenotypic plasticity can lead to enhanced resource
exploitation (Alpert & Stuefer 1997). Clonal plants build a variety of
architectural forms by modifying the lengths of spacers (rhizomes or stolons),
branching frequencies and branching angles (Bell 1980; Lovett Doust 1981;
Hartnett & Bazzaz 1983; Salzman & Parker 1985; Slade & Hutchings 1987).
These architectures differ among plant species or within a species in different
environments (Bell 1980; Lovett Doust 1981; de Kroon & Knops 1990;
Hutchings & de Kroon 1994). Thus, plasticity in clonal architecture may be an
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adaptive plant trait (Hartnett & Bazzaz 1983). Plasticity in horizontal growth
provides a clonal species with special capacity for resource capture (de Kroom
& Hutchings 1995) and for producing ramets growing in numerous directions
and at long distances (Oborny & Bartha 1995). Hence clonal growth is
particularly well-suited for the colonization of spatially heterogeneous

environments, such as forest understories (Stuefer et al. 1996).

Most clonal plants produce both seeds and vegetative propagules,
which are alternative means for dispersal. As a general trend, vegetative
reproduction is specialized for efficient local dispersal and persistence, while
seeds enable the species to spread at larger distances (Silander 1985). The cost
of vegetative reproduction is generally lower than the cost of producing seeds,
and the establishment of the progeny is more successful in a wider range of
habitat types (Oborny & Bartha 1995). In a community, the occurrence of
monodominant patches of clonal species strongly determines the spatial
structure and, if the patches cover a large area, may increase the resistance of
the whole community to the invasion by a new species (Bartha 1992).

The genus Carpobrotus includes species that are very aggressive and
invasive in Mediterranean ecosystems, especially in open areas such as dunes
and rocky coasts in Western Mediterranean islands (Bourgeois 2002; Suehs et
al. 2004). However, Carpobrotus has also been found in the understory of pine
forests and shrublands near the coast (personal observations). The fast clonal
growth rate and the adaptability of this genus to extreme environmental
conditions has been shown to allow a high rate of space colonization, with a
subsequent negative impact on native flora, making it very difficult to
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eradicate (D’Antonio & Mahall 1991; D’Antonio et al. 1993; Weber et al.
1998; Moragues & Traveset 2005).

In the present study we were interested in determining (1) the seasonal
growth pattern and extent of Carpobrotus spp. in different populations
naturalized on Mallorca island, and (2) the environmental circumstances under
which this invader is successful (particularly sun vs. shade environments), in
order to assess the invasion risk of natural Mediterranean ecosystems in the
vicinities of sand dunes and gardens where the species has been frequently

introduced.

Materials and methods

1. Study species

Our focal species are Carpobrotus affine acinaciformis (L.) L. Bolus
and Carpobrotus edulis (L.) L. Bolus (Aizoaceae) (hereafter Carpobrotus,
since the two species hybridize and are difficult to distinguish in practice),
native to South Africa and introduced in Europe around the 19th century. They
are very common ornamental species because of their fast clonal growth rate,
their low water requirements and their great solitary magenta flowers (Suehs et
al. 2004). In the Balearics, as in other Mediterranean islands, Carpobrotus
species have become one of the most invasive coastal plants, displacing some
of the native flora (Delande et al. 1996; Mayol 1997; Moragues & Rita 2003).
They are creeping plants with radial growth that form branches with a regular

structure of nodes with rooting capacity. They have indehiscent fleshy fruits
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Good performance in both sun and shade habitats

(with many small seeds) that get eaten and dispersed by rabbits (D’Antonio
1990) and even by rats (Bourgeois 2002). These animals -which are in turn
also alien to the Balearics - contribute significantly to the expansion and
spreading of these plants. Species of Carpobrotus invade primarily coastal
communities, both dunes and rocky environments, and have a great capacity
for establishment regardless of the degree of disturbance, and always changing

the ecological conditions.

Carpobrotus expands horizontally and radially in all directions. It
forms dense mats that, in natural conditions, tend to trail between other
elements of the vegetation (Wisura & Glen 1993). Every main branch (also
named rhizome in certain studies, although it is not a rhizome in the botanical
sense) has the capacity to form functional individuals (ramets) by rooting
some branch nodes. Each ramet is potentially autonomous, being able to

develop all the organs possessed by a whole plant.

2. Study sites

The study took place in four coastal localities of Mallorca island (the
largest island of the Balearic Archipelago in the Western Mediterranean
basin). Two of them were located on cliffs in the southwest part of the island
(Cala Figuera and Cap Enderrocat), one of them was at the southeast of
Mallorca in a rocky coast near the sea (Ses Salines) and the fourth one was at
the north of the island, in a dune habitat (Son Serra). The vegetation of the first
two localities consisted of the typical coastal open xerophytic shrubland, with

predominance of Olea europaea L. var. sylvestris (Mill.) Brot., Pistacia
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lentiscus L., Cistus monspeliensis L. and Anthyllis cytisoides L. The site of Ses
Salines was located at sea level and was dominated by a few shrub species
(mainly Pistacia lentiscus and Juniperus phoenicea L. ssp. turbinate (Guss.)
Nyman). Finally, Son Serra was characterised by the typical West
Mediterranean dune flora where species such as Ammophila arenaria L.
(Link), Cistus salviifolius L., Pistacia lentiscus L. and Lotus cytisoides (L.)
Arcang. predominate. Carpobrotus also occurred in the understory of Alepo
pine (Pinus halepensis Miller) forests that were in a second line of vegetation
(approximately 500 m from the coast), both in Cala Figuera and Son Serra.

3. Field measurements

In each population we selected three mature, healthy and isolated
clones (individuals) of Carpobrotus of similar size. In the two localities where
Carpobrotus (Cala Figuera and Son Serra) grew in both sun and shade sites,
we selected three clones from each microsite. From each clone, we marked
and measured two randomly chosen branches, one being a main branch and
the other being a lateral (secondary) branch. The point on the stem where the
leaves develop was referred to as a node and accordingly, the region between a
pair of adjacent nodes was called an internode. New meristems, the lateral
buds, develop at the nodes, each just above the point where a leaf is attached.
When lateral buds develop, they produce new stem tissue forming thus new
lateral branches. All main branches have lateral short branches, some of which
can increase their length by means of ramifications and turn eventually into

main branches.
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We measured the increase in length in each type of branch in all clones
bimonthly during two years (from July 2002 to July 2003). In each visit, we

recorded both the number of new nodes and the distance between them.

Most individuals exhibited a varying number or reddish, apparently
senescing leaves, and the relative abundance of these leaves was visually
estimated in randomly chosen individuals (not necessarily those used for the
other measurements) using a categorical variable from0to 3 (0 =<5%; 1 =
5-25 %; 2 = 25-60 %; 3 = >60 %). The immediate light environment of each
individual plant grew was monitored during late spring (May) by two means,
hemispherical photography (Pearcy 1989), which provided an integrated
measure of annual mean availability of light, and by three different sensors,
which provided quantitative although instantaneous measures of irradiance
quantity and quality. Photographs were taken at a height of 0.25 m using a
horizontally-levelled digital camera (CoolPix 995 digital camera, Nikon,
Tokyo, Japan) and aimed at the zenith, using a fish-eye lens of 1800 field of
view (FCES, Nikon). All photographs were taken under overcast conditions to
ensure homogeneous illumination of the overstory canopy and a correct
contrast between the canopy and the sky. Photographs were analyzed using
Hemiview canopy analysis software version 2.1 (1999, Delta-T Devices Ltd,
Cambridge, UK), and the following variables were estimated: 1) direct (DSF);
2) indirect site factors (ISF), which we defined as the proportion of direct and
diffuse radiation received below the canopy as a fraction of that received
above the canopy (Rich 1990); and 3) ground cover, defined as the vertically
projected canopy area per unit ground area. Red - to - far red ratio (660/730
nm) was measured with a SKR 110 sensor attached to a SKR 100 meter (Skye
Instruments Ltd., Powys, United Kingdom). Photon flux density (umol
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photons mz2 s-1) of photosynthetically active radiation (PAR, 400-700 nm) and
ultraviolet a, b and ¢ (UV, 250-400 nm) were measured with a PAR quantum
meter and a UV meter (BQM- SUN and UVM, respectively, both from
Apogee-Instruments Inc., Logan, UT, USA).

The photochemical efficiency of photosystem Il (Fv/Fm) of fully
expanded, representative leaves of both short and long branches of sun and
shade individuals of Carpobrotus was determined at each site with a pulse-
modulated fluorometer (FMS2, Hansatech Instruments, Norfolk, UK.). Leaves
were first darkened for 30 minutes with leaf clips containing a shutter that
could be opened when the fluorometer probe was attached and Fv/Fm
measurements made. Relative quantum yield of PSII photochemistry (Opsii =
(Fm’ — Ft)/Fm’) was also measured under moderate light (350 + 20 pmol m2s-
1, leaf temperature 24 +1°C) to estimate apparent rate of electron transport
(ETR= Opsu * PAR *0.5) of green and reddish leaves of sun and shade

individuals.

One long and one short branch were collected from each Carpobrotus
plant to determine dry mass allocation to leaves and stems (internodes), and
their water content. Branches were placed in plastic bags and transported
immediately to the laboratory for fresh mass determinations after measurement
of branch length. Then, all plant material was placed in an oven at 70 °C for
determination of the dry mass of all leaves and stems separately for each
branch unit. Dry mass per unit of branch length was thus obtained, which
allowed us to transform the field, non-destructive, measurements of growth

estimated in branch length into units of biomass increase over time.
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4. Statistical analyses

To analyze the variance in annual growth rate among the four
populations and between main and lateral branches we performed two general
linear models (Proc GENMOD in SAS v. 9.0). In the former we included
population as a fixed factor, type of branch as a within-subject factor (i.e.
repeated measures) and individual clone as a random factor (subject). In the
second one, we added microhabitat (sun vs. shade) as a fixed factor and
considered only the two populations in which this effect was tested (Cala
Figuera and Son Serra); after checking (by means of a paired sample t-test)
that the two years of the study did not differ in annual growth rate, this
parameter was averaged and transformed by means of the square root to be
normalized. The procedure GENMOD was also used to test for differences in
(1) Fv/Fm, (2) dry stem biomass, (3) dry leaf biomass, (4) number of
leaves/cm and (5) water content. For all those models, we used the normal
error distribution and the identity as link function. Differences in variables that
quantified the incident light (ISF, % PAR, and UV) were tested using the
gamma distributions and the power (-1) link function. Seasonal differences in
growth rate were examined by means of an ANOVA, after pooling data from
all populations. A Mann-Whitney U test was performed to test for differences
in the physiological parameters (red leaves, apparent electron transport rate
and quantum vyield). Finally, the relationship between annual growth rate,
number of nodes, and length between them was examined by means of a

Pearson’s correlation.
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Results

Considering the sun habitats in the four study localities, we found no
differences in annual growth rate (cm year-1) among populations (x% = 3.88; p
= 0.28). However, we detected a significant effect of type of branch on growth
rate; main branches grew at a higher rate than lateral ones (y* = 5.16; p =
0.02), and there was no interaction between population and type of branch (3%
=5.16; p = 0.16) (Fig. 1).
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Figure 1. Annual growth rate in the different type of branches for the entire monitored period.
*** P <0.001.

A significant effect of microhabitat on growth rate was found in the
second model, clones in the sun growing more slowly than those clones in the
shade (X2 = 4.09; p = 0.04; Fig. 2). We again found no differences between the
two populations compared (3> = 0.07; p = 0.79) while type of branch had a
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marginally significant effect, main branches growing more rapidly than lateral
ones (cmly; y* = 3.29; p = 0.07). The effect of microhabitat was consistent in
the two populations (interaction not significant: y* = 0.37; p = 0.55); however,
it was not consistent for the two types of branches (XZ =5.41; p =0.02), i.e.
lateral branches grew more in the shade than in the sun (Fig. 3). There was
also a significant interaction between population and type of branch (x* = 4.86;
p = 0.03), as the two types of branches differed more in growth in Cala
Figuera than in Son Serra. Finally, the interaction of the three factors was not
significant (3* = 0.07; p = 0.80). Results did not change when biomass growth

rate was used as the dependent variable (data not presented).
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Figure 2. Annual growth rate in the two microhabitats examined. White bars correspond to
sun conditions and black bars to shade conditions. Bars with the same letter above are not

significantly different from each other.
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Figure 3. Annual growth rate for each type of branch in the two different environmental
conditions. White bars correspond to sun conditions and black bars to shade conditions. Bars

with the same letter above are not significantly different from each other.

The Alepo pine forests studied at Son Serra and Cala Figuera had
rather open canopies (cover ca. 67%), which led to relatively bright
understories (20-30% of full sunlight, with both sensors and hemispherical
photographs giving similar values, Table 1). Shade microhabitats had
significantly lower red-far red ratios (x* = 14.83; p < 0.01), PAR (5° = 14.25; p
< 0.01), ISF (3* = 15.09; p < 0.01), DSF (y* = 12.97; p < 0.01) and UV (y* =
13.85; p < 0.01) than open microhabitats, although the differences were
smaller in Son Serra for the factors: red-far red ratios (x* = 8.81; p < 0.01),
PAR (3* = 9.79; p < 0.01) and UV (y* = 8.25; p < 0.01).
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Carpobrotus showed no sign of high light stress in any of the two
localities, as values of photochemical efficiency (Fv/Fm) were in general
above 0.8 (Table 2). However, Fv/Fm was lower in the sun than in the shade
individuals in Cala Figuera (XZ = 7.06; p < 0.01), the locality where the
contrast of available radiation between sun and shade was highest, indicating a

minor but chronic photoinhibition under full sunlight.

