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ABSTRACT

We analyzed the diet and helminthological fauna of the frog Boana pulchella from the extreme
south of Brazil. A total of 100 males were collected from two wetland areas in the state of Rio
Grande do Sul: Ilha dos Marinheiros (n = 50) in the Rio Grande municipality, and the UFPel/
Embrapa (n = 50) in the Capao do Ledo municipality. Boana pulchella food items and helminths
found in different organs were identified and quantified. We analyzed the relationship between
helminth assemblage and host diet, body size, and sampling sites. Boana pulchella presented a
generalist diet, composed mainly of terrestrial insects, with diet richness higher at Ilha dos Ma-
rinheiros. Helminth fauna was composed of Nematoda, Cestoda, Digenea, and Acanthocephala,
with no difference in helminth richness and abundance between sampling sites. However, the
abundance of helminths presented a significant correlation with the volume of items found in the
gastrointestinal contents of the anurans from UFPel/Embrapa-CL. Although for some helminth
taxa there were significant differences in prevalence and mean intensity of infection among host
size classes, the GLM (generalized linear model) between helminth abundance and anuran
SVL (snout-vent length) was not significant. Oxyascaris oxyascaris, Cosmocercinae gen. spp.,
Ochoterenella sp., Diplostomidae gen. spp., Pseudoacanthocephalus sp., and Centrorhynchus sp.
were the main taxa constituting the helminth assemblage associated to B. pulchella males at the
sampling sites. The occurrence of helminths at larval and adult stages suggests that B. pulchella
may occupy different trophic levels in the biological cycles of those helminths. This helminth
parasitic fauna associated with B. pulchella is mainly composed of taxa with heteroxenous
cycles involving several intermediate and paratenic hosts, which agrees with the observations
of a typical generalist anuran diet in this species.
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Introduction

Parasitic infections can be influenced by several fac-
tors related to the host including diet, body size or
mass, age, behavior, hormones, as well as immunity
and genetic diversity (Wegner et al., 2003; Blanchet et
al., 2009). The complex life cycle of several helminth
species may involve prey-predator interactions, and

consequently, the analysis of host diet composition
may provide hints of which helminth groups it can
harbors (Brooks & Hoberg, 2000). Some studies on
amphibian parasites suggest that they may become
infected by gastrointestinal helminths through the
ingestion of arthropods acting as intermediate or
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paratenic hosts, which are the main items of the diet
in most species (Duré et al., 2004; Van et al., 2006;
Akani et al., 2011; Klaion, 2011). Anuran body size
is a relevant feature for parasitological studies, as it
was observed that larger hosts usually present less
nematode load, maybe due to enhanced resistance
and/or more efficient physical protection mecha-
nisms (Santos et al., 2013).

Parasitological studies can provide indirect
information about the environment since parasites
can be viewed as indicators of environmental im-
pacts (Sures, 2004). According to Mackenzie (2007),
landscape alterations caused by anthropic actions
can induce changes in parasite transmission, incre-
asing or decreasing parasitism depending on the
magnitude of the impact as well as the life history
of the parasites and hosts. For example, eutrophica-
tion of aquatic environments can result in increased
parasite populations (Spalding et al., 1993; Coyner
et al., 2002).

Amphibians are important environmental
regulators, contributing to the decomposition of
organic matter and nutrient cycling, in addition
to serving as bioindicators of pollution (Hocking
& Babbit, 2014). Host and helminth community
responses to environmental impacts may vary de-
pending on the type and intensity of stressors, the
life cycle of the parasite, and time of exposure to
the stressors (Marcogliese, 2004). For amphibians,
a global decline of many species and/or populations
has been recorded in the past decades (Kelehear et
al., 2017; Guerrero & Yanez-Mufoz, 2018), which
enhances the need for basic biological baseline in-
formation to be gathered.

Brazil harbors the highest anuran diversity
worldwide with 1,155 known species distributed
across 20 families (Frost, 2022). Boana pulche-
lla (Duméril & Bibron, 1841) (Hylidae) is a frog
commonly found in southern Brazil, inhabiting
vegetation near water bodies in open areas, and
is also present in Argentina, Uruguay, and Para-
guay (Maneyro et al., 2017; Frost, 2022). Its diet is
composed mainly of insects such as dipterans and
coleopterans, as well as spiders (Maneyro & Rosa,
2004; Solé & Pelz, 2007; Rosa et al., 2011; Antoniazzi
et al., 2013). Studies on the interactions between
endo/ectoparasites and B. pulchella are limited, with
records of Monogenea (Vaucher, 1987), Cestoda
larvae (Borteiro et al., 2015) and intradermal mite
larvae (Silveira et al., 2019). Additionally, Draghi et
al. (2020) studied the helmintofauna of this species
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from two agroecosystem areas in Argentina. The
goals of our study were to identify the parasitic hel-
minth assemblage of B. pulchella in southern Brazil,
and analyze its relationships with host diet, size, and
sampling site.

