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Abstract

This work evaluates the variation of the parasitological indexes in 114 Cichla piquiti Kullander and Ferreira, 2006 
(tucunaré) infected by two proteocephalid species (Cestoda) for the period of August 1999 to June 2001 in the 
Volta Grande reservoir, MG, Brazil. The relation between the parasitosis with rainfall and water quality (pH, elec-
tric conductivity, oxygen, chlorophyll, transparency and temperature) is discussed. Prevalence of Proteocephalus 
macrophallus (Diesing, 1850) and/or P.  microscopicus (Woodland, 1935) was 83.3%, mean intensity 110.8 and 
mean abundance 100.7 during the period. A hundred percent prevalence was reported in August and December 1999, 
April and December 2000 and June 2001. The largest mean intensities of 122.7 (October 1999), 158.8 (December 
1999), 96.4 (February 2000), 400.7 (April 2000), 215.6 (October 2000) and 136.4 (December 2000) were observed. 
Abiotic factors may favour the development of the species of the food chain that sustain the organisms in the diet of 
“tucunaré”, but in this case, there was no correlation (P > 0.05) between the values of prevalence, mean intensity and 
mean abundance with the rainfall and water quality. At the same time, these organisms may constitute the intermediate 
hosts of cestodes. The time-course between the fish species development and the parasitosis manifestation in the de-
finitive host can explain the lack of correlation between the parasitological indexes and abiotic factors. The predation 
on small fishes and cannibalism described for “tucunaré” might explain the high values of prevalence and intensity of 
infection. The results are also related to the exotic condition of the host in the reservoir.
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Infecção por cestóides proteocefalídeos em peixe introduzido,  
Cichla piquiti (Osteichthyes: Cichlidae),  

no reservatório de Volta Grande, Minas Gerais, Brasil

Resumo

Este estudo avalia a variação nos índices parasitológicos de 114 espécimes de Cichla piquiti  Kullander e Ferreira, 
2006 (tucunaré) infectados por duas espécies de proteocefalídeos (Cestoda) entre agosto de 1999 e junho de 2001 
no reservatório de Volta Grande, MG, Brasil. A relação entre a parasitose e os valores de pluviosidade e qualidade 
de água (pH, condutividade elétrica, oxigênio, clorofila, transparência e temperatura) é discutida. A prevalência de 
Proteocephalus macrophallus (Diesing, 1850) e/ou P. microscopicus (Woodland, 1935) foi 83,3%, intensidade média 
110,8 e abundância média 100,7 durante todo o período. Prevalência de 100% foi observada em agosto e dezembro de 
1999, abril e dezembro de 2000 e junho de 2001. As maiores intensidades médias foram 122,7 em outubro de 1999; 
158,8 em dezembro de 1999; 96,4 em fevereiro de 2000; 400,7 em abril de 2000; 215,6 em outubro de 2000; e 136,4 
em dezembro de 2000. Fatores abióticos podem favorecer o desenvolvimento de espécies que sustentam a alimenta-
ção do "tucunaré", mas, neste caso, não houve correlação (P > 0,05) entre os valores de prevalência, intensidade média 
e abundância média com a pluviosidade e qualidade de água no reservatório. Ao mesmo tempo, estes organismos 
podem constituir hospedeiros intermediários de cestóides. A relação entre o desenvolvimento da espécie hospedeira e 
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1993; Moravec, 2001). Scholz (1999) made a detailed 
overview of the Proteocephalus life cycle from the 
Palearctic Region. 

This work evaluated the influence of the rainfall 
indexes and water quality in C. piquiti infected by two 
species of proteocephalid cestodes, in the Volta Grande 
reservoir, MG, Brazil. Based in available data on the host 
biology and, on similar species of proteocephalids, a dis-
cussion was elaborated that seeks to explain the obtained 
results. 

