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ABSTRACT. de Albuquerque M.C., dos Santos-Clapp M.D. & Brasil-Sato M.
de C. Endoparasites of two species of forage fish from the Trés Marias reser-
voir, Brazil: new host records and ecological indices. [Endoparasitos de duas
espécies de peixes forrageiros do reservatério de Trés Marias, Brasil: novos re-
gistros de hospedeiros e seus indices ecolégicos.] Revista Brasileira de Medicina
Veterindria, 38(supl. 3):139-145, 2016. Programa de P6s-Graduacao em Ciéncias
Veterinarias, Anexo 1, Instituto de Veterinaria, Universidade Federal Rural do
Rio de Janeiro, BR 465, km 7, Campus Seropédica, R], Brasil, 23897-970. E-mail:
marciabiologia@hotmail.com

Tetragonopterus chalceus and Triportheus guentheri are important forage fish
from the Trés Marias reservoir, which is located on the upper Sao Francisco
river, State of Minas Gerais, Brazil. Here, their endoparasitic fauna was inves-
tigated for the first time. These two fish species have similar diets, despite di-
tferent foraging strategies. This similarity is reflected in the findings regarding
their parasite communities, which indicate overlapping of niches between the-
se species. The qualitative similarity between the two parasite communities
was evident (Jaccard index = 0.78), however the quantitative similarity was
slight (Sorenson index = 0.28). The community of T. chalceus was richer but less
diverse (13 species; H" = 0.43) than that of T. guentheri (12 species; H” = 0.86).
Both fish species were found to be parasitized by plerocercoids of Proteocepha-
lidea (Eucestoda); larvae of Contracaecum sp., Hysterothylacium sp., Goezia sp.,
Procamallanus (Spirocamallanus) sp., Spiroxys sp., Rhabdochona sp. and Cystidico-
loides fischeri; adult specimens of Procamallanus (Spirocamallanus) saofranciscencis
(Nematoda); spores of Henneguya sp. (Myxozoa); and oocysts of Calyptospora
sp. (Apicomplexa). In addition to these, Creptotrema creptotrema (Digenea) and
Spinitectus rodolphiheringi (Nematoda) were also present in T. chalceus; and lar-
vae of Procamallanus (Spirocamallanus) sp. (Nematoda) were found in T. guen-
theri. Procamallanus saofranciscencis and plerocercoids of Proteocephalidea were
the parasites with highest prevalence and highest mean abundance, respecti-
vely, in the community of T. chalceus. Larvae of Rhabdochona sp. had the highest
prevalence and mean abundance in the parasite community of T. guentheri.
Tetragonopterus chalceus and T. guentheri constituted new hosts for plerocercoi-
ds of Proteocephalidea, larvae of the nematodes Goezia sp., Spiroxys sp. and C.
fischeri and spores of Henneguya sp.; T. chalceus was a new host for S. rodolphihe-
ringi; and T. guentheri was a new host for larvae of Hysterothylacium sp.
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RESUMO. Tetragonopterus chalceus e Tripor-
theus guentheri, importantes peixes forrageiros
do reservatorio de Trés Marias, alto rio Sao
Francisco, MG, Brasil, tiveram suas faunas en-
doparasitédrias investigadas pela primeira vez.
O consumo de itens alimentares em comum
(dietas semelhantes) e estratégias distintas de
forrageamento dos hospedeiros refletiram nos
resultados de suas comunidades parasitarias
que indicaram sobreposicdo de nichos entre
os peixes. Houve destacavel similaridade qua-
litativa (Jaccard index = 0,78) e discreta simi-
laridade quantitativa (Sorenson index = 0,28)
entre as duas comunidades parasitérias, sendo
a comunidade de T. chalceus mais rica e menos
diversa (13 espécies, H = 0,43) do que a de T.
quentheri (12 espécies, H” = 0,86). As duas es-
pécies de peixes estavam parasitadas por ple-
rocercoides de Proteocephalidea (Eucestoda),
larvas de Contracaecum sp., Hysterothylacium
sp., Goezia sp., Procamallanus (Spirocamallanus)
sp., Spiroxys sp., Rhabdochona sp., Cystidicoloi-
des fischeri e espécimes adultos de Procamalla-
nus (Spirocamallanus) saofranciscencis (Nema-
toda), esporos de Henneguya sp. (Myxozoa),
e oocistos de Calyptospora sp. (Apicomplexa).
Além dessas espécies, em T. chalceus foram en-
contradas Creptotrema creptotrema (Digenea) e
Spinictectus rodolphiheringi (Nematoda); e em
T. quentheri foram encontradas larvas de Pro-
camallanus (Spirocamallanus) sp. (Nematoda).
Procamallanus saofranciscencis e os plerocercoi-
des de Proteocephalidea foram os parasitos de
maior prevaléncia e abundancia média, res-
pectivamente, na comunidade de T. chalceus;
as larvas de Rhabdochona sp. tiveram a preva-
léncia e a abundédnica média mais elevadas na
comunidade parasitaria de T. guentheri. Tetra-
gonopterus chalceus e T. guentheri constituem
novos hospedeiros dos plerocercoides de Pro-
teocephalidea, dos nematoides larvais Goezia
sp., Spiroxys sp. e C. fischeri e dos esporos de
Henneguya sp.; T. chalceus constitui novo hos-
pedeiro de S. rodolphiheringi, e T. guentheri novo
hospedeiro de larvas de Hysterothylacium sp.

