An Acad Bras Cienc (2025) 97(3): €20230793 DOI 10.1590/0001-3765202520230793

Anais da Academia Brasileira de Ciéncias | Annals of the Brazilian Academy of Sciences
Printed ISSN 0001-3765 | Online ISSN 1678-2690

www.scielo.br/aabc | www.fb.com/aabcjournal

ECOSYSTEMS

Influence of cage fish farming on diet
composition of Sardela (Triportheus nematurus
(Kner, 1858)) in a Neotropical reservoir

VINICIUS CESAR DO BONFIM, BRUNA CAROLINE K. KLIEMANN, NATALIA LUIZA DA
SILVA, JULIA K.K. RAMOS, JOSE DANIEL S. GARVES, ROSILENE LUCIANA DELARIVA
& IGOR P. RAMOS

Abstract: Cage fish farming promotes the input of organic matter into the surrounding
aquatic environment, which can alter the availability of food resources and consequently
change the diet of wild fish. Thus, gathering information about cage fish farming
influences on the aquatic environment is important. We aimed to evaluate the effects
of cage fish farming on the trophic ecology of the omnivorous and non-native fish
Triportheus nematurus. We collected individuals in areas with (CF) and without (CT) the
influence of cage fish farms in April and July 2019, to analyze the stomach contents
to determine the diet composition of the individuals. The diet composition and the
trophic guild were different between the CT and CF groups. However, the average trophic
niche breadth did not differ between groups. Triportheus nematurus did not directly
consume the organic matter coming from the cages, such as feed. Still, we suggest that
the differences occurred due to changes in the availability of food resources promoted
by cage fish farms and the attractive potential of the cultivation cages. In short, these
results can help understand the implications of this cultivation system in the aquatic
environment, contributing with new information and expanding already described data.
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INTRODUCTION

Cage fish farming is one of Brazil's zootechnical
activities of great economic relevance,
responsible for producing 665 thousand tons in
2023 (IBGE 2024). However, this kind of activity is
potentially harmful to the surrounding aquatic
environment (Barrett et al. 2018, Nobile et
al. 2020). A load of organic matter lost to the
aquatic environment, approximately 7.7 mg/cm’
per day (Cacho et al. 2020), promotes changes in
the availability of food resources. This organic
matter made up of waste feed, fish feces and
scales, and dead fish remains can be directly
consumed by fish or serve as an attractant
for other aquatic organisms, thus altering the

variety of food resources available (Nobile et al.
2020, Kliemann et al. 2018, 2022). Consequently,
the trophic niche breadth and trophic guild of
wild fish can be altered (Gerking 1994, Dias et
al. 2020). Therefore, considering the potential
impacts of cage fish farming (Nobile et al. 2020),
gathering information about their influences on
wild fish is essential.

Cage fish farming mainly influences
generalist and opportunistic fish species
(Kliemann et al. 2018, Nobile et al. 2020, Parra
et al. 2023). The opportunistic habit and trophic
plasticity (usual behavior in neotropical fish)
allow the consumption of food items from
different sources available in the environment
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(Gerking 1994, Abelha & Goulart 2001). Because
of this, fish with generalist and opportunistic
habits tend to consume directly the organic
matter released from cages once it's easily
available with greater abundance (Nobile et al.
2020). As the contraction and expansion of the
trophic niche are related to the availability of
food resources (Schoener 1974, Perry & Pianka
1997, Chase & Leibold 2003), generalist and
opportunistic fish can contract the trophic niche
by concentrating their diet on a few items, such
as feed, which is abundant near the cages as
observed by Kliemann et al. (2022).
Triportheus nematurus (Kner, 1858),
popularly known as sardela in the Upper Parana
River basin (Pavanelli etal.2007), is a species that
has been reported as omnivorous, insectivorous
and frugivorous (Vidotto-Magnoni & Carvalho
2009, Lopes et al. 2017, Araujo et al. 2021) for
which the consumption of microcrustaceans,
insects and plant material was reported (Galina
& Hahn 2008, Novakowski et al. 2008). This
species has an opportunistic and generalist
characteristic, with the ability to adjust its diet
to environmental changes (Lopes et al. 2017) and
low dispersion capacity (Rauber et al. 2021). The
species is native to the Paraguay River and Lower
Parana River (Malabarba 2004) but non-native to
the Upper Parana River (Jalio Jr et al. 2009, Lima
et al. 2020). Kliemann et al. (2022), evaluating
the influences of cage fish farms, observed the
effects on the feeding of this species, thus being
a good model for the work proposed here. In
addition, due to the potential impacts of non-
native species on native species (Daga et al.
2016) and the favoring of non-native species
by cage fish farms (Orlandi-Neto et al. 2022), it
is relevant to know the biology of introduced
species under the influence of these cultivation
systems. Likewise, as T. nematurus can be prey for
other non-native carnivorous species (Petesse &
Petrere Jr 2012), Invasional Meltdown can occur.

WILD FISH DIET UNDER CAGE FISH FARM INFLUENCE

In this process, the interaction between non-
native species facilitates the invasion of each
other (Simberloff & Von Holle 1999). As a result,
the ecological impacts of non-native species
can be magnified (Simberloff & Von Holle 1999).

