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Abstract: Aim: To assess the dietary, populational and parasitological aspects of the non-native 
wild species Rhaphiodon vulpinus in an area under the influence of cage fish farm, in the Ilha Solteira 
Reservoir, São Paulo State. Methods: Fifty-one specimens of R. vulpinus were captured bimonthly, 
from September 2014 to August 2016, with gill nets with different mesh sizes, in area surrounding a 
cage fish farm and area not influenced by this activity. The specimens were quantified and their mass 
(g) and standard length (cm) measured. The stomachs were analyzed with a stereomicroscope and the 
food items were quantified using the gravimetric method. The parasites were collected during necropsy 
and their prevalence, mean intensity of infection and mean abundance were subsequently calculated. 
Results: There were changes in feeding activity regarding the area, with greater numbers of individuals 
with stomach contents in the areas under the influence of fish farm. However, diet composition did 
not change between the areas analyzed, with prey represented by small fish, such as Geophagus sveni, 
and shrimps. In the fish farm area there was also a decrease in abundance and an increase in the total 
mass of the individuals, while there was no difference in standard length between the areas. In terms 
of parasitological aspects, low parasitic indexes and the absence of differences between the areas were 
observed. The first report of the monogenean Notozothecium lamotheargumedoi in the Ilha Solteira 
reservoir is also presented. Conclusions: The cage fish farm affected some aspects of the population 
and the food intake of R. vulpinus. Furthermore, the parasite-host relationship demonstrated that 
phylogenetic specificities had a greater effect than aquaculture activity on R. vulpinus in the fish farm 
area. 
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fish, with a production value of 4.7 billion reais 
(Peixe BR, 2018). Specifically, the Ilha Solteira 
Reservoir in the Paraná River is the main hub for 
the production of Nile tilapia (Oreochromis niloticus 
(Linnaeus, 1758)) in cages in the state of São Paulo 
(IBGE, 2016). It had an annual production of more 
than 23,000 tons in 2016, notably in the municipal 
regions of Santa Fé do Sul, Santa Clara d’Oeste, 
and Rubinéia, in São Paulo State, and Aparecida do 
Taboado in Mato Grosso do Sul State, listed among 
the country’s largest tilapia producers (IBGE, 2016).

Cage fish farm systems present great economic 
and environmental challenges. It is estimated that 
during tilapia production in cages at least 18% 
of feed used is lost to the aquatic environment 
in the Neotropical region (Montanhini Neto & 
Ostrensky, 2015), resulting in economic losses 
and environmental influences. This entry of 
allochthonous organic matter into the aquatic 
ecosystem can contribute to an increase in nitrogen 
and phosphorus levels, and may affect water 
quality in areas close to cage fish farms (Sarà, 2007; 
Montanhini Neto & Ostrensky, 2015), as well as 
the trophic status of the environment.

The input of organic matter has been reported in 
both marine (Sarà, 2007; Mannino & Sarà, 2008) 
and freshwater environments (Montanhini Neto & 
Ostrensky, 2015; Kliemann et al., 2018), together 
with alterations in the food chain and modification 
of the natural diet of wild fishes in areas close to cage 
fish farms (Ramos et al., 2008; Demétrio et al., 2012; 
Brandão  et  al., 2012, 2013; Sanchez-Jerez  et  al., 
2011; Kliemann et al., 2018), local alterations to 

1. Introduction

Brazil has one of the largest water networks in 
the world with a freshwater reserve of approximately 
12% of the world total (Silva, 2012). Part of 
this reserve is located in more than 700 large 
reservoirs which while important for regional 
economic development cause major changes in 
aquatic ecosystems and adjacent landscapes, with 
consequences for biodiversity (Agostinho  et  al., 
2015; Winemiller  et  al., 2016). One of these 
changes is the flooding of natural barriers allowing 
fish species previously restricted to the lower section 
of a basin, such as Rhaphiodon vulpinus Agassiz, 
1829 (dogfish or golden mache) (Agostinho et al., 
2003), to reach the upper section. This species was 
naturally distributed in the lower and middle Paraná 
River basin, reaching the upper section after the 
Salto de Sete Quedas flood which resulted from the 
formation of the Itaipu Hydroelectric Power Plant 
reservoir in 1983 (Agostinho et  al., 2003). With 
the formation of reservoirs, the local hydrology is 
severely altered from a lotic to a lentic condition, 
with greater volume and water stability in the 
reservoir body (Agostinho et al., 2007).

