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[ Abstract

Farmed fingerlings of South American catfish are frequently exposed to several parasites, but
little information is available for implementing health programs for control and prevention of
parasitic diseases in the hatcheries. This study evaluated the parasitic fauna of cachara catfish
fingerlings (Pseudoplatystoma reticulatum Eingenmann & Eigenmann, 1889) and the host-
parasite relationship during the early stages of rearing. A total of 302 cachara fingerlings were
used for parasitic diagnosis and histopathological analysis. Ichthyophthirius multifiliis and
Trichodina heterodentata were diagnosed as the most prevalent parasites, followed by Cryptobia
sp., Henneguya sp., Monogenea and Nematoda. There was a positive correlation between the size
of the fish and the mean intensity of parasitism by I. multifiliis. Proliferation of mucus cells, club
cells, multifocal area of degeneration, epithelial necrosis on the body surface, skin ulceration,
fusion of secondary gill lamellae and inflammatory infiltration were observed in I. multifiliis-
infected fish. Ciliated protozoans were the main etiological agents diagnosed, and the cachara (P.
reticulatum) is a new host for T. heterodentata. In addition, ichthyophthiriasis induced severe
tissue damage thus making the fingerlings susceptible to opportunistic infections.

Keywords: Fish parasites — histopathology - Ichthyophthirius multifiliis - Pseudoplatystoma reticulatum -
Trichodina heterodentata.
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B Resumen

Los alevines de bagres del Sur de América en cautiverio estan frecuentemente expuestos a muchos
parasitos, pero poca informacion es evaluada para implementar programa de salud para control y
prevencion de enfermedades en criaderos. Este estudio evalud la fauna de parasitos de alevines de
cachara (Pseudoplatystoma reticulatum Eingenmann & Eingenmann, 1889) y la relacion
huésped-parasito durante las fases iniciales de cultivo. Un total de 302 alevines fueran sometidos a
diagndstico y analisis histopatoldgicos. Ichthyophthirius multifiliis y Trichodina heterodentata
fueran diagnosticados como los paréasitos mas prevalentes, seguidos de Cryptobia sp., Henneguya
sp., Monogenea y Nematoda. Ha sido observada una correlacién positiva entre la longitud de los
peces y la intensidad promedio de I. multifiliis. Proliferacion de células de moco, células club,
areas multifocales de degeneracion, necrosis epitelial en la superficie del cuerpo, ulceracion de
piel, fusion de laminillas branquiales secundarias e infiltracion inflamatoria fueron observados en
peces infectados por I. multifiliis. Los protozoarios ciliados fueran los agentes etiol6gicos mas
importantesy el cachara (P. reticulatum) es un nuevo huesped para T. heterodentata. En adicion, la
ictioftiriasis indujo un dafio severo favoreciendo las infecciones oportunistas en los alevines.

Palabras clave: Histopatologia - Ichthyophthirius multifiliis - Parasitos de peces - Pseudoplatystoma reticulatum -
Trichodina heterodentata.

INTRODUCTION

Production of native catfish is an expanding
agribusiness in Brazil, in which production is
concentrated in the central region. Interbreeding
between species from two major river basins, the
River Plate basin (which includes the Pantanal
region) and the Amazon basin is a common
practice. Among the fish used to perform this
artificial interbreeding, carnivorous species of
the genus Pseudoplatystoma, such as P.
corruscans, P. tigrinum (sensu lato) and P.
fasciatum (sensu lato), are one of the most
appreciated fish (Carvalho-Costaetal., 2011).

The state of Mato Grosso do Sul is responsible
for the hybrid surubim catfish production (P.
corruscans male x P. reticulatum female), while
in the state of Mato Grosso the Amazonian
hybrid pintado (Leiarius marmoratus male X
Pseudoplatystoma spp. female) is the most
important fish produced. However, production
of hybrid fish with reproductive ability, as in the
case of the hybrid surubim catfish, can cause an
irreversible impact on natural stocks when they
escape from fish farms to the natural
environment, as has recently been demonstrated
by Pradoetal. (2012).