Materials and methods

2.1 Study area
Fieldwork was carried out in two areas in the extreme
south of Brazil, the municipalities of Capao do Leao
(CL) (31°4823” Sand 52°25'07” W) and Rio Grande
(RG) (32°00'00” S and 52°09'00” W). Both are in
the coastal plains of the state of Rio Grande do Sul
(Fig. 1). The regional climate is classified as humid
subtropical with average temperatures ranging from
14.6°C in winter to 22°C in summer. Annual rainfall
varies from 1,150 to 1,450 mm, and precipitation
occurs all year round (Seeliger et al., 1998).
Sampling in the CL was carried out in an
area of Universidade Federal de Pelotas, and Em-
presa Brasileira de Pesquisa Agropecuaria (UFPel/
Embrapa-CL) (Fig. 1A). This area is characterized
by temporary ponds with a predominance of her-
baceous vegetation as well as aquatic macrophyte
species (e.g. Eichornia crassipes and Salvina herzogii).
The vegetation cover is mostly of native grasslands
and there are patches of Eucalyptus spp. trees, as
those bordering the studied pond. Sampling in the
RG was carried out in Ilha dos Marinheiros (IM-
RG) (Fig. 1B), a continental island located in the
estuarine region of Lagoa dos Patos. The study site
is characterized by the presence of ephemeral and
permanent ponds which are formed on sandy te-
rrain, with partially exposed dunes where grass and
shrub vegetation are predominant. Macrophytes like
those in CL can be found near the water bodies in
this area.

2.2 Collection and morphometric characterization
of anurans

Field trips were carried out from August to Octo-
ber 2016, and from March to July 2017, since no
individuals were found during summer. Sampling
at each site was made every thirty days, during the
first hours after sunset. We searched for B. pulchella
for up to 3 hours or until we had captured 10 in-
dividuals, detected mostly by their advertisement
call. We collected a total of 100 male specimens (n
=50 at CL, and n = 50 at RG), that once captured
were stored in plastic containers and euthanized in
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Figure 1. Collection sites of Boana pulchella (Duméril & Bribon, 1841) (Hylidae) in Universidade Federal de Pelotas, and Empresa
Brasileira de Pesquisa Agropecudria (UFPel/Embrapa-CL), municipality of Capao do Ledo (A) and Ilha dos Marinheiros (IM-RG),
municipality of Rio Grande (B), Rio Grande do Sul State, southern of Brazil.

agreement with Resolution No. 1000 of the Federal
Council of Veterinary Medicine (CFMYV, 2012). The
frogs were weighed, measured (snout-vent length),
and refrigerated or frozen before necropsy. The study
was licensed and approved by the Instituto Chico
Mendes for Biodiversity Conservation (ICMBio no
43658-1), and approved by the Animal Ethics and
Experimentation Commission (CEEA/UFPel no
6387 - 2016).

2.3 Qualitative and quantitative analysis of the diet
Host diet was investigated by analyzing the stomach
and intestinal contents of 82 specimens (n = 50
from IM-RG, n = 32 from UFPel/Embrapa-CL).
Food items were identified to the lowest taxonomic
level using a stereomicroscope, based on Needham
& Needham (1978) and Mugnai et al. (2010). The
volume of each item, presented in ml, was estimated
by measuring length, width, and height (Huckem-
beck et al., 2014).

Frequency of occurrence (FO) and volume
percentage (V) of food items were calculated respec-
tively, as the percentage of digestive tracts in which
the food item was found, and the relative volume
(%) of a given item to the total volume of all food

items found in the digestive tract. The alimentary
index (AI) of each item was calculated as: AI = FO
x V/X(FO x V) x 100, where Y(FO x V) is the sum
of the products of all food items (Kawakami & Va-
zzoler, 1980).