The reservoirs has hydrological, logistic 
and water volume characteristics that provide 
conditions for the implementation of cage fish farms 
(Diemer et al., 2010), which have major economic 
potential, attracting domestic and international 
investors (Peixe BR, 2018). In 2017, Brazilian 
fishery production increased 8% in comparison 
with the previous year, reaching 691,700 tons of 

Resumo: Objetivo: Verificar os aspectos alimentares, populacionais e parasitológicos da espécie 
de peixe silvestre não-nativa Rhaphiodon vulpinus em área sob influência de uma piscicultura em 
tanques-redes, no reservatório de Ilha Solteira, São Paulo. Métodos: Cinquenta e um exemplares de 
R. vulpinus foram capturados entre setembro de 2014 e agosto de 2016, com redes de espera com 
diferentes malhas, em área no entorno de uma piscicultura em tanques-rede e área sem a influência 
dessa atividade. Os exemplares foram quantificados e suas massas (g) e comprimentos padrão (cm) 
mensurados. Os estômagos foram analisados em estereomicroscópio e os itens alimentares quantificados 
por meio do método gravimétrico. Os parasitas foram coletados durante as necropsias, sendo 
calculados os atributosde prevalência, intensidade média de infecção e abundância média parasitária. 
Resultados: Houve mudanças na atividade alimentar em relação as áreas, sendo maior o número de 
indivíduos com conteúdo estomacal na área de piscicultura. Porém, a composição da dieta não se alterou 
entre as áreas, sendo suas presas pequenos peixes, como Geophagus sveni, e camarão (Macrobrachium sp.). 
Também na área de piscicultura, verificou-se diminuição da abundância e aumento da massa total 
dos indivíduos, contudo não houve diferenças no comprimento padrão entre as áreas. Quanto aos 
aspectos parasitológicos, observou-se baixos índices parasitários e ausência de diferenças entre as 
áreas. Apresenta‑se o primeiro registro do parasita monogenético Notozothecium lamotheargumedoi 
no reservatório de Ilha Solteira. Conclusões: A piscicultura afetou alguns aspectos populacionais 
e a ingestão de alimento de R. vulpinus. Ainda, a relação parasita-hospedeiro demonstrou que as 
especificidades filogenéticas se sobressaíram aos efeitos oriundos da atividade aquícola sobre R. vulpinus 
na área de piscicultura. 

Palavras-chave: reservatório de Ilha Solteira; criação de tilápias; ictiofauna; dieta; parasitas.
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the structure of the wild ichthyofauna (Uglem et al., 
2014; Ramos  et  al., 2013; Nobile  et  al., 2018) 
and increases in parasitic infection rates in wild 
fish (Ramos  et  al., 2014). Another important 
environmental influence caused by fish farms is 
the introduction of non‑native species, with at least 
32 registered entries (Ortega  et  al., 2015). Such 
influences may pose risks to the diversity of native 
fish through biotic homogenization (Britton & 
Orsi, 2012), as well as result in economic risks due 
to a loss of environmental quality, with a consequent 
decrease in productivity.

Thus, information on the ecological aspects 
of wild fish species can assist in the evaluation of 
environmental influences on aquaculture activity 
and, consequently, contribute to the development of 
more sustainable forms of production. The  present 
study tested the following hypothesis: cage fish 
farm systems modify the dietary, population and 
parasitological aspects of specimens of R. vulpinus 
from area close to cages in the Ilha Solteira Reservoir.

