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Restricted contact between wild amphibians and cultured ﬁsh facilitates the transmission of various diseases,
including parasitic diseases. The trichodinids are one of the most important ectoparasites in ﬁsh farming in
continental aquaculture, as they cause signiﬁcant lesions in the integument and in the gills of the animals,
causing mortality outbreaks. Thus the objective of this study is to describe the interaction between trichodinids
and wild amphibians found in an earth pond prepared to receive ﬁsh from cultivation. Seventy ﬁve Rhinella
schneideri tadpoles were collected for parasitological assessment. All studied tadpoles were severely parasitized
by Trichodina heterodentata, with mean intensity and abundance of 7332 ± 3689.5 and range of intensity of
1394–13,240. Despite the high parasitism, no lesions were observed in the animals, mainly due to the large
amount of mucus secreted under its integument, forming a protective layer. Wild amphibians are being found
inside ﬁsh farming tanks, mainly because of the abundant availability of food, providing a calm and ideal
environment for breeding. However, tadpoles are able to maintain high rates of parasitism by trichodinids,
aiding in the dissemination of parasites to cultured ﬁsh. The present work reports for the ﬁrst time this interrelationship between diﬀerent species, sharing the same environment and pathogens, with potential damage to
the health of commercial farmed hosts.

1. Introduction
Rhinella schneideri are Bufonidae amphibians widely distributed
throughout Brazil, Paraguay, Bolivia, Argentina and Uruguay (Batista
et al., 2011; Frost, 2015). The reproduction of these toads undergoes
through the rainy season (Giaretta et al., 2008) and the adults are found
in streams or lagoons, including ponds used in continental aquaculture
(Kloskowski, 2010).
The interaction between wild amphibians and cultured ﬁsh may
result in parasite sharing, leading to economic losses and/or impact to
wildlife health. The expansion of ﬁsh farming in new areas favors the
emergence of pathogens transmitted by diﬀerent wild animals
(Arechavala-Lopez et al., 2013). As cultured ﬁshes are prone to stress
caused by the high stocking density, and the environment favors the
accumulation of organic matter, the risk of diseases emergence must be
considered (Madsen et al., 2000; Douglas-Helders et al., 2002; Murray,
2009). There are reports of sharing of monogeneans ectoparasites (Sasal
et al., 2004), bacteria as Aeromonas salmonicida (Johnsen and Jensen,
1994) and Francisella noatunensis (Johansen et al., 2011), and Infectious
Pancreatic Necrosis Virus (Raynard et al., 2007) circulating between

⁎

populations of wild and cultured ﬁsh.
Trichodinids are ciliated protozoa of the Family Trichodinidae,
commonly found parasitizing ﬁsh worldwide (Soliman et al., 2013).
However, these parasites have also been described parasitizing Calanoida copepods (Basson and Van As, 1991; West et al., 2016), the
mollusks Biomphalaria scrammi (Pinto et al., 2006), the amphibians
Rhinella pombali (Dias et al., 2009), and in the reproductive tract of
waterfowl (Carnaccini et al., 2016). The colonization in ﬁsh leads to
desquamation of the skin and hyperplasia of the lamellar epithelium,
with inﬂammatory inﬁltration, edema, and necrosis of the gills (AbdelBaki et al., 2011; Yemmen et al., 2011; Valladão et al., 2013; Valladão
et al., 2016). In addition to these injuries, the parasitism in ﬁsh is associated with reduced growth and immunosuppression, which increases
the susceptibility to opportunistic diseases (Lom and Dykova, 1992;
Martins et al., 2011).
In general, these parasites present direct lifecycle without host
speciﬁcity, being able to parasitize both vertebrates and invertebrates
(Basson and Van As, 1994; Pinto et al., 2006). Therefore, as several
opportunistic aquatic organisms share the same environment with
cultivated ﬁsh, these pathogens may spread in aquaculture systems.
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Research on the epidemiology of parasites is extremely important to
identify possible multiplier hosts and disseminators, which can help
create control strategies and biosecurity. Despite being a subject of
great importance in veterinary medicine, there are few studies of
parasite reservoirs in aquaculture.
A few studies have pointed the risk of wild animals introducing
pathogens in the aquaculture environment. So, the aim of this study
was to describe the interaction between trichodinids and a wild host in
an earth pond prepared to receive ﬁsh for cultivation.