2. Material and Methods

During the period of August 1999 to June 2001, a 
total of 114 fish were bimonthly captured with net and 
transported in ice for immediate parasitological exam. 
The collection was conducted in the hydroelectric pow-
er station of Volta Grande reservoir (CEMIG), Grande 
River, MG, Brazil (21° 46' 14" S and 42° 32' 20" W). 
In each sample, the aquatic characteristics such as pH, 
electric conductivity, dissolved oxygen, chlorophyll, 
transparency and temperature were performed. The 
rainfall during the period of collection was measured by 
the CEMIG Hydrology Department. It was not possible 
to obtain water quality data in February 2000. Worms 
found in the intestine were isolated and fixed in hot 4% 
formaldehyde solution and stored in 75% ethanol. Entire 
tapeworms were stained with Mayer’s hydrochloric car-
mine (modified from Langeron, 1949), differentiated in 
acid ethanol, dehydrated through a gradual ethanol se-
ries, cleared with Eugenol or beechwood creosote and 
mounted as whole mounts in Canada balsam. Thick cross 
hand-cutting sections of the proglottides were stained 
following the same procedure; fragments of the strobila 
were embedded in paraffin wax, transversely sectioned 
at 13-19 μm, stained with Weigert’s hematoxylin and 
counterstained with 1% eosin B and mounted in Canada 
balsam (see de Chambrier and Pertierra, 2002).

The prevalence, mean intensity and mean abun-
dance of infection were calculated according to Bush 
et al. (1997). The Pearson correlation analysis was used 
to verify the significance between the values of rainfall, 
prevalence and mean intensity of infection. The number 
of parasites was compared among the months by One-
way ANOVA and F test (α < 0.05) and for average com-
parison Scheffé test according to Banzatto and Kronka 
(1995).

Specimens of P. macrophallus and P. microscopicus 
studied were deposited at the Natural History Museum, 
Geneva, Switzerland (respectively MHNG Collection 

1. Introduction

Derived from the Amazon basin (Gomiero and 
Braga, 2004b), Cichla piquiti Kullander and Ferreira, 
2006 (“tucunaré”), introduced into other Brazilian hydro-
graphic basins such as Paraná-Paraguai, São Francisco 
and others in northeastern Brazil, has a great impor-
tance in the region due to its flesh quality (Gomiero and 
Braga, 2004a) showing fast adaptation to hydroelectric 
reservoirs (Takemoto and Pavanelli, 1996; Gomiero and 
Braga, 2004b). A strong reason for its study is supported 
by their being preferred in sport fishing (Kitamura et al., 
2002). However the consequence of the introduction of 
this host on the parasites populations or communities 
structure is not known, and commonly it is pointed as re-
sponsible by great damages, especially to the native pop-
ulations, with which it starts to live together (Gomiero 
and Braga, 2004b)

Moderate infection rates by Proteocephalidea have 
been registered in fish from several parts of the world, 
as in Bohemian (Scholz, 1987), Mexico (García-Prieto 
et al., 1996; Moravec et al., 2002), Nicaragua (Aguirre-
Macedo et al., 2001) and Galícia Coast (Outeiral et al., 
2002). However situations of high parasitological indexes 
from fish infected by Proteocephalidae, in Mexico (Pérez-
Ponce de León et al., 1995), Paraguay (de Chambrier and 
Vaucher, 1994; 1997; 1999), and Slovákia (Hanzelová 
et al., 2001) have also been described. In Brazil, this group 
of parasites has been studied in several fish species from 
the Paraná River (Rego and Pavanelli, 1987; Pavanelli 
and Santos, 1990; 1991; de Chambrier and Rego, 1995; 
de Chambrier et al., 1999; 2006; Rego et al., 1998; 1999; 
Pavanelli and Takemoto, 2000; Takemoto and Pavanelli, 
2000; Machado et al., 2000; Rego, 2002; de Chambrier, 
2003) and from the States of Pará, Mato Grosso, Espírito 
Santo and Amazonas (Rego and Pavanelli, 1990; de 
Chambrier and Rego, 1994; de Chambrier and Vaucher, 
1997, de Chambrier, 2001; 2003; de Chambrier et al., 
2004ab; 2005; de Chambrier and Scholz, 2005).

