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Abstract: Human activities, such as urbanization, can cause instability in the aquatic biota. This instability
can modify aquatic food resource availability, consequently shifting the diet composition of fish. Because
the diet consumed by fish closely affects the anatomy of their digestive tract, it can also alter their intestinal
coefficient. In this study, we analyzed the diet composition, condition factor and intestinal coefficient of
Astyanax lineatus (Perugia, 1891) from two distinct habitats: a “degraded habitat” (Cabaca stream) in
a reserve inside the city perimeter and a “preserved habitat” (Salobra River) in Mato Grosso do Sul State,
Central Brazil. We found a total of 15 food items, all of which were found in the urban stream, with a
predominance of detritus and Chironomidae larvae, and six in the natural area, with a predominance of
plant remains. There was a distinct difference in diet composition between fishes in the two areas (p < 0.05,
PERMANOVA); however, there was no significant difference in inter-individual variability. The most frequent
food items were detritus in the “degraded habitat”, while in the “preserved habitat” plant and insect remains
were most frequent. The relative condition factor measured by the fish’s length-weight relationship was not
significantly different between the two habitats. The intestinal coefficient was significantly different between
the individuals from each habitat, and it was longer in fish from the natural habitat. Therefore, even though
A. lineatus is known to be a generalist species, its feeding plasticity depends on the ecological integrity of the
two types of habitats.
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INTRODUCTION

Fish ecology is extremely important to understand
the trophic adaptability of species concerning the
diversity, density, and availability of food resources
in stream environments (Lowe-McConnell 1987,
Rezende et al. 2011). Many factors can affect

the availability of food resources. These include
the complex habitat heterogeneity that streams
present, such as spatial, temporal, and physical
heterogeneity (Silva et al. 2012). The presence
or absence of vegetation cover can also affect
the density and composition of food resources
(Casatti 2010, Ferreira et al. 2012a, Leite et al. 2015).



In addition, anthropogenic disturbances such
as urbanization can profoundly modify stream
dynamics (Bonato et al. 2012, Alonso et al. 2019).

Urbanization is one of the major conservation
challenges for stream fauna because it directly
modifies the natural structures of habitats, affecting
hydrology, temperature, and soil characteristics
that create serious threats to aquatic environments
(Paul & Meyer 2008, T6foli et al. 2013, Forman 2014).
The expansion of urban centers into catchments
of tropical streams, the consumption of aquatic
resources and the disposal of materials have
contributed to stream degradation (Bonato et al.
2012). Moreover, when released into the water, high
inputs of nutrients from human activities often
have severe effects on the fish and invertebrate
communities and can homogenize the type of
resources available (Baeta et al. 2017, Alonso et
al. 2019). This pollution alters the contribution
of allochthonous and autochthonous resources
available, which changes the feeding habits of fish
(Ganassin et al. 2020) and forces an adjustment in
their diets when facing different habitat conditions
(Alonso etal. 2019, Oliveira et al. 2021). Thus, species
with trophic plasticity have the advantage of being
able to shift their diet in response to environments
with different shifts in resource availability (Welker
& Scarnecchia 2006, Kokubun et al. 2018, Oliveira
etal 2021).

The analysis of diet in fishes has constituted
an important source of information for greater
insights into the processes that regulate tropical
aquatic ecosystems (Manna et al. 2019, Soe et al.
2021, Goddard et al. 2022). Also, it provides essential
data on the ecology and biology of the species that
cohabitate, with evidence about the role of each
species in the ecosystem (Teixeira 1989, Zavala-
Camin 1996, Manna et al. 2012, Bonato et al. 2012,
Peressin et al. 2018, Alonso et al. 2019). The diet and
type of food consumed by fish closely affect the
anatomy of their digestive tract. Changes in diet can
alter the intestinal length and intestinal coefficient,
even intraspecifically, because it is a variable that
responds sensitively to shifts in feeding conditions
(Winemiller 1989, Angelescu & Gneri 1949, Kapoor
et al. 1976, Dala-Corte et al. 2016). Furthermore,
other morphological traits such as size and weight
can be altered depending on the variety and
amount of food ingested by the fish, since fish body
composition is influenced by food type and food

