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A B S T R A C T 

 
A total of 214 stomachs of Clarias gariepinus, Centropomus undecimalis and C. parallelus from the 

Itanhém and Caravelas Rivers, northeastern Brazil, were analyzed to investigate the impact of the 

non-native species Clarias gariepinus on the Itanhém River food web as compared to that of the 
adjacent Caravelas River, where this species has not been registered. In Itanhém River, shrimp was 

the most important food for C. gariepinus, and Teleostei for C. parallelus. In the Caravelas River, 

Brachyura was the main food item for C. parallelus, and Teleostei for C. undecimalis. There was no 
food overlap between the species within or between rivers. There is no evidence, in the results of this 

study, of changes in the diet of the Centropomus parallelus due to the presence of the non-native 

species. 
 

R E S U M O 

 

Foram analisados 214 estômagos de Clarias gariepinus, Centropomus undecimalis e C. parallelus do 
rio Itanhém e rio Caravelas, nordeste do Brasil, com a finalidade de investigar o impacto da espécie 

exótica Clarias gariepinus sobre a trama trófica do Rio Itanhém, tendo como referência a 

alimentação das espécies nativas no Rio Caravelas. No Rio Itanhém, os camarões foram mais 
importantes na alimentação de Clarias gariepinus (55%), enquanto Teleostei (98,1%) foi para C. 

parallelus. Brachyura compôs 92,8% da dieta de C. parallelus do rio Caravelas, enquanto que para 
C. undecimalis, Teleostei compôs 72,5%. Não houve sobreposição alimentar em nenhum dos casos 

estudados. Pelos resultados desse trabalho não foi possível detectar indícios de mudanças na dieta de 

C. parallelus do Rio Itanhém. 
  

Descriptors: Clarias gariepinus, Centropomus, Non-native species, Diet, Northeast, Brazil. 

Descritores: Clarias gariepinus, Centropomus, Espécie exótica, Dieta, Nordeste, Brasil. 

 

INTRODUCTION 

 

Non-native species are naturally 

continuously transported, though at a low rate, in a 

given region. The invasion by and increase in the 

number of  transported species has been speeded up by 

human activity (McKINNEY; LOCKWOOD, 1999; 

VALIELA, 2006). 

The most significant transport of exotic 

species occurs as a result of navigation, 

and secondly of mariculture which in some cases 

introduces species unacceptable to the local market. 

These species are then discharged into the natural 

environment, either intentionally or accidentally 

(VALIELA, 2006). 

The successful invasion of non-native fish 

species can affect the structure and functioning of 

aquatic communities (LODGE, 1993). Predation by 

the invasive species is one of the main kinds of 

interaction that can lead to a reduction in the 

abundance of prey or native species (ZARET; PAINE, 

1973; LATINI; PETRERE Jr., 2004). 

The African catfish Clarias gariepinus is a 

freshwater species of widespread occurrence in calm 

lakes, streams and marshes, both in shallow and deep 

water in Africa, as well as in the Middle East and 

Turkey (TEUGELS, 1982). In natural environments, 

the reproduction of C. gariepinus is associated with 

the rainy season (YALÇIN ET AL., 2001a), and 



                               

individuals can reach up to 1.5 m in total length 

(HERREL ET AL., 2005). 

The food spectrum of the species is broad in 

natural environments, being composed of arthropods, 

mollusks, fish, reptiles, amphibians and plants 

(BRUTON, 1979; YALÇIN ET AL.,  

2001b).Toleration of large environmental variation, 

e.g. of temperature and dissolved oxygen, leads 

to rapid acclimation to new environments. 

The wide prey spectrum, associated with its 

ability to adapt to different ecosystems, its fast growth 

and air breathing capability, partly explains the wide 

dispersal area of C. gariepinus. In Brazil, this fish has 

become established in several rivers and lakes in the 

Southern, Southeastern and Northeastern 

regions (VITULE ET AL., 2006; ROCHA, 2008). 

There are reports from the states of Bahia 

and Paraná that the capture of the African catfish is 

frequent and this has been associated with the 

consequent decline of certain native species (VITULE 

ET AL., 2006). 

In the state of Bahia, catches of the African 

catfish have been observed in the Itanhém River 

estuary, and the decline of snook (Centropomus 

undecimalis and C. parallelus) has also been reported. 