Studies like this on the proteocephalid biology in al-
ien fish are not frequent, the ecological interpretation of 
data relative to population distribution of these parasites 
is sometimes merely speculative. Poulin (1992) observed 
that Proteocephalidea has not a huge host specificity. On 
the other hand, de Chambrier and Vaucher (1999) treated 
59 proteocephalidean species distributed in 17  genera 
in the Parana basin. They observed on 53 species col-
lected in Paraguay, that a huge majority (98%) shows a 
strict specificity of oioxene type according to Euzet and 
Combes (1980). Nevertheless, the studies on its life cy-
cle are few and poorly understood (Jarecka and Doby, 
1965; Willemse, 1969; Priemer, 1987; Scholz, 1991; 

a manifestação da parasitose no hospedeiro definitivo pode explicar a falta de correlação entre os índices parasitológi-
cos e os fatores abióticos. A predação de pequenos peixes e o canibalismo descrito para o "tucunaré" explica a elevada 
prevalência e intensidade de infecção, favorecido pela condição exótica do hospedeiro no reservatório.

Palavras-chave: Tucunaré, peixe introduzido, parasitismo Proteocephalidae, reservatório.
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4. Discussion

In this work no significant relation (P > 0.05) of the 
prevalence rates, intensity of infection, mean abundance 
with the rainfall indexes and water quality was observed. 
The oligotrophic characteristic of the reservoirs in Brazil 
was defined by Henry (1999). The lowest water trans-
parency and the highest algae biomass in April 2000 
coincided with 100% prevalence and the highest mean 
intensity of cestodes. 

In cultured fish, Scholz (1987) and Scholz et al. 
(1997) related Proteocephalus percae (Müller, 1780) 
and Proteocephalus macrocephalus Creplin, 1825, re-
spectively in perch and eel. Cichla piquiti is commonly 
found in sport fishing in Brazil. From this point of view, 
this work contributes to the knowledge of parasite fau-
na of this fish. It must be remembered that if the fish is 
maintained in fish farming the numbers of mean inten-
sity here observed can cause disease. 

Mackie et al. (1983), related domination of cestode 
infections by Ligula intestinalis Linnaeus, 1758 and 
Proteocephalus ambloplitis Leidy, 1887 among fish 
parasitic fauna in Guelph Lake. However, the prevalence 
rate was higher than that observed in fish from down-
stream. When compared to the present study, low preva-
lence rates and mean intensities were verified in fish par-
asitized by P. ambloplitis related by Mackie et al. (1983), 
P. percae by Scholz (1987), P. brooksi by García-Prieto 
et al. (1996); in fish parasitized by proteocephalids stud-
ied by Aguirre-Macedo et al. (2001); Proteocephalus 
longicollis Zeder, 1800 and Proteocephalus torulosus 
Batsch, 1786 studied by Hanzelová et al. (2001) and in 
fish parasitized by P. macrocephalus from the estuarine 
bays in the Iberian Peninsula studied by Outeiral et al. 
(2002). This is an example that must be discussed in 
which the parasitic fauna from reservoirs may vary in 
their parasitological indexes. The infection rates here ob-
served were higher than those reported by other authors 
in other countries. This is especially true when analysing 

number INVE 34677, 35401, 35402 and INVE 34065, 
35403) and at the Helminthological Collection of 
Instituto Oswaldo Cruz (CHIOC), number 36845a-b 
(P. macrophallus) and 36846a-b (P. microscopicus).