Table 1
Obtained limnological values and parameters of reference.

2. Materials and methods

Limnological value

Observed in this study

Reference valuesa

Temperature (°C)
Dissolved oxygen (mg/l)
pH
Nitrite (mg/l)
Nitrate (mg/l)
Total ammonia (mg/l)
Total phosphorus (mg/l)

20.9
5.7
7.1
0.05
0.65
0.12
0.08

20.0–28.0
> 5.0
6.5–8.0
≤1.0
≤10.0
≤2.0
≤0.03

a

2.1. Fish farm and animals

Brasil, 2005.

in microtome, and stained with hematoxylin–eosin. Photomicrographs
were obtained using the Nikon E200® microscope equipped with image
capture system Moticam 2300®.
For electron microscopy analysis, ﬁve tadpoles ﬁxed in buﬀered
glutaraldehyde 2.5% were post-ﬁxed in osmium tetroxide 1%.
Subsequently, the samples were dehydrated in a series of alcohols and
critical point dried. The resultant material was mounted in aluminum
stubs and coated with gold. The photomicrographs were obtained in
scanning electron microscope JEOL JSM-5410. The whole body surface
was analyzed, focusing on the tail, skin, eyes, nostrils and gill cavity.

A permanently full, complete with water earth pond, size
30 × 10 m, with 1.20 m in depth, had massive presence of tadpoles of
toads. Later, this earth pond would be stocked with Nile tilapia
Oreochromis niloticus ﬁngerlings.
About one hundred tadpoles were collected and transported to the
Laboratory of Microbiology and Parasitology of Aquatic Organisms of
CAUNESP for parasitological assessment. The tadpoles were identiﬁed
as R. schneideri by experts in amphibian taxonomy in Animal Ecology
Laboratory, Department of Zoology and Botany-IBILCE, UNESP.
The collection of animals and experimental procedures were approved by the System and Information on Biodiversity with protocol
number 51444-1.

3. Results
3.1. Limnological variables

2.2. Limnological variables
The determined limnological values and their respective reference
parameters are listed on Table 1. All the values, except total phosphorus, were adequate for tropical ﬁsh farming.

Water samples were collected and stored in 1l bottles for water
quality assessment. The variables Dissolved Oxygen (mg/l) and
Temperature (°C) were determined with a digital oximeter (YSI 55
model) and the pH with a pHmeter (YSI pH 100 model). At the Caunesp
Water Analyses Laboratory, the variables Total Ammonia (μg/l)
(Koroleﬀ, 1976), Nitrate (μg/l) e Nitrite (μg/l) (Golterman, 1978), and
Total Phosphorus (μg/l) (Mackereth et al., 1978) were determined. The
reference values were obtained from the CONAMA Resolution no. 357
(Brasil, 2005).

3.2. Parasitological diagnostic
All tadpoles analyzed were heavily parasitized (100% prevalence)
by trichodinids with mean abundance and intensity of infestation of
7332 ± 3689.5 (1394–13,240). Parasites were observed on the body
surface, gills, nostrils and mouth, but macroscopic lesions were not
observed.

2.3. Parasitological diagnostic and taxonomic evaluation

3.3. Trichodinid description

In laboratory conditions, preliminary scrapings of integument and
gill tissue indicated an intense infestation by trichodinids. For determination of the parasite load, each tadpole (n = 60) was placed in a
test tube with 2 ml of formalin 1:4000 during 2 h for the detachment of
the parasites. Subsequently, 1 ml of the content was added to a
Sedgwick-Rafter chamber for parasite counting under a Nikon E200®
optical microscope. The obtained number of trichodinids was multiplied by 2 in order to estimate the parasite load of each tadpole. The
prevalence, mean abundance, and mean intensity were calculated after
Bush et al. (1997).
For trichodinid identiﬁcation, the remaining 1 ml was deposited on
glass slides, air-dried, and impregnated with silver nitrate 2%, following the method of Klein (1958). Photomicrographs were obtained in
Nikon microscope E200® equipped with Motic 5.0 images capture
system. Measurements of taxonomic characters were performed according to the recommendations of Lom (1958) and Basson and Van As
(1989), using the software Image Pro Plus® 7.0. The taxonomic data are
expressed as mean ± standard deviation (min-max). Schematic drawings of the denticles were produced as proposed by Basson and Van As
(1989), using the software CorelDRAW®X8.