However, in the adjacent Caravelas River estuary, 

there have been no reports of catches of this non-

native species. 

This study was conducted, in the light of this 

information, to investigate the occurrence of African 

catfish in both estuaries, and to verify the possible 

occurrence of diet overlap between Clarias gariepinus 

and Centropomus species. 

  

MATERIAL AND METHODS 

 

Study Area and Sampling 

 

Fish were caught in the Caravelas (CAR) 

and Itanhém (ITA) River estuaries, located between 

latitudes 17°30’S and 18°S, and longitudes 39°10’W 

and 39°20’W (Fig. 1) in June/07, February/08, 

April/08, June/08, August/08, and March/09. 

According to PEREIRA ET AL. (2010), the 

Caravelas River estuary is well mixed, being mainly 

controlled by tidal currents. The hydrodynamic 

structure of the Itanhém River estuary is more 

variable. During spring tides there is vertical 

homogeneity and during neap tides a strong 

stratification (SCHETTINI ET AL., 2008). 

Fish were captured by purse seine, locally 

named “camboa” and gillnets, between midnight and 5 

a.m. Specimens were measured (total and standard 

length, mm) and weighed (total and eviscerated 

weight, g), and their digestive tracts removed and 

fixed in 10% buffered formalin. 

  

 

 
 

Fig. 1. Study area showing Caravelas and Itanhém estuaries. 
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Stomach Content Analysis 
 

Food items were identified to the lowest 

possible taxon, often to species level. The following 

identification keys were used: Teleostei 

(FIGUEIREDO; MENEZES, 1978, 1980; MENEZES; 

FIGUEIREDO, 1980, 1985; ESCHMEYER, 2009; 

CARPENTER, 2002), Decapoda (WILLIAMS, 1984; 

MELO, 1996), and Isopoda (SCHULTZ, 1969). 

The frequency of occurrence (O, percentage 

of stomachs containing a given prey), number (N, 

percentage of a given prey in relation to total number 

of prey items in the sample) and weight (W, 

percentage weight of a prey item in the total weight of 

all the prey in the sample) of each category of prey 

were calculated in accordance with Hyslop (1980). 

Then the index of relative importance (PINKAS ET 

AL., 1971) was calculated with the equation: IRI = 

100 . O (N + W) / ∑[O (N + W)]. 

The diet overlap between species was 

calculated with Schoener’s index (SCHOENER, 1968; 

LINTON ET AL., 1981; KREBS, 1999) following the 

formula: α = 1 - ½ (∑ |Pia - Pib|), where Pia and Pib are 

proportions for species a and b, respectively, for ith 

prey category. 

Schoener’s index values range from zero 

(completely different diets) to one (identical diets). α 

values over 0.6 can be considered to represent a high 

overlap diet (WALLACE Jr., 1981; WALLACE Jr.; 

RAMSEY, 1983). For overlap analysis, the calculation 

was undertaken using the IRI. 

The  graphical representation of 

AMUNDSEN ET AL. (1996), which aims to ascertain 

the importance of feeding strategies and prey in a 

predator's diet, was used. This method consists of 

plotting the frequency of occurrence data on abscissa 

and prey-specific abundance (Pi = 100. (∑Si / ∑St)) on 

ordinate, where Si is the bulk of (volume, weight or 

number) prey i and St is the number of stomachs in 

which prey i was registered. The number of prey items 

was used in this study. 

  

RESULTS 
 

A total of 123 specimens of C. parallelus 

and 68 of C. undecimalis were caught in Caravelas 

River (CAR); and 102 specimens of C. parallelus and 

78 Clarias gariepinus in Itanhém River (ITA). 

Stomach contents with identifiable items were used for 

this study, as shown in Table 1. 

  In CAR, a total of 27 prey categories were 

registered in stomachs of C. parallelus, the crab 

Aratus pisonii being the most important (62.3%). For 

C. undecimalis, among 25 items unidentified Teleostei 

was the most important (42.5%) (Table 2). 

In ITA, stomach contents of C. parallelus 

presented 18 items, the fish Anchoviella lepidentostole 

being the most important item (67.8%). Clarias 

gariepinus had 16 prey categories, showing 

predominance of the unidentified shrimp Caridea 

(67.6%) (Table 2). 

Table 2 gives a detailed list of food 

categories and Fig. 02, a pooled plot of the same. 

