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A B S T R A C T

Brazil has shown an increase in cage fish farms activity in reservoirs. However, this activity shows potential to
cause several changes in the environment with consequences in the structure of native fish fauna community.
Thus, the hypothesis of this work is that three cage fish farms, located in the different areas of Chavantes
reservoir, high Paraná basin, have potential to interfere with resident fish communities, modifying their
structure. Fish were caught in twelve monthly field samplings around three cage fish farms (FF) (FF1 and FF2 –
Dec/06-Nov/07; FF3 – Mar/08-Feb/09) and their respective reference sites (RF) (RF1, RF2 and RF3), using
gillnets with 3 to 14 cm between opposite knots. Our data showed that cage fish farms cause increase in fish
abundance and biomass around cages. However, Margalef Richness and Shannon-Wiener diversity decreased in
these areas. Spatially, fish community around cage fish farms differed from those observed in the reference sites
(Permanova two-way: (F=12.747; p=0.001)). However, seasonal differences were not observed (F= 1.3732;
p= 0.089). This difference was illustrated by NMDS, that showed the formation of two groups, one composed by
fish farms and another by reference sites. These differences were mainly influenced by a small group of fish
species (Apareiodon affinis, Steindachnerina insculpta (detritivores) and Pimelodus maculatus (generalist) (Simper
analysis)) that are able to consume wastes released. We conclude that the cage fish farm act as a driver of
alterations in the fish community, increasing the abundance and biomass of a few species which contributes to
decrease Richness and Diversity.

1. Introduction

In recent decades, human population growth has caused an increase
in resource demand, among them food and electricity. This fact lead to
an increase in electricity generation through the construction of new
hydropower plants instead of other forms of electricity generation
(Zarfl et al., 2015), and in the Upper Paraná River basin has approxi-
mately 130 hydropower plants (Agostinho et al., 2008). Reservoirs
created by a river damming, despite of generate electricity, are used to
produce aquatic organisms for food (Agostinho et al., 2007; FAO,
2016).

Brazil has one of the most favorable potential for freshwater

aquaculture, with 12% of world available freshwater and an area of 5.5
million of hectares in public reservoirs (Bueno et al., 2015; Lima et al.,
2016). This scenario, aligned with large federal investment since the
end of 1990’s (Bueno et al., 2015) and the encouragement of the sub-
stitution of exploratory fisheries for aquaculture (Pelicice et al., 2014),
contributed for an intense growth of this activity in Brazil. As result,
Brazilian aquaculture produced, in 2015, R$ 4.39 billion of which, 69%
from fish farming. In the freshwater aquaculture, Oreochromis niloticus
follows as the main specie, accounting for 45.9% of the total produced,
with 220 thousand tons (IBGE, 2015).

Historically, river damming has induced impacts like restructuring
of fish communities (Araújo et al., 2013), depletion of rheophilic fishes,
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proliferation of small and sedentary species (Agostinho et al., 2007;
Nobile et al., 2016) and introduction of non-native fish species (Gois
et al., 2015). Further, the recent expansion of aquaculture in cage fish
farms can act as a new source to impact fish communities in large re-
servoirs in Neotropical region (Brandão et al., 2014; Brandão et al.,
2013; Brandão et al., 2012; Ramos et al., 2013).

The release of organic matter in the environment, is one of the most
common impacts of this activity (Pillay, 2004). This organic matter
often causes environmental changes, as water eutrophication with in-
crease in primary production (Miranda et al., 2016; Price et al., 2015)
and loss in benthic fauna richness (Tomassetti et al., 2016). Over the
ichthyofauna, in marine environment large aggregation of fish around
cage fish farms was extensively observed (Bacher et al., 2012; Dempster
and Sanchez-Jerez, 2004; Dempster et al., 2002; Özgül and Angel,
2013). In freshwater ecosystem, a few studies performed also have re-
lated aggregations of fish around cages (Brandão et al., 2012; Demétrio
et al., 2012; Ramos et al., 2013; Strictar-Pereira et al., 2010), despite of
the mainly focus of these studies be feed interactions. In both en-
vironments, food and protection are the most commons attractiveness
driver. The physical structure can act as fish aggregation device (FAD),
providing shelter for attracted populations, however, due to the con-
tinuous input of food, this structure does not act as conventional FAD's
(Dempster et al., 2002; Sanchez-Jerez et al., 2011).

