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INTRODUCTION

Invasions by human-introduced non-indigenous species (NIS) are one of the

main threats to biodiversity and a driving force of global change (Vitousek et al.

1997, Mack et al. 2000, Clavero and Garcı́a-Berthou 2005). The Iberian

Peninsula (IP) is a hotspot of biodiversity (Médail and Quézel 1999) and a

knowledge of the invasive species inhabiting it is essential for conservation

and environmental management. Naturalized vertebrates and plants in the IP

have received considerable attention (see e.g. Vilà et al. 2001, Pleguezuelos

2002, Sobrino et al. 2002, Lloret et al. 2004, Alcaraz et al. 2005), but its

invasive invertebrates are very poorly known. Although there are many records

of some invertebrate invasive species, particularly crustaceans, there are very

few available reviews of selected taxa of invertebrate invaders in the IP (e.g.

Espadaler and Collingwood 2001). The aim of this chapter is to review the

animal species naturalized in Iberian inland waters, including vertebrates and

free-living and parasitic invertebrates. As usual, the taxonomy and biogeog-

raphy of vertebrate species are much better known than for invertebrates, so

our data for invertebrates should be regarded as a preliminary check-list.

Similarly, the parasites of non-commercial aquatic species are poorly studied

and the data in the IP mostly come from studies of the eel, Anguilla anguilla

(Linnaeus), thus certainly underestimating the range of introduced parasites

(Blanc 1997, 2001). We feel, however, that it is important to provide such a
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first check-list because many of the invertebrates involved are nowadays com-

mon in the IP and for many of them it is largely unknown even by biologists

that they are not indigenous to the IP. Increasing the awareness on the

introduced status and current distribution of these species is essential to reduce

their spread and impact.

We compiled animal species cited (by March 2006) as currently naturalized

in Iberian inland waters from the scientific literature and unpublished Spanish

Ph.D. theses (http://teseo.mec.es/teseo/). We included species from estuaries

and saline coastal lagoons but excluded purely marine taxa and terrestrial

animal species not strictly linked to aquatic ecosystems. We list invertebrate

and vertebrate species introduced by humans and currently naturalized, i.e.

species that reproduce and sustain populations in the wild without human

intervention (see e.g. Richardson et al. 2000, Pyšek et al. 2004). A few uncer-

tain cases are listed in a separate table. The introduced origin of parasite

invertebrates is particularly uncertain but we followed Blanc (1997, 2001),

who has recently provided a comprehensive list of aquatic parasites introduced

to Europe, together with their native distribution.

NATURALIZED ANIMALS IN IBERIAN INLAND WATERS

The invertebrate and vertebrate species naturalized in Iberian inland waters are

listed in Tables 1 and 2, respectively. A few cases, for which it is not clear

whether the species is indigenous to the IP or whether they have established,

are listed in Table 3. We found 45 invertebrate and 28 vertebrate species

certainly naturalized at present in Iberian inland waters.

Among the 45 invertebrates, 12 were parasites (mostly Platyhelminthes

flatworms), mainly of freshwater fish and introduced to Europe from Asia

with common carp (Cyprinus carpio), goldfish (Carassius auratus), or Japanese

eel (Anguilla japonica Temminck and Schlegel) (see Blanc 1997, 2001); several

of the parasites have now been recorded on fish species indigenous or endemic

to the IP (see references in Table 1). The remaining 33 invertebrates were

free-living species, mostly crustaceans (18 species) or molluscs (6 species).

Most of the 28 vertebrates were fish (23 species), and there was no aquatic

bird naturalized and only one amphibian and one reptilian species.

The continent of origin was significantly different between vertebrates and

invertebrates (independence test; x2 ¼ 37:1, df ¼ 7, P < 0.0005) because most

naturalized vertebrates were native to the rest of Europe (43% of the 28 species)

or North America (29%), origins that in turn were rare among invertebrates

(0 and 12%, respectively), which predominantly came from Asia (38%). There

was no significant variation in origin between free-living and parasitic inverte-

brates (x2 ¼ 6:5, df ¼ 5, P ¼ 0.26) or between crustaceans and molluscs

(x2 ¼ 3:8, df ¼ 5, P ¼ 0.59).
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lá

n
1
9
9
2

B
la

n
c

1
9
9
7
,
2
0
0
1

G
y
ro

da
ct

y
lu

s
ka

th
ar

in
er

i
M

a
lm

b
er

g
A

si
a

?
p
a
ra

si
te

G
u
ti
ér

re
z

G
a
li
n
d
o

a
n
d

L
a
ca

sa
M

il
lá
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ü
ll
er

)
A

si
a
,
A

fr
ic

a
,

a
n
d

A
u
st

ra
li
a

1
9
8
1

1
,3

,5
V
id

a
l-
A

b
a
rc

a
a
n
d

S
u
á
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Table 2 Non-indigenous vertebrate species naturalized in inland waters of the

Iberian Peninsula (IP). The habitats are coded as: 1, rivers (excluding estuaries);

2, lakes and reservoirs; 3, rice fields; and 4, estuarine or saline waters.