Teleostei presented the highest occurrence for C. 

parallelus (91.7%) and shrimp for Clarias gariepinus 

(68.2%), in ITA. Brachyura (84.5%) and Teleostei 

(69.2%) were the main categories of C. parallelus and 

C. undecimalis in CAR, respectively. 

Although Brachyura represented the most 

important prey item (IRI = 92.8%) for C. parallelus in 

CAR, it was less important (IRI = 19.6%) for C. 

undecimalis. In ITA, the most important item for C. 

gariepinus was shrimp (IRI = 55%), while for C. 

parallelus it was Teleostei (IRI = 98.1%) (Fig. 3). 

The graphical representation of Amundsen 

ET AL. (1996) for C. parallelus in CAR (Fig. 04A) 

showed a high frequency of occurrence and high prey-

specific abundance for Brachyura, indicating 

specialization in that category. There is an indication 

that almost all individuals feed on the dominant prey 

category. Small proportions of other categories were 

occasionally included in the diet of some specimens. A 

similar feeding strategy pattern was shown for that 

fish species in ITA (Fig. 4C), but the main prey was 

Teleostei. 

C. undecimalis from CAR did not show the 

same clear pattern as its congener species (Fig. 4A and 

4B), but there is a tendency to food specialization in 

Teleostei and Brachyura. Although Stomapoda has 

shown high prey-specific abundance, few predators 

are specialized in that prey category. 

 
Table 1. Number, size range and percentage of analyzed stomachs by species by location. 

 

Location Species N Size (mm) Stomachs (%) 

Minimum Maximum Empty Analyzed 

Caravelas River C. parallelus 123 200 515 31.7 68.3 

C. undecimalis 68 245 830 44.1 55.9 

Itanhém River C. parallelus 102 240 490 52.9 47.1 

Clarias gariepinus 78 310 780 43.6 56.4 
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Table 2. Frequency of occurrence (O%), number (N%) and weight (W%) and Index of Relative Importance (IRI%) of food items 
of Clarias gariepinus, Centropomus parallelus and C. undecimalis by location. 
 

Food items Caravelas River Itanhém River 

Centropomus parallelus 

(n=84) 

Centropomus undecimalis 

(n=38) 

Centropomus parallelus 

(n=48) 

Clarias gariepinus 

(n=44) 

O N W IRI O N W IRI O N W IRI O N W IRI 

Insecta un.     2.6 1.3  0.1 2.1 1.0  - 43.2 8.5 0.7 5.2 

Gastropoda             38.6 30.9 0.2 15.7 

Crustacea un.     2.6 1.3  0.1     4.5 0.4 0.5 0.1 

Stomatopoda     2.6 1.3 3.0 0.5         

Brachyura un. 6.0 1.3 1.1 0.2 7.7 4.0  1.3 2.1 1.0  - 2.3 0.2 0.1 - 

Eurytium 

limosum 

23.8 9.4 5.1 4.6 12.8 6.7 0.5 3.9         

Callinectes sp. 2.4 0.5 0.9 0.1 5.1 2.7 0.2 0.6 2.1 1.0 0.1      

C. danae 11.9 4.8 6.7 1.8 5.1 2.7 5.4 1.7 2.1 1.0 1.7 0.1     

C. larvatus 2.4 0.5 0.8 -             

Goniopsis 

cruentata 

35.7 12.6 42.6 26.4 5.1 2.7 5.1 1.7         

Aratus pisonii 71.4 50.5 14.6 62.3 15.4 9.3 18.4 17.9     9.1 0.8 0.9 0.2 

Uca rapax 4.8 1.3 1.1 0.2             

Uca sp. 1.2 0.3  -             

Caridea un. 2.4 0.5 0.1 - 7.7 4.0 0.7 1.5 8.3 5.1 0.8 0.8 65.9 53.1 25.6 67.6 

Alpheidae un. 1.2 0.3  - 10.3 5.3 0.3 2.4         

Alpheus 

armillatus 

6.0 1.6 0.3 0.1 5.1 2.7 0.2 0.6         

Macrobrachium 

acanthurus 

        6.3 3.1 7.0 1.0     

Peneidea un. 16.7 4.8 0.2 1.1 7.7 4.0 0.1 1.3 2.1 1.0  - 2.3 0.8 1.1 0.1 

Farfantepenaeus 

brasiliensis 

2.4 0.8 0.1 - 7.7 5.3 0.5 1.9         

Xiphopenaeus 

kroyeri 

1.2 0.3 0.4 - 2.6 1.3 0.1 0.2         

Isopoda un. 2.4 0.5  -         2.3 0.2  - 

Sphaeroma 

destructor 

3.6 0.8  -             

Polychaeta un. 1.2 0.5 0.1 -             

Teleostei un. 8.3 2.2 0.6 0.3 38.5 22.7 3.6 42.5 41.7 26.5 12.4 26.5 15.9 1.5 3.9 1.1 