Feeding strategy and the importance of items
in the diet of B. pulchella males were analyzed using
a graphic method by Costello (1990). This method
allowed us to identify the food ecology of predators
through the relationship between the volume per-
centage (V) of a specific prey and its frequency of
occurrence (FO). Food items were classified into
broad groups, that is, Gastropoda, Arachnida, Crus-
tacea, Entognatha, Insecta, and vegetable remains.

To compare the richness of the diet between
the sampling sites, we used the rarefaction curve
through incidence-type (Chao & Jost, 2012). This
analysis was performed using the Inext package, in
the R program (Hsieh et al., 2016).

2.4 Collection, preparation, identification of hel-
minths and infection parameters

All frogs were dissected searching for helminths,
with particular attention to the oral cavity, esopha-
gus, stomach, intestines, bladder, kidneys, testicles,
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cloaca, lungs, heart, liver, and celomic cavity.

Helminths were fixed in AFA (70° ethanol,
37% formaldehyde, and acetic acid) for 24 hours
and subsequently preserved in 70° ethanol. Some
specimens of Digenea, Cestoda, and Acanthocephala
were stained with Langeron’s carmine or Delafield’s
hematoxylin and mounted in Canada balsam. Ne-
matodes were clarified in Amann's lactophenol on
semi-permanent slides for taxonomic identification
(Amato & Amato, 2010).

Initial parasite identification was done accor-
ding to Kiewiadomska (2002), Jones (2005) and
Tkach (2008) for Digenea; Petrochenko (1971) for
Acantocephala; Schmidt (1986) and Khalil et al.
(1994) for Cestoda; and Chabaud (2009) and An-
derson & Bain (2009) for Nematoda. Specific iden-
tification followed Bacher & Vaucher (1985), Freitas
(1958) and Travassos (1920) for Nematoda, and Tra-
vassos et al. (1969) for Digenea. Voucher specimens
were deposited in the Cole¢ao de Helmintos do
Laboratério de Parasitologia de Animais Silvestres
(714 - 757 CHLAPASIL/UFPel), Rio Grande do
Sul, Brazil, and Cole¢ao Helmintoldgica do Instituto
Oswaldo Cruz (39321, 39322, 39746a, 39746b,
39746¢, 39747 CHIOC), Rio de Janeiro, Brazil. Pre-
valence (P), mean intensity of infection (MII), and
mean abundance (MA) were estimated according to
Bush et al. (1997).

2.5 Analysis of helminth assemblage relative to
host diet, size, and sampling sites
Spearman correlation tests were performed to assess
whether diet composition and volume are related to
helminth abundance, using the Past software (Ham-
mer et al., 2001) and STATA v. 15.

Boana pulchella individuals were grouped into
two size classes based on snout-vent length (SVL).
Class I was composed of 46 individuals with SVL =
27-37 mm (33.02 + 2.70), and Class II was compo-
sed of 54 individuals with SVL = 38-49 mm (41.55
+ 2.36). The relationships of helminth assemblage
composition with host size classes and sampling sites
were assessed using P and MII values tested through
chi-square (X?) and t-test (p<0.05), respectively.
The analyses were performed in the Quantitative
Parasitology 3.0 software (Reiczigel et al., 2019). The
chi-square and t-test were done for cases in which
helminths prevalence was >10% (Bush et al., 1990).

A generalized linear model (GLM) analysis
with a Poisson distribution and log link function was
used to assess whether the abundance of parasites

158

varied according to host body size and sampling sites,
using the Stata software (StataCorp, 2007). Finally, a
rarefaction curve was employed to compare helminth
richness between sites (Chao & Jost, 2012; Hsieh et
al., 2016).

Results

3.1 Diet

Substantial gastrointestinal content was found in se-
venty anurans (85.4%). Animal and plant items, and
also some of anthropic origin were identified (Table
1). The sampled males of B. pulchella displayed a
generalist feeding strategy, mainly preying upon
Insecta (Fig. 2). Coleoptera and Lepidoptera stood
out among the insects with the highest alimentary
indices (AI) being 20.9% and 5.1%. Diptera was
present in 14.6% of anurans with an AI of 1.8%,
and unidentified insects showed an AI of 26.4%.
Araneae was the most frequent group among the
Arachnida food items (14.6%), displaying the hig-
hest alimentary index (10.1%). Plant remains were
recorded with a frequency of 35.4% and an Al of
28% (Table 1).