GROUP Species

Indigenous

distribution

First record

in the IP Habitat References for the IP

PISCES

Abramis bjoerkna (Linnaeus) Europe 1995 1,2 Doadrio 2002

Abramis brama (Linnaeus) Europe 2004 2 Benejam et al. 2005

Alburnus alburnus (Linnaeus) Europe 1992 1,2 Doadrio 2002

Ameiurus melas (Rafinesque) North America 1910 1,2 Doadrio 2002

Carassius auratus Linnaeus Asia 17th century 1,2,3 Doadrio 2002

Cobitis bilineata Canestrini Europe 2002 1 Doadrio 2002

Cyprinus carpio Linnaeus Eurasia 17th century 1,2 Doadrio 2002

Esox lucius Linnaeus Europe 1949 1,2 Doadrio 2002

Fundulus heteroclitus

(Linnaeus)

North America 1970 4 Doadrio 2002

Gambusia holbrooki (Girard) North America 1920 1,2,3,4 Doadrio 2002

Herichthys facetum (Jenyns) South America 1985 1,2 Doadrio 2002

Hucho hucho (Linnaeus) Europe 1970 1 Doadrio 2002

Lepomis gibbosus (Linnaeus) North America 1910 1,2 Doadrio 2002

Micropterus salmoides

(Lacepède)

North America 1955 1,2 Doadrio 2002

Oncorhynchus mykiss (Walbaum) North America 19th century 1,2 Doadrio 2002

Perca fluviatilis Linnaeus Europe 1975 1,2 Doadrio 2002

Poecilia reticulata Peters South America 2000 1,4 Doadrio 2002

Pseudorasbora parva

(Temminck and Schlegel)

Asia 2001 1 Caiola and

Sostoa 2002

Rutilus rutilus (Linnaeus) Europe 1910 1,2 Doadrio 2002

Salvelinus fontinalis (Mitchill) North America 19th century 1,2 Doadrio 2002

Sander lucioperca (Linnaeus) Europe 1975 1,2 Doadrio 2002

Scardinius erythrophthalmus

(Linnaeus)

Europe 1910 1,2 Doadrio 2002

Silurus glanis L. Europe 1974 1,2 Doadrio 2002

AMPHIBIA ANURA

Discoglossus pictus Otth Africa 1900 1 Pleguezuelos 2002

REPTILIA CHELONIA

Trachemys scripta (Schoepf ) America 1985 1,2,3,4 Pleguezuelos 2002

MAMMALIA

Mustela vison Schreber North America 1978 1,2,3,4 Ruiz-Olmo et al. 1997,

Palomo and Gisbert 2002

Myocastor coypus Molina South America 1970 1 Palomo and Gisbert 2002

Ondatra zibethicus (Linnaeus) North America 2002 1 Elosegi 2004
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The main habitat also differed between vertebrates and invertebrates (inde-

pendence test; x2 ¼ 22:8, df ¼ 4, P < 0.0005), because the former were mostly

present in streams and rivers (26 of the 28 species were present in streams and

rivers) or lakes and reservoirs, whereas several invertebrates were only present

in estuaries/saline waters (e.g. several decapod crustaceans introduced into the

Guadalquivir River through ballast water) or in rice fields (namely ostracods).

Table 3 Animal species possibly introduced to inland waters of the Iberian

Peninsula (IP), but with uncertain status. Some species are cryptogenic (Carlton

1996), i.e. it is very difficult to know whether they are indigenous or introduced; the

other species have been reported in the wild but it is uncertain whether they have

established permanent populations (naturalized).

GROUP Species

Possibly

indigenous

to the IP

Uncertain

establishment References

MOLLUSCA GASTROPODA

Ferrissia wautieri (Mirolli) Anderson 2005

[¼ F. clessiniana (Jickeli)] yes no

CRUSTACEA DECAPODA

Austropotamobius italicus

(Faxon) / Austropotamobius

pallipes (Lereboullet)

yes no Grandjean et al. 2001

PISCES

Acipenser baeri Brandt no yes Elvira and Almodóvar 2001

Aphanius fasciatus (Valenciennes) no yes Doadrio 2002

Ctenopharyngodon idella

(Valenciennes)

no yes J. M. Queral 2005, personal

communication

Ictalurus punctatus (Rafinesque) no yes Doadrio 2002

Oncorhynchus kisutch (Walbaum) no yes Doadrio 2002

Tinca tinca (Linnaeus) yes no Doadrio 2002

AMPHIBIA

Bufo mauritanicus Schlegel no yes Pleguezuelos 2002

Rana catesbeiana Shaw no yes Pleguezuelos 2002

Rana ridibunda, Rana kl.