This aggregation can affect fish fauna by restructuring animal
communities, favoring a few species (Bartozek et al., 2014; Dempster
and Sanchez-Jerez, 2004; Loureiro et al., 2011; Menezes and Beyruth,
2003), improving fishing pressure in the vicinity (Akyol and Ertosluk,
2010; Bagdonas et al., 2012) or altering their diet and populational
attributes (Brandão et al., 2013; Brandão et al., 2012; Ramos et al.,
2013). However, most of studies were performed in marine environ-
ments (Bacher et al., 2012; Dempster and Sanchez-Jerez, 2004;
Dempster et al., 2002; Izquierdo-Gomez et al., 2015; Machias et al.,
2005; Machias et al., 2004; Özgül and Angel, 2013; Sanchez-Jerez et al.,
2011). The scientific literature for freshwater environment focusing in
the reorganization of fish community is limited, being that the most of
studies focus in the diet (Brandão et al., 2013; Brandão et al., 2012;
Demétrio et al., 2012; Ramos et al., 2013; Ramos et al., 2008; Strictar-
Pereira et al., 2010). In this way, the effects of the cultivation of O.
niloticus in cage fish farm on native biota are still poorly elucidated.

Thus, the aim of this paper was to evaluate the influence of O. ni-
loticus cage fish farms on the native fish community in a Neotropical
reservoir. Specifically, we tried to answer the following questions: a)
can the cage fish farm activity in a freshwater environment modify the
composition and structure of the native fish community? b) which fish
species or trophic guild are most influenced in this environment?

2. Materials and methods

2.1. Study area

The study was performed around three different sampling areas
with cage fish farms, located in the Chavantes Reservoir, Paranapanema
River, where the main cultured species is O. niloticus (Fig. 1). The
Chavantes Reservoir is a storage dam with a remarkably dendritic
morphology and is the second of a series of 11 cascade reservoirs in the
Paranapanema axis, formed by the junction of the Paranapanema and
Verde Rivers (Montanhini et al., 2015). Situated approximately 480m
above sea level, between São Paulo and Paraná States, it has a surface
area of 400 km2, mean and maximum depths of 22 and 89m, respec-
tively, with a total volume of 9.410× 106m3 and a total discharge of
3.252m3/s, a retention time of 352 days and an oligotrophic state
(historical data: total phosphorus: 31.36 ± 7.85mg/m−3; total ni-
trogen 0.80 ± 0.22 g/m−3) (Montanhini et al., 2015).

In each sampling areas, fishes were caught in two different loca-
tions: one location is at the fish farm (FF1, FF2 and FF3), and another
upstream from fish farms, named Reference (RF1, RF2 and RF3). In all

sampling areas, the reference site was located upstream of the fish farm,
where there was no influence from this activity (Fig. 1). The environ-
mental characteristics and localization of the fish farms are shown in
Table 1.

2.2. Sampling procedure

For fish collection (IBAMA/ICMBio license: 15549-1), a set of gill-
nets with a mesh size from 3 to 14 cm between opposite knots were
installed among the cage line in each fish farm and, in a reference site,
with standardized effort. Number, length and height of gillnets used in
each sampling site are shown in Table S1. Gillnets were exposed from
sunset (approximately 04:00 pm) to dawn (approximately 08:00 am) for
16 h. Samplings were carried out monthly from Dec/2006 to Nov/2007,
in the fish farms and reference sites 1 and 2 and from Mar/2008 to Feb/
2009 in the fish farm and reference site 3. All individuals caught with
gillnets were grouped into a single sample per sample site. Each in-
dividual caught with gillnet was counted, measured (cm) and weighted
(g) for estimation of abundance and biomass. Fishes were identified
with specific keys (Britto et al., 2003; Graça and Pavanelli, 2007).

2.3. Statistical analysis

Three analyses were conducted in Primer software (Plymouth
Routines Multivariate Ecological Research), version 6.0 (Clarke and
Warwick, 2001): a two-way Permutational Multivariate Analysis of
Variance (PERMANOVA) with Monte-Carlo test (999 permutations), to
verify possible differences in species composition between communities
of each sample area, considering seasonal effects. A Non-Metric Mul-
tidimensional Scaling (NMDS), to demonstrate graphically the distance
matrices between areas and Similarity Percentages analysis (SIMPER),
to verify which fish species more contributed to the differences between
areas. For the two first analyses, data were transformed (square root)
and a resemblance matrix of Bray-Curtis were generated. In this matrix,
months are considered as replicates of each sample area and two factors
are used “site” and “season” to contemplate spatial and seasonal trends.

