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ABSTRACT

Geophagus brasiliensis is a freshwater cichlid 
distributed throughout the whole South America. It is a territorial 
fish, generally omnivorous, which preferentially inhabits the 
bottom of water bodies. Previous studies have reported species 
of digenetic trematodes parasitizing G. brasiliensis. This study 
identifies the Sphincterodiplostomum musculosum Dubois, 1936, 
a Diplostomidae digenetic, commonly found in many teleostean 
species. More than 50% of the hosts analyzed had their eyes infected 
with metacercariae of S. musculosum. A positive correlation was 
observed between the hosts standard length and the abundance of 
S. musculosum, a fact that corroborates with other studies on this 
parasite. This paper reports the first occurrence of S. musculosum 
in G. brasiliensis, which is also the first record in Dois Córregos 
City, São Paulo State, Brazil.
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RESUMO

Geophagus brasiliensis é um ciclídeo de água doce 
distribuído por toda a América do Sul. É um peixe territorialista, 
geralmente onívoro, que habita preferencialmente o fundo dos 
corpos d’água. Há o registro em trabalhos anteriores de espécies 
de digenéticos parasitando G. brasiliensis. O presente estudo traz 
a identificação de Sphincterodiplostomum musculosum Dubois, 
1936, um diplostomídeo comumente encontrado em diversas 
espécies teleósteas. Mais de 50% dos hospedeiros analisados 
estavam com seus olhos parasitados com metacercárias de S. 
musculosum. Houve correlação positiva entre  o comprimento 
padrão dos hospedeiros e a abundância de S. musculosum, fato 
que corrobora com outros trabalhos deste parasito. Este trabalho 
registra pela primeira vez a ocorrência de S. musculosum em G. 
brasiliensis, sendo também a primeira citação deste parasito na 
região de Dois Córregos, Estado de São Paulo, Brasil.

Palavras-chave: metacercárias, parasitos de peixe, acará, 
ciclídeos, América do Sul.

INTRODUCTION

Geophagus brasiliensis (Quoy and 
Gaimard, 1824), commonly known as acará, is one 
of the most common fish species in Brazil, with a 
large adaptation capacity to lentic environments and 
with high abundance in lakes and reservoirs. They 
are Perciformes, belonging to the Cichlidae, and 
distributed in the South America (mainly in Brazil 
and Uruguay), from the Amazon to the Paraná Basin 
(KULLANDER, 2003; MORAES et al., 2004). 
They are territorial fishes with solitary habits that 
preferentially inhabit the bottom of water bodies, and 
whose feeding is diverse in the adult stage, including 
gastropods, arthropods, plant debris, sediments, algae 
and other items sorted with their protractile mouth. 
The juvenile fishes basically feed with insect larvae 
(LAZZARO, 1991; MORAES et al., 2004).

Studies carried out on the parasite fauna 
of G. brasiliensis were mostly done with records 
of specimens from lotic environments, like the 
works performed by PINTO & NORONHA (1976); 
BOEGER & POPAZOGLO (1995); FERNANDES & 
KOHN (2001); KOHN et al. (2003); AZEVEDO et al. 
(2006); BELLAY et al. (2008; 2012), CARVALHO 
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et al. (2008a; 2008b; 2012) and BRANDÃO et al. 
(2014); the studies on parasites of G. brasiliensis 
from lentic environments are scarce.

Among the parasites that infect G. 
brasiliensis, the digenetic trematodes Diplostomidae 
Poirier, 1886 are relatively common in studies 
involving this host.  They are parasites of large 
distribution in South America, found in many other 
freshwater fish species. Metacercariae of this family 
parasitizes internal and external eyes structures, the 
digestive tract, among other fish organs (CHAPPELL, 
1995). They have foliaceus body dorsoventrally 
flattened and can present two distinct regions: the 
anterior part generally concave turned to the ventral 
side and the posterior portion connected to it forming 
a conical extension (SZIDAT, 1969). 