Throughanalysisofthefood consumedbythe
fish, it is possible to observe how environmental
variations interfere with the feeding of wild
ichthyofauna (Schoener 1974, Chase & Leibold
2003, Fonseca et al. 2022, Kliemann et al. 2024).
Thus, one way of estimating the influences of
cage fish farming is by evaluating the trophic
ecology of wild fishes. In this sense, we aimed
to assess the influences of cage fish farming
on the feeding aspects of T. nematurus in a
Neotropical reservoir. We hypothesized that
the feeding of T. nematurus alters due to the
organic matter available from the cages. Thus,
the following predictions were tested: i) the diet
composition of T. nematurus differs between
the area without an influence of fish farming
and the area with influence; ii) there is the
consumption of feed from the cultivation cages;
iii) there is a contraction of the trophic niche in
the area under the influence of cage fish farms
and: iv) the trophic guild differs between areas
due to the influence of cage fish farms. Based
on the predictions, we expect that, as a result
of feed consumption, there will be changes in
the diet and trophic guild of the species. We
also expect a contraction of the species’ trophic
niche due to the concentration of its diet in a
few consumption items, such as feed.

MATERIALS AND METHODS

Study area

We performed this study in five sampling sites in
the Ilha Solteira Reservoir, between the states of
Sao Paulo, Minas Gerais, and Mato Grosso do Sul,
at Sao Paulo northwest (Figure 1). The reservoir
was formed in 1978 to generate electricity (CTG
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Figure 1. Study area: sampling sites in the Ilha Solteira Reservoir, Upper Parana River basin, Sao Paulo, Brazil. CT1
and CT2 = Control group and CF1, CF2, CF3 = Cage Farm group.

Br 2020) and has an extension of 1195 km? and
a volume of 21.06 x 10° m® (David et al. 2015, CTG
Br 2020). Ilha Solteira Reservoir operates with
an accumulation regime, contributing to the
regularization of the flow of the Parana River
downstream (David et al. 2015, CTG Br 2020). In
this reservoir, 72 cage fish farms were operating,
producing approximately 23.407 tons/year of
fish, the highest production under the cage
system in Sao Paulo state (CDRS 2021).

Fish sampling

We sampled fish in April and July 2019 in two
sites without influences from cage fish farms
(CT1 - 11 km upstream of CF1 and 24.73 km
upstream of CF2; and CT2 - 2915 km upstream
of CF3. Approximate measurements obtained
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from Google Earth) and three sites surrounding
the culture cages (CF1, CF2, and CF3) with similar
physiographic characteristics (see Kliemann et
al. 2022; SISBio License n2 64763-2, Registration
SisGen A908D5F). There is no information
available on other effects of the surroundings;
however, in both sample areas, the land use was
for sugarcane cultivation.

The samples were conducted using gillnets
(3 to 18 cm between non-adjacent nodes) fixed
on the riverbanks and towards the river channel
in CT sites and were attached to the first line of
cages approximately 150 m from the riverbanks
in the CF sites. We euthanized all collected
specimens in a 5% benzocaine solution. After
euthanasia, we measured the standard length
(cm) and total mass (g) of the animals. We
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removed the stomachs, fixed them in a 4%
formaldehyde solution, and preserved them
in 70% alcohol for later laboratory analysis.
The animals were euthanized according to the
Ethics Committee on Animal Experimentation
of the School of Engineering, Sao Paulo State
University (UNESP), Brazil (authorization number
006/2019).

Laboratory procedures

We analyzed the stomach contents under the
optical stereomicroscope, and we identify food
items to the lowest possible taxonomic level
(Bicudo & Bicudo 1970, Mugnai et al. 2010). In
addition, we quantify the food items according
to the volumetric method (Hyslop 1980), using
the volume of each food item obtained by
displacing liquid in a graduated cylinder or
a millimeter Petri dish. In the Petri dish, we
compress the food items with glass slides up to
1T mm in height, and the number of quadrants
occupied by each food item was multiplied by
0.001 to obtain volumes in milliliters (Hellawell
& Abel 1971).

Data analysis

To group the sampling sites into Cage Farm (CF)
and Control (CT), we tested the composition of
the diet between the sampling sites CT1 and
CT2, and CF1, CF2, and CF3 using the Multivariate
Analysis of Permutation Variance (PERMANOVA
one-way; Anderson 2001). This nonparametric
test evaluates significant differences between
groups, based on the measured distance,
in this case the Bray-Curtis distance, with
999 random permutations (Anderson 2001).
Subsequently, we did paired comparisons using
the PERMANOVA multilevel post-test. We group
the sampling sites into two groups, CF and CT,
since we didn't observe significative differences
in the diet between the CT1 and CT2 sampling
sites and between CF1, CF2 and CF3 (Table Sl

WILD FISH DIET UNDER CAGE FISH FARM INFLUENCE

- Supplementary Material). Thus, the CF group
comprised three sites occupied by cage fish
farms (CF1, CF2, and CF3) and the CT group,
two sites upstream of the fish farms without
influence (CT1 and CT2).