Additionally, monthly values for each sampling site for abundance,
biomass, Margalef Richness and Shannon-Wiener Diversity was ob-
tained in Past 3.0 (Hammer et al., 2001). To test significant differences
among sites, as values of Margalef and Shannon had non-normal dis-
tribution, a Man-Whitney test was performed. For abundance and bio-
mass, due to high monthly variation of data, a Z test was performed, to
avoid misinterpretation. Also, to evaluate ecological patterns, com-
parisons were made between all fish farm and all reference sites for all
analysis (FF1xRF1, FF1xRF2, FF1xRF3, FF2xRF1, FF2xRF2, FF2xRF3,
FF3xRF1, FF3xRF2 and FF3xRF3).

3. Results

Considering all sample areas, a total of 9252 individuals, belonging
to four orders, 17 families and 46 species, with total weight of
774.27 kg, were caught. Except by abundance in FF1, Fish Farm (FF)
areas had higher and significant values of abundance and biomass than
Reference Site (RF): (Abundance: RF1= 1087; FF1= 773;
RF2= 1021; FF2=1355; RF3= 1110; FF3= 3906) (Biomass:
RF1= 73.92 kg; FF1= 104.44 kg; RF2=69.05 kg; FF2=158.20 kg;
RF3= 76.76; FF3= 261.90 kg) (Table S2, Fig. 2). Margalef Richness
and Shannon-Wiener Diversity also showed significant differences,
however with higher values in Reference Site in all analyzed areas
(Fig. 2, Table S3).

These differences promote alterations in the community structure
between sample areas, as showed by PERMANOVA (F= 12.747; p
(Monte-Carlo test)= 0.001). However, for seasonal analysis, this dif-
ference was not observed (F= 1.3732; p (Monte-Carlo test)= 0.089)
(Table S4). The non metric multidimensional scaling (NMDS), illus-
trates graphically this difference, with the formation of two distinct
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Fig. 1. Map of Brazil. The Chavantes Reservoir (Southeast Brazil) is highlighted, showing the locations of the study areas (RF1= reference site 1; FF1= fish farm 1;
RF2= reference site 2; FF2= fish farm 2; RF3= reference site 3; FF3= fish farm 3).

Table 1
Environmental characteristics for all analyzed areas in the Chavantes Reservoir, Paranapanema River, São Paulo State, Brazil (RF1= reference site 1; FF1= fish farm
1; RF2= reference site 2; FF2= fish farm 2; RF3= reference site 3; FF3= fish farm 3).

Characteristics Fish farm 1 (FF1) Reference site 1 (RF1) Fish farm 2 (FF2) Reference site 2 (RF2) Fish farm 3 (FF3) Reference site 3 (RF3)

Cage quantity 500 0 200 0 200 0
Cage capacity (m3) 18 0 18 0 6–18 0
Maximum depth (m) 14 20 43 48 30 25
Sediment type sandy sandy rocky sandy rocky rocky
Macrophytes present present absent present absent absent
Coordinates 23°7′48.6" S

49°42′0,4″ W
23°8′24.25" S
49°40′30.48" W

23°22′42.01" S
49°35′4.14" W

23°22′10.98" S
49°34′39.12" W

23°7′26.50"S
49°37′40.83"W

23°7′57.53"S
49°36′14.43"W

Fig. 2. Ecological attributes for the sampling areas in
the Chavantes Reservoir, Paranapanema River, São
Paulo State, Brazil (A=Abundance (n); B=Biomass
(Kg); Margalef's Richness; D= Shannon-Wiener
Diversity) (RF1= reference site 1; FF1= fish farm 1;
RF2= reference site 2; FF2= fish farm 2;
RF3= reference site 3; FF3= fish farm 3) * in-
dicates significant differences.
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groups, one composed by fish farms and another by reference sites
(Fig. 3).

The differences between sample areas were mainly due to a small
group of fish species, according SIMPER analysis. In general, the dis-
similarity for abundance between areas were greater than 50% in all
analyzed areas, considering the two species that most contribute to

dissimilarity, we had only five species. Of them, two are omnivore-
opportunistic (species that consume all available items) Astyanax la-
custris (early A. altiparanae) and Pimelodus maculatus, two are detriti-
vore (species that consume detritus on sediment or other surfaces)
Apareiodon affinis and Steindachnerina insculpta and one is carnivore
Plagioscion squamosissimus (Table 2). It's possible infer that P. maculatus,

Fig. 3. Multidimensional scaling (MDS) for the fish farms and respective reference sites, for Chavantes Reservoir, Paranapanema River, São Paulo State, Brazil.