Through the rarefaction curve it was observed
that the diet richness was higher in the IM-RG po-
pulation because their confidence intervals did not
overlap (Fig. 3). Coleoptera was the group with the
highest FO (32%) and AI (28.2%) among prey items.
Diptera and Isopoda were also significant food items.
Araneae was also important, with a FO of 18% and
AT of 8.6%. Plant remains were found in 30% of the
anurans, with an AI of 24.1% (Table 1).
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Figure 2. Graphic representation of Costello (1990) of the
frequency of occurrence (FO) and percentage of volume (V) of
the groups of food items found in the diet of Boana pulchella
(Anura: Hylidae) males in southern Brazil.
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Table 1. Frequency of occurrence (FO), volume (V) and alimentary index (AI) for the items found in the gastrointestinal contents of
Boana pulchella (Anura: Hylidae) males from two sampling sites in southern Brazil. The values are presented as percentage.

SAMPLING SITES

ITEMS TOTAL SAMPLE IM-RG UFPel/Embrapa-CL
(n=82) (n=50) (n=32)
FO v Al FO \' Al FO \' Al
GASTROPODA 2.4 1.9 0.2 2 2.6 0.2 3.1 0.6 0.1
ARACHNIDA
Acari 4.9 0.1 0.02 8 0.1 0.04 - - -
Araneae 14.6 14.4 10.1 18 10.9 8.6 9.4 20 9.8
Opiliones 1.2 2.6 0.2 2 4.3 0.4 - - -
CRUSTACEA
Isopoda 8.5 4.2 1.7 14 6.8 4.2 - - -
ENTOGNATHA
Collembola 1.2 0.03 <0.00 2 0.04 <0.00 - - -
INSECTA
Hymenoptera 2.4 0.1 0.02 4 0.2 0.04 - - -
Hemiptera 4.9 3.1 0.7 2 0.4 0.03 9.4 7.4 3.6
Coleoptera 23.2 18.2 20.9 32 20.1 28.2 18.8 15.2 14.8
Diptera 14.6 2.6 1.8 24 4.2 4.4 - - -
Lepidoptera (larvae) 9.8 10.8 5.1 8 7.5 2.6 12.5 16.2 10.5
Unidentified insects 29.3 18.8 26.4 32 16.9 23.7 25 21.9 28.5
Unidentified arthropods 9.8 4.3 2 12 6.3 3.3 6.3 1.2 0.4
Plant remains 35.4 16.5 28 30 18.3 24.1 43.6 13.7 31.1
Anthropic material (synthetic) 1.2 0.2 0.01 2 0.4 0.03 - - -
Unidentified items 3.7 2.1 0.4 4 1.0 0.2 6.3 3.9 1.3
The diet of UFPel/Embrapa-CL anurans inclu-
ded plant remains with the highest FO (43.6%) and
. AT (31.1%). Coleoptera at this site (FO of 18.8% and
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Figure 3. Rarefaction curve of the diet richness of Boana pul-
chella (Anura: Hylidae) males in two sampling sites (IM-RG,
and UFPel/Embrapa-CL) in southern Brazil

AT of 14.8%) and Lepidoptera (FO of 12.5% and AI
of 10.5%) were the most important items of animal
origin. Araneae was found with low FO (9.4%) and
Al (9.8%), however it displayed a relatively high V
(20%) (Table 1).

3.2 Helminth assemblage

Eighty-seven anurans (87%) presented helminths
in the following sites of infection: lungs, liver,
kidneys, stomach, intestines, and free or encysted
in the celomatic cavity. Helminths belonging to
Nematoda, Cestoda, Digenea, and Acanthocephala
were identified, represented by an adult and larval
forms (Table 2).

Nematoda was the taxonomic group with the
highest richness in the parasitic assemblage of B.
pulchella. Cosmocercinae gen. spp. had the highest
prevalence (P) and mean intensity of infection (MII)

159



E.C. Silveira et al. — Parasitic helminths in Boana pulchella

Table 2. Helminths of Boana pulchella (Anura: Hylidae) males in southern Brazil, and their respective sites of infestation and parasi-
tological parameters (prevalence - P, as %, mean intensity of infection - MII, mean abundance - MA, and range - R).

