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ABSTRACT -

The introduction of naturalised species is threatening the blodlversuy of "hot-spot" regions around the World Spain is one of
the Furopean countries with the highest diversity of species. However, a synthesis of the identity of the naturalised biota has
never been conducted. We present a bibliographic survey. alyse the number and biogeography of naturalised plants and
vertebrates in peninsular Spain. We found 637 :20 fish spec1eq 3 amphibians, 8 repliles, 9 birds, and 11
mammals. The largest fraction of plai ol A an’ o ,gln whiereas the origin of vertebrates depends on their taxonomic
group. Except for amphibians and mammals, most naturalised species are found in highly disturbed habitats. The invasiveness
of these species and their impact on the native ‘biota havé not been quantified. However, some of these species are very invasive
in other regiors of the World, and thus the probable impacts on the biodiversity conservation of Spain should be urgently
1nvesugated

Kéy-words: alien plants; biological invasions, Iberian Peninsula, patterns of invasion, species diversity.

RESUME

La naturalisation d’espéces étrangéres constitue une menace mondiale pour la biodiversité des zones de « hotspots », L.’ Espagne
constitue 1'un des pays europdens possédant la plus grande diversité spécifique. Cependant, il n’existe pas pour ce pays de
synthése relative aux espéces introduites et naturalisées. Ainsi, ce travail vise i dresser une synthese bibliographique concernant
le nombre-et I’ origine biogéographique des végétaux vasculaires et des vertébrés naturatisés présents dans la péninsule ibérigue,
Ce bilan a permis de dénombrer 637 végétaux vasculaires naturalisés, 20 poissons, 3 amphibiens, 8 repuleq 9 oiseaux et 11
mammiféres non indigénes. La plus grande proportion de ces végélaux xénophytes est d’origine américaine, tandis que I’ origine
biogéographique ‘des vertébrés dépend du groupe taxonomique auquel ils appartiennent. Horndis les amphibiens et des
mammiféres, la plupart des espéces naturalisées se rencontrent dans des biotopes fortement perturbés. L’invasibilité de ces
especes et leur impact sur les communauntés et écosystdmes indigénes n’ont pas &t encorc quantifiés. Cependant, certaines
espéces présentes en. Espagne s’avérent trés dynamiques et envahissanles dans d’autres régions du Monde, et leurs impacts
probables sur la biodiversité espagnole méritent d’&tre examing de fagon urgente..

Mots-clés : végétaux exotiques, invasions biologiques, Péninsule ibérique, modalités d’invasion, diversité spécifique
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INTRODUCTION

~ 'Species dispersal driven by man is currjeritly one
of the main causes of change in the biota composition
around the World (Draké et al., 1989). The
‘introduction of naturalized species has increasingly
“attracted the attention of ecologists because of their
impact on natural systems, which include loss of
biodiversity (Lodge, 1993), changes in disturbance
regime (D'Antonio & Vitousek, 1992), changes in the
biogeochemical cycles (Vitousek, 1994) and

homogenization or creation of new  landscapes

(Atkinson & Cameron, '199'3) The interest in

naturalized spec1es also comes from the fact that they'

_can help to eluc1date the processes that shape
community structure and determine its func_tton. '

~ Surveys of naturalized species distribution at the
regional level are the starting p_biﬁt to establish
' patterns and correlates of naturalized species diversity
at the global scale (Dachler, 1998; Pysek, 1998;

Lonsdale, 1999), and can also help to establish ._

hypotheses of the ecologmal factors that determine

‘which species arc. more invasive and - which

communities are more easily invaded (Crawley, 1987;
Mack, 1996). In the last decade a significant effort has
been achieved to de_termine patterns of invasion by
naturalized species at the regional scale (e.g. Groves
‘& Di Castri, 1991; Rejmanek & Randall, 1994,
Weber 1997), but there is still a lack of quantztanve
information on the naturalized component for major
_ 1'e'gions of the world (Heywood, 1989; Lonsdale,
1999).

Spam is one of the countries with the h1ghest
biological diversity of Europe; with a high proportion
of endemic plants '(Gémez—Carnpo et al, 1984;

Médail & Quézel, 1997), amphibians and. repttles_

(Pleguezuelos & Martinez-Rica, 1997), and  birds
(Blondel, 1985). Plant diversity is assomated with the

' biogeographic location of the Iberian Peninsula and

the high habitat and pedological diversity (Médail &

Quézel, 1997). Spanish amphib'ians are more diverse

than reptiles due to a combination of historical and

ecological factors (Vargas & Real, 1997). The.
percentage of European species that are native to-

- $pain is high for mammals and birds because they
have large distribution areas and a low. proportion of
endemics (Qosterbroek, 1994; Covas & Blondel,
1998). The aquatic'fauna of Spain is globally poor

56

‘Survey of the naturalised plants and vertebrutes in peninsular Spain:

compared to the rest of Europe (Banarescu,: 1992),
The.. relatively'.f Jlow richness of freshwater fish
(Doadrio et al., 1991; Elvira, 1998; Carmona. et al;,
1999y is generally.attributed to the isolation of the
Therian: peninsula. and the scarcity of fresh' water
habitats (Hemando & Sortguer 1992). '
The naturalized component of the flora and fauna
has been partially analysed for several regions within:

‘Spain and. in most cases for different taxonomic

groups (see Methods), yet a synthesis of both the
naturalized flora and vertebrate fauna has never been
conducted. This  paper describes the 4 naturalized-
component (exotic established species) of the flora
and vertebrate-_fauna of Spain to answer the following -
questions: (i) How many naturalized plant and
vertebrate species are there in Spain? (i) What is their
origin? and (iii) In which communities are naturalized
species located? We limited the study to plants and
vertebrates because these .are well known taxa and

therefore reliable 1nformat10n was- avat]able from S

most of their species.