Fv/Fm ETR gl ETRI

Locality Habitat
Cala Sun 0.819+0.021 126.4+3.2 96.2+29.5
Figuera Shade 0.841+0.019 133427 1160144

Son Sun 0.871+0.012 136.3+8.2 805+327
Serra Shade 0.863+0.011 137.7+6.5 1155+194

Table 2. Chlorophyll fluorescense variables (maximum photochemical efficiency of dark-
adapted leaves, Fv/Fm, and apparent electron transport rate under moderate light, ETR)
determined in sun and shade Carpobrotus from Cala Figuera and Son Serra. Values are the
mean and the standard deviation (s.d.) for measurements on 7-15 individuals (clones) at each
habitat and locality. ETR was measured in both green (ETRgl) and reddish (ETRrl) leaves. All

values exhibited significant differences between sun and shade habitats (see text for details).

Most studied plants had reddish leaves that had lower electron
transport rates than their green counterparts (Table 2), which confirmed the
senescing nature of the former. In both localities, clones in the sun had a
greater number of red leaves than clones in the shade (Cala Figuera: Z = 3.32
p < 0.001; Son Serra: Z = 3.14 p < 0.002), such red leaves showed values of
electron transport rate lower in the sun than in the shade (Z = -1.746 p =
0.081).
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Good performance in both sun and shade habitats

Consistent with a greater growth length in the shade, significant
differences in plant water content were also found between sun and shade (x* =
9.99; p < 0.01). Clones growing in the shade had greater water content than
those in the sun, and this was consistent in the two populations (X2 =113;p=
0.29). Such water content was greater in Son Serra than in Cala Figuera (y° =
4.02; p = 0.04). In contrast, neither dry biomass/cm of leaves or stems differed
between populations (y* = 0.18; p = 0.67, and ¥* = 1.58; p = 0.21,
respectively), although the number of leaves/ cm was higher in Son Serra than
in Cala Figuera (Table 3). These three variables were consistently greater in
sunny than in shady conditions (Table 3).
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Dry stem biomass

n Mean+ SE

. Sun 32 0.15+0.008 y°=6.36;
Habitat o\ 32 0110010 p=001
Branch  Short 32 0.12+0.008 y*=8.80;

Long 32 0.15%0.010 p<0.01
Cala  Short 16 0.12+0.012
Habitatx ~Figuera Long 16 0.13+0.014 ,?=507;
Branch Son Short 16 0.11+£0.010 p=0.02
Serra Long 16 0.17 £0.013
Dry leaf biomass ,

. Sun 32 058x0.040 ¢ =7.49;
Habital g ade 32 036+0035 p<0.01
Branch Short 32 042+0033 y° =4.96;

Long 32 052+0.049 p=0.03
Cala  Short 16 0.44+0.048
Habitatx ~Figuera Long 16 0.48+0.070 *=4.94;
Branch Son Short 16 0.40+0.045 p=0.03
Serra Long 16 0.57 £ 0.068
Number of leaves / branch long. (cm)
Locality Cala Figuera 32 1.80+0.123 y*=451;
Son Serra 32 201x0.126 r; =0.03

. Sun 32 226+£0.117 x°=8.78;
Habitat g e 32 155+0.099 p<0.01
Branch  Short 32 166+0.115 X2 =7.40;

Long 32 2.16%0.120 p<0.01
Cala Short 16 1.60%0.183
Habitatx Figuera Long 16 1.20+0.155 ¥* 3.40;
Branch Son Short 16 1.71+0.582 p=0.07
Serra. Long 16 2.31+£0.180
Water content
Locality Cala Figuera 32 7.49+0405 y*=4.02;
Son Serra 32 8.63+0.554 p =0.05

. Sun 32 6550297 y°=9.99;

Habitat - e 32 958+0506 p<0.01

Table 3. Allometric values and water content determined in sun and shade Carpobrotus from
two localities and for both types of branches. Values are the mean and the standard error (s.e.)
for measurements on 7-15 independent individuals at each habitat and locality.Likewise, main

branches had consistently greater dry leaf and stem biomass and a higher number of leaves per

unit length than lateral branches.
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Good performance in both sun and shade habitats

We further tested for differences in growth rate among seasons (every
four months), finding that there were significant differences among them
(F2108 = 29.36; p <0.0001). The period comprising spring (from March to
June) showed the highest growth rate, whereas growth was minimal from late
summer to early autumn (from July to October). From November to February,

growth was intermediate between those two periods (Fig. 4).

N
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Figure 4. Seasonal growth rate (cm/ 4 months). All four populations pooled. The different

letters above the bars indicate significant differences among periods (p < 0.001) (Tukey’s
test).
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The number of new nodes produced by a given branch per year was
highly correlated with its annual growth rate (r* = 0.6406, p < 0.001). Main
branches formed an average of 8.28 nodes by year, and the laterals ones only
5.42 nodes (Table 4). Likewise, the length between nodes was also highly
correlated with growth rate (> = 0.8479, p < 0.001). Average horizontal

growth of the main axes of Carpobrotus was approximately 40 cm/year.

No. Nodes / year Internodal annual n
growth rate (cm)

Main axes 8.28 £ 0.49 4,53+0.17 36
Lateral 5.42 + 0.68 3.45+0.28 31
branches

Table 4. Mean (+ s.e.) number of nodes and annual growth rate for both types of branches.

Discussion

Carpobrotus showed a remarkably constant performance despite the
various nature of the habitat where it was found. The type of soil (compact in
rocky coast and rather loose in dunes) does not appear to influence the growth
rate of the clones. Even though it usually inhabits open areas near the sea, it
performs rather well in the forest understory, which certainly contributes to the
invasion success of this genus. A wide ecological amplitude had already been
described for C. edulis (D’ Antonio 1993), which occurs in coastal habitats and
also in a number of non-saline environments such as road edges, grass slopes

and forest edges.
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Long (main) branches showed to have a greater dry biomass, a greater
number of leaves and a higher photochemical efficiency than short branches.
The function of such long branches, with an annual growth rate higher than
that of lateral ones, appears to be mainly substrate colonization and occupation
of new space (Moragues et al. in prep.), similarly to what has been observed in
other clonal plants (Marba & Duarte 1998). Lateral branches, in contrast, serve
mainly to increase leaf surface, i.e., plant thickness. Such branches were found
to be shorter in the sun than in the shade, suggesting a lower photochemical
efficiency. However, this did not occur with the main branches.

Carpobrotus exhibited a remarkable capacity to cope with both high
and low light, which was in part due to a plastic phenotypic response to light.
However, those plants in full sunlight exhibited slightly, but significantly
lower photochemical efficiency, an indication of minor but chronic
photoinhibition in this species and other (Werner et al. 2002), and a larger
proportion of reddish, senescing leaves. Clones grew at a higher speed in the
shade than in the sun. Such difference can be attributed to the search of light
by the branches in the shade. Studying plant morphological plasticity to
various light regimes in seedlings, Kuo et al. (1999) showed that as light
intensity decreased, plant height of Leea guineensis and Maba buxifolia
increased significantly. An increase of leaf area in shady conditions has also

been reported for Echinochloa oryzoides (Gibson & Fischer 2001).

Lower foliage density, lower dry leaf and stem biomass and longer
stem elongation in the shade are usual plant responses to low light conditions,
particularly when not only the intensity by also the spectrum (red-far red ratio)

is modified. In fact, shade tolerant grasses often increase yield under moderate
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light levels (Wong et al. 1985; Samarakoon et al. 1990). Lower evaporative
demand and different tissue properties led to higher water content in shade
than in sun leaves, a pattern that has been often observed (Niinemets and
Valladares, 2004). The good performance of Carpobrotus in the shade was
due not only to its phenotypic plasticity, expressed in different allocation
patterns in sun and shade individuals, and to its clonal growth, which allowed
for the continuous search of the best neighbour patches, but also to the
relatively moderate shade of the particular understories studied. Shade was
thus not very intense, but enough for a remarkable elimination of the high light
stress as revealed by the optimal photochemical efficiency (Fv/Fm) values and
the reduced UV radiation reaching shade Carpobrotus individuals (UV was
significantly more reduced in the shade than PAR, Table 1). Such high
phenotypic plasticity shown by Carpobrotus does allow it a more efficient
occupation of space, which is one of the common traits conferring

invasiveness (Mooney and Hobbs 2000).

The greatest branch growth of Carpobrotus takes place in spring (from
March to June), when temperatures are moderate (average from 12.8 to 23°C)
and the first rains fall. The lowest growth rate occurs in summer and early

autumn (from July to October), during the most extreme drought periods.

Clonal plants can be distinguished in two functional strategies: phalanx
plants, which produce frequently-branched ramets with short spacers and
occupy local resource patches with dense populations, and guerrilla plants,
which produce fewer branched ramets, with longer spacers growing out of a
patch to explore adjacent patches (Lovett Doust 1981). The extensive

intergrowth of individual plants (genets) and the larger growth of long vs.
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short branches indicate that Carpobrotus exhibits a guerrilla-type clonal
morphology, such as that reported for an invasive fern (Parks & Werth 1993).
However, Carpobrotus is capable of switching to a phalanx strategy under

optimal environmental conditions (in our case, enough light).

In short, Carpobrotus performs similarly in rocky coast environments
as well as in dune systems. Its common habitat is open areas near the sea, as it
is able to successfully cope with excessive light. However, the moderate shade
of Mediterranean forests dominated by Alepo pine facilitates the spreading of
Carpobrotus by reducing high light stress without exerting strong limitations
for growth. The clonal growth and the plastic morphological response to light
of this highly invasive plant are efficient mechanisms for its rapid colonization
of space and successful establishment in the vicinities of the coastal zones in

Mediterranean environments.
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Abstract

Carpobrotus affine acinaciformis is one of the most harmful invasive
plants in the Mediterranean basin. It invades coastal communities, both in
dunes and rocky environments and even performs rather well in the forest
under story, always changing the ecological conditions and promoting severe
local extinctions of native plants. In this study, we built a numerical growth
model for this stoloniferous species in order to better predict the risk that it
represents for coastal environments. The implementation of a numerical model
containing simple, and essentially linear, growth rules has provided us a tool
capable to analyze the complex non-linear behavior observed in the dynamic
growth of Carpobrotus spp. This model includes a set of ecologically relevant
parameters such as: (1) the stolon elongation rate, setting the upper limit of the
horizontal spreading of the clone, (2) the branching rate, closely related to the
capacity of the plant to occupy the space forming a dense and complex
network, (3) the branching angle, which is determinant in the efficiency of the
space occupation during the growth process, the (4) node mortality, and (5) the
node branching age. We found that young patches of Carpobrotus (< 20 years
old) are characterized by a biomass production and quantity and density of
nodes that grow exponentially with an exponent that depends on the branching
probability and the stolon elongation rate. The expansion in the diameter is
initially produced from a very ramified morphology, characterized by a fractal
dimension D;=1,2 (100 nodes; < 5 years old; velocidad ~ 0.3 m/yr) that later
turns into a more compact plant with less occupied space in its interior (20 000
nodes; > 50 years old; speed keeps oscillating around 0.27 m/yr further on)
with a dimension equal to the euclidean one (D= d=2). Regarding the

implications for the management of Carpobrotus, it is remarkable that with
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few relevant parameters we have been able to reproduce the patch dynamics of
this plant, which may indeed be quite useful to improve the yield prediction of

Carpobrotus growth in coastal Mediterranean zones.

Introduction

In spite of genetic variability and intrinsic capacities, one of the
characteristics which increase the probability of growth successful invasion is
the ability of clonal growth (Heger and Ludwig 2003). This type of asexual
reproduction predominates in invasive perennial weeds (Boose and Holt 1999
and referentes therein) and has been implicated as a greater liability to native
flora than seed-producing species (PySek et al. 2003). There are several
advantages associated with the reliance on clonal growth for population
expansion (Lambrecht-McDowell and Radosevich 2005 and references
therein): (1) increases the potential to access unevenly distributed resources,
such as light and water (Stuefer 1996), (2) increases the capacity to recover
from stresses such as defoliation, (3) rapidly captures and dominates an area,
competitively excluding others species and (4) changes the spatial and/or

temporal distribution of ramets (Elberse et al. 2003).

A single initial clonal exotic plant introduction may act as exclusive
founding population (Kowarik 2003), like the highly invasive Japanese
knotweed Fallopia japonica (Bailey and Conolly 2000) or the green algae
Caulerpa taxifolia (Meinesz 1999). Within the Mediterranean area, we can
find some examples of important invaders with asexual reproduction like

Oxalis pes-caprae L., Arundo donax L., Lemna minuta Kunth, Eichhornia
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crassipes (Martius) Solms-Laubach, Kalanchoe daigremontiana R Hamet & H
Perrier, Opuntia Miller spp., or Agave L. spp. However, one of the most
dangerous invader clonal plant in coastal ecosystems is the South African
Carpobrotus affine acinaciformis, particularly in the western coastal zones of
the Mediterranean Basin. Both its fast clonal growth rate and its adaptability
to extreme environmental conditions promote a great potential for spatial
occupation, with subsequent negative consequence for the native flora
(D’Antonio & Mahall 1991; D’Antonio et al. 1993; Weber et al. 1998; Vila et
al. 2004; Suehs et al. 2004; Moragues & Traveset 2005). The goal of the
present study is to improve reliable estimates of the highly clonal Carpobrotus

affine acinaciformis growth and yield.