PALAVRAS-CHAVE. Comportamento, biodiversidade,
peixes de agua doce.

INTRODUCTION

The hydrographic basin of the Sao Francisco
River has unquestionable importance for Brazil
because it provides water for the semi-arid region,

has economic potential and has made a historical
contribution to the entire country (Brasil 2006). The
Trés Marias reservoir, located in the upper third of
this basin (Britski et al. 1988), is a priority area for
biodiversity conservation (Costa et al. 1998) and
was the location for collecting fish for the present
study.

Over recent years, knowledge of the endopara-
site fauna of fish in the Sao Francisco basin has in-
creased (Brasil-Sato 2003). For most of these species
of fish parasites, it was the first time that they had
been recorded (Santos et al. 2009, Albuquerque &
Brasil-Sato 2010, Eiras et al. 2010, Monteiro et al.
2010, Monteiro & Brasil-Sato 2014a, b, Marques et
al. 2015, Monteiro et al. 2015). To further expand
this knowledge, the endoparasite fauna of two spe-
cies of fish, Tetragonopterus chalceus Spix and Agas-
siz, 1829 (Characiformes, Characidae) and Tri-
portheus guentheri (Garman, 1890) (Characiformes,
Triportheidae), were investigated in the present
study.

Tetragonopterus chalceus occurs in the Amazon,
Orinoco and Sao Francisco river basins (Reis et al.
2003). For T. guentheri, the Sao Francisco river is its
type locality and its only known distribution (Reis
et al. 2003, Malabarba 2004).

The only records of parasites of these two fish
species in Brazil are from the Trés Marias reservoir.
Moreira et al. (1994) recorded larvae of Heterotyph-
lum sp. in T. chalceus (= larvae of Hysterothylacium
sp., according to Brasil-Sato & Santos 2005); adults
of Procamallanus (Spirocamallanus) saofranciscencis
Moreira, Oliveira and Costa, 1994, and larvae of
Contracaecum sp. in T. chalceus and T. guentheri;
and larvae of Procamallanus (Spirocamallanus) sp. in
T. guentheri. Albuquerque & Brasil-Sato (2009) re-
corded Creptotrema creptotrema Travassos, Artigas
and Pereira, 1928, in T. chalceus. Albuquerque &
Brasil-Sato (2010) reported the presence of oocysts
of Calyptospora sp. (Apicomplexa) in T. chalceus
and T. guentheri. Costa et al. (2011) cited the occur-
rence of Rhabdochona sp. larvae in T. chalceus and
T. guentheri.

There have also been reports of parasites of
Triportheus spp., from different basins (Agarwal
& Kritsky 1998, lannacone et al. 2000, Kohn et al.
2007, Santos et al. 2008, Abdallah et al. 2012, Costa-
Pereira et al. 2014, Oliveira et al. 2016).