2. Material and Methods

2.1. Study area

The Ilha Solteira Reservoir is an accumulation 
reservoir formed mainly by the Paraná River in the 
Upper Paraná River basin. It has an average depth 

of 17.6 m, a maximum volume of 21.06 x 109 m3, 
a basin area of 1195 km2 and a residence time 
of 46.7 days (Garcia  et  al., 2014). The cage fish 
farm studied is located in the Can-Can branch of 
the reservoir (Figure  1). Currently, the cage fish 
farm studied cultivate Nile tilapia (O. niloticus) 
and has approximately 230 18 m3 cages and 
18 144 m3 cages, with an approximate daily pelleted 
feed of 4,375 kg × day-1. The pelleted feed used 
contains approximately 32% crude protein, 10% 
mineral matter, 6% ether extract, 5% fiber matter, 
3.5% calcium, 1.5% phosphorus, and vitamins and 
minerals in smaller proportions (manufacturer’s 
information).

2.2. Field collection

The collection of specimens of R. vulpinus was 
performed bimonthly between September 2014 
and August 2016 using gill nets with different 
mesh sizes (3 to 16 cm between nonadjacent knots), 
exposed from 17:00 h to 07:00 h. Sampling was 
conducted in two areas with similar characteristics 
of hydrodynamics and temperature: one area used 
for cage fish farm activities (cage farm area (CF) 
-20°02’30.54”S and 50°55’59.65”W) and the 
other approximately 10 km upstream, without the 
influence of the cage fish farm (control area (CT) 
-20°0’13.71”S and 50°51’58.94”W) (Figure 1).

Figure 1. The study area showing the Ilha Solteira Reservoir, with sampled areas in the Grande River, São Paulo, 
Brazil. Source: Kliemann et al. (2018).
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The collected specimens were individually 
placed in plastic bags and gradually cooled to 
rapidly reduced their metabolic activity until 
death, according to license SISBio 42229-1 and 
the procedures approved by the Ethics Committee 
on Animal Experimentation of the Universidade 
Estadual Paulista “Júlio de Mesquita Filho”, UNESP 
(CEEA - 001/2014).

Voucher specimens of the host fish were deposited 
in the fish collection of the Universidade Estadual 
Paulista – UNESP, in the municipalityof São José 
do Rio Preto, Brazil (DZSJRP 21317). Vouchers of 
the parasites were deposited in the Helminthological 
Collection of the Department of Parasitology, 
Institute of Biosciences, Universidade Estadual 
Paulista – UNESP (CHIBB), in the municipality of 
Botucatu, Brazil (Notozothecium lamotheargumedoi 
366-375 L; Trematoda (metacercariae) 8479 and 
Hysterothylacium sp. (larvae) 8480).

2.3. Laboratory procedures

The mucus of the specimens was collected in the 
laboratory and their standard length (0.1 cm) and 
total mass (0.01 g) was measured. A longitudinal 
incision was subsequently made on the ventral 
surfaces. The stomachs were removed and fixed in 
a 4% formaldehyde solution, while the other organs 
were frozen until the parasitological analysis.

The stomach contents were examined under an 
optical stereomicroscope. Food items were identified 
using Mugnai  et  al. (2010) for invertebrates and 
Ota et al. (2018) for fishes. The food items were 
quantified using the gravimetric method, and the 
wet mass was recorded with a precision analytical 
balance (0.0001 g). To reduce the influence of fish 
size on the diet composition results, the relative 
mass (WAG = MI.MT-1) method proposed by 
Ahlbeck et al. (2012) was applied, where: MI = mass 
of the food item, MT = fish mass. The composition 
of the diet in each area was expressed by the 
percentage of the mass of each food item consumed 
in relation to the total mass consumed.

The mucus and all the organs were examined 
individually with the aid of stereomicroscopy to 
verify the presence and recovery of parasites. All the 
parasites found were fixed and preserved in 70% 
ethanol solution, and then processed according 
to Eiras et al. (2006). To identify the species, the 
parasites were analyzed using a computerized system 
for image analysis with differential interference 
contrast (DIC) - LAS V3 (Leica Application 
Suite). Prevalence (P), mean intensity of infection 
(MII) and mean abundance (MA) were obtained 
according to Bush et al. (1997) for all the registered 
parasite taxa.

