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Abstract

Hosts represent discrete habitats that contain finite parasite communities, and individual hosts can be used as replicates in
parasitism studies, such as investigations of the processes that mediate the formation of parasite communities. However,
within a single host population, there may be singularities among individuals that affect parasite contact rates. Accordingly,
the goals of the present study were to document the parasites associated with the small treefrog Scinax fuscovarius, to verify
possible variation and co-occurrences in parasite infracommunities, and to assess the effects of host characteristics (size
and sex) on infracommunity structure. Treefrog specimens (n =75) were collected from the Bodoquena Mountains in Mato
Grosso do Sul, Brazil. After collection, the specimens were transported to the laboratory, and examined for parasitic. The
parasites found were removed, fixed, and identified. Patterns in parasite infracommunity organization were analyzed using the
checkerboard score index, which was calculated using a presence-absence matrix. The matrix was randomized under the null
hypothesis that the infracommunities independently represent the component community. Forty-two (56%) of the individu-
als harbored at least one parasite, and a total of 500 metazoan parasites were recovered, with a particularly rich composite
community of 18 taxa, including 13 nematodes, two trematodes, one cestode, one oligochaete, and one mite larvae. The
parasite species were randomly distributed among the infracommunities, with no evidence of co-occurrence, segregation, or
aggregation. However, both body size and sex influenced infection, with larger hosts harboring more parasites and parasites
were more abundant in male specimens and more species rich in female specimens. These results suggest that the parasite
infracommunities of S. fuscovarius are shaped by both random factors and individual host characteristics.
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Introduction

Parasites live in structured communities that are influenced
by the environments provided by their hosts (Poulin 1997),
and such structured communities facilitate the investiga-
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tion of variation in parasite assemblage patterns at different
scales (Krasnov et al. 2010, 2006; D’Bastiani et al. 2020).
Infracommunities may represent the most tangible scale
of parasite organization, since they reflect the assembling
of parasite species among individual hosts within a host
population (i.e., component community; Bush et al. 1997);
individual hosts can be considered study replicates for host
populations (Kuris et al. 1980; Poulin 2011).

It has long remained unclear, in parasite ecology, whether
parasite infracommunities are structured and, thus, reflect an
underlying predictable process (Holmes and Price 1986).
Such structured infracommunities would differ from ran-
dom expectations and would provide insight into interactions
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among parasite species within a community (Huston 1994;
Poulin 1996c¢). For example, higher-than-expected infra-
community richness could indicate that a parasite species
facilitates the entry of other species (Poulin 2007b; Clark
et al. 2016), and lower-than-expected infracommunity rich-
ness could indicate competition or competitive exclusion
(Gotelli and Rohde 2002). Regardless of the richness of a
component community, individual infracommunities are
unlikely to include all available parasites, owing to infra-
community support capacity (Poulin 2007b). Thus, a cer-
tain randomness in infracommunity assemblages, which
are composed of subsets of the regional pool of parasite
species, is to be expected and does not necessarily indicate
the absence of structure patterns or interactions (Gotelli and
Rohde 2002). Determining which parasite species can co-
occur will provide insight into parasite distribution patterns
and interactions.

The effect of host characteristics on the heterogeneity of
infracommunities remains poorly understood. In general,
larger hosts possess greater surface area through which
infectious parasite stages can enter (Hamann and Gonzéalez
2010; Hamann et al. 2014; Hamann and Gonzalez 2015) and
consume more prey, which could serve as intermediate hosts
for indirectly transmitted parasites (Poulin 2007a; Benesh
et al. 2021). Larger hosts also provide complex habitats
for parasite establishment and exploitation (Poulin 1997),
and together, these factors can promote greater parasite co-
occurrences and richness in larger hosts (Poulin 1996c¢).
However, some studies have reported that host body size
has little effect on parameters (e.g., abundance, richness)
of parasitic communities (Hamann et al. 2006; Toledo et al.
2013; Sena et al. 2018). Therefore, it would be valuable to
conduct further studies on the effects of host body size on
infracommunity parameters, such as abundance, intensity,
and prevalence. Host sex can also influence infracommunity
assemblages and parameters, especially during reproductive
stages, owing to changes in hormonal conditions that can
alter host physiology and behavior (Tinsley 1989; Poulin
1996¢). Thus, parasite communities may indicate whether
the individual characteristics of their hosts limit or facilitate
parasite infection (Morand et al. 1999).

In amphibian populations, biotic characteristics that can
be good conditioning factors in the co-occurrences of para-
sites in their infracommunities (Kehr et al. 2000; Brooks
et al. 2006Hamann and Gonzalez 2010). For instance, the
low dispersion of individuals within host populations can
promote parasite sharing (Esch et al. 1988). Indeed, amphib-
ians generally remain close to their reproductive sites, and
individual hosts are likely to experience similar food avail-
ability and similar opportunities for acquiring local parasites
(Holmes and Price 1986; Esch et al. 1988; Wells 2007). Par-
ticularities of individual hosts can also affect rates of con-
tact with parasites, with certain characteristics making hosts
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more or less susceptible to parasites or pathogens (Poulin
2007b).