Thus, this study aimed  the taxonomic 
determination of metacercariae parasities of G. 
brasiliensis collected in a lacustrine environment 
of Dois Córregos City, São Paulo State, with a 
morphometric analysis of parasites and considerations 
on their host distribution.

MATERIAL   AND   METHODS

This study carried out the analysis of 50 
specimens of G. brasiliensis from a lake located in 
the rural area of the São Francisco farm, 5.5km from 
the urban area of Dois Córregos (-48º25’50,21’’S 
-22º22’09,42’W), in São Paulo State, Brazil, with an 
altitude of 655.52m. 

The collections were carried out from 
March to June, 2013. The gill nets with different 
meshes used to collect the fishes following the 
guidelines of the scientific fishing license, whose 
number is SISBIO n. 40998-2, which deals with the 
permit to exploit fisheries resources and research on 
wild animals, according to the ICMBio legislation.

Immediately after the removal of the gill 
nets, the fishes were packed in individual plastic 
bags. The analyses were done at the Ictioparasitology 
Laboratory – Universidade do Sagrado Coração – 
USC in Bauru, SP. Eyes were extracted and the 
parasites were removed from the vitreous humor, 
counted, fixed and, then, identification plates were 
prepared with Mayer´s carmalum staining according 
to EIRAS et al. (2006). Morphological analysis was 
carried out using the microscope Trinocular Nikon 
E200, and the morphometry was obtained through the 
Motic computerized image analysis system (Moticam 
5.0MP). The measures of the 15 specimens measured 
are provided in micrometers; the mean is followed by 
the standard deviation and variation range. 

 The quantitative descriptors were obtained 
according to BUSH et al. (1997). The Spearman’s 
Rank Correlation Coefficient (rs) was applied in order 
to detect possible existing correlations between the 
parasite abundance and the host size, and the parasite 
abundance and the host weight (ZAR, 1995). 

Representative specimens were deposited 
in the Coleção Helmintológica do Instituto de 
Biociências de Botucatu (CHIBB) at the Universidade 
Estadual Paulista – UNESP, in Botucatu City, São 
Paulo State, Brazil, with the number CHIBB 131L.

RESULTS   AND   DISCUSSION

Fishes presented a mean weight of 
10.22±3.85g and a mean standard length of 
7.05±0.85cm. An amount of 155 metacercariae 
was collected in the eyes of more than 50% of the 
hosts analyzed. All parasites were identified as 
Sphincterodiplostomum musculosum Dubois, 1936 
metacercariae (Figure 1). 

The specimens of Sphincterodiplostomum 
are characterized by the presence of one dorsal tubular 
invagination at level of posterior testis, equipped with 
a sphincter. Sphincterodiplostomum musculosum is 
characterized for presenting two distinct portions. 
In the anterior portion, there are the vitellaria, the 
oral sucker with two pseudosuckers around it, the 
ventral suckers and the tribocitic organ. The posterior 
portion presents an ovary, a pair of testicles and a 
subterminal sphincter (SZIDAT, 1969; CESCHINI 
et al., 2010). This species was described for the first 
time in Agamia agami (Gmelin, 1789) (Ardeidae) 
in Brazil, with adult samples in this bird intestine 
(DUBOIS, 1936). Metacercariae of S. musculosum 
were reported in fishes such as Cyphocharax gilbert 
(Quoy and Gaimard, 1824) (ABDALLAH et al., 
2005), Prochilodus lineatus Valenciennes, 1836 
(LIZAMA et al., 2006), Hoplias malabaricus Bloch, 
1794, Hemisorubim platyrhynchos Valenciennes, 
1840 (TAKEMOTO et al., 2009), Steindachnerina 
brevipinna Eigenmann and Eigenmann, 1889 
(CESCHINI et al., 2010) and Steindachnerina 
insculpta Fernández-Yépez, 1948 (ZAGO et al., 
2013; BRANDÃO et al., 2014). 