2.4. Data analysis

To test for possible significant differences in 
the number of fish with stomach contents at time 
of capture and the relative numeric abundance 
of fish between the CF and CT areas, the χ2 test 
(chi-square) was applied. The standard length, 
total weight, mean intensity of infection and 
mean abundance values of the sampling areas were 
compared with the Mann-Whitney test (U-Test) 
and prevalence was compared with the Z test. 
To   test differences in diet composition between 
the CF and CT areas, permutational multivariate 
analysis of variance (PERMANOVA one-way) 
was applied using the Bray-Curtis Index, with 
9999   random permutations (Anderson, 2001). 
For all statistical analyses, a value of p < 0.05 was 
adopted as the threshold for significance and the 
PAST 3.0 and SigmaStat 4.0 software packages 
were used.

3. Results

3.1. Diet

Fifty-one specimens of R. vulpinus were 
analyzed (CF = 19 and CT 32 specimens). 
A   significant difference was observed in the 
percentage of individuals with the presence of 
stomach contents at the time of capture, with 
the highest values observed in the CF area 
(CF = 63.1% and CT = 37.5% - χ2 = 6.5876, 
p < 0.05). The diet of R. vulpinus did not differ 
significantly between the areas (Permanova one-way 
DF = 1, p = 0.403, F = 0.928) and was characterized 
mainly by the presence of small fish, including 
Geophagus sveni Lucinda, Lucena & Assis, 2010 
(= Geophagus proximus for Paraná River basin, a 
non-native species), fragments of unidentified 
fish, Decapoda (Macrobrachium sp.), and Odonata 
nymphs (Table 1). The presence of aquatic plants 
and terrestrial insects in the diet of specimens from 
the CT area was also verified

3.2. Population biology

Rhaphiodon vulpinus had higher total mass 
(p = 0.0009, U = 133.00) and less relative numerical 
abundance (χ2 = 6.5025, p < 0.05) values in the CF 
area, while standard length did not differ between 
areas (p = 0.30, U = 251.50) (Table 2).

3.3. Parasitological aspects

Two clades of parasitic organisms were recorded for 
each area evaluated. Notozothecium lamotheargumedoi 
Cohen & Kohn, 2008 (Monogenea) was recorded 
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in both areas. Four specimens from the CF area 
were infected with unidentified metacercariae 
(Trematoda) found in the heart, while one host 
from the CT area was parasitized by a third-stage 
larvae of Hysterothylacium sp. (Nematoda) (Table 3). 
However, no differences were observed between the 
areas for prevalence (p = 0.22, Z = 1.227), mean 
intensity of infection (p = 0.45, t = -0.79) and 
average abundance (p = 0.28, U = 249.50). There 
was also no difference in the parasite component 
communities between the CF and CT areas 
(Permanova one-way DF = 1, p = 0.21, F = 1.573).

4. Discussion

Recent studies on fish dietary changes related 
to influence of cage fish farms showed that the 
omnivorous species that occupy these areas tend 
to make use of the nutrients provided by fish 

farms, whether in the form of feed or the feces of 
cultivated animals (Håkanson, 2005; Ramos et al., 
2008, 2013; Kliemann  et  al., 2018). In the case 
of the carnivorous species resident in these areas, 
dietary changes are indirect reflexes of the entry 
of organic matter into the aquatic ecosystem 
(Ramos et al., 2013). These effects can also increase 
the productivity of the periphyton (Mannino & 
Sarà, 2008), which has the consequence of increasing 
the biomass of small fish (Ramos et al., 2008, 2013; 
Brandão  et  al., 2012) and aquatic invertebrates 
(Agostinho et al., 2007), as potential prey. Changes 
in the piscivorous diet, specifically, may also occur 
through the predation of cultured fish that escape 
from fish ponds (Serra‑Llinares et al., 2013). Thus, 
the abundance of wild piscivorous fish in the vicinity 
of fish farms may reduce the survival rates of the 
fish from escape (Uglem et al., 2014).

Table 1. Food items consumed by Rhaphiodon vulpinus in the Ilha Solteira Reservoir, Upper Paraná River basin, 
Brazil. Values are based on percentages of the weight of food items.