To verify the sampling sufficiency (number
of individuals suitable for analysis) in each
group, we calculated the accumulation curve of
food items (Figure S1). Then, considering the food
items consumed by individuals in each sampling
group (Cage Farm and Control), in addition to
the collection curve (observed accumulated
richness), we generated the mean curve and its
standard deviation from the random exchange
of data (i.e, subsampling without replacement,
repeated 100 times) (Gotelli & Colwell 2001).
The “random” method was applied to eliminate
the influence of temporal bias in the samples
(Moreno & Halffter 2000).

To test the differences between standard
length and total mass between CT and CF groups
we apply the T-test for parametric data and the
Wilcoxon test for non-parametric data.

To test possible differences in the feeding of
the specimens between the CF and CT groups, we
used PERMANOVA and the Bray-Curtis distance,
with 999 random permutations (PERMANOVA
one-way, Anderson 2001). In the case of observed
differences using PERMANOVA, we applied a
permutation analysis of multivariate dispersions
(PERMDISP) to the same dataset and design.
This analysis can demonstrate whether the
differences found were related to the analyzed
factors (PERMDISP p>0.05) or just related to
the dispersion or heterogeneity of the samples
(PERMDISP p<0.05) (Anderson et al. 2006). To
reduce the dimensionality and demonstrate the
relationship between food item consumption
and the sampling areas, we applied the Non-
Metric Multidimensional Scaling (NMDS) (Kruskal
1964) with the same array of data and Bray-Curtis
distance. The food items related to sampling
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areas were indicated considering the strong
correlation (square root of the column r2) and
the significant values tested in permutational
analysis (999 permutations using envfit function
in software R).

To verify differences in the trophic niche
breadth between groups, we also used
PERMDISP. We measure the trophic niche
breadth through diet dispersion in space,
assuming that differences in distance between
individuals indicate that a population has a
more restricted or broader diet than the other
(Correa & Winemiller 2014). PERMDISP measures
the distance from the multivariate median of
the group (similar to the centroid), in this case,
the population in each location, through a
principal coordinate analysis (PCoA) (Silva et al.
2017). The group median can be calculated using
the Bray-Curtis dissimilarity measure, which
allows the comparison of the mean dissimilarity
in nindividual observations within the group. To
test the null hypothesis that there is no sample
dispersion and that the trophic niche breadth
did not differ between groups (CF and CT), we
calculate a permutation test to compare the
average distance of each sample to the group
median. The p-value was obtained through 999
permutations of the least squares residues
(Anderson et al. 2006).

To classify the trophic guild of T. nematurus
in the CT and CF groups and verify if the
trophic guild differs between the groups, we
calculate the percentage of consumption of the
food items. For this, we group food items into
crustaceans (Decapoda), insects (Hymenoptera,
Hemiptera, Odonata, Coleoptera, and Diptera),
microcrustaceans (Copepoda and Cladocera),
mollusks (Bivalve and Gastropoda), fish (scale
and muscle) and terrestrial vegetable (seed
and fruit). We carry out the classification
considering the predominance of more than
50% of a class of food items in the diet of each

WILD FISH DIET UNDER CAGE FISH FARM INFLUENCE

group, for example: > 50% of stomach items
recorded as insects: insectivore; > 50% detritus/
sediment: detritivore; > 50% zooplankton:
zooplanktophagous; more than 50% or various
invertebrates and fish in stomachs: carnivore; if
none of the above statements are valid and the
content includes items from different sources
(vegetables and animals): omnivore (Neves et al.
2015 adapted from Mérona et al. 2001).

We perform all analyses in the RStudio
(RStudio Team 2021). For PERMANOVA, NMDS,
PERMDISP, a permutation test, and cumulative
curve, we use the ‘vegan’ package (Oksanen
et al. 2020) and the adonis, envfit, betadisper,
permutest.betadisper and specaccum functions,
respectively. In addition, we apply a multilevel
post-test usingthe ‘pairwise.Adonis’ package and
the pairwise.adonis function. For all analyses we
adopted a significance level of p<0.05.

RESULTS

The 57 individuals (40-CT and 17-CF) of T.
nematurus were analyzed. These individuals
showed no differences in standard length (t=-
0.94941, p=0.3518) and total mass (W=335.5,
p=0.9007) between the CT and CF areas, with an
average length of 19.48 cm and a mass of 90.01
g (Table I).

In general, 11 food items were identified.
In the CT group, Cladocera, Copepoda and
terrestrial plants were the main food items
consumed. In the CF group, terrestrial insects,
fish fragments and Cladocera were predominant
(Table I1).

There was a significant difference in diet
between CT and CF groups (PERMANOVA, Df=1,
F=5.89, p=0.001). The difference in diet between
CT and CF was related to the diet composition
once there was no difference in dispersion or
heterogeneity of the samples between the two
groups (PERMDISP, Df=1, F=1.94, p=016).
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Table I. Standard length and total mass data of individuals of Triportheus nematurus in Ilha Solteira Reservoir,

Upper Parana River basin, Sao Paulo, Brazil.

Standard length (cm) Total weight (g)
Control Cage farm Control Cage farm
Mean+Standard deviation 19.41£3.01 19.69+3.27 87.54+39.73 99.94+4599
Min - Max 14.0 - 235 15.0 - 244 27.71 - 17542 28.53 - 168.63
t (T-test) / W (Wilcoxon) t=-0.94941 W= 3355
p p= 0.3518 p=0.9007

Table Il. Percentage by volume (%) of each food item consumed by Triportheus nematurus in the Control and Cage
farm groups in the Ilha Solteira Reservoir, Sao Paulo, Upper Parana river basin, Brazil. Values in bold represented
the most contributed to the diet in each sample group.