In addition to contributing towards knowledge
of parasite diversity among fish in the Sdo Francis-
coriver basin, the present study had the aim of pro-
viding and comparing ecological data on the com-
ponent species of two endoparasitic communities.
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MATERIALS AND METHODS

The fish specimens were collected from the Trés Ma-
rias reservoir (18°12'59” 5 45°17'34” W), upper Sao Fran-
cisco river in the State of Minas Gerais, Brazil. The fish
were caught with the aid of gillnets that had been placed
the night before by fishermen of the “Estacdo de Hidro-
biologia e Piscicultura” of the “Companhia de Desen-
volvimento dos Vales do Sdo Francisco e do Parnaiba”
(EPT/CODEVASF). Samples were collected in July 2007
(dry period) and in January 2008 (wet period).

The parasite specimens were collected, fixed and pro-
cessed for identification in accordance with methodolo-
gies that are used for studies on fish parasites. Parasite
identification and classification was done in accordance
with the specific literature.

Voucher specimens of T. chalceus (MZUSP 95151)
and T. guentheri (MZUSP 95152) were deposited in the
“Museu de Zoologia” of the “Universidade de Sao Pau-
lo” (MZUSP), Sao Paulo, Brazil. Voucher specimens of
helminths were deposited in the “Colecao Helmintol6-
gica” of the “Instituto Oswaldo Cruz” (CHIOC) in the
State of Rio de Janeiro, Brazil, and the deposit numbers
of the parasites are presented in tables as results.

In the present study, the term “parasite community”
and the parasite indexes [prevalence (P), mean intensity
(MI) and mean abundance (MA)] are used in accordance
with Bush et al. (1997). The parasite species were classi-
fied within the community according to their importan-
ce value (IV) (Bush & Holmes 1986).

The endoparasitic communities were characterized
in terms of species richness, which relates to the number
of species found; and Shannon-Wiener parasite diver-
sity (H"), which is based on the proportional abundan-
ce of species (heterogeneity index) in random samples.
The similarity coefficients that were used to compare di-
versity in the two hosts studied were the Jaccard index
(qualitative evaluation) and Sorenson index (quantitati-
ve evaluation) (Magurran 1988).

The DivEs software was used to calculate the mean
parasite abundance, mean parasite intensity and Shan-
non-Wiener parasite diversity (Rodrigues 2005).

RESULTS

A total of 146 fish specimens were examined [T.
chalceus: total collected (n) = 63; total length (TL):
9.5+ 0.9 cm (7.4 to 11.5 cm); body weight (BW): 16.8
+5.6 g (8.0 to 34.0 g); T. gquentheri: n = 83, TL: 13.8
+1.2cm (10.5 to 17.2 cm), BW: 33.4 + 8.2 g (14.0 to
48.1 g)].

Component parasite community Tetragonopterus
chalceus

A total of 3147 specimens of endoparasites were
collected from the 63 T. chalceus specimens exami-
ned. Out of this total, 3045 (96.7%) were helminths,
two (0.1%) were myxozoans and 100 (3.2%) were
protozoans. Among the metazoan helminths, there

were 373 adult specimens (12.2%) and 2672 larvae
(87.7%). All the fish were parasitized with at least
one parasite specimen.

The endoparasite species were distributed into
five taxonomic groups: Digenea: adults of C. crep-
totrema; Eucestoda: plerocercoids of Proteocepha-
lidea; Nematoda: adults of P. (Spirocamallanus)
saofranciscencis and Spinitectus rodolphiheringi Vaz
& Pereira, 1934; larvae of Contracaecum sp., Hys-
terothylacium sp., Goezia sp., Procamallanus (Spiro-
camallanus) sp., Spiroxys sp., Rhabdochona sp. and
Cystidicoloides fischeri (Travassos, Artigas & Pereira,
1928); Myxozoa: Henneguya sp.; and Protozoa (Api-
complexa): Calyptospora sp. (Table 1).

The parasites that presented prevalence greater
than 10% were: P. saofranciscencis (82.5%), plerocer-
coids of Proteocephalidea (60.3%), C. creptotrema
(46.0%), Hysterothylacium sp. (34.90%), Spiroxys sp.
(30.2%) and Contracaecum sp. (17.5%). The parasites
that presented lowest prevalence were, respective-
ly, C. fischeri (9.5%), Rhabdochona sp. (7.9%), Calyp-
tospora sp. (6.3%), Procamallanus sp. (3.2%), Henne-
quya sp. (3.2%), S. rodolphiheringi (1.6%) and Goezia
sp. (1.6%).