3. Results

There was no variation in electric conductivity and 
water pH in the studied period, in spite of the low trans-
parency in April 2000 (2.1 m). Months with the highest 
temperatures were December 2000 (27.8 °C), February 
(28.4 °C) and April 2001 (28.0 °C) while the lowest were 
in June (21.8 °C) and August 2000 (22.9 °C). The low-
est values of dissolved oxygen occurred in December 
2000 (7.47 mg.L–1) and February 2001 (6.73 mg.L–1). 
The algae biomass measured by chlorophyll analysis 
showed its highest value (11.30 µg.L–1) in April of 2000, 
but in the other months varied from 1.70 to 5.30 µg.L–1. 
Significant decrease in rainfall was found in April 2000 
(53 mm) and the highest indexes (1,617 and 1,582 mm) 
were observed in December 2000 and February 2001, 
respectively (Table 1). There was no significant relation 
(P > 0.05) of the prevalence rates, intensity of infection, 
mean abundance with the rainfall indexes and water 
characteristics.

Cestode species identified as Proteocephalus 
macrophallus (Diesing, 1850) Scholz, de Chambrier, 
Prouza and Royero 1996 and Proteocephalus 
microscopicus Woodland, 1935, were found during 
the whole period with total prevalence rate 83.3%, 
mean intensity of infection 110.8 and mean abundance 
100.7  parasites. The lowest prevalence rates were re-
ported in June and August 2000, respectively 13.7 and 
8.2, and the highest (100%) in August, December 1999; 
April, December 2000 and June 2001. Nevertheless, in-
creased mean intensity of infection varied from 122.7 to 
400.7 parasites per host from October 1999 to April 2000 
and 136.4 to 215.6 in October and December 2000, re-
spectively (Table 2).

Table 1. Mean values of the rainfall values (RF) and water quality measured in the Volta Grande Reservoir, Minas Gerais 
State, Brazil, between April 2000 and April 2001 during the collection of fish.

Months RF
(mm)

Transparency 
(m)

Chlorophyll
(µg.L–1)

pH Conductivity 
(µS.cm–1)

Temperature 
(oC)

Oxygen
(mg.L–1)

Aug 1999 6 2.85 4.70 7.16 34.67 21.10 7.50

Oct 1999 7 3.60 3.90 6.40 34.33 25.33 7.10

Dec 1999 241 3.00 - 6.66 34.00 26.20 7.63

Apr 2000 53 2.15 11.3 6.41 35.00 26.87 8.17

Jun 2000 0 3.85 1.70 6.23 35.00 21.83 8.90

Aug 2000 249 5.35 5.30 7.08 29.00 22.93 8.50

Oct 2000 669 3.25 3.00 6.87 35.00 26.93 7.80

Dec 2000 1,617 3.90 3.00 7.52 35.33 27.83 7.47

Feb 2001 1,582 7.30 2.60 7.90 34.33 28.40 6.73

Apr 2001 747 5.30 4.50 6.92 29.00 28.00 8.43
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these fishes were parasitized by P. brooksi, as related by 
Moravec et al. (2002). As a result of the moderate in-
fections, mean intensities were 1 to 5.5 parasites. These 
data differ from the present study where high parasi-
tological indexes occurred in C. piquiti in Brazil. As in 
the present work, Moravec et al. (2002) did not observe 
seasonal variation. A hundred percent of prevalence in 
C. piquiti was similar to that reported in fish parasitized by 
Proteocephalus chamelensis Pérez Ponce de Leon, Brooks 
and Berman, 1995 (Pérez Ponce de León et al., 1995). 

In Brazil, Rego and Pavanelli (1987) have reported 
proteocephalid cestodes in Paulicea luetkeni Steindachner, 
1875, from Itaipu Reservoir, Foz do Iguaçú and Pavanelli 
and Santos (1990) described Cangatiella arandasi, in 
Parauchenipterus galeatus Linnaeus, 1766, from Porto 
Rico, Paraná. Studying proteocephalids from the Paraná 
River, Pavanelli and Santos (1991) observed Travassiella 
avitellina Rego and Pavanelli, 1987, C. arandasi and 
Proteocephalus serrasalmus Rego and Pavanelli, 1990. 
However, proteocephalid cestodes were also present 
in other fish species collected from the States of Pará, 
Mato Grosso, Espírito Santo and Amazonas (Rego and 
Pavanelli, 1990; de Chambrier and Rego, 1994).