Group Control Cage farm
Food item Percentage by volume (%)
Copepoda 3011 918
Cladocera 36.91 13.36
Decapoda 010
Bivalvia 1.34
Gastropoda 6.68
Invertebrate egg 0.59
Aquatic insect 8.32 0.42
Fish fragments 20.70
Scale 0.83 2.62
Terrestrial vegetable 19.94 0.33
Terrestrial insect 3.31 45.02

The distribution of specimens in two-
dimensional space (NMDS-2D/stress-0.12) was
related to the feeding in each sampling area.
We observed that Copepoda and terrestrial
insects were the main items that segregated the
sampling areas, with Copepoda mainly related
to CT (r2=0.18, p=0.01) and terrestrial insects
(r2=0.35, p=0.001) to CF (Figure 2, Table SlI). The
average trophic niche breadth (CT=0.54 and
CF=0.59), in turn, did not differ between groups
(PERMDISP, Df=1, F=1.94, p=0.15).

An Acad Bras Cienc (2025) 97(3)

The trophic guild also differed between
the groups. In the CT group, the species was
classified as zooplanktophagous due to the
higher consumption of microcrustaceans (67%)
(Figure 3). In contrast, the CF group was classified
as carnivorous with insectivorous tendency due
to the consumption of insects (45.69%) and
consumption in a similar proportion of other
items of animal origin (53.88%) (Figure 3).
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Figure 2. Differences in diet composition of Triportheus nematurus between sites CT and CF (NMDS-2D/stress-0.12),
in Ilha Solteira Reservoir, Upper Parana river basin, Sao Paulo, Brazil. Cop: Copepoda; Gas: Gastropoda; Biv:
Bivalvia; Sca: Scale; Tve: Terrestrial vegetable; Fis: Fish; Cla: Cladocera; Ain: Aquatic insect; Tin: Terrestrial insect;
leg: Invertebrate egg; Dec: Decapoda. CT = control area and CF = cage farm area.

DISCUSSION

Our results confirmed the hypothesis that cage
fish farms influenced the diet of T. nematurus,
providing important insights into the behavioral
and dietary changes of fish in response to
anthropic influence. Differences were observed
in diet composition (prediction i) and trophic
guilds between groups (prediction iv), but there
was no contraction of the trophic niche in CF
group (refuting predictioniii). The species showed
higher consumption of microcrustaceans in the
CT group and insects in the CF group. Due to the
trophic opportunism observed for the species
(Lopes etal.2017) and the input of organic matter
from the cages (Montanhini Neto & Ostrensky
2015, Cacho et al. 2020), we expected that there
would be direct feed intake. However, such was
no observed consumption. Therefore, we infer
that the influences of cage fish farms can be
observed by the consumption of organisms
attracted by fish farms in the CF group. Although
the diet was different, the trophic niche breadth

An Acad Bras Cienc (2025) 97(3)

remains high and without differences between
groups, indicating the trophic plasticity of the
species.

Studies showed that the entry of organic
matter and the structures of the cages promotes
the attraction/proliferation of organisms used
as food items by T. nematurus, such as insects,
Gastropoda, and microcrustaceans (Ramos et
al. 2013, Izquierdo-Gomez et al. 2015, Ayroza
et al. 2019, Kliemann et al. 2022). This input of
organic matter increases the availability and
decreases the diversity of food resources (Cacho
et al. 2020, Kliemann et al. 2022). As a result,
the CF group would have easily accessible food
items, allowing T. nematurus to alter its diet
and maintaining a cost-benefit ratio of energy
expenditure between capture and digestion,
as predicted by the optimal foraging theory
(Schoener 1974). As there were no significant
differences in standard length and total weight
between the areas, the diet was possibly not
influenced by these factors.
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Figure 3. Composition diet (based on percentage volume (%) of food items consumed) of Triportheus nematurus
indicating the trophic guild in each sample group CT and CF, in Ilha Solteira Reservoir, Upper Parana river basin,

Sao Paulo, Brazil. "CT” por “Control” e “CF” por “Cage Farm”.

Although feedingdiffers between groups, the
trophic niche breadth did not differ. Therefore,
the CF group had no trophic niche contraction,
as predicted iii. We expected that there would
be niche contraction due to the high abundance
of few resources close to the cages, such as feed
(Cacho et al. 2020, Kliemann et al. 2022), resulting
in a smaller variety of resources consumed and
thus a smaller trophic niche breadth. However,
the population of T. nematurus presented
homogeneity of diet dispersion between groups
CF and CT, based on the PERMDISP result (non-
significative differenceindicated ahomogeneous
diet dispersion between individuals). In this
way, each group consumed predominant food
items, i.e., Cladocera, Copepoda, and terrestrial
plants in the CT group, and terrestrial insects,
fish fragments, and Cladocera in the CF groups,
suggesting the high availability of these items in
the sampling sites. Thus, individuals could share
the most available resources without causing
depletion to groups of individuals (Schoener

1974, Chase & Leibold 2003, Neves et al. 2018),
once resource sharing may favor long-term
intraspecific coexistence, which is essential
for population stability (Chase & Leibold 2003,
Kliemann et al. 2021).

