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Abstract Oriental weatherfish has become an inva-

sive fish species in many temperate areas. In this

work we report the presence of an established

weatherfish population in northeastern Iberian Pen-

insula and describe, for the first time in Europe, a

clear range expansion. The species was first located

in the Ebro River Delta in 2001 and has since been

detected in 31 UTM 1 9 1 km quadrates. The

capture of over 1,000 weatherfish shows that its

population is composed by both juvenile and adult

individuals. Weatherfish occupies mostly the web of

irrigation channels associated with rice culture,

although it has also been detected in rice fields and

in the Ebro River. The expansion of the species in the

area seems to be limited by water conductivity. An

additional location for the species in the Ter basin

(some 300 km to the north) suggests that inter-basin

expansion could be occurring. This new fish invasion

reinforces the need to implement strict controls to the

trade and culture of ornamental fish.
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Introduction

The spread of non-native invasive species is one of

the main global threats to biodiversity and a leading

cause of animal extinctions (Vitousek et al. 1997;

Clavero and Garcı́a-Berthou 2005) also producing

important social and economic impacts (e.g. Pimentel

et al. 2000). Freshwater ecosystems have been shown

to be especially sensitive to non-native species

invasions, which have led many freshwater fish

species to range reductions, population declines and

even extinction (Cowx 2002; Smith and Darwall

2006). The introduction of non-native fish species is

an ongoing process in many European areas (e.g.

Bianco and Ketmaier 2001; Clavero and Garcı́a-

Berthou 2006). Some of these liberated species are

expected to become established (up to 60% after

Garcı́a-Berthou et al. 2005) and a sub-group among

them could then proliferate and expand their ranges,

becoming truly invasive species (Copp et al. 2005).

The oriental weatherfish (Misgurnus anguillicaud-

atus, henceforth weatherfish) is a cobitid species with
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a wide native range in Eastern Asia, from Burma to

Siberia, including the Japanese archipelago (Tabor

et al. 2001; Froese and Pauly 2007). Mainly due to its

frequent use as ornamental fish, but also as food

source and live bait, weatherfish has become an

invasive species in different places throughout the

world (Froese and Pauly 2007). The species was

introduced to Hawaii during the 19th century and to

continental USA (where it is still expanding) and

Philippines in early 20th century. More recently it has

cited as established in Australia and Turkmenistan

(Freyhof and Korte 2005).

In Europe, two different weatherfish populations

have been reported to have established in the wild,

one from northern Italy (Razzetti et al. 2001) and

another from Germany (Freyhof and Korte 2005).

These populations are located in isolated ponds

(Kottelat and Freyhof 2007), and range expansions

have not yet been described. Ribeiro et al. (2008)

cited the presence of weatherfish in the Iberian

Peninsula, although they classified it as a ‘‘failed

introduction’’. However, this statement was not

supported by field data and was based on a few

weatherfish individuals captured in the Ebro River

Delta and sent by JMQ and NF to the authors. The

aim of this study is to report the presence of well

established weatherfish population in the Ebro River

Delta (NE Iberian Peninsula) and describe its rapid

short-term geographical expansion.

Study area and methods

The Ebro River Delta is a large (32,000 Ha) alluvial

plain formed in a West–East direction by the

deposition of sediments as the river enters the

Mediterranean Sea. The Delta is divided by the river

in two sectors, the northern and southern hemideltas.

The Ebro Delta Natural Park (EDNP) protects some

7,730 Ha, mostly comprising lagoons, marshes and

coastal ecosystems. More than 60% of the delta

surface is nowadays covered by rice fields, which are

irrigated by a complex web of channels involving a

water flow of 45–50 m3/s. Both inflow (taking water

to the rice fields) and outflow (taking water from

them) channels are dried once every year (between

January and February) for maintenance operations.

Fish rescues are then performed by the EDNP, during

which fish remaining in the channels are captured and

native species are liberated in the river. Most data on

weatherfish distribution from 2001 to 2006 come

from these fish rescues. However, weatherfish has

been also captured with fyke nets by the EDNP

personnel while performing monitoring surveys.

Between June and October 2007 105 locations

within the Delta were sampled using fyke nets to

better characterise weatherfish distribution and hab-

itat. Fyke nets were set in groups of three and left for

24 h. Sampled habitats were classified in five groups:

inflow channels, rice fields, outflow channels, lagoons

and marshes. Weatherfish densities were expressed as

CPUE (captured individuals/trap 9 day) and CPUE

values were log10(X + 1) transformed prior to anal-

yses. Possible differences in weatherfish densities

across habitats were analysed through one-way

ANOVA.

The identification of captured weatherfish individ-

uals was made using the key provided by Kottelat and

Freyhof (2007).

Results and discussion

Weatherfish was first detected in the northern hemi-

delta in 2001 by a local fisherman, who captured the

species in a fyke net. Since then, it has expanded its

range to occupy most of this hemidelta and colonize

the southern one, where it was first detected in 2005

(Fig. 1). Up to the present the species has been

detected in 31 1 9 1 km UTM squares. This increas-

ing geographic spread is coupled with a growing

number of individuals captured during fish rescues

and monitoring surveys and of reports of captures by

local fishermen.

The size distribution of captured weatherfish (Fig. 2)

show that the population is composed both by adult and

juvenile individuals, although the latter were not

captured during the fish rescues, due to the small size,

criptic coloration and benthic habits, and are possibly

underestimated by fyke nets captures (see Clavero et al.