The classification according to importance va-
lue indicated that there was one central species (P.
saofranciscencis), three secondary species (C. crepto-
trema, plerocercoids and Hysterothylacium sp.) and
nine other satellite species.

The prevalence, mean intensity, mean abundan-
ce, amplitude of intensity of infection, importance
value, infection site and deposit number of the pa-
rasites can be seen in Table 1.

Triportheus guentheri

In the 83 specimens of T. guentheri analyzed,
1095 specimens of endoparasites were found.
Among these, 964 (88.0%) were helminths, 11
(1.0%) were myxozoans and 120 (10.9%) were pro-
tozoans. Among the helminths, there were eight
adults (0.8%) and 956 larvae (99.2%). In total, 90.0%
of the fish were parasitized by at least one parasite
specimen.

The parasites recorded were: Eucestoda: plero-
cercoids of Proteocephalidea; Nematoda: adults of
P. saofranciscencis and larvae of Contracaecum sp.,
Hysterothylacium sp., Goezia sp., Procamallanus sp.,
Procamallanus (Spirocamallanus) sp., Spiroxys sp.,
Rhabdochona sp. and C. fischeri; Myxozoa: spores
of Henneguya sp.; and Protozoa (Apicomplexa):
oocysts of Calyptospora sp.

Eight species presented prevalence greater than
10%: Rhabdochona sp. (43.4%), Hysterothylacium sp.
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(39.8%), C. fischeri (27.7%), Spiroxys sp. (26.5%),
Contracaecum sp. (22.9%), Procamallanus (S.) sp.
(16.9%), Procamallanus sp. (15.7%) and Henneguya
sp. (10.8%). The other four species presented pre-
valences of between 1.2% and 8.4%.

In this community, there were two secondary
species (Hysterothylacium sp. and Rhabdochona sp.)
and all the others were satellite species.

The prevalence, mean intensity, mean abundan-
ce, amplitude of intensity of infection, importance
value, infection site and deposit number of the pa-
rasites can be seen in Table 2.

Diversity and similarity

The Shannon-Wiener diversity values for the
communities in T. chalceus and T. guentheri were
H” = 0.43 and H" = 0.86, respectively. The richness
of these endoparasite communities was 13 and 12
species, respectively.

The Jaccard qualitative similarity between the
two parasite communities was 0.78 and the Soren-
son quantitative similarity was 0.28.

DISCUSSION

Studies on parasite fauna provide data on host
behavior and habitats (Moser 1991). The presence

and quantities of given parasite species in their
hosts provide clues regarding the structure of the
food chain and the hosts’ food preferences and fo-
raging strategies (Price 1990).

Gomes & Verani (2003) studied the diet of T.
chalceus and T. guentheri in the Trés Marias reser-
voir and noted that insects were their preferred
food. The parasitological data presented here con-
firm this information, considering that parasites
provide an indication of diet over a longer period
of time (Williams et al. 1992). High prevalences of
nematode larvae were recorded in both fish of this
study and these parasites are carried by aquatic in-
sects, through the food web. Ephemeroptera, whi-
ch form an important part of the diet of T. chalceus
and T. guentheri, are the first intermediate hosts of
nematodes (Gomes & Verani 2003). These fish be-
come infected with the second or third larval stage
of these helminths. The larvae generally become es-
tablished in the celom, but they may also be found
in other parts of fish, such as the intestine and sto-
mach (Moravec 1998), as was seen in the present
study.

The endoparasitic community of T. chalceus was
richer than that of T. guentheri, but there was evi-
dent similarity regarding the parasite species accu-

Table 1. Prevalence (P%), mean intensity (MI), mean abundance (MA) with the corresponding standard
deviation (SD), deposit number in the Helminthological Collection of the Oswaldo Cruz Institute (CHIOC);
infection intensity amplitude (IA); importance value (IV): Ce = central; Se = secondary; Sa = satellite; and
sites of infection (SI): C = celom; IC = intestinal cecum; S = stomach; L = liver; I = intestine; K = kidney of
the endoparasites of Tetragonopterus chalceus Spix and Agassiz 1829 in the Trés Marias reservoir, upper Sdo

Francisco river, State of Minas Gerais, Brazil.