Changes in diet composition driven by
the influence of cage fish farms resulted in
differences in trophic guilds between groups.
In the CT group, T. nematurus was classified
as zooplanktophagous, while in the CF group,
it presented a carnivorous habit with an
insectivorous tendency. Previous studies
classified it as insectivorous (Vidotto-Magnoni
& Carvalho 2009, Corréa et al. 2011) and
omnivorous (Wantzen et al. 2002, Lopes et al.
2017). Differences in trophic guilds under the
influence of cage fish farms were also observed
in other species, like Metynnis lippincottianus
(Cope, 1870) in the Ilha Solteira Reservoir (Ramos
et al. 2022). Given these differences in trophic
guilds, our results and other studies confirmed
plasticity and trophic opportunism for T.
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nematurus, demonstrating the consumption
of available food resources in each area. The
consumption of Decapoda, Bivalvia, Gastropoda,
and Fish fragments exclusively in CF reinforces
the interference of cage fish farms in the
availability of environmental resources. Studies
demonstrated thatthese organisms are attracted
to cages due to the organic matter (Nobile et al.
2020, Kliemann et al. 2022).

Achange in the availability of food resources
promoted by cage fish farms may favor T.
nematurus, a non-native species to the upper
Parana River basin (Jalio Jr et al. 2009, Lima et
al. 2020). Due to the plasticity and opportunistic
behavior of neotropical fish (Abelha & Goulart
2001), the availability of food promoted by
cage fish farms favors the maintenance and
domination of non-native species (Orlandi-
Neto et al. 2022). This process leads to functional
impoverishment and homogenization of the
biota in areas adjacent to cage fish farms
(Orlandi-Neto et al. 2022, Parra et al. 2023). In
addition, impacts associated with non-native
species can occur in native species, such as
the suppression of vital rates (as reproduction
and growth), alterations in behavior, loss of
functional richness and even the local extinction
of species (Ellender & Weyl 2014, Daga et al.
2016, Souza et al. 2021). Further, the competitive
exclusion of natives can occur through trophic
niche overlaps between native and non-native
species, leading to an energy-poor diet and
possible local extinction of species (Collier et al.
2018) such as Hoplosternum littorale (Hancock,
1828), Leporinus lacustris Amaral Campos, 1945
and Pimelodus platicirris Borodin, 1927.

In short, the results corroborate the
hypothesis that the feeding of T. nematurus
alters due to the organic matter available
from the cages. Furthermore, predictions that
diet composition and trophic guild would
change between sample groups were also

WILD FISH DIET UNDER CAGE FISH FARM INFLUENCE

supported. Given this, we inferred that cage
fish farming could indirectly modify their diet
and other feeding aspects of the surrounding
ichthyofauna. Although Kliemann et al. (2022)
have analysed the diet and the omnivorous
habit of T. nematurus, our study complements
the existing information indicating that this
species uses fish farm resources indirectly,
consuming aquatic organisms attracted by the
cages. In addition, introduced fish can be favored
by the input of food promoted by fish farms,
allowing their population to increase, which can
magnify the impacts on native species. Given
this, the importance of this and similar studies
in detail and understanding the trophic ecology
of aquatic ecosystems, mainly associated with
cage fish farming, is reinforced. In addition, the
results presented here may help understand
the implications of this cultivation system in
the aquatic environment, contributing with new
information and expanding already described
data.

Acknowledgments

We want to thank the Faculdade de Engenharia de Ilha
Solteira (Feis), Universidade Estadual Paulista (Unesp),
and the Universidade Estadual do Oeste do Parana
(Unioeste), for their support and facilities, especially to
the Laboratorio de Ecologia de Peixes - PIRA (Unesp/
Feis). We also would like to thank the research assistance
from Sao Paulo Research Foundation (FAPESP, grant
#2020/13424-7) and the fish farming enterprises for their
support. The Laboratorio de Ecologia de Peixes — Pira is
also supported by the Coordenacao de Aperfeicoamento
de Pessoal de Nivel Superior — Brazil (CAPES) - Finance
Code 001, Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico (CNPg) - Finance Code 001.

REFERENCES

ABELHA MCF & GOULART E. 2001. Plasticidade trofica em
peixes de agua doce. Acta Sci Biol Sci 23: 425-434.

ANDERSON MJ. 2001. A new method for non-parametric
multivariate analysis of variance. Austral Ecol 26: 32-46.

An Acad Bras Cienc (2025) 97(3) 20230793 9 | 12



VINICIUS CESAR DO BONFIM et al.

ANDERSON MJ, ELLINGSEN KE & MCARDLE BH. 2006.
Multivariate dispersion as a measure of beta diversity.
Ecol Lett 9: 683-693.

ARAUJO JM, CORREA SB, PENHA J, ANDERSON | & TRAVESET A.
2021. Implications of overfishing of frugivorous fishes for
cryptic function loss in a Neotropical floodplain. J Appl
Ecol 58: 1499-1510.

