
Introduction of non-native freshwater fish can certainly be bad

Jean Ricardo Simões Vitule1, Carolina Arruda Freire1 & Daniel Simberloff2

1Departamento de Fisiologia, Setor de Ciências Biológicas, Universidade Federal do Paraná, Curitiba, PR, CEP 81531-990;
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Introduction

We wish to accept Gozlan’s (2008) invitation: ‘The

aim of this paper is to open a critical debate on the real

threat posed by the introduction of non-native fishes’

(p. 107). Gozlan (2008, p. 106) states that: ‘Here I

show that on the global scale, the majority of freshwater

fish introductions are not identified as having an

ecological impact while having great societal benefits.’

We strongly disagree with this statement, which is
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belied by theory, practical concerns, and many

empirical data (Parker et al. 1999; Mack et al.

2000; Rahel 2000; Simberloff 2001, 2003, 2004,

2005, 2006a,b, 2007; Olden et al. 2004; Jeschke

and Strayer 2005; Ruesink 2005; Gherardi 2007).

Below we demonstrate, using his own examples and

some additional ones, that Dr Gozlan is treating the

entire issue as if it is simply a public relations

matter, and as if the public has been conned into

thinking there is a problem when there really is not

one. His view of a ‘pendulum’ swinging from, at one

extreme, the practices of the 19th century acclima-

tization societies introducing species indiscrimi-

nately (Lever 1992; McDowall 1994) to the other

extreme, a radical and ‘xenophobic’ view of species

introductions (Gozlan 2008), does not reflect reality.

Especially in underdeveloped countries (tropical,

very species-rich), there are only the first inklings

of the potential harm caused by non-native intro-

duced freshwater fish species. We are thus, here (in

Brazil), far from this second extreme of the pendu-

lum. In fact, we are closer to the 19th century side

of the pendulum, in which the introduction of

species is heavily favored. And this, despite reported

ecological consequences caused by introductions,

such as tilapias introduced to man-made lakes of the

semi-arid Brazilian caatinga and other biomes

(Gurgel and Fernando 1994; Menescal 2002;

Starling et al. 2002; Dias 2006; Agostinho et al.

2007; Attayde et al. 2007; Okun et al. 2008) or

catfishes introduced to coastal rivers of the Atlantic

Forest in southern Brazil (Cambray 2005; Vitule

et al. 2005, 2006a, 2008; Vitule 2008).

To act as if governments, responding to societal

pressures, have shifted to an extreme exclusionary

policy is ridiculous. In a country as diverse and

large as Brazil, the introduction of freshwater fish

species is encouraged by sports fishermen, and even

state agencies, without concern for the ecosystem or

its native fauna (e.g. Bizerril and Primo 2001; Casal

2006; Vitule et al. 2006a, b; Agostinho and Gomes

2002; Agostinho et al. 2007). This attitude is

fostered by the fact that fish production in Brazil is

based (87% of total production in 2002) on

introduced species (Casal 2006), and total gross

production of tilapias of the genera Oreochromis and

Tilapia (Cichlidae) in Brazil has been increasing

exponentially from 1970 to 2006 (Fig 1a). Brazil

was actually the fourth leading country in growth

of production from aquaculture from 2000 to 2002

(FAO 2006). In New Zealand, a proposal to intro-

duce the channel catfish (Ictalurus punctatus, Icta-

luridae) was firmly rejected based on a detailed risk

assessment (Townsend and Winterbourn 1992).

New Zealand has a case-by-case approach, and the

procedures implemented by the Biosecurity Act of

1993 and revisions have minimized the number of

permits and generally taken a precautionary

approach. By contrast, in Brazil, the legislation is

weak and law enforcement is lax. There is contin-

uing illegal introduction of exotic species, as for

example, the use of exotic fish cages in Itaipu

Hydroelectric Power Plant reservoir (Agostinho and

Gomes 2002), and there is intense conflict of

interest between the production sectors and envi-

ronmentalists. For example, in Brazil the Federal

Government Environmental Agency (IBAMA,

1994) restricts introduction of channel catfish and

the African catfish (Clarias gariepinus, Clariidae) only

in the basins of the Amazon and Paraguay Rivers,

leaving unprotected all the other important basins

with their endangered endemic faunas (e.g. the

‘hotspot’ Atlantic Forest, Myers et al. 2000; Vitule

et al. 2005, 2006a,b), where those introduced

catfishes continue to be cultivated and to spread to

the wild. This continued introduction in the Atlantic

Forest of southern Brazil occurs (Vitule 2008)

despite a recent directive ‘portaria’ of the state of

Paraná (IAP 2007) clearly indicating that these

catfishes and other species are invasive. However,

this directive does not prohibit introduction, it only

suggests caution in the culture of those species. This

is a worldwide problem, not restricted to Brazil (e.g.