In order to minimize these problems and
improve the conservation of pure species the
production of native fish in captivity is a
sustainable alternative. The cachara from the
Pantanal (P. reticulatum Eigenmann &
Eigenmann, 1889) has a great genetic similarity
with the cachara from Amazonia (P. fasciatum
Linnaeus, 1766). However, some doubts exist
regarding the validity of the species (Carvalho-
Costa et al., 2011), but at the present time it is
considered to be a valid species, according to the
Fish Base (Frose & Pauly, 2013). This South
American carnivorous catfish presents a real
potential for exploitation in industrial scale, due
to its easy reproduction (Leonardo et al., 2004;
Batlouni et al., 2006) and the strategies for
feeding training at the early stages are known
(Inoue et al., 2009). No data on the diagnosis of
diseases of these fish in farmed settings have
been reported. Most investigators have focused
the studies on parasite diagnosis on adult fish
from the natural environment (Campos et al.,
2008; Campos et al., 2009; Naldoni et al., 2011;
Adrianoetal. 2012).

Information on the physiology and nutritional
requirements of cachara as well as
parasitological assessment are needed to
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optimize the fish production. According to the
topic, the nutritional and operational
management could be established for better
development and preventive measures against
diseases. This study presents new information
on parasitological assessment in cachara
fingerlings and the host-parasite relationship
during the early stages of rearing.

MATERIAL AND METHODS

Study area and fish

This study was developed in a commercial
hatchery located in the municipality of Terenos
(20°25'57.7” S; 55°17'08.9” W), Mato Grosso do
Sul, Brazil. In February 2010, artificial
reproduction of cachara (P. reticulatum) was
performed and the offspring were examined for
30 days. The larvae hatched approximately 16 h
after fertilization, at a water temperature 26°C.
The exogenous food was offered 48 h post-
hatching, after the time required opening the
mouth of the larvae. The food consisted
primarily of nauplii of Artemia salina until the
tenth day of rearing. Concurrent provision of
wild zooplankton was then started, after prior
fertilization of the earth ponds with poultry litter.
After this period, the larvae were transferred to
glass fiber tanks 1000 L of capacity and water
renewal rate 14 L min-1, in which the fish were
submitted to feed training (Inoue et al., 2009).
This process must be gradual starting from
natural feeding to commercial extruded diet with
45% crude protein. Fish tanks were cleaned
every day to reduce the levels of organic
residues, especially coming from leftover feed.
During the study, a total of 302 fingerlings of
mean weight 0.2 £ 0.3gand length2.4+1.1cm
were analyzed (Ethics Committee Approval
756/CEUA/UFSC).

Water quality

The water supply was from natural source, the
dissolved oxygen and temperature were
measured daily using an oxygen meter (YSI
550°, YSI Inc., Yellow Springs, USA) and pH
using a pHmeter (PH10%, YSI Inc., Yellow
Springs, USA). Ammonia, nitrite and nitrate
concentrations were measured using a

colorimetric kit (Alfakit®, Santa Catarina,
Brazil). The mean values * standard deviation
were as follows: dissolved oxygen 5.9 £ 0.4 mg
L*, temperature 25.6 + 0.4°C, pH 7.3 + 0.2, total
ammonia0.3+0.1mgL".

Biometry and parasitological assessment

The fingerlings were captured with nets,
euthanized using clove oil (50 mg-L™), measured
with caliper and weighed on a semi-analytical
balance (0.001) (Shimadzu®, Japan). The
parasitological analysis consisted of
examination of the fish under a
stereomicroscope to search for ectoparasites.
Fish larvae were evaluated on the whole on
slides under a coverslip with saline solution
(0.65%) during the first two weeks, because of
the small size of the larvae. In the remaining
days gills, body, liver and gastrointestinal tract
of fingerlings were separated and mounted
individually on slides under a coverslip with
saline solution (0.65%), examined and parasite
enumerated under a light microscope (Nikon®
E100, Japan). The parasites were processed and
identified in accordance with Lom & Dykova
(1992) and Thatcher (2006). For the trichodinid
identification, the material was dried out under
dim light, and some smears were impregnated
with silver nitrate using Klein's method (Klein,
1958) for the posterior examination of adhesive
disc structures and denticles under a light
microscope as suggested by Lom (1958), Arthur
& Lom (1984) and Van As & Basson (1989). The
parasitological indexes were calculated as
proposed by Bush etal. (1997).