Numerical growth models are useful management planning tools.
Moreover, the long-term impact of different harvesting strategies can be
analyzed and assessed for sustainability by simulating a variety of logging
scenarios. To this end, we have developed a numerical model to simulate the
growth dynamic of Carpobrotus spp. exhibit, as other typical stoloniferous
plants, a highly organized clonal growth that can be described according to a
set of simple rules (Bell 1993). These rules are adequately represented by the
stems growing along the substrate surface according to a regular structure of
internodes between consecutive nodes, where internodes are the distances (or
intervals of stem) between two nodes and a node is the point on the stem at

which one or more leaves are inserted.
The possibility to describe the clonal growth from a few simple growth
rules has been used to model space occupation in other species, mainly marine

seasagrasses (Routledge 1990; Oborny and Cain 1997; Marba and Duarte
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1998; Sintes et al. 2005). These modelling exercises have allowed the
description of network development (Bell 1993; Brouns 1987; Callaghan et al.
1990; Molenaar et al. 2000), the forecast of the spatial distribution of the
clones in favourable and unfavourable environments in response to their
foraging behaviour (e.g. Sutherland and Stillman 1990; Cain 1994; Cain et al.
1996), and the test of the adaptive advantages of rigid or plastic growth in
clonal plant populations (Oborny 1994). While many of the works about
horizontal growth are related to seagrasses, fewer examples are associated
with terrestrial plants (Bell and Tomlinson 1980; Callaghan et al. 1990). There
has been also evidenced that clonal growth, either in seagrasses (Marba and
Duarte 1998) or in terrestrial rhizomatous plants (Cain 1990), involves
nonlinear processes resulting in faster space occupation rates than those

predicted by simple radial growth models.

The formation of patterns reaching a high level of complexity from
simple rules is also a subject of intense research in nonlinear physics. Two
basic models have become a paradigm of non-equilibrium growth models: the
Eden model (Eden 1961) and the Diffusion Limited Aggregation (DLA)
model (Witten and Sander 1981). The Eden model was primarily developed to
investigate the growth of biological cell colonies, and its main features are the
following: initially, one site on a lattice is selected and filled representing a
seed particle; the unoccupied nearest neighbour lattice sites to the seed defines
its perimeter. In the simplest realization of the Eden model, a perimeter site is
selected at random with equal probability and it is filled representing the
growth process. This process can be repeated many times until a large circular
and compact cluster with a rather rough surface is generated. In the DLA

model, once the initial seed is placed, a new particle is released into the
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system, far away from the seed, and performs a random walk onto the lattice
until eventually reaches a perimeter site. Then, this particle is incorporated to
the growing cluster and the lattice site is filled. After repeating this process
many times a branched structure is formed. The lack of penetration of the
particles to the interior of the cluster is a consequence of the strong screening
effect produced by the outer regions of the cluster. The two different cluster
morphologies can be characterized by computing their fractal dimension Ds. A
cluster containing N units is related to its typical linear size L (e.g. its radius)
by N = L' If the cluster is compact, D; = d, where d is the Euclidean space
dimension; whereas for a branched or porous object Dy < d. These models
have been done on the basis of a wide range of applications in both physical
and biological sciences, from the study of skin cancer (Williams and Bjerkness
1972) to urban development (Batty 1991).

In this paper we have studied the development of single clones of
Carpobrotus affine acinaciformis for which we have gathered extensive field
data on its clonal growth rules. By using a growth model based on the
formation of complex structures, we demonstrate the emergence of complex
non-linear behaviour arising from simple growth rules. The parameters
describing the clonal growth (Table 1) are all ecologically relevant, and the
results have been analysed in the context of the two models described above
(Eden and DLA models).
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Parameter Unit Symbol Value

Internode length Cm p 4,59 + 1,06
(long shoots)

Stolon elongation rate  cm yr stolon node™ u 29,37+ 9,35
Branching rate branches yr'1 stolon node™ Vb 154 +£0.51
Branching angle Degrees ) 57 +£19
Node mortality rate In units yr'1 L 0,19+ 0,03
Node branching age Yr T > 2,08
Radius of exclusion Cm o 4,5

area*

Table 1. Carpobrotus growth rules used in the numerical model (Mean + SE). * Parameter

estimated with the model.

Material and methods

1. Study species

Our focal species is Carpobrotus affine acinaciformis (L.) L. Bolus
(Aizoaceae) (Carpobrotus, hereafter) was introduced in Europe since the end
of the 17th century (Fournier 1952) and it probably entered the Balearics about
30 years ago. It is quite likely of hybrid origin with C. edulis (L.) L. Bolus
(Suehs et al. 2004). It is used a very common ornamental plant because of its
fast growth rate and its low water request. It is a stoloniferous plant with an
extensive plagiotropic monopodial system, with a radial patch growth, and
with a basic structure of nodes and internodes (Wisura and Glen 1993). The
fruits are succulent and contain over a thousand seeds, which are commonly
dispersed by rabbits and rats to short and long distances, which facilitates the
expansion and spreading of the plant (D’Antonio 1990; Bourgeouis et al.
2005).
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2. Study site

The study site was carried out in four coastal localities of Mallorca, the
largest island of the Balearic Archipelago, located at the Western
Mediterranean Basin. Three of the sites are located on rocky coast areas near
the sea in the southern part of the island (Cala Figuera, Cap Enderrocat and
Ses Salines) while the other is located in a dune ecosystem at the north (Son
Serra de Marina). The predominant plant communities at Cala Figuera and
Cap Enderrocat consist of the typical coastal xerophytic vegetation,
characterised mainly by Olea europaea L. subsp. sylvestris, Pistacia lentiscus
L., Cistus monspeliensis L. and Anthyllis cytisoides L. At Ses Salines,
Carpobrotus is located within a shrubland sea-level community, where
Pistacia lentiscus and Juniperus phoenicea L. subsp. turbinata (Guss.) Nyman
are the most abundant species; lastly, Son Serra is characterised by the typical
dune flora with predominance of Ammophila arenaria (L.) Link and shrubs

like Cistus salviifolius L. and Pistacia lentiscus in the post strip of dunes.

3. Measured traits in the Carpobrotus clones

At each site, we sampled three clones of Carpobrotus of similar size
and located under sunny conditions. We measured the number and the distance
between nodes in two different kinds of shoots: long shoots and short shoots.
Both of them are macroblasts, although they appear to have different
functions. Long shoots contribute to ‘explore’ the environment extending the
framework of the plant into new territory. In contrast, the short shoots are
located along the long shoots and serve to ‘explote’ the occupied site; they

contribute to plant volume increase, without or with little influence on
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horizontal plant growth (Moragues et al., submitted). Apical meristem of short
shoots eventually ceases vegetative growth or differentiates into a non-
meristematic structure unable of continued extension, such as a flower. Also, a
predictably short shoot bud may occasionally develop as a long shoot if its
bearing axis is damaged. Both types of shoots, but especially short ones, often
have a precise and consistent number of foliar components for each increment
of growth (Bell 1993). When building the model, we have considered only
growth rate of long shoots. We monitored a total of 72 long shoots, three for

each clone.

For a period of two years (2002-03), we bimonthly measured growth
rates in each type of shoot. Annual growth rate was obtained by averaging the
growth during the two year periods (from August 2001 to June 2002 and from
August 2002 to June 2003); every annual period is the sum of the node lengths
every four months. Previously to pooling data from both years, we tested with

a paired samples t-test that the two study years had similar growth rates.

4. Numerical Model

We developed a numerical model to study the growth dynamics of
Carpobrotus based in simple growth rules. This model uses a set of parameters
(Table 1) to simulate the development of complex networks including: the
stolon elongation (internodes length), long shoot branching rate and their
branching angle, the node mortality, and the node branching age. We also
included an exclusion area required to avoid crowding and the probability to
account for the fact that 8.82% of the nodes do not branch. We examined the

behaviour of relevant variables such as the dry biomass production, the
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internal density of nodes and the radial external apices of long shoots. These
parameters are sufficient to develop a reliable growth model because vascular
plants do exhibit the phenomenon of reiteration (Bell 1993). The input
parameters, given by their averaged and standard error values, are derived
from empirical field observations, and were sampled, at each time step in the
model, from the corresponding Gaussian distributions, thereby accounting for

the variability of these rules.

The simulation starts by placing a new individual from a rooted node at
a coordinate ryp, and assigning to it a unitary, randomly oriented vector director
u, setting the direction of the stolon extension. A per capita area of radius p
(i.e. distance between consecutive nodes) was assigned to each node, and an
exclusion area of radius o < p defined whereby any node can occupy it and
will be strongly ‘penalised’, thereby preserving stand density and avoiding the
same position to be simultaneously occupied by more than one node. The
exclusion area was estimated by fitting this parameter to achieve the node
density reported in natural stands of the species. The model iterates the

growing process according to the following steps:

1. A first stolon is proposed to grow from ry to r = ro+pu. The proposal
will be accepted while the exclusion area principle is preserved. Then, a new
potential branching node is added to the position r where a new long shoot
will develop. A long shoot (monopodial axis) bear its own axillary shoots each
with a fixed or flexible potential for development. In this process the direction

of growth u does not change.
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Due to the apical dominance, step 1 is repeated, starting from the
position of the last added node, until the branch contains potential branching
nodes, older than the node branching age t (Table 1), present in the plant.
Extending growth at the distal ends is matched by death and disintegration at
the proximal ends resulting in mobile organisms. Then we can proceed to step
2.

2. A potential branching node older than t is selected at random (i.e.
located at position r,) and a new long shoot (with a growing potential
branching nodes) may develop at this point with probability v, per unit time
(Table 1). Thus, the probability that a particular meristem will branch is given
by the product vpxpxu™, where u is the stolon elongation rate. A new long
shoot will extend along a new vector director u’ forming an angle ¢ with u,
randomly oriented along the right or left side of u. Only one long shoot is
possible departing from r,. Additionally, the empirical fact that 8,82% of the
long shoots does not branch is also incorporated in the model.

3. During step 1 or step 2, time is increased by an amount At=p/(u N,(t)),
being p the distance between consecutive nodes (internode lenght) and Na(t)

the number of potential branching nodes at time t.

4. Within this time step At, wAt nodes are selected at random, since the
node mortality (u,) is assumed to be an age-independent, and are removed

from the plant.

At regular time intervals (0,5 yr) the total number of internodes, nodes
and length of stolon produced are computed from which we can estimate the
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dry biomass production. The linear extension of the patch size is measured
through the evaluation of the patch radius. The density of the patch is
calculated through the measure of the average number of nodes in a square cell
of size 20x20 cm? and radial external apices of long shoots, comparable to the
field estimation of node density.

We simulated the model over 100 years of plant growth and the data
were averaged over 100 replicated runs to yield estimates of the average patch
structure at each time step. In order to efficiently determine the available space
for new nodes preserving the criteria of excluded area, we implemented a link
cell method (Allen and Tildesley 1987). The model was written in Fortran and

was run on a Beowulf.

Results and model validation

We analysed the change in time of the number of living nodes and
potential branching nodes of long shoots and the overall stolon length
production (Fig. 1). The dry biomass associated to the alive patch, as well as
the overall necromass, was estimated from the measurement of the dry weigths
of the stem (0.17 £ 0.01 g/cm) and leaves (2.51 + 0.19 g/leave) (Fig. 1a). The
plot in semilog scale indicated a rapid exponential growth with time, shifting
to a slower growth after approximately 20 years. A similar behaviour was
observed in the change of the number of living nodes and potential branching
nodes N(t) (Fig. 1b). In both cases, the rapid initial increase was described by

an exponential equation of the form:  N(t) oc g (048 0.02) Age (years) (1)
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Non-linear Carpobrotus affine acinaciformis growth model
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Figure 1. Non-linear time change in the (a) overall stolon length production (dry biomass) of

Carpobrotus affine acinaciformis and (b) the number of living nodes and potential branching

nodes of long shoots.
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In order to understand the above results we proposed a simple
theoretical model. During the early stages of the plant growth, the outgrowing
long shoots basically grow independently of each other, so that the process can

be described by a time delay differential equation:

%:m(t—r) (2)

where « is related to the branching and node mortality rates as k = (p vo- W),

being p the probability that a long shoot might produced lateral long shoots.
From empirical observations it was found to be p = 1 - 0.0882. t is the
minimum estimated node age that could produce lateral long shoots (hode
branching age) (Table 1). In order to solve Eq. (2) we assumed N(t) to grow
exponentially with an effective exponent m: N(t) o« e®. Replacing this

expression in Eq. (2) we obtained a transcendental equation for m:

o=xexp(-mr1) 3)

The solution of Eq. (3) got ®=0.465. This result was in agreement with

our numerical findings 0.48 £ 0.02 (Eq. 1).

The density of living nodes and of potential branching nodes was found
to increase rapidly until an age of 20 years and then evolved towards a plateau
value of about 170 living nodes /m* and 30 potential branching nodes/m? (Fig.
2).
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Figure 2. Change in density of living nodes (nodes/m?) and potential branching nodes/m? of

Carpobrotus affine acinaciformis across time.

