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Abstract: Aim: This study aimed to evaluate influence of hydrological variation,
ontogeny and interspecific variation in the feeding activity and diet composition for
P nattereri and S. marginatus in floodplain of Negro River, South Pantanal. Methods: The
samples were taken with the use of gillnets and cast nets of different sizes, from
October/2005 to August/2008. Results: We sampled 748 specimens, 442 of P nattereri
and 306 of 8. marginatus. We identified 31 items in the dry and 14 in the flood season for
P nattereri, and 29 items in the dry and eight in the flood season for S. marginatus. For
both species, fish was the predominant food item in both seasons. The PERMANOVA
results showed that the diet varied significantly between the two species (p<0.001), during
ontogenetic development (p<0.001) and seasonally (p=0.024). The ancova results suggests
that the intensity of food intake was higher in the dry season (p<0.001) for both species.
The niche breadth varied only between studied species with S. marginatus presenting
higher niche breadth than 2 nattereri. Conclusion: Piranhas feed more during dry season,
probably because in this period food is more varied and abundant, due to the concentration
of fish in the main river channel. There were ontogenetic changes in the diet, with no
feeding overlap between the two species, probably because of differences in preference
for some items and differences in feeding behavior displayed during hunting attacks.

Keywords: Serrasalminae, diet, feeding overlap, trophic ontogeny, Nhecolandia.

Resumo: Objetivos: Este trabalho tem como objetivo avaliar a influéncia da
variagdo hidroldgica, da ontogenia e da variagao interespecifica na atividade alimentar
e composicio da dieta de P nattereri e S. marginatus na planicie de inundagao do Rio
Negro, Pantanal Sul. Métodos: As amostragens foram realizadas com o uso de redes de
espera e tarrafas com diversas malhagens no perfodo de outubro/2005 e agosto/2008.
Resultados: Foram coletados um total de 748 individuos, 442 de P nattereri e 306
individuos de S. marginatus. Identificamos 31 itens alimentares no perfodo da seca e 14
na cheia para P nattereri e 29 itens alimentares no periodo da seca e oito na cheia para
S. marginatus. Para ambas as espécies, peixes foi o item predominante em ambas as estagdes.
Os resultados da PERMANOVA mostraram que a dieta variou significativamente entre as
espécies (p<0,001), durante o desenvolvimento ontogenético (p<0,001) e sazonalmente
(p=0,024). Os resultados da ANCOVA sugerem que a intensidade da tomada de alimento
foi maior na estagio seca (p<0,001), para ambas as espécies. A amplitude de nicho
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variou entre as espécies estudadas, S. marginatus apresentou uma amplitude de nicho
maior do que P nattereri. Conclusao: As piranhas se alimentam mais durante a seca,
provavelmente porque neste perfodo o alimento é mais variado e abundante, devido a
concentra¢do de peixes no canal principal do rio. Houve mudancas ontogenéticas na dieta,
sem sobreposi¢do alimentar entre as duas espécies, devido, provavelmente, as diferencas
nas preferéncias e no comportamento de caca durante os ataques.

Palavra-chave: Serrasalminae, dieta, sobreposicao alimentar, variagio ontogenética,

Nhecolandia.

1. Introduction

Studies on the feeding of fishes provide
important information for a better understanding
of the relationships between components of the
ichthyofauna and other organisms of the aquatic
community, and are an efficient approach to
understand community structures (Polis and
Winemiller, 1996). Knowledge of food sources used
by fish may provide insight into the habitat, food
availability in the environment and some aspects of
behavior, while information about the intensity of
food intake may be useful to complement studies
of competitive interactions or resource partitioning
among species (Schoener, 1974; Hahn etal., 1997).
Understanding the trophic ecology of fish can help
to elucidate ecological interactions such as inter- and
intraspecific competition (Corréa and Silva, 2010).

Although many fish species are specialists to
a greater or lesser extent, their diet at a particular
time will depend on the availability of typical or
atypical items and on the presence of potential
competitors (Moyle and Cech, 1988). Analysis
of the diet of fish species in different seasons and
during their ontogenetic development may improve
understanding of the dietary breadth of species
(Gerking, 1994) and how each species functions
ecologically.