HELMINTHS SITES OF INFESTATION P Mil MA R
NEMATODA
Oxyascaris oxyascaris Intestine 18 1.50 0.27 1-3
Falcaustra sp. Intestine 1 1.00 0.01 1
Cosmocercinae gen. spp. Intestine 33 5.88 1.94 1-31
Rhabdias sp. Lung 2 1.00 0.02 1
Ochoterenella sp. Intestine and coelomic cavity 10 3.80 0.38 1-12
Physaloptera sp. (larva) Stomach 1 1.00 0.01 1
Acuariinae gen. sp. (larvae) Liver, stomach, intestine and coelomic cavity 8 1.38 0.11 1-4
Unidentified larva Intestine 1 1.00 0.01 1
CESTODA
Cyclophyllidea gen. sp. Intestine 1 1.00 0.01 1
Unidentified larva Coelomic cavity 1 1.00 0.01 1
DIGENEA
Haematoloechus ozorioi Lung 1 1.00 0.01 1
Catadiscus sp. Intestine 5 1.60 0.08 1-2
Diplostomidae gen. spp. (metacercariae) Kidney 32 4.19 1.34 1-21
Crassiphialinae gen. sp. (metacercaria) Coelomic cavity 1 1.00 0.01 1
ACANTHOCEPHALA
Pseudoacanthocephalus sp. Intestine 27 2.22 0.60 1-7
Centrorhynchus sp. (cystacanths) Stomach, intestine and coelomic cavity 59 6.68 3.94 1-41

(33%; 5.88 helminths/host), followed by Oxyacaris
oxyascaris Travassos, 1920 (18%; 1.50 helminths/
host) and Ochoterenella sp. (10%; 3.80 helminths/
host). Rhabdias sp. and Falcaustra sp. were found
with P of 2% and 1%, respectively. Acuariinae stood
out among the larval forms with a prevalence of 8%
and an MII of 1.38 larvae/host, contrasting with the
other taxa, which displayed an MII of 1 larva/host
(Table 2).

Regarding Digenea, metacercariae of Diplos-
tomidae parasitized the kidney of 32% of anurans
with MIT of 4.19 helminth/host, followed by Cata-
discus sp. whose prevalence was 5% and MII of 1.60
helminth/host, while metacercaria of Crassiphiali-
nae gen. sp. and Haematoloechus ozorioi Freitas &
Lent, 1939 were found in 1% of anurans with MII
of 1 helminth/host (Table 2). Acanthocephala and
Cestoda were represented by two taxa each (Table
2). Centrorhynchus sp. (cystacanths) infected 59% of
anurans with MII of 6.68 helminths/host, while Pseu-
doacanthocephalus sp. was found with a prevalence
0f 27% and MII of 2.22 helminths/host. Cestoda was
represented by a specimen of Cyclophyllidea gen. sp.
and an unidentified larva (Table 2).
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3.3 Boana pulchella helminth assemblage: aspects
related to diet and host size, and sampling sites
The abundance of helminths presented a significant
correlation only with the volume of items found in
the gastrointestinal contents of the anurans from
UFPel/Embrapa-CL (r* = 0.50, p <0.01).

Analyses on helminth assemblage and host
size revealed that O. oxyascaris and Cosmocercinae
were significantly more prevalent in the anurans
belonging to Class I, with P of 26.1% (X?,p = 0.026)
and 39.1% (X7, p = 0.022) respectively. Acuarinae
larvae and Pseudoacanthocephalus sp. had higher
prevalences in Class IT hosts, of 13% (X2, p = 0.047)
and 35.2% (X?,p = 0.046) respectively (Table 3). Only
the Cosmocercinae showed significant differences in
the mean intensity of infection between the two size
classes with greater MII for Class I (9.50 helminths/
host) (t-test, p = 0.0275) (Table 3). No significant
differences were found in P and MII between host
size classes infected by Digeneans belonging to
Diplostomidae and Centrorhynchus sp. cystacanths
(Table 3). Infections by the other helminths could
not be compared as they were not detected in both
classes. It is interesting to highlight that Ochoterene-
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Table 3. Prevalence (P, as %), mean intensity of infestation (MII), mean abundance (MA) and range (R) of parasitic helminths of Boana
pulchella (Anura: Hylidae) males in relation to the size classes (snout-vent length, SVL) in southern of Brazil.

