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Abstract 
 

Gut contents of the exotic characid fish Piaractus brachypomus (Cuvier, 1818) that escaped into the Vembanad-Kole 
Wetland, India, during the floods were examined for their gut food spectrum. The qualitative analysis of gut contents 
showed that the fish is an omnivore with detritus (27 %) as the most dominant food item followed by, plant matter (25 
%), crabs (16 %), molluscs (12 %), fish (11 %) and insects (7 %), respectively. DNA barcoding of the gut contents revealed 
taxa such as Puntius mahecola (Valenciennes, 1844) (Cyprinid fish), Bellamaya sp. (Mollusca, Gastropoda, Viviparidae), 
Spiralothelphusa sp. (Crustacea, Brachyura, Gecarcinucidae) and Ictinogomphus sp. (Insecta, Odonata, Gomphidae) 
among diet contents. Ontogenic diet shift was not recorded, and none of the fishes showed empty guts, indicating the 
higher feeding rate and abundance of food in the habitat. The most predominant food item of P. brachypomus in the 
Vembanad-Kol wetland system is crabs in terms of percentage occurrence, percentage number, percentage volume, 
index of preponderance, and index of relative importance. Piaractus brachypomus showed greater variations in diet 
spectrum from their frugivorous nature in the home range (Amazon basin) to a more generalist heterogeneous 
feeding nature in the introduced ecosystem. The study found that in a highly biodiverse ecosystem, the introduced 
alien fish may compete with native fish and feed on native organisms. The paper suggests a precautionary approach 
in flood plain aquaculture, especially with the increase in extreme climatic events and holistic studies on invasion 
biology to manage invasive species. 
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Introduction 
 
Species invasion is a global phenomenon exacerbated 
by human interventions (Ricciardi, 2007) and is 
pronounced in freshwater ecosystems (Flitcroft et al., 
2019). The invasion by alien species may lead to biotic 
homogenisation, extinction of endemic species (Olden 
et al., 2004; Clavero and Garcia-Berthou, 2005), food 
web disruption (Angeler et al., 2003; Simberloff et al., 
2013), economic loss (Pimentel et al., 2000), 
biodiversity loss (Wilcove et al., 1998), competition with 
native fish species (Meffe et al., 1983; Simon and 
Townsend, 2003), predation (Zaret and Paine, 1973; 
Meffe, 1985; Crowl and Boxrucker, 1990) and habitat 
alteration (Mitchell, 1986). Introduced species forms 5 
% and 27 % of cultivated fish globally (Gozlan, 2017), 
and many of the species have established in the wild, 
including in India (Sandilyan et al., 2018).  

 
Depletion of the local fishery due to species invasion 
has also been reported from many parts of India, 
including Kerala (Krishnakumar et al., 2011; Singh, 
2014; Sandilyan et al., 2018). The streams and rivers 
draining the southern region of the Western Ghats 
(WG) mountain ranges are globally recognised for their 
exceptional diversity of freshwater-dependent fauna 
(Kottelat and Whitten, 1996; Molur et al., 2011), with 
many species showing ‘point endemism’ (Dahanukar et 
al., 2011). The massive flood event in August 2018 in the 
state of Kerala, India, due to extreme climatic events, 
resulted in 498 human deaths, displacement of 
millions, altering the morphology and flow patterns of 
major rivers (Anonymous, 2019). The flood also 
resulted in the release of many exotic fish species 
kept in aquaculture farms and ornamental fish ponds 
along the river flood plains, including predators such 
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as arapaima, Arapaima gigas (Schinz, 1822) and 
alligator gar, Atractosteus spatula (Lacepède, 1803) 
into various water bodies of Kerala (Kumar et al., 2019).  
Pirapitinga or red-bellied pacu, Piaractus brachypomus 
(Cuvier, 1818), native to the Amazon River basin 
(Escobar et al., 2019), has been unofficially introduced 
into India for aquaculture and has been reported from 
various natural water bodies (Chatterjee and 
Mazumdar, 2009; Singh et al. 2010a; Singh and Lakra, 
2011; Roshni et al., 2014; Laxmappa, 2016; Dharan and 
Sherly, 2017; Singh, 2018). Piaractus brachypomus is a 
preferred fish for aquaculture since it can be 
cultivated in high density, readily shifting dietary 
habits (Singh, 2018) and superior meat quality 
(Fresneda et al., 2004; Ghosh and Datta, 2014). Food 
and feeding habits of fishes define the prey-predator 
relationship in an ecosystem and also affects the 
population dynamics and community structure in 
varied habitats and provides information about the 
food web, food resources and its competitors 
(Cardone et al., 2006; Hargrave et al., 2006; Vander et 
al., 2006).  Quantitative dietary analyses are important 
to assess the direct and indirect ecological impacts of 
non-native species because it helps in elucidating the 
functional ecology of the introduced species (Ricciardi 
et al., 2013). Liew et al. (2016) studied the native 
richness and species level trophic traits and concluded 
that alien fish generally feed lower down the food web. 
 