AYROZA DMMR, CARMO CF, CAMARGO AFM, OLIVEIRA MD &
PETESSE ML. 2019. Net cages enhance golden mussel
(Limnoperna fortunei) larval density and condition
factor. Freshw Biol 64: 1593-1602.

BARRETT LT, SWEARER SE & DEMPSTER T. 2018. Impacts of
marine and freshwater aquaculture on wildlife: a global
meta-analysis. Rev Aquac 11: 1022-1044.

BICUDO CEM & BICUDORMT.1970. Algas de aguas continentais
brasileiras: Chave ilustrada para identificacao de
géneros. Fundacao Brasileira para o Desenvolvimento
de Ensino de Ciéncias (Funbec), 228 p.

CACHO JCS, MOURA RST & HENRY-SILVA GG. 2020. Influence
of Nile tilapia (Oreochromis niloticus) fish farming
in net cages on the nutrient and particulate matter
sedimentation rates in Umari reservoir, Brazilian semi-
arid. Aquac Rep 17: 100358.

CDRS. 2021. Levantamento Das Unidades De Piscicultura
No Estado De Sao Paulo. Documento Técnico CDRS, p.
1-31.

CHASE JM & LEIBOLD MA. 2003. Ecological niches - linking
classical and contemporany approaches. Chicago, IL:
University of Chicago Press.

COLLIER KJ, PINGRAM MA, FRANCIS L, GARRETT-WALKER | &
MELCHIOR M. 2018. Trophic overlap between non-native
brown bullhead (Ameiurus nebulosus) and native
shortfin eel (Anguilla australis) in shallow lakes. Ecol
Freshw Fish 27: 888-897.

CORREA EC, ALBRECHT MP & HAHN NS. 2011. Patterns of niche
breadth and feeding overlap of the fish fauna in the
seasonal Brazilian Pantanal, Cuiaba River basin. Neotrop
Ichthyol 9: 637-646.

CORREA SB & WINEMILLER KO. 2014. Niche partitioning
among frugivorous fishes in response to fluctuating
resources in the Amazonian floodplain forest. Ecology
95: 210-224.

CTG BR. 2020. Usina Hidrelétrica de Ilha Solteira. Available
at: https://www.ctgbr.com.br/usina-hidreletrica-
ilhasolteira/. Accessed on June 10, 2020.

DAGA VS, DEBONA T, ABILHOA V, GUBIANI EA & VITULE JRS. 2016.
Non-native fish invasions of a Neotropical ecoregion

WILD FISH DIET UNDER CAGE FISH FARM INFLUENCE

with high endemism: a review of the Iguacu River. Aquat
Invasions 11(2): 209-223.

DAVID GS, CARVALHO ED, LEMOS D, SILVEIRA AN & DALL'AGLIO-
SOBRINHO M. 2015. Ecological carrying capacity
for intensive tilapia (Oreochromis niloticus) cage
aquaculture in a large hydroelectrical reservoir in
Southeastern Brazil. Aquac Eng 66: 30-40.

DIAS RM, ORTEGA JCG, STRICTAR L, SANTOS NCL, GOMES LC,
LUZ-AGOSTINHO KDG, AGOSTINHO CS & AGOSTINHO AA. 2020.
Fish trophic guild responses to damming: Variations in
abundance and biomass. River Res Appl 36: 430-440.

ELLENDER BR & WEYL OLF. 2014. A review of current
knowledge, risk and ecological impacts associated with
non-native freshwater fish introductions in South Africa.
Aquat Invasions 9: 117-132.

FONSECA JRS, ORSI CH, BAUMGARTNER MT, MACIEL AL,
KASHIWAQUI EAL & BAUMGARTNER G. 2022. Diet of Psalidodon
aff. fasciatus (Cuvier, 1819) (Teleostei: Characidae) in a
neotropical river before reservoir formation. Bol Inst
Pesca 48: e728.

GALINA AB & HAHN NS. 2008. Comparacao da dieta de duas
espécies de Triportheus (Characidae, Triportheinae), em
trechos do reservatorio de Manso e lagoas do rio Cuiaba,
Estado do Mato Grosso. Acta Sci Biol Sci 25: 345-352.

GERKING SD. 1994. Feeding ecology of fish. California:
Academic Press, 416 p.

GOTELLI NJ & COLWELL RK. 2001. Quantifying biodiversity:
procedures and pitfalls in the measurement and
comparison of species Riqueza. Ecol Lett 4: 379-391.

HELLAWELL JM & ABEL R. 1971. A rapid volumetric method
for the analysis of the food of fishes. | Fish Biol 3: 29-37.

HYSLOP EJ. 1980. Stomach contents analysis—a review of
methods and their application. J Fish Biol 17: 411-429.

IBGE. 2024. Producao da Pecuaria Municipal 2024. PPM
51:1-12.

IZQUIERDO-GOMEZ D, GONZALEZ-SILVERA D, ARECHAVALA-LOPEZ
P, LOPEZ-JIMENEZ JA, BAYLE-SEMPERE JT & SANCHEZ-JEREZ P.
2015. Exportation of excess feed from Mediterranean fish
farms to local fisheries through different targeted fish
species. ICES J Mar Sci 72(3): 930-938.

JULIO JR HF, DEI TOS C, AGOSTINHO AA & PAVANELLI CS. 2009.
A massive invasion of fish species after eliminating a
natural barrier in the upper rio Parana basin. Neotrop
Ichthyol 7: 709-718.