Histopathological analysis

With occurrence of some deaths, ten fish with
white spots on the skin were fixed in 10%
buffered formalin solution for histopathological
analysis. The skin and gills were embedded in
paraffin and sliced into 5 um thick sections for
staining with hematoxylin and eosin (HE) and
Periodic acid-Schiff stain (PAS). The
histological sections were photographed using a
photomicroscope (Nikon® E200, Japan)
equipped with an image capture system (Motic”
Moticam 2.300, Canada).
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Statistical analysis

Spearman’s rank correlation was used between
the parasite intensity and the weight and size of
the fish.

RESULTS

Identification of parasites and parasitological
index

From a total of 302 cachara fingerlings, 140
(46.4%) were parasitized by at least one parasite
taxon. Ecto and endoparasites were diagnosed in
cachara fingerlings (Table 1). However, in the
skin, fins and gill, the most frequent parasites
were the ciliated protozoan's Ichthyophthirius
multifiliis Fouquet, 1876 and Trichodina
heterodentata Duncan, 1977 (Figure 1a, b). In
addition, the main infection sites by I. multifiliis
in cachara fingerlings were the skin and fins,
which showed greater infection than the gill
tissue. It was not possible to identify the species
of Monogenea and Nematoda because the
numbers of parasites were too low for secure
identification.

Host-parasite relationship
No correlation was observed (p > 0.05) between

the weight and the mean intensity of infection by
Trichodina heterodentata (rs = -0.09) and 1.
multifiliis (rs = 0.31). On the other hand, there
was a positive correlation (p < 0.0001) between
the size of the fish and the mean intensity of
infection by I. multifiliis (rs =0.78). This was not
observed on T. heterodentata (rs =-0.07) and the
other parasites.

Histopathological analysis

On the histological sections, the presence of I.
multifiliis in the epithelium of the host, both in
the skin (Figure 2a) and in the gill tissue, was
responsible for epithelial proliferation (Fig. 2b),
as well as proliferation of the club and mucous
cells (Fig. 2a, 2a). Multifocal to coalescing areas
of degeneration (Fig. 2b,c) and epithelial
necrosis were also observed, with multifocal
areas of ulceration (Fig. 2d) and inflammatory
infiltration composed of PAS-positive
granulocytes located in the epithelium (Fig. 3c-
d) and around and within the parasite (Figure 3b,
d). In the gill tissue, epithelial proliferation with
fusion of the secondary lamellae, areas of
necrosis, presence of mononuclear
inflammatory infiltrate and mild congestion
were found.

Table 1. Parasitological analysis in cachara catfish fingerlings (Pseudoplatystoma reticulatum). Sl: Site of
infection; EF: Examined fish; PF: Parasitized fish, P: Prevalence; MI: Mean intensity (minimum - maximum

values).
Parasites Sl EF/PF P (%) Ml
Protozoa
Ichthyophthirius multifilis ~ Skin, fins and gills  302/89 295 32.4 (1-154)
|. multifiliis Skin and fins 302/86 285 23.7 (1-110)
I. multifiliis Gills 302/64 21.2 13.2 (1-44)
Trichodina heterodentata ~ Skin, finsand gills  302/48 159 4.9 (1-52)
Cryptobia sp. Gills 302/5 1.7  20.6 (4 —50)
Myxozoa
Henneguya sp. Gills 302/1 0.3 -
Platyhelminthes
Ancyrocephalinae gen. sp. Gills 302/5 1.7 1(1-1)
Nemathelminthes
Nematoda larvae gen. sp. Stomach 302/2 0.7 1(1-1)
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Figure 1. Ichthyophthirius multifiliis Fouquet, 1876 observed in gill fresh mount (a) and Klein's silver-impregnated Trichodina
heterodentata Duncan, 1977, that show adhesive discs (b). Magnification 100 x (a) and bar scale 10 pm (b).