Regarding the parasite indexes, the 
metacercariae found presented a mean abundance of 
3.10±0.11 and a mean intensity of 5.97±0.21. ZAGO 
et al. (2013) and BRANDÃO et al. (2014) found 
superior quantitative descriptors of S. musculosum 
in the analysis of S. insculpta, with prevalence above 
93% and mean intensity and abundance above 35.3.
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There was a positive correlation between 
the abundance of S.  musculosum  and the hosts 
standard length (r = 0.58; P =0.02). Such pattern was 
also found by CESCHINI et al. (2010), in studies 
with S. brevipinna in the low Paranapanema river; 
and also in researches with S. insculpta by ZAGO 
et al. (2013) in the middle Paranapanema, and by 
BRANDÃO et al. (2014) in the high Paranapanema. 
Such similar results give support to the idea of a 
parasites cumulative effect through the host’s growth 
as there is the increase of the area available for 
infection. Besides, as the body surface increases along 
the host ontogenetic development, the possibilities of 
occurring active penetration of cercariae increases 
(LUQUE et al., 1996).

The measures of S. musculosum recorded 
in this study were smaller than the ones obtained by 
CESCHINI et al. (2010) and ZAGO et al. (2013) 
(Table 1). According to CHAPPEL (1995) and 
SALDANHA et al. (2009), the metacercariae body 
dimensions can vary according to several factors 
such as size, age and species of the host, level of 

aggregation and the intensity-dependent growth of 
the helminths within the host, helminth condition in 
the moment of fixing and the fixing technique used.

The pathogenic significance of digeneans 
in fishes is much more pronounced in infections by 
metacercariae than by adults because these encyst 
in any tissue or organ, except in cartilage or bones, 
weak the host (EIRAS, 1994; THATCHER, 2006). 
KENNEDY (1981) explains the parasitism by 
Diplostomum spathaceum (Rudolphi, 1819), one 
diplostomidae eyes parasite of several fish species, 
can cause the formation of cataracts on the lenses 
(“white eye”), and there is often no other pathology 
associated, so these fishes can acumulate the 
metacercariae in the eyes throughout many seasonal 
periods.  In extreme cases, the infection effect by 
diplostomidae causes more severe effects such as 
exophthalmos, retinal detachment, cataracts, lens 
opacity and blindness, causing weight loss and the 
consequent host death due to  inability to visualize 
and capture the prey, or because they cannot evade 
potential predators (PENNYCUICK, 1971).  This 

Figure 1 - Metacercariae of Sphincterodiplostomum musculosum. A- Complete specimen with emphasis to the 
Pseudosuckers (PS); B - Acetabulum (A) and Tribocitic Organ (TO); C - Oral Sucker (OS) and Pharynx (P); 
D - Testicles (T) and Sphincter (S). 
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research highlights that the host behavior can suffer 
direct or indirect influence of the parasite action, 
as physical and chemical changes can occur due to 
parasitism, according to CORRÊA et al. (2014).

Geophagus brasiliensis is a small 
species with territorial and benthic behavior. 
Such characteristics make this species a potential 
intermediate host as its size and location in the 
lowest levels in the food chain are assumptions that 
this might serve as food to definitive hosts. Benthic 
habit also facilitates the increase of wealth and 
abundance of parasitic larvae since the fishes tend to 
stay close to the bottom, in touch with clams or other 
invertebrates that will act as the first intermediate 
hosts for Digenea (GEORGE-NASCIMENTO, 1987; 
MARCOGLIESE, 2002). 

Other studies bring the digenetic 
record in eyes of G. brasiliensis. Metacercariae of 
Diplostomum (Autrodiplostomum) compactum 
Lutz, 1928 (Diplostomidae) were found parasitizing 
the eyes of G. brasiliensis in the Tietê river (São 
Paulo) (NOVAES et al., 2006) and in reservoirs of the 
Paraná State (BELLAY et al., 2012). The specimens 
collected by AZEVEDO et al. (2006) in Guandu river 
(Rio de Janeiro), also had their eyes parasitized by D. 
(A.) compactum, and two other metacercariae were 

identified: Posthodiplostomum macrocotyle and 
Strigeidae metacercariae.