Pygocentrus nattereri Kner, 1858 and Serrasalmus
marginatus Valenciennes, 1837 are piranhas, are
widely distributed in rivers of the Pantanal, and are
the most abundant predators in the Negro River
(unpublished data). Both species are of medium
size, with a high, strongly compressed body. They
have a single row of teeth in each jaw and a serrated
keel formed by spines on the belly (Britski et al.,
2007). Piranhas are predators that feed chiefly on
pieces of fins, scales and other body parts of their
prey (Agostinho and Marques, 2001; Pompeu and
Godinho, 2003; Costa et al., 2005).

The flood pattern is the main ecological
phenomenon of the Pantanal, and the flooded area
and water residence time determine the habitat and
food availability for the fish, thus directly affecting
their abundance (Catella and Petrere Junior, 1996).

During the high flood season in the rivers, the
aquatic habitats become connected, allowing the
fish to disperse in search of more favorable habitats.
As shown by some studies (Poff and Allan, 1995;
Ibarra etal., 2003), this dispersal affects the feeding
dynamics of the community. The manner in which
cach species faces these changes is related to its
feeding habit and feeding behavior. However, there
is a lack of information on how piranhas in the
Pantanal respond to the flood dynamics.

Itis well known that P nattereriand S. marginatus
are species with similar, carnivorous/piscivorous
feeding habits (Resende, 2000). The two species
share the same habitat and are phylogenetically
related (Hubert et al., 2007). Then this study aimed
to evaluate influence of hydrological variation
(dry vs flood period), ontogeny (size classes) and
interspecific variation in the food intake and diet
composition for 2 nattereri and S. marginatus in

floodplain of Negro River, South Pantanal.
2. Material and Methods

2.1. Study area and fish sampling

The Negro River is a typical floodplain river
located in the central Pantanal. It is about 530 km
long, from its headwaters in the Maracaju and Negra
hills to its confluence with the Paraguay River (Mato
Grosso do Sul, 2005). Its course forms the southern
boundary of the region called Nhecolandia,
Pantanal, which contains many and varied lakes and
ponds in its floodplain. In the stretch where the fish
were studied, the river is about 100 m wide and has
its flood peak between February and April, when it
reaches a depth of approximately 3.8 m.

The samples were taken bimonthly during three
years, from October 2005 through August 2008,
in a stretch of about 10 km in the main channel of
the Negro River upstream and downstream from
the Rio Negro Farm (19° 35’ 20.04” S and 56°
11’ 4.19” W). The farm belongs to Conservation
International, and was established as a Private
Natural Heritage Reserve (Figure 1).
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Figure 1. Location of the study area in the middle stretch of the Negro River, Nhecolandia region, Pantanal, Brazil.

The fish were captured by using a series of seven
gillnets (10x1.5 m with mesh sizes between adjacent
knots: 1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0) and 8 cast
nets (height 1.5 to 3 m, diameter 3 to 6 m, and mesh
sizes between adjacent knots: 1.5, 2.0, 2.5, 3.0, 4.0,
5.0, 6.0, 8.0), for four days in each sampling event.
This range of net sizes was used in order to sample
different sizes of fish.

In the field, the sampled fishes were identified
according to Britski et al. (2007). Of each fish were
measured the standard length (SL) and stomach
weight (SW) using a precision balance (0,01g).
The stomachs were packaged in plastic bags, labeled
and fixed in 10% formalin to posterior analysis in
laboratory. The stomachs were analyzed with the aid
of a stereomicroscope and the volume of each food
item found in the stomach contents was measured
by the water displacement in a graduated test tube.

2.2. Data analysis

2.2.1.Diet composition

For seasonal analysis the months of fish sampling
along the whole period were grouped into dry and
flood periods, using data of river level variation
during the sampling period. Then October,

December and February were considered flood
period and April, June and August were considered
dry period. The standard length varied between
12.5-28.5 cm for S.marginatus and 10.0-32.0 cm
for Pnattereri. For ontogenetic variation analysis,
the values for standard length were divided into
classes of 3 cm.

To test the influence of interspecific,
ontogenetic and hydrological period the items
were grouped in six categories (Table 1) we used
a Permutational Multivariate Analysis of Variance
(PERMANOVA), according the function adonis in
vegan package, R platform (R Development Core
Team, 2013). This procedure evaluates the mean
distance among objects/groups, evaluating if the
distances among analyzed individuals between the
two piranha species, periods and size classes are
greater than would occur by chance. Significant
differences were considered as P <= 0.05, after
999 permutations.