MATERIAL AND METH._ODS' :

A database was’ created with all plant ‘and
vertebrate naturalized species of Spam excluding the
Ralearic and Canary islands; The main floras and
plant species lists sﬁrveyed were: Alcdzar (1984),
Amold & Burton (1995), Bol6s et al. (1993), Campos
& Herrera (1997), Carretero (1989), Casasayas
(1989), Castroviejo ef al. (1986-1997), Conesa
{1992y, Gonzilez (1988), Greuter er al (1984),
Masalles er al. (1996), Pino (1999), Recasens &
Conesa (1990, ]995), Tutin er al. (1993) and Valclés
et al. (1987). The data gathered for animals came
from _Ancl_rada (1985)_ Elvira (1998), Gozélbes
(1987), Hagemeijer & Blair (1997), Lever (1985),
Lobén-Cervid & Elvira (1989), Long (1981), Llorente
et al. (1995)., MacDonald & Barrett (1993),

. Pleguezuelos & Martinez-Rica (1997), Purrdy'(1'99’7) :

Rivera & Arribas (1993), Rodifguez’ (1993),
Rodrtguez & Sales (1999), Ruiz-Olmo & Aguilar
(1993), Schilling et al. (1987) and Vtves—Ba]mana et

~al. (1987).

We only included well estabhshed exottc specres
which populations are capable to grow without direct
support of humans, that is “ naturalized species” sensu
Williamson & Fitter (1996), Exotic platit species
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listed as cultivated or planted were excluded, as well
as those whose naturalization status was not certain,
The following information for each naturalized plant
species was gathered: family, Raunkiaer life-form
(Raunkiaer 1934), origin and habitat. For vertebrates,
the following information was gathered: family,
common - mame, orgin, habitat and date of
introduction if known, We did not list exotic species if
it was not known if they maintain self-sustsining
populations {see examples in Purroy, 1997} That is,
we did not include populations that failed to establish,
populations that were too small to be considered
viablé or small populations for which there are no
data on reproductive soccess, We did not inclode
domeste vertebrates.

RESULTS

List and characteristics of naturalized species

Spain  harbors 637 namralized plant  species
distributed in 102 families, which represent 13% of
the total flora. Less than 25% of these families have
more than 10 naturalized species, whereas the
majority only have one or two species_{ Appendix [},

The families with the most naturalized taxa are ;
Asteraceas, Poaceas, Brassicaceae and Fabaceae,
followed by  Solanacess, Amatanthaceas  and
Lamiaceae (less than 4% of the total per family}.
Some families are completely naturalized: Agavaceae,
Basellaceae, Phytolaccaceae, Pittosporaceae,
Sapindaceae and Simarcubaceae. The majority of
naturalized species are therophytes (40.98%),
followed by hemycriptophytes (17.83%).
Hydrophytes (0.85%), epiphytes (0.42%), parasites
{0.42%) and helophyies are the least represented lifes
forms (Table 1),

The naturalized fauna of Spain comprises at least
20 figh species, 3 amphibians, 8 reptiles, 9 birds and
11 mammals {Appendix II). Date and reason for
intredoction for several of the species are uncertain.

Several species such as the Turkish gecko

(Hemfdactylus  furcicus)  and  the  Mediterrancan
chameleon (Chamales chamelean) ate cryptogenic
species, ie. species that are not demonsirably native
or intreduced (Carlton, 1996). A few other species
(e, collared wrtedove: Streptopelia decaccio) have
not beem included in the Appendix IT because they
naturally invaded the lberian Peninsula. The tock
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dove (Columba livia) has not been included because
only part of the population is actually introdiced.
Some other species have been introduced in Spain
{e.g. Californian quail: Callipepla californica and
black-rumped waxbill: Estrilda troglodyres) but have
failed to establish themselves in natural areas or their
populations are too small to consider that the
introduction has succeeded.

The percentage of European species that are native
to Spain is the lowest for freshwater fishes (20-32%)
and reptiles (30.1%), larger for mammals (34.3%) and
amphibians (40.8%} and is highest for birds (32.5%)
(Table 2). The percentage of the fauwna that is
naturalized is wvery high for freshwater fish (39%,
excluding diadromous  species), intermediate  for
reptiles  (18%), amphibians (1195), and mammals
(15%), and low for birds {(3%). The apparent inverse
relationship between fauna richness and percentage of
naturalized specics is not statistically significant
(r=-0.69,n=5 P =020).

Origin of naturalized species

Exotic plants criginated mainly from the Holarctic
region (33%), most common being of the European
origin, There are also a significant proportion of
species coming from South America. Asian and
African species also are nomerous (Table 3).
Although most naturalized animals originated also
from the Holarctic region (Table 4), the region of
origin significantly depends on the taxomomic group
(Table 4: G= 25.8, d.f = 12, P = 0.01). Exatics from
North America are common within reptiles {30%) and
fish (35%), and less frequent among mammals and
birds, with only one species each. There are no
natoralized fish from Africy, whereas for all the other
groups of vertebrates more than 205 of species have
an African origin,

Hahitals with naturalized species

Most namralized plamts are found in ruderal
communities, road-sides  (44.67%) and  crops
{23.35%). Coastal and riparian communities are alse
highly invaded habitats (95 % and 57 %,
respectively). In contrast, only 11 and 5 species
invade forests and shrublands respectively (Table 5).
Most naturalized birds, amphibians and reptiles have
restricted  distributions, inm contrast e fsh  and
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mammals. Exotic amphibians and mammals are birds, reptiles; and fish occur in wrban or human-
~common in natural habitats, whereas naturalized altered habitats. -
Life-form Species (% of tota])
_Therophytes - 40,98
Hemicryptophytes o 17.83
- Phanerophytes .~ - 1189
Chamephytes o 11,25
Geophytes : 743
. Nanophanerophytes . o 467 - LT
. Macrophanerophytes : S e 403
- Hydrophytes : . 085 S
Epiphytes - - S 042
. Parasites L 0.42
Helgphytes . -~ - @ = . _0.21