SVL
HELMINTHS Class | (27- 37mm) (n=46) Class 11 (38 - 49mm) (n=54)

P Mil MA R P Mil MA R
NEMATODA
Oxyascaris oxyascaris 26.1°* 1.50 0.41 1-3 9.3 1.60 0.19 1-4
Falcaustra sp. 2.2 1.00 0.02 1 - -
Cosmocercinae gen. spp. 39.1°  9.50 3.83 1-31 18.5° 1.80% 0.33 1-5
Rhabdias sp. - 0 - 3.7 1.00 0.04 1
Ochoterenella sp. - 0 - 18.5 3.80 0.70 1-12
Physaloptera sp. (larva) - - 0 - 1.9 1.00 0.02 1
Acuariinae gen. sp. (larvae) 2.2¢ 1.00 0.02 1 13¢ 1.43 0.19 1-4
Unidentified larva 2.2 1.00 0.02 1 - - 0
CESTODA
Ciclophyllidea gen. sp. 2.2 1.00 0.02 1 - - 0
Unidentified larva - - 0 - 1.9 1.00 0.02 1
DIGENEA
Haematoloechus ozorioi 2.2 1.00 0.02 1 - - 0
Catadiscus sp. 10.9 1.60 0.17 1-2 - - 0
Diplostomidae gen. spp. (metacercariae) 37 5.12 1.89 1-14 27.8 3.20 0.89 1-21
Crassiphialinae gen. sp. (metacercaria) - - 0 - 1.9 1.00 0.02 1
ACANTHOCEPHALA
Pseudoacanthocephalus sp. 17.4¢ 1.63 0.28 1-2 35.24 2.47 0.87 1-7
Centrorhynchus sp. (cystacanths) 56.5 6.73 3.80 1-41 61.1 6.64 4.06 1-39
Centrorhynchus sp. (cystacanths) 56.5 6.73 3.80 1-41 61.1 6.64 4.06 1-39

a- X% p=0.026b-X3p=0022c- X p=0.047; d - X% p = 0.046; bb - t-test, p = 0.0275

lla sp. was found only in Class II anurans, with a P
0of 18.5% and an MII of 3.8 helminths/host. Besides,
Catadiscus sp. was present in only 10.9% of Class I
hosts, with an MII of 1.60 (Table 3). Although there
were significant differences in the prevalence and
mean intensity of infection for taxa among host size
classes, the GLM between helminth abundance and
anuran SVL was not significant (z = -1.55, p = 0.120).

The richness of helminths was not different
between the sampling sites (Fig. 4). However, there
was a significant difference in the prevalence of O.
oxyascaris, Cosmocercinae gen. spp. and Ochotere-
nella sp. between the two sampled sites. A higher
prevalence of the first two taxa was observed in anu-
rans from IM-RG (28%; X?,p = 0.009, and 52%; X?,
p < 0.000, respectively), while Ochoterenella sp. was
found with a higher prevalence (18%; X?,p < 0.008)
in anurans from UFPel/Embrapa-CL. The mean in-
tensity of Cosmocercinae gen. spp. was significantly

higher in anurans from IM-RG (7.08 helminth/host;
t-test, p = 0.0205) (Table 4). Catadiscus sp. occurred
only in IM-RG parasitizing 10% of the hosts with
an MII of 1.6 helminths/host. In general, although
there is a variation in the prevalence of some taxa
between sampled sites, the abundance of helminths
did not vary significantly between the two localities
(z=1.76, p = 0.079).

Discussion

The study of the helminth fauna of B. pulchella in
southern Brazil showed a greater number of taxa
than a previous study in Buenos Aires province,
Argentina, by Draghi et al. (2020). The prevalence
of parasitism found by these authors was also lower
as they recorded 35% of 150 hosts parasitized by at
least one helminth species. Those differences may be
associated with the characteristics of the sampling
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Figure 4. Rarefaction curve of the parasitic helminth richness
of Boana pulchella (Anura: Hylidae) males in two sampling sites
(IM-RG, and UFPel/Embrapa-CL) in southern Brazil.

sites, since Draghi et al. (2020) sampled cultivated
and pasture areas.

Most parasitic helminths of B. pulchella have
heteroxenous cycles that involve animals of several
groups as intermediate and paratenic hosts, inclu-
ding anurans (Table 5). The generalist diet of B.
pulchella observed in this study (insects, crustaceans,
mollusks, and vegetation) is similar to previous ones
(Maneyro & Rosa, 2004; Sol¢ & Pelz, 2007; Rosa et
al., 2011; Antoniazzi et al., 2013), and may provide
the link between free-living forms of helminths
and anurans. In this sense, studies on the diet and
helminth fauna of anurans provide complementary
information to improve our understanding of host-
parasite relationships.