The niche breadth was estimated using the levin’s
measure for each fish analyzed. We used a function
niche.width in spaa package (R Development Core
Team, 2013). The variation of niche breadth among
studied species, hydrological period and size classes
were quantified using a factorial analysis of variance.
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Table 1. Categories and food items recorded in the diets of Pygocentrus nattereri and Serrasalmus marginatus.

Categories Food items
Plants Plant fragments such as leaves, roots, sticks and seeds
Insects Orders Coleoptera, Hymenoptera, Hemiptera and remains of unidentified insects
Scales Fragments and whole scales of fish
Fishes Orders Characiformes, Siluriformes, Gymnotiformes, Synbranchiformes and remains of fish in advanced

stage of digestion such as muscles, spine and vertebrae
Fins Remnants of fins
Mammals  Bats, fur of capybara and fur of unidentified mammals

2.2.2.Feeding activity

The influence of seasonal variation on the
intensity of food intake was evaluated by Analysis
of Covariance of the stomach weight (response
variable) as a function of the month when the
sample was taken (explanatory variable). The total
weight was used as a co-variable. The data for
total weight and stomach weight were previously
converted in log, .

3. Results

In total, we captured 748 individuals, including
442 of Pygocentrus nattereri (weight: 49.0-1,200 g
and length: 10.0-32.0 cm) and 306 individuals of
Serrasalmus marginatus (weight: 38.0-852.0 g and
length: 12.5-28.5 ¢cm). One hundred twenty-eight
stomachs (28.9%) with contents were recorded for
P nattereri (69 stomachs in the flood period and
59 stomachs in the dry), and 98 stomachs (32.0%)
with contents for S. marginatus (29 stomachs in the
flood period and 69 in dry period).

Twenty-nine food items were recorded in the
dry season, and eight in the flood for S. marginatus
and for P nattereri, 31 items were recorded in the
dry season, and 14 in the flood.

Forboth species, in both periods, the predominant
category that showed higher volumetric frequency
was fish. For P nattereri, plants was the second most
ingested category in both seasons. For S. marginatus,
fins was the second most ingested category in the
flood season, and in the dry, plants was the second
one (Figure 2).

Fish of different orders comprised the main food
category for both species. The predominant order
was Characiformes, followed by Siluriformes in the
flood and dry seasons for both species. Serrasalmus
marginatus fed predominantly on individuals
belonging to Curimatidae, which represented
10.87% and 20.26% of the diet in the dry and flood
seasons, respectively. For P nattereri, curimatids
(Psectrogaster acantogaster) comprised 5.78% and
6.67% in the dry and flood seasons, respectively
(Table 2).
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Figure 2. Volumetric frequency of food items in
Pygocentrus nattereri and Serrasalmus marginatus, in the
flood and dry seasons, in the Negro River, Nhecolandia
region, Pantanal, from October 2005 through August
2008.

The volumetric frequency of food categories
exploited by different size classes of P nattereri
showed that fish was the most abundant item in
all size classes. Plants were an item that occurred
in all size classes for P nattereri. Insects were more
frequent in the 12 cm size class for P nattereri and
decreased in the subsequent classes. In spite of scale
decreasing from 12 cm size class, two stomachs were
full of scale in the 30 cm size class, resulting in an
increasing in this class. Fins occurred from 15 to
27 cm size classes, being more frequent in 21 cm
size class. Mammals occurred in 15 and 27 cm size
classes (Figure 3).

For S. marginatus there was not any individual
in 12 cm size class and fish were also the most
frequent item in all size classes. Plants occurred in
three size classes. Insects occurred from 18 to 24 cm
size classes and fins from 15 to 27 cm size classes.
Scales, more frequent in 15 cm size class, exhibited
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Table 2. Details of the main fish orders identified to species level, according to the volumetric frequency of food
items in Serrasalmus marginatus and Pygocentrus nattereri in the dry and flood seasons, caught in the Negro River,
Nhecolandia region, Pantanal, from October 2005 through August 2008.