Figure 2. Histological alterations caused by Ichthyophthirius multifiliis in cachara fingerlings. Parasite in the epithelium
showing the horseshoe-shaped nucleus (a — arrow) and in the adjacent tissue, mucous cell proliferation (a — dotted arrow).
Hyperplasia and a multifocal to coalescing area with hydropic degeneration and necrosis can be seen (2b,c). Ulceration at the
parasite site of attachment is shown in 2d. Hematoxylin-eosin staining. Bar = 100 um (a,d), 150 pm (b) and 30 um (d).
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Figure 3. Histological alterations caused by Ichthyophthirius multifiliis in cachara fingerlings. Mucous cells marked with PAS
(a), and parasite under the epithelium (b — asterisk), with several engulfed host cells and inflammatory cells adhering to the
parasite surface (b - arrow). Inflammatory infiltrate composed of PAS-positive granular leukocyte (¢ and d — arrows); parasite
inserted in the tissue (d —asterisk); and inflammatory cells engulfed and adhering to the surface (d — arrows). PAS staining. Bar =
10 um (a) and 30 um (b —d).

DISCUSSION

In this study, the protozoan ciliates were the
most prevalent parasites both I. multifiliis and T.
heterodentata. In Brazil, T. heterodentata was
first recorded in tadpoles of Rhinella pombali
Baldissera, Caramaschi & Haddad, 2004 (Dias
etal. 2009), and were subsequently diagnosed in
channel catfish [lctalurus punctatus
(Rafinesque, 1818)] reared in southern Brazil
(Martins et al. 2010a) and pacu fingerlings
(Piaractus mesopotamicus Holmberg, 1887)
farmed in the southeastern region (Padua et al.
2012a). This study describes cachara (P.
reticulatum) as a new host for T. heterodentata,
in which more than 40 species of fish have
already been described worldwide as hosts
(Martins et al. 2010a), thus making this a

cosmopolitan parasite. It causes inflammatory
and structural disturbance in the gills of the hosts
with desquamated epithelial cells (Tang & Zhao,
2007), that can culminate to asphyxia and
mortality.

Ichthyophthirius multifiliis was the main
parasite found in this study, thereby confirming
the findings of Padua et al. (2012b) from the
hybrid surubim catfish (P. reticulatum x P.
corruscans) and Carneiro et al. (2005) from
silver catfish [Rhamdia quelen (Quoy &
Gaimard, 1824)] in central-western and
southern Brazil, respectively. Pantoja et al.
(2012) observed a positive correlation between
the mean intensity of infection by 1. multifiliis
and the size and weight of juvenile tilapias. In
the present study, it was observed only a positive
correlation between the size of the fingerlings
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and the mean intensity of infection by I.
multifiliis. These differences might be related to
different development stages of the fish, since
fingerlings were used in our study, while Pantoja
et al. (2012) used juveniles. Parasitism by I.
multifiliis in cachara fingerlings was higher in
the skin and fins than that observed in the gill
tissue. We admit that greater intensity of
infection in the skin and fins could be strongly
associated to greater surface area for theront
attachment.

The histopathological analysis showed severe
tissue alterations due to I. multifiliis infection,
that coincides with the findings of other
investigators (Ventura & Paperna, 1985;
Dickerson, 2006; Pékk et al. 2011). Moreover,
the ulcers formation on the skin after theront
entrance might cause a portal of entry to
secondary infections as demonstrated by Xu et
al. (2012). In addition, the epithelial
hyperplasia, mucous cell proliferation and
necrosis in the gill tissue limit the
osmoregulatory gas and ion exchanges in fish
(Hines & Spira, 1974), leading to metabolic
misregulation, being lethal to the host, mostly
damaging the skin and fins represent a portal of
entry to secondary infections.