In order to characterize the patch morphology we determined the
fractal dimension of the growing patch D:. As described above, a cluster
containing N(t) potential branching nodes was related to its characteristic
linear size L(t) by L(t) o« N(t)*™". In Fig. 3 we represented it in a double log
plot, L(t) vs. N(t). We identified two clear regimes. At the early stages of the
plant growth, for patches containing less than 100 nodes (< 5 years old), the
best fit to the data leads to 1/D; = 0.83+0.08. This slope continuously
decreases with increasing patch size until a value of 1/Ds = 0.50+0.01 was
reached. The latter value describes the pattern of large patches, above 20 000
nodes (> 50 years old). In between, the transition zone was characterized by a

low increase in the patch size despite the increasing number of shoots,
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indicative of the internal patch compactation. The evolution between both
regimes is illustrated in Figure 5 where different snapshots of the plant at
different ages are presented. Initially (5 years), the clon was mainly elongated
containing few long shoots (Fig 4a). The number of directions of growth
rapidly expanded, yielding after about 20 years, a rather circular shape (Fig.
4¢). The compactation was progressively more notorious and in the final stage
(50 years) the plant growth took place mainly along the perimeter line in a
radial direction (Fig. 4d). The clon shape shifted from an almost linear weakly
branched structure, with a characteristic fractal dimension Df = 1.2 + 0.1 (Fig.
4a) to a compact one where Dy = 2 equal to the Euclidean space

dimensionality (Fig. 4d).
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Figure 3. Carpobrotus affine acinaciformis patch morphology determined by the fractal

dimension of the growing patch Dy.
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The change in the characteristic linear patch size L(t) given by the
averaged diameter patch size, was also studied. At the early stages, an

exponential growth was found:

L(t) o« e (0.42 £ 0.03) Age (years) (4)

which exponent could be directly related to the effective growing exponent o
and the fractal dimension of the plant Dy. Since N(t) oc e”*and L(t) o N(t)V™
we expect L(t) to grow exponentially with a characteristic exponent @ /Ds =
0.39 £ 0.04. This result is in a reasonable agreement with our best fit to the
data 0.42 + 0.03 (Eq. 4).

The patch growth rate was defined as the time derivative of the linear
patch size dL/dt and provided information on the space colonization rate of the
clone (Fig. 5). Young clones spread with growth rates below the stolon
elongation rate u =~ 0.3 m/yr (Table 1). This growth rate increased with the
plant age until it reached a value close to the stolon elongation rate (= 50
years), keeping oscillating around 0.27 m/yr further on. The age at which the
plant reached its maximum value was rather circular in shape and compact
(Fig. 4d), with a fractal dimension Dy = d = 2 (Fig. 3). The subsequent
oscillations could be identified with a radial spread followed by compactation
processes. This result evidenced the nonlinearities present in the growth

dynamics of such plant.
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Figure 5. Space colonization rate of Carpobrotus affine acinaciformis according to the linear
patch size.

Since the branching was controlled by the effective exponent o (Eq. 3)
and the branching angle ¢ (Table 1) that could take place clockwise and
counter-clockwise with equal probability, the time to the regime shift tg could
be estimated as tr =180%(¢ w/2) ~ 13 + 5 yr, comparable to the observed in
our simulations (Fig. 2b). That period was a qualitative estimation, according
to empirical data, of the transition area from an exponential to a uniform
growth.
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Discussion

We found that young patches of Carpobrotus (< 20 years old) are

characterized by a biomass production that grows exponentially with an

exponent that depends on the branching probability and the stolon elongation
rate (apical dominance), that prevents a node -below 2 years old on average- to
generate primary lateral branches. During this period of maximum growth, the
values of alive biomass overcomes the values of necromass until c. 50 years,
time at which the volume of necromass is greater than that of alive biomass.
This great increase in production values is due to the intrinsic characteristics
of the plant as well as to the habitat traits where it lives, because the
nitrophylous environments associated to coastal environments promote an
increase of biomass and water assimilation (Ungar 1991). In the model, we did
not incorporate empirical data on decomposition rates, and thus, the high
values of necromass are not completely realistic. This production rates reflect
only the great amount of matter that a single Carpobrotus individual is able to
generate in time and it is an indicator of the great effort handed for the
transport and removal of vegetal material in eradication projects. In the island
of Menorca (Balearic archipelago. Spain), 24 ha (900 tons) of Carpobrotus
were eradicated with the collaboration of a LIFE Nature project (Fraga et al.
2005).

A similar non-linear growth behaviour as that found with biomass
production has also been observed both with the quantity and density of nodes
that a plant develops and that potentially can turn into new shoots of apical
growth. This implies that it is during the first years of life when Carpobrotus

invests much energy in its horizontal expansion and in the colonization of new
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areas, increasing its clone diameter. An exponential growth in volume occurs
during the first 20 years, followed by a slight decrease that later becomes
stabilized. The observed regime change during the growth of the clone around
an age of 20 years can be attributed to crowding, where node space
competition becomes relevant and, thus, a slow down of the growing rates
takes place. This raise in volume is due to the growth of new branches over
old ones, forming an inferior layer of necromass, of difficult and slow

degradation (Vila et al. 2006), and a superior layer of alive matter.

The expansion in the diameter of Carpobrotus is initially produced
from a very ramified morphology, characterized by a fractal dimension Ds
=1,2 (100 nodes; < 5 years old; velocidad =~ 0.3 m/yr) that later turns into a
more compact plant with less occupied space in its interior (20 000 nodes; >
50 years old; speed keeps oscillating around 0.27 m/yr further on) with a
dimension equal to the euclidean one (D= d=2). First, the interstices left
behind during the early stages of clonal growth have been filled and the
growth takes place mainly along the perimeter of the plant where most of the
potential branching nodes are located. When the plant morphology looks
rather compact, the density of nodes has reached a plateau value and the patch
growth rate is close to the stolon elongation rate. We were able to estimate the
time to the regime shift that depends on the stolon branching frequency,
branching angle and the apical dominance, consistent with the simulation
results. Such a compactation of the clone is produced when it is c. 5 years old,
and from then one the plant acquires a radial growth that will be maintained
and developed through the rest of its life. As suggested in previous studies
(Sintes et al. 2005), the critical event that accounts for the shift between the

two growth modes requires the plant to progress from an initial random
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directional growth to a uniform centrifugal one. The latter can be achieved
when enough branching events have taken place in order to allow a growth

direction rotated 180° respect to the initial one.

Such a non-linear evolution both in biomass production (Eg. 2) and in
the formation of alive nodes and potential branching nodes (Eq. 4) converges,
in its initial phase, to a theoretical exponential growth, by a time delay

differential equation for the biomass growth regime.

The results were analyzed in the context of two paradigmatic, out of
equilibrium, growth processes such as the Eden and the diffusion limited
aggregation (DLA) models. In particular, the DLA model has been used to
study the formation of dendritic patterns and branched structures that are
characterized by their fractal dimension. Previous models (Bell 1979, Brouns
1987) simulated the growth clonal plants on the basis of deterministic
architectural parameters and, thus, they did not incorporate their variability
observed in the field, and often failed to account for the interactions between
neighbor nodes. More elaborated stochastic models (Callaghan et al. 1990)
contain more than 12 parameters which makes it difficult to extract the key
parameters responsible of the clonal growth. More recent lattice models
(Oborny 1994) force the plant to grow on the lattice, which constrains the
branching angle, a key parameter in determining the time to the regime shift
from branched to compact structures. A similar stochastic off-lattice model to
the one presented in this paper (Sintes et al. 2005) was developed to study the
patch dynamics of seagrasses and succeed in accounting for the nonlinearities
observed in the clone spread over time. However, such model did not
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incorporate the apical dominance (t=0) and potential branching nodes were

only located at the tips of the main branches.

Regarding the implications for the management of Carpobrotus, it is
remarkable that with few relevant parameters we have been able to reproduce
the patch dynamics of this plant, which may indeed be quite useful to improve
the yield prediction of Carpobrotus growth in coastal Mediterranean zones.
Moreover, the long-term impact of different harvesting strategies will be able
to be analysed and assessed for sustainability by simulating a variety of
logging scenarios improving our capacity to forecast their expansion rates.
Such modelling approach is particularly important since time scales involved

in clonal growth can be too long for direct observation.
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Resumen del articulo y de la parte realizada en Mallorca y Menorca para

Carpobrotus spp.

En el articulo completo (ver pagina 305) se trabaja con tres especies
exoticas foco (Ailanthus altisima, Oxalis pes-caprae y Carpobrotus spp.) y en
ocho islas de Mediterraneo (Bagaud, Porquerolles y Cércega en Francia, Creta
y Lesbos en Grecia, Cerdefia en Italia y Mallorca y Menorca en Espafia). A
continuacion se resume la parte correspondiente a Carpobrotus spp. en

Mallorca y Menorca en la que hemos trabajado.

La finalidad de este trabajo es contestar a las siguientes preguntas: (1)
¢Estan asociadas las especies exoticas con cambios en la diversidad de
especies nativas o con la representacion de grupos funcionales? (2) ¢Estan
asociadas las plantas exdticas con cambios en las propiedades del suelo? (3)
;Son estas asociaciones consistentes entre islas o son unas islas mas
susceptibles que otras? Y finalmente (4) ¢Son las comunidades ricas en
especies mas resistentes que las comunidades pobres a la pérdida de especies

debido a la presencia de plantas invasoras?

Material y métodos

Durante la primavera de 2001-03, se realizaron censos de especies
nativas en 30 parejas de parcelas (control e invadida por Carpobrotus) de 2 x 2
m y distribuidas en diferentes ambientes (zona litoral de roca y dunas) para
cada una de las islas (Foto 1). Cada parcela se dividié en 16 subcuadriculas de

50 x 50 cm sobre las que se hizo el censo de especies nativas anotando su
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soil properties

presencia o ausencia. También se realiz6 un analisis quimico del suelo con el
fin de comparar los niveles de pH, nitrogeno, carbono orgénico y la relacion
C/N entre parejas de parcelas.

Figura 1. Dos ejemplos de parejas de parcelas en la isla de Mallorca. Las fotos de la izquierda
son parcelas invadidas por Carpobrotus spp. y las parcelas de la derecha son sus homélogas

control. a) Bahia de Pollenca, en la cara norte de la isla y b) playa de Canyamel, en el este.

El impacto de la especie exotica en el medio natural se determino
comparando la riqueza de especies nativas, la diversidad (indice de Shannon’s
H) y la proporcidn de formas vitales, el porcentaje de N y C organico del suelo
y el pH entre las parejas de parcelas adyacentes, una control y otra invadida
por Carpobrotus spp. Las diferencias entre parejas de parcelas control e
invadida en la estructura de la comunidad y en las propiedades del suelo
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fueron analizadas con un paired t-test o Wilcoxon- signed rank-tests cuando
los datos no eran paramétricos. Entre islas, la estructura de la comunidad y las
propiedades del suelo fueron analizadas mediante un Generalized Linear
Mixed Models (SAS 2001). Cuando las diferencias entre las parcelas
invadidas y las control fueron significativas, las diferencias en IR (Impacto
relativo, segin Armas et al. 2004) entre islas fueron analizadas mediante una
ANOVA, con el test a posteriori de Tukey.

Resultados

La diversidad y la riqueza de especies en la isla de Mallorca y

Menorca, al igual que ocurre en todas las islas del Mediterraneo estudiadas, es
significativamente mayor en las parcelas control (Figura 2 del articulo

general).

Existe una gran heterogeneidad entre islas en la estructura de las
comunidades en funcion de las formas vitales. No todas las formas vitales son
igualmente susceptibles a la invasion por Carpobrotus. En el caso de la isla de
Mallorca, los porcentajes de terofitos y hemicript6fitos entre parcelas control
vs. invadida no se ven afectados, mientras que el porcentaje de camefitos sufre
una importante depauperacion en las parcelas invadidas. En Menorca, la
tendencia es diferente: el porcentaje de hemicriptéfitos sufren un ascenso
significativo en las parcelas invadidas por Carpobrotus en detrimento de los

caméfitos y principalmente los terofitos (Figura 2 del articulo general).
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En ambas islas, los porcentajes de nitrégeno y carbono organico son
superiores en las parcelas invadidas que en las controles, aunque solo con
valores significativos en Mallorca. Para la mayoria de islas, incluidas Mallorca
y Menorca, la relacion C/N no parece ser un aspecto significativamente
diferenciador entre parejas de parcelas control e invadidas, aunque la
tendencia siempre es ascendente en las parcelas invadidas, a excepcion de
Mallorca. Por altimo, los valores de pH son ligeramente inferiores, aunque

significativos, en las parcelas invadidas frente a las controles.

Entre todas las islas del Mediterraneo, Carpobrotus es la exdtica que
tiene una mayor influencia negativa en la pérdida de biodiversidad (Figura 4
del articulo general). Y tanto Mallorca como Menorca tienen, para el conjunto
de las tres especies foco, un impacto relativo en la pérdida de biodiversidad
significativamente similar, con valores iguales o inferiores al resto de las islas

del Mediterraneo (Figura 4 del articulo general).

301



Conclusion

Objetivo 1. ¢Estan asociadas las especies exoticas con cambios en la

diversidad de especies nativas o con la representacion de grupos funcionales?

La reduccion en la riqueza de plantas nativas y en la diversidad, debido
a la invasion por Carpobrotus, muestra la vulnerabilidad de nuestros
ecosistemas frente a la invasion de esta planta; al igual que ocurre para un

amplio rango de especies exdticas (Levine et al. 2003).

La invasion por Carpobrotus, en comparacion a Ailanthus altissima y
Oxalis pes-caprae, es la mas perjudicial en la estabilidad de las comunidades
naturales. Ailanthus altissima, al ser una especie arborea, deja mas espacios
“vacios” para el establecimiento de especies nativas; Oxalis pes-caprae es una
especie de floracion invernal, mientras que los inventarios se hicieron en
primavera, momento de mayor floracion y Carpobrotus spp., al tratarse de una
especie rastrera de crecimiento rapido y denso, deja pocos espacios “vacios”
para el establecimiento de la flora nativa. Por tanto, las diferencias de
infestacion en funcion de la especie invasora, condiciona el impacto de las

mismas en la pérdida de biodiversidad.

No hay una pauta general en los cambios de la estructura en formas
vitales en las parcelas invadidas por Carpobrotus spp. Creemos que esto se
debe a la gran heterogeneidad de ecosistemas estudiados entre pare de parcelas

intra e inter islas.
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Objetivo 2: (Estan asociadas las plantas exdticas con cambios en las
propiedades del suelo?