Resende et al. | 593

intake (Abbas & Siddiqui 2009, Trindade & Queiroz
2012, Kokubun et al. 2018). The relationship
between individuals’ length and weight in a fish
population is a quantitative description used as a
basic tool for assessing natural populations (Froese
2006, Labocha & Hayes 2012, Khristenko & Kotovska
2017). Moreover, the relative condition factor (Kn),
described by Le Cren (1951), derived from the
length-weight relationship, is a powerful tool for
determining the well-being of a population and
provides an opportunity to compare populations
of species among regions (Khristenko & Kotovska
2017, Gubiani et al. 2020).

Freshwater fish species can
anthropogenic  environmental = modifications
(Weaver & Garman, 1994, Teresa et al. 2015) and
it is known to occur in most Astyanax species
(Carvalho et al. 2015). Astyanax lineatus (Perugia
1891) is recognized popularly as a tetra, ‘piaba’, or
‘lambari’ from the Paraguay River basin (Fricke et
al. 2020) and has been recently reported for the
upper Parand River basin (Ferreira et al. 2012b). It
occurs preferably in the headwaters of every main
drainage basin of the region, where it is usually
the most numerically dominant species (Castro
et al. 2005). Furthermore, this species occurs in
aquatic environments with different degrees of
anthropogenic impacts (Mehanna & Penha 2011).
It can be found in urban areas with higher levels
of perturbation and in less degraded natural
areas (Casatti et al. 2010). Given the increasing
anthropogenic alterations of aquatic ecosystems
and their substantial impacts on fishes’ survival,
studies addressing fish diet and its consequent
effects are becoming increasingly important
(Fernando & Suarez 2020) (Ceneviva-Bastos &
Casatti 2007).

The objective of this study was to evaluate the
diet, the intestinal coefficient and the relative
condition factor of A. lineatus in two habitats
located in Mato Grosso do Sul state in Brazil:
one “preserved habitat” (Salobra River, Serra da
Bodoquena National Park) and one “degraded
habitat” (Cabaca stream). The objective was to
determine a diagnostic measure of the effects of
the anthropogenic environmental pressure on the
populations of A. lineatus. Thus, we hypothesized
that the diet, the intestinal coefficient and relative
condition factor will be different between the
two assessed habitats. In response to different

tolerate
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degrees of anthropogenic pressures in these two
streams, we expect that individuals from the urban
stream would present a smaller diet breadth and
higher ingestion of autochthonous items due to
the homogenization of the available resources, as
well as a lower intestinal coefficient and condition
factor.

MATERIAL AND METHODS

A total of 60 specimens of Astyanax lineatus were
used: 30 specimens from the “degraded habitat”
(Figure 1A): ZUFMS 5459, 53.7-126.6 mm SL,
Cabaga stream, collected on December 7%, 2016,
and 30 specimens from the “preserved habitat”
(Figure 1B): ZUFMS 2637, 43.0-94.1 mm SL,
Salobra River, collected on September 3%, 2005.
The precipitation in the two habitats during the
sampling period ranged from 100-200 mm in the
Cabaca stream and 100-150 mm in the Salobra
river (CPTEC/INPE, 2021). The sampling sites of

the Cabaca stream and the Salobra River are first
and fourth-order drainages (sensu Strahler 1987),
respectively. The Cabaca stream starts in an urban
area in Campo Grande and receives domestic and
industrial effluents along its course (“degraded
habitat”). The sampling area of the Cabaca stream is
located inside the Private Natural Heritage Reserve
(RPPN), which belongs to the Universidade Federal
de Mato Grosso do Sul, and it covers 30% of the total
length in the final stretch of the stream (personal
observation). Native riparian vegetation has been
mostly suppressed along the stream, which directly
impacts the entry of light into the stream (Fernando
& Suarez 2020). Moreover, the quality of the water is
often altered, primarily due to the urban effluents
that increase concentrations of nutrients, metals,
bacteria, organic matter, and suspended materials
(Silva 2010). In contrast, the Salobra river originates
in a conserved area inside the Serra da Bodoquena
National Park (Figure 2), a “preserved habitat”, and
has waters free of toxic effluents, more vegetation