The other parasites Cryptobia, myxosporeans,
monogeneans and nematode larvae were found
in prevalences less than 2%. In addition, the
presence of Myxozoa, Monogenea and
Nematoda in cachara fingerlings was lower than
the studies on adult cachara from the natural
environment (Campos et al. 2009; Naldoni et al.
2011; Adriano et al. 2012). As a result of rapid
proliferation of parasites with monoxenic life-
cycle in culture conditions an increase in the
prevalence of I. multifiliis and T. heterodentata
was found. However, adequate water quality
conditions present a strong influence on the
reproduction and maintenance of infection
(Martins etal. 2010b; Jer6nimo etal. 2011). In
order to avoid the use of chemotherapics and
consequently outbreaks the regular monitoring
of fingerlings in nursery farms must be
encouraged.

Important pathogenic parasites such as |I.
multifiliis, T. heterodentata, followed by
Crypyobia sp., Henneguya sp.,
Ancyrocephalinae monogenean and Nematoda
larvae were diagnosed in cachara fingerlings.
Besides the ciliated protozoans I. multifiliis and
T. heterodentata were the main etiological
agents diagnosed, T. heterodentata was firstly
reported on cachara. Ichtyophthyrius multifiliis
infection induced severe tissue damage in
cachara fingerlings, mostly damaging the skin
and fins which can cause a portal of entry to
secondary infections.

ACKNOWLEDGEMENTS

The authors thank Pedro Henrique de Oliveira
Viadanna (Caunesp) for histopathological
analysis, AQUABRASIL project
(Technological Basis for Sustainable
Development of Aquaculture), EMBRAPA, the
Ministry of Fisheries and Aquaculture and
National Council for Scientific and
Technological Development (CNPq
577657/2008-9) for financial support and grant
to M.L. Martins (CNPq 302493/2010-7), and
Coordination for the Improvement of Higher
Education Personnel (CAPES) for doctoral
schollarship to G.T. Jerdbnimo (CAPES/BEX
9655-11-5).

BIBLIOGRAPHIC REFERENCES

Adriano, EA, Carriero, MM, Maia, AAM, Silva,
MRM, Naldoni, J, Ceccarelli, PS &
Arana, S. 2012. Phylogenetic and
host—parasite relationship analysis of
Henneguya multiplasmodialis n. sp.
infecting Pseudoplatystoma spp. in
Brazilian Pantanal wetland. \eterinary
Parasitology, vol. 185, pp. 110-120.

Arthur, JR & Lom, J. 1984. Trichodinid protozoa
(Ciliophora: Peritrichida) from
freshwater fishes of Rybinsk Reservoir,
USSR. Journal of Protozoology, vol. 31,
pp. 82-91.




Host-Parasite relationship in Pseudoplatystoma reticulatum

Paduaet al.

Batlouni, SR, Romagosa, E & Borella, MI.
2006. The reproductive cycle of male
catfish Pseudoplatystoma fasciatum
(Teleostei, Pimelodidae) revealed by
changes of the germinal epithelium an
approach addressed to aquaculture.
Animal Reproduction Science, vol. 96,
pp. 116-132.

Bush, AO, Lafferty, KD, Lotz, JM & Shostak,
AW. 1997. Parasitology meets ecology on
its own terms: Margolis et al. revisited.
Journal of Parasitology, vol. 83, pp. 573-
583.

Campos, CM, Fonseca, VE, Takemoto, RM &
Moraes, FR. 2008. Fauna parasitaria de
cachara Pseudoplatystoma fasciatum
(Siluriforme: Pimelodidae) do rio
Aquidauana, Pantanal Sul Mato-
grossense, Brasil. Acta Scientiarum
Biological Science, vol. 30, pp. 91-96.

Campos, CFM, Fonseca, VE, Takemoto, RM &
Moraes, FR. 2009. Ecology of the
parasitic endohelminth community of
Pseudoplatystoma fasciatum (Linnaeus,
1776) (Siluriformes: Pimelodidae) from
Agquidauana River, Pantanal, State of
Mato Grosso do Sul, Brazil. Brazilian
Journal of Biology, vol. 69, pp. 93-99.

Carneiro, PCF, Schorer, M & Mikp JD. 2005.
Tratamentos terapéuticos convencionais
no controle do ectoparasita
Ichthyophthirius multifiliis em jundia
(Rhamdia quelen). Pesquisa
Agropecuéria Brasileira, vol. 40, pp. 99-
102.

Carvalho-Costa, LF, Piorski, NM, Willis, SC,
Galetti, PM & Orti, G. 2011. Molecular
systematics of the neotropical shovelnose
catfish genus Pseudoplatystoma Bleeker
1862 based on nuclear and mtDNA
markers. Molecular Phylogenetics and
Evolution, vol. 59, pp. 177-194.

Dias, RJP, Fernandes, NM, Sartini, B, Silva-
Neto, ID & D’ Agosto, M. 2009.
Occurrence of Trichodina heterodentata
(Ciliophora: Trichodinidae) infesting
tadpoles of Rhinella pombali (Anura:
Bufonidae) in the Neotropical area.
Parasitology International, vol. 58, pp.
471-474.

Dickerson, HW. 2006. Ichthyophthirius
multifiliis and Cryptocaryon irritans
(Phylum Ciliophora). In: Woo P.T.K.
(Edr). Fish Diseases and Disorders:
Protozoan and Metazoan Infections,
vol.2. CABI, New York, p. 181-227.

Frose, R & Pauly, D. 2013. Fish Base World
Wide Web electronic publication.
www.fishbase.org. Version (02/2013).

Hines, RS & Spira, DT. 1974. Ichthyophthiriasis
in the mirror carp Cyprinus carpio (L.) IV.
Physiological dysfunction. Journal of Fish
Biology, vol. 6, pp. 365-371.

Inoue, L, Hisano, H, Ishikawa, MM, Rotta, MA
& Senhorini, JA. 2009. Basic principles
for the production of fingerlings surubins
(pintado and cachara). Dourados:
Embrapa Agropecuéria Oeste; Manaus:
Embrapa Amaz6nia Ocidental; Corumba:
Embrapa Pantanal. 26 p.

Jerdnimo, GT, Speck, GM, Cechinel, MM,
Gongcalves, ELT & Martins, ML. 2011.
Seasonal variation on the ectoparasitic
communities of Nile tilapia cultured in
three regions in southern Brazil. Brazilian
Journal of Biology, vol. 71, pp. 365-373.

Klein, BM. 1958. The dry silver method and its
proper use. Journal of Protozoology, vol,
5, pp. 99-103.

Leonardo, AFG, Romagosa, E, Borella, Ml &
Batlouni, SR. 2004. Induced spawing of
hatchery-raised Brazilian catfish,
cachara Pseudoplatystoma fasciatum
(Linnaeus, 1766). Aquaculture, vol. 240,
pp. 451-461.

Lom, J. 1958. A contribution to the systematics
and morphology of endoparasitic
trichodinids from amphibians, with a
proposal of uniform specific
characteristics. Journal of Protozoology,
vol. 5, pp. 251-263.

Lom, J & Dykov4, I. 1992. Protozoan parasites
of fishes. Developments in aquaculture
and fisheries science, vol. 26, Elsevier
Science, Amsterdam, 315 p.

Martins, ML, Marchiori, NC, Nunes, G &
Rodrigues. MP. 2010a. First record of
Trichodina heterodentata (Ciliophora:
Trichodinidae) from channel catfish,
Ictalurus punctatus cultivated in Brazil.