KLIEMANN BCK, DELARIVA RL, AMORIM JPA, RIBEIRO CS, SILVA
B, SILVEIRA RV & RAMOS IP. 2018. Dietary changes and
histophysiological responses of a wild fish (Geophagus

An Acad Bras Cienc (2025) 97(3) €20230793 10 | 12



VINICIUS CESAR DO BONFIM et al.

cf. proximus) under the influence of tilapia cage farm.
Fish Res 204: 337-347.

KLIEMANN BCK, DELARIVA RL, MANUEL LO, SILVA APS, SILVEIRA RV
& RAMOS IP. 2022. Do cage fish farms promote interference
in the trophic niche of wild fish in neotropical reservoir?
Fish Res 248(1): 106198.

KLIEMANN BCK, GALDIOLI EM, BIALETZKI A & DELARIVA RL. 2021.
Morphological divergences as drivers of diet segregation
between two sympatric species of Serrapinnus
(Characidae: Cheirodontinae) in macrophyte stands in
a neotropical floodplain lake. Neotrop Ichthyol 19: 1-20.

KLIEMANN BCK, GARVES JDS, PAGLIARINI CD, DELARIVA RL,
SILVEIRA RV & RAMOS IP. 2024. Cage fish farm causes the
homogenization of wild fish diets of different sizes. Bol
Inst Pesca 50: e834.

KRUSKAL JB. 1964. Multidimensional scaling by optimizing
goodness of fit to a nonmetric hypothesis. Psychometrika
29:1-27.

LIMA MCC, LIMA SC, SAVADA CS, SUZUKI KM, ORSI ML & ALMEIDA
FS. 2020. Use of DNA barcode in the identification of fish
eggs in tributaries of the Paranapanema River basin.
Genet Mol Biol 43(3): €20190352.

LOPES DA, VIEIRA KRI, MOTA RS, SOUZA MRF, COSTA FES & PAIVA
F. 2017. Opportunistic diet of Triportheus nematurus
(Characiformes: Triportheidae) in Southern Pantanal
ponds: influences of temporal availability and
abundance of resources. Acta Sci Biol Sci 39: 441-447.

MALABARBA MCSL. 2004. Revision of the Neotropical genus
Triportheus Cope, 1872 (Characiformes: Characidae).
Neotrop Ichthyol 2: 167-204.

MERONA B, SANTOS GM & ALMEIDA RG. 2001. Short Term
Effects of Tucurui Dam (Amazonia, Brazil) on the Trophic
Organization of Fish Communities. Environ Biol Fishes
60: 375-392.

MONTANHINI NETO R & OSTRENSKY A. 2015. Nutrient load
estimation in the waste of Nile tilapia Oreochromis
niloticus (L.) reared in cages in tropical climate
conditions. Aquac Res 46: 1309-1322.

MORENO CE & HALFFTER G. 2000. Assessing the
completeness of bat biodiversity inventories using
species accumulation curves. J Appl Ecol 37: 149-158.

MUGNAI R, NESSIMIAN JL & BAPTISTA DF. 2010. Manual de
identificacao de macroinvertebrados aquaticos do
Estado do Rio de Janeiro. Technical Boocks, 174 p.

NEVES MP, DELARIVA RL & WOLFF LL. 2015. Diet and
ecomorphological relationships of an endemic,

WILD FISH DIET UNDER CAGE FISH FARM INFLUENCE

species-poor fish assemblage in a stream in the Iguacu
National Park. Neotrop Ichthyol 13: 245-254.

NEVES MP, SILVA JCS, BAUMGARTNER D, BAUMGARTNER G &
DELARIVA RL. 2018. Is resource partitioning the key?
The role of intra-interspecific variation in coexistence
among five small endemic fish species (Characidae) in
subtropical rivers. J Fish Biol 93: 238-249.

NOBILE AB ET AL. 2020. Status and recommendations for
sustainable freshwater aquaculture in Brazil. Rev Aquac
12: 1495-1517.

NOVAKOWSKI GC, HAHN NS & FUGI R. 2008. Diet seasonality
and food overlap of the fish assemblage in a pantanal
pond. Neotrop Ichthyol 6: 567-576.

OKSANEN J ET AL. 2020. vegan: Community Ecology Package.
R package version 2.5-7.

ORLANDI-NETO A, AMORIM RV, DELARIVA RL, CAMARGO AFM,
SILVEIRA RV & RAMOS IP. 2022. Structure and composition
of ichthyofauna associated with cage fish farming and
compared to a control area after severe drought in a
Neotropical reservoir. Neotrop Ichthyol 20(3): €210141.

PARRA AB, DIAS JHP, MARQUES H, BALBUENA JA & RAMOS IP.
2023. Cage fish farming as a driver of changes in the
functional diversity and structure of ichthyofauna in a
Neotropical reservoir. Aquac Int 31: 1-17.

PAVANELLI CS, GRACA W), ZAWADZKI CH, BRITSKI HA, VIDOTTI AP,
AVELINO GS & VERISSIMO S. 2007. Fishes from the Corumba
Reservoir, Paranaiba River drainage, upper Parana River
basin, State of Goias, Brazil. Check List 3: 58-64.