Some of the observed parasitic infections
may be considered occasional since the prevalen-
ce of most helminths was less than 10%, and the
intensity of infection of 11 taxa ranged from 1 to 7
helminths. The low rates of O. oxyascaris, Falcaustra
sp., Physaloptera sp., Acuariinae gen. sp., H. ozorioi,
and Cestoda may be related to the low consumption
of intermediate and paratenic hosts that probably
do not constitute prey commonly ingested by B.
pulchella due to availability or preference bias for
certain items. On the other hand, the infection rates
of acanthocephalans may be related to the ingestion
of arthropods, which were well represented in the
diet of this species at both sampling sites. Accor-
ding to the literature, other taxa that compose the
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helminth parasitic assemblage of B. pulchella (Cos-
mocercinae gen. spp., Rhabdias sp., Catadiscus sp.
and Diplostomidae gen. spp.) can infect the anuran
through the ingestion of immature forms during the
tadpole phase or through active penetration of the
skin (Table 5).

The infections by metacercariae of Diplosto-
midae and by cystacanths of Centrorhynchus sp.
suggest that B. pulchella acts as an intermediate
host for digeneans and as a paratenic host for the
acanthocephalans since the above mentioned larval
forms were found with expressive P% and MII va-
lues.This anuran act as a trophic bridge between the
hosts at the lower level (invertebrates) and the hosts
at the top of the trophic chain (birds and mammals,
for example). The latter may acquire infections by
ingesting anurans, thus ensuring the continuity of
the parasitic cycle (Table 5). Centrorhynchus species,
for example, were reported in natural predators of
anurans, such as Rupornis magnirostris (Gmelin,
1788) (Accipitriformes) (Machado, 1940; Moura et
al., 2017), and Guira guira (Gmelin, 1788) (Cucu-
liformes) (Lunaschi & Drago, 2010). On the other
hand, a study carried out in agroecosystems in
Argentina reported neither cystacanths nor meta-
cercariae associated with B. pulchella (Draghi et al.,
2020). The different land use in the sampling sites of
Brazil (present study) and Argentina (Draghi et al.,
2020) may have influenced the parasitic infections
in B. pulchella, since in the firstwe had no crops or
livestock, as in Argentina. The sampling sites of
the present study consist of temporary ponds with
similar vegetation, to which anurans were closely
associated, which may have contributed to the si-
milarity in the richness and abundance of parasitic
helminths.

It is important to highlight that parasite-host
relationships can be influenced by several other
factors. Intrinsic characteristics related to hosts
(e.g. maturity, gender, reproductive behaviour, size,
diet) (Poulin, 1996; Von Zuben, 1997; Wilson et al.,
2002; Klein, 2004) and parasites (e.g. size, quantity,
fecundity rate, reproductive modes, dispersal ability)
(Crofton, 1971; Von Zuben, 1997; Wilson et al, 2002;
Khokhlova et al, 2010), as well as extrinsic factors
(e.g. temperature, humidity, anthropogenic changes)
(Marcogliese, 2005; Hudson et al. 2006; Koprivnikar
et al., 2012), can act on the complex network of
parasite-host-environment interactions.

Similarly to the present study, Draghi et al.
(2020) found no relationship between host body
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Table 4. Prevalence (P, as %), mean intensity of infestation (MII), mean abundance (MA) and range (R) of parasitic helminths of
Boana pulchella (Anura: Hylidae) males in two sampling sites from southern Brazil.

SAMPLING SITES

HELMINTHS IM-RG (n=50) UFPel/Embrapa-CL (n=50)

P Mil MA R P Mil MA R
NEMATODA
Oxyascaris oxyascaris 28* 1.43 0.40 1-3 8 1.75 0.14 1-3
Falcaustra sp. 2 1.00 0.02 1 - - 0 -
Cosmocercinae gen. spp. 52° 7.08 3.68 1-31 14° 1.43b% 0.20 1-3
Rhabdias sp. 4 1.00 0.04 1 - - 0 -
Ochoterenella sp. 2¢ 1.00 0.04 1 18¢ 4.11 0.74 1-12
Physaloptera sp. (larva) 2 1.00 0.02 1 - - 0 -
Acuariinae gen. sp. (larvae) 2 1.00 0.02 1 14 1.43 0.20 1-4
Unidentified larva 2 1.00 0.02 1 - - 0 -
CESTODA
Ciclophyllidea gen. sp. 2 1.00 0.02 1 - - 0 -
Unidentified larva - - 0 - 2 1.00 0.02 1
DIGENEA
Haematoloechus ozorioi 2 1.00 0.02 1 - - 0 -
Catadiscus sp. 10 1.60 0.16 1-2 - - 0 -
Diplostomidae gen. spp. (metacercariae) 36 5.17 1.86 1-14 28 3.00 0.82 1-21
Crassiphialinae gen. sp. (metacercaria) - - 0 - 2 1 0.02 1
ACANTHOCEPHALA
Pseudoacanthocephalus sp. 22 2.09 0.46 1-5 32 2.31 0.74 1-7
Centrorhynchus sp. (cystacanths) 58 6.69 3.88 1-41 60 6.67 4.00 1-39