Table 2 showing mean intensity of infection varying from 
122.7 to 400.7 parasites. The highest number of adult 
cestodes (1,021) observed in this work is not common 
for fish in a natural environment. But this fact may in part 
be explained by the fact that the studied reservoir may 
present variation in the fish population. The exact fish 
population of this reservoir is not estimated but the larger 
number of captured species in the experiments of Braga 
and Gomiero (1997) were Plagioscion squamosissimus 
Heckel, 1840, Pimelodus maculatus Lacépède, 1803, 
Astyanax bimaculatus Ortega and Vari, 1986, Leporinus 
friderici Ortega and Vari, 1986 and C. piquiti. According 
to Latini and Petrere Jr. (2004) the richness and diversity 
of the local fish community in the Basin of Doce River, 
Minas Gerais State, Brazil, was affected by the presence 
of the introduced Cichla monoculus Spix, 1831. These 
authors comment that the parental care and the high 
competitiveness of this cichlid put the alien fish on top 
of the food web in lakes. This might explain the high 
number of parasites found in this study, possibly also due 
to a small size of the parasite.

Despite the significant number of 82 examined 
Rhamdia guatemalensis Günther, 1864, only 7 (9%) of 

Table 2. Parasitological indexes and biometry of Cichla piquiti parasitized with Proteocephalus macrophallus and 
Proteocephalus microscopicus from Volta Grande Reservoir, MG, Brazil. Mean values and variation in parentheses. Infected 
fish/examined fish (IF/EF), prevalence (P), mean intensity (MI), mean abundance (MA). Different letters indicate significant 
difference among the months (P < 0.05).

Months Fish weight (g) Fish length (cm) IF/EF P (%) MI MA
Aug/1999 201.5

(160-241)
24.5

(23-25)
8/8 100 64.7 ab

(2-139)
64.7

Oct/1999 275.5
(203-391)

27.2
(25-29)

8/10 80 122.7 ab
(8-288)

98.2

Dec/1999 704.9
(275-2500)

32.3
(27-50)

13/13 100.0 158.8 ab
(10-264)

158.8

Feb/2000 212.0
(13-638)

18.9
(10-36)

5/6 83 96.4 ab
(3–223)

80.3

Apr/2000 384.3
(180-765)

27.7
(22–35)

3/3 100.0 400.7 b
(65-1021)

400.7

Jun/2000 697.0
(30–1034)

34.3
(14-43)

7/10 70 13.7 a
(3-32)

9.6

Aug/2000 1781.3
(165-2750)

44.9
(23-54)

4/11 36 8.2 a
(2-23)

3.0

Oct/2000 768.0
(168-1503)

38.9
(23-49)

8/11 73 215.6 ab
(4-629)

156.8

Dec/2000 978.5
(470-2500)

37.9
(30-53)

11/11 100 136.4 ab
(16-422)

136.4

Feb/2001 1174.2
(205-2200)

40.0
(26-52)

9/10 90 23.7 ab
(3-39)

21.3

Apr/2001 226.3
(94-710)

25.0
(19-37)

9/11 82 51.7 ab
(12-304)

42.3

Jun/2001 716.3
(290-1015)

34.7
(27-41)

10/10 100 36.9 ab
(7-98)

36.9

Total 676.6
(13-2750)

32.2
(10-54)

95/114 83 110.8 
(2-1021)

100.7
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about population structure, the fish community and the 
trophic relations in the Volta Grande reservoir. 

Among the factors that contribute to disease dissemi-
nation in fish are the host susceptibility, the fish stocking 
densities, the duration of infectious process, the intro-
duction and the inadequate handling as supported by 
Reno (1998). Consequently, the trophic relations of this 
alien fish in the reservoir might be better understood to 
explain the elevated parasitological indexes found here. 
Moreover, the fact that few studies are realized in the 
tropical regions impairs the concluding results.
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