PERRY G & PIANKA ER. 1997. Animal foraging: past, present
and future. Trends Ecol Evol 12: 360-364.

PETESSE ML & PETRERE JR M. 2012. Tendency towards
homogenization in fish assemblages in the cascade
reservoir system of the Tieté river basin, Brazil. Ecol Eng
48:109-116.

RSTUDIO TEAM 2021. RStudio: Integrated Development for
R. RStudio, PBC, Boston.

RAMOS IP, BRANDAO H, ZANATTA AS, ZICA EOP, SILVA RJ,
REZENDE-AYROZA DMM & CARVALHO EDC. 2013. Interference
of cage fish farm on diet, condition factor and numeric
abundance on wild fish in a Neotropical reservoir.
Aquaculture 414: 56-62.

RAMOS JKK, BONFIM VC, KLIEMANN BCK, GARVES JDS, DELARIVA
RL & RAMOS IP. 2022. Do cage fish farms interfere with the
food aspects of the wild species Metynnis lippincottianus
(Characiformes, Serrasalmidae)? Bol Inst Pesca 48: e722.

RAUBER RG, STRICTAR L, GOMES LC, SUZUKI HI & AGOSTINHO AA.
2021. Spatial segregation in the reproductive activity of

An Acad Bras Cienc (2025) 97(3) 20230793 11| 12



VINICIUS CESAR DO BONFIM et al.

Neotropical fish species as an indicator of the migratory
trait. ) Fish Biol 98: 694-706.

SCHOENER TW. 1974. Resource partitioning in ecological
communities. Science 185: 27-39.

SILVA JC, GUBIANI EA, NEVES MP & DELARIVA RL. 2017. Coexisting
small fish species in lotic neotropical environments:
evidence of trophic niche differentiation. Aquat Ecol 51:
275-288.

SIMBERLOFF D & VON HOLLE B. 1999. Positive interactions
of nonindigenous species: invasional meltdown? Biol
Invasions 1: 21-32.

SOUZA CP, RODRIGUES-FILHO CAS, BARBOSA FAR & LEITAO
RP. 2021. Drastic reduction of the functional diversity
of native ichthyofauna in a Neotropical lake following
invasion by piscivorous fishes. Neotrop Ichthyol 19(3):
€210033.

VIDOTTO-MAGNONI AP & CARVALHO ED. 2009. Aquatic insects
as the main food resource of fish the community in a
Neotropical reservoir. Neotrop Ichthyol 7: 701-708.

WANTZEN KM, MACHADO FA, VOSS M, BORISS H & JUNK WJ. 2002.
Seasonal isotopic shifts in fish of the Pantanal wetland,
Brazil. Aquat Sci 64: 239-251.

SUPPLEMENTARY MATERIAL

Figure S1.
Tables S, Sll.

How to cite

DO BONFIM VC, KLIEMANN BCK, DA SILVA NL, RAMOS JKK, GARVES JDS,
DELARIVA RL & RAMOS IP. 2025. Influence of cage fish farming on
diet composition of Sardela (Triportheus nematurus (Kner, 1858))
in a Neotropical reservoir. An Acad Bras Cienc 97: €20230793. DOI
10.1590/0001-3765202520230793.

Manuscript received on July 14, 2023;
accepted for publication on April 9, 2025

VINICIUS CESAR DO BONFIM'
https://orcid.org/0000-0002-3546-4118

BRUNA CAROLINE K. KLIEMANN?
https://orcid.org/0000-0002-7972-2043

NATALIA LUIZA DA SILVA'
https://orcid.org/0000-0002-4983-4124

JULIA K.K. RAMOS'
https://orcid.org/0000-0003-0679-465X

WILD FISH DIET UNDER CAGE FISH FARM INFLUENCE

]OSE DANIEL S. GARVES'
https://orcid.org/0000-0003-4549-3630

ROSILENE LUCIANA DELARIVA?
https://orcid.org/0000-0002-6489-2437

IGOR P. RAMOS™"
https://orcid.org/0000-0003-4525-6491

'Universidade Estadual Paulista (UNESP), Instituto
de Biociéncias, Botucatu, Rua Prof. Dr. Antonio
Celso Wagner Zanin, 250, Distrito de Rubiao
Junior, 18618-689 Botucatu, SP, Brazil

*Universidade Estadual Paulista (UNESP), Faculdade de
Engenharia, Departamento de Biologia e Zootecnia, Rua
Mongao, 226, Zona Norte, 15385-000 Ilha Solteira, SP, Brazil

*Universidade Estadual do Oeste do Parana (UNIOESTE),
Centro de Ciéncias Biologicas e da Saude, Rua Universitaria,
161, Universitario, 85819-110 Cascavel, PR, Brazil

Correspondence to: Vinicius Cesar do Bonfim
E-mail: v.bonfim@unesp.br

Author contributions

Conceived and designed the experiments: IPR, RLD, BCKK;
Collected specimens: BCKK, JDSG, IPR; Laboratory analysis: VCB;
Data analysis: VCB, BCKK; Wrote the paper: VCB, BCKK, NLS, JKKR,
JDSG, RLD, IPR.

@)y

An Acad Bras Cienc (2025) 97(3) €20230793 12| 12