La presencia de Carpobrotus spp. provoca cambios en la composicién
quimica del suelo. EI aumento de carbono organico y nitrégeno, asi como una
ligera acidificacion del suelo podria estar relacionado con la elevada
produccion de necromasa en las parcelas estudiadas de Mallorca y Menorca.
Ademas, las hojas de Carpobrotus tienen un elevado contenido en taninos y
compuestos antibacterianos que reducen la tasa de descomposicion de la

materia organica muerta.

Objetivo 3: Son estas asociaciones consistentes entre islas o son unas islas
mas susceptibles que otras? y ¢Son las comunidades ricas en especies mas
resistentes que las comunidades pobres a la pérdida de especies debido a la

presencia de plantas invasoras?

La magnitud del impacto en la pérdida de biodiversidad ha resultado
diferente en funcion del tipo de exoética invasora y de la isla en la que se
encuentre, pero no es dependiente del tamafio de la isla ni de la distancia al
continente. Pensamos que las zonas que llevan mas tiempo invadidas por
alguna especie exotica pueden tener cambios mas fuertes en la diversidad de
especies que en las zonas con una invasion reciente. Desafortunadamente, no
tenemos informacion sobre la historia de la invasion ni en las localidades ni en

las islas estudiadas.

Las diferencias en el impacto de las invasoras entre islas también puede

estar relacionado con las diferencias en la estructura de la vegetacién de las
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comunidades receptivas. La pérdida de especies no fue menor cuando la
comunidad era mas pobre en especies autéctonas. Esto nos sugiere que los
puntos calientes en diversidad de especies nativas no son inmunes a la pérdida

de especies.
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Abstract

Despite that biological invasions are global phenomena and some
invaders are widespread in many habitats, most studies on the ecological
impact of invaders have seldom been examined in multiple sites. We tested
how the impact of three widespread plant invaders changed depending upon
the identity of the species and the invaded island. We also tested whether
relative species loss was lower in species rich communities than in species
poor ones. We conducted floristic surveys and soil analysis in eight
Mediterranean Basin islands: Crete and Lesbos (Greece), Sardinia (Italy),
Corsica, Bagaud and Porquerolles (France), and Mallorca and Menorca
(Spain).
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We compared native species richness, diversity and proportion of life-
forms, soil % N, % organic C, C/N and soil pH in close paired plots, one
control and one invaded with either the deciduous tree Ailanthus altissima, the
succulent subshrubs Carpobrotus spp. or the annual geophyte Oxalis pes-

caprae across eight Mediterranean Basin islands.

On average, invader presence reduced species diversity with
Carpobrotus spp. exhibiting the largest impact and with Oxalis the least.
However, the relative impact was island dependent and was positively but
weakly associated to species richness of the recipient community. Therophytes
were the life-form which experienced the largest decrease across islands. The
effects of invasion on soil properties were very variable. Total N only changed
(increased) in Ailanthus invaded plots, decreasing significantly the C/N ratio.
The presence of this tree increased soil pH, whereas the opposite was found in
plots invaded by the other two species. Organic C increased in Ailanthus and

Carpobrotus spp. invaded plots.

By conducting an analysis at multiple sites we found that the three
plant invaders had an impact on plant community structure not entirely
concordant with changes in soil properties. The impacts were dependent on the
identity of the species and of the invaded island suggesting that the invader
impact is context-specific. The impact in species loss was not lower in species-

rich communities than in species poor communities.

Key-words: alien plants, Ailanthus altissima, Carpobrotus spp., ecosystem
functioning, invasibility, invasion impact, Oxalis pes-caprae, Mediterranean

ecosystems, species diversity.
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Introduction

Biological invasions by non-native plant species are regarded as one of
the most important drivers of environmental change in Mediterranean
ecosystems (Sala et al. 2000). Although the potential consequences of non-
native plant invasion include changes in native species composition,
community structure, nutrient and water fluxes as well as disturbance regimes,
only limited information exists as to the nature of impacts on Mediterranean
ecosystems (Levine et al. 2003). There therefore exists an urgent need for
comparative studies that assess the impacts of different invasive species in

Mediterranean ecosystems.

Mediterranean Basin islands are most at risk from invasive species
threatening endemic species especially in coastal areas (Hulme 2004 and
references therein). The alien flora of Mediterranean islands comprises a small
number of species present in many islands while most are found on only one
or a few islands (Lloret et al. 2004). Therefore, Mediterranean islands
represent an outstanding opportunity to assess the relative magnitude of
invasive species impacts within a single biome and to scale-up from local
impacts up to regional implications (Pauchard et al. 2004). For this purpose,
large-scale surveys can provide insights and generalizations not obtained from
more localised studies. For example, observational studies across many sites
and vegetation types have found that the relationship between native and alien
species richness is generally positive (Stohlgren et al. 1999; Stohlgreen &
Chong 2002; Gilbert & Lechowicz 2005) contradicting early theories that
communities with high species diversity were less vulnerable to invasions
(Elton 1958).
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We conducted a large-scale survey adopting similar protocols to assess
the regional consistency in the magnitude and direction of the impacts of three
widely distributed plant invaders on changes in plant community structure
such as species diversity and soil properties across eight Mediterranean Basin
islands. We focused on soil properties because changes in soil properties are
symptomatic of changes on ecosystem processes. Clearly, assessments of
invasive plant impacts on ecosystem processes have tended to be biased
towards species possessing specific traits e.g. nitrogen fixation (Ehrenfeld
2003; Levine et al. 2003). To avoid such biases, our case study invasive
species selection was based on prevalence and contrasting life-form rather any
a priori expectation of impacts. The alien species chosen were the clonal
deciduous tree Ailanthus altissima (P. Mill) Swingle (Simaroubaceae), the
succulent clonal subshrubs Carpobrotus spp. L. (Aizoaceae) and the clonal
geophyte Oxalis pes-caprae L. (Oxalidaceae). Specifically, we addressed the
following questions: (1) Are alien plants associated with a change in native
species diversity or functional group representation? (2) Are alien plants
associated with changes in soil properties (i.e. percent organic C, percent total
N, C/N ratio) or soil pH? (3) Are associations consistent across islands or are
there islands more susceptible than others? And finally (4) are species rich
communities more resistant to species loss due to the presence of the invader
than species poor communities? Our hypothesis is that the presence of aliens is
associated to a reduction in species diversity, changes in the proportion of life-
forms and changes in soil properties. We expect species rich communities to
be more resistant to the impact of the invader. To our knowledge, this is the
most extensive comparative analysis examining the effect of the same invader
plant species on vegetation structure and ecosystem functioning across a single

region.
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Methods

1. Study area and invasive taxa

Of the nearly 5000 islands in the Mediterranean Basin (Hulme 2004
and references therein) eight were chosen as representative in terms of range
of island size, isolation and geographic distribution from a West-East gradient:
Crete and Lesbos in Greece, Sardinia in Italy, Corsica and the Hyeres
Archipelago (i.e. Bagaud and Porquerolles) in France, as well as Mallorca and
Menorca in Spain (Table 1). Selection of these islands was also based on
researcher affiliation and expertise.

According to their occurrence in the focal islands (Table 1), three
invasive plant taxa listed as common, widespread, naturalized plants in
Mediterranean ecosystems (Quézel et al. 1990; Hulme 2004) were chosen to
represent different life-forms (a tree, a perennial succulent and an annual,
respectively), different types of communities invaded and therefore a range of
possible impacts on native systems: Ailanthus altissima (P. Mill) Swingle
(Simaroubaceae), Carpobrotus spp. (Aizoaceae) and Oxalis pes-caprae L.
(Oxalidaceae). These three taxa are hereafter collectively referred to as the

invader, or individually referred to by genus.
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Number of plots per invader

Area  Distance from

Island (country) (km?) mainland (km)

Carpobrotus Ailanthus Oxalis

Bagaud (France) 6 8 13 0 0

Porquerolles (France) 12 2 21 0 24
Corsica (France) 8682 82 0 27 0

Crete (Greece) 8700 100 14 12 10
Lesbos (Greece) 1632 18 0 0 30
Mallorca (Spain) 3656 170 25 23 22
Menorca (Spain) 702 200 24 19 12
Sardinia (ltaly) 24090 230 30 25 30

Table 1. The Mediterranean Basin study islands accompanied by their area, distance to the

nearest mainland and the number of experimental replicates for each invader per island.

Ailanthus is a deciduous tree native to China, mainly used as
ornamental and landscaping. It is able to resprout and develop root networks
that form dense clonal stands (Hu 1979; Kowarik 1995). It is common in
disturbed urban areas, oldfields, along roadsides, woodland edges and forest
openings all around Europe. Carpobrotus acinaciformis (L.) Bolus and C.
edulis (L.). N.E. Br. are chamaephyte, mat-forming succulents, native to South
Africa (Wisura & Glen 1993), that were introduced as ornamentals and for
erosion prevention. These two species and their hybrids (Vila & D’Antonio
1998; Suehs et al. 2004 a, b) are now widely naturalized on coastal rocks,
cliffs and sand dunes, and are considered as a serious threat to several plant
species and coastal habitats (D'Antonio & Mahall 1991; Draper et al. 2003).
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Finally, Oxalis is an annual geophyte accidentally introduced from
South Africa that has invaded many Mediterranean regions of the world since
the beginning of the nineteenth century (Peirce 1997; Rottenberg & Parker
2004). In the Mediterranean Basin, it is mostly present in disturbed areas such
as olive groves, orchards, pastures and ruderal areas. Oxalis spreads
vegetatively by means of underground bulbs. No sexual reproduction has been
observed in the introduced range (Galil 1968). Oxalis aboveground biomass
contains oxalic acid, which is toxic to large herbivores (livestock) when

consumed in large quantities (Libert & Franceschi 1987).

2. Vegetation surveys

Vegetation surveys were carried out between 2001 and 2003 in spring
at the peak of vegetative cover and species richness. For each of the three
invaders, a 2 x 2 m. paired-plot design was repeated between 10 and 30 times
per island across the different habitats where each taxon occurred resulting in a
total of 361 paired-plots (Table 1). Based on the fact that individual plants
interfere with their closest neighbors (Harper 1977), plot size was chosen as a
compromise between the minimum area of interference while avoiding spatial
scale sampling differences between species. One plot of each pair was centred
on spontaneously established clones of the invader taxon (invaded plot). The
other plot of each pair was subsequently placed at approximately 2 m. distance
from the edge of the invaded plots for Carpobrotus and Oxalis, and at > 5 m.
of the edge for Ailanthus, both in a randomly chosen cardinal direction
(control plot). Paired-plots were selected based on researcher decision after

dedicated land surveys to make sure that the two paired-plots shared similar
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substrate and habitat characteristics and the minimum distance between sites

within an island was 1 km.

Each plot was divided into 16 subplots, 50 x 50 cm each, within which
the presence/absence of all plant species was recorded. Abundance was scored
as the number of subplots in which a species occurred and used to derive plot
estimates of species richness (i.e. number of species per plot), diversity
(Shannon’s H’ index), and the percentages of therophytes, hemicryptophytes,
geophytes, chamaephytes and phanerophytes based on number of counts
(sensu Raunkiaer 1934). The invasive taxon was excluded from these
estimates in order to have parameter values independent of invader abundance
(Wearne & Morgan 2004). To reduce within and between island variability,
the invaded plots were selected on the basis of having a high cover of the

invader (present in >14 subplots).

3. Soil sampling and analysis

Soil was collected at random from three different subplots and
subsequently pooled for each plot. For each sample surface litter, if present,
was removed, and the top 12 cm of soil was sampled to a total plot volume
ranging from 0.0005-0.001 m3 of bulk soil. Samples were air-dried to constant
mass and sieved with a 2-mm-pore-size sieve and ground in a standard ball
mill grinder. Samples were analyzed for pH, carbonate (CaCO3 %) using the
Bernard calcimeter method, and for total C and N using a CHN analyzer
(EA1108 Carlo Erba Instruments). The percentage of organic carbon was
calculated as the difference between total C and CaCO3 % (Klute 1986). The
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ratio of total % C to total % N was also calculated (C/N) as an estimation of

soil quality.

4. Statistical analysis

Because our study was performed at multiple sites we could test for the
consistency of the impacts within islands and among islands (Meiners et al.
2001). Within-island differences between paired invaded and control plots in
plant community structure and soil properties were analyzed with paired t-tests
or Wilcoxon-signed rank-tests if data did not meet the assumptions of
parametric analysis (Zar 1984; Daniel 1990). Certain Raunkiaer life-forms
occurred too infrequently to be included in the analysis.

Among-island patterns in plant community structure and soil properties
were analysed using Generalized Linear Mixed Models (GLMM). Percentage
N, C/N and pH were initially included in the model as covariates to explain
species richness and species diversity. However, they accounted for no
variation (P > 0.10) and were subsequently excluded from the analysis. The
final model was: response variable = presence of the invader (yes or not) +
island + site nested within island + error. Sites and islands were considered
random factors. Moreover, sites were nested within island to account for non-
independence in standard error estimates (SAS 2001). The presence/absence
of the invader was a fixed factor. Separate analyses were performed for each

invader.