Figure 1. Habitats of Astyanax lineatus: (A) Cabaca stream (on December 7%, 2016), municipality of Campo
Grande, Mato Grosso do Sul State and, (B) Salobra River (on September 3%, 2005), municipality of Bodoquena
inside the Serra da Bodoquena National Park, Mato Grosso do Sul State.
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cover along its margins, and no human occupation
near the river.

Only adult fishes were used to avoid potential
differences that can occur during the ontogeny
(Gatz 1979). The method used for diet analysis
consisted of retrieving the stomach through a lateral
incision, on the right side, initiating in the anal
opening and ending next to the operculum region
(Kassim et al. 2018). The stomachs were stored in 2
mL tubes with 70% ethanol solution. Their contents
were later examined with a stereomicroscope and
identified to the lowest taxonomic level possible.

The stomach contents were analyzed using two
methods: (a) frequency of occurrence (%Fo), the
number of times each item occurs as a percentage
of the total number of occurrences of all items
(Hynes 1950), and, (b) volume (V), where each item
was calculated by the volumetric method (Hyslop
1980) that consists in examination of the material
using glass slides in a Petri dish (Hellawell & Abel
1971), with a conversion to volume (1 mm?3 = 0.001
mL).

The ingested items were classified as: i)
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allochthonous foods, produced outside the stream;
ii) autochthonousfood, producedinstream (Ricklefs
2003); and iii) detritus, comprising all unidentified
decomposed organic matter (Kokubun ez al. 2018).
All foods were identified according to Mugnai et al.
(2010) and Rafael (2012). The intestines were also
removed and measured with a digital caliper, as
well as the standard length of the fish (measured
from the tip of the snout until the hypural plaque in
the caudal peduncle).

All statistical analyses were performed with n =
60. A homogeneity test of multivariate dispersion
(PERMDISP) was used to assess differences in diet
breadth and individual variation. Using PERMDISP,
we calculated the distance of the centroid through
a principal coordinate analysis (PCoA), which was
performed using the dissimilarity measure of Bray-
Curtis, allowing for the comparison of the average
dissimilarity in individual observations within
groups (Anderson 2006). The resulting F statistic
of this analysis was tested using the Monte Carlo
method with 999 randomizations to compare the
average distance of each sample to the centroid

-5

h
'
n
=

-57 -56
-19 T -19
1 /
o ) }I.”
Y v H
i ! -
— U~y r‘:'
- . g
A [ el
i : ¥
(I~ g
3 )
P 5
20 e T S-a Nl . _<TATEY NN j o B ps 1 DOl - =20
i =3
:,r‘
Y g
:.l
..—" L
7 -k Cabaca Stream
1
3
Salobra River v '.;
: J r..J
=21 A = =21
__.-‘r; g
)".F
s
i
b
VY
!
H
i 0 25 km
i —
=57 -56 -55 -54

Figure 2. Sampling sites of Astyanax lineatus (stars points) in the upper Paraguay River basin (blue drainages)
on September 3%, 2005, and upper Parand River basin (red drainages) on December 7%, 2016. The main rivers
are represented in bold, the Miranda River (blue) and the Pardo River (red). The dashed line divides the