. Table 1. Life-forms of Spanish naturahzed plant spe01es (exoms [rom Balcanc and Cana.ry 1s1ands are not 1n<.1uded)

Phancrophyte (Ph): woody plant with buds located more than-40 cm above the ground nanophanewphyte Ph with buds located
ILess than 2 m abova the ground; mécrophanerophyte: Ph with buds located more than 2 m above the ground; chamephyte woody
plant with- buds located less than 40 cm above the ground; Biannual hemicryptophytes were considered perennials,

'_ T:axqmom'ic - Enropean - Spanish = Spanish . Reference

_group - native - nativée . naturalized
Plants - - 11557° - - - - Tuatineral 1993 -
1 - 4900 - ~ Simon (1994)
T R 637 this review . '
Freshwater fish 215 : " RERRCEE : Maitland & Linsell (1980)
- 69”32 - Elvira (1995)
_ - - 20 - Elvira (1998), this review '
. Amphibians © 45 21 - “-Arnold & Burton (1995), Andrada (1985)
L - 59 24 - 3 = ' Pleguezuelos & Martinez-Rica (1997)
d : ; L o this review
Reptiles ™ 85 - 36 - Arnold & Burton (1995)
: MO 133 40 - 8 : Pleguezuelos & Martinez-Rica (1997)
e _ ' ' this review
Birds 514 270% - - Hagemeijer & Biair (1997) “Purroy (1997)
‘ AR I 9 this review . .
Mammals 18 - el - L Schilling et al. (1987)
K : - - 11 thiS review

Tab]e 2. Number of: European and Spamsh specxes by taxonomic group du,cudmg to several referenceq -=not conmdered.

total number of vascular plants
b including diadromous species (i.e., Imgratmg f10mft0 the sea)
c= excludmg diadromous species . .
d = excluding marine reptiles (5 turtle specms)
e =excluding non-breeding species
f= -excluding whales and dolphins
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Origin Species (% of total)
Southern America 21.68
Europe 2022
Morthern Amenica 13.11
MNorthern Africa and Middle East 12.93
Central and Southern East Asia 10.75
Central and Southern Africs Q65
America 4.01
Tropical 2.55
Australia and New fealand 237
Cither 1.64

_Macaronesia 1.09

Table 3, Ongin of Spanish naturalized planl species. Exotics from Baleaic and Canary 1slands sirs not ancluded.

Origin region Fish Amphihians Repiiles Birds Mammals Total

Eurasia 12 0O 2 3 5 22 {443
North America 7 1 4 1 1 13 (26)
South America | i} 0 2 1 4(8)

Africa 0 2 2 3 4 11(22)

Table 4. Number of Spanish naturalized vertebrate species by origin and taxenomic group. The percentage of the total valoe is
shown in parenthesis. Exotics _fmm Balearic and Canary islands are not included,

Habitais : Species (% of total)
Crops 23.35
Ruderal 30.63
Roadsides = 14.04
Littoral B.97
Riparian woodlands 575
Herbaceous communities 4.06
Wetlands and moorlands 3.89
Sandy littoral habitats 3.05
Mon-riparian woodlands 1.86
Salty shrublands 1.86
Shrublands (.85
Sandy non-littoral habitats 0.68
Littoral cliffs and rocky areas ' 051
Mon-littoral cliffs and rocky areas 034
Springs and streamlets 0.17

Table 5, Habitats invaded by Spanish natoralized plant species, Exotics from Balearic and Canary islands are not included.

eeedogia mediterranga 2501} - 2000 59
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Most Spanish freshwater courses are altered hy
pollution or regulation but natoralized fish are
particularly common in reservoirs, where they are
introduced by anglers

DISCUSSION

Diversity of species in peninsular Spain and the
naturalized component

Regional reviews of the number of natve and
naturalized species for a particular higher taxon arc
numerous. However, studies considering several
higher taxa, particularly for larpe regions, are almost
lacking (but see Vitousek et al., 1997). This lack of
iniegration, which was also the case for Spain, is
unfortanate because only with detsiled descriptions of
the alien compoment at a regiomal scale can we
establish patterns and correlates of naturalized species
diversity at the global scale (Lonsdale, 1999, Our
study unifies and updates the number of native and
naturalized species currently present in Spain and can
thus serve as a starting point for fure hypothesis-
oriented studies. '

The naturalized component of the Spanish biota is
quantitatively important. This probably reflects the
many opportimities that bumans have offered to
exotics to reach the country. However, the number of
naturalized species greatly varies among taxa. For
example, naturalized plants are much more frequent
than naturalized vertebrates, a pattern often found in
the literature of biclogical invasions (Willizmson,
1994). The families with the largest number of
naturalized species belong also to the largest families
worldwide because large families have more species
available to invade, 50 more exotics are expected from
large families (Pysek, 1908,

Compared to the figures given by Hevywood
{1989}, Spain is one of the richest regions in Europe
in naturalized plants, although the number of native
species is also high. The proportion of nawralized
plants in the Spanish flora is about 13%. According to
Quézel er al. (1990} the mean in the Mediterranean
Basin is 1% (Quézel o7 ai,, 1990), However, this gap
is undervaluated because taking only into account the
naturalized flora of Spain it is of 2.24%. California,
which is one of the most invaded temperate regions in

L
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the world, reported 20% exotic species (Hickman,
1993,

Among  freshwater fish, the percentage of
naturalized species is very high. This pattern is also
found in some other regions {Vitonsek er al., 1997),
On the contrary, relatively few amphibians and
reptiles have become naturalised in Spain as well as
around the world (di Castrd, 1991; Lever, 1994). Birds
are the omly group that does not fit o the genersl
pattern: the 8 species established in Spain are far from
the 27 successfully introduced in Europe {(Long, 1981;
but see Hagemeijer & Blair 1997 for a more recent
PEVIEION ).