Cambray 2003a, b; Casal 2006; Gherardi 2007). In

sum, we should ask: How many proposals to

introduce fishes have been rejected recently, in

Brazil or anywhere? Are there data on such

matters? On a global scale, there are many more

underdeveloped countries performing no risk anal-

yses and/or implementing no control policies on

introduced species, than wealthy countries with

clear laws and efficient enforcement systems. Most

research dealing with freshwater fish invaders is

restricted to North America (>45%) and refers to

salmonids, owing to their economic value (Gherardi

2007).

Case studies, data bases and analyses

Gozlan (2008) bases his conclusions on insufficient

and questionable data bases, and his methods are

often unclear. Gozlan (2008) has also oversimplified

the analysis. For instance, he has considered all FAO

areas of the world as internally homogeneous
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(climate, economy, culture, biological diversity) and

equally diverse in freshwater fish. He overvalues

FAO (http://www.fao.org/fi/statist/statit.asp) and

FishBase (http://www.fishbase.org) as sources, but

he does not cite Casal, who is one of the people

responsible for Fish Base and who also bases her

conclusions on FAO reports, but much more cau-

tiously, emphasizing the potential danger of intro-

duced fish species (Casal 2006).

These databases are still incomplete, for several

reasons, including the fact that this matter has just

begun to be investigated (Simberloff 2004, 2006a,b;

Casal 2006; Gherardi 2007). Moreover, in Brazil

and other ‘mega-diverse’ nations, researchers begin

with limited knowledge of the freshwater fish fauna.

Buckup et al. (2007) report that in Brazil, 64 new

freshwater fish species were described in 2006, an

average rate of 1 new species every 6 days! If our

systematic knowledge is so incomplete, what can be

said about the ecological impact of introduced

species?

Furthermore, ecological impact is generally diffi-

cult to detect (Underwood 1992; Glasby and

Underwood 1996). Often no previous studies are

available in the newly invaded area, so conclusions

about the impact of an introduction are underesti-

mates. This difficulty should imply caution about

the potential effects (often irreversible) of introduc-

tions. The freshwater habitat offers additional chal-

lenges, and the study of impacts on freshwater
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Figure 1 Examples of increasing production of introduced freshwater fish in Brazil: (a) Tilapias (genera Oreochromis

and Tilapia) and (b) Catfishes (Clarias gariepinus and Ictalurus punctatus); total production (tons) in Brazil, from 1970 to 2006.
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ecosystems is a recent discipline that is likely to

expand greatly in the near future (Sala et al. 2000;

Gherardi 2007; Simberloff 2007). Still, Gozlan

(2008, p. 113) states that: ‘Overall, the probability

of an ecological impact resulting from freshwater

fish introduction is relatively low (around 6%) and

presents many positive aspects.’ However, Casal

(2006), using FishBase, found an extreme paucity

of data on fish introductions, so that, although 6%

may seem to be a low value, in fact, because of the

database limitations, this number is illusory. More-

over, even considering the scarce data base, other

authors derive different values: Ruesink (2005)