The morphometric data of trichodinids found in R. schneideri tadpoles are shown in Table 2. The denticle blade presented a typical sickle
shape and, in general, ﬁlled all the space between the axis y and y + 1.
The shape of the posterior portion of the blade varied between rounded
or sharp. A prominent apophysis was observed at the anterior margin of
Table 2
Morphometric data (in μm) of the population of Trichodina heterodentata infesting tadpoles of Rhinella schneideri of the present study.

2.4. Host–parasite interactions
For histopathologic analyses, the gills of ten tadpoles, which were
ﬁxed in 10% buﬀered formalin, were embedded in paraﬃn, sectioned

Parasite species

Trichodina heterodentata

Infection site
BodyD
Adhesive discD
Border membraneW
Denticulate ringD
Number of denticles
Pines per Denticle
DenticleL
BladeL
Central portionW
RayL
SpanL

Skin and gill
54.52 ± 6.2 (38.75–59.34; 60)
47.96 ± 5.41 (39.54–54.14; 60)
4.26 ± 0.71 (3.17–7.40; 60)
30.28 ± 3.16 (24.86–32.34; 60)
22 (19–23; 60)
8 (7–11; 60)
6.48 ± 1.12 (5.85–8.64; 60)
4.42 ± 0.74 (4.04–6.23; 60)
2.14 ± 0.33 (2.01–3.11; 60)
6.19 ± 0.94 (4.28–8.55; 60)
12.03 ± 0.84 (10.24–13.31; 60)

Measurement data were described as the mean ± standard deviation (minimum maximum; number of structures measured), L = length, D = diameter and w = width.
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Fig. 1. A, B: Trichodina heterodentata stained with silver nitrate C, D: Two schematic drawings demonstrating the variation found in this population.

the blade. The central part ﬁlled half of the y-axis, and rare apophyses
were observed in some specimens. The long ray showed an apophysis,
presented variable thickness with rounded or pointed tips. The position
of the ray in relation to the y axis was heterogeneous. Based on measurements and morphological description, the specimens from this
study were identiﬁed as Trichodina heterodentata (Fig. 1).

In scanning electron microscopy, even though there were several
specimens of trichodinids were observed infesting the mouth, tail,
nostrils, around the eyes, head, and integument there were not the lesions compatible with ﬁxation of the parasite, normally as found in ﬁsh
parasitized by this parasite (Fig. 3).

4. Discussion
3.4. Host–parasite interactions
There are few studies about parasites in tadpoles and, to the best of
our knowledge, this is the ﬁrst record of trichodinid parasitizing R.
schneideri. There is one report of Trichodina steini (Kattar, 1975) parasitizing tadpoles of the phylogenetically close species Rhinella icterica
and two additional reports of T. heterodentata (Dias et al., 2009;
Fernandes et al., 2011) parasitizing Rhinella pombali tadpoles. Even

The histopathology revealed that the gills did not show characteristic lesions indicating parasitism by trichodinids, such as hyperplasia
and lamellar hypertrophy, areas of necrosis, hemorrhage, inﬂammatory
inﬁltrate, among others. Despite the presence of trichodinids in the
branchial chamber, the structures were preserved (Fig. 2).

Fig. 2. A: Intense parasitism by Trichodina heterodentata
(arrows) in gill chamber of Rhinella schneideri tadpoles. B:
In particular, the trichodinids infesting the gill tissue.
Hyperplasia, hypertrophia, necrosis, hemorrhage, and other
pathological alterations were not observed.
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Fig. 3. A, B: Scanning electron microscopy of T. heterodentata parasitizing the head of Rhinella schneideri tadpole.
The integument is integer, despite the presence of trichodinids in the surface. C: In detail, two trichodinids on the
outer surface of the body. D: Opercular chamber and gills of
a tadpole intensely parasitized by trichodinids.

2005), indicating eutrophication. Poor water quality is one of the predisposing factors to trichodinid proliferation (Madsen et al., 2000; Ogut
and Palm, 2005), explaining the high infestation descriptors observed.
The relative disease resistance of the tadpoles may be linked to
other factors such as diﬀerent protection structures of their skin including the mucus components, the immune system of the species, or
even as a result of an adaptation between the host and the parasite. The
tadpoles also present an expressive mucous secretion on the body surface (Regueira et al., 2016). The presence of this mucus and resultant
viscosity may reduce the contact of the parasites with the tegument,
reducing damage even in heavy infestations.
A study addressing exchange of parasites among endemic and exotic
species shows that the most dominant infections of exotic species is the
result of spillover of generalist parasites of native species (Kelly et al.,
2009). It should be highlighted that the presence of frogs in farm ponds
can increase environmental contamination by parasites, with possible
negative impact on the farmed animals. The prevention or control of
wild animals into farming systems is highly recommended to prevent
important trichodinid infections, especially in tanks that will receive
ﬁsh larvae.
Thus, tadpoles found in ﬁsh culture tanks probably are natural reservoirs of trichodinids, transmitting them to farmed ﬁsh. On this,
Maciel et al. (2017) recently highlighted the great need for more precise
information regarding trichodiniasis transmission and the present work
reports for the ﬁrst time this interrelationship between diﬀerent hosts,
sharing the same environment and pathogens, with potential damage to
the health of commercial farmed hosts.

though, none of these records was associated with farmed animals and
the description of tadpole as reservoirs of diseases in aquaculture is
lacking. Through morphological and morphometric analysis of this
study the specimen was identiﬁed as T. heterodentata. This trichodinid
parasite is commonly found in a wide range of hosts because its low
host speciﬁcity (Dias et al., 2009), as Ictalurus punctatus (Martins et al.,
2010), Piaractus mesopotamicus (Pádua et al., 2012), Arapaima gigas
(Miranda et al., 2012), Prochilodus lineatus (Valladão et al., 2014), and
O. niloticus (Valladão et al., 2016). The parasitic intensity values of the
present study (7332 ± 3689.5) were higher than those found in R.
pombali tadpoles (695.14 ± 335.12) (Fernandes et al., 2011), and in
tilapia ﬁngerlings from two diﬀerent ﬁsh farms (197.67 ± 202.24 and
31.8 ± 19.07) (Valladão et al., 2016).
Trichodina heterodentata shows a wide range of polymorphisms, including morphometric and morphological variations, in diﬀerent populations, as observed by Duncan (1977). Additionaly, in Brazil, there
are known variations in size of the denticles and rays of a population
obtained from R. pombali tadpoles (Dias et al., 2009); morphometric
diﬀerences in the adhesive disc denticulated ring, central part, and span
in populations from I. puntactus (Martins et al., 2010); and morphometric diﬀerences in the rays of some specimens of a population affecting P. mesopotamicus (Pádua et al., 2012). The population analyzed
in this study presented variations on the rays shape, with some specimens even showing a terminal apophysis. On the other hand, Van As
and Basson (1987) suggest that these parasites have high host speciﬁcity and possible morphological variations are due to confuse taxonomy, even though they ponder that these parasites are opportunistic,
especially in ﬁsh farming. Considering this, further molecular studies
should be conducted in order to evaluate the speciﬁc identiﬁcation and
clarify this point.
In ﬁsh, trichodinids are known to cause hypertrophy and hyperplasia of the lamellar epithelium, sub-epithelial edema, extensive areas
of necrosis and intense mononuclear inﬂammatory inﬁltrate in gill
tissue (Valladão et al., 2014), erosion and desquamation of the skin
(Valladão et al., 2016). The reason by which trichodinids did not cause
relevant injuries tadpoles, even at heavy infestation, may be due to the
fact that these tadpoles were living in natural conditions, while the ﬁsh
are cultivated in overpopulation, prone to stressful conditions that
culminate in immunosuppression (Terova et al., 2005; Tort, 2011). In
addition, the water of the studied earth pond had the Total Phosphorus
higher than acceptable for lentic waters used in aquaculture (Brasil,
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