Atherinidae     2.6 1.3 0.3 0.2         

Engraulidae     7.7 4.0 2.8 2.2 4.2 2.0 0.7 0.2     

Anchoviella 

lepidentostole 

8.3 4.0 18.0 2.5     41.7 44.9 54.7 67.8     

Siluriformes         2.1 2.0 0.4 0.1 4.5 0.4 0.1 - 

Clarias 

gariepinus 

        4.2 2.0 1.3 0.2 11.4 1.5 28.0 4.4 

Ariidae         2.1 1.0 2.8 0.1 4.5 1.0 3.2 0.3 

C. parallelus 1.2 0.3 - - 2.6 1.3 31.9 3.6         

Cichlidae         8.3 6.1 14.2 2.8 2.3 0.4 19.0 0.6 

Hoplias sp.         2.1 1.0 3.6 0.2 2.3 0.2 9.7 0.3 

Gerreidae     2.6 1.3 0.2 0.2         

Diapterus 

auratus 

    5.1 2.7 2.1 1.0         

Eucinostomus sp. 1.2 0.3 0.1 -             

Sciaenidae     2.6 1.3 2.2 0.4         

Stellifer rastrifer 1.2 0.3 4.5 0.1             

Gobiidae 2.4 0.8 0.3 - 10.3 5.3 5.4 4.6 2.1 1.0  -     

Bathygobius 

soporator 

2.4 0.5 2.2 0.1 10.3 5.3 17.0 9.6         

Sediment 1.2  0.1 -     2.1    6.8  0.3 - 

Vegetable O.M. 13.1  0.2 - 5.1  0.1 - 10.4  0.3 0.1 52.3  6.7 4.5 
 
Note: n: number of stomachs; un.: unidentified; “-” insignificant value (< 0.1). 

 

It was seen, in relation to the inter-specific 

analysis in ITA (Fig. 4C - C. parallelus and 4D - 

Clarias gariepinus), that the prey-specific abundance 

of shrimp is similar, indicating that in specimens of 

both species in which shrimp occur, the percentage is 

equivalent. However, the frequency of occurrence is 

higher for C. gariepinus, indicating that many 

predators are feeding on that category, and low for C. 

parallelus, demonstrating that few individuals of this 

species are preying on that item. Further, the 

distribution pattern is different, with the majority of 

prey items of C. gariepinus plotted below 50% prey-

specific abundance, indicating a generalized feeding 

strategy, while the opposite occurs with C. parallelus, 

indicating a specialized feeding strategy. 
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Fig. 2. Frequency of occurrence (O%) of grouped food items of Centropomus 

parallelus, Centropomus undecimalis, and Clarias gariepinus in: A) Caravelas River  and B) 

Itanhém River. 

 

 
 

Fig. 3. Index of Relative Importance (IRI%) of food items of Centropomus 

parallelus (CEPA), Centropomus undecimalis (CEUN), and Clarias gariepinus (CLGA) 
from Caravelas and Itanhém Rivers. 

 

 
 

Fig. 4. Food items plotted according to Amundsen, Gabler and Staldvik (1996) graphical representation for A) Centropomus 
parallelus, B) Centropomus undecimalis from Caravelas River, and C) Centropomus parallelus, and D) Clarias gariepinus 

from Itanhém River. Names in bold are the most important items in the diet of each species. 
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There was a low diet overlap between C. 

undecimalis and C. parallelus from CAR (α = 0.273). 

The diets of C. gariepinus and C. parallelus from ITA 

(α = 0.032) were different as well. And the diet 

overlap between C. parallelus from ITA and CAR (α 

= 0.031) was also low. 

  

 

DISCUSSION 

 

The trophic ecology of fish is an important 

source of knowledge to provide guidance for the 

sustainable use of aquatic ecosystems. Such studies 

can provide basic information for ecosystem models 

and for fishery evaluation (GASALLA; SOARES, 

2001). 