2006). The power function relating fish weight (W, in

grams) and total length (TL, in mm) for individuals

captured during fish rescues (during winter) was W =

0.0039 9 TL3.0722 (n = 331; R2 = 0.95; P \ 0.001).

Between 2001 and 2007 weatherfish has been

captured in both in inflow and outflow channels, with

either concrete or silt substrates, as well as in rice

fields and in the Ebro River. The 2007 survey showed
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that weatherfish densities were highest in inflow

channels (1.15 ind./trap 9 day) and outflow channels

(1.10 ind./trap 9 day). The species was scarce in rice

fields (0.19 ind./trap 9 day) and it was not located in

marshes or lagoons. These differences were statisti-

cally significant (F4,100 = 2.58; P = 0.04). To the

date, the species has not been shown to colonize

lentic habitats in the Delta, probably due to the high

salinity of most lagoons and marshes within the area.

In fact, in the 2007 survey weatherfish was never

captured when water conductivity was over 3 mS/cm

(Fig. 3).

Although there is not a direct evidence on the

mechanism involved in the introduction of the weath-

erfish in the Ebro Delta, the presence of an ornamental

fish farm in the surroundings of the place where the

species was first detected clearly points towards an

escape from this facility. The same origin was proposed

for the introduction of topmouth gudgeon (Pseudo-

rasbora parva) in the Ebro Delta (Caiola and Sostoa

2002), which was first recorded in 1999 in the same

channel where weatherfish was later localised in 2001

(Queral 2002). Topmouth gudgeon is nowadays one

of the most abundant fish species in the Ebro Delta and

2001-2003 2004

2006 20072005

Fig. 1 Top left: map of the

Iberian Peninsula showing

the location of the Ebro

Delta (marked by the

square) and the Bugantó

stream (Ter basin, filled

circle). The other maps

show the geographical

expansion of the oriental

weatherfish (Misgurnus
anguillicaudatus) in the

Ebro Delta since its first

location in 2001. The grid

shows 1 9 1 km UTM

quadrates
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Fig. 2 Size frequency distribution of weatherfish captured

with fyke nets (open bars) and during fish rescues (filled bars).

Intervals are 10 mm. Note that fyke nets surveys were

performed in summer and early autumn, while fish rescues

took place during winter, possibly explaining the displacement

between the two data sets
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Fig. 3 Frequency distribution of locations sampled with fyke

nets between June and October 2007 (available) and those in

which weatherfish were captured (used) in relation to water

conductivity. Note that conductivity measures lacked for 10 of

the 105 surveyed locations (see Methods)
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is expanding its range to other Iberian basins (Pou-

Rovira et al. 2007). Moreover, different exotic fish

species, such as the ide (Leuciscus idus), suckermouth

catfishes (Plecostomus sp.) or piranhas (Serrasalmus

sp.), have been detected in the same area, although they

do not seem to have become established (Queral 2001;

Franch and Queral 2005). These facts clearly reinforce

the need to implement strict controls to the trade and

culture of ornamental fish, which is nowadays consid-

ered a major vector of freshwater fish introductions

(e.g. Courtenay 1999; Padilla and Williams 2004).

There is very little available information on

weatherfish impacts on native biota in those areas

where the species has become invasive. In fact, no

negative impacts on native fish have been reported in

the USA (Logan et al. 1996) or Europe (Freyhof and

Korte 2005). However, Dove and Ernst (1998)

showed the role of weatherfish on the establishment

of an exotic monogean fish parasite in Australia,

while Tabor et al. (2001) suggested that the species

could compete with native fish, predate on fish eggs

or cause unpredictable indirect effects following

ecosystems modifications. In the Ebro River Delta

and, in general in Iberian fluvial systems, it can be

argued that an expansion of weatherfish could have

negative effects on the populations of benthic,

invertebrate-feeder fishes, such us Cobitis and Bar-

batula loaches or the freshwater blenny (Salaria

fluviatilis). Both Cobitis paludica and freshwater

blenny are scarce and seriously threatened species in

the Ebro River Delta, as well as in the whole Iberian

Peninsula (Doadrio 2002).

On the other hand, on May 2007 a juvenile

weatherfish individual (65 mm TL) was captured in

the Bugantó Stream, a tributary of the Ter River (see

Fig. 1), during a fish survey using fyke nets (Pou-

Rovira et al. 2007). Although the species cannot be

yet classified as established in this new area, it is

interesting to note that weatherfish seems to be

following an expansion pattern (from the Ebro to

other NE Iberian basins) that has been previously

recorded for other species, such as the wels catfish

(Silurus glanis) (Doadrio 2002; Benejam et al. 2007)

and the topmouth gudgeon (Caiola and Sostoa 2002;

Pou-Rovira et al. 2007).

The data reported in this work show that weath-

erfish is not only well established in the Ebro Delta,

but that it is also becoming a truly invasive species

(following Copp et al. 2005). It has been able to

expand its range to occupy relatively wide range of

aquatic habitats, including both natural and disturbed

ones. The recent record of the species outside the

Ebro basin could also show a wider-scale spread,

similar to those performed by other invasive species

recently introduced to the Iberian Peninsula (e.g.

Clavero and Garcı́a-Berthou 2006; Vinyoles et al.

2007).
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