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Summary

In order to examine the ecological relationships of meta-
zoan parasites and their hosts, 63 specimens of Steindach-
nerina brevipinna have been collected from April to Sep-
tember 2006, in the rivers Guairaca and Corvo, tributaries
of the low Paranapanema River. Five different parasite
species have been found (Paranaella sp., Sphicterodip-
lostomum musculosum, Cosmoxynema vianai, Travnema
travnema and Spinoxyuris sp.), with parasite richness from
1 to 4. The dominance index (C > 0.25) was calculated for
S. musculosum and aggregation of S. musculosum and
Paranaella sp. were reported. There were no associations
or covariations between the species of parasites. Values did
not show interference of parasite abundance at different
gonadal maturity stages. The relative condition factor (Kn)
did not show significant values regarding quantitative and
qualitative data on parasitism. Statistical tests were signifi-
cant between the prevalence and the abundance of para-
sites and the standard length of the hosts, as well as for the
parasite abundance in different months and tributaries.
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Introduction

Steindachnerina brevipinna (Eigenmann & Eigenmann,
1889) (Curimatidae), popularly known as “biru” or
“sagiiiru” presents a maximum size of 10 to 16 cm, consi-
dering males and females, respectively (Graca & Pavanelli,
2007). Its occurrence is restricted to some South American
countries (Argentina, Brazil, Paraguay and Uruguay), in-
habiting benthic-pelagic environments in the rivers Para-
guay, lower and upper Parana and lower Uruguay, being
very abundant and occupying an important role in the food
chain (Vari, 1991). According to Prioli ef al. (2004), this
fish has been established in the upper Parana River only
after the flooding of the Sete Quedas Falls by the con-
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struction of the reservoir of the Itaipu hydroelectric power
plant. There are no parasitological studies regarding this
fish, only a record of the endoparasite Diplostomum sp. for
Steindachnerina insculpta (Pavanelli et al., 2004), an en-
demic fish from the upper Parana River (Pavanelli & Brit-
ski, 1999). This study aimed to examine the ecological
relationships of metazoan parasite of S. brevipinna col-
lected in the rivers Corvo and Guairaca, tributaries of the
Paranapanema River.

Materials and methods

Sixty-three specimens of S. brevipinna were collected
between April and September 2006 (Table 1) in the tribu-
taries Guairaca and Corvo, in the low Paranapanema River,
a region flooded by the reservoir of the Rosana, Parana,
Brazil (22°36'S; 52°52°W).

Table 1. Number of specimens by month

NO
Specimens 04 08 13 16 08 14
Month April May June July August September

Gills nets with different mesh sizes were used for capturing
the fish, disposed for a period of 24 hours, with collections
at every eight hours. The specimens were identified and the
following information was recorded: date, mesh size, total
and standard length (cm), total weight (g), sex, gonadal
weight (g) and gonadal maturity stage. Parasites were
collected and processed according to Eiras et al. (2006) and
identifications were based on Khon et al. (2000).

The terminology used in parasite ecology was based on
Bush ef al. (1997). The analyses included only the species
with prevalence greater than or equal to 10 % (Bush et al.
1990) and the statistical significance level adopted was p <
0.05. The degree of importance of Caswell (1978) and