esculenta, Rana lessonae

no yes Arano et al. 1995,

Garcı́a-Parı́s et al. 2004

REPTILIA CHELONIA

Pelodiscus sinensis (Wiegmann) no yes Pleguezuelos 2002

AVES

Aix galericulata (Linnaeus) no yes GAE 2006

Anser erythropus (Linnaeus) no yes GAE 2006

Branta canadensis (Linnaeus) no yes GAE 2006

Oxyura jamaicensis (Gmelin) no yes GAE 2006

MAMMALIA

Castor fiber Linnaeus yes yes Ceña et al. 2004
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The mechanism of introduction is obviously also different for invertebrates

and vertebrates, because most of the former are accidental introductions

(e.g. Asian ostracods in rice fields, ballast water, etc.), whereas most fish species

have been introduced intentionally (nowadays illegally). Therefore, naturalized

vertebrates and invertebrates showed opposite patterns, with the former (mostly

fish) intentionally introduced from the rest of Europe or North America to

Iberian streams and reservoirs and most invertebrates originating from Asia

and accidentally introduced to estuaries or rice fields.

UNCERTAIN CASES

We found four species for which it is uncertain whether the species is indigen-

ous to the IP and 13 species that they may not have established (Table 3). An

interesting case illustrating both the lack of knowledge on invasive species and

the power of modern genetic techniques is the crayfish of the Austropotamobius

pallipes species complex. Until the 1980s the populations in the IP were gener-

ally regarded as an endemic species or subspecies in strong decline due to the

introduction of the oomycete Aphanomyces astaci Schikora with North American

crayfish (Martı́nez et al. 2003). Grandjean et al. (2000) showed that two species

(A. pallipes and Austropotamobius italicus) could be distinguished within the

species complex and that Spanish populations were very close to some Italian

populations, so they might be of anthropogenic origin, as already proposed by

Albrecht (1983), and should be regarded as A. italicus. Grandjean et al. (2001)

demonstrated a drastic bottleneck in Spanish populations but discussed several

potential mechanisms alternative to the hypothesis of introduction by humans.

With further genetic analyses, Trontelj et al. (2005) supported the anthropo-

genic origin for the Spanish populations but did not find unequivocal separation

between A. pallipes and A. italicus (but see also Schulz and Grandjean 2005).

These genetic techniques might also prove useful for tench [Tinca tinca

(Linnaeus)] in the IP. Tench is indigenous to many parts of Europe but

considered introduced into Italy (Bianco 1998) and Portugal (Almaça 1995).

This latter country shares its largest river basins (Duero, Tajo, and Guadiana

rivers) with Spain. There are doubts about its indigenous status in Spain

(Doadrio 2002). In fact, Gómez Caruana and Dı́az Luna (1991) considered it

introduced into the IP around the 17th century. There are records of tench

stocking by monks in Spanish and Portuguese ponds several centuries ago

(Almaça 1995, Garcı́a-Berthou and Moreno-Amich 2000). As far as we

know, no phylogeographic study on tench has been performed, in contrast

to many other European cyprinids, although they could be most helpful in

clarifying its native distribution.

A similar, more solved example of ‘‘cryptogenic’’ species (see Carlton 1996)

is the case of the freshwater snail Physella acuta (Draparnaud). This species

was first described from Europe (Drapanaud, 1805), namely from the River
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Garonne, near Bordeaux (France). This species is widely distributed in the IP

and the rest of western Europe (Vidal-Abarca and Suárez 1985) and inhabits all

types of fresh waters. It has been generally regarded as indigenous to contin-

ental Europe (Haas 1929, Germain 1930, Macan and Cooper 1977, Girod et al.

1980, Vidal-Abarca and Suárez 1985) and its presence in North America was

not reported until the 1990s (Wu et al. 1997). Nowadays, three types of

evidence indicate, however, that P. acuta is indigenous to North America and

not to Europe: (i) the lack of records of Physella shells from European sediments

older than the 18th century (Lozek 1964); (ii) recent studies using internal

morphology comparisons (Anderson 2003) and reproductive isolation experi-

ments (Dillon et al. 2002) showing that at least one Physella species from North

America [Physella heterostropha (Say)] is actually P. acuta; and (iii) some histor-

ical data of the cotton trade between France and the United States in the 18th

century that could explain the arrival of this species to the River Garonne,

where it was first observed (Anderson 2003).

The case of P. acuta illustrates the importance of historical data and the fossil

record as tools for the identification of old introductions by man. Fossil records

have been very helpful to establish the introduced nature of ostracods and

suggest that dispersal by man of many other invertebrates is very old and has

been generally neglected (McKenzie and Moroni 1986, Rossi et al. 2003).