Table 2
Similarity percentages (SIMPER) of abundances for the fish farms and reference sites (RF1= reference site 1; FF1= fish farm 1; RF2= reference site 2; FF2= fish
farm 2; RF3= reference site 3; FF3= fish farm 3) for the Chavantes Reservoir, Paranapanema River, São Paulo State, Brazil. Cut was done in 50% of the con-
tribution. In bold, two species that most contribute to dissimilarity in each sampling site.

Species Trophic guild Av.Abund Contrib% Av.Abund Contrib% Av.Abund Contrib%

FF1 RF1 FF1 RF2 FF1 RF3
Average dissimilarity 62.33% 64.03 66.75%

Apareiodon affinis Detritivore 1.97 5.62 19.04 1.97 2.45 11.48 1.97 5.27 15.67
Pimelodus maculatus Omnivore 6.06 2.44 17.48 6.06 3.4 15.55 6.06 1.97 15.59
Galeocharax knerii Carnivore
Iheringichthys labrosus Omnivore 0.24 2.76 10.88
Astyanax lacustris Omnivore 0.79 2.01 7.61 0.79 2.44 6.41
Leporinus amblyrhynchus Herbivore 0.35 1.45 5.29
Plagioscion squamosissimus Carnivore 1.05 3.42 11.24 1.05 2.47 5.23
Schizodon nasutus Herbivore 0.2 1.53 4.87
Steindachnerina insculpta Detritivore 0 4.73 20.55

FF2 RF1 FF2 RF2 FF2 RF3
Average dissimilarity 54.88% 41.86% 61.34%

Apareiodon affinis Detritivore 1.91 5.62 14.37 1.91 2.45 8.12 1.91 5.27 12.2
Pimelodus maculatus Omnivore 6.08 2.44 13.9 6.08 3.4 15.34 6.08 1.97 12.52
Galeocharax knerii Carnivore
Iheringichthys labrosus Omnivore 3.87 1.28 10.41 3.87 2.76 10.7 3.87 1.2 8.93
Astyanax lacustris Omnivore 1.49 1.44 8.53 1.49 2.44 4.68
Leporinus amblyrhynchus Herbivore
Plagioscion squamosissimus Carnivore
Schizodon nasutus Herbivore
Steindachnerina insculpta Detritivore 4.96 1.38 13.31 4.96 4.73 11.65 4.96 1.14 11.85

FF3 RF1 FF3 RF2 FF3 RF3
Average dissimilarity 53.50% 61.71% 52.28%

Apareiodon affinis Detritivore 12.7 5.62 19.69 12.7 2.45 23.78 12.7 5.27 20.58
Pimelodus maculatus Omnivore 8.27 2.44 15.64 8.27 3.4 11.83 8.27 1.97 16.21
Galeocharax knerii Carnivore 5.05 1.8 8.89 5.05 0.7 10.41 5.05 1.9 8.37
Iheringichthys labrosus Omnivore 2.85 1.2 4.32
Astyanax lacustris Omnivore 3.34 2.01 6.4 3.34 2.44 4.29
Leporinus amblyrhynchus Herbivore
Plagioscion squamosissimus Carnivore
Schizodon nasutus Herbivore
Steindachnerina insculpta Detritivore 0.65 4.73 9.39
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A. affinis and S. insculpta were farm-associated, being they are the
species that had higher average abundance in all fish farm analyzed
(Table 2).

4. Discussion

A large aggregation of native fish fauna around cage fish farm were
observed in this study, similar to previous findings in marine (Dempster
and Sanchez-Jerez, 2004; Dempster et al., 2002; Özgül and Angel,
2013; Šegvić Bubić et al., 2011) and freshwater environments (Brandão
et al., 2013; Brandão et al., 2012; Ramos et al., 2013). In these studies,
fish aggregation around cages are mainly modulated by the high
quantity of release alimentary resources (Demétrio et al., 2012; Ramos
et al., 2008; Uglem et al., 2014), that are consumed for a few fish
species (Brandão et al., 2012; Demétrio et al., 2012; Felsing et al., 2005;
Ramos et al., 2013; Strictar-Pereira et al., 2010; Vita et al., 2004),
contributing to improve its abundance and biomass around these areas
as verified in this study.

Our results support that the favoring of few species around cage fish
farms, contribute to spatial differences in fish community between fish
farm and reference sites, as demonstrated by Permanova analysis. This
favoring is supported by concomitantly studies performed in the same
cage fish farms with the same fishes used in this study showed that
opportunistic and omnivore species, like A. affinis, A. lacustris, I. lab-
rosus, P. maculatus and S. insculpta consume the uneaten food released
by fish farms, causing alterations in their numeric abundance, condition
factor and reproductive period (Brandão et al., 2014; Brandão et al.,
2013; Brandão et al., 2012; Ramos et al., 2013).