When the GLMM found significant differences between invaded and

control plots for a dependent variable, we tested for differences between
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islands on the relative impact of the presence of the invader. Such relative
impact was estimated with an index adapted from the Relative Interaction
Index (RII) (Armas et al. 2004). RII is an index that measures the relative
intensity of an interaction between plant species (competition or facilitation).
RII has better mathematical and statistical properties compared to classical
indices such as the Relative Neighbour Effect or the log Response Ratio
(Goldberg et al. 1999). For example, RII distribution is approximately normal,
it is linear and does not have discontinuities, it is symmetrical around zero and
it has defined limits [-1; +1]. In our case, we calculated the relative impact

(R1) of the presence of the invader on a dependent variable (V) as follows:

RI = (VControl - ViInvaded) / (VControl + VInvaded)

A negative RI value means an increase of the parameter, associated
with the presence of the invader, in contrast a positive value means that the
presence of the invader decrease the parameter. A zero value means that the
presence of the invader has a non-significant effect on the parameter in

question.

In the case where differences between invaded and control plots were
significant, differences in RI between islands were tested using one-way
analysis of variance (ANOVA). All data met the assumptions of ANOVA and
therefore were not transformed. When a significant island effect was detected,
pair-wise comparisons were performed using a Tukey test (Zar 1984).

To test if the RI on species richness differed among the three invaders

and the eight islands we performed two one-way ANOVA with invader and
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island as main effects, respectively. The potential for more species-rich
communities to be more resistant to the impacts of the invader on species loss
was explored using simple linear regression between species richness in

control plots and the RI on species richness.

Results

A consistent and significant trend of lower diversity was found in plots
invaded by each of the three non-native species (Figs. 1, 2 and 3). Invasion by
Carpobrotus had the largest impact (mean = SE) 36.4 + 4.4 % decline in
species richness in the invaded plots, Ailanthus was intermediate at 23.8 + 3.1
%, while Oxalis the least leading only to 10.2 + 4.4 % fewer species. While for
Carpobrotus this impact (RI) was consistent in both magnitude and direction
among islands (Table 3), this was not the case for the other invaders (Table 2
and 4). For Ailanthus and Oxalis, the reduction in species richness was not
significant in all islands (Figs. 1, 2 and 3). Patterns in both species diversity
and Rl among islands were broadly comparable to those found for species
richness (Figs. 2, 3 and 4).

As regards life-forms, therophytes appeared to be the most negatively
influenced by the presence of an invader, but the effect among islands was
only significant for Ailanthus and Carpobrotus (Tables 2 and 3). Reductions in
the percentage of therophytes varied among islands (Figs. 2 and 3).
Hemicryptophytes presented non-consistent increases and decreases in some
islands (Tables 2, 3 and 4). On average, chamaephytes increased in the plots

invaded by Carpobrotus but again the magnitude and direction were not
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consistent among islands (Fig. 2). The same non-consistent trend was found

for geophytes in plots invaded by Oxalis (Fig. 3).
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Figure 1. Means (+ standard error) for species richness, diversity, % therophytes, %
hemicryptophytes, % soil organic carbon, % total soil nitrogen, carbon/nitrogen (C/N), and

soil pH in Ailanthus-invaded (black) and control (white) plots on the islands of Menorca
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(Me), Mallorca (Ma), Corsica (Co), Sardinia (Sa) and Crete (Cr). Asterisks indicate significant
differences between pair-wise invaded and control plots within an island (*p<0.05, **p<0.01).
Significant differences between islands for the relative impact (R1) are indicated by lower-case
letters (Tukey test, p<0.05). The RI was only statistically compared if there were overall

differences between invaded and control plots across islands.

Ailanthus-invaded plots were also associated with significant increases
for % C and especially % N such that there was an overall significantly
decreasing C/N. Carpobrotus was also associated with an accumulation of soil
organic matter, but only the response in % C and not % N or the C/N ratio was
significant. Oxalis did not influence these soil parameters. All three species
altered soil pH: whereas soils beneath Ailanthus were more basic, those under
Carpobrotus and Oxalis were significantly more acid. These patterns were
consistently found across islands for Carpobrotus and Ailanthus, but not for

Oxalis.

Carpobrotus had a greater relative impact (R1) on species loss than the
other two studied invaders (F2, 353 = 18.97, p < 0.0001; Fig. 4). The average
relative impact of the three species also differed between islands (F7, 348 =
4.84, p < 0.0001) being larger in Bagaud (the smallest island), Crete and
Lesbos and lowest in Corsica (Fig. 4). However, there is no relationship
between RI and either island area (Spearman-rank correlation, Rho = -0.43, p
= 0.26) or distance to the mainland (Spearman-rank correlation, Rho = -0.26, p
= 0.49). Finally, a positive but weak relationship was detected between RI and

species richness in control plots (Fig. 5).
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Figure 2. Means (+ standard error) for species richness, diversity, % therophytes, %

hemicryptophytes, % geophytes, % soil organic carbon, % total soil nitrogen, carbon/nitrogren
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(C/N), and soil pH in Oxalis-invaded (black) and control (white) plots on the islands of
Mallorca (Ma); Menorca (Me), Leshos (Le), Porquerolles (Po), Sardenia (Sa), and Crete (Cr).

Asterisks indicate significant differences between pair-wise invaded and control plots within

an island (*p<0.05, **p<0.01). Significant differences between islands for the relative impact

(RI) are indicated by lower-case letters (Tukey test, p<0.05). The RI was only statistically

compared if there were overall differences between invaded and control plots across islands.

GLMM ANOVA

Dependent variable df F P df F P
Species richness 1,10 21.8 0.01 4,98 6.4 0.02
Species diversity 1,10 51 0.01 4,98 4.4 0.04
Therophytes (%) 1,98 159 0.01 4,10 7.6 0.01
Hemicryptophytes (%) 1,98 0.2 0.67

Organic C (%) 1,99 51 0.03 4,95 0.8 0.99
Total N (%) 1,99 41 0.04 4,95 1.1 0.80
C/N ratio 1,99 437 0.04 4,95 0.8 094
pH 1,10 6.12 0.01 4,96 0.6 0.65

Table 2. Generalized linear mixed model results (GLMM) for parameter differences between

Ailanthus-invaded and control plots across Mediterranean Basin islands, and ANOVA results

for insular differences on the relative impact (RI) for parameters with significant differences

across islands.
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Figure 3. Means (+ standard error) for species richness, diversity, % therophytes, %

chamaephytes, % hemicryptophytes, % soil organic carbon, % total soil nitrogen,
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carbon/nitrogren (C/N), and soil pH in Carpobrotus-invaded (black) and control (white) plots
on the islands of Mallorca (Ma); Menorca (Me), Bagaud (Ba), Porquerolles (Po), Sardenia
(Sa), and Crete (Cr). Asterisks indicate significant differences between pair-wise invaded and
control plots within an island (*p<0.05, **p<0.01). Significant differences between islands for
the relative impact (RI) are indicated by lower-case letters (Tukey test, p<0.05). The Rl was
only statistically compared if there were overall differences between invaded and control plots

across islands.
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Figure 4. Average relative impact (RI) in species loss according to the identity of the invader
and the island. Bagaud (Ba), Corsica (Co), Crete (Cr), Mallorca (Ma), Menorca (Me),
Porguerolles (Po) and Sardenia (Sa). RI has defined limits [-1; +1]. As larger the value, more

species are lost in invaded plots.
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GLMM ANOVA

Dependent variable  df F P df F P

Species richness 1,12 134.07 0.01 512 55 0.30
Species diversity 1,12 8753 0.01 512 23 0.21
Therophyte (%) 1,12 2724 0.01 5,12 31 0.04

Hemicryptophyte (%) 1,12 0.68 0.41
Chamaephyte (%) 1,12 1246 0.01 5,12 16.0 0.01

Organic C (%) 1,11 711 001 510 34 001
Total N (%) 1,11 227 013
C/N ratio 1,11 060 044
pH 1,12 932 001 511 1.2 0.38

Table 3. Generalized linear mixed model results (GLMM) for parameter differences between
Carpobrotus-invaded and control plots across Mediterranean Basin islands, and ANOVA
results for insular differences on the relative impact (RI) for parameters with significant

differences across islands.

GLMM ANOVA

Dependent variable df F P df F P
Species richness 1,13 2354 <0.01 5,12 782 0.01
Species diversity 1,13 4123 <0.01 5,12 15.39 0.01
Therophyte (%) 1,13 1.15 0.28

Hemicryptophyte (%) 1,13 0.11 0.74

Geophyte (%) 1,13 3.44 0.07

Organic C (%) 1,13 044 051

Total N (%) 1,13 0.00 0.97

C/N ratio 1,13 168 0.20

pH 1,14 594 002 514 261 0.02

Table 4. Generalized linear mixed model results (GLMM) for parameter differences between
Oxalis-invaded and control plots across Mediterranean Basin islands, and ANOVA results for
insular differences on the relative impact (RI) for parameters with significant differences

across islands.
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Figure 5. Relationship between species richness in control plots and the relative impact (RI)
of invasion by Ailanthus altissima, Oxalis pes-caprae and Carpobrotus spp. across
Mediterranean basin islands. A negative RI value means a increase in species richness
associated with the presence of the invader, in contrast a positive value means that the
presence of the invader decrease the parameter. A zero value means that the presence of the

invader has a non-significant effect on the parameter in question.
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Discussion

By conducting floristic surveys in invaded and non-invaded plots
following the same protocol at multiple sites within and across islands we
have found that although in average the presence of the invader affects the
vegetation structure and soil properties, the magnitude of this impact is very
much dependent on the identity of the species and the island.

Diversity loss

On average we found a reduction in native plant species diversity
associated with the invasion by Ailanthus, Carpobrotus or Oxalis. However, as
might be expected, the magnitude of the impact differed among the three
species with Carpobrotus exhibiting the largest impact (36% in species 10ss)
and Oxalis the least (10%). Furthermore, the magnitude of the impact was
very variable among islands especially for Oxalis but not dependent on island
size or distance to the mainland. Differences in species diversity changes
across sites (i.e. islands in our study) have been observed in other ecosystems
(Woods 1993) and have been related to differences in invader infestation. In
our case, selected invaded plots for all species and islands are considered to be
highly infested. Several other non-exclusive factors might limit our
understanding of differences among islands. It is plausible that long-term
invaded sites have stronger effects in changing species diversity than recently
invaded stands as it has been shown in chronosequence studies (Wearne &
Morgan 2004). Communities might also differ in their successional stages,
especially those invaded by Ailanthus and Oxalis which are mainly located in

frequently disturbed anthropogenic sites. Long-term studies of permanent plots
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of lands released from agriculture have found invasion impact differences for
species richness along seral stages (Meiners et al. 2001). Unfortunately,
information regarding both invasion history and disturbance regime across

sites and islands is lacking.

Island differences on the impact of the invaders may also be related to
biotic factors such as differences in the vegetation structure of the recipient
community. Species loss was not lower when the community was poor in
species as shown by the marginally positive relationship between species
richness in control plots and the relative impact on species loss. This finding

suggests that hotspots of native plant diversity are not immune to species loss.

Changes in species composition

Even in the absence of a significant effect on richness and diversity
within an island, species composition could change markedly. Therophytes
were particularly vulnerable to each of the three invaders. However, the effects
of invasion on other life-forms were weaker and not detected in all islands.

Oxalis was the invader with the least effect on life-form representation.

The therophyte decrease is of concern because a large proportion of
endemic species in the Mediterranean Basin are annuals (Heywood 1995).
High rates of extinction in therophytes (90 %) in Mediterranean Basin
ecosystems have already been determined, especially at low altitudes
(Verlaque et al. 2001). Therophyte recruitment depends on seed banks for
population survival and since they have a short life-cycle they are more

responsive to environmental and biotic changes than other life-forms. The
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relative impact on the decrease of therophytes was especially high in invaded
Ailanthus plots probably as a consequence of reduced establishment by
inhibiting seed germination with allelopathic substances (Heisey 1990; De Feo
et al. 2003). In Carpobrotus invaded plots, the dense mat of overlapping stems
and considerable litter layer would be a substantial obstacle to the germination
and establishment of therophytes. In contrast, Oxalis had a non-significant
effect on the percentage of therophytes across islands. Probably, the early and
short season phenology of this species (i.e. rosette production in late autumn
and senescence in early spring) limits the competition with annuals, whose

peak in abundance is slightly delayed in time.

Limited impact on soil properties

Although invader driven changes in diversity and composition of
species may consequently lead to changes in soil properties, the interspecific
differences in invader impacts on vegetation were not concordant with
changes in the soil. Furthermore, changes in soil properties were less evident
than changes in vegetation structure. Ailanthus had the broadest impact on soil
properties. Ailanthus which produces herbicidal litter appeared to have the
capacity to alter soil C and N cycling, which resulted in the reduction of the
C/N ratio.

The increased organic C as well as the more acid soils associated with
Carpobrotus is consistent with the considerable litter produced by this species.
However, the low but contrasted % C effects of Carpobrotus according to
island indicate that this species has variable effects on C cycling, probably

related to taxonomic identity, habitat, mat age and thickness. In addition,
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Carpobrotus leaves also have high tannin content and antibacterial compounds
(van der Watt & Pretorius 2001) that may reduce the rate of litter
decomposition.

Finally, Oxalis had no marked effect on N and C cycling. The lower
impact of this species compared to Ailanthus and Carpobrotus might be
related to their lower biomass and shorter temporal soil occupancy. Oxalis is a
small plant whose rosettes rapidly decompose each year and has higher
mineralization rates compared to other coexisting annual species (Petsikos et
al., submitted) which suggests that this species is poor in lignin. This can
explain why no change was observed in soil properties except for the
increased acidification of the soil as a result of exudation and/or release of

oxalic acid, one of the strongest organic acids from plant tissues (Lane 1994).