Local Control Cage farm
Abundance 32 19

Analyzed stomach 12 13
Length class ranges (cm) 23.10-44.00 23.00-47.60

Food item Weight (%) Weight (%)
Fish Decapoda (Macrobrachium sp.) 51.33

38.63
69.99
27.81

Odonata   8.38   2.18
Vegetable   1.60 -
Terrestrial Insects 0.05 -

Table 2. Relative numeric abundance and medians for total weight and standard length ± interquartile deviation of 
Rhaphiodon vulpinus in the Ilha Solteira Reservoir, Upper Paraná River basin, Brazil.

Populational attributes
Local

Control Cage farm
Relative numeric abundance (%) *62.75 37.25
Total weight (g) 316.01 ± 69.17 *412.14 ± 132.23
Standard length (cm) 38.85 ± 2.37 39.10 ± 4.56
*Significant differences (p < 0.05).

Table 3. Prevalence, mean intensity of infection and mean abundance of parasites (mean ± standard error) of 
Rhaphiodon vulpinus in the Ilha Solteira Reservoir, Upper Paraná River basin, Brazil.

Parasites Infection 
local

Prevalence (%) Mean intensity of 
infection Mean abundance

CT CF CT CF CT CF
Notozothecium 
lamotheargumedoi

Mucus/gills 9.37 26.31 2.33 ± 0.66 3.20 ± 0.73 0.21 ± 0.13 0.84 ± 0.37

Trematoda 
(metacercariae)

Heart - 21.05 - 1.50 ± 0.57 - 0.31 ± 0.67

Hysterothylacium sp. 
(larvae)

Intestine 3.12 - 1.00 - 0.02 ± 0.17 -

CT = control area; CF = cage farm area.
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The diet of R. vulpinus did not change in 
areas surrounding the cage fish farm. This may 
be due to the fact that its main prey such as 
small‑fish (G. sveni) (Gois  et  al., 2015) and 
shrimp (Macrobrachium sp.) (Magalhães  et  al., 
2005), were abundant in the two study areas. 
Rhaphiodon  vulpinus is considered a piscivore 
species whose diet changes little due to alterations 
in the aquatic community (Pereira  et  al., 2017). 
However, the high abundance of shrimp recorded 
in diet indicates an opportunistic trait, suggesting 
dietary flexibility based on the preferential resources 
available in the environment (Abelha  et  al., 
2001), a food tactic typical of opportunistic 
piscivorous species (Kahilainen & Lehtonen, 2003). 
In addition, the presence of vegetation as an item 
consumed in the CT area is possibly attributed to 
the stomach contents of the prey (in this case, fish) 
or accidental consumption by prey living in the 
marginal vegetation (Pacheco et al., 2009).

It is not uncommon to find a high incidence 
of empty stomachs among this species, as its prey 
is relatively large, high nutritional value and easily 
digestible, reducing the time needed to reach 
satiety (Pacheco et al., 2009; Ferriz et al., 2016). 
This characteristic makes it difficult to study the diet 
of piscivorous species, not only due to the incidence 
of discharge of empty stomachs but also the rapid 
digestion of prey (Hahn et al., 1999; Pacheco et al., 
2009). In addition, the lower presence of stomachs 
with contents in the CT area may be the result of the 
higher percentage of shrimp consumed in this area. 
Such a resource, despite a high degree of nutrient 
digestibility through emptying, and also the rapid 
digestion of prey (Boscolo et al., 2004), is smaller in 
size and has a softer body than fish prey (Goulding 
& Ferreira, 1984), leading to the rapid digestion 
of food (Jobling, 1987). The higher percentage of 
individuals with stomach contents and the greater 
total mass of R. vulpinus in the CF area may, on the 
other hand, indicate a possible relationship with 
aquaculture activity. This is due to the fact that 
increasing the density of small fish and crustaceans 
in surrounding areas (Ramos  et  al., 2008, 2013; 
Brandão  et  al., 2013) may favor the success 
of foraging predators, which may accumulate 
greater body reserves (Luz-Agostinho et al., 2009; 
Petenuci et al., 2016).