Hanski (1982) apud Bush and Holmes (1986), was used to
check the relevance of the species of parasites in the sample,
where: Central = species present in more than 66.6 % of fish
examined; Secondary = present in 33.3 % to 66.6 % of the
sample; Satellite = present in less than 33.3 % of the sample.
The Green index was used with the dispersion index
(variance and mean abundance ratio) to verify the dispersion
of parasites in the sample. The dispersion index was tested
according to Elliott (1973) apud Ludwig and Reynolds
(1988), where d > 1.96 = aggregate distribution; d <-1.96 =
uniform and d < 1.96 = random. The Chi-square test with
Yates correction was used to determine possible interspe-
cific associations between pairs of co-occurring species,
being considered significant when 2 > 3.481 (Ludwig &
Reynolds, 1988). Covariations of the abundances of
parasites were tested by the Spearman’s rank correlation
coefficient “rs”. These analyses were made only with
species that were parasitizing the same organ. The Kruskal-
Wallis test was used to check if abundances of parasites
differed at different stages of gonadal maturity (immature,
maturation, reproduction and rest) of females in the sample.
Parasite diversity was calculated using the Brillouin index
(Zar, 1996). Two statistical tests related to the correlation
coefficient were used for each species of parasite: Pearson
"r" (hosts were divided into six length classes, with
minimum 7 and maximum 14 cm) used to determine
possible relations of the length of the hosts and the
prevalence (Zar, 1996). The Spearman’s test was used to
determine relations between the length of the host and the
abundance of parasites (Bush ef al., 1997). Spearman’s rank
correlation coefficient was also used to check the influence
of different species of parasites on the relative condition
factor (Kn), which is basically the state of health or welfare
of the hosts, and if so assume the value of one, which is
calculated by the ratio of the observed weight (the minimum
weight of the sample was 5.44 g and maximum 60 g) and
the theoretically expected weight for a given length (Le
Cren, 1951). The Mann-Whitney non-parametrical test (U)
was used to check whether there is difference between the
parasite abundance between the tributaries Corvo and
Guairaca, where the specimens of the sample were collected
(Siegel, 1975), and to obtain the qualitative result of the
different species of parasites on the condition factor (Kn).
To verify relevant species within the infracommunity, the
dominance index of Simpson "C" was calculated for the two
tributaries, assuming dominance when C > 0.25 (Stone &
Pence, 1978).

Results

Ecological aspects of the component community of meta-
zoan parasites

All of the 63 specimens of S. brevipinna collected in the
tributaries Corvo and Guairaca were parasitized, presenting
species richness up to four in a single host (41.26 % of
hosts with one specie parasite, 39.68 % with two, 17.46 %
with three and 1.58 % with four species).

Thirty-six out of 63 hosts examined were collected in the

tributary Guairacd River and 27 in the Corvo River, sum-
ming 3095 specimens of parasites and five different para-
site species. The digenean Sphincterodiplostomum muscu-
losum Dubois, 1936 was parasitizing the ovary and was
considered dominant (C = 0.325) with the highest preva-
lence (90.47 %) and abundance, in addition to being classi-
fied as a central species by the degree of importance. The
three nematodes, Travnema travnema Pereira, 1938, Cos-
moxynema. vianai Travassos, 1949 and Spinoxyuris sp.
(Pharyngodonidae), were found in the intestine and the
monogenean Paranaella sp. (Microcotylidae) was parasi-
tizing the gills, the latest species being considered satellite.
Among the parasites selected for the statistical analyses,
Paranaella sp. was more aggregate than S. musculosum
according to the Green index. Unlike 7. travnema and C.
vianai that were classified as random. Association analyses
(x2 = 0.424) and abundance covariation (rs = 0.105 and (p)
= 0.408) showed no significant values for nematodes.
Statistical analyses that required values of parasite di-
versity used the Brillouin (1962) index (mean = 0.169).

Gonadal Maturity Stages

Parasite did not show significant differences regarding the
levels of parasitism in relation to the gonadal maturity
stages.

Travnema travnema
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Fig. 1. Correlation between length classes of S. brevipinna and the
prevalence of the parasite Travnema travnema. *Significant value.
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Fig. 2. Correlation between standard length of S. brevipinna and the
abundance of the parasite Sphincterodiplostomum musculosum.
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Standard length

Only the nematode 7. travnema showed significant posi-
tive correlation between the standard length and the
prevalence of parasites (Fig. 1). Unlike S. musculosum that
showed significant positive correlation between standard
length and the abundance (Fig. 2).

There were no significant values that proved the interfe-
rence of different parasite species on the relative condition
factor (Kn) of the hosts.

Environmental differences between the tributaries
The tributaries differed only regarding the species T.
travnema, being more abundant in the Corvo River.

Discussion

Parasite fauna and parasite richness are characteristics that
may be related to the following factors occurring to the
host: amplitude of the space scope, feeding habit or its
variations, diversity of intermediate hosts that are part of
the diet of the final host (Dogiel, 1961), physiological
differences between males and females (Takemoto et al.,
1996), immunity (Bauer, 1961) and if the hosts are juveni-
les or adults (Moser & Hsieh, 1992).