CONCLUSION

This study present the first record of S. 
musculosum parasitizing G. brasiliensis, showing a new 
occurrence location in Dois Córregos City in São Paulo 
State, enlarging, therefore, its geographical distribution. 

The positive correlation between the 
abundance of S.  musculosum  and the standard 
length of the hosts is a model that repeated is itself 
in this research when compared with other studies 
involving this parasite. However, morphometric 
data of S. musculosum in G. brasiliensis presented 
smaller dimensions regarding the other studies on this 
parasite, showing that such metacercariae could have 
infected this host for less time.
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Table 1 - Comparison between the morphometric data of metacercariae of Sphincterodiplostomum musculosum collected in Geophagus
brasiliensis in Dois Córregos City, SP; in Steindachnerina insculptaa collected in the Chavantes reservoir, in Paranapanema river
(Ipaussu, SP) recorded by ZAGO et al. (2013); and in Steindachnerina brevipinnab of the Paranapanema river tributaries, PR,
recorded by CESCHINI et al. (2010) (measures in μm).

G. brasiliensis S. insculptaa S. brevipinnabMeasures of the metacercariae of
S. musculosum Average ± SD (Amplitude) Average ± SD (Amplitude) Average (Amplitude)
Length of the anterior segment 797.18 ±87.64 (449.58–952.45) 1642.6 ± 330.9 (1133.9-2346.9) 1530 (1150-1900)
Width of the anterior segment 454.88 ±85.88 (343.21–497.75) 1272.4 ± 230.9 (914.4-1844.3) 1508 (1075-1675)
Length of the posterior segment 268.34 ±40.12 (224.11 – 343.75) 1087.4 ± 259.9 (810.9-1811.1) 1033 (600-1375)
Width of the posterior segment 133.28 ±18.38 (100.11 – 158.07) 572.8 ± 79.4 (452.8-745.4) 665 (500-800)
Length of the tribocitic organ 255.24 ±33.36 (185.31 – 288.89) 391.5 ± 85.1 (246-644.6) 384 (290-440)
Width of the tribocitic organ 138.69 ±11.93 (114.62 – 156.60) 494.9 ± 107.2 (321.2-732.4) 490 (350-650)
Length of the oral sucker 90.97 ±9.79 (69.40 – 104.93) 142 .4 ± 34.5 (96.3-292.6) 145 (100-200)
Width of the oral sucker 97.71 ±7.47 (77.08 – 109.39) 180.5 ± 31.5 (134.8-313.6) 213 (130-200)
Length of the acetabulum 69.78 ± 7.97 (57.49 – 82.44) 142.4 ± 34.5 (96.3-292.6) 162 (130-210)
Width of the acetabulum 80.53 ± 7.85 (66.34 – 96.40) 180.5 ± 31.5 (134.8-313.6) 213 (180-250)
Pharyngeal length 56.6  ± 4.16 (50.96 – 65.38) 114.8 ± 27.5 (89.6-218.5) 104 (84-117)
Pharyngeal width 48.68 ± 6.69 (38.24 – 57.24) 73.1 ± 16.1 (47.9-113.4) 54 (45-84)
Length of the larger testicle 44.28 ± 22.43 (22.26 – 44.39) 310.1 ± 58.9 (210-446.6) 290 (210-400)
Width of the larger testicle 31.19 ± 8.59 (21.51 – 44.31) 385.1 ± 79.6 (275.2-557.9) 410 (200-510)
Length of the smaller testicle 23.51 ± 5.05 (18.48 – 31.31) 285.4 ± 62.2 (199.8-452.7) 217 (130-390)
Width of the smaller testicle 25.18 ± 1.88 (23.26 – 31.76) 293.2 ± 49.8 (209.4-414.3) 307 (250-350)
Length of the ovary 30.33 ± 9.22 (17.77 – 39.98) - -
Width of the ovary 26.35 ± 4.62 (21.96 – 32.56) - -

SD = standard deviation.
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