However, differences in fish community structure between seasons
were not observed in our results. Some studies performed in the
Neotropical region achieve the same results, without seasonal variation
(Borges et al., 2010; Miranda et al., 2016). In a storage dam, like
Chavantes Reservoir, the large amount of stored water
(9410×106m3) and time of residence of water (352 days)
(Montanhini et al., 2015), makes the environment more stable and less
suitable for changings along the year (Fantin-Cruz et al., 2016).
Thereby, the expected oscillations that occurs in rivers and smaller
dammed areas, are amortized by the large volume of water. Moreover,
species present in the dammed area are already adjusted to the en-
vironmental conditions, being less susceptible for environmental al-
terations. Also, the continuous input of food in these areas, can con-
tribute to absence of differences caused by seasonality, once the
attraction keeps all the year (Brandão et al., 2012) and fish do not have
to migrate to other areas in search of food.

Fish can also be attracted to the cages by shelter against predators,
constituting the secondary cause of aggregation (Fréon and Dagorn,
2000; Sanchez-Jerez et al., 2011). Generally, Neotropical reservoirs are
poor in habitat diversity, due to the filling process (Agostinho et al.,
2007; Araújo et al., 2013). Thus, fish farms can improve habitat com-
plexity of this area (Dempster and Taquet, 2004; Fréon and Dagorn,
2000; Sanchez-Jerez et al., 2011) playing a role of physical protection
of adults and juveniles of wild species against predators. Protection
made by cages remains all the year while water level oscillation in the
Reference Site, contributes to eliminate shelters, being that the fishes
have to migrate for other areas. This protection allied with the food
resources, that can contribute to increase in some fish populations can
lead to secondary effect, when predators are attracted for the prey
aggregation (Machias et al., 2004; Serra-Llinares et al., 2013). This fact
was observed in this study, where Galeocharax knerii (piscivore) are
abundant in the fish farms. Previous works showed that G. knerii prey A.
affinis in the vicinity of the cage fish farms (Brandão et al., 2013; Ramos
et al., 2013).

Anthropogenic disturbs, as cage fish farm, can increase the stress of
the fish community by the presence of physical structure (cages), in-
tense boat movement and attraction of fishermen, contributing to im-
prove the dominance of a few opportunistic species (Felsing et al.,

2005; Machias et al., 2005; Machias et al., 2004). In this study, we
observed the same pattern, with few species, P. maculatus (omnivore),
A. affinis and S. insculpta (detritivore), dominating the environments
under influence of cage fish farm by SIMPER analysis. Generally, only
trophic generalists can use the wastes provided by fish farming activity
because they show trophic plasticity and rapidly adjust to the new
conditions (Gerking, 1994) and, as mentioned above, in the study area,
this species consumes the food resources released by cage fish farm,
taking advantage over the others (Brandão et al., 2014; Brandão et al.,
2013; Brandão et al., 2012; Ramos et al., 2013).

The large aggregation of few fish species around cage farms, can
lead to alterations in the diversity indices, as observed in this study for
Margalef Richness and Shannon-Wiener Diversity, which had higher
values in the reference site in all analyzed areas. The dominance of a
few species, can lead to an instability in the homeostasis of environ-
ment, leading to a homogenization process, with the simplification of
fish community, a worldwide process, that have accentuated in the last
years (Magurran et al., 2015; Toussaint et al., 2016). This process is
modulated by human's activities, mainly habitat alteration and fish
introduction, both related to aquaculture activities. These few species,
can obtain advantageous in the interspecific competition with other of
the same trophic guild, depleting their populations. Also, some studies,
has shown that in the fish farm areas, species that can use the food
resource have higher values of the gonadosomatic index (GSi) in rela-
tion of the control sites, taking more advantageous in reproductive
aspects (Brandão et al., 2014; Brandão et al., 2013; Brandão et al.,
2012).

Based on the obtained results, we can infer that the freshwater cage
fish farm activity act as a driver of changes in wild fish community,
with few species as P. maculatus, A. affinis and S. insculpta being fa-
vored. The utilization of this feed can cause modifications to the po-
pulation's density, which directly affects the structure of the fish fauna
assemblage. Thus, cage fish farm activity acts as a community struc-
turing force and can act over the interspecific interactions of the aquatic
ecosystem.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.aquaculture.2018.06.053.
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