proposes that 22% of established introduced fish

populations produced well-supported ecological

impacts on food availability, habitat structure,

nutrient dynamics, and other factors. As regards

the percentages that Gozlan (2008) finds causing

impacts, we would emphasize that in most cases not

much effort has gone into looking for impacts. His

entire economic analysis is deficient. He never

discusses the cost of an impact, the difficulty of

estimating such a cost, and the fact that there is

bitter controversy over the degree to which this cost

can be reduced to economics. Aside from the

relatively meager effort that goes into looking for

impacts in most cases, his interpretation of what

constitutes impact (upper left, p. 111 in Gozlan

2008) is narrow. Often with introduced species, an

impact is important but indirect and highly idio-

syncratic. Moyle (1993) provides an excellent

example concerning the woundfin minnow

(Plagopterus argentissimus, Cyprinidae) of the Virgin

River in Utah. The Asian grass carp (Ctenopharyng-

odon idella, Cyprinidae), introduced beginning in

1968 to lakes in Arkansas, spread to the Mississippi

River, carrying with it an Asian tapeworm. The

tapeworm infested other fishes, including the red

shiner (Cyprinella lutrensis, Cyprinidae). Shiners

introduced as bait to the Colorado River ultimately

reached the Virgin River, a tributary, and infected

the woundfin, already endangered by dams and

water diversions. The infection precipitated a

rapid decline. That an introduction of carp in

Arkansas could threaten a minnow in Utah would

not have been predicted even by a perceptive

ichthyologist.

Gozlan (2008) writes as if risk assessment for

introduced species is a real science. It is simply not

possible yet to do accurate risk assessments for

introduced species (Simberloff 2005). Gozlan (2008)

has an idealized view of the entire introduction

process, as if fishes introduced to a lake or reservoir

stay there, so as not to cause trouble elsewhere. We

could give many counterexamples (some carp, for

example). Fish get around on their own, or people

engage in rogue introductions. Once a fish species

has been moved to a new continent, it is foolish to

assume it will stay just in the area for which it is

intended.

There is no impact without establishment of the

introduced species, and establishment results from

propagule pressure among other causes, such as

abiotic factors including global warming (e.g.,

Moyle and Light 1996; Ficke et al. 2007). Gozlan

(2008) has not considered propagule pressure in his

analysis, or the number of times a species has been

introduced into a certain country or region. How-

ever, propagule pressure is recognized as one of the

major factors leading to the establishment of an

introduced species in a new environment. This is

true for environments in general (Colautti et al.

2006; Lockwood et al. 2007), for freshwater bio-

topes (reviewed in Gherardi 2007), and in particu-

lar for freshwater fishes (Colautti 2005; Ruesink

2005). Establishment rates for aquatic systems are

in general higher than those for terrestrial systems

(Gherardi 2007). Establishment rates for freshwater

fishes have been reported to range between 38%

and 77% (Ross 1991), or to vary from 36% to 49%

after a little over 10 years. Globally, of 1424

freshwater fish introductions, 64% of them have

become established (Ruesink 2005); 50% of 1205

fish introductions recorded for aquaculture have

established in the wild (Casal 2006). Of established

fish populations introduced from Europe to North

America and vice-versa, approximately 60% are

recorded as having become invasive (Jeschke and

Strayer 2005). This is slightly less than the compa-

rable figures for mammals and birds introduced

from Europe to North America and for mammals

introduced from North America to Europe, but more

than for birds introduced from North America to

Europe. As birds and mammals are far better studied

in Europe and North America than are freshwater

fishes, the figure for the latter is almost certainly an

underestimate.

Nile perch

Some specific cases raised by Gozlan (2008) demand

particular attention. One of the main examples used

to support his views is the Nile perch (Lates niloticus,

Latidae), and abundant data help answer the
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question he posed (Gozlan 2008, p. 111): ‘However,

nearly 60 years later, can the introduction of the Nile

perch be seen as an economic saviour or an ecological

disaster?’ As Gozlan (2008) himself notes, this

introduction has had ecological impacts; specifi-

cally, he mentions the decline of haplochromine

species and cites Ogutu-Ohwayo (1990a), Witte

et al. (1992), and Hauser et al. (1998). However, a

vast literature is available, revealing a much more

catastrophic picture than the one he admits: hun-

dreds of endemic cichlid species have gone extinct,

trophic shifts have been detected in the catfish fauna

(previous top predators of the ecosystem), with local

catfish extinctions, and there has been extensive

deforestation of the area surrounding the lakes (for

smoked perch), resulting in siltation and eutrophi-

cation (Kudhongania and Cordone 1974; Barel

et al. 1985; Acere 1988; Achieng 1990; Ogutu-

Ohwayo 1990b, 1993; Ogutu-Ohwayo and Hecky

1991; Craig 1992; Kaufman 1992; Ochumba and

Manyala 1992; Goldschmidt et al. 1993;

Goudswaard and Witte 1997; Kaufman et al.

1997; Schofield 1997; Olowo and Chapman 1999;

McNeely 2001; Gherardi 2007). An additional

effect of the introduction of the Nile Perch has been

to accelerate the decline of populations of carni-

vores, such as the African spotted-necked otter

(Lutra maculicollis, Mustelidae) and the African

clawless otter (Aonyx capensis, Mustelidae) (Kruuk

and Goudswaard 1990). And, regarding economic

consequences and societal benefits, his analysis is

shallow. He writes as if this introduction were a

great success from the standpoint of fishermen. This

is simply wrong. It was very successful from the

standpoint of a few wealthy corporations. Most of

the fishermen who had subsisted on the lake before

the introduction of the perch were driven out of

business, with terrible social consequences (Kasulo

2000; McNeely 2001).

Common carp

The common carp (Cyprinus carpio, Cyprinidae) is

the third species (in production, metric tons)

cultivated in aquaculture worldwide (established

in 91 of the 121 countries to which it has been

introduced) and is recognized as having adverse

ecological effects in 15 countries (Casal 2006).

Along with the Nile tilapia (Oreochromis niloticus,

Cichlidae), the common carp is one of the most

widespread introduced species in the Americas,

with high probability of habitat expansion

(Zambrano et al. 2006). In Mediterranean estuar-

ies, the invasive common carp has a central role

(through competition) in structuring mullet

assemblages in salinities up to 13& (Cardona

et al. 2008).

Tilapias

The tilapias, mainly the Nile tilapia, are ‘the model’

for fish aquaculture in Brazil (Dias 2006; Zambrano

et al. 2006; and see above, Fig 1a). The Nile tilapia

is extremely widespread and established from North

America down to South America (Zambrano et al.

2006; Agostinho et al. 2007). For example, in the

Brazilian semi-arid caatinga, it has been introduced

to many man-made lakes, leading to low present-

day levels of fish production in those lakes in

comparison to fisheries production prior to its

introduction (Gurgel and Fernando 1994; Dias

2006). Nevertheless, introduction of the tilapia is

still promoted by state agencies throughout the

country, as was noted above. Tilapias are prized for

aquaculture because they are extremely hardy,

physiologically tolerant, and characterized by multi-

ple spawning, parental care, and extreme feeding

plasticity (e.g., Welcomme 1988; Dias 2006; Agost-

inho et al. 2007; Attayde et al. 2007; Freire and

Prodocimo 2007). The deleterious effect of the Nile

tilapia on the native fauna of Brazil, as well as

globally, has been extensively reported (Fishbase

defines it as a ‘potential pest’). The Nile tilapia

changes native community structure, reduces abun-

dance of planktonic microcrustaceans, lowers water

transparency, and increases the abundance of

microalgae (Gurgel and Fernando 1994; Menescal

2002; Dias 2006; Attayde et al. 2007; Okun et al.

2008).

Catfishes

For catfishes of the families Ictaluridae and Claridae,

Gozlan (2008, p. 110) himself advises caution: ‘…
such as Claridae or Ictaluridae, is more complicated and

precautionary approaches banning these introductions

may become the norm.’. As was previously noted,

banning of aquaculture of these species in Brazil is

just beginning, and law enforcement is largely non-

existent. The African catfish is also extremely hardy.

It has pseudolungs and produces abundant mucus,

so it can resist long periods of drought and even

traverse dry ground (Cambray 2003a; Vitule et al.

2006a, 2008; Vitule 2008). This amphibious habit
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and a remarkably plastic diet give this catfish a huge

advantage in establishing in the wild (Cambray

2003a; Vitule 2008; Vitule et al. 2008). This species

is widely disseminated for aquaculture, having been

introduced to several countries and regions of the

globe (Cambray 2003a, 2005; Vitule et al. 2006a,

2008). This fish was introduced to Brazil in 1986

(Agostinho et al. 2007), and its production in Brazil

has been increasing recently, despite knowledge of

its invasive potential (Vitule et al. 2006a, 2008;

Agostinho et al. 2007; Vitule 2008). Its meat was

not readily accepted in the internal Brazilian mar-

ket, so the fishery is used primarily by sports anglers

in uncontrolled private tanks located dangerously

near river beds, leading to repeated spread to the

wild, for example, after floods (Orsi and Agostinho

1999; Vitule et al. 2006a). In southern Brazil, in the

Atlantic forest, this catfish is more abundant in

lentic sections of streams that have suffered anthro-

pogenic degradation (Vitule 2008). This combina-

tion of habitat destruction by humans along with

the spread of hardy introduced species can lead to

local extinction of native species (Ross 1991;

Agostinho et al. 2005, 2007; Vitule 2008). The

number of escape events and the number of

individuals escaping (i.e., propagule pressure) are

critical factors for the establishment of introduced

species in the wild, as we have observed above. This

African catfish represents over 60% of the recorded

escapes in the basin of the Paraná River, totaling ca.

655,000 individuals that reached small streams just

in one escape reported in the summer floods of 1997

(Orsi and Agostinho 1999). Similar problems with

the African catfish and its hybrids have been

reported for South Africa as well (Cambray

2003a,b; Cambray and van der Waal 2006; Anene

and Tianxiang 2007).

The channel catfish is another highly invasive

large catfish, also extremely physiologically toler-

ant, widely used worldwide for aquaculture (Town-

send and Winterbourn 1992; Fuller et al. 1999;

Vitule et al. 2005). Its introduction (along with the

African catfish) in a very biodiverse area that

contains a rich endemic freshwater fish fauna, such

as the Brazilian Atlantic Forest, is bound to result in

the decline of the native fauna. Thus, despite all the

known problems with these two introduced catfish-

es, their production has been increasing signifi-

cantly in Brazil (Fig. 1b). We again emphasize that

these data bases likely underestimate real values

(Casal 2006). So, to which side is the ‘pendulum’

swinging now?

Zebra mussel

The introduction of freshwater fish species is not the

only threat to freshwater fishes of biodiverse

nations. The introduction of invertebrates can also

lead to decrease and extinction of native fishes. The

zebra mussel (Dreissena polymorpha, Dreissenidae) in

the Great Lakes of North America is such an

example. Gozlan’s (2008) argument that the zebra

mussel has been helpful to the Great Lakes (for

which he gives no citation) is ludicrous. The zebra

mussel is the intermediate host for a trematode, and

its presence in the Great Lakes allowed the parasite

to infest native fishes leading to high fish mortality

(Gherardi 2007). Thus, there has been severe

impact of the zebra mussel on native fishes, in

addition to its catastrophic impact on native mussel

species (Ricciardi 2003 and references therein), and

these impacts contribute to a staggering economic

cost, primarily through fouling (United States Geo-

logical Survey 2000).

Amazonian top predators

We must also highlight problems associated with

fish species introduced within one country, a

common phenomenon in large nations. One exam-

ple is the case of species of tucunaré (Cichla spp.,

Cichlidae), an Amazonian genus introduced into

lakes of southern Brazil, in the Atlantic Forest

(Latini and Petrere 2004, 2007; Latini et al. 2004).

The introduction of tucunaré has caused several

problems, as they are large predators, reportedly

depleting populations of smaller species (Latini and

Petrere 2004; Agostinho et al. 2007). The tucunaré

is not the only example of a within-nation intro-

duction in Brazil. We can also cite the corvina

(South American silver croaker, Plagioscion squamo-

sissimus, Scianidae), introduced upstream to the

main Itaipu reservoir, and which is now the main

species caught in subsistence fishery (Agostinho and

Gomes 2002; Agostinho et al. 2007).

Hybridization

Gozlan (2008) also mentions the problem of hybrid-

ization. However, he cites only cases in which there

is no negative impact, such as the hybridization

between two species of nase (Chondrostoma toxos-

toma, [Cyprinidae] and the introduced C. nasus) in

the Rhone catchment. In many instances there is a

huge, documented problem. For instance, intro-
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duced rainbow trout (Oncorhynchus mykiss, Salmon-

idae) hybridize with many western North American

native trout species and this hybridization is partly

responsible for the threatened status of two species

O. apache and O. gilae and four subspecies O. clarki

stomias, O. clarki henshawi, O. clarki seleniris, and

O. aguabonita whitei under the Endangered Species

Act of the United States. Three of the 24 species or

subspecies believed to have gone extinct despite

listing under the U.S. Endangered Species Act were

fishes whose disappearance was partly due to

hybridization with introduced species – Cyprinodon

nevadensis (Cyprinidae), Gambusia amistadensis (Poe-

ciliidae), and Coregonus alpenae (Salmonidae)

(McMillan and Wilcove 1994). Rhymer and

Simberloff (1996) list several other examples.