Habitat disturbance and naturalized species

Except for amphibiaps and mammals, Spanish
naturalized vertebrates are generally more common in
disturbed or man-made habitats than in  pristine
habitats. Higher plants also primarily concentrate in
disturbed habitats; indeed, most taxa (68%) are
pioneer species that colonize ruderal habitats or infest
crops. The relationship between naturalized success
and perturbation has already been peinted out for
plants (Hobbs & Huenneke 1992), birds (Diamond &
Veitch, 1981; Moulon & Pimm, 1983) and fish
(Lever, 1996, Moyle & Light, 1996ab). To some
extent, this relationship may reflect a bias towards
commensal species, which are more likely to be
dccidentally or unintentionally introduced. However,
some authors hold that disrupted environments are
especially valnerable to invasions mainly due to their
low richness of native species, which is theught to
leave vacant niches or reduce the intensity of
competition {Levine & D'Antonio, 1999; but see
Moyle er al., 1986; Moyle & Light, 1996ab). The
commonness of naturalized mammals in undisturbed
habitats has also been attributed to the low number of
native mammal species (Brown, 1989). Secular
disturbance regimes and secil resource nutrients
probably difficult invasion by exotic species of typical
Mediterranean  habitais such as  woodlands and
shrublands (Casasayas, 1989},

Impact of naturalized species

The impact of an invasive species is difficult to
define because it depends on the ecological level

ecologla mediterranea 27 (1) - 20071



Vild et al.

analysed and the spatial and temporal scales of the
study (Parker er af., 1999,

However, the need for impact assessment 18 nrgent
hecause even within the scientific and land-manager
community the risks and costs of alien species are
ignored and masked by alien species short term
utilities and benefits (Daehler & Gordon, 1997).
Major noxious species are weeds that canse problems
in crop production and management. This is the case
of several invaders from America, such as Abwilon
theophrastii, Sorghwm  halepense  and  Cuscuta
campestris (Masalles er al,, 1996). In natural areas
some naturalized species when dominant may displace
native species (e.g. Carpobrotus edulis, Robinia
prendoccacia). However, the magnitede of their
impact at the community and ecosystem leval needs
further investigation.

The impact of naturalized vertebrates on the
Spanish native biota also remains largely unknown. It
is well known that most catastrophic impacts involve
mammals or top predators (Taylor et al.. 1984; Lever,
1994; Moyle & Light, 1996a.b). Among freshwater
fish, pike (Esox [lucins) and largemouth -bass
(Micropterus salmoides) are:top predators that have
been suggested o be potentially more harmful (Elvira,
1998: Garcfa-Berthou & Moreno-Amich, 2000,
Among herpetofauna, the bullfrog (Rana catesbeiana)
and the three wrtle species (Appendix I} seem more
problematic. The bullfrog has heen found to impact
fishes and amphibians in the U.S. sites where it has
been translocated (Lever. 1994). The ecalogical
impact of birds should be of limited concern becanse
they are only common in disturbed habitats, However,
they may have an economic impact, such as the case
of the monk parakeet which started to invade urban
parks and are now invading nataral habitats (Sol et al.,
1997). Among mammals, the mink (Mustela vison) is
a predator that occupies matural habitats  and
apparently. has affected the populations of the
endangered Therian desman (Galemys pyrenaicus) (see
also Lever, 1994), The coypu (Myaecasior coypus) has
also been problematic elsewhere (Lever, 1994) but it
1% mot vet widespread in Spain.

Further field surveys should investigate the
distribution range and abundance of these species and
their impact on the native biota, With regard to plants,
the Database National Research Project is currently
fulfilling this—gap (Dana e al., 1999). The present
review represents a preliminary  analysis of the
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natralized species in Spain, From this study some
general conclusions can be drawn: (i) the namralized
compeonent of the Spanish biota is quantitatively
important; (i} Spanish naturalized species are
generally more common in disturbed or man-made
habitats than in pristine habitats; (3i) some naturalized
species are also naturalized elsewhere and (iv) the
impact of naturalized vertebraies on the Spanish
native biota can be potentially important but remains
largely unknown. Mechanisms to stop the introduction
of namralized species snd to conttol or reduce
nuisance species should be implemented.

Acknowledgements

We thank U. Gamper, C. Vila and E. Weber o
help uvs to screen datasets for plants, and the
comments of two anonymous referees. Partial lunding
was provided by the Generalitar de Catalunya
(CIRIT]).

REFERENCES

Alcézar F1., 1984, Flora ¥ vegetacidn del EN de Murcia.
Ed, Universidad de Murcia, Murcia,

Andrada ., 1983, Guia de compe de los anfibios v vepiiles
de la Peninsula Ihérica. Omega, Bareelona,

Amold EN. & Burton LA., 1995, Guia de campo de los
repriles v anfibios de Espaiin v FEuropa, Omega,
Barcelona.

Atkinson LAE, & Cameron E K., 1993, Human influence
on the terrestrial biota and hiotic commumties of New
Zesland. Trends Ecol. Evol.. 8: 447451,

Banarescu P., 1992, Zoogeography of fresh waters. 2.
Distribution and dispersal of freshwater animals in
North America and Ewrasia. AULA-Verlag, Wiesbaden.
580 p. :

Bolds 0., Vigo 1., Masalles RM, & Ninot M., 1993, Flora
memual dely Palzos Catalans, Bd. Podtic, Barcelona,
Blondel J., 1985 Habitat s=clection in islands  wversus
mainlands birds. In: Cody M. (ed.), Habitar selection in

birds, Academic Press, San Diego: 477-516.

Brown JH., 1989, Parterns, modes and extents of invasions
by vertebrates, fn: Drake 1A, Mooney H.A., di Casird
F. Groves KH., Kroger F5., Rejminck M. &
Williamson M. (eds.), Biological Invasions. A Global
Perspective, Scope 37, John Wiley & Sons, New York:
#5-108,

Campos LA, & Herrera M., 1997, La flora introducida del
Fais Vasco, fiinera Geoboranica, 10: 235-253.