Conclusions

Contrary to the assumption of strong biotic resistance to the impacts of
invasion in the Mediterranean Basin (di Castri et al. 1990; Quézel et al. 1990),
this study highlights significant impacts on native plants and soil properties
arising from invasive plants. At a plot scale, species loss averaged 23 % but
varied greatly depending on the identity of the invader and the island. No
distinct biogeographical impact pattern in species loss was found, indicating
that all islands are similarly susceptible to local species extinction. Of
particular concern, was the fact that the higher the species richness the larger
the relative impact in species loss. Therophytes seem to be a life-form group

especially susceptible to plant invasion.
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Species loss was highest in areas invaded by Carpobrotus and lowest
in areas invaded by Oxalis. The habitats invaded by Carpobrotus, such as
dunes, rocky cliffs and coastal garrigues, encompass a high number of
endemic, rare or vulnerable species (Médail & Verlaque 1997; Verlague et al.
2001); thus, the consequence of Carpobrotus spp. spread on native species is
particularly severe. Ailanthus and Oxalis occur in anthropogenic and ruderal
habitats and it has been suggested that in such habitats, impacts of invasion are
low due to the lesser role of competition in community structure (Williamson
& Fitter 1996; Meiners et al. 2001). Although in general, ruderal communities
are not perceived as having high conservation value, a unique element of
Mediterranean biodiversity is represented in ruderal and disturbed habitats.
Many endemic and vulnerable segetal plants occur in these habitats and could
represent the elements of the Mediterranean flora most at risk from invasions
(Heywood 1995; Verlaque et al. 2001).
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IV Discusiéon General

Los procesos de invasion y naturalizacion de las plantas al6ctonas
tienen lugar desde hace siglos y en amplias escalas espaciales (Williamson
1996). Es internacionalmente reconocido que la principal causa de invasion de
plantas exdticas estd fuertemente relacionada con el hombre (turismo,
comercio, alteracion de ecosistemas) (Sandlund et al. 1999) y que es una de las
principales causas del declive de la diversidad bioldgica pudiendo provocar
cambios irreparables en el medio natural. En la regién Mediterrdnea algo méas
del 1 % son plantas aloctonas (Quezel et al. 1990) y pocos ecosistemas

seminaturales son inmunes a la invasion.

Las islas Baleares no son una excepcion a este fenémeno global de
introduccidon de especies, mas bien todo lo contrario: desde la ocupacion
humana de estos territorios, muchas especies vegetales han sido introducidas y
muchas de ellas se han incorporado con fuerza a nuestra flora. Hay plantas de
introduccion muy antigua que no las sabemos diferenciar de las especies
autoctonas, plantas introducidas que han pasado a formar parte de nuestro
paisaje (como es el caso de Arundo donax, Opuntia maxima, Oxalis pes-

caprae, Ceratonia siliqua) y plantas exdticas estrictamente invasoras.

La riqueza de plantas exdticas en las Baleares (16 %) es ligeramente
superior a la encontrada para el conjunto de las islas Mediterraneas (10 %) (Le
Neindre 2002) e inferior a la de las islas de caracter oceanico (por ejemplo, 35
% en Hawali, 40 % en Nueva Caledonia (referencias en Le Neindre 2002),
33% en las islas Canarias (Lopez et al. 2003), 44-50% en las islas Britanicas
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(Kew Garden 2003). Por un lado, esto puede indicar una mayor resistencia de
los ecosistemas mediterraneos a la invasion de las especies exdticas; aunque
también es probable que estas cifras sean superiores, debido a que muchas de
las especies introducidas, no consideradas como aléctonas, podrian ser de
origen mediterraneo, llegadas en tiempos muy antiguos, y que hoy dia pasan
desapercibidas o son dificilmente detectables como tal por falta de datos. Es
por este Gltimo motivo, y porque la entrada de nuevas especies no nativas es
constante, que el catdlogo de flora al6ctona expuesto en esta tesis, de 308
especies naturalizadas y casuales, es forzosamente provisional y con el tiempo

se iran incorporando nuevas especies.

La flora exdtica Balear no surge de un grupo de plantas tomadas al azar
de la amplia fuente floristica del Mediterraneo; son diversas fuerzas selectivas
las que han favorecido unas formas vitales sobre otras. Los fanerdéfitos
representan la forma vital mas frecuente (34.4 %) seguida por las plantas de
ciclo anual (29.5 %). Este patron es claramente disharmdnico cuando lo
comparamos con la estructura de formas vitales de la flora autoctona, que se
caracteriza por la falta de fanerdéfitos (8.5 %) y por una elevada proporcion de
terofitos (41.5 %) (Payeras y Rita 2005).

Los arboles y otras especies aloctonas de gran tamafio (arbustos y
herbaceas perennes) han sido seleccionados e introducidos para un uso
especifico (ornamental, medicinal, forestal, etc.), mientras que las especies
anuales han llegado principalmente de forma accidental, por ejemplo, como
contaminantes de las semillas de plantas cultivadas (Kowarik 2003). Estas
plantas anuales no nativas se comportan, en su mayoria, como plantas

infestantes con capacidad de colonizar ambientes perturbados, como son
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margenes de caminos o campos de cultivo, y cuyo ciclo bioldgico,

basicamente estival, no parece afectar el desarrollo de la flora local (a
excepcion de Oxalis pes-caprae; una de las principales plantas exoticas mas
frecuentes y de floracion invernal). Como especies anuales mas comunes
podemos destacar: Amaranthus spp. Conyza spp., Chamaesyce spp. y Aster
squamatus, entre otras. Como arboles y arbustos al6ctonos en estos
ecosistemas podemos destacar los procedentes de cultivo (Ceratonia siliqua,
Prunus dulcis, Opuntia maxima) y los de jardin (Ailanthus altissima, Phoenix

spp. Lantana camara).

Por otro lado, nuestros ecosistemas leflosos (matorrales y zonas

forestales) son bastante resistentes a la penetracion de plantas aldctonas,
aunque existe un predominio de plantas crasas en los margenes (Opuntia spp.,
Agave spp.) Yy un cierto riesgo de infestacion de especies arbustivas
mediterraneas (Spartium junceum, Artemisia arborescens, Senecio cineraria).

Las zonas humedas, afortunadamente, no sufren grandes problemas de

invasion, a excepcion de Arundo donax y Eichornia crassipes; esta Gltima,
muy agresiva, encontrada recientemente en una Unica localidad de Mallorca
(Son Navata, Alcudia).

El litoral de la isla, a pesar de las condiciones ambientales extremas
que ofrece, esta salpicado por plantas perennes crasulescentes muy resistentes
y procedentes, en su mayoria, de climas mas calidos (Carpobrotus spp.,
Disphyma crassifolium, Agave spp. Opuntia spp., Aeonium arboreum). Son
estas zonas, y concretamente las areas cercanas a urbanizaciones costeras,
donde la invasion de especies aldctonas supone un mayor riesgo para la

biodiversidad de las islas. En los ecosistemas de torrente hemos encontrado
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una alta diversidad de plantas aloctonas, desde arboles subespontaneos y
naturalizados (Ailanthus altissima, Populus spp., Ulmus minor, Platanus
hispanica), hasta herbaceas perennes de jardin (Cyperus alternifolius, Ipomoea
indica, Tropaeolum majus, Ricinus communis) y gramineas rizomatosas

(Arundo donax, Paspalum paspalodes) (Moragues y Rita, 2005).

No todas las plantas exoticas pueden colonizar todos los habitats y no
todos los hébitats son igualmente susceptibles de ser invadidos. Por esto, una
misma especie puede presentar comportamientos completamente diferentes en
unas zonas Yy en otras; no obstante, es un criterio bastante general el hecho de
mantener una alerta especial sobre las especies de las cuales se ha constatado

un comportamiento invasor en otras areas de estudio.

Al margen de esta pauta de distribucion por ecosistemas de la flora
exotica, debemos tener en cuenta que el éxito de la invasion depende tanto de
las caracteristicas innatas de las especies invasoras como de las caracteristicas
de los ecosistemas invadidos (Heder and Trepl 2003). Los caracteres
morfolégicos mas importantes que caracterizan a las especies invasoras,
independientemente del habitat que colonicen, en islas del Mediterraneo son:
propagacion vegetativa, hoja grande (> 50 cm?), floracién estival, periodo de
floracion largo (> 6 meses) y dispersion por viento y animales. Las
caracteristicas vegetativas mencionadas estan relacionadas con el éxito en la
colonizacién optima del espacio y la utilizacion de los recursos, mientras que
las caracteristicas del ciclo bioldgico estan dirigidas a favorecer que puedan
expandirse en el momento de latencia de la flora nativa mediterranea. Estas
caracteristicas no son excluyentes ni imprescindibles para el conjunto de

plantas exoticas naturalizadas del Mediterraneo. En general, no existe una
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pauta universal o categoria ecoldgica comun que explique el éxito de las
invasiones, sino que ésta viene determinada por (1) la finalidad de la
introduccion y (2) por la adaptabilidad esencial de la propia planta al medio;
estd demostrado que cuanto mayor sea la perturbacion, mayor es la
predisposicion a ser invadido (Hobbs and Huenneke 1992; Lake and Leishman
2004). EIl tipo de bioma, la vegetacion, la disponibilidad de recursos y la
respuesta especifica de cada ecosistema y cada especie vegetal a la invasion,
son las variables que caracterizan los mecanismos de colonizacion de exdticas

en ecosistemas ocupados por especies nativas (Stohlgreu et al. 1999).

La fuerte relacion entre los ecosistemas mas humanizados y la riqueza
de plantas exoticas parece tener su origen principalmente en las ultimas
décadas a partir del ‘boom’ turistico, el crecimiento economico y el
incremento de las comunicaciones. Dada la pauta de distribucion de las
especies exoticas en Baleares, consideramos que la flora de jardin y las zonas
urbanas son los principales puntos calientes en el origen, la dispersion y
establecimiento de la flora exotica invasora. ElI desconocimiento social y la
atraccion por las plantas ornamentales son aspectos que acenttan la entrada de

nuevas plantas exéticas.

La elaboracién de un catalogo y la tipificacion de la flora exdtica son
los primeros eslabones en el control de la entrada de nuevas plantas y en la
elaboracion de planes de control de las especies exoticas mas problematicas en
los ecosistemas naturales. Una vez establecida una planta exdtica, es durante el
estado inicial de dispersion donde los esfuerzos de gestion pueden prevenir su
establecimiento e impacto en el medio natural (Puth and Post 2005). Los

indices de impacto desarrollados en esta tesis permiten obtener un criterio
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uniforme para tipificar las especies exdticas naturalizadas en el medio natural.
En la bibliografia actual no se han encontrado trabajos que ofrezcan una
metodologia reproducible en diferentes areas de estudio y que permita una
evaluacion rapida y objetiva del estado de la cuestion en el medio natural,
tanto en la determinacion de las especies aléctonas mas abundantes y
peligrosas como en la clasificacion de los ecosistemas en funcion de su grado
de invasién. La creacion de estos indices es un punto de partida en la
realizacion de estudios analdgicos, entre trabajos que abarquen diferentes
areas de estudio, utilizando una base metodoldgica estandar que permita

reducir al maximo el margen de error de muestreo.

El género Carpobrotus (y concretamente las especies C. edulis & C.
affine acinaciformis) es uno de los taxones exoticos mas peligrosos que
afectan al litoral de nuestras islas (Vila and Mufioz, 1999; Garcia, 1999) y
también a otras zonas de la cuenca mediterranea (Bourgeois 2002; Suehs et al.
2004), uno de los ecosistemas mas valiosos en cuanto a biodiversidad
floristica. La dispersion de un elevado nimero de semillas por mamiferos y el
elevado crecimiento clonal, son factores claves que han favorecido su
expansion y naturalizacion en el medio natural (D’Antonio 1990; Vila and
D’Antonio 1998). Carpobrotus spp. es un planta muy comdn como
ornamental debido a su estado siempre verde, a los escasos cuidados que
precisa y las grandes y llamativas flores que desarrolla a finales del invierno.
Una vez que se establece, coloniza el espacio de forma monoespecifica
formando clones espesos que eliminan casi en su totalidad la flora nativa

presente.
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La estrategia de colonizacién y dispersion de esta planta invasora en
los ecosistemas naturales se basa principalmente en una utilizacion del espacio
y los recursos mas que en una competencia, con las especies autdctonas, por
los vectores de polinizacién. Esto se debe a su capacidad de autofecundacién
(Wisura & Glen 1993), su elevada tasa de crecimiento clonal (cada rama crece
un promedio anual de unos 40 cm.) con independencia del habitat que colonice
(dunas o costa rocosa), su capacidad de reproduccién asexual (Wisura & Glen
1993) y su gran amplitud ecoldgica (D’ Antonio & Mahall 1991; D’Antonio et
al. 1993; Weber et al. 1998; Moragues & Traveset 2005), Carpobrotus spp.
posee importantes atributos que influyen en el éxito de su invasion. La sola
presencia de este género en las Baleares es suficiente para provocar la
degradacion irreparable de un ecosistema en concreto, situacion de la cual
tenemos varios ejemplos como el Faro de Cala Figuera y el Cap Enderrocat en
Mallorca, Favaritx en la isla de Menorca y algunas zonas de sistema dunar de
Formentera. La entrada de este taxon no sélo ha supuesto un problema
ambiental, sino también un problema econémico debido al desarrollo de
diferentes iniciativas para erradicarlo: (a) Proyecto LIFE Nature en Menorca,
(b) Ministerio de Medio Ambiente en zonas del litoral, (c) Consejeria de
Medio Ambiente del Gobierno Balear (concienciacion sobre el problema de
Carpobrotus spp. y una cartografia y erradicacion en el afio 1996), (d) el GOB
(Grupo de Ornitologia Balear) y (e) iniciativas particulares tambiéen
relacionadas con la erradicacion y concienciacién sobre el problema de

Carpobrotus.
En todas las islas del Mediterraneo estudiadas donde estd presente

Carpobrotus, se ha demostrado que afecta negativamente la estructura de las

comunidades nativas y las propiedades quimicas del sustrato. Carpobrotus
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reduce la diversidad y la composicion de plantas nativas en el area que
coloniza (36% en pérdida de especies) con una magnitud diferente en funcion
de la isla que invade. Estas disimilitudes entre islas se deben principalmente a
la diversidad de ecosistemas estudiados y a las diferencias en la estructura de
la vegetacion, asi como también en la senectud o época de introduccion de las
invasoras. Parece que las plantas anuales son la forma vital mas vulnerable a la
presencia de Carpobrotus. Las matas densas que desarrolla y el volumen de
necromasa que genera son un obstaculo en la germinacion y establecimiento
de los terofitos, ademas de los posibles cambios en la composicion quimica del

suelo, como el incremento del carbono organico y la acidificacion del suelo.