S. marginatus P. nattereri
Food Item Dry (%) Flood (%) Dry (%) Flood (%)

Characiformes (Total) 36.59 37.92 43.04 33.58
Ascestrorhynchus pantaneiro - - - 2.08
Astyanax asuncionencies 4.26 - 2.14 -
Ctenobrycon alleni - - - 0.91
Gymnocorymbus ternetzi - 0.26 - -
Moenkhausia dichroura - - 1.03 -
Piabucus melanostoma 3.41 - - -
Serrasalminae - - 0.04 0.03
Serrasalmus maculatus - - - 6.51
Serrasalmus marginatus 3.20 - - -
Triportheus spp. 2.56 - - 0.78
Triportheus pantanensis - - - 2.60
Curimatidae 10.87 20.26 0.30 -
Curimatella dorsalis - - - 2.34
Potamorhina squamoralevis 0.64 0.26 0.04 6.51
Psectrogaster curviventris - - 5.78 2.08
Remains 11.64 17.14 33.70 9.72
Siluriformes (Total) 14.20 4.42 24.24 21.65
Callichthyidae 1.32 4.42 - 0.91
Callichthys callichthys 1.28 - - -
Doradidae 4.26 - - 6.67
Loricariidae 0.17 - 2.57 0.21
Hypoptopoma inexspectatum 3.84 - - -
Hypostomus spp. 1.28 - - 2.60
Pimelodidade 1.1 - - 2.29
Remains 0.94 - 21.67 8.96
Gymnotiformes (Total) 3.67 - - -
Eigenmannia trilineata 1.1 - - -
Remains 2.56 - - -
Synbranchiformes (Total) - - - 2.08
Synbranchus marmoratus - - - 2.08

a decreasing along ontogenetic development
(Figure 3).

Considering the feeding niche breadth we
observed that their values changed significantly only
between species (F=11.59; p<0.001/Figure 4), then,
we did not detect ontogenetic (F=0.10; p=0.747)
or seasonal variation (F=1.29; p=0.257) and any
factors interaction. Then S. marginatus have a niche
breadth larger than P nattereri (Figure 4).

Considering the PERMANOVA results, the
main determinant of diet composition is the
interspecific variation (F=6.97; p<0.001), followed
by fish size (F=4.81; p<0.001) and seasonal
variation (F=2.67; p=0.024). Then each species

and size classes use a different food items in each
hydrological period.

Using the analysis of covariance, we found a
significant variation (p = 0.001) in the adjusted
mean weight of stomachs during the entire
sampling period, indicating a seasonal variation in
the intensity of feeding activity. This activity was
significantly more intense in the dry season for both
P nattereri (p = 0.042) and S. marginatus (p = 0.021)
(Table 3 and Figure 5).

4. Discussion

Studies in different Brazilian rivers have reported
that many piranha species exploit a wide variety
of food items, including arthropods, fish, other
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Figure 3. Volumetric Frequency of food items by classes of total length of Pygocentrus nattereri and Serrasalmus
marginatus caught in the Negro River, Nhecol4ndia region, Pantanal, from October 2005 through August 2008.

vertebrates, scales and plant remains (Machado-
Allison and Garcia, 1986; Goulding et al., 1988;
Sazima and Machado, 1990; Costa et al., 2005),
although fish is the most preferred (Piorski et al.,
2005; Trindade and Jucd-Chagas, 2008). Our results
are in agreement with this statement, as we recorded
a great variety of food items, and fish was the most

predominant. Both piranha species studied here can
be considered piscivorous predators, based on the
predominance of whole fish or fish parts in their
diets during the entire sampling period.

In spite of being piscivorous predators, plants
were also registered in a great volumetric frequency of
stomachs, as well as in studies of Nico and Taphorn
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(1988); Oliveira et al. (2004); Costa et al. (2005);
Trindade and Jucd-Chagas (2008). Some authors
reported that the intake of higher aquatic plants by
piranhas is related to accidental intake during the
predatory act (Machado-Allison and Garcia, 1986;
Costa et al., 2005; Piorski et al., 2005; Behr and
Signor, 2008). Similarly, Carvalho et al. (2007) in
Pantanal wetland, attested that the predatory tactic
employed by P nattereri and S. maculatus, which
consists of taking small bites of fish or other items
on the water surface among aquatic macrophytes,
may result in a high frequency of plant matter in
the stomachs. It is possible that piranhas in the
Negro river ingested plant accidentally as suggested
by Carvalho et al. (2007), since in this region there
is a great accumulation of macrophytes along the
river and in the plain that contains many and varied
lakes and ponds.