Parasite P (%) MI +SD MA +SD IA v SI
Digenea Creptotrema creptotrema
Adults CHIOC 36995, 35584 46.0 8.60 +9.55 3.90+7.76 1-43  Se CI
Eucestoda Plerocercoids of Proteocephalidea
Larvae CHIOC 35569 603  63.10+39.25 3810+4339 5-100 Se CLI
Nematoda Procamallanus (Spirocamallanus)
Adults saofranciscencis
CHIOC 35578 82.5 240+224 2.00 £2.30 1-8 Ce IC, 1
Larvae Spinitectus rodolphiheringi 1.6 1.00 0.02+0.13 1 Sa I
Contracaecum sp.
CHIOC 35575 175 550+7.17 1.00 £3.64 1-20  Sa CS 1
Hysterothylacium sp.
CHIOC 35576 34.9 6.30+6.26 2.20+4.76 1-20  Se CS1
Goezia sp. 1.6 1.00 0.02+0.13 1 Sa S
Procamallanus (Spirocamallanus) sp.
CHIOC 35577 3.2 2.00 +1.00 0.06 +0.39 1-3 Sa LS
Spiroxys sp.
CHIOC 35580 30.2 2.00 +1.26 0.60+1.15 1-6 Sa CICS,I
Rhabdochona sp.
CHIOC 35581 7.9 540 £5.46 040£212 1-16  Sa S 1
Cystidicoloides fischeri
CHIOC 35579 9.5 1.00 0.10+0.29 1 Sa IS
Myxozoa Henneguya sp.
Spores 3.2 1.00 0.03+0.18 1 Sa K
Apicomplexa  Calyptospora sp. 6.3 25.00 1.60 £ 6.10 25 Sa LI
Oocysts
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Table 2. Prevalence (P%); mean intensity (MI); mean abundance (MA) with the corresponding standard
deviation (SD); deposit number in the Helminthological Collection of the Oswaldo Cruz Institute (CHIOC);
infection intensity amplitude (IA); importance value (IV): Ce = central; Se = secondary; Sa = satellite; and
sites of infection (SI): C = celom; IC = intestinal cecum; S = stomach; L = liver; I = intestine; K = kidney of
the endoparasites of Triportheus guentheri (Garman 1890) in the Trés Marias reservoir, upper Sao Francisco
river, State of Minas Gerais, Brazil.

Parasite P (%) MI £SD MA £SD IA v SI
Eucestoda Plerocercoids of Proteocephalidea 7.2 38.20+43.87 2.80+15.39 2-100 Sa C1I
Larvae CHIOC 35569
Nematoda Procamallanus (Spirocamallanus) 8.4 1.40 +0.35 0.10+0.33 1-2 Sa S, 1
Adults saofranciscencis
CHIOC 35578
Larvae Contracaecum sp. 229 2.20+£2.00 0.50+1.33 1-10 Sa C,IC,S
CHIOC 35575
Hysterothylacium sp. 39.8 580+£884 230+635 1-35 Se CICS, 1
CHIOC 35576
Goezia sp. 1.2 1.00 0.01+0.11 1 Sa C
Procamallanus sp. 15.7 3.00£311 050165 1-12 Sa IC 1
CHIOC 35577
Procamallanus (Spirocamallanus) sp. 16.9 3.30 £3.40 0.60 +1.86 1-12 Sa C,IC,S
Spiroxys sp.
CHIOC 35580 26.5 250+3.63 070+216 1-18 Sa CICS
Rhabdochona sp.
CHIOC 35581 434 850+11.81 3.70+885 1-57 Se C,SICI
Cystidicoloides fischeri
CHIOC 35579 27.7 200+£112  0.60+1.10 1-5 Sa CICS,1
Myxozoa Henneguya sp. 10.8 1.20+£042  0.10+0.40 1-2 Sa K
Spores
Apicomplexa  Calyptospora sp. 7.2 20.00+845 140566  2-25 Sa L1
Oocysts