The diet content analysis of exotic fishes provides 
information on its food spectrum, niche overlap and 
facilitates developing strategies and management 
measures (Zanden et al., 2003). Piaractus 
brachypomus is reported to feed on fishes, eggs and 
fry and has diet plasticity (Correa et al., 2014). They are 
also found to exploit various floodplain resources, 
where they feed on fruits and seeds, which form the 
dominant items in juveniles and adults (Knab-Vispo et 
al., 2003; Lucas, 2008).   
 
The entry of large numbers of P. brachypomus into the 
natural water bodies during the flood leads to the 
hypothesis that the fish may exhibit diet plasticity due 
to the non-availability of their natural food. In order to 
prove this hypothesis, the specimens of P. 
brachypomus were collected from Vembanad Lake to 
study their gut content. 
 
Materials and Methods 
 
Sampling area 
 
Piaractus brachypomus were collected from various 
regions along Vembanad-Kole Wetland, Kerala 
(Latitude 9.26-10.6°N; Longitude 76.01-76.58°E), a 
Ramsar site and is the largest brackishwater system 
in southwest India, covering an area of 151250 ha 

(WISA, 2013) (Fig. 1). The wetland is drained by seven 
small rivers, Chalakkudy, Periyar, Muvattupuzha, 
Meenachil, Manimala, Pamba and Achankovil, 
originating from the Western Ghats. For this study, 
collections were made from Kumarakom (Lat. 

9.597645°N; Long. 76.42478°E), Thottapalli (Lat. 
9.323137°N; Long. 76.388657°E), Thannermukkam 
(Lat. 9.675054°N; Long. 76.397619°E), and 
Kolathumkadavu (Lat. 9.754658°N; Long. 
76.388267°E) during 2018–2019 period. 
 
The gut contents of 123 specimens of P. 
brachypomus, ranging in size from 16.0 cm to 30.0 cm, 
were examined for the study. Fishes were collected 
employing fishers cast net and gill net. Standard 
length (SL) and total length (TL) were measured for 0.1 
cm length with digital caliper (1112-150, Insize, Taiwan) 
and weighed to 0.01 g using analytical balance 
(AUW120D, Shimadzu, Japan). Fish were injected and 
preserved with 10 % buffered formalin. The gut 
contents of selected partially digested and unknown 
food items available were preserved in 100 % ethanol 
for DNA barcoding. At the lab, the fishes were 
dissected, the length and weight of the gut of each 
fish were recorded, and the gut contents were 
preserved in 5 % formalin and later examined under 
stereo microscope (EZ4, Leica, Germany) and 
compound microscope (BX43, Olympus, Japan). 
 
 

Fig. 1. Map of Vembanad-Kole Wetland, southwest coast of 
India, showing sampling locations of Piaractus brachypomus 
to study its gut contents. 
 
Methods for gut content analysis 
 
Points method 
 
In this method, based on the fullness of the stomach, 
the points were provided based on eye estimation 
following Kow (1950) and Windel and Bowen (1974). The 
sum of the points obtained for each food item was 
then converted to a percentage to show the 
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percentage composition of the food items in the 
stomach of fish. 
 
Frequency of occurrence method 
 
Each stomach was analysed to identify the presence 
of food items. Each food item was identified and 
sorted, and the number of stomachs with each food 
item was recorded and expressed as a percentage of 
all stomachs containing food (Hyslop, 1980):                                               
 
Frequency of occurrence %Oi = Ni ÷ N × 100  
 
where Ni is the number of stomachs containing  
specific food item and N is the number of stomachs 
examined. 
 
Index of relative importance (IRI) 
 
The percentage of frequency of occurrence of each 
food item (%O) is multiplied by the sum of the 
percentage by volume (%V) and percentage by 
number (%N) to assess the relationship of the various 
food items in the stomach (Pinkas et al., 1971):  
 
IRI = %Oi(Ni+ Vi)  
 
where Ni, Vi and Oi represents the percentage of 
number, volume and frequency of occurrence of the 
prey “i”, respectively. 
 
Relative gut length (RGL) 
 
The relative gut length was determined using the 
method described by Al-Hussaini (1949): 
 
RGL = GL/TL  
 
where, GL is the gut length and TL is the total length.

Gastro-somatic index (GaSI) 
 
It is the percentage of gut weight to the total body 
weight of the fish (Khan et al., 1998):        
                                                      
GaSI = Weight of gut ÷ Weight of fish × 100 g 
 
DNA barcoding 
 
A total of four unknown food samples collected from 
twenty-five fish were used for molecular studies; they 
were preserved in ethanol and sequenced to confirm 
the species identity of food organisms. DNA 
extraction was done using Qiagen’s DNeasy Tissue kit 
(USA), and CO1 gene was amplified using the Universal 
Invertebrate Primer set LCO1490 (5’-
GTCAACAAATCATAAAGATATTGG-3’) and HC02198 (5’-
TAAACTTCAGGGTGACCAAAAATCA-3’) (Folmer et al., 
1994). PCR amplification was done following the 
standard procedures, and Sanger sequencing was 
done at Rajiv Gandhi Centre for Biotechnology (RGCB), 
Trivandrum, India and the sequences were visualised 
in Bioedit (Hall, 1999). DNA sequences obtained from 
the gut contents were blasted to find closely allied 
sequences from the NCBI, thus identifying the 
species to the closest taxa (https://blast.ncbi 
.nlm.nih.gov/Blast.cgi). 
 
Results 
 
Qualitative analyses of food contents of P. 
brachypomus showed that it is an omnivore, feeding 
on phytoplankton, aquatic plants, fish, brachyuran 
crabs, insects, molluscs, detritus and miscellaneous 
items, which includes sand, mud and microplastics 
(Fig. 2).  
 
Four unknown food samples obtained from the gut of 
various P. brachypomus were subjected to DNA 
 
 

 
 

 
Fig. 2. Selected food contents isolated from the gut of Piaractus brachypomus, A. Crabs; B. Insects; C. Molluscs; D. Fish; E. 
Plant remains; F. Detritus; G. Phytoplankton. 
 
 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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barcoding, revealed taxa such as Puntius mahecola 
(Valenciennes, 1844) (Cyprinid fish), Bellamaya sp. 
(Mollusca, Gastropoda, Viviparidae), Spiralothelphusa 
sp. (Crustacea, Brachyura, Gecarcinucidae) and 
Ictinogomphus sp. (Insecta, Odonata, Gomphidae) 
(Table 1). 
 
The percentage composition of the diet of P. 
brachypomus revealed the major dominant items as 
detritus (27 %) and plant matter (25 %); the other 
items include crabs (16%), followed by molluscs (12 %), 
fish (11 %) and insects (7 %) (Fig. 3). Miscellaneous 
items constituted 2 % of the gut contents, 
represented by plastic fibres, fragments, mud and 
sand particles. The study indicates the broad food 
spectrum of P. brachypomus, with more than half of 
the contents represented by detritus and plant 
matter.

The fish were categorised into three different size 
ranges (16.0–20.0, 21.0–25.0 and 26.0–30.0 cm) based 
on their length. In all the length groups, detritus and 
plant matter constitute the major percentage of food 
items (Fig. 4). The smaller length groups (young fish) 
preferred molluscs and insects, while medium and 
higher length groups fed on crabs, molluscs and 
fishes compared to the other animal matter. This 
indicates no ontogenic diet shifts in P. brachypomus, 
and the fish consumes whatever food is available.  
 
The relative gut length of P. brachypomus in smaller 
(15.0–20.0 cm), medium (21.0–25 cm)   and largest (26–
30 cm) length groups are 17.1 cm, 24.9 cm and 31.04 
cm, respectively, revealing a gradual increase in 
various size groups. 
 
The frequency of occurrence of food items in the gut 
 
 

Table 1. Percentage similarity of nucleotide sequences in unknown samples from the gut of Piaractus brachypomus with 
sequences from NCBI. 
 

Group       Organism                                   
Percentage similarity  from NCBI sequences  
(In brackets)     

Crabs Spiralothelphusa sp.  
96.77 % similarity with Spiralothelphusa 
fernandoi Ng, 1994 (GQ289667.1) 

Insecta 
Order: Odonata, Family: Gomphidae –  
Ictinogomphus sp.  

93.06 %  similarity with Ictinogomphus sp. 
(MF358742.1)  

Fish 
Unidentified fish body parts 
Puntius mahecola (Valenciennes, 1844)    

99.80 % similarity with Puntius mahecola 
(Valenciennes, 1844) (MT835272.1) 

Mollusca 
Gastropods –  
Bellamaya sp.  

95.35 % similarity with Bellamya dissimilis 
(Mueller, 1774) (KU179510.1) 

 
 

 
 
 
 
 
 
 
Fig. 3. Percentage composition of the diet of  
Piaractus brachypomus 
 

 
 

 
 
 
 
 
 
 
 
 
 
Fig. 4. Size-based (in cm) food 
preferences of Piaractus 
brachypomus indicating no 
particular ontogenic diet shifts. 
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of P. brachypomus shows a distinct predominance of 
detritus and plant matter with 27 % and 24 %, very 
closely followed by crabs (21 %) and molluscs (12 %) 
over other animal matter in the food spectrum (Fig. 5). 
Insects formed 7 %, fish 6 % and miscellaneous items 
including sand, mud, plastic fibres, fragments and 
films constituted 3 %. 
 
 

 
Fig. 5. Frequency of occurrence of food items in the gut 
contents of Piaractus brachypomus denoting detritus and 
plant remains as the major component. 
 
 
The feeding intensity of P. brachypomus revealed that 
33.3 % of the fishes had gorged stomach, 22.91 % with 
good, 17.7 % with poor and 15.62 % with full stomachs. 
None of the fish showed empty guts, indicating the 
higher feeding rate and abundance of food in the 
habitat. The feeding intensity recorded for P. 
brachypomus of different size groups recorded 
maximum intensity for the larger size group and 
minimum for the smallest size group, and a large 
number of poor stomachs was also noticed in the 
larger size group fishes with least in the smaller size 
group (Fig. 6). The gastro somatic index (GaSI) of P. 
brachypomus shows a slight decrease in value with an 
increase in the size of the fish (Fig. 7).

The most predominant food item of P. brachypomus in 
Vembanad-Kole wetland is crabs in terms of 
percentage occurrence (% O), percentage number (% 
N), percentage volume (% V), index of preponderance 
(IP), and index of relative importance (IRI) (Table 2). 
 