On the other hand, we may not discard the
possibility of plants being actively taken during
foraging, as related by Sazima and Machado (1990)

on underwater behavior observation on piranhas in

1.5
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S. marginatus P. nattereri

Figure 4. Values of niche breadth (meanzstandard error)
for Pygocentrus nattereri and Serrasalmus marginatus
caught in the Negro River, Nhecolandia region, Pantanal,
from October 2005 through August 2008.
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western Pantanal, since we were not able to apply
observation methodology in this region. Another
factor that needs to be considered is the inefficiency
of carnivorous fish in digesting cellulose, which
may result in the plant matter remaining longer in
the stomach (Hildebrand, 1995), thus increasing
the measurement of “relative importance” and
frequently found as content in stomachs in all size
classes of both piranhas.

The ingestion of fragments or whole individuals
of insect, was also described by Sazima and Machado
(1990); Resende et al. (1996); Behr and Signor
(2008); Agostinho et al. (2003). They attest that
the insects intake and other invertebrates in the
diet of carnivorous fish is associated to the place and
the time of the year and because of that, piranha
species, as many of the tropical and subtropical
fish species, may be considered polyphagous, ie,
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Figure 5. Analysis of covariance utilizing the total weight
of stomachs as covariable for individuals of Pygocentrus
nattereri and Serrasalmus marginatus caught in the Negro
River, Nhecolandia region, Pantanal, from October 2005
through August 2008. Bars indicate standard error.

Table 3. Result of the Analysis of Covariance for the stomach weight for S. marginatus and P nattereri in the Negro
River Floodplain, Nhecolndia region, Pantanal from 2005 to 2008.

ANCOVA N r2 Mean F P

S. marginatus 93 0.470

Period 2.941 5.508 0.021*
Total Weight 40.470 75.796 0.001*
Residual 0.534

P. nattereri 119 0.427

Period 1.523 4.210 0.042*
Total Weight 28.677 79.251 0.001*
Residual 0.362

*level of significance 0=0.05; N = sample size; 1 = coefficient of determination.
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they feed on diverse and available food, as insects,
microcrustaceans and shrimps.

The behavior of feeding on parts of fish,
such as muscles, scales or fins it is common for
piranhas (Almeida et al., 1998). This kind of
partial predation may be profitable for these fish
predators (Winemiller, 1989; Almeida et al., 1998),
because this strategy of not killing the preys may
guarantee a fast and renewable source of food and
fairly stable for piranhas (Northcote et al., 1987;
Winemiller and Kelso-Winemiller, 1993; Nico and
Morales, 1994).

The number of diet items was higher in P
nattereri when compared with S. marginatus. The
larger number of individuals with stomach contents
of P nattereri (128 stomachs) may have contributed
for this result in comparison with S. marginarus (98
stomachs), also as observed by Piorski et al. (2005)
studying P nattereri and Serrasalmus aff. brandsii.

Both species took in a greater diversity of
food items in the dry than in the flood season.
Nevertheless, we believe that this variety of items,
integrated with higher stomach weight in dry
season, might be related to the resource availability
in the environment, as well as to a greater or
lesser accessibility of particular items for the
consumer. This is in agreement with the reports by
Yamamoto et al. (2004) and Almeida et al. (1997)
that the environmental seasonality controlled by
the variation in water level may alter the richness
and the abundance of resources in the environment,
influencing the food intake and dietary composition
of predator fish.

The PERMANOVA results indicated a
significant difference in diet composition along
ontogenesis, a seasonal variation for both species
and no feeding overlap between both species. About
these outcomes some points may be discussed.
Although fish were predominant in the diet of
all size classes of P nattereri, specimens of smaller
sizes fed mainly on fish, scale and insects, while
specimens of greater sizes fed mainly on fish and
plants. The diet of S. marginatus was based mainly
on fish in all size classes. Scales and fins, more
representative in the diet of smaller specimens,
decreased in the greater size classes, demonstrating
that this species becomes almost exclusively
piscivorous in the last size class. Thus, for both
species, despite the main feeding items (fishes) were
maintained along ontogeny, the general diet change
along ontogenesis was clear, as related to other
piranha species (Pompeu, 1999; Agostinho et al.,
2003; Casatti et al., 2003; Oliveira et al., 2004;
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Piorsky et al., 2005). Nico and Taphorn (1988) at
reporting that, piranhas are mutilators of fins and
scales in smaller sizes and become predominantly
piscivorous in greater sizes and this variation can be
explained by morphological constraints, differences
on habitat distribution along a size classes and
energy demand.