Carlton J.T.. 1996. Biological invasions and cryptogenic
species. Eonlogy, 77t 1653-1635. ;

6l



Vila et al,

Carmona LA, Doadrio L, Mivquez AL, Real B, Hugueny
B, & Vargas JM. 199%. Distribution patterns of
indigenous freshwater fishes in the Tagus River basin,
Spain. Env. Binl. Fish. 34: 371-387,

Carreterc J.L., 1989, Flora exdtica arvense de la comunidad
valenciana (Espafin). Proc. <oh EWRES Mediterranean
Symprosivenn: 113-114,

Casasayas T., 1989 La flora alldcrona de Catalumya,
Cardgleg raopat de les plantes vasoulars exdtigues gue
cretren sense cwittn del NE de fa Peningala Thérica.
PhI} Thesis. Univerzitat de Barcelona, Barceloma.

Castroviejo 5., Lainz M., Ldpez Gonzdlez G., Montserrat P.,
Muficz Garmendia F,, Paiva I & Villar L, {eds.), 1986-
1997, Flora Thérica. Real Jardin Botdnico, C.5.1LC.,
Madric,

Conesa, LA, 1992 Flors ameticana naturalizada en
Catalunya, Pais Valenciano v Baleares. Actas Congreso
e la Sociedad Espaficla de Malherbologia: 135-144,

Covas R, & Blondel 1., 1998, Biogeography and history of
the Mediterranean bird fauna. fles, 140 3035407,

Crawley M., 1987, What makes & community invasibla?
I Gray AJ., Crawley MJ & Edwards P.J. (eds),
Colonization, succession and stability, Blackwell, New
York: 429-453,

Daghler, C.C., 1998, The wxonomic distribution of invasive
angiosperm planis: ecological insights and comparison
to agricnltural weeds, Biol. Consery, 841 167- 180,

Dachler, C.C. & Gordon DUR., 1997, To inreduce o1 not to
infroduce:  trade-offs  of non-indigenous  organisms,
Trends Ecol. Eval, 12: 424425

Dana E., Mota 1., Sanz M. & Scbono E., 1999, The alien
flora of southeastern Spzin. An advance for the Exotie
Plant Database Mational Research project. Procesdings
3th International Conference on the Ecology of Invasive
Alient Flants, Lo Maddalena, 13-16 October, 1999: 49,

D'Antonic M. & Vieousek P.M., 1992, Biological
invasions by exotic grasses, the grass-fire cycle, and
#lobal changs, Amn. Rev, Ecol, Svet, 23 63-87,

Diasmond, JM. & Weitch CR, 1981. Extinctions and
introductions in the New Fealand avifauna: cavse. and

.- affect? Science, 211 499-501.

di Caswri, F., 1991, The biogeography of Medilerranean
animal nvasions. frn: Groves B.H. & di Castwri F. (eds.),
Biogeography of Mediterranean imvasions. Cambndge
Univ. Press, Cambrdgs: 430-452,

Doadrio 1., Elvira B. & Bemat Y. {(eds.), 1991, Peces
coptinentales expafioles. fnventario v claosificacidn de
zoreas fluviales, TCONA, Madrid. 22] p.

Drake LA, Mooney H.A., di Casti F., Groves K.H., Kmger
F.5., Reymének M, & Williamson M. (eds.), 1980,
Biological Invasions. A Global Perspective, Scope 37,
John Wiley & Sons, New York.

Elvira B., 19935, MNative and exotic freshwarer fishes in
Spanish river basins. Freshwar. Biol,, 33; 103-108,

Elvira B, 1928, Impat of introduced fish om the native
freshwater fish faona of Spain. fi: Cowx LG {ed)
Stocking and introduciion of fish. Pishing News Books,
Oford: 186-190.

Garcia-Berthon E. & Moreno-Amich R, 2000, Introduction
of exotic fish inte a Mediterranean lake over a 90-year
period. Archiv fiir Hwdrobiologie, 149: 271-284,

62

Swrvey of the naturalised plants and verrebrates in peninsular Spain

Giémez-Campo L., Bormidez de Castro L., Casiga M. 1.,
Sénchez-Yelamo M. D, 1984, Endemizm in the Therian
Peninsula and Balearic Islands. Webbia, 38: 709-714.

Gonzdlez E,, 1988, Flora aldctong gallega, Bd, Universidad
de Santiago de Compostela, Santiago de Compostela.

Gosdlbez 1., 1987, nsectivers § rosegadors de Catalumya.
Ketres editors, Barcelona,

Gremter W, Burdet, HM, & Long. G., 1984, Med-checklist,
Conzervatoire et Jardin Botaniques de la Ville de
Cendve, Genéve.

Groves BEH. & i Castri F. (eds.), 1991, Biogeography of
Mediterranean invasions, Cambridge University Press,
Cambndge. 485 p.

Hagemeijer W.IM, & Blair ML, 1997, The EBCC Arlas of
Eirapean  Dredding  Birds:  thelr  distribution  and
abundance. T & AL, Poyser, London.

Hemnando A, & Somguer M., 1992, Biogeography of the
freshwater fish of the Therion Peninsula. Limnetica, §:
243-253,

Heywood V. H., 1989 Paflerns, extenis and modes of
invasion by tervestrial plants. Ji: Drake LA, Mooney
HoA., di Castri P.. Groves K.H., Kmiper ES., Rejminek
M. & Williamson M. {eds.) Biological invasions: a
global perspective, John Wiley & Sons, New York: 31-
55.

- Hickman I.C. (ed.), 1993, The Jepron manual. University of

Califorma Press, New Yook, NY,

Hobbs B.I. & Huenneke L.F., 1992, Dismutbance, diversity
and invasion: implication for conservation. Conserv,
Biot., 6: 324-337.

Levine JM. & D'Anmtonio C.M. 1999, Elton revisited: a
review of evidence linking diversity and invasibility,
Ockers, 87: 15-26.

Lever C., 1985 Nawralized meamunals of the world,
Longman. London. ,

Lever C., 1994. Naturalized animals. Poyser, London, 354

P

Lever C., 1996, Naturalized fishes of the world Academic
Press, London. 408 p.