Discussion 
 
The pirapatinga P. brachypomus is considered a ‘flood 
plain specialist’ and a fast-growing frugivorous fish 
with a strong preference for plant food (Anderson et 
al. 2009). The analysis of the food spectrum of P. 
brachypomus from Vembanad Lake by quantitative, 
qualitative and DNA based approaches revealed a 
broad food spectrum, indicating it as a 
generalist/opportunistic feeder, consuming a variety 
of food from the ecosystem, with a strong preference 
towards detritus and plant matter. Percentage 
composition of the gut contents of the fish showed 
detritus and plant remains in almost equal quantities, 
followed by crabs (Spiralothelphusa sp.), molluscs 
(Bellamya sp.), fish (Puntius mahecola (Valenciennes, 
1844)) and insects. However, in terms of frequency of 
occurrence, the most common item in the food was 
plant matter, including phytoplankton and detritus, 
closely followed by crabs and molluscs. Index of 
relative importance (IRI) revealed the crab 
Spiralothelphusa sp. as the most abundant food item 
followed by molluscs, insects and fish remains. The 
genus Piaractus has the ability to crush hard shells of 
seeds in their natural habitats, with their strong 
dentition and jaws (Correa et al., 2014) with cusped 
teeth resembling human molars. The present study 
reported several molluscs and crabs in the gut 
contents of this exotic fish, and their natural adaption 
to feed on hard-shelled food items may prove 
advantageous in feeding on molluscs and crustaceans 
in the introduced ecosystem.  
 
Being an omnivore, P. brachypomus shows several 
predatory impacts on the native species of fishes 
upon which they feed. Similar cases of impacts of 
 
 

 
 

Fig. 6.  Feeding intensity of Piaractus brachypomus 
represented by the condition of the stomach in different 
size (15-30 cm) groups. 
 
 

Fig. 7. Gastro somatic index (GaSI) of Piaractus brachypomus 
for different size (in cm) groups. 
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Table 2. Percentage occurrence (%O), percentage number (%N), percentage volume (%V), and index of relative importance (IRI) 
of various food items in the diet of Piaractus brachypomus. 
 

Food items %O %N %V 
IRI (Pinkas et al., 1971 
method) 

Crabs   45   45.94   40.35  1861.69 

Molluscs   36.37   27.02   23.35  1006.0 

Fishes    12.10   16.21   21.1  217.2 

Insects   6.05   0.65  15.13  19.06 

 
 
invasive flathead catfish Pylodictus olivaris 
(Rafinesque, 1818) on native species from Chesapeake 
Bay tributaries were reported by Schmitt et al. (2017). 
Correa et al. (2014) gave an explanation for the 
presence of fish remains as carrion behaviour of the 
fish. But the present study recorded tissues and body 
parts of several fishes in the gut, indicating that they 
may also feed on fishes, besides other animal food 
items available in the wetlands, including molluscs, 
crabs and insects, which is pointed towards the high 
diet plasticity of the exotic fish in the introduced 
ecosystem.  
 
Size-based food preference of P. brachypomus did not 
show much variation except for the item of fish 
consumed in less quantity by the small-sized group; 
hence no ontogenic diet shifts were observed.  
 
Accordingly, the gut length among different size 
groups showed a proportional rise with an increase in 
the length of the fish. The feeding intensity of the fish 
for the collection period showed no empty guts, 
denoting the abundance of food resources in the 
Vembanad wetland system. The gut content of the 
analysis of P. brachypomus from the Amazon waters 
using the stable isotope method showed that they did 
not change their diet between the floods (Santos, 
2009). In contrast, Dabrowski and Portella (2005) 
stated that the fish exhibited plasticity in feeding 
habit. Piaractus brachypomus from Vembanad-Kole 
wetland seems to feed on plant matter, crabs, 
molluscs, insects, detritus, and miscellaneous items 
in the present study. The gut contents of juvenile P. 
brachypomus from Sepik River, Papua New Guinea, 
constitute plant matter and fish remains (Correa et 
al., 2014). The present study also recorded several 
very small stem and leaf parts of plants and medium-
sized fishes among the diet contents, though 
juveniles were not collected. According to Goulding 
(1980) and Knab-Vispo et al. (2003), native populations 
of P. brachypomus feed very little on aquatic plants. 
Feeding patterns of P. brachypomus and Colossoma 
macropomum (Cuvier, 1816) which are considered as 
frugivorous habits was studied for three years in the 
Peruvian Amazon and could not find any evidence for 
selective feeding, and the fishes consumed only 35% 
of the fruits and seeds available at the site (Anderson 
et al., 2009). The studies by Gehrke et al. (2011) 
claimed that P. brachypomus consuming plant matter 