The densification of prey in the CF area did not 
reflect a greater numerical abundance of R. vulpinus. 
This fact may reflect interspecific competition with 
other carnivorous species, such as the non-native wild 
species Plagioscion squamosissimus (Heckel, 1840), 

which presented greater numerical abundance in the 
CF area (n = 487) than the CT (n = 307) (personal 
information). Both species have pelagic habits and 
pursuit predation in common (Luz‑Agostinho et al., 
2008). Moreover, P. squamosissimus is characterized as 
opportunistic piscivorous in the Upper Paraná River 
(Bennemann et al., 2006) with high trophic overlap 
between the two species (Luz‑Agostinho  et  al., 
2008). Thus, the overlapping relationships between 
top predator species may structure the abundance 
of R. vulpinus in the CF area.

In terms of parasitological aspects, low species 
richness was registered for R. vulpinus (three taxa), 
with only N. lamotheargumedoi (Monogenea) 
recorded in both areas, representing the first 
report of this species in the Ilha Solteira Reservoir. 
The presence of trematodes and the nematode of 
the genus Hysterothylacium, both in an immature 
form, were previously recorded for R. vulpinus by 
Moravec et al. (1993). Although their prevalence 
and intensity of infection was low. Third-stage 
larvae of Hysterothylacium sp. have zoonotic 
potential (Felizardo et al., 2009), with sanitary care 
required regarding human consumption. In  the 
present study, the recording of this nematode in 
the larval stage only indicates that R. vulpinus 
acts as a paratenic and/or intermediate host in the 
areas studied, and piscivorous birds and aquatic 
mammals often are definitive hosts (Marcogliese, 
2002). Due to the cage fish farm activity, there is 
an increase of the organic matter in the sediment 
and attraction of the local biota, including potencial 
hosts to the parasites (Almeida Rodrigues  et  al., 
2013; Ramos  et  al., 2014). The occurrence of 
trematodes in the CF area may be related to the 
attraction of intermediate hosts (as mollusks and 
other invertebrates) and definitive hosts (piscivorous 
birds and aquatic mammals) which often compose 
the biological cycle of trematodes. In both cases, 
R. vulpinus occupies an intermediate position in 
the trophic web (Marcogliese, 2002; Karling et al., 
2013) and can serve as a link between the aquatic 
and terrestrial environment.

The low parasitic indexes and absence of 
difference between the CT and CF areas, in relation 
to the infestation caused by monogeneans, may be 
related to the fact that R. vulpinus is a non-native 
species in the Upper Paraná River basin. The parasite 
specificity in relation to its preferencial host and the 
coevolutionary relationship between parasites and 
hosts may also be a factor (Poulin & Morand, 2004). 
Subpopulations that occur in the study area are 
therefore derived from small sets of subpopulations 
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that have translocated from their place of origin, 
and may have a low rate of infestation, allowing 
a reduction in abundance of parasites in the new 
colonized site (Torchin et al., 2002, 2003). Another 
important aspect is related to the high specificity 
of a particular host species, or species with high 
phylogenetic proximity (Thatcher, 2006). ,The fact 
that a host species belongs to a more diverse clade 
may can reflectin a great parasite richness, and the 
reverse may also occur, as in the case of R. vulpinus, 
the only representative of the Cynodontidae family 
in the Upper Paraná River basin (Ota et al., 2018), a 
factor which could explain the low parasite richness 
(Nunn et al., 2004; Poulin & Morand, 2004).

It can be concluded that the presence of 
cage fish farm caused changes in the biological 
aspects of R. vulpinus, with a greater number of 
individuals with stomach contents in this area, 
probably due to the greater abundance of prey, 
which consequently favored the increase of the total 
mass of this species. Despite this, the interaction 
with piscivorous competitors of the same trophic 
level may have caused the dispersion of R. vulpinus 
to other areas, reducing its abundance in the area 
adjacent to the fish farm. The low prevalence, 
mean intensity of infection, and mean abundance 
of parasites observed for this non-native species, 
are more related to phylogenetic specificities and 
coevolutionary relationship between parasites and 
hosts than to the densification of the fauna caused 
by fish culture.
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