A flexible diet is a remarkable feature of
tropical fluvial ichthyofauna, the great majority
of fish may change from a source to another as
soon as the relative abundance of an item changes,
motivated by spatio-temporal environmental
changes (Abelha et al., 2001). Food availability in
tropical environments, and mainly in floodplain
rivers, varies widely between the dry and flood
seasons. During the flood, the rising river level
increases the abundance of food derived from the
more different sources, providing better conditions
for the fish to feed abundantly. In the dry season, the
decrease in the water level leads to a scarcity of food
(Resende etal., 1996). For carnivorous/piscivorous
fishes this pattern may be inverted: during the flood
stage, fodder fish species disperse over the floodplain
in search of different food sources and shelter, which
decreases their accessibility to predators. During the
dry season, prey concentrate in the restricted water
bodies and become more available to potential
predators, thus increasing not only the diversity, but
the abundance of these items. This is corroborated
by the analysis of covariance, where stomachs were
significantly heavier during the dry season for both
piranha species, indicating that the feeding activity
was more intense in dry season.

Among the predated species that could be
identified in the stomach contents of the piranhas,
members of Curimatidae were the most frequent.
It cannot be determined if there is a preference for
prey of this family, although their high abundance
may make them relatively easy to catch. During
the sampling of these two piranha species, other
species of fish were also collected, showing that
the curimatids Cyphocharax gilli, Potamorhina
squamoralevis and Psectrogaster curviventris were
among the five most abundant species in the region.

In spite of some shared items in the diet
composition of the two piranha species, it was
not found a niche overlap, suggesting that, in this
sampled floodplain, occurs a resource partitioning
between them. The main differences in diet
composition between studied species are related to
higher importance of fins and scales for S. marginatus
when compared to P nattereri, then, this important
difference of food intake reduces the niche overlap
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and allows the coexistence of species, resulting in
resource partitioning (Schoener, 1974). In this way,
the sympatry of these species is possible as a response
of diet differentiation. According to Brito (2007)
and Brazil-Sousa et al. (2009) this differentiation
can be explained by differential resource availability
as consequence of spatial segregation.

Despite of P nattereri presenting a higher
number of prey types in diet composition, S.
marginatus presented a higher niche breadth,
then, besides of the difference in prey richness be
smaller (31 and 29 prey types, respectively) the
homogeneity in prey intake by S. marginatus may
explain this difference in niche breadth estimation.
The absence of significant variation in niche breadth
along size classes and seasonal variations for studied
species suggests that environmental variations alter
the diet composition however did not interfere in
trophic plasticity.

Despite others authors suggests that 2 nattereri
feeds more opportunistically on a wide variety of
items (Sazima and Machado, 1990; Carvalho et al.,
2007), our results showed that S. marginatus
presented larger niche breadth, contradicting
the hypothesis about its more specialized diet
(Carvalho et al., 2007). The behavior of deploying
the ambush strategy among the vegetation, in order
to feed on pieces and scales of fish (Sazima and
Machado, 1990) supports our results at showing
scales and fins as secondary and important items
in the diet of S. marginatus, on the other hand,
insects were more common in the diet of 2 nattereri.
Thus, the distinctive ecological requirements of
both piranha species and some preference on the
secondary available items in the environment may
contribute to preventing feeding overlap. Beyond
that, our data suggest that differences in prey
richness can be influenced by a number of stomachs
with food, once the higher homogeneity in prey use
lead a higher niche breadth in S. marginatus.

In view of these findings, we believe that in the
floodplain of the Negro River, the wide variability
of food items and the feeding flexibility of both
species, chiefly with respect to the seasonality
caused by the flood pulse, allied to different feeding
behaviors during their ontogenetic development,
may be fundamental in preventing feeding overlap
of these two species.
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