Neotrop. Helminthol., 8(1), 2014

Brazilian Journal of Biology, vol. 70, pp.
637-644.

Martins, ML, Azevedo, TMP, Ghiraldelli, L &
Bernardi, N. 2010b. Can the parasitic
fauna on Nile tilapias be affected by
different production systems? Anais da
Academia Brasileira de Ciéncias, vol, 82,
pp. 493-500.

Naldoni, J, Arana, S, Maia, AA, Silva, MR,
Carriero, MM, Ceccarelli, PS, Tavares,
LER & Adriano, EA. 2011. Host-
parasite-environment relationship,
morphology and molecular analyses of
Henneguya eirasi n. sp. parasite of two
wild Pseudoplatystoma spp. in Pantanal
Wetland, Brazil. Veterinary Parasitology,
vol. 177, pp. 247-255.

Padua, SB, Martins, ML, Carraschi, SP, Cruz, C
& Ishikawa, MM. 2012a. Trichodina
heterodentata (Ciliophora:
Trichodinidae): a new parasite for
Piaractus mesopotamicus (Pisces:
Characidae). Zootaxa, vol. 3422, pp. 62-
68.

Padua, SB, Ishikawa, MM, Kasai, RYD,
Jerdnimo, GT, Carrijo-Mauad, JR. 2012b.
Parasitic infestations in hybrid surubim
catfish fry (Pseudoplatystoma
reticulatum x P. corruscans). Revista
Brasileira de Medicina Veterinaria, vol.
34, pp. 235-240.

Pakk, P, Hussar, P & Paaver, T. 2011. Alterations
of club cell activity in epidermis of
common carp, Cyprinus carpio
(Actinopterygii: Cypriniformes:
Cyprinidae), due to infection by
Ichthyophthirius multifiliis (Protista:
Ciliophora). Acta Ichthyologica et
Piscatoria, vol. 41, pp. 185-192.

Pantoja, WMF, Neves, LR, Dias, MKR,
Marinho, RGB, Montagner, D, Tavares-
Dias, M. 2012. Protozoan and metazoan

parasites of Nile tilapia Oreochromis
niloticus cultured in Brazil. Revista MVZ
Cordoba, vol. 17, pp. 2812-2819.

Prado, FDD, Hashimoto, DT, Senhorini, JA,
Foresti, F & Porto-Foresti, F. 2012.
Detection of hybrids and genetic
introgression in wild stocks of two catfish
species (Siluriformes: Pimelodidae): The
impact of hatcheries in Brazil. Fisheries
Research, vol. 125-126, pp. 300-305.

Tang, FH & Zhao, YJ. 2007. Taxonomic study on
three species of Trichodina Ehrenberg,
1838 with pathologic research on gill
tissue of Carassius auratus caused by
Trichodina heterodentata Duncan, 1977.
A study on trichodinids from freshwater
fishes in Chongging. Journal Chongging
Normal University, vol. 24, pp. 8-12.

Thatcher, VE. 2006. Amazon fish parasites.
Sofia-Moscow: Pensoft, 508 p.

Van As, JG & Basson, L. 1989. A further
contribution to the taxonomy of the
Trichodinidae (Ciliophora: Peritrichia)
and a review of the taxonomic status of
some fish ectoparasitic trichodinids.
Systematic Parasitology, vol. 14, pp. 157-
179.

Ventura, MT & Paperna, |. 1985.

Histopathology of Ichthyophthirius

multifiliis infections in fishes. Journal of

Fish Biology, vol. 27, pp. 185-203.

D-H, Shoemaker, CA, Martins, ML,
Pridgeon, JW & Kilesius, PH. 2012.
Enhanced susceptibility of channel catfish
to the bacterium Edwardsiella ictaluri after
parasitism by Ichthyophthirius multifiliis.
\eterinary Microbiology, vol. 158, pp. 216-
219.

Xu,

Received September 9, 2013.
Accepted December 18, 2013.