Paraguay/Parand hydrographic basins.
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of the group (Anderson 2001, 2006). To analyze
the volume of all food items to compare diet
composition according to the habitats, we used
the PERMANOVA test with the adonis2 function
in the wvegan package, using the Bray-Curtis
dissimilarity method (Anderson 2001, Oksanen
et al. 2013). Furthermore, we used an analysis of
similarity percentages (SIMPER) (Clarke 1993) to
calculate the contribution of each food item group
to the observed patterns shown in the PERMDISP
ordination. The relative condition factor (Kn) was
determined according to the equation:

w

Kn = s

(Le Cren 1951), where W is the total weight (g), SL
is the standard length (cm), and a and b are the
exponential form of the intercept and slope, of the
logarithmic length-weight equation, estimated by
a regression given by Le Cren (1951). The growth
condition of the fish was then categorized using
the b values; when b = 3, the fish attained isometric
growth, b < 3 indicated negative allometric growth,
and b > 3 indicated positive allometric growth (Lim
et al. 2013, Srithongthum et al. 2020).

We calculated the Intestinal Coefficient (QI) as
the mean of the ratios between the intestinal length
and the standard length of the body (SL) (Gneri &
Angelescu 1951). To test if the relative condition
factor and the intestinal coefficient of the fish
varied between the two areas, we used ANOVA with
a regression conducted using the ImPerm package
(Wheeler & Torchiano 2016), which calculates a p
value based on a permutation procedure that is
robust to non-homogeneity of variance. The bar
plot values were presented as mean and standard
deviation using the ggplot2 package (Wickham
2016). The statistical analysis and the graphic
representations were made in the R Project for
Statistical Computing Software, version 4.0.2 (R
Core Team 2020).

RESULTS

We identified 15 food items consumed by Astyanax
lineatus: all of which were found in the Cabaca
stream and six in the Salobra River (Table 1). In
the “degraded habitat”, Cabaca stream, only one
individual had an empty stomach, while in the
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“preserved habitat”, Salobra River, four individuals
did not have any content in their stomachs.

The occurrence of allochthonous items was
prevalent in both areas. In the degraded Cabaca

stream, allochthonous material represented
57.14% and consisted of adult terrestrial
insects (Coleoptera, Diptera, Ephemeroptera,

Hymenoptera, Orthoptera), Araneae, and plant
matter. Among these, the most frequent item
was plant remains, which also had the highest
volume (i.e., leaves, flowers and branches).
Conversely, the autochthonous item predominant
in the stomach of A. lineatus from the Cabaca
stream was Chironomidae larvae (Tanypus sp.),
occurring in 80% of their stomachs. However,
the higher volume of autochthonous food was
composed of fish (Poecilia reticulata), representing
16.4% of the total ingested food volume. Other
autochthonous items found were immature
(Chironomidae, Coleoptera),
(Biomphalaria sp.) and filamentous algae. Many
items could not be identified; therefore, they were
considered detritus (i.e., rest of organic matter
of unknown source), which were in 80% of the
stomachs and represented 46.8% of the total
volume of food ingested.

In the Salobra River (“preserved habitat”),
the allochthonous resources represented 83.3%
of the diet of A. lineatus. The predominant food
items were plant remains, occurring in 90% of
the stomachs analyzed and they represented
the highest volume of food ingested. In
addition to plant remains, adult aquatic insects
(Hymenoptera, Diptera, Coleoptera) and algae
were the only autochthonous food items found
in their stomachs. No detritus was found in any
stomach in this stream.

The ordering produced by PERMDISP showed
a distinct diet composition according to the
food items in the sampled areas (Figure 3), with
a significant difference in diet composition, as
confirmed by the PERMANOVA results (pseudo-F
= 21.14, R2 = 0.285, p = 0.001). However, the Monte
Carlo test for PERMDISP indicated no significant
difference in the inter-individual variability in the
A. lineatus diet between the assessed areas (F =
1.09, p = 0.30).