mulated (Jaccard qualitative similarity). This con-
firms that these fish species have preferences for
similar food items and indicates that there is over-
lapping of niches between these species. However,
there is not competition because T. chalceus and T.
guentheri present different foraging strategies. Te-
tragonopterus chalceus explores the water column
more intensely and seeks food items associated
with vegetation close to the edges of the reservoir,
while T. guentheri consumes items associated with
the water surface (Gomes & Verani 2003). Moreo-
ver, T. guentheri utilizes a cruiser foraging strategy
and accumulates more specimens of endoparasites
than T. chalceus, which uses an ambush foraging
strategy to encounter with a resource. Fish with a
cruiser foraging behaviour are constantly on the
move through the environment, have little time to
pause and consume several prey per day. On the
other hand, fish with an ambush foraging beha-
viour examines the scene meticulously during long
pauses, make attacks of short duration and have
less likelihood of encountering prey every day
(Campbell & Lewis 2002). It is known that when
fish consume taxonomically diverse prey, there is
greater acquisition of endoparasites (Humphrey et
al. 1978, Hood & Welch 1980, Esch 1983).
Tetragonopterus chalceus and T. guentheri are food
for macro-zoophagous fish of commercial impor-

tance, such as: Acestrorhynchus britskii Menezes,
1969, Acestrorhynchus lacustris Liitken, 1875, Ci-
chla kelberi Kullander & Ferreira, 2006, Serrasalmus
brandtii (Litken, 1875), Pygocentrus piraya (Cuvier,
1819), Leporinus obtusidens (Valenciennes, 1837),
Leporinus piau Fowler, 1941, Leporinus reinhardtii
Lutken, 1874, Leporinus taeniatus Liitken, 1875, and
Schizodon knerii (Steindachner, 1875) (Gomes & Ve-
rani 2003, Alvim & Peret 2004). These piscivores
become infected with some species of endopara-
sites and thus constitute definitive hosts precisely
because they feed on T. chalceus and T. guentheri,
which are intermediate or paratenic hosts of hel-
minths such as cestodes and nematodes.

Santos-Clapp & Brasil-Sato (2014) recorded oc-
currences of Proteocephalus macrophallus (Diesing,
1850) and Proteocephalus microscopicus Woodland,
1935 (Proteocephalidae) in C. kelberi in the Trés
Marias reservoir. Tetragonopterus chalceus and T.
quentheri were recorded in the present study as in-
termediate hosts of plerocercoids of Proteocepha-
lidea. As fish that are foraged by C. kelberi, both of
these species probably participate in the life cycle
of these cestodes, especially T. chalceus, given that
larvae of Proteocephalidea were highly prevalent
(> 60%) in its parasite community (and were the
most abundant parasite).

Adult specimens of Procamallanus (Spirocamalla-
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nus) inopinatus Travassos, Artigas & Pereira, 1928,
were recorded parasitizing S. brandltii, P. piraya, L.
obtusidens, L. piau, L. reinhardtii, L. taeniatus and S.
knerii in the Sdo Francisco river basin (Brasil-Sato
2003); mature specimens of Rhabdochona acuminata
(Molin, 1860) were recorded in A. britskii and A. la-
custris (Costa et al. 2011); and adult individuals of
C. fischeri were recorded in P. piraya and S. brandtii
(Moravec et al. 2008). Tetragonopterus chalceus and
T. guentheri, which are paratenic hosts of these pa-
rasite species, form important alternatives (via the
trophic route) in maintaining the life cycle of these
nematodes in the Trés Marias reservoir.

The present study has revealed the biological
diversity of the endoparasitic communities of two
forage fish species in the Sao Francisco river basin,
which is an important hydrological system in Bra-
zil. These fish species are prey for a variety of aqua-
tic organisms; therefore transmission of the larvae
of parasites in these communities to the definitive
piscivorous hosts is boosted. Plerocercoids of Pro-
teocephalidea, Goezia sp., Spiroxys sp., C. fischeri
and Henneguya sp. were recorded for the first time
in T. chalceus and in T. guentheri; S. rodolphiheringi,
in T. chalceus; and P. saofranciscencis, Contracaecum
sp. and Hysterothylacium sp. in T. guentheri.
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