The other group of species in Table 3 are species that have been reported in

the wild but it is uncertain whether they have established. There are several

other NIS that have been recorded in the wild (see e.g. Elvira and Almodóvar

2001, Pleguezuelos 2002) but have certainly not established permanent

populations.

ECOLOGICAL IMPACT

The ecological impact of most of these NIS is largely unknown with a few

exceptions. The red swamp crayfish, Procambarus clarkii, has altered the func-

tioning and structure of many aquatic ecosystems in the IP reducing macro-

phytes and associated species, among other impacts (Geiger et al. 2005,

Rodrı́guez et al. 2005, Chapter 28). The eastern mosquitofish (Gambusia

holbrooki) has been experimentally demonstrated to affect endemic cyprinodon-

tiform fishes [Aphanius iberus (Valenciennes) and Valencia hispanica (Valenci-

ennes)] by resource and interference competition (Rincón et al. 2002). The

zebra mussel (Dreissena polymorpha) is one of the best known invasive species

and, although it is a very old introduction into Portugal, only recently has

it been introduced to Spain through the Ebro River, where it is widespread

nowadays and might affect the endangered giant pearl mussel, Margaritifera

auricularia Spengler (Altaba et al. 2001). The zebra mussel is still not wide-

spread in the IP, but it will probably be fostered by the illegal, poorly

controlled introduction and translocations of fish that are still very frequent.
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The polychaete Ficopomatus enigmaticus (Fauvel) is very abundant in some

Spanish coastal lagoons and probably profoundly affects its ecosystem function-

ing because it builds large reef-like aggregates (Schwindt and Iribarne 1998).

Many piscivorous fish have been introduced into the IP and some unique

ecosystems such as Lake Banyoles have been profoundly altered and are now-

adays completely dominated by NIS (Garcı́a-Berthou and Moreno-Amich

2000).

The distribution, abundance, and impact of introduced parasites in the IP is

largely unknown but some species such as Lernaea cyprinacea are widespread

(Moreno et al. 1986, Gutiérrez-Galindo and Lacasa-Millán 2005) and several

of them have now been recorded on endemic fish species (see references in

Table 1). The swimbladder nematode Anguillicola crassus, which was transferred

from its indigenous host (the Japanese eel, A. japonica) to the European eel

(A. anguilla), can severely impair swimbladder function (and thus possibly

spawning migration) and has caused mortalities in both farmed and wild

populations in the presence of other stressors (Kirk 2003). Similarly to the

case of crayfish plague, Gozlan et al. (2005) have recently shown that the

topmouth gudgeon, Pseudorasbora parva, an Asiatic cyprinid highly invasive in

Europe and recently introduced to the IP, carries a pathogen that strongly

affects indigenous cyprinids.

Given the enormous impact of the few well-investigated invasive species, the

considerable number of introduced species, and the presence in the IP of many

endemic species of plants (Médail and Quézel 1999), freshwater fish (Doadrio

2002), and amphibians (Pleguezuelos et al. 2002), the overall potential impact

of these naturalized species is enormous and should be urgently investigated.

The room for management and educational improvement by public adminis-

trations to prevent further introductions and translocations and to reduce the

spread of invasive species is even larger. We hope this paper will contribute to

the improved understanding and control of invasive species in European waters.
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Espadaler, X. and C. A. Collingwood. 2001. Transferred ants in the Iberian Peninsula

(Hymenoptera, Formicidae). Nouvelle Revue d’Entomologie 17, 257–263.

Ferreira, M. T. 1985. Occurrence of the freshwater medusa Craspedacusta sowerbyi

Lank. 1880 (Hidrozoa: Olindiidae) in Portuguese reservoirs. Boletim da Sociedade

Portuguesa de Ciências Naturais 22, 41–46.

Fischer-Piette, E. 1951. Stations de l’annélide tubicole Mercierella enigmatica Fauvel sur la
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GAE (Grupo de Aves Exóticas de SEO/BirdLife). 2006. Aves invasoras en España:

lista de especies en las categorı́as C y E. http://www.seo.org/programa_ficha.cfm?

idPrograma¼17.

Gallastegi, I., A. Rallo, and M. F. Mulcahy. 2002. A report of Anguillicola crassus from

Spain. Bulletin of the European Association of Fish Pathologists 22, 283–284.

Garcı́a-Berthou, E. and R. Moreno-Amich. 2000. Introduction of exotic fish into a

Mediterranean lake over a 90-year period. Archiv für Hydrobiologie 149, 271–284.

Garcı́a-Parı́s, M., A. Montori, and P. Herrero. 2004. Amphibia, Lissamphibia. Pages

640 in M. A. Ramos et al., editors. Fauna Ibérica, 24. Museo Nacional de Ciencias
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eració de la comunitat de macroinvertebrats i bioacumulació de metalls pesants. Ph.D.
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