Llorente G.A., Montor:s A., Santos X, & Carretero MA,
1995, Arlas dels amfibis | répuls de Camlunya i
Andorra. Ed. El Brau, Figueres,

Lobin-Cervid 1. & Elvira B,, 1989, Estado de conservacidn
de los peces fluviales ibéricos. Quercus, 44 24-27,

Ledge, DM, 1993, Biological invasions: lessons for
ecology. Trends Ecol. Evel., 8 133-137.

Long LL., 1981, fatroduced birds of the world, Universe,
New York.

Lonsdale W.hi., 1999, Global patterns of plant invasions
and the concept of invasibility. Ecelogy, 80: 1522-1536.

Mack R.N., 1996, Predictng the identity and fate of plant
invaders: emergent and emerging approaches. Biol,
Congery., TR 107-121.

MacDonald D, & Barrett P, 1993, Colling field guide:
mammals  of  Britain and  Ewrope.  HarperCaollins
Publishers, London,

Maitland P.5. & Lingell K., 1980, Guia de los pever de
agua dwlee de Ewropa, Omega, Barcelona,

Masalles R.M., Sans FX. & Pino I, 1996, Flora aldctona de
origen americano en los celtivos de Catalufia. Angles del
Jardin Botdnico de Madrid, 54: 436-442.

ecologia mediterranea 27 (1] - 200



Vilar et al.

Meédail F. & Quezel P, 1997, Hovspots analysis for
conservaton of plant biodiversity in the Medileminsan
basin: Ann. Missouri Bov. Gard,, 84: 112-127,

Meoulon M.P. & Pimm 5.1.., 1983, The introduced Hawaiarn
avifauna: biogeographic evidence for competition, As.
Nat., 121: 669-690,

Moyle P.B., Light T., 1996a. Biclogical invasions of fresh
waler: empirical miles and assembly  theory, Biol
Congerv,, T8: 140-161.

Moyle F.B. & Light T.; 19%6b, Fish invasions in California:
do abietic factors determine success? Ecology, 77:
LeoG-1670,

Moyle PR, Li HW. & Barton B.A., 1986, The
Frankensiein effect: impact of imroduced fishes on
native fishes in North America. S Stroud R (2d.)
Fish culture n  fisheries manggemeny,  American
Fisheries Society, Bethesds MD, 415-426.

Oosterbroek P, 1994, Biodiversity of the Mediterranean
region, fie: Forey P.L, Humphries C.J. & Vane-Wright
RL (eds.) Sysrematios and conservation evaluation.
Clarendon Press, Oxford ; 289-307,

Parker L., Simberloff D., Lonsdale WM., Goodell K.,
Wonham M., Kamiva P.M., Willilamson ML., Von
Holle B., Moyle P.B., Byers LE. & Goldwasser L. 1994,
Impact: toward a framework for undesstanding the
ecological effeces of invaders. Biol, fvas, 1: 3-19,

Pino ). 1999 Aportacis 4 lestudi dels  herbassars
higronitrafils (AL Swlibe-Urticion) dels trams finals dels
rins Besos i Llobregar Acta Botanica Barcinonensis, 6
16.

Plegueznelos M. & Moartinez-Rica 1P, (ads.). 1997,
Diseribucicn y biogeografia de los anfibios v reptiles de
Erpafin ¥ Poriwpel.  Universidad de Grapada &
Asociacion Herpetoldgica Espafiola, Granada,

Pysek P.. 1998, Is there a taxenomic pattem to pland
invasions? Oikos, 82 282204

Parroy F.1 (ed.}, 1997, Adas de lar aves de Espafia (1975
905 ), Lynx edicions, Barcelona.

Ouézel P, Barbero M., Bonin G, & Loisel .. 1990, Recent
plant imvasions in the Circom-Mediterranesn region. fe
Drake 1., Mooney H, A, Di Casmi F., Groves R H,,
FEmger F. 8, Eejmdnek M. & Williamson M. ({eds.),
Biological invasions: a glebal perspective. 1. Wiley &
Sons: 5160,

Recatens L & Conesa LA, 1990, Presencia y expansita de
nucvas malas bierbas aldctonas en Tos cultivos de
Catalunya. Actas del Congreso, 1990 de la Sociedad
Espafiola de Malherbologia: 307-315.

Recasens, J. & Conssa, TLA., 1995, Nuevas malas hierbas
aldctonas en los cultivos de regadio de Catglufin. Actas
del Congrese, 1995 de la Sociedad Espafiola de
Malherbologia: 59-65,

Rejminek M. & Randall .M., 1994, Tnvasive alien plants in
California: 1993 summary and comparizon with other
areus in North America. Madrofe, 41: 161-177.

Rivera 1. & Amibaz O, 1993, Anfibios v reptiles
introducidos de la fauna espafiola, (wercus, 84: 12-16.

Rodriguer 11,1993, Guin de campe de los mamiferes
rerrestres de Espaiin. Omega, Barcelona.

Rodriguez N. & Sales 5. 1999, Noticlario ornitoldgico,
Arddeein, 46 161, gl M

ecologia mediterranea 27 (1) - 2001

Swrvey of the namralised plants and vertebrates in peninsular Spain

Ruie-Olme I, & Aguilar A., 1995, Els grans mamifers de
Catalunya [ Addorra. Lynx Bdicions, Barcelona,

Schilling D., Singer . & Diller H,, 1987, Guia de los
mamiferogs de Europa, Omega, Barcelona

Simdn 1. C., 1994, La flora vascular espafiola; diversidad v
conservacidn, Bcologia (ICONA), 8; 203-225,

S0l I, Samtos DM, Ferda E. & Clavell J., 1997, Hahitat
selection by the menk parakest during colonization of a
new area in Spain. Condor, 89 30-46,

Taylor LM, Courtenay W.R. Jr., & McCann 1AL 1984
Known impacts of exotic fishes in the continental
United States. fn: Courtznay W.E. Ir.. Stauffer LR Ir.
{ads.), Distriburion, biclogy and management of exotic
fishes, Juhn Hopkins Univ, Press, Baltimore MD: 322-
373, .