The present study was undertaken to 

investigate the possible impact of a high tropic-level 

non-native predator on the assumption that this 

species might impact the natural food web system by 

establishing a new partitioning of the available food. 

Many cases of the successful invasion and 

establishment of non-native species with the resulting 

ecological or economic damage of or threat to human 

health have been reported (CHORNESKY; 

RANDALL, 2003). A total of 115 species have 

been found in Brazilian aquatic ecosystems. These 

species include bacteria (2), phytoplankton (3), 

macroalgae (10), aquatic macrophytes (6), 

zooplankton (10), zoobenthos (43) and fish (41), 

including the subject of the present study, Clarias 

gariepinus (BRASIL, 2006). 

The non-native species C. gariepinus  was 

captured  only  in  the Itanhém  River  estuary,  where 

the fat snook (C. parallelus) is a native predator. 

Interestingly, it was not captured in the Caravelas 

River estuary, where the two snook species occur. 

In relation to the food habits of snook 

species, the diet composition of C. parallelus was 

similar to that of other Brazilian regions (fish and 

crustaceans), but a detailed analysis showed it was 

different as between the Itanhém River estuary, where 

this species feeds mainly on fish, and the Caravelas 

River, where the most important prey was crab. 

Studying juveniles of C. parallelus from a coastal 

lagoon in southern Bahia, TONINI ET AL. (2007) 

found fish, followed by crustaceans, as the most 

important prey categories. CONTENTE ET AL. 

(2009) identified shrimp as the main food resource of 

that species in an estuary in northern São Paul state. 

The presence of a large mangrove area around the 

Caravelas River estuary could explain the importance 

of crabs in the diet. No such extensive mangrove area 

is present around the Itanhém River estuary, thus 

explaining the lesser importance of crabs as food 

resources for fat snook. Prey availability could explain 

the spatial difference in diet composition. 

Some authors (ALIAUME ET AL., 1997; 

TEIXEIRA, 1997) have shown that juveniles of genus 

Centropomus are opportunists, using abundant prey at 

each site. Based on our results and on the literature it 

is clear that the diet composition of these snook 

species may be associated with the availability of 

different prey types in the environments. 

In the Caravelas River estuary, there was no 

overlap between the diets of the Centropomus species, 

due to the different proportions of available prey. Crab 

was the main prey for Centropomus parallelus, 

followed by fish, the opposite occurring for C. 

undecimalis. 

Studies of the food habits of Clarias 

gariepinus in natural ecosystems have shown a wide 

range of prey, including fish, crustaceans, insects, and 

even some organic vegetable matter 

(GROENEWALD, 1964; BRUTON, 1979; 

DÖRGELOH, 1994). Differently, YALÇIN ET AL. 

(2001b) found that the most abundant prey in 

stomachs of African catfish were Diptera larvae. And 

for SCHOONBEE (1969), zooplankton is a more 

important food than fish for C. gariepinus. BRUTON 

(1979) suggested that African catfish feed on any 

available prey, which is in line with the results of this 

study, which indicated shrimp, followed by fish, as the 

main prey. 

According to the results obtained thus far, 

it may be stated that there was no overlap between the 

diets of African catfish Clarias gariepinus and fat 

snook Centropomus parallelus from the Itanhém River 

estuary, apparently indicating that these two species 

are sharing available food resources. It may, 

therefore, be concluded that the food resources of 

African catfish and fat snook are not a relevant factor 

of impact in the Itanhém River estuary, in view of the 

different means of energy transfer used. Sala; 

BALLESTEROS (1997), studying the spatial and food 

partitioning of three species of fish in a rocky 

Mediterranean infralittoral ecosystem, concluded that 

these species do not compete for two resources 

concurrently; whenever there was an overlap of 

resources other resources were shared. SCHOENER 

(1974) and MACPHERSON (1981) have 

demonstrated that habitat partitioning is substantially 

more effective than different feeding habits in 

preventing overlapping. 

The results of this study are examples of 

spatial diet variability and food partitioning for fish 

species. Resource availability in estuaries and the 

coevolution of prey and predators in a variety of 

micro-habitats may explain this scenario. 

In conclusion, we affirm the impossibility of 

evaluating the evidence of the impact of African 

catfish in the Itanhém River estuary through the study 

of the diet composition. 
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