Certain food items represented the main
dissimilarities in diet composition between the
Cabaca stream and Salobra River. According to

insects mollusk
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Table 1. Frequency of occurrence (Fo%) and volume (V%) of food items in the stomachs of Astyanax lineatus
from distinct habitats. Values in bold represent the highest percentage value for each resource origin.

Degraded Habitat Preserved Habitat

Fo% V% Fo% V%
Allochthonous items
Aranae 3.33 0.03 - -
Coleoptera 3.33 0.03 3.33 3.47
Diptera 13.33 1.66 3.33 0.24
Ephemeroptera 6.67 0.20 - -
Hymenoptera 53.33 3.46 13.33 3.62
Insect remains 46.67 6.10 26.67 13.07
Orthoptera 10.00 0.23 - -
Plant remains 76.67 11.56 90.00 79.46
Autochthonous Items
Algae 13.33 0.25 3.33 0.12
Chironomidae larvae 80.00 5.40 - -
Chironomidae pupae 50.00 1.64 - -
Coleoptera larvae 23.33 0.67 - -
Fish 10.00 16.47 - -
Mollusk 16.67 5.51 - -
Detritus 80.00 46.80 - -

the SIMPER analysis, the most frequent food
items were detritus, plant remains and insect
remains. Combined, these three items accounted
for 76.46% of the dietary differences between
the sampled areas, with major contributions of
detritus (33.38%) for Cabaca stream and plant
remains (32.51%) for Salobra River.

The investigation of relative condition factors
(Kn) of A. lineatusrevealed thatfishfrombothtypes
of habitats had positive allometric growth, as theb
value for each habitat was higher than 3 (Table 2).
There was no significant difference between the
Knvalues for each habitat. Furthermore, there was
asignificant difference in the intestinal coefficient
when comparing both habitats (ANOVA, R2 =
0.1811, p = 0.00041) (Figure 4), with higher values
for the “preserved habitat”.

DISCUSSION

The environmental conditions and the availability
of resources can affect the feeding habits of
fish (Dudgeon 2008, Alonso et al. 2019, Brasil
et al. 2020). In the present study, the analysis of
stomach contents of Astyanax lineatus indicated

the consumption of detritus, plants, insects, fish
and mollusk. The individuals from the “degraded
habitat” ingested a greater range of food items than
those from the preserved habitat, even though it
was expected that fish from the urban stream would
demonstrate homogenization of their diet. This
disparity could have occurred because although
the Cabaca stream (“degraded habitat”) has had its
native riparian vegetation suppressed, some native
plant species are remaining in the RPPN area,
where fish were collected (Silva 2010). Nevertheless,
in its margins, there is exotic arboreal vegetation
(Leucaena leucocephala) that could have generated
greater input of terrestrial invertebrates in their
diets (Silva 2010, Lopes et al. 2016). Furthermore,
the Cabaca stream (“degraded habitat”) is a low-
order stream and is known to have high terrestrial
prey input (Mello et al. 2018). Our observations
were consistent with many studies conducted in
Brazilian first-order streams, where invertebrates
and detritus represented the main ingested items
in fish diets (Casatti 2002, Cenevita-Bastos et al.
2012, Silva et al. 2012, Neves et al. 2015, Lopes et al.
2016).

