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Abstract

The composition of the diet of two species of characids (Knodus heteresthes and Moenkhausia lepidura) was evaluated
in the Teles Pires and Juruena Rivers, sampled in September and October 2016. We analyzed 226 stomachs of
K. heteresthes and 425 of M. lepidura. The analysis of the stomach contents was based on volumetric and frequency
of occurrence methods, applying the food importance index. For the similarity of the diets between the species we
calculated the niche overlap with Pianka’s index. Both species in the Juruena River have a dietary preference for
arthropods (IAi > 0.95). In the Teles Pires River the diet is concentrated in three sources for both species: arthropods
(IAi1 > 0.52), vegetables (IAi1 > 0.33) and fish (IAi > 0.12). The diet was dissimilar when compared to environments
(ANOSIM, R > 0.57, p < 0.001) with high trophic niche overlap (o > 0.97), regardless of the sampled environment.
In the Teles Pires River, both species were classified as omnivorous with an insectivorous tendency and in the Juruena
River the insectivorous behaviour occurs.

Keywords: diet, trophic niche, insectivory.

Aspecto alimentar de Knodus heteresthes (Eigenmann, 1908) e Moenkhausia
lepidura (Kner, 1858) (Characiformes, Characidae) nos rios Teles Pires e
Juruena, sul da Amazonia

Resumo

Foram avaliadas a composic¢ao da dieta de duas espécies de Characideos (Knodus heteresthes ¢ Moenkhausia lepidura)
nos rios Teles Pires ¢ Juruena, amostrados em setembro e outubro de 2016. Analisamos 226 estdmagos de K. heteresthes
e 425 de M. lepidura, sendo utilizados os métodos volumétrico e frequéncia de ocorréncia, aplicando-se o indice
de importancia alimentar. Para a similaridade das dietas entre as espécies calculamos a sobreposi¢ao de nicho com
indice de Pianka. Ambas as espécies no rio Juruena t€m preferéncia alimentar por artropodes (IAi > 0,95), no rio
Teles Pires a dieta concentra-se em trés fontes para ambas espécies: artropodes (IAi > 0,52), vegetais (IAi > 0,33) e
peixes (IAi > 0,12). A dieta ¢ dissimilar quando comparados os ambientes (ANOSIM, R > 0,57; p <0,001), com alta
sobreposig¢ao de nicho tréfico (a > 0,97), independente do ambiente amostrado. No rio Teles Pires, ambas as espécies
foram classificadas como onivoras com tendéncia insetivora e no rio Juruena ocorre o comportamento insetivoro.

Palavras-chave: dieta, nicho tréfico, insetivoria.

1. Introduction

Neotropical freshwater fish represent one-eighth of all
vertebrate biodiversity and approximately one-fourth of that
of the globe fish species (Vari and Malabarba, 1998), and
among them, the Family Characidae (Characiformes) is the
most diverse freshwater fish, with among 1600 described
species (Lévéque et al., 2008), distributed along the South,
Central and North America and Africa. Many species of
Characidae, such as Knodus moenkhausii (Ceneviva-Bastos
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and Casatti, 2007), Bryconamericus microcephalus
(Rezende and Mazzoni, 2003), Astyanax aff. bimaculatus
and A. parahybae (Lopes et al., 2016) are generalists and/or
opportunists in obtaining food resources.

Due to the huge diversity of species, morphological
similarities and feeding habit, coexistence between some
species of Characidae is still poorly understood in aquatic
environments (Mol, 1995), while the segregation seems to
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play a significant role in modeling population dynamics
(Ross, 1986). Although, Pianka (1974) points that two
species can coexist only if they differ in at least one niche
(trophic, spatial or temporal). Specziar and Erds (2014)
suggest that the trophic segregation in aquatic environments
can be more significant than habitat sharing or seasonality
in the process of coexistence. In this perspective, studies
focused on fish dietary can provide significant informations
about community structure and habitat structure that can
be useful in conservation programs (Barletta et al., 2010).

The generalist feeding habit can be reported as an
strategy of coexistence (Pianka, 1974; Mazzoni et al.,
2012). In Amazon region two species of Characidae,
Knodus heteresthes (Eigenmann, 1908) and Moenkhausia
lepidura (Kner, 1858), both generalist species, coexist
along the streams (Costa et al., 2011; Casatti et al., 2013;
Soares et al., 2014; Costa and Rocha, 2017), sharing the
same resources. Thus, the objective of this study was to
report the diet composition of two spatial coexisting species
of Characidae, K. heteresthes (Eigenmann, 1908) and
M. lepidura (Kner, 1858) in the Teles Pires and Juruena
Rivers in order to determine changes in composition of
the diet between the two great Amazonian rivers, as so,
food preference, breadth and overlap of trophic niche
between rivers.

2. Material and Methods
2.1. Study area

The Juruena and Teles Pires Rivers are important
tributaries of the Tapajoés basin and are located in the
southern portion of the Brazilian Amazon (see Figure 1).
They have a humid continental equatorial climate with a dry

season (ICMBio, 2011) and a rainfall index of 2,500 mm
(Molinier et al., 1996; ICMBio, 2011).

We collected samples in September and October 2016,
respectively, in Teles Pires and Juruena. The Teles Pires
River is approximately 1,370 km long and runs through
important municipalities of Mato Grosso with agricultural
and industrial activities involving soybean, corn, extraction
of wood and gold, and livestock (Mato Grosso, 2004).
The area is bordered by riparian forests of rural properties,
and the presence of ranches on the islands is constant.

The Juruena River is about 1,080 km long, with a
remarkable characteristic of several meanders along the
course and a notorious complex of islands. The occupational
use of the soil is marked by large areas dedicated to cattle
raising, grain and sugarcane production and the timber
industry (ICMBio, 2011). The collection area is bordered
by riparian forest, with the presence of numerous islands
with ciliary forest. At some points of the river, the same
parallel has at least four islands.

2.2. Sampling system

Six sampling points were determined in each river,
permeating the banks of the main riverbed and the banks
ofislands, with a maximum depth of 1.5 m. The fish were
collected by active method of fishing, with the aid of a
3 mm nylon mesh, assembled in a rectangular metal frame
with dimensions of 100 X 200 cm (picar¢). The individuals
collected were stored on ice in order to preserve the
biological material. We recorded the biometrics (total length
and standard length) of each specimen; the stomachs were
removed and placed in 2 mL microtubes in 70% ethanol
for preservation. The collections were carried out under
SISBio license 24215.
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Figure 1. Juruena and Teles Pires Rivers, north of the state of Mato Grosso - Brazil, southern portion of the Amazon.
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Stomach contents were analyzed using a stereoscopic
magnifying glass. The volume of the food items was
obtained by means of a millimeter Petri dish (Hellawell
and Abel, 1971). Food items were identified with the aid
of identification guides (McCafferty, 1981; Roldan, 1988;
Mugnai et al., 2010; Hamada et al., 2014).

2.3. Data analysis

For food analysis, the volumetric (Vi%) and relative
occurrence frequency (Fi%) methods (Hynes, 1950; Hyslop,
1980) and the Food Importance Index (IA1) (Kawakami and
Vazzoler, 1980) were used, where [Ai=Fi * Vi) / Xni Fi * Vi),
where 1 = food item, F = food item occurrence frequency
(%) and V = food item volume%. The niche breadth was
calculated using the Levins index (Hurlbert, 1978), where
B =[(XjP2ij) -1 - 1] (n - 1) -1 where B = measurement
of the niche breadth (0 to 1), Pij = proportion of the food
item “j” in the diet of the “i” species, n = total food items.
Values < 0.4 are considered low (Novakowski et al., 2008).
For the analysis of trophic niche overlap, we used the
symmetric Pianka index (Pianka, 1973), with the model
=2 (Pij * Pik) / V(ZPij? * Pik?) where o = niche overlap
(0to 1), Pij and Pik = proportion of item ‘i’ used by species
‘7> and ‘k’. The breadth and niche overlap analyzes were
performed in software R, version 3.3.1.

Non-metric multidimensional scale analysis (NMDS)
based on general [Ai per point of collection was
performed to ordinate the fish diet between the two rivers.
The fishes were also grouped, arbitrary, in six size classes
(A 2.5-2.9 cm; B 3-3.4 cm; C 3.5-3.9 cm; D 4-4.4 cm;
E 4.5-4.9; F 5-5.4 cm). The dissimilarity matrix used in
the ordering was constructed using the Bray-Curtis index.
At the same time, the similarity analysis (ANOSIM) was
carried out to verify the similarity significance between
the sampled areas, using as a matrix the IAi of size classes
and the [Ai per collection point and specie, performed with
the software Past ver. 2.17c.

Data of the IAi by all size classes and by point of
collection were analyzed through. Principal Component
Analysis (PCA) in order to evaluate a possible influence of
food items in the composition of diet. For the composition of
the analysis, we grouped the food items into six categories:
invertebrates composed of insect, arachnida, zooplankton
and nematode; fragment of arthropods; Ephemeroptera;
Hymenoptera; fish; and plants. The indeterminate items
and sand were not used in the analysis. PCA was performed
with the Past ver. 2.17c.

3. Results

In total, 651 stomachs were analysed. Of these, 226 were
of K. heteresthes and 425 of M. lepidura. One hundred
individuals of K. heteresthes were collected in the Juruena
River and 126 in the Teles Pires River, and for M. lepidura
177 were collected in the Juruena River and 248 in the
Teles Pires River.

For M. lepidura of the Teles Pires River, 20 food
items were registered and for K. heteresthes, 23. For the
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Juruena River, 23 food items were found for K. heteresthes
and 19 for M. lepidura. The total invertebrates found in
the stomachs of M. lepidura and K. heteresthes from
Teles Pires River represented IAi = 0.54 and 0.52, and
for the Juruena River [Ai = 0.95 and 0.99, respectively.
The items of plant origin (plant fragment, seed, fruit and
seaweed) in the Teles Pires River are the second most
representative category, with IAi>0.33 for both species
in Teles Pires River, followed by items of animal origin
(as show in Table 1). For the Juruena River, the items
of plant origin presented IAi <0.05 (as show in Table 1)
for both species.

When we added the relative volume of the food
item (Vi%) Hymenoptera and insect fragments, they
represented, respectively, Vi% = 90.53 and 77.69 of the
diets of K. heteresthes and M. lepidura in the Juruena
River, while in the Teles Pires River the values were
Vi% = 32. For the Teles Pires River, the items of plant
origin represented sums of Vi% = 41.51 and 37.17, and
items derived from fish had values of Vi% = 16.24 and
17.58 for K. heteresthes and M. lepidura, respectively
(as show in Table 1).

The niche breadth was not higher than 0.217 in Teles
Pires River and 0.097 in the Juruena River. The largest
niche breadth in Teles Pires fish was associated with
generalist behaviour and the omnivorous diet, including
food items from different taxonomic categories such as
arthropods, plants and fish. The lower breadth in the Juruena
fish was associated with the insectivorous diet, with high
consumption of insect fragments and Hymenoptera for
both species, and consumption of several invertebrate
taxonomic categories considered rare.

The niche overlap in both rivers was high, o = 0.985
in the Teles Pires River and o =0.971 in the Juruena River
(see Figure 2), indicating a possible sharing or competition
of food resources at these sites.

The ordering produced by means of the NMDS showed
evidence of the composition of the distinct food items in
the rivers sampled, for both the size analysis of the TAi
(Stress = 0.090) (see Figure 3A) and the collection point
(Stress =0.099), considering the two species in the analysis
(see Figure 3B). The dissimilar diet in both environments,
considering the two species in the analysis, was also
indicated by ANOSIM (R=0.81, p<0.001) for size class
and ANOSIM (R =0.57, p <0.001) for collection points.

PCA of food items by size class revealed two major
components (PC1 and PC2), which accounted for 97.21% of
dietary variation (Figure 4A). The PC1 explained 73.41%,
strongly influenced by Hymenoptera, insect fragments and
items of plant origin. For PCA of the items per collection
point, the components (PC1 = 53.57; PC2 = 32.45) were
also influenced mainly by Hymenoptera, insect fragments
and items of plant origin (see Figure 4B). In both PCAs, the
greater presence of insect fragments and vegetal origin in
the composition of the fish diet in the Teles Pires River is
evident, and for the fish of the Juruena River, Hymenoptera
and insect fragments were more prevalent.
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Table 1. Food items consumed by K. hetetresthes and M. lepidura in the Teles Pires and Juruena Rivers.

M. lepidura K. heteresthes
Food itens Teles Pires Juruena Teles Pires Juruena
Fi% Vi% 1IAi Fi% Vi% IAi Fi% Vi% IAi Fi% Vi% IAi
Insecta
Insect Fragment 94.76 30.79 0.49 92.65 39.84 049 89.68 2937 046 4293 4239 045
Blattodea 121 013 * 056 0.14 * - - - 056 0.00 *
Coleoptera 564 044 * 18.64 097 000 238 002 * 791 1.16 0.00
Diptera 3670 2.69 0.01 17.51 033 0.00 3730 146 0.01 2090 349 001
Ephemeroptera 23.80 6.14 0.02 1921 224 000 3492 7.81 0.04 847 287 0.00
Hemiptera 403 028 * 395 1.06 000 396 010 * 056 037 *
Hymenoptera 2420 144 000 88.13 3785 044 952 239 0.00 4293 48.15 051
Lepidoptera - - - 056 002 * 079 0.02 * - - -
Odonata - - - .13 013 * - - - - - -
Orthoptera 201 014 * .13 0.02 * - - - - - -
Plecoptera - - - - - - 079 013 * - - -
Thysanopera - - - 395 022 % 1.58 000 * 056  * *
Trichoptera 202 007 * 565 0.06 * 079 0.00 * - - -
Arachnida
Hydracarina - - - - - - 1.58 000 * 1.13  0.00 *
Araneae 282 020 * 508 020 * 158 007 * 056 0.02 *
Zooplancton
Copepoda 040 0.04 * 056 0.00 * 158 000 * 056 037 *
Défnia - - - - - - 079 0.00 * - - -
Microcrustacean  7.26  0.03  * 056 0.00 * - - - - - -
Nematode 202 000 * - - - 11.90 0.06 * 6.78 0.04 *
Fish
Fish fragment ~ 41.53 1492 0.10 9.60 184 0.00 4523 1556 0.12 1.13 0.05 *
Scale 40.72 265 0.02 2147 057 000 1825 068 000 226 0.06 *
Plant
Plant fragment 6090 14.81 0.15 26.55 1.83 0.00 57.14 1085 0.10 339 041 *
Seed 46.77 2235 017 2542 1220 0.04 4444 3024 023 282 044 *
Fruit - - - 056 0.00 * 158 010 * - - -
Algae 3145 001 * 1073 000 * 5793 031 0.00 169 000 *
Sand 4798 058 000 19.77 033 000 4365 057 000 1356 0.11 *
Indet. 483 223 0.00 1.69 0.07 * 079 020 * 0.56 0.00 *
Total 481.05 100 1 375.14 100 1 46825 100 1 15932 100 1

4. Discussion

The species K. heteresthes and M. lepidura had
preference for high-protein food items, such as arthropods.
This diet has been registered for several species of small
fish, and in several studies these characids were classified
as having an omnivorous diet with insectivorous tendency
(Novakowski et al., 2008; Tofoli et al., 2010; Nogueira
and Costa, 2014).

K. heteresthes is described as omnivorous in Amazonian
environments (Nogueira and Costa, 2014) and the
omnivore/insectivorous habit is described for other species
of the genus, such as K. deuterodonoides and Knodus sp.
on the Orinoco River in Venezuela (Ortaz et al., 2011).
Moenkhausia lepidura is described as omnivorous with
a high tendency towards invertivore (Sanchez et al.,
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2003). Other species of the genus Moenkhausia, such as
M. dichroura in reservoirs, have an omnivorous eating
habit with an insectivorous tendency (Silva and Hahn,
2009). In the Pantanal, M. sanctaefilomenae is described
as omnivorous with a herbivorous tendency (Santos et al.,
2009). The omnivorous food habit was evidenced in our
study for both species in the Teles Pires River, differing
from the Juruena River, which was highly insectivorous.
According to Schneider et al. (2011), the composition of
the fish diet is variable, influenced by food availability and
environmental characteristics. The latter, when analyzed
by Ceneviva-Bastos and Casatti (2007) in streams of
the Upper Parana River, showed that the diet of Knodus
moenkhausii in an environment of riparian forest differs
from environments absent such forests, presenting high
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Figure 2. Niche breadth and overlapping of K. heterethes and M. lepidura in the Juruena and Teles Pires Rivers.
KHJU = K. heteresthes of the Juruena River; MLJU = M. lepidura of the Juruena River; KHTP = K. heteresthes of the Teles
Pires River; MLTP = M. lepidura of the Teles Pires River.
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indexes of food items of allochthonous origin, such as
invertebrates.

The Hymenoptera item of allochthonous origin in
the Juruena River, with high values of Fi%, Vi% and IAi,
evidences the importance of maintaining the riparian forest
preserved in the area, as well as the presence of protected
areas close to the site, because, according to Lopes et al.
(2016), environments with such conditions are essential
for entry of food of allochthonous origin. This item was
also expressive for M. dichroura and M. sanctaefilomenae
in sympatric in the Alto Paraguay River basin, being in
high abundance and availability because of the fall of the
forest canopy from rain and wind (Tofoli et al., 2010).
This predominance involves factors such as habitat
diversity, marginal vegetation integrity and intensity
and type of anthropic action applied to the environment
(Ceneviva-Bastos and Casatti, 2007). In our study, we can
associate these factors with the presence of several islands
with well-preserved riparian vegetation in the Juruena
River. Therefore, according to Schneider et al. (2011), the
presence of marginal forests can contribute to the absence
of seasonal variations in diets, as they act as barriers to
contain environmental change and supply of resources.

The presence of recorded plant items for K. heteresthes
and M. lepidura on the Teles Pires River is commonly
observed for omnivorous Characiformes in other
environments (Santos et al., 2009; Schneider et al., 2011;
Costa and Rocha, 2017). These items seem to be a good
nutritional alternative, because despite the low protein
source, according to Fiori et al. (2016) these physiological
adaptations allow the maximum attainment of energy from
the food source. Alternatively, according to Bowen et al.
(1995), the reduction of the energy rate can be compensated
by the increase in consumption of these items. In this sense,
we suggest that compensation can be attained through
consumption of other foods of autochthonous origin, like
fish, as found in our study: we found fragments of fish and
scales with Fi% > 40% and Vi% > 16% and 1Ai = 0,12.
Scale of intake may be related to agnostic encounters
(Vilella et al., 2002; Shibatta, 2006), or, alternatively, as
an alternative source of calcium (Yasuaki et al., 1989).

The trophic niche breadth values were considered
low (B < 0.4) for both rivers sampled. When comparing
the values of niche breadth, although low, the fish of the
Teles Pires River presented twice the niche breadth when
compared to the Juruena River. These results may be due
to the greater diversification of food items consumed in the
Teles Pires River. Our results converge to the values found
for the omnivorous M. dichroura (Novakowski et al., 2008;
Tofoli etal., 2010), Astyanax aff. bimaculatus and Astyanax
parahybae (Lopes et al., 2016); the same occurs with the
insectivorous Bryconamericus exodon (Novakowski et al.,
2008). These low values are due to the generalist behavior
evidenced, with high heterogeneity in the consumption
of the items, especially for the several invertebrate taxa
consumed with low frequency of occurrence. In addition,
according to Abelha et al. (2001), in general, tropical fish
behave like generalists.
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The diet of both species in our study differs when
compared to the two rivers sampled, but when compared
in the same river, the species presented high trophic
niche overlap. The item insect fragment, along with the
identified insects, contributes strongly to the overlap found
in our study. Feeding on insect exoskeleton fragments is
an advantageous alternative, as exoskeletons are easily
captured and maintain the nutritional value of whole insects
with high protein value (Melo et al., 2004).

The values of the trophic niche overlap index 0.=0.9717
(Juruena) and 0.9855 (Teles Pires) suggest that the food
items partition is higher in both rivers. There was great
availability of invertebrates in the Juruena River, with a
tendency toward arthropod consumption specialization
in the sampled period. In contrast, in the Teles Pires
River, the higher contribution of items from three origins
(arthropod, items of vegetal and animal origin such as fish)
results in a low partition of food resources, which would
cause interspecific competition. Factors such as period and
foraging strategy (Casatti, 2002), trophic niche breadth,
availability of resources and combination of microhabitats
may allow the coexistence of species with high trophic
niche overlap (Lopes et al., 2016).

5. Conclusion

K. heteresthes and M. lepidura present an omnivorous
diet with insectivorous tendency in the Teles Pires River
and insectivorous tendency in the Juruena River in the
sampled period, evidencing the strong influence of habitat
integrity and food availability on diet composition, as well
as trophic plasticity. The high trophic niche overlap and low
trophic niche breadth values allow us to infer that species
coexistence in both environments can be minimized by food
availability and by generalist behaviour in obtaining food.
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