might have led to the decline of native floodplain fish 
populations, as a reduction in aquatic plants may, in 
turn, affect the habitat of aquatic invertebrates which 
form the native food for the native floodplain fishes. 
The adults and juveniles of P. brachypomus prefer 
terrestrial plants as food because of their adaptability 
to live in varied environmental conditions (Knab-Vispo 
et al., 2003; Lucas, 2008). The juvenile and sub-adults 
of P. brachypomus from the Sepik- Ramu River Basin, 
Papua New Guinea showed dietary shifts to a more 
generalised diet when compared to individuals in the 
native population (Correa et al., 2014) as they could 
not identify any fruits or seeds from the river. Dietary 
shifts due to changes in food availability were also 
noticed for the fish by de Mérona et al. (2001) in 
Tucuruí Reservoir. The present study did not record 
any fruits or seeds from the gut contents of P. 
brachypomus from the Vembanad-Kole wetland 
system, as the brackishwater ecosystem are 
ecologically different from the natural ranges 
(floodplains of rivers).  
 
The studies on food and feeding habits of invasive 
species such as Cyprinus carpio Linnaeus, 1758 (Singh 
et al. (2010b) and Oreochromis niloticus (Linnaeus, 
1758) (Alam et al., 2015) established in the river Ganga 
of India have shown that both the fishes are 
omnivorous. Though there are no reports on the 
invasive nature of P. brachypomus in the water bodies 
of India, the broader food spectrum of the species, 
including Arthropoda, Mollusca and Pisces, is a matter 
of concern and therefore demands a greater 
precautionary approach in their aquaculture, which 
takes into account management measures to prevent 
their entry into natural water bodies.  
 
In general, the observation in this study is in 
corroboration with the findings of Correa et al. (2014), 
which established “an inherently plastic diet that can 
be adjusted when displaced to a novel geographic 
area”. The hypothesis in the present study is also 
proved correct, as P. brachypomus introduced into the 
Vembanad-Kole wetland shows greater variations in 
diet spectrum from their frugivorous nature in the 
home range to a more generalist heterogeneous 
feeding nature in the introduced ecosystem. Thus, it 
can be concluded that the exotic P. brachypomus 
make use of locally available resources like food and 
extreme plasticity with regard to food choices. The 
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Vembanad Lake is the largest brackishwater system 
on the southwest coast of India and with its highly 
diverse and commercially valuable resources like 
fishes, shrimps, crabs and clams, support commercial 
fishery and livelihood of hundreds of fishers (CICFRI, 
2001; Krishnakumar and Rajan, 2012). The introduced 
P. brachypomus may compete with indigenous fauna 
for food and feed upon the species in the wetland. 
This also demands a more precautionary approach in 
aquaculture operations in the flood plains of rivers 
and management interventions that might prevent 
the escape of cultivated fish into natural water bodies 
(Kumar et al., 2019).. 
 
Conclusion 
 
This study on the gut contents of alien Piaractus 
brachypomus from Vembanad-Kole wetland of south-
west India shows that the fish is omnivorous, with 
detritus (27 %), plant matter (25 %), crabs (16 %), 
molluscs (12 %), fish (11 %) and insects (7 %) forming 
the major food elements. The presence of molluscs 
and crabs in the gut contents and their natural 
adaption to feed on hard-shelled food items coupled 
with broader food spectrum including fish and insects 
may prove disadvantageous to indigenous 
biodiversity. This study unequivocally proved the 
plasticity in the feeding behaviour of exotic red-
bellied pacu P. brachypomus. While the fish in their 
natural range are frugivorous and prefer food, 
including leaves, fruits and seeds, in the introduced 
ecosystem, they become heterogeneous in their food 
habits, feeding on whatever comes in their way as 
food material. This may pose threats to indigenous 
biodiversity and reduce food availability for the 
indigenous fauna available in the ecosystem. 
Extensive study is needed on the environmental 
impact of P. brachypomus in various natural aquatic 
ecosystems by a holistic approach based on invasion 
ecology under different climatic and water quality 
scenarios. 
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