The variety and amount of food ingested can
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affect the body weight and size of individuals and
consequently affect their well-being (Lall & Tibbetts
2009, Sanchez-Hernédndez et al. 2019). Differences
in conditions can be measured using the Kn. We
observed no significant difference between the
Kn of the individuals from the two habitats. Also,
both populations showed a b value higher than
3, therefore, all the individuals were considered
to have achieved the ideal growth (Le Cren 1951,
Khristenko & Kotovska 2017). Nonetheless, among
Astyanax lineatus the intestinal coefficient (QI) was
significantly different between the two habitats,
with higher values in the “preserved habitat”.
Fish with a tendency toward an herbivorous
diet tend to have a higher intestinal coefficient,
as they require a larger area of the intestine for
nutrient absorption (Barbieri et al. 1994, Delariva
& Neves 2020). Therefore, the high contribution
of allochthonous plant items in the Salobra
River (“preserved habitat”) likely caused the
difference in the intestinal coefficient between the
populations. Delariva & Neves (2020) evaluated
the morphological traits that changed due to diet
in five Characidae species and also found that
higher intestinal coefficient values were observed
in species that consumed a larger proportion of
plants. As the gut length is proportional to the fish’s
body length, the QI of fish has been investigated
in many fish species and used as an important
criterion for classifying feeding (Albrecht et al. 2001,
Moraes et al. 2004, Cao et al. 2011, Dinh et al. 2017).
The QI helps to highlight the differences in diet
composition between the individuals from both
habitats in this study. In addition, the PERMDISP
analysis showed that there was no diet variability
in individuals from the same habitat. This probably
occurred because each of the assessed habitats
presented similar levels of riparian vegetational
cover and composition. Because fish diet
compositionis affected by both resource availability
and environmental characteristics (Schneider et al.
2011), it is not unexpected that there was no inter-
individual variation in diet composition.
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Figure 3. Ordination of dietary data of Astyanax
lineatus individuals from each evaluated area
(using the first and second axis of principal
coordinates analysis, PCoA), in the Cabacga stream
(“degraded habitat” - red circles) and Salobra River
(“preserved habitat” - blue triangles), and the
distance between each individual and the group
median (centroid).
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Figure 4. Intestinal coefficient of Astyanax
lineatus individuals in two areas under different
anthropogenic pressures, Cabaca stream (red)
and Salobra River (blue) represented as means
standard deviations. Asterisks indicate significant
differences between habitats (p < 0.05).

Table 2. Body composition, equation parameters and relative condition factors (Kn) of A. lineatus in each

evaluated habitat.

Standard length (cm Weight Kn
Habitat gth (cm) ght (8) a b R ——m—FF—
Min Max Min Max Mean + SD
Degraded 5.37 12.66 3.4 52.3 0.00896 3.039 0.947 2.36 +0.295
Preserved 4.30 9.41 1.7 19.7 0.00574 3.279 0.973 2.31 +£0.288
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Our results show that there were some items in
common in the diet composition of the individuals
from both habitats, represented by Coleoptera,
Diptera, Hymenoptera, insect remains, plant
remains, and algae. Interestingly, Astyanax lineatus
had a significant difference in diet composition
in the two habitats. Individuals from the Cabaca
stream (“degraded habitat”) consumed more
animal prey, whereas individuals from the Salobra
River (“preserved habitat”)
plant remains. This difference has considerable
implications on the trophic ecology of this species
and probably occurred because anthropogenic
impacts can alter habitat integrity (Ceneviva-
Bastos & Casatti 2007), potentially affecting
the diet composition of fish in urban streams
(Oliveira & Bennemann, 2005, Alonso et al. 2019).
Similarly, in closely related species (Astyanax
lacustris and Astyanax taeniatus), Alonso et al.
(2019) found a shift in their diet depending on
the environmental condition, when sampling at
short to long distances from sewage treatments.
Likewise, Oliveira & Bennemann (2005) found
that in urban environments with different levels
of disturbance, other Characidae fish presented
a shift in their diet and fed on unusual resources.
Fernando & Starez (2020), when studying A.
lineatus, found that the diet composition was
directly affected by environmental variables, such
as vegetation cover, streamflow, and dissolved
oxygen. In the present study, the proportion of
allochthonous items in the A. lineatus diet was
lower when the vegetation cover and stream flow
were reduced. Therefore, it is possible that human
actions on the Cabaca stream (“degraded habitat”)
margins are responsible for some of the alterations
in A. lineatus diet composition. The Cabaca stream
also receives a discharge of urban and industrial
effluents, food scraps, plastic, and other types of
detritus from human activity, known to cause fish
to feed on unusual food resources (McClelland &
Valiela 1998, Costa & Zalmon 2017, Fernando &
Starez 2020).