a- X% p=0.009b- X2 p=<0.000; c - X% p =0.008; bb - t-test, p = 0.0205

Table 5. Helminth parasites of Boana pulchella (Anura: Hylidae) males in southern Brazil and their respective hosts and possible means
of infestation, considering the information available for life cycles of similar species or species of the same family.

Intermediate host (IH)/ Possible means

Helminths Definitive Host . of infestation in References
paratenic host (PH)
anurans

Nematoda

. . . Direct cycle - Invertebra- .
Oxyascaris oxyascaris Amphibians tes (PH) Ingestion of PH Anderson (2000)

Amphibians, and Direct cycle - Freshwater .
Falcaustra sp. reptiles mollusk (PH) Ingestion of PH Anderson (2000)
Ingestion of larvae
Cosmocercinae Amphibians Direct cycle by tadpoles or skin Anderson (2000)
penetration
Rhabdias sp. Amph1b1f1ns, and Direct cycle Penetration of the. Anderson (2000)
reptiles larvae across the skin

Ochoterenella sp. Anurans Mosquito (IH) Ingestion of TH Anderson (2000)
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Birds, mammals, rep- .
? > Tep Insects (crickets, cockroa-

Physaloptera sp. tiles, fish .and amphi- ches) (IH) Ingestion of TH Anderson (2000)
bians
Insects (Coleoptera,
Acuariinae Birds, and mammals Orthoptera) (IH)/Amphi- Ingestion of IH Anderson (2000)
bians and Reptiles (PH)
Cestoda Vertebrates Vertebrates and Inverte- Ingestion of IH Olsen (1974)
brates (IH)
Digenea
Freshwater mollusk (1st
Haematoloechus ozorioi Anurans IH), and Odonata (2nd Ingestion of 2nd ITH Olsen (1974)
H)
Tadpole ingests me-
Catadiscus sp. Anurans Mollusk Planorbidae (IH)  taceraria present in Kehr (i(olggylann
aquatic vegetation
Freshwater mollusk (1st Travassos et al
Diplostomatidae Birds, and mammals 1), ﬁs,h’ amphibians and Pengtr'a tion of the (1969), Hamann &
occasionally mammals  cercaria in the tadpole Gonzales (2009)
(2nd TH)
Acanthocephala
Amphibians and . . Barger & Nickol
Pseudoacanthocephalus sp. reptiles Aquatic arthropod (IH) Ingestion of TH (1998)
Travassos (1926),
Crustaceans or Insects Petrochenko
Centrorhynchus sp. Birds, and mammals  (IH), Amphibians and rep- Ingestion of TH (1971), Schmidt

tiles (PH)

(1985), Amato et
al. (2003)

1% IH=first intermediate host, 2"¢ IH=second intermediate host

size and helminth abundance. Host body size has
also been considered a good indicator of parasite
species richness since larger hosts may provide
more space and other resources, possibly widening
niche diversity for parasites (Campido et al, 2016).
In addition, larger hosts live longer, establishing in
less ephemeral habitats than smaller species and may
have enhanced exposure to parasites (Poulin, 1997).

According to our findings is possible to con-
clude that Boana pulchella males present a generalist
feeding strategy with a diet composed of a wide
variety of arthropods, mainly terrestrial insects.
Their diverse helminth fauna was composed of lar-
val and adult forms, indicating that at least males
of this anuran may act as definitive, intermediate,
as well as paratenic hosts. The generalist diet and
the association of the species with the vegetation
close to aquatic environments are important factors
for the persistence and the life cycle of its parasitic
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helminths. Oxyascaris oxyascaris, Cosmocercinae
gen. spp., Ochoterenella sp., Diplostomidae gen. spp.,
Pseudoacanthocephalus sp., and Centrorhynchus sp.
are the main taxa of this assemblage.
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