Tutin T.G., Heywood V.H., Burges N.A., Moore DM,
Valenting T0H,, Walters 5.M. & Wehbs DAL (ada),
1993, Florn Ewropaea, 2nd ed. Vol, 1, Cambridge
University Press, Cambiidge.

Yaldés B., Talavera 5. & Fernimdez-Galiano E. {eds.), 1987.
Flora vascewlar de Andalucia  Occidental.  Ketres,
Bsrczlons. :

Wargas LM, & Real R, 1997, Biegeografla de los anfibios y
reptiles de Ia Peninsula Ibérica. fn: Fleguszuelos M, &
Martinez-Rica LP. (eds.} Disrribucidn v biogeografio
de o anfibios v repriles de Fspaifa v Portgal
Universidad de Grngda & Asociacion Herpetolégica
Espafiola, Granada: 309-320._

Vitousek, P.M., 1994, Bevond global warming: ecological
and global change, Feology, T5: 1861-1876.

Vitousek P, D" Antonio C.M., Loope L.L., Rejméinek M. &
Westhrooks R., 1997, Introduced species: a siguificant
component  of human-caused  global change.  New
Zealand 1, Ecol, 213 1-16,

Vives-Balmafia M.V., Alcover 1A, & Martinez-Rica JP,,
1987, Amfibis 1 reptils. M Folch R, {ed.) Histdria
Norwral dels Paes Caralans. 13, Amjibis, réptils 1
manifers. Enciclopedia Caralana, Barcelong: 13-202.

Weber E., 1997, The alien flora of Europe: o taxonomic sud
biogeographic review, J. Veg. Sei., 8 565-572,

Williamson M., 1996, Bislogical mvastons, Chapman and
Hall, London,

Williamsen M. & Fitter A., 1996, The varying success of
invaders, Feology, 77: 1661-1666.

63



Vilg et al, Survey af the naturalized plants and vertebrates in peninsular Spain

Appendix L. Spanish natucalized plant species classified by families. For each family, the number of species and their percentage
in respect (o the total of naturalized species are shown, Exotics from Balearic and Canary islands are not ingluded, Species list is
available from the first author wpon request.

FAMILY Species % of tofal FAMILY Species % of fotal
Asteraceae 104 1459 Hydrangeaceae 2 .28
Poaceae 67 9.40 Juglandaceae 2 0.28
Brassicaceae 48 6.73 Juncaceae 2 .28
Fabaceae 36 505 Oleaceae 2 0.28
Solanaceae 26 3.65 Phytolaccaceae 2 .28
Amaranthaccae 25 351 Pittosporaceae 2 0.28
Lamiaceae 23 3.23 Platanaceae 2 026
Rosaceae 21 295 Saxifragaceae 2 0.28
Chenopodiaceae 19 2.66 Acanthaceae 1 0.14
Polygonaceae 18 252 Agavaceae 1 (.14
Caryophyllaceae 16 2.24 Alismataceae 1 0.14
Liliaceae 16 2.24 Amaryllidaceae 1 0.14
Alzoaceas 15 2.10 Arecaceae 1 014
Omnagraceae 14 1.96 Baselaceae 1 0.14
Boraginaceae 13 1.82 Berberidaceae 1 014
Cactaceae 13 1.82 Buddlejaceae 1 (.14
Convolvulaceae 12 1.68 Capparaceae 1 .14
Crassulaceae 11 1.54 Casuarinaceae 1 014
Pinaceae 1 1.54 Ciperaceae 1 014
Cyperaceae 10 1.40 Cistaceae 1 0.14
Scrophulariaceae 10 1.40 Commelinaceae 1 014
Euphorbiaceae 2 1.26 Ebenaceae 1 0.14
Mimosaceae 9 1.26 Elaeagnaceae 1 0.14
Apiaceae 8 112 Geraniaceae 1 0.14
Iridaceae B 112 Grossulariaceae 1 0.14
Oxalidaceae 8 112 Hippocastanaceae 1 0.14
Malvaceae 7 (.98 Hydrocaritaceae 1 0.14
Ranunculaceae 7 (.98 Hydrophvllaceae 1 0.14
Lythraceae 6 .84 Lauraceae 1 0.14
Papaveraceae B (.70 Linaceae 1 0.14
Gutiferae 4 .56 Meliaceae 1 0.14
Salicaceae & (.56 Molluginaceae 1 0.14
Asgclepiadaceae 3 0.42 Myoporaceae 1 0.14
Balsaminaceae 3 0.42 Najadaceae 1 0.14
Bignoniaceae 3 042 Nyctaginaceae 1 (.14
Caprifoliaceae 3 0.42 Orobanchaceac 1 0,14
Cucurbitaceae 3 042 Fassifloraceae 1 0.14
Cupressaceae 3 0.42 Plantaginaceae 1 0.4
Dhipsacaceae 3 0.42 Punicaceae 1 .14
Moraceae 3 0.42 Resedaceae 1 014
Flumbaginaceae 3 0.42 Rutaceae 1 0.14
Fortulacaceae 3 0.42 Sapindaceae 1 .14
Rubiaceae 3 0.42 Sapotaceae 1 014
Verbenaceag 3 0.42 Selaginellaceae 1 0.14
Azollaceae 2 0.28 Simaroubaceae 1 0,14
Betulaceae 2 0.28 Tamaricaceae 1 014
Cesalpinaceae 2 0.28 Thymelaeaceae 1 0.14
Campanulaceae 2 0.28 Tvphaceae 1 0.14
Elatinaceae 2 0.28 Ulmaceae 1 0.14
Fagaceae 2 0.28 Urticaceae 1 0.14
Haloragageae 2 0.28 Zygophyllaceae 1 0,14
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Appendix I1. Spanish exotic veriebrate species. A question mark before the species name indicates uncertain nativefexolic status,
Group: F = fish, A = amphibians, B = reptiles, B = birds, and M = mammals. Exoties from Balearic and Canary islands not