The hylid treefrog Scinax fuscovarius (Lutz, 1925) is dis-
tributed in the midwest, northeast, and southeast regions
of Brazil, as well as in northern Argentina, Paraguay, and
Bolivia (Frost 2018). The species is arboreal; is found in
open areas of the Brazilian savanna (i.e., Cerrado); and, dur-
ing its reproductive period, mainly occurs around perma-
nent and semi-permanent bodies of water (Melo et al. 2007;
Fig. 1a). The parasite fauna of S. fuscovarius in an Atlan-
tic Forest region of southern Brazil was recently described
(Santos et al. 2016).

Because the parasite communities of S. fuscovarius in
the Bodoquena Mountains (midwest Brazil) have yet to be
described, the first goal of the present study was to establish
a checklist of parasite species in the region. Variation of
parasite infracommunities and the responses of such com-
munities to host attributes (e.g., body size and sex) were
also evaluated in order to answer the following questions:
(i) Does variation occur in S. fuscovarius parasite infracom-
munities, and if so, is it random?; (ii) Does aggregation or
segregation occur among S. fuscovarius parasite species?;
and (iii) Is variation, if any, among S. fuscovarius para-
site infracommunities associated with hosts traits? It was
expected that the distribution of parasite infracommunities
in S. fuscovarius would differ from a random distribution
and that variation would be influenced by host characteris-
tics, such as body size, physiology, and habitat.

Materials and methods
Host and parasite collection

Treefrog (S. fuscovarius) specimens (n=75) were collected
at night by active searching in the Bodoquena Mountain
region, at Fazenda Estancia Mimosa, in the municipality
of Bonito, Mato Grosso do Sul State (20° 58’ 49" S, 56°
30" 32" W; datum: WGS84), on the border of the Nabileque
region of the Pantanal (Fig. 1b) in October and November
of 2015. After collection, the specimens were transported to
the laboratory, where they were euthanized by applying 5%
lidocaine ointment to their abdomens, sexed, and measured
(snout-vent length, SVL) using a digital caliper (0.1-mm
accuracy).

The nematodes and cestode cyst were fixed using 5%
heated formalin, preserved in 70% ethyl alcohol, clarified
using glycerin, and mounted on slides. The trematodes were
compressed between slides and coverslips, stained using
Delafield’s hematoxylin, and clarified using Faia creosote.
Oligochaetes and mite larvae were mounted on slides with
Amann’s lactophenol and Hoyer’s medium, respectively
(Amato et al. 1991; Eiras et al. 2000).
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Fig.1 A summary with our study system, showing a specimen of Scinax fuscovarius (Lutz, 1925), study site b in the Bodoquena Mountain
region, and some of the parasites reported: ¢ male of Aplectana lopesi; d Mesocoelium monas; e Rhabdias sp.; £ Eutrombicula sp

After removing the parasites, the frogs were fixed and
preserved using 4% formaldehyde and 70% alcohol, respec-
tively, and were deposited in the Mato Grosso do Sul Fed-
eral University Zoological Reference Collection (ZUFMS;
AMP 04,110-04,184). Parasite vouchers were also fixed in
70% alcohol and deposited in the same collection (ZUFMS;
NEM 00,029-00,043, PLA 00,006-00,008, ANN 00,001,
CHE 00,165).

Data analysis

Mean parasite abundance, intensity, and prevalence were
calculated according to Bush et al. (1997), and parasite rich-
ness was estimated using a species accumulation curve with
a first-order Jackknife estimator (Jackknife 1). Patterns in
parasite infracommunity organization were analyzed using
the checkerboard score (C-score) index, which was calcu-
lated using a presence-absence matrix. The matrix was ran-
domized under the null hypothesis that the infracommunities
(parasite species present in individual hosts) independently
represent the component community (Bush et al. 1997).
Thus, the C-score index represents the mean number of
possible parasite species pairs that do not co-occur (Stone
and Roberts 1990). The FF algorithm (fixed rows and col-
umns), in which each row represents a parasite taxa and each
column represents a host specimen, was used to maintain

observed values (Gotelli 2000) so that the algorithm did not
restrict the number of parasite taxa that a host could har-
bor and so that all individual hosts were equally likely to
host individual parasite species (Krasnov et al. 2010). Five
thousand randomizations were performed using a presence-
absence matrix with the software EcoSim 7.72 (Gotelli and
Entsminger 2009). The significance of the C-score values
were analyzed from the biological data (observed value) and
the mean value of the simulated matrices (value expected