La influencia de estas especies de Carpobrotus spp. sobre la flora
nativa en relacion con los vectores de polinizacion (tasa de visita de los
insectos y de las flores visitadas) resultd ser negativa al menos para Lotus
cytisoides, la cual mostré una menor tasa de visitas en las parcelas invadidas
que en las control. Para otras especies, sin embargo, tuvo un efecto neutral o
incluso un aparente efecto facilitador para otras. En base a nuestras
observaciones y a otros trabajos preliminares, podemos afirmar que cualquier
alteracion en los mecanismos de intercambio de polen, debido a la presencia
de Carpobrotus, esta sometida tanto a modificaciones espaciales como
temporales. Son muchos los factores que entran en juego y que pueden variar a
pequefia escala segun el contexto ecoldgico, bien con modificaciones en la
riqueza y calidad de los insectos polinizadores como en los cambios en el pico
de floracién entre especies. La idea principal es que Carpobrotus spp. puede
tener un comportamiento de facilitacion, de competencia o bien neutro segun

las especies nativas que lo acompafan, pero en definitiva altera las pautas
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naturales en la transferencia de polen, y por tanto en la reproduccion de la

flora nativa.

Respecto a la morfologia del taxon, las ramas largas de crecimiento
apical tienen una tasa de crecimiento y una eficiencia fotosintética mayor que
las ramas laterales. Es una planta de gran plasticidad fenotipica debido a su
gran capacidad adaptativa en diferentes umbrales de luz; en condiciones
moderadas de sombra, la densidad foliar y la produccion seca de hojas y tallos
es menor, mientras que la tasa de crecimiento se incrementa en relacion a la
obtenida en un escenario de radiacion solar directa. Debido a esta plasticidad
fenotipica y a su crecimiento clonal, Carpobrotus es muy eficiente en la
colonizacion del espacio, aspecto caracteristico de las plantas invasoras.

En base a la estructura simple de formacion de las ramas de
Carpobrotus (nudo-entrenudo), la tasa y angulo de ramificacion y la tasa de
elongacion se ha elaborado un modelo de crecimiento que define el desarrollo
y la forma de una poblacion clénica de Carpobrotus en un periodo de 100
afios. Con este trabajo hemos obtenido informacion sobre el potencial invasor
de una de las principales y mas peligrosas especies al6ctonas de las islas.
Tanto en longitud como en produccion, Carpobrotus tiene un crecimiento
exponencial durante los 20 primeros afios de vida que se estabiliza con
posterioridad. Este cambio en el régimen de crecimiento puede ser atribuido al
acumulo de nuevas ramas en zonas ya colonizadas, donde la competencia
entre los nudos por enraizar y la falta de sustrato se hace relevante; en este
momento la planta ha pasado de una morfologia poco compacta a otra mucho
mas densa sin espacios huecos entre las ramas de un mismo individuo. Esta

recolonizacion del espacio sobre si misma es debida al angulo y a la tasa de
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ramificacion. Se trata de una planta que acumula grandes cantidades de
necromasa, la cual, debido a su lenta descomposicion, se va depositando en el
sustrato y va dificultando la germinacion de plantas nativas y también su

propio asentamiento.

Esta tesis es un primer paso en el conocimiento de la flora exdtica de
las Balears y, en concreto, de una de las principales plantas invasoras que
amenazan el litoral de las islas. Dar a conocer a la sociedad la problematica
actual del tema e incentivar el interés por continuar en la investigacion y
conocimiento son acciones imprescindibles en aras de la conservacion, tanto

de la flora nativa como de la fauna, nuestro patrimonio mas preciado.
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V Principales Conclusiones

Situacion en Baleares

1 - Durante el presente estudio, se ha catalogado un total de 306 especies no
nativas introducidas en ecosistemas naturales y seminaturales de las islas
Baleares, representando el 16 % de la flora total de las islas. De éstas se han
cartografiado en el medio natural un total de 208 en Mallorca. El 9,5% son
especies naturalizadas y el 6,4% subespontaneas (sin considerar las plantas de
cultivo, los arqueodfitos y los taxones de origen dudoso). Un 14,6 % (45

especies) son especies exdticas invasoras en sentido amplio.

2 - Podemos encontrar especies exaticas invasoras en todos los grupos
taxondmicos mas importantes. Estas especies se agrupan en 78 familias, 8 de
las cuales representan el 44 % del total (por orden de importancia: Asteraceae
10,16 %, Poaceae 7,5 %, Fabaceae 6,9 %, Solanaceae 5,3 %, Brassicaceae

4,3 %, Aizoaceae 3,9 % Amarantaceae 3,9 %, Labiatae 3,3 %).

3 - Cerca de un 30% de las plantas exoticas invasoras presentes en las Baleares
pertenecen a nuestro entorno geogréfico. Aun asi, no superan las de origen
americano, que suman el 32% de las exdticas de las Islas. Africa con un 16% y
Asia con un 9% son otras zonas que aportan especies exoticas. Estas cifras
pueden variar si consideramos que las plantas de origen mediterraneo
presentan ciertas dificultades de ser reconocidas como introducidas y que las
plantas de introduccidon antigua no se reconocen como exoticas por estar

completamente integradas en nuestro paisaje.
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4 - Los fanerdfitos representan la forma vital més frecuente entre la flora
introducida (34.4 %) seguido por las plantas de ciclo anual (terofitos), con un
29.5 %. Los hidrofilos son un grupo muy poco importante; con la excepcion
de Arundo donax. Este patron es claramente desarmonico cuando se compara
con la flora autoctona, que se caracteriza precisamente por la falta de
fanerdfitos (8.5 %), especialmente arboles, y una mayor proporcion de
teréfitos (41.5 %). Las plantas exoticas mas peligrosas que colonizan los
ecosistemas naturales son en su mayoria especies perennes, mientras que las
exoticas mas comunes y abundantes son plantas de ciclo anual que no se

comportan como invasoras en areas no perturbadas.

5 - Entre las plantas exoticas no existe una pauta comdn ni en origen
geografico ni en biotipos, sino que forman parte de un gran grupo de

diversificacion morfoldgica y ecoldgica que colonizan un ambiente u otro.

6 - Diversos atributos bioldgicos, en especial la propagacion vegetativa,
explican la abundancia de plantas exoticas en islas del Mediterraneo. Ademas,
la suculencia en zonas ruderales, las hojas grandes mayores de 50 cm?, los
largos periodos de floracidon estival, los frutos carnosos en zonas naturales y la
dispersion por el viento y vertebrados, son caracteristicas que tipifican las
especies invasoras mas abundantes. Sin embargo, no se ha podido establecer
una categoria ecoldgica relevante que sea consistente, es decir, no parece
existir una pauta universal de atributos que expliquen el éxito de las invasiones

vegetales.
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7 - La elaboracion de los indices de impacto, que caracterizan las especies
exoticas en funcion de su comportamiento en el medio asi como también los
ecosistemas mas vulnerables, ha resultado ser una metodologia rapida,
eficiente y estandarizable a otras &reas de estudio. Dichos indices han
permitido conocer el estado de la cuestion en cada uno de los ambientes de las
islas Baleares y nos han aportado una idea global sobre el grado de alteracion

del medio y las especies exoticas mas peligrosas y abundantes.

8 - Las zonas himedas (4 citas / UTM 10 x 10 Km) y los sistemas forestales
(3,60 citas / UTM) son los ecosistemas naturales mas resistentes a la invasion
de plantas exoticas mientras que los ambientes mas alterados y humanizados
(margenes de carreteras (20,35 citas / UTM) y tramos de torrentes urbanos
(11,24 citas / UTM ) son los més vulnerables a ser invadidos y presentan los
niveles mas elevados en riqueza de plantas exoticas naturalizadas. Estos
ecosistemas asociados a zonas urbanas actan como reservorios de especies
invasoras que potencialmente pueden invadir ecosistemas adyacentes mas
naturales. Las areas de cultivo (6,79 citas / UTM) y las zonas de litoral (6,33
citas / UTM ) asociadas a zonas humanizadas son también puntos importantes

en la entrada de plantas exoticas.
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Carpobrotus edulis y C. affine acinaciformis

9 - La floracion sincronica de ambos Carpobrotus con especies nativas que
comparten habitat, influye de forma positiva, negativa o neutral en el
componente cuantitativo de la polinizacion con variaciones tanto temporales
como espaciales. Cualitativamente, Carpobrotus es un taxon visitado por una
amplia variedad de insectos polinizadores, por tanto, es un taxon generalista,
pero no reduce el éxito reproductivo de las plantas nativas estudiadas a pesar
de que exista, en algunas de ellas —concretamente Lotus cytisoides-, una
competencia por los polinizadores. Dicha competencia, ademas, parece variar
entre afios. La influencia de Carpobrotus en la polinizacién de plantas nativas
es probablemente especifica de cada especie; dependiendo del contexto
ecoldgico y de las fluctuaciones temporales de diversos factores que influyen

en el éxito de la polinizacion.

10 - Carpobrotus tiene una tasa anual de crecimiento de aproximadamente 40
cm. en las ramas apicales. Tiene un maximo de crecimiento en primavera
cuando las temperaturas son moderadas y se inician las primeras lluvias. El
verano es la época con menor tasa de crecimiento. Las ramas apicales son de
mayor tamafio, de mayor eficiencia fotoquimica y tienen una mayor tasa de
crecimiento que las ramas laterales de menor longitud. Mientras que las ramas
apicales tienen la funcion de colonizacién, las ramas laterales incrementan la

superficie foliar y van rellenando el espacio ya colonizado.
11 - C. affine acinaciformis tiene un amplio abanico de respuestas fenotipicas
a diferentes umbrales de luz, aunque la tasa de crecimiento es mayor en

ambientes a la sombra que bajo el sol directo. Estas diferencias se atribuyen a
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la busqueda de luz de las ramas de individuos que viven bajo sombra
moderada. Esta capacidad adaptativa de esta especie refuerza su capacidad
como invasora frente a condiciones ambientales adversas o diferentes a las de

su habitat natural.

12 - El crecimiento clonal de Carpobrotus spp. y su elevada plasticidad en
diferentes condiciones de luz, hace que posea unos mecanismos muy eficientes
para la colonizacion rapida de nuevas zonas y el éxito de su establecimiento en

zonas costeras de ecosistemas mediterraneos.

13 - La simulacion del crecimiento y la produccién de Carpobrotus spp.
permite conocer su potencial de invasion en el tiempo. Basandonos en una
serie de parametros para elaborar el modelo de crecimiento durante un periodo
de 100 afos, se observa que tiene un desarrollo no-linear, creciendo de forma
exponencial inicialmente, hasta los 20 afios aproximadamente, y de forma mas
uniforme a partir de entonces. Los 5 primeros afios vienen determinados por
una estructura del clon muy ramificada, que ira avanzando hacia una

compactacién y crecimiento en espesor de la planta.

14 - Carpobrotus tiene una gran influencia negativa en la pérdida de
biodiversidad (tanto en riqueza como en diversidad). No todas las formas
vitales son igualmente susceptibles a la invasion por Carpobrotus spp., aunque
la vulnerabilidad de los ecosistemas mediterraneos a la invasion por esta
especie ha quedado patente. En la isla de Mallorca, los porcentajes de terofitos
y hemicriptéfitos no se ven afectados por la presencia de Carpobrotus,
mientras que el porcentaje de caméfitos sufre una importante depauperacion

en las parcelas invadidas. En Menorca, la tendencia es diferente: los
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hemicriptéfitos tienen una mayor proporcion en las parcelas invadidas que en
las control. Creemos que estas pautas tan diferentes se deben a la gran

heterogeneidad de la flora nativa presente en las diferentes parcelas estudiadas.

15 - La presencia de Carpobrotus provoca también cambios en la composicion
quimica del suelo. EI aumento de carbono orgénico y nitrogeno, asi como la
acidificacion del suelo, es compatible con una elevada produccion de

necromasa en las parcelas estudiadas de Mallorca y Menorca.

16 - Por ultimo, concluimos que Carpobrotus es un taxon exético muy
agresivo adaptado a nuestros ecosistemas costeros y al clima Mediterraneo,
que afecta tanto a la estructura de la comunidad vegetal como a las
condiciones abioticas del suelo. Es una planta de rdpida colonizacion con
pocos 0 ningun factor ambiental que actle negativamente en su dindmica de
crecimiento y asentamiento. Las comunidades naturales invadidas por esta
especie, principalmente en los ecosistemas litorales, se ven fuertemente
afectadas por este taxon. Por tanto, para cualquier plan de recuperacion del
litoral es importante tener en cuenta el riesgo que suponer seguir manteniendo
Carpobrotus dentro de dichas zonas. Basandonos en el conocimiento obtenido
en esta tesis, consideramos que deberia ejercerse un mejor control de la

misma, e incluso sugerimos que sea declarada como especie plaga.
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