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Abstract
The composition of the diets of 66 species of fishes was investigated from September 2009 to June 2010 in three 
subsystems of the Upper Paraná River floodplain (Brazil), following invasion by the two mollusk species Limnoperna 
fortunei (Dunker, 1857) and Corbicula fluminea (Müller, 1774), and the macrophyte Hydrilla verticillata (L.f.) Royle. 
Limnoperna fortunei was consumed in all three subsystems and occurred in the diet of 15 fish species, with a high 
proportion in the diet of Leporinus obtusidens. Corbicula fluminea was present in the diet of Pterodoras granulosus 
caught in the Paraná and Ivinheima subsystems. Hydrilla verticillata occurred in the diet of Schizodon nasutus caught 
in the Ivinheima and Paraná subsystems. It is not yet possible to evaluate the potential of these species to control 
invasive mollusks in the study area or the impact of these species on the structure of the food chain. Omnivorous and 
herbivorous fishes in the study area may have little impact on the population of H. verticillata.

Keywords: introduced species, Corbicula fluminea, Limnoperna fortunei, Hydrilla verticillata, fish.

Ocorrência de três espécies invasoras nas dietas de peixes em  
uma planície de inundação Neotropical

Resumo
A composição da dieta de 66 espécies de peixes foi investigada de setembro de 2009 a junho de 2010, em três subsistemas 
da planície de inundação do alto rio Paraná (Brasil), após a invasão das espécies de molusco Limnoperna fortunei 
(Dunker, 1857) e Corbicula fluminea (Müller, 1774), e da macrófita Hydrilla verticillata (L.f.) Royle. Limnoperna 
fortunei foi consumida em todos os subsistemas amostrados e ocorreu na dieta de 15 espécies de peixes, com grande 
participação na dieta de Leporinus obtusidens. Corbicula fluminea esteve presente na dieta de Pterodoras granulosus 
coletados nos subsistemas Paraná e Ivinheima. Hydrilla verticillata ocorreu na dieta de Schizodon nasutus, capturados 
nos subsistemas Ivinheima e Paraná. Até o momento não é possível avaliar o potencial destas espécies para controlar 
moluscos invasores na área de estudo ou o impacto destas espécies sobre a estrutura das cadeias alimentares. Peixes 
omnívoros e herbívoros da área de estudo podem ter pouco impacto sobre a população de H. verticillata.

Palavras-chave: espécies introduzidas, Corbicula fluminea, Limnoperna fortunei, Hydrilla verticillata, peixe.

1. Introduction

Invasive species have the potential to alter the structure 
of aquatic ecosystems, because of their rapid establishment 
and high densities (Darrigran and Damborenea, 2011; 
Gazulha et al., 2012). Although species distribution 
changes naturally over time, human activities greatly 
increase the rate and the spatial scale of these changes, 
by accidentally or deliberately moving organisms across 
the world (Ricciardi and MacIsaac, 2000).

According to Darrigran (1997), invasive species have 
as characteristics a rapid attainment of sexual maturity, 
great reproductive capacity, and a considerable adaptive 

ability in the environments (natural, artificial, fresh water, 
or brackish water) that they colonize.

In the Upper Paraná River, three introduced species have 
caused changes in the community, and their participation in 
the food chain of the fish assemblage has begun to receive 
attention (Cantanhêde et al., 2008). Limnoperna fortunei 
(Dunker, 1857) (Mytilidae), a freshwater bivalve native 
to China and Southeast Asia, was introduced into South 
America through the Río de la Plata watershed (Argentina) 
at the beginning of 1991 (Pastorino et al., 1993). In August 
2001, L. fortunei was first found in the Itaipu Reservoir in 
Brazil, and was recorded in the floodplain of the Paraná 
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River in December 2002 (Takeda et al., 2007). This species 
has a high invasive potential due to its reproductive and 
opportunist characteristics, rapidly reaches sexual maturity, 
and has high reproductive rates (Darrigran, 2002). The 
absence of competition in the freshwater environment 
and the association of this species with human activities 
greatly increases its dispersal capacity (Darrigran and 
Drago, 2000).

The clam Corbicula fluminea (Müller, 1774) is a bivalve 
native to Southeast Asia, and was first documented for South 
America at the end of the 1960s and beginning of the 1970s 
(Ituarte, 1981). This species has been documented in the 
Upper Paraná River floodplain since the 1990s, possibly 
introduced through the main channel of the Paraná River 
and spreading laterally to other river systems such as the 
Baía and Ivinheima rivers, through secondary channels that 
connect the main rivers (Takeda et al., 2007). It is considered 
an invasive species due to its high adaptability and rapid 
proliferation in different environments. The intensive 
proliferation of this clam has caused a sharp decrease in 
the density of native species of clams (Takeda et al., 2004).

Several species of macrophytes are easily able to disperse 
and regenerate, which makes them excellent invaders 
(Cunha et al., 2011). Hydrilla verticillata (L.f.) Royle is a 
rooted-submersed macrophyte (family Hydrocharitaceae) 
native to Australia, the Pacific Islands, Asia, and probably 
Africa (Madeira et al., 2007). This macrophyte was first 
recorded in the Upper Paraná River floodplain in 2005, 
where it spread quickly. Seven years after this invasion, 
native macrophytes still predominate in floodplain lakes, 
while H. verticillata primarily colonizes the lotic habitats 
of the Paraná River, such as the main and lateral channels 
of the river, where colonization by native macrophytes is 
sparse (Sousa et al., 2009, 2010). This species is similar in 
its morphological and ecological aspects to Egeria najas 
and Egeria densa (South American Hydrocharitaceae), 
but this non-native species is a superior competitor and 
can be expected to exert significant pressure in habitats 
colonized by these natives (Sousa, 2011). Since then 
it has rapidly spread along the Paraná River, infesting 
large areas, with high biomass production, and causing 
problems for navigation, fishing, and recreation activities 
(Sousa et al., 2009).

Due to their high biomass and density, exotic species 
can cause alterations in the food chain, serving as food 
for native fishes (Darrigran and Damborenea, 2005). 
Previous studies have found specimens of L. fortunei 
and C. fluminea in the diets of some fish species (e.g. 
Darrigran and Colautti, 1994; Penchaszadeh et al., 2000; 
Gaspar da Luz et al., 2002; Pasian Lonardoni et al., 2006; 
Cantanhêde et al., .2008; Oliveira et al., 2010), although 
there are no records of H. verticillata.

It is not easy to determine what happens when a species 
is introduced into a community, especially with respect to 
prey species as in this case, since little is known about the 
effects of exotic prey species on native communities. In 
some cases, non-native species can provide an important 
resource for native species (Schlaepfer et al., 2011), which 

makes it essential to investigate these relationships, to 
support ecosystem management plans. In this study we 
documented the fish species of the Upper Paraná River 
floodplain that include the three invasive species, described 
above, in their diet. We also assessed the current importance 
of invasive species as a food resource for the fish of this 
region, as well as to support future studies of the local 
trophic ecology, in regard to its changes after colonization 
by exotic species.

2. Material and Methods

The drainage network of the study area consists of 
the main channel, secondary channels, and tributaries of 
the Paraná River (Souza-Filho and Stevaux, 1997). The 
Ivinheima River is the most important tributary on the 
right bank of the Paraná River (Souza-Filho and Stevaux, 
1997). According to these authors, all tributaries of the 
right bank of the Paraná River flow into a set of secondary 
channels formed by the Baía River, the Curutuba Channel 
and the lower course of the Ivinheima River. In this way 
the Baía and Ivinheima rivers are connected with each 
other and with the Paraná River.

The samples were taken in the Upper Paraná River 
floodplain, between September 2009 and June 2010, at 
sampling points located in lake and river environments 
distributed among the Baía (22°43’S and 53°18’W), 
Ivinheima (22°49’S and 53°33’W) and Paraná rivers 
(22°49’S and 53°33’W), here referred to as subsystems. 
In the Baía subsystem, the gillnets were set in the main 
channel of the river, in Guaraná Lake (connected to the 
river), and in Fechada Lake (isolated from the river). In 
the Ivinheima subsystem the gillnets were set in the main 
channel of the river, in Ventura Lake (isolated from the 
river) and in Patos Lake (connected to the river). In the 
Paraná subsystem, the samples were taken in the main 
channel of the Paraná River and in two open lakes, Garças 
and Pau-Véio.

Fishes were caught with gillnets of graded mesh sizes 
(20, 30, 40, 50, 60, 70, 80, 100, 120, 140, and 160 mm 
between nonadjacent knots) and longlines with 40 hooks. 
A total of 368 m2 of nets was set at each site during 24 h 
and checked at 08:00, 16:00, and 22:00 h. Longlines were 
baited in the evening and checked the next morning. Fish 
were measured and weighed, and stomachs were removed 
and fixed in 4% formaldehyde for content analysis. In this 
study, detritivorous species were not included.

Food items were identified under a stereomicroscope. 
The volumetric method was used to quantify the items 
(for details see Hellawell and Abel, 1971). The analyses 
were performed by using the methods of frequency of 
occurrence (FO) and volumetric frequency (FV) (Hyslop, 
1980). The importance of the different categories of food 
items was inferred from the combination of these methods 
in the Feeding Index (IAi%) (Kawakami and Vazzoler, 
1980), and the values shown in the results section refer 
to this index.
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3. Results

We analyzed the stomach contents of 1702 specimens 
belonging to 66 species, as shown in Table 1. The overall 
analysis of the diet revealed the presence of a large number of 
food items, which were grouped into 14 categories: detritus, 
algae, plants (aquatic and terrestrial), microcrustaceans, 
decapod crustaceans, mollusks, aquatic insects, terrestrial 
insects, aquatic invertebrates, terrestrial invertebrates, fish, 
Limnoperna fortunei, Corbicula fluminea and Hydrilla 
verticillata.

Taking into account the items consumed in the three 
subsystems grouped, L. fortunei occurred in the diets of 
15 of the 27 species of fish that consumed some kind of 
mollusks, most prominently in the diets of Leporinus 
obtusidens (IAi = 74.18%), L. macrocephalus (IAi = 21.25%), 
L. friderici (IAi = 17.87%) and L. elongatus (IAi = 11.06%). 

This mussel was consumed in all environments of the 
three subsystems, and showed the lowest incidence and 
a relatively small proportion in the diet of the species 
caught in the Ivinheima subsystem (see Tables 2 and 3).

In stomachs of members of the genus Leporinus, the 
valves of L. fortunei were broken or open, exposing the 
visceral mass of the mollusk.

The clam Corbicula fluminea was present only in the 
diet of Pterodoras granulosus, and comprised only a small 
proportion (IAi = 0.75%) of the food items consumed, 
taking into account all environments grouped. The fish 
that included this clam in their diets were caught in the 
main channel of the Ivinheima River (IAi = 1.0%) and in 
a connected lagoon (Guaraná Lake) in the Baía subsystem 
(IAi = 63.11%).

Macrophytes were present in the diets of 25 species 
of fishes, among the 32 species that consumed any plant 

Table 1. Fish species, number of stomach contents analyzed (N), and standard length (SL) in centimeters.
Species N SL Species N SL

Acestrorhynchus lacustris 129 9.2-41.1 Leporinus obtusidens 43 7.8-29.5
Ageneiosus inermis 6 18.7-29.5 Lepthoplosternum pectorale 7 5.8-7.1
Astronotus crassipinnis 1 21.5 Metynnis lippincottianus 14 6.7-13.2
Astyanax altiparanae 28 5.6-10.7 Moenkhausia aff. intermedia 30 5.7-6.9
Auchenipterus osteomystax 49 8.9-71.1 Oxydoras eigenmanni 2 6.4-10.6
Brycon orbignyanus 49 12.8-26.9 Parauchenipterus galeatus 152 5.8-17.1
Callichthys callichthys 6 7.9-12.4 Piaractus mesopotamicus 20 16.2-30.8
Cichla kelberi 56 15.1-28.5 Pimelodella avanhandavae 4 9.1-17
Cichla piquiti 5 15.2-18 Pimelodella gracilis 1 12.0
Clarias gariepinus 1 65.0 Pimelodus cf. argenteus 1 10.7
Crenicichla britskii 11 7.3-13.9 Pimelodus maculatus 70 7.8-26
Crenicichla haroldoi 1 12.9 Pinirampus pirinampu 3 46.8-52.2
Crenicichla niederleinii 1 9.9 Plagioscion squamosissimus 13 17.3-38.6
Eigenmannia trilineata 3 12.3-16.2* Potamotrygon cf. falkneri 6 25.7-43.5
Eigenmannia virescens 5 16-20.5* Pseudoplatystoma corruscans 23 21.5-58.2
Geophagus cf. proximus 35 6.3-18.9 Pseudoplatystoma fasciatum 3 19.5-34.4
Gymnotus inaequilabiatus 8 19.2-60.0* Pterodoras granulosus 47 7.8-33.5
Gymnotus sylvius 9 19.0-65.0* Rhamdia quelen 1 15.3
Hemiodus orthonops 53 9.3-23.0 Rhamphichthys hahni 4 30.0-64.7*
Hemisorubim platyrhynchos 4 21.0-33.0 Rhaphiodon vulpinus 5 34.2-45.7
Hoplerythrinus unitaeniatus 16 9.4-23.8 Rhinodoras dorbignyi 1 13.0
Hoplias aff. malabaricus 1 31.6 Roeboides descalvadensis 22 5.6-8.0
Hoplias sp. 1 32 11.4-36.0 Salminus brasiliensis 8 17.6-46.8
Hoplias sp. 2 34 12.6-27.5 Salminus hilarii 1 22.0
Hoplias sp. 3 11 17.5-32.0 Satanoperca pappaterra 38 9.6-18.5
Hoplias spp. 3 23.0-27.4 Schizodon altoparanae 1 27.8
Hoplosternum littorale 89 5.3-20.3 Schizodon borellii 111 8.5-28.2
Hypophthalmus edentatus 1 37.0 Schizodon nasutus 5 19.9-28.7
Iheringichthys labrosus 4 10.4-20.0 Serrasalmus maculatus 58 4.6-21.0
Leporinus elongatus 7 13.0-20.0 Serrasalmus marginatus 173 5.0-23.5
Leporinus friderici 55 7.4-47.2 Sorubim lima 3 32.5-35.0
Leporinus lacustris 63 7.3-19.9 Steindachnerina brevipinna 9 6.8-10.4
Leporinus macrocephalus 6 16.0-40.0 Trachydoras paraguayensis 41 4.5-10.7
*Total Length.
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item (leaves, fruits, seeds, roots), and H. verticillata 
occurred in the diet of only five species (see Table 3). 
This invasive macrophyte comprised a high proportion of 
the diet of Schizodon nasutus (IAi = 90.86%), and was an 
accessory item in the diets of L. friderici (IAi = 0.13%), 
Schizodon borellii (IAi = 0.07%), Pimelodus maculatus 
(IAi = 0.02%) and P. granulosus (IAi = 0.001%), including 
the food items consumed in all environments together. 
The consumption of H. verticillata was observed in two 
environments of the Ivinheima subsystem and in three of 
the Paraná subsystem, but was not recorded in stomachs 
of fish caught in the Baía subsystem (see Table 2). The 

proportion of this macrophyte in the diets of fishes in each 
of the three subsystems is shown in Table 3.

4. Discussion

Exotic species may transform food chains (Darrigran 
and Damborenea, 2005). If on the one hand the fish have 
the potential to control the populations of exotic species, as 
suggested by Oliveira et al. (2010), which may minimize 
their impact on other species, on the other the fish can 
promote the dispersal of invasives that are able to pass 
intact through the digestive tract of their predators, as 

Table 2. Fish species that included Limnoperna fortunei and Hydrilla verticillata in their diets; subsystems where they were 
collected and the types of environments. R = River; CL = Connected lake, IL = Isolated lake.

Species Limnoperna fortunei Hydrilla verticillata
Baía Ivinheima Paraná Baía Ivinheima Paraná

Geophagus cf. proximus R/IL CL
Hoplias aff. malabaricus R
Hoplosternum littorale CL
Leporinus elongatus R CL
Leporinus friderici R/IL R R/CL R
Leporinus lacustris R/IL/CL CL
Leporinus macrocephalus CL
Leporinus obtusidens R/IL/CL IL CL
Pimelodus maculatus R IL R/CL CL
Potamotrygon cf. falkneri R R
Pterodoras granulosus R/CL R CL R/IL
Schizodon borellii IL/CL CL R/CL
Schizodon nasutus R
Serrasalmus maculatus CL
Serrasalmus marginatus R
Trachydoras paraguayensis R

Table 3. Relative importance of Limnoperna fortunei and Hydrilla verticillata in the diet of fish species, measured by the 
Feeding Index (IAi%) in the subsystems where they were collected.

Species Limnoperna fortunei Hydrilla verticillata
Baía Ivinheima Paraná Baía Ivinheima Paraná

Geophagus cf. proximus 0.78 0.06
Hoplias aff. malabaricus 1.52
Hoplosternum littorale 0.06
Leporinus elongatus 100 0.62
Leporinus friderici 58.14 0.02 22.56 0.61
Leporinus lacustris 17.87 13.95
Leporinus macrocephalus 37.36
Leporinus obtusidens 99.45 0.44 90.77
Pimelodus maculatus 1.08 0.001 1.04 0.27
Potamotrygon cf. falkneri 4.37 0.87
Pterodoras granulosus 1.36 0.05 27.05 0.003
Schizodon borellii 0.0004 1.72 0.35
Schizodon nasutus 98.91
Serrasalmus maculatus 0.11
Serrasalmus marginatus 0.001
Trachydoras paraguayensis 0.03
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suggested by Cantanhêde et al. (2008) in studies conducted 
in the Upper Paraná River.

In this study we recorded the consumption of L. fortunei 
for 15 fish species, and of C. fluminea by only one species. 
In a study conducted by Oliveira et al. (2010), also in the 
Upper Paraná River basin but in a reservoir, 24 species of 
fishes consumed L. fortunei and 12 included C. fluminea 
in their diets. As noted by the authors, the consumption 
of these species shows great interspecific, interannual, 
and spatial variation. Although our study did not measure 
the degree of digestion of the bivalves, our observations 
corroborated the study conducted by Oliveira et al. (2010), 
who found a proportion of fragmented valves and digested 
muscle tissue in the stomach contents of specimens of the 
genus Leporinus.

Cantanhêde et al. (2008) associated the consumption 
of the two species of clam by P. granulosus with the 
abundance of these bivalves at the sampling sites. In their 
study conducted between 2004 and 2005, Cantanhêde et al. 
(2008) observed that C. fluminea composed 95% of the 
diet of P. granulosus in the Baía River and its floodplain 
lakes. Between 2009 and 2010, the same species of 
mollusk had very little importance in the diet of fish, and 
all specimens that consumed C. fluminea were captured in 
habitats of the Ivinheima and Paraná subsystems. Although 
P. granulosus consumed L. fortunei, this mollusk composed 
less than 1% of the diet of this fish, even grouping all 
studied environments together. These data suggest that 
it is essential to perform a combined analysis of the 
consumption of exotic mollusks and their abundances at 
the sites sampled, in order to confirm the importance of 
their availability for predation, because the consumption 
of these species may also be associated with a decrease 
in the abundance of other resources. This information is 
important to assess the extent to which predatory fish can 
really control invasive mollusks.

According to Hahn et al. (2004) the majority of fish 
species in the study area show a high trophic adaptability 
in response to environmental variations. This feature, 
together with the time that invasive mollusks occur 
in the area and their present high abundance, should 
favor their exploitation by fish species, especially the 
omnivorous ones.

For now, we can conclude only that L. fortunei and 
C. fluminea are being consumed by several species of 
fishes. Without an integrated and long-term approach, it 
is not possible to evaluate the potential of these species to 
effectively control invasive mollusks in the Upper Paraná 
River floodplain, or the impact of these mollusks on the 
structure of the food chain in this ecosystem.

The invasive macrophyte Hydrilla verticillata has a 
similar architecture to the native Egeria najas (Cunha et al., 
2011). During the study period, H. verticillata was important 
only in the diet of S. nasutus.

Hydrilla verticillata did not occur in the diet of any 
species of fish in the Baía River and its lakes, and the 
lack of this macrophyte in these habitats (Sousa et al., 
2009) may explain its absence in the diet. On the other 

hand, Sousa et al. (2009) reported that they did not find 
H. verticillata in the Ivinheima environments, and in this 
study the species was recorded in the diet of P. granulosus 
caught in the river channel and in an isolated lake 
associated with this subsystem. The specimen was caught 
in a low-water period and therefore must have consumed 
the macrophyte at the location where it was collected, 
rather than having consumed it in the Paraná River and 
then migrating to the lake. According to Sousa et al. 
(2009) the successful colonization of H. verticillata 
occurred in the main channel of the Paraná River. In 
fact, the highest occurrences of macrophytes in the diet 
of the species were recorded in habitats associated with 
this river, especially in the main river channel, where 
H. verticillata is highly abundant.

In general, the IAi% showed a low importance of 
H. verticillata in the diet of predators, and there is no 
information on the palatability or nutritional quantity 
and quality of this species. Although they do consume 
macrophytes, omnivorous and herbivorous fishes in 
the study area may have little impact on the population 
of H. verticillata, given the high biomass of this plant 
(Sousa et al., 2010).

Comparing this study with others that recorded the 
proportions of L. fortunei and C. fluminea in the diet of 
fishes, we observed an inconstancy in the consumption 
of these species. Considering the high abundance of the 
three non-native species and the length of time that they 
have been present in the study area, their proportion in 
the diet of fish species is still low. However, the diversity 
of resources available in the three subsystems studied 
may explain the preference of fishes for native resources.

We suggest that the species with potential to control 
the populations of L. fortunei and C. fluminea be further 
investigated, since only long-term information can reveal 
patterns of consumption of non-native species by fish. For 
H. verticillata, it is possible that fish act more as facilitators 
of growth and dispersal than as population controllers, 
since they apparently merely prune the plants, consuming 
only parts of them.
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