Mumber Of parasive Lass

5] =1 30

Mumbes of hosi specimens

Fig. 2 Distribution of parasites Scinax fuscovarius infracommunities,
where the first bar shows that few hosts harbor many parasites but
most hosts harbor few parasites
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Fig.3 Accumulation curve of species based on the taxa of metazoan
parasites found in the hosts of Scinax fuscovarius

at random). Mean C-scores that exceed those of simulated
(random) datasets indicate species segregation, whereas
those that fail to exceed the mean scores of simulated data-
sets indicate species aggregation (Gotelli and Rohde 2002).
Segregation can indicate the reduction of a species’ niche

to the detriment of the presence of other species, thereby
eliminating competitors, which is a non-interactive factor
(Holmes 1973), whereas aggregation is the result of different
parasite distributions in hosts, with few parasites occurring
in many hosts and few hosts with many parasites (Shaw and
Dobson 1995).

The Kruskal-Wallis (H) and Dunn’s post hoc tests were
used to evaluate differences in the body size (SVL) of male,
female, and juvenile hosts, and the effect of SVL on infection
parameters (parasite abundance and richness) was evaluated
in R version 3.1.1 (R Core Team 2016) using the zero-inflated
Poisson (ZIP) model, i.e., the “zeroinfl” function of the “pscl”
package (Jackman 2015), which calculates model parameters
by independently separating count data and zero excesses
(Oksanen et al. 2013). Since the studied population had a
1:1 sex ratio, the male, female, and juvenile specimens were
represented as 1,—1, and 0, respectively, in order to prevent
correlation problems with host age and sex (Bolker 2007).

Results

Forty-two (56%) of the 75 specimens harbored at least one
parasite, with most hosts harboring many parasites and a
smaller number harboring only a few parasites (Fig. 2), and
a total of 500 metazoan parasites were recovered, thereby

Table 1 Infection parameters

Metazoan parasites P% M.A.+SE MIL+SE Site of infection
of the parasites associated with
the treefrog Scinax fuscovarius Nematoda
in the Bodoquena Mountain Aplectana sp. (larval)® 260 120+1.10 48+1.30  Small intestine
region, Mato Grosso do Sul, Aplectana lopesi (adult) 12 020+0.10 1.80+0.10  Small intestine and large intestine
Brazil. Prevalence (P%), mean o X . . ) .
abundance (M.A.), mean Ascarididae gen. sp. (adult)® 2.60 0.02+0.02 1.0+0.02 Small intestine and large intestine
intensity (M.L.), standard error Cosmocerca brasiliense (adult) 1.30 0.01+0.01 1.0+0.02 Small intestine
(S.E) Cosmocerca parva (adult) 530 0.06+0.03 1.2+0.04 Small intestine and large intestine
Cosmocercidae gen. sp. (adult) 2.60 0.02+0.02 1.0+0.02 Small intestine and large intestine
Cosmocercoidea fam. gen. sp.® (larval) 530 0.20+£0.10 4.50+0.20  Small intestine and large intestine
Oxyascaris caudacutus (adult) 15 0.40+0.10 2.50+0.10  Small intestine and large intestine
Philometridae gen. sp. (adult)® 4 0.04+0.04 3+0.06 Small intestine
Rhabdias sp. (adult) 1.30 0.01+0.01 1.0+0.02 Lung
Rhabdias cf. elegans (adult)’ 16 0.90+0.50 5.90+0.50 Lung
Rhabdias cf. fuelleborni (adult)® 2.60 0.10+0.09 5.0+0.11 Lung
Spirurida fam. gen. sp. (larval)® 1.30 0.01+0.01 1.0+0.02 Small intestine
Trematoda
Mesocoelium monas (adult)® 1.30 0.30+0.30 22+0.40 Small intestine
Neascus sp. (larval)® 1.30 0.60+0.60 48+0.90 Muscle
Cestoda
Proteocephalidea fam. gen. sp. (cyst)® 1.30 0.02+0.03 2.0+0.04 Muscle
Annelida
Dero (Allodero) lutzi (adult) 260 1.60+1.60 60+1.70 Bladder and kidneys
Arthropoda
Eutrombicula sp. (larval)® 8 0.70+0.50 9+0.50 Subcutaneous
$New host records
@ Springer
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representing a particularly rich component community of
18 taxa (13 nematodes, two trematodes, one cestode, one
oligochaete, one mite larvae). Species richness estimation
showed a deviation of 2 +2 (Jackknife 1=26,893; Fig. 3).
Most (65.2%) of the parasites were helminths, including 13
nematode taxa (44.8%), two trematodes (17.2%), and one
cestode (0.4%), also oligochaete Dero (Allodero) lutzi (24%)
and parasitic larvae of the mite Eutrombicula sp. (10.8%)
were also observed (Table 1).

The C-score of the biological dataset (8.80392) and the
mean C-score of the simulated dataset (8.78693) were sta-
tistically similar (p =0.59), thereby indicating a random pat-
tern in infracommunity composition and confirming the null
hypothesis of random structuring (Fig. 4). This finