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Abstract: Aim: We described the diet of the generalist stream fish Knodus chapadae and we tested
if the environmental conditions are associated with population’s diet and individual specialization.
Methods: We analyzed the stomach contents of 287 individuals from 29 streams from the Brazilian
savanna (Cerrado). Results: The instream physical habitat structure, physiochemical conditions, and
adjacent land use explained partially the variation in the diet of populations, but not the variation
in the individual specialization. Thus, the diet changes observed at populational level were driven
by changes in the average composition of the diet of individuals that, in turn, remained generalists
along the environmental gradient. Conclusions: Our results show that the trophic opportunism
described for small characids was also observed in K. chapadae, whose diet shifts according to changes
in environmental conditions. Furthermore, the opportunism expressed at the individual level can
explain the trophic plasticity observed on the studied species.
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Resumo: Objetivo: Descrevemos a dieta do peixe de riacho generalista, Knodus chapadae, ¢
testamos se as condi¢des ambientais explicam a dieta das populagdes e a especializagio individual.
Métodos: Para isso, analisamos o contetido estomacal de 287 individuos de 29 riachos da savana
brasileira (Cerrado). Resultados: As varidveis da estrutura interna do hdbitat, condigoes fisico-quimicas
e 0 uso do solo explicaram parcialmente a variacio na dieta das populagoes, mas nio explicaram a
variagdo na especializagio individual. Entdo, as mudangas na dieta observadas no nivel populacional
foram decorrentes da mudanga na composicio média da dieta dos individuos que, por sua vez,
permaneceram generalistas ao longo do gradiente ambiental. Conclusées: Nossos resultados mostram
que o oportunismo tréfico descrito para pequenos caracideos foi encontrado também em K. chapadae,
cuja dieta muda de acordo com as caracteristicas ambientais. Além disso, o oportunismo expresso em
nivel individual pode explicar a plasticidade tréfica que é observada na espécie estudada.

Palavras-chave: Characidae; dieta; variagio intraespecifica; especializagio individual; nicho tréfico.
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1. Introduction

Trophic variation in fish assemblages along
environmental gradients is driven by species’
turnover with different trophic specialization
(Gongalves et al., 2018) and by changes in the
diet of species that persist along the gradient
(Ferreira et al., 2012). This latter process involves
generalist species that exhibit phenotypic plasticity
to deal with distinct environmental conditions
and differences in resource availability (Bojsen,
2005). These generalist species may change their
diet (i.e., intraspecific variability) by exploring food
items that become highly available (Ferreira et al.,
2012). Most studies describing changes in species’
diet assume that individuals’ niche is not variable
and identical to the population niche, using diet
average data as a descriptor of trophic niche from
averaging individual diet data among all individuals
of each population (e.g. Gongalves et al., 2018).
However, generalist populations may be formed by
specialist individuals and high niche segregation, or
by generalist individuals with high niche overlap
(Aradjo et al., 2011; Costa-Pereira et al., 2017;
Liang et al., 2020; Xia et al., 2020). Therefore,
assessing individual variability in diet can contribute
to reveal intrapopulation mechanisms that explain
species’ niche patterns (Roughgarden, 1972;
Bolnick et al., 2011).

Growing evidence from the literature indicates
that individuals’ niches tend to be narrower than
the population niche (i.e., individual specialization)
(Aragjo et al., 2011). Several factors can influence
the degree of individual specialization, such
as phenotypic differences, effects of inter and
intraspecific competition, and environmental
context (Svanbick & Bolnick, 2007; Aragjo et al.,
2011; Cunha et al., 2018). In a context of intense
intraspecific competition, for example, due to
low food supply or high competitor’s abundance,
individuals may escape of conspecific competitors
by shifting their niche, resulting in greater
individual specialization (Svanbick & Persson,
2004). An opposite pattern may emerge when
competition is relaxed (e.g. increasing resource
supply) and individuals may share the most
beneficial food resources, resulting in higher niche
overlapping among them (Svanbick & Bolnick,
2005; Aratjo et al., 2011). Some studies have
also explored how individual specialization can
vary across environmental gradients in response
to resource availability fluctuations (7.¢., ecological
opportunity), consequence of the habitat changes
(Quevedo et al., 2009; Darimont et al., 2009;
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Murray & Wolf, 2013). For example, environmental
heterogeneity may increase niche segregation
among individuals by offering a greater diversity of
resources (Darimont et al., 2009). In this scenario,
individual specialization would be higher and could
favor the most efficient use of available resources
and conditions by individuals.

Streams draining agroecosystems exhibit
a broad range of environmental conditions,
depending on the level of anthropogenic changes
in their catchment (Leal et al., 2016). More
conserved streams tend to receive frequent input
of food resources from riparian vegetation, such
as allochthonous invertebrates and vegetal matter
(fruits, seeds, and flowers) (Chan et al., 2008).
Furthermore, wood debris and other structures
from the riparian vegetation also contribute to
establishment of algae and macroinvertebrates and
detritus accumulation (Angermeier & Karr, 1984;
Flores et al., 2011; Ceneviva-Bastos et al., 2017).
In contrast, more degraded streams tend to exhibit
more homogeneous habitat structure and food
resources availability (Lorion & Kennedy, 2009;
Zeni & Casatti, 2014). Therefore, given its higher
environmental complexity and diversity of food
supply, conserved streams could provide greater
ecological opportunity for individual specialization
than more degraded ones.

Many Neotropical fish species may be found
along the entire gradient of environmental
conditions of streams. These species are known
by their trophic plasticity, using a broad set
of food resources (Lowe-McConnell, 1987;
Mortillaro etal., 2015; Gelwick 8 Mclntyre, 2017).
Characidae small tetras are good examples of species
with high trophic plasticity, since they are usually
classified as omnivorous species and they are able
to change their diet according to environmental
conditions (Ferreira et al., 2012; Manna et al.,,
2019). Individuals of these species may employ
different behavioral tactics and explore the majority
of the microhabitats available in the streams
(Ceneviva-Bastos & Casatti, 2007). However,
whether and how intrapopulation mechanisms
drive the diet changes of these generalist fish along
environmental gradients remains to be tested.

Here, we investigated the trophic ecology of the
small-sized tetra, Knodus chapadae (Fowler, 1906),
in streams from agroecosystems in Brazilian savanna
(Cerrado). This species is dominant at the Araguaia-
Tocantins ecoregion occurring in a wide range of
environmental conditions (Barbosa et al., 2019).
Specifically, we asked the following questions: i)
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How does the diet of the generalist species, Knodus
chapadae, vary according to the environmental
conditions in streams? ii) Does the variation in
trophic individual specialization among populations
is explained by environmental conditions? Our first
hypothesis is that diet of the populations varies
along the gradient of environmental conditions
due the shift in the diversity and composition of
available food resources. To test this hypothesis,
we used the classical approach that consists in
describing population trophic patterns by averaging
individual diet data of each population. Regarding
the second question, we expect that more conserved
streams, with greater environmental complexity can
present greater diversity of food resources (Lorion
& Kennedy, 2009), which provides an opportunity
for trophic niche segregation among individuals
(ecological opportunity) (Murray & Wolf, 2013)
with higher individual specialization.

2. Material and Methods
2.1. Study area

We sampled Knodus chapadae individuals in
29 streams sites from first to third order (Strahler,
1957), located in the Upper Tocantins river basin,
Araguaia-Tocantins ecoregion (sensu Abell et al.,
2008) (Figure 1), which is included in the
Brazilian savanna (Cerrado) biome. Sampled sites

encompassed the regional gradient of environmental
conditions varying from less-disturbed forested
streams to high-disturbed streams with narrow
or absent riparian forest (Barbosa et al., 2019).
The climate is tropical, with a wet season from
October to April and a dry season from May to
September (Bustamante et al., 2012). The sampling
sites have altitudes ranging from 392 to 563 m and
slopes of 11% to 32% (Borges etal., 2016). Detailed
information of the study region may be assessed
in Borges et al. (2016) and Barbosa et al. (2019).

2.2. Fish sampling and diet analysis

We conducted the fish sampling during the dry
season, in 80-meters reaches in each stream, with
a standardized electrofishing single pass (about
150 min of sampling effort), using an alternating
current generator (1,000 W, 300-500 V, 1-3 A)
(Mazzoni et al., 2000). Fish were fixed in 10%
formaldehyde solution and transferred to a 70%
alcohol solution 72 hours after samplings. Fish
had their taxonomic identification confirmed
by specialists (Dr. Fernando Rogério Carvalho,
Universidade Federal do Mato Grosso do Sul,
Brazil). Voucher specimens are deposited in the Fish
Collection of the Zoology and Botany Department
(DZSJRP, voucher 20225), in the Sao Paulo
State University “Jalio de Mesquita Filho”, Sao
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Figure 1. Location of the study area, showing the sampled low-order streams in the upper Tocantins river basin,

north of Goiis state, Brazil.
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José do Rio Preto, Sao Paulo State, Brazil. Fishes
were collected with permission from the Instituto
Brasileiro do Meio Ambiente e dos Recursos
Naturais Renovaveis IBAMA license # 34144-1).

We assessed the diet of ten individuals in
each stream site, except in two sites where we
assessed eight and nine individuals, totaling
287 individuals. We tried to select the largest
individuals of each site for diet analysis, in
order to minimize the influence of ontogenetic
variation in the diet (standard length + standard
deviation = 6.2 + 0.7 cm). We accessed each stomach
by doing a ventral incision and, subsequently, we
identified the food items to the lowest possible
taxonomic level (Mugnai et al., 2010) and
quantified using stereomicroscope and optical
microscope. We grouped the food items into five
categories: (1) aquatic invertebrates, which include
larval insects, such as Diptera (mosquitoes and flies),
Ephemeroptera (mayflies), Odonata (dragonflies and
damselflies), Trichoptera (caddisflies), Plecoptera
(stoneflies), Lepidoptera (moths) and Hemiptera
(bedbugs); (2) terrestrial invertebrates, which
include adults of Coleoptera (beetles), Hymenoptera
(wasps, bees and ants), Diptera, Isoptera (termites),
Hemiptera, Lepidotera (butterflies and moths),
Psocoptera, and Pseudoscorpiones; (3) filamentous
algae; (4) vegetal matter (seeds, leaves, flowers,
root); and (5) detritus. We obtained the percentage
composition of the items in each stomach by visually
estimating the volume occupied by each food item
considering all the items volume. We calculated an
adapted version of the Feeding Index (IA), which
indicates the importance of each item in the diet
of the population (Kawakami & Vazzoler, 1980),
(O
where, Oi is the proportional number of stomachs

according to the formula: IAiZOi.Di/z

in which item i occurred in a given population, and
Di is the proportion of stomachs in which item i
was dominant (most representative item among all
items of individuals analyzed) in a given population.

2.3. Individual specialization

We described individual specialization for
each population (set of individuals from each
stream) by using two metrics. The first metric
was the Proportional Similarity Index (PS) that
quantifies possible differences in individual resource

exploitation (Bolnick et al., 2002), as follows:
PSi:1—0.52|pij —q_,»|=2min(pg,-,qj), where, pij
J J

describes the proportion of item j in the diet
of individual i; and qj is the proportion of use
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of resource j in the population. Values close to
1 indicate that individuals consume resources in
the same way as the population, and values close
to 0 indicate that individuals consume resources
differently from the population as a whole.
Individual specialization (IS) of the population in
each stream was measured by averaging individuals’
PS values, where high IS values indicated low
individual specialization (Bolnick et al., 2002).
This metric is based on the comparison between the
relative niche breadth of individuals and the niche
breadth of the population.

The second metric of individual specialization
was based on the population niche decomposition
(TNW - Total Niche Width) into components
within (WIC) and between individuals (BIC); thus,
the total niche of the population results from the
sum of these two components (TN'W = WIC + BIC;
Roughgarden, 1972; Bolnick etal., 2003). The WIC
/ TNW ratio represents the proportion of the niche
that is attributed to the individual’s niche breadth.
Values close to 1 indicate that individuals use the full
range of the population’s niche, while lower values
indicate smaller niche breadth by individuals and
more considerable inter-individual differentiation,
i.e., greater individual specialization.

Both individual specialization metrics (IS and
WIC / TNW ratio) were calculated using the
proportion of food items (highest resolution diet
matrix) consumed by individuals in each stream.
We used the RInSp package (Zaccarelli et al., 2013)
in R software (R Development Core Team, 2018).

2.4. Environmental variables

We described the streams environmental
characteristics at different spatial scales in order to
include as many as possible variables to accurately
describe the environmental gradient. We measured
chlorophyll-a concentration (1) by collecting
water samples in the middle of the stream reach.
We filtered water samples in the field, and later
we estimated chlorophyll-a concentration in the
laboratory (Golterman et al., 1978). We described
physical habitat structure in nine transects,
positioned at every 10 meters within the sample
reach, where we obtained: depth (2), measured
with a depth gauge (five equidistant measurements
from one edge to the other); flow velocity (3) with
a mechanical low meter in the middle of each
transect; substrate composition (4) that was visually
estimated as the percentage of the bottom at one
meter downstream and upstream of the transect that
was covered by hard substrate (boulders, cobbles
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and pebbles); percentage of the leaf litter storage
in the channel (5); and local riparian forest quality,
assessed by two descriptors, forest width (6) visually
assessed over both banks and riparian shading (7)
that was estimated by quantifying the proportion of
elements from the vegetation (canopy, leaf, branches
or stems) in canopy pictures taken in every transect
(Gonsamo et al., 2013). Landscape variables
included the catchment area (8), calculated as the
total drainage area from each stream reach, altitude
(9), catchment mean slope (10) and the percentage
of native vegetation cover in the whole catchment
(11) and for a 100 m (12) and 500 m (13) of a
semicircular buffer covering the area upstream from
the sampled site (see Barbosa et al., 2019). We used
high-resolution images (5-m pixel resolution) from
RapidEye satellite (referring to years 2011, 2012 and
2013) to obtain the percentage of native cover.
Remote sensing procedures and images processing
details are described in Borges et al. (2015) and
Barbosa et al. (2019).

2.5. Data analysis

We performed a multiple linear regression
analysis to evaluate if the number of food items
consumed (log-transformed) by populations was
associated with the environmental predictors.
We also performed a Redundancy Analysis (RDA)
(Legendre & Legendre, 2012) to evaluate the
association between environmental variables
and the diet composition of the populations of
K. chapadae (question 1). In this case, we used the
Feeding Index considering grouped food items
(terrestrial invertebrates, aquatic invertebrates,
vegetal mactter, algae, and detritus) as the response
variable and environmental variables as the
predictors. To evaluate whether the variation in
individual specialization among populations could
be predicted by the set of environmental variables
(question 2), we used multiple linear regression
models, in which the individual specialization
metrics (IS and WIC / TNW) were the response
variables and the environmental variables were
the predictors. We performed all analysis by
using the vegan (Oksanen et al., 2020), RInSp
(Zaccarelli et al., 2013) packages from R software
(R Development Core Team, 2018).

Prior to the analysis, we evaluated the collinearity
of the predictor variables by using the Variance
Inflation Factor (VIF), calculated with usdm
package vIFor function (Naimi et al., 2014),
with a correlation cutoff between the variables
equal to 0.5. Among the set of predictors three
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collinear variables (500 m buffer native vegetation,
flow velocity and slope) were eliminated and the
following non-collinear variables were used in the
models: depth, shading, consolidated substrate, leaf
licter, forest width, chlorophyll-a, native vegetation
in the catchment, native vegetation in the 100 m
buffer, catchment area, and altitude.

3. Results

3.1. Inter-populational variation in the diet of
Knodus chapadae

The diet of Knodus chapadae populations was
composed by a wide variety of food items (mean of
12.4 food items consumed per population, ranging
from five to 17) (Table 1). The number of food
items consumed by populations varied significantly
according to the environmental predictors (p = 0.04;
R® ;= 0.35), but only the variable native vegetation
of the catchment had a significant (¢t = 3.02;
p < 0.01) partial effect in the full model, indicating
that populations of streams with higher amount of
native vegetation in the catchment consumed higher
number of food items.

The diet composition of K. chapadae included
terrestrial and aquatic invertebrates (mainly insects),
vegetal matter, and detritus (Figure 2 and Table 1).
The importance of these items varied among
streams, but overall, there was a predominance of
aquatic (mean = 49%) and terrestrial invertebrates
(mean = 27%) (Figure 2). In two streams, detritus
was the dominant item in the individuals’ diet
(greater than 75%), and, in other two streams,
vegetal matter was well represented (about 50%).

The grouped diet of Knodus chapadae measured
with Feeding Index for the population level varied
significantly according to the environmental
predictors (p = 0.03; R’ = 0.20), indicating that
the stream environmental variables can partially
predict the species’ diet. The importance of
terrestrial invertebrates in the diet was positively
associated with shading and riparian forest width
and a diet based on the vegetal matter was associated
with the presence of leaf litter. Moreover, detritus
was more important for individuals living in
streams with higher chlorophyll-a concentration
and less riparian vegetation. Finally, streams with
higher catchment area and depth were associated
with higher consumption of aquatic invertebrates
(Figure 3).

3.2. Individual specialization

Individuals of Knodus chapadae consumed in
mean 3.7 food items (ranging from one to eight).
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Table 1. Feeding index based on detailed diet matrix of Knodus chapadae populations across sampled streams.
Autochthonous insects: larvae of Diptera (Dipt), Ephemeroptera (Ephe), Odonata (Odon), Trichoptera (Tric),
Plecoptera (Plec), Megaloptera (Mega), fragments of aquatic insects (Frag), and vegetal matter (Vege); Allochthonous
invertebrates: adults of Coleoptera (Cole), Hymenoptera (Hyme), Diptera (Dipt), Ensifera (Ensi), Hemiptera (Hemi),
psocoptera (Pso), Lepidoptera (Lepi), Pseudoscorpiones (Pseu), and fragments of terrestrial invertebrates (Frag);
Nonidentified items (NI).

Aquatic invertebrates Terrestrial invertebrates
0
% - o < o o) © o g > é ) 2 - = ] = ° > o =
s 833 8 g <2 55585 5588 8 ¢
S1 0.46 0.05 0.36 0.13
S2 0.50 0.50
S3 0.25 0.55 0.01 0.19
S4 0.25 0.04 0.43 0.29
S5 0.61 0.20 0.08 0.07 0.02 0.02
S6 0.01 0.01 0.97
S7 0.03 0.37 0.14 0.01 0.08 0.37
S8 0.72 0.09 0.19
S9 0.67 0.04 0.19 0.02 0.02 0.04 0.02
S10 0.01 0.39 0.23 0.09 0.21 0.06
S11 0.24 0.31 0.45
S12 0.33 0.02 0.17 0.10 0.37
S13 0.81 0.04 0.01 0.14
S14 0.49 0.12 0.16 0.01 0.22
S15 0.01 0.86 0.04 0.09
S16 0.09 0.22 0.17 0.52
S17 0.91 0.09
S18 0.06 0.58 0.09 0.13 0.01 0.13
S19 0.02 0.98
S20 0.11 0.33 0.01 0.55
S21 0.55 0.01 0.44
S22 0.45 0.11 0.02 0.41
S23 0.01 0.31 0.45 0.23
S24 0.85 0.15
S25 0.89 0.02 0.09
S26 0.31 0.37 0.31
S27 0.26 0.26 0.03 0.46
S28 0.24 0.61 0.12 0.03
S29 0.05 0.39 0.08 0.48

1.0
08
5 08
-4
£
=
£
°
o
o
w 04
02 . e
D Nonidentified items
Detritus
I Algae
Il Vegetal matter
0.0

Bl Terestrial invertebrates

1 4 7 10 13 16 19 22 25 28 -Aquaticinveﬂebtales

Streams

Figure 2. Feeding Index (IA) of Knodus chapadae across sampled streams in the Santa Teresa drainage, Goids, Brazil.
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widths (WIC) with the total niche width (TNW).

Most of K. chapadae populations had individuals
with low individual specialization (IS: 0.64 + 0.07,
ranging from 0.50 t0 0.73; WIC/TNW: 0.78 + 0.16,
ranging from 0.23 to 0.96) (Figure 4). Only one
stream had a low value in the individual specialization
index (0.23 for WIC / TNW), indicating greater
individual specialization. For both metrics, multiple
regression analysis showed that stream environmental
conditions were not able to predict variation in
individual specialization (p > 0.17).

4. Discussion

We studied the trophic ecology of Knodus
chapadae, one of the most abundant and widespread
fish in streams of the Araguaia-Tocantins ecoregion
(Barbosaetal., 2019). The species diet was composed
by a high diversity of food items with the dominance
of allochthonous and autochthonous invertebrates
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(mainly insects), revealing an omnivorous diet
with a tendency to insectivory. According to our
results, the occurrence of the species in streams
with different environmental conditions is followed
by changes in its diet, probably reflecting the
shift in food resource availability. However, the
individual specialization was low and its variability
across populations was not predictable along the
environmental gradient. Together these results
suggest that Knodus chapadae populations fed on
by different food resources along the environmental
gradient, that are similarly exploited by individuals
within each population.

Characidae species are known by their trophic
opportunism and phenotypic plasticity (Rezende
& Mazzoni, 2003; Ceneviva-Bastos & Casatti,
2007). Knodus chapadae follows the Characidae

family pattern, representing a generalist and
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opportunist species with flexibility in the use of
different food resources. The opportunism and
flexibility are reinforced by the diet-environment
relationship at the populational level, supporting
our first hypothesis. Allochthonous invertebrates
and vegetal organic matter were important in
the species’ diet, especially in more conserved
streams (i.e., streams with shaded channel and
with more extensive riparian forest). In fact, the
availability of allochthonous items increases with
the presence of more conserved riparian vegetation
(Barili et al., 2011; Cardoso & Couceiro, 2017;
Tonin et al., 2017). On the other hand, riparian
forest removal provides significant changes in stream
food items input, including dramatic reduction
of allochthonous items usually used as food items
itself (terrestrial invertebrates, leaves, fruits, flowers)
or as feeding site (e.g., trunks and litter) (Fausch
& Northcote, 1992; Lorion & Kennedy, 2009).
The forest cover absence increases the sunlight
incidence favoring both algae proliferation (Lorion
& Kennedy, 2009) and marginal herbaceous
vegetation, consisting mainly of exotic grasses
(Casatti et al., 2009). In these streams, the
decomposition of the submerged roots and leaves
from grasses can increase the amount of organic
matter and the detritus retention (Menninger
& Palmer, 2007; Rocha et al. 2009). In our
study, these processes are suggested by the higher
concentration of chlorophyll-a in deforested streams
where Knodus chapadae populations exhibit a more
detritivore diet. Furthermore, populations living in
streams with larger catchment area and greater depth
have a diet with a higher contribution of aquatic
invertebrates. These environmental variables are
positively associated with water flow that, in turn,
enhances the supply of drifted invertebrates, such
as larvae of aquatic insects (Brittain & FEikeland,
1988; Hughes & Dill, 1990).

Populations of conserved streams (with higher
amount of native vegetation in the catchment)
consumed a higher number of food items. This
result is in accordance with our expectation that
most conserved streams would offer greater diversity
of food. According to ecological opportunity
hypothesis, the greater diversity of resources can
offer an opportunity for niche segregation between
individuals. However, differently from the expected,
K. chapadae individuals exhibited a wide niche
with great overlapping between them, as shown
by the low individual specialization in the most of
populations. This result does not corroborate the
idea of ‘population generalist, individual specialist
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(Smith etal. 2011). Knodus species actively swim in
the water column, feeding on drifting items (mainly
insects) (Ceneviva-Bastos & Casatti, 2007). Drift
insects consumed by nektonic stream fishes are
represented by benthic aquatic larvae released from
the bottom and terrestrial and flying organisms that
fallen into the water (Costa-Pereira et al., 2017).
Thus, it is possible that the similar diet among
individuals in a given site reflects the opportunism
in catch these drift items even in streams with
different environmental conditions. If these drift
food items are abundant enough to supply the needs
of the fish population, the relaxed competition
would favor that organisms feed on preferable
food resources (e.g. drift insects) resulting in the
convergence of the diet (Emlen, 1966; Schoener,
1971). We do not have available data on population
density and food resources availability, so that the
role of density-dependent mechanisms driving the
intra-populational patterns K. chapadae niche would
require further investigation.

Despite we do not observed individual
specialization in the trophic niche of K. chapadae,
itis worth to consider that the trophic specialization
may occur in other niche dimensions, such habitat
use (Navarro et al., 2017). In fact, studies carried out
with congeneric species, like K. moenkbhausii, show
that, despite these fishes occupy predominantly the
middle of water column of sites with intermediate
water current (Ceneviva-Bastos et al., 2010), they
can also explore other microhobitats (marginal
vegetation and the bottom) in a variety of
mesohabitats (runs, riffles and pools) (Ceneviva-
Bastos & Casatti, 2007). However, there is no
information if these individuals specialize in
determined micro or mesohabitat. Studying
the Eurasian perch (Perca fluviatilis L.) in lakes,
Quevedo et al. (2009) found an interaction
between trophic niche specialization and habitat
use. Individuals from littoral subpopulation
exhibited higher individual specialization, while
the ones from pelagic subpopulation living in
a less diverse environment had more generalist
individuals. Knodus populations tend to be more
abundant in runs, but their individuals also
occupy pools and riffles (Ceneviva-Bastos et al.,
2010; Teresa et al., 2016). As our populations of
Knodus chapadae comprised individuals captured
over reaches of 80 meters in each stream, which
includes different micro and mesohabitats (riffe,
pool and runs), observed patterns in these streams
may have been more influenced by subpopulations
from runs. Thus, we may have underestimated the
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different patterns that could emerge from pool-
dwelling individuals that would be exposed to
greater variability in food resources usually found
in this mesohabitat (Angermeier & Karr, 1984;
Berkman & Rabeni, 1987). If these possible intra-
populational mechanisms of habitat and trophic
niche partition observed in other species and
ecosystems (Quevedo et al., 2009; Navarro et al.,
2017) may be applied for tetra fishes in streams is
an interesting topic of future research that remains
to be tested.

In summary, our results indicate that Knodus
chapadae has a diversified diet that varies with
environmental conditions. This opportunism is
well documented for tetra fishes in population
level. By evaluating the intra and interindividual
patterns of the trophic niche of this species, our
study provides support for the generalization that
the feeding plasticity exhibited by tetra fishes may be
a direct consequence of the opportunism manifested
on the individual level.
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