Astyanax lineatus from the Cabaca stream
(“degraded habitat”) had a diet with a high
composition of detritus. A few studies have
shown that detritus increased its importance in
urbanized areas because land-use alteration can
increase detritus availability and favor generalist
and opportunistic fish (Noel et al. 1986, Bonato et

consumed more
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al. 2012, Souza & Lima-Junior 2013, Peressin et al.
2018). The second most frequent feeding resource
consumed by A. lineatus was aquatic insect larvae,
Chironomidae (Tanypus sp.). They are known to
present an important nutritional source for fish
communities (Winemiller & Leslie 1992, Hartz et
al. 2000), and can be abundant in urban streams
because individuals of the Chironomidae family
are resistant to environmental perturbations due to
their ability to survive under low concentrations of
dissolved oxygen and high indices of organic matter
(Cranston 2007). Our observations were consistent
with the findings of Peressin et al. (2018), who found
that the most generalist species (like A. lineatus)
consumed more detritus and chironomid larvae in
urban sections. Souza & Lima-Junior (2013) found
that in degraded areas, Astyanax altiparanae (=
A. lacustris) and Astyanax paranae also ingested
chironomids as the most common food resource.
Even though chironomid larvae were the most
frequent item, the highest autochthonous volume
in A. lineatus from the Cabaca stream (“degraded
habitat”) was represented by P reticulata. This
is an exotic fish that has been reported to occur
in degraded streams and accounts for a large
proportion of the fish density under such conditions
(Cunico et al. 2006, Casatti et al. 2009, Casatti et al.
2010). Because A. lineatus is a generalist and/or
opportunist species (Alonso et al. 2019), it probably
ingested P, reticulate due to its abundance.

Individuals from the Salobra River (“preserved
habitat”) tended to herbivory because their diet
composition was mainly characterized by plant
remains. Similarly, Andrian et al. (2001) found
that medium and large Astyanax bimaculatus
(= A. lacustris) individuals, in pristine areas with
riparian vegetation, fed mostly on Dicotyledons.
Another study showed that Astyanax bimaculatus
(= A. lacustris) and Astyanax fasciatus larger than
65-70 mm SL fed mainly on algae and plant matter
in a lake with extensive emergent vegetation on the
margin (Esteves 1996). Santos et al. (2009), found
that A. lineatus from the Taquarucu stream in Serra
da Bodoquena’s Plateau (a narrow and shallow
drainage area inside a pasture with bamboo on
the margins) tended to be insectivorous, with
mostly aquatic insects in their diet. The tendency
for herbivory for this species might be related to
the integrity and heterogeneity of the riparian
vegetation on the margins of the river.
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Neotropical fishes, mainly characids,
have high trophic plasticity that reflects the
predominance of opportunists and generalist
species (Abelha et al. 2001, Corréa & Silva
2010). Generalist species can feed on different
items than those that occur in their usual diet.
They will eat whatever is available, with no
selectivity (Gerking 1994, Alonso et al. 2019),
making it possible for fish to survive even
in altered habitats (i.e., urban) with unusual
resources available (Oliveira & Bennemann,
2005, Peressin et al. 2018). Our results suggest
that urban disturbance potentially altered the
diet and intestinal coefficient of A. lineatus from
this degraded habitat (Cabaca stream). Most fish
species of Astyanax Baird & Girard, 1854 present
feeding plasticity in response to environmental
changes and food availability (Alonso et al. 2019).
Based on our study, we conclude that the feeding
plasticity in A. lineatus was based on habitat
integrity and resource availability. This species
responds to habitat impacts and biotic changes.
It has wide diet plasticity, allowing it to survive
in anthropogenically modified environments.
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