Steindachnerina brevipinna presented a parasite fauna of
only five species, considered low when compared to other
studies. According to Lizama et al. (2005), specimens of
Prochilodus lineatus collected in the upper Parana River
floodplain, region close to the tributaries Corvo and
Guairaca, harbored a fauna of 33 metazoan parasites.
Specimens of Leporinus lacustris and Leporinus friderici
collected in the same locality presented 31 and 32 species
of parasites, respectively (Guidelli et al., 2006).

According to Luque et al. (1996), the relation between
body length or age of the host and parasite diversity is
based on the cumulative process of parasites, when the
infection area increases with the growth of the host, and
also may be influenced by the diet.

In this case the low parasite diversity found in S. bre-
vipinna may be related to the size of the host in accordance
with its ontogenetic development and its feeding habit.

The aggregate distribution is considered a natural charac-
teristic of parasites (Hanski, 1982). According to Poulin
(1998), it occurs when the majority of hosts harbor few or
no parasites and a few hosts harbor the majority. One of
the factors that may increase aggregation is the direct re-
production of parasites within the host, and if not the case,
it can be explained by the variety of environments explored
and the host’s susceptibility to infection.

According to Dobson (1990), this characteristic tends to
increase the stability of the parasite/host relationship, act-
ing as a regulatory mechanism, such as the mortality of the
host or reductions in fertility and survival of density de-
pendent parasites, influencing the parasite population.

The aggregation of Paranaella sp. possibly occurred be-
cause these organisms are hermaphrodites and have an
intense direct reproduction. Their eggs have a long fila-
ment that probably facilitates their fixation to their parent's
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region and also do not need an intermediate host.

The hypothesis cited anteriorly cannot be applied for S.
musculosum, because metacercariae do not reproduce. This
aggregation probably does not occur as a result of the ex-
ploitation of several environments by the host, because S.
brevipinna is classified as sedentary or migrant of short
distances (Suzuki et al., 2004). The susceptibility to the
parasite can also be discarded, since parasite prevalence
reached over 90 %.

Larvae of this endoparasite were found encysted only on
the ovary of the specimens of S. brevipinna, being also
reported in the eyes of Cyphocharax gilbert in the Guandu
River, Rio de Janeiro, Brazil (Abdallah et al., 2005) and
for Sphincterodiplostomum sp. in the visceral cavity of
Hemisorubim platyrhynchos in the Parand River, Brazil
(Guidelli et al., 2003).

According to Lunaschi & Drago (2006), the adult form of
S. musculosum was found infecting the intestine of Ardea
alba, (white heron) in Formosa Province, Argentina. This
bird was also reported in the Northwest of Parana State
(Gimenes et al., 2008), where the tributaries Corvo and
Guairaca are located. Possibly this bird feeds on S. bre-
vipinna when this fish is in shallow waters, since this bird
is considered opportunistic (Franz et al., 2007), then clos-
ing the life cycle of the parasite.

Being the larval stage considered more pathogenic (Eiras
et al., 2006), this association between the aggregation of S.
musculosum on the ovaries of S. brevipinna may be con-
sidered a successful relationship, because the parasite pos-
sibly does not cause severe damage to the animal, since its
pathogenicity can be considered low because of its large
amount. This point will be discussed later.

As mentioned above the same parasite was found in the
eyes of C. gilbert (Abdallah et al., 2005), then allowing a
greater possibility of closing the cycle, because the vision
of the host is drastically reduced, leaving it more exposed
to predators.

The nematodes T. travnema and C. vianai showed random
distributions and possibly their presence in the host were
accidental. However, the same genera were found with low
mean intensity in C. gilbert, which belongs to the same
family of S. brevipinna (Abdallah et al., 2005).

Hanski (1982), based on the idea that a community is
formed by a core of dominant species in equilibrium, sur-
rounded by a larger number of species against this balance
(Bush & Holmes, 1986), proposed the concept of core,
secondary (few species, but with a large population num-
ber) and satellite species (many species, but with a low
population number). For the analysis, only S. musculosum
was classified as core and through the index of Simpson,
considered dominant. But the same cannot be competing
directly with any of the other parasites, because it is on an
isolated organ (ovary). Unlike 7. travnema and C. vianai
that parasitize the intestine and also showed no competi-
tion when based on the statistic data that was not signifi-
cant for the correlation between them.

The result is in accordance with Poulin (1998), who sug-
gested the absence or lack of competition within the infra-



communities when there is not a core species, which in this
case is accepted.

Gonadal maturity stages

For the gonadal maturity stages, there were no significant
values for any species of parasite. Sphincterodiplostomum
musculosum presented higher prevalence and mean abun-
dance, parasitizing the ovary. Probably there was no dam-
age to the host in this case, because the gonads visibly
maintained their normal development, and this was ob-
served until the last collection in September, when this
organ was mature. The rest stage of the organ showed the
highest abundance of parasites.

According to Giorgio (1995), the virulence caused by the
parasite to the host is determined by natural selection in
order to maximize the transmission of the parasite. Pos-
sibly for S. musculosum the low abundance and high viru-
lence promoted their process of transmission to the final
host.

Possibly this parasite coevolved for a long time with simi-
lar hosts, because there are also records for C. gilbert that
belongs to the same family of S. brevipinna. As the two
different species of hosts are possibly considered necessary
for the parasite, virulence high enough to kill them would
not be advantageous, if could disrupt the life cycle of the
parasitic.

Standard length

The standard length of the host is related to the expression
of its age (Shotter, 1976) and is one of the most important
factors in the variation of the parasite fauna (Dogiel, 1961).
The growth of the host increases the area of infection,
facilitating the cumulative process of parasites (Luque et
al., 1996), and also changing the behavior and biology of
fish, which also affects the parasite infrapopulation
(Takemoto & Pavanelli, 1996). The cumulative effect can
be exponencial in parasites that have a long lifespam (Ro-
hde, 1993), because it will be longer in contact with the
host.

Possibly this effect did not occur to Paranaella sp. because
the parasite occupies a large space in the branchial cavity
of the host, thwarting a high cumulative process, because a
heavy parasitism could enable a high competition and
therefore an unnecessary expenditure of energy, and they
could even cause the death of the host by apoxia by im-
pairing its breathing.

The positive correlation between the abundance of S. mus-
culosum and the standard length of the host supports the
idea of the cumulative effect of parasites by increasing the
area of infection with the growth of the host. With the
standard length increasing with the ontogenetic develop-
ment of S. brevipinna, also increases the area of the body
surface, increasing the chances of occurring the process of
active penetration of cercariae.

For T. travnema there was a positive correlation between
the standard length of the host and parasite prevalence.
Therefore, according to the growth of fish, most hosts are
parasitized. Possibly this has occurred because of the

feeding habit of S. brevipinna, for being in contact with
more intermediate hosts of the parasite over the course of
its growth because it needs more energy to sustain them-
selves. The same parasite was also found in Pseudocuri-
mata elegans, P. gilbert (= Cyphocarax gilberf) and P.
plumbea (Moravec, 1998), who have their diet similar to S.
brevipinna, in addition belonging to the same family. Ac-
cording to Abdallah et al. (2005), a nematode of the same
genus (Travnema araujoi) was infecting the intestine of C.
gilbert.

Cosmoxynema vianai did not present significant values of
prevalence and / or abundance in relation to the standard
length of the host. Probably it also occurred because of the
feeding habit or habitat of the host, maintaining the same
contact with intermediary hosts of the parasite during its
ontogenetic development. According to Moravec (1998),
there are no studies on the biology of C. vianai.

These events support the idea that the quantity and quality
of food consumed may be responsible for the increase in
prevalence and abundance of parasites with the age of the
host (Hanek & Fernando, 1978).

Relative condition factor

When the factor of analysis is related to the condition of
dynamic equilibrium of the host in accordance with the
parasite variation, the interpretation of the data tends to be
more difficult because other diseases caused by several
reasons can also interfere on the host and pass unnoticed,
as well of natural occurrences, such as predation of a de-
bilitate individual that was not sampled among other cha-
racteristics that reduce the chances of real results.
According to Chubb (1973), it is difficult to find a "nor-
mal" state for the host, because in most cases the speci-
mens of a sample are parasitized.

No parasite reached significant values, attesting interfe-
rence on the condition factor of the host. Probably in this
case, the parasite fauna is not altering the balance of S.
brevipinna, since the previous analyses did not show re-
sults that parasites are injurious to the host, such as the
standard length and gonadal maturity stage (even being
found up to 320 parasites in the same ovary), which are
important factors for the development of the host.

Environmental differences between the tributaries

The nematode T. travnema with prevalence above 10 %,
but with low abundance, showed significant differences in
the abundance values between the tributaries, being higher
in the Corvo River. Possibly the "coincidence" favored the
outcome of these analyses, as the same parasite was classi-
fied as satellite and random species for S. brevipinna in
previous data and this is related to the instability of the
parasite, in addition to the values of mean abundance that
show how low is the difference between the rivers. More
sampling could show concrete results for this analysis.

The environment is one of the factors that can determine
the diversity and richness of helminth endoparasites (Bell
& Burt, 1990) and consequently the abundance. Because
they are very close, these tributaries probably have very
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similar biotic and abiotic characteristics. Thus, to affirm
that the difference in the abundance of 7. travnema is a
consequence of environmental variation would be very
pretensious.

Acknowledgements

The authors wish to thank Nucleo de Pesquisas em Lim-
nologia, Ictiologia e Aqiiicultura (Nupélia/UEM), and the
Programa de Apoio a Nucleos de Exceléncia (PRONEX)
for its support during every stage of this work. Fabio Hi-
deki Yamada, Luis Henrique de Aquino Moreira, Ricardo
Massato Takemoto and Gilberto Cezar Pavanelli were
supported by a research fellowship from CNPq (Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico).

References

ABDALLAH, V. D., AZEVEDO, R. K. A., LUQUE, J. L.
(2005): Ecologia da comunidade de metazoarios parasitos
do saira Cyphocharax Gilbert (Quoy & Gaimard, 1824)
(Characiformes: Curimatidae) do rio Guandu, estado do
Rio de Janeiro, Brasil. Ver. Bras. Parasitol. Vet., 14, 154 —
159

BAUER, O. N. (1961): Relationships between host fishes
and their parasites. In: DOGIEL, V. A., PETRUSHEVSKI, G.
K., POLYANSKI, YU. 1. (Eds) Parasitology of fishes. Lon-
don: Oliver and Boyd, pp.84 — 103

BELL, G., BURT, A. (1991): The comparative biology of
parasite species diversity: internal helminthes of freshwater
fish. J. Anim. Ecol., 60, 1047 — 1063.

BRILLOUIN, L. (1962): Science and Information Theory.
New York: Academic Press, 320 pp.

BusH, A. O., HOLMES, J. C. (1986): Intestinal helminths of
lesser scaup ducks: an interactive community. Can. J. Zoo.,
64,142 - 152

BusH, A. O., AHO, J. M., KENNEDY, C. R. (1990): Ecologi-
cal versus phylogenetic determinants of helminth parasite
community richness. Evol. Ecol., 4, 1 —20

BUSH, A. O., LAFFERTY. K. D., LOTZ, J. M., SHOSTAK, A.
W. (1997): Parasitology meets ecology on its own terms:
Margolis et al. Revisited. J. Parasitol., 83, 575 — 583
CHUBB, J. C. (1973): Influence of parasites on freshwater
fishes in Britain. Verh. Internat. Verein. Theor. Angew.
Limnol., 18,1628 — 1632

COUTANT, C. C. (1998): What is normative for fish patho-
gens? A perspective on the controversy over interactions
between wild and cultured fish. J. Aqua. Anim. Health., 10,
101 — 106

DOBSON, A. P. (1990): Models of multi-species parasites-
host communities. In: ESCH, G. W., BUSH, A. O., AHO J.
(Eds) Parasite communities: patterns and process. New
York: Chapman and Hall, pp. 261 — 287

DOGIEL, V. A. (1961): Ecology of the parasites of fresh-
water fishes. In: DOGIEL, V. A., PETRUSHEVSKI, G. K.,
PoLYANSKI, YU. L. (Eds) Parasitology of fishes. London:
Oliver and Boyd, pp. 1 — 47

EIras, J. C., TAKEMOTO, R. M., PAVANELLI G. C. (2006):

168

Meétodos de Estudo e Técnicas Laboratoriais em Parasi-
tologia de Peixes. 2™ Edition. Maringa: Eduem, 171 pp.
FrANZ, 1., GHIZONI-JR., I. R., ALBUQUERQUE, J. L. B.,
BARCELLOS, A., HASSDENTEUFEL, C. B., AREND, F. L.,
FERREIRA, C. M. (2007): Predagdo da cobra d’agua Heli-
cops infrataeniatus (Serpentes, Colubridae) pela maria-
faceira Syrigma sibilatrix (Aves, Ardeidae) no sul do
Brasil. Biotemas 20, 135 — 137

FINK, W. 1, FINK, S. (1978): A Amazonia Central e seus
peixes. Acta Amazon., 8,19 — 42

GIORGIO, S. (1995): Moderna visdo da evolucdo da
viruléncia. Ver. Saude Publica 29, 398 — 402

GIMENES, M. R., Lopes, E. V., LOURES-RIBEIRO, A.,
MENDONCA, L. B., ANJOS, L. (2008): Aves da Planicie
alagavel do alto rio Parand. Maringé: Eduem, 281 pp.
GRAGA, W. J, PAVANELLI, G.C. (2007). Peixes da planicie
de inundacdo do alto rio Parana ¢ areas adjacentes. Ma-
ringa, Eduem, 241 pp.

GUIDELLI, G. M., Isaac, A., TAKEMoOTO, R. M.,
PAVANELLI, G. C. (2003): Endoparasite Infracommunities
of Hemisorubim platyrhynchos (Valenciennes, 1840) (Pis-
ces: Pimelodidae) of the Baia River, Upper Parana River
floodplain, Brazil: Specific composition and Ecological
Aspects. Rev. Bras. Bio. 63,261 — 268

GUIDELLI, G., TAVECcHIO, W. L. G., TAKEMOTO, R. M.,
PAVANELLI, G. C. (2006): auna parasitaria de Leporinus
lacustris e  Leporinus  friderici  (Characiformes,
Anostomidae) da planicie de inundagdo do alto rio Parana,
Brasil. Acta Sci Biol. Sci., 28, 281 — 290

HANEK, G. FERNANDO, C. H. (1978): The role of season,
habitat, host age, and sex on gill parasites of Ambloplites
rupetris (Raf). Can. J. Zoo., 56, 1251 — 1253

HaNskl, 1. (1982): Dinamics of regional distribution: the
core and satellite species hypothesis. Oikos, 38, 210-221.
KOHN, A.; BAPTISTA-FARIAS, M. F. D.; CoOHEN, S. C.
(2000): Paranaella luquei gen. et sp. n. (Monogenea:
Microcotylidae), a new parasite of Brazilian catfishes.
Folia Parasitol., 47,279 — 283

LE CREN, E. D. (1951): The length-weight relationship and
seasonal cycle in gonad weight and condition of perch
Perca fluviatilis. J. Anim. Ecol., 20,201 —219

LizamMA, M. A. P., TAKEMOTO, R. M., PAVANELLI, G. C.
(2005): Influence of host sex and age on infracommunities
of metazoan parasites of Prochilodus lineatus (Valenci-
ennes, 1836) (Prochilodantidae) of the Upper Parana river
floodplain, Brazil. Parasite, 12,299 — 304

LUDpWIG, J. A., REYNOLDS, J. F. (1988): Statistical Ecology:
a Primer on Methods and Computing. New York: Wiley-
Interscience Publications, 337 pp.

LUQUE, J. L., AMATO, J. F. R., TAKEMOTO, R.M. (1996):
Comparative analysis of the Communities of metazoan
parasites of Orthopritis ruber and Haemulon steindachneri
(Osteichthyes: Haemulidae) from the southeastern Bra-
zilian littoral: I. Structure and influence of the size and Sex
of hosts. Rev. Bras. Bio., 56,279 —292

LuNAscHL L. I., DRAGO, F. B. (2006): First report of adult
specimens of Sphincterodiplostomum musculosum (Dige-
nea, Diplostomidae). Parasitol. Int., 55,7 — 10



MORAVEC, F. (1998): Nematodes of Freshwater Fishes of
the Neotropical Region. Praha: Academia, 464 pp.

MOSER, M., HSIEH, J. (1992): Biological tags for stock
separation in Pacific herring Clupea harengus pallasi in
California. J. Parasitol., 78, 54 — 60

PAVANELLIL C. S., BRITSKI H. A. (1999): Description of a
new species of Steindachnerina (Teleostei: Characiformes:
Curimatidae) from the upper Parand river basin, Brazil.
Ichthyol. Explo. Fresh., 10,211 -216

PAVANELLI, G. C., MACHADO, M. H, TAKEMOTO, R. M,
GUIDELLI, G. M., LizaMA, M. A. P. (2004): Helminth
Fauna of Fishes: Diversity and Ecology Aspects. In:
THOMAZ, S.M., AGOSTINHO, A. A. HAHN, N.S (Eds) The
Upper Parana River and its Floodplain: Physical Aspects,
Ecology and Conservation. Leiden: Backhuys Publishers,
pp- 309 - 330

PrIOLI, A. J., OLIVEIRA, A. V., PRIOLI, S. M. A., PRIOLL L.
M., CARRER, H., GALDINHO, J. C., PAVANELLI, C. S., JULIO
JUNIOR, H. F., PANARARI, R. S. (2004): Genetic distance
and crossbreeding in Steindachnerina populations from the
Upper Parana River floodplain. In: AGOSTINHO, A. A.,
RODRIGUES, L., GOMES, L.C., THOMAZ, S.M., MIRANDA, L.
E. (Eds) Struture and functioning of the Parand River and
its floodplain, Maringa: Eduem, pp. 175 — 180

POULIN, P. (1998): Evolucionary ecology of parasites:
from individuals to communities. London: Chapman &
Hall, 212 pp.

ROHDE. K. (1993): Ecology of marine parasites. An intro-
duction to marine parasitology. 2" Edition. United King-
dom: Cab International, 245 pp.

RECEIVED NOVEMBER 27, 2009

SHOTTER, R. A. (1976): The distribution of some helminth
and copepod parasites in tissues of whiting Merlangus
merlangus L. from Manx water. J. Fish Bio., 8, 101 — 117
SIEGEL, S. (1975): Estatistica ndo paramétrica (para as
ciéncias do comportamento). Sdo Paulo: McGraw-Hill do
Brasil, 350 pp.

STONE, J. E., PENCE, D. B. (1978): Ecology of helminth
parasitism in the bobcat from West Texas. J. Parasitol. 64,
295-302

Suzuki, H. 1., VAZZOLER, A. E. A. M., MARQUES, E. E.,
LizaMA, M. A. P., INADA, P. (2004): Reproductive ecology
of the fish assemblages. In: AGOSTINHO, A. A,
RODRIGUES, L., GOMES, L. C., THOMAZ, S. M., MIRANDA,
L. E. (Eds) Struture and functioning of the Parand River
and its floodplain, Maringa: Eduem, pp. 175 — 180
TAKEMOTO, R. M., AMATO, J. F. R., LUQUE, J. L. (1996):
Comparate analysis of the metazoan parasite communites
of leatherjackets, Oligoplites palometa, O. saurus and O.
saliens (Osteichthyes: Pimelodidae) from Sepetiba Bay,
Rio de Janeiro, Brasil. Rev. Bras. Bio., 56, 639 — 650
TAKEMOTO, R. M. PAVANELLI, G. C. (1996): Proteo-
cephalidean Cestodes in the Freshwater Fish Cichla
monoculus from the Parana River, Brazil. Studies Neo.
Fauna and Environ., 31, 123 — 127

VARI, R. P. (1991): Systematics of the neotropical Characi-
form genus Steindachnerina Fowler (Pisces: Ostariophysi).
Smith. Contrib. Zoo., 507, 118.

ZAR, J. H. (1996): Bioestatistical Analysis. 3" Edition,
New Jersey: Prentice Hall, 663 pp.

ACCEPTED JUNE 29,2010

169




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