included,
Group  FAMILY/ Species Commaon name Origin Intreduction date Reference
F CYFRINIDAE
Alburnus albumus Bleak Enrope JRLL I 1
Blicca bfoerina White bream Europe 199057 L
Carassites duratus Goldfizh Asia 17th cent. 1
Cyprinus carplo Common carp Eurasia 17th cent, 1
Gobio gobie Gudgeon Eurasia 191th cent, 1
Rutilves rutilus Roach Eurasia 191057 i
Scardimus Rudd Eurasia 19105 1
erythrophthalmous
Minca tinca Tench Eurasia Before 1735 1
F ]ETALURTJjAE
Ameinrus (= fotalurs) Black bullhcad Morth America 1910s 1=
melas
F SILURIDAE
Silurus glanis Wels Eurasia 1970s 1
H ESCCIDAE
Ezox lncius Pike Eurasia 1944 |
F SALMONIDAE '
Hucho hucho Huchen Europe 1965 1
Cncoriynchus wokiss Rainbow trout Morth Amerca 19th cent. 1
{=8almo gairdneri)
Satvelinus fontinalis Brook charr Morth America 19th cent. 1
F FUNDULIDAE
Fundulus hetevoclitus Munnmichog MNorth America 19705 1
F POECILIIDAE
Cromebiesia hedbrooks Mosquitofish Morth America 1921 1
E PERCIDAE
Perca Tuviatilis Perch Eurasia 1970s 1
Stizestedion lucioperca Pikeperch, Zander  Eurasia 19708 10
E CENTRARCHIDAE i
Lepormis gibbosus Pumpkinseed Morth America 1910-1913 1
sunfish
Micrapterus salmoides Largemouth bass =~ MNorth America 1955 1
Il CICHLIDAE
Cichlazoma facetun “Chanchiro” South America 19407 1
A DISCOGLOSSIDAE
Discoplossus pletus Painted frog N Africa and 8§ 1%tk cent, 2.3.4
Mediterranesn
ﬂl. RANIDAE
Rana catesbeigna Bulifrog E of North 1987-1990 K]
America
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M

L}

BUFONIDAE
Bufo miduwrilanicus
EMYDIDAE
Faeudermys plcta
Frachemys soripta
TRIONYCHIDAE
Triomyx spiniferus

GERKONIDAE

Hemidactylus tireicus

Tarentola matirianica

IGUANIDAE

Anelis carolinensis

CHAMAELEONTIDAE

Chamaeleo chamaeleon

LACERTIDAE
Porlerrets sicula

ANSERIFORMES

Opyira jamatcensis

PASSERIDAE
Earilda melpoda

Esrrilda anrild

Amamdawa amandava

Leiotfrix fwea

PSITTACIDAE

Myinpsintg monachius

Prittacufa krameri

Aratingg mirraig
FPHASIANIDAE

Phasianus cofohicus

CAPROMYDAE
Mvocastor coypmus
MUSTELIDAE
Mugtela vivon
SCIURIDAE
Marmota marmota
VIVERRIDAE
Glenetta genstia

Painted turtleT

" Read-eared slider?

Easiern spiny
softshel]?

Turkish gecko

Green anole

Mediterranean
chamelzon

[talian wall lizard

Ruddy duck

Orange-cheeked
waxbill

Common waxhill
Red avadavat
Red-billed

leicuhirix

Monk parakeet

. Rose-ringed

parakest

Matret comr

Ring-neeked
pheasant

Coypu

Mink

Alping marmot

Common genet

M Africa

Morth America
Morth Americs

MNorth America

Middle East
Africa

Morth America

M Africa and
Middle East

Iraly, Greeces, and
Turkey

Meowth & Senth
Amencs

Sub-Saharan,
Africa
Sub-Saharan
Africy

Asia

Southern Asia
South America

M Africa and Asia
South Amenca

Eurasia

South America
North America
Central Europe

Alrica

15HM)s

1990

Meolithic

4000 to 2400 B.C,

B.C.

190

194H)
196057

1974

1990
i 1975
ca, 1976

1992

B.C.

1983
1048

ca, 16" cent,
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2,3

Ly

3.5, 6

34,7

B9
5.0

£l

2.9

8,9
8.9

. Sol {per. obs.)

L1

12, 13
13
13,14

13
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1 CERVIDAE
Dama dama Fallow deer 5 Europe and Asin : B.C. y 13,15
M BOVIDAE
(ViR LT Moaflon Asiaand - 1954 13
Mediterrancan
islands
Ammaotragits lervia Barbary shezp Adrica T 14
| MURIDAE
Rattus norvesicus Brown rar AE Asia 1ath cent. 14,15, 16
Ratis rathis : House rat: Aszia I6th cent. L4, 16
M ERINACIDAE
Eringcens algirus Algzerian hedgehog INW Africa 7 14
M CERCOPITHECIDAE -
Macaca sylvanus Barbary ape N Adrica T1lEET: o

References; 1 = modified from Lobén-Cervid & Elvira (1989) and Elvira (1998}, 2 = Llorente ef al, {1995), 3 = Fleguezuclos &
Martinez-Rica {1997}, 4 = Vives-Balmaiia ef al. (1987). 3 = Rivera & Arribas {1993), 6 = Arnold & Burton {1995, 7= Andrada
(1985), B = Hagemeijer & Blair (1997). 9 = Purroy (1997), 10 = Long [1981), 11 = Rodriguez & Salés (1999}, 12 = Gosilher
{1985}, 13 = Ruiz-Olmo & Aguilar (1995), 14 = Rodriguez (1993), 15 = Lever (1985), 16 = MeDonald & Bamett {I'EISPS}. and 17
= Schilling et al. (1987).

ecologia mediterranea 27 (1) - 2001 67