The jundiá catfish (Rhamdia quellen, Heptapteridae)

cultivated in the state of Paraná, Brazil, frequently

comes from other river basins, without any control

over the potential risk of mixing distinct genomes.

The taxonomy of this genus is not entirely resolved,

with the additional potential danger of hybridization

between closely related species. The introduction of

species of fish from other river basins may indeed

cause genetic modification in the native fauna, and

this phenomenon is rarely studied in countries such

as Brazil (Vitule et al. 2006b; Agostinho et al.

2007). Thus, even when ‘native’ fishes are culti-

vated in large areas, there is potential harm to local

biodiversity.

Pathogens and parasites

Similarly, for pathogens, Gozlan (2008) cites only

cases that exemplify situations not unique to

introduced species. There are many instances of a

devastating pathogen that could only have arisen

through fish introduction. The most noteworthy is

perhaps the whirling disease myxozoan (Myxobolus

cerebralis, Myxobolidae), a parasite of salmonids that

first appeared in North America in 1956, having

been introduced in frozen rainbow trout shipped

from Europe (Bergersen and Anderson 1997).

Rainbow trout were introduced from North

America to Europe in the 19th century, where they

acquired the parasite from brown trout (Salmo

trutta, Salmonidae), which are resistant to it.

Infected remains of the frozen trout reached a

hatchery in Pennsylvania, from which infected

fingerlings were distributed widely in the United

States, devastating rainbow trout populations in

much of the West. In Brazil, there has been little

research on this sort of phenomenon, despite the

catastrophic consequences that may ensue. For

example, the crustacean copepod parasite (Laernea

cyprinacea, Lernaeidae) was introduced to Brazil

with carp and affected a wide range of hosts. The

same floods that foster the spread and establishment

of the introduced exotic fish can also spread this

copepod as well as other fish pathogens (Orsi and

Agostinho 1999; Gabrielli and Orsi 2000; Bizerril

and Primo 2001; Agostinho and Gomes 2002;

Azevedo et al. 2006; Dansa-Petretski et al. 2007).

Biological control

Fishes introduced for biological control have also

had disastrous impacts on native fishes and other

species. For example, the grass carp (Ctenopharyng-

odon idella, Cyprinidae) was introduced to control

aquatic weeds in the United States and has spread

widely. This introduction has had a plethora of

negative effects on many native species of fishes and

invertebrates, primarily through non-selective,

voracious browsing of vegetation, thereby changing

habitat greatly, but also through predation and

competition (Fuller et al. 1999). Similarly, Gambusia

affinis (Poeciliidae) and G. holbrooki have been

spread throughout the world for mosquito control

but also prey on frogs, invertebrates, and other fish,

often with devastating consequences (Hurlbert et al.

1972; Hurlbert and Mulla 1981; Pyke and White

2000; Mieiro et al. 2002).

Conclusions

More reliable data are needed, especially in the

biologically richest areas of the world (that is, in

tropical underdeveloped countries), so that valid

risk assessments can be performed (cf. Nico et al.

2005; Simberloff 2005, 2006b). Until many more

data are available, great caution is warranted.

A safer approach, at least in the interim, would be

to foster research on culturing local native species,

rather than to continue introducing a few robust

species. We believe that the depiction by Gozlan

(2008), of inevitable confrontation between conser-

vationists and aquaculture producers of species with

high market value, is inaccurate. Research on

effective production of native species will provide

food for an increasing human population while still

conserving local biodiversity. Use of the precaution-

ary principle need not, therefore, constitute a

barrier to aquaculture. On the contrary, it can be
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viewed as an incentive to discover the possible use of

additional (native) species of high economic and

societal value. If freshwater fish continue to be

introduced at such high rates, species with high

potential for aquaculture may even be driven to

extinction without being known and studied. Surely

the precautionary principle is what should be

stressed here, because introductions, once estab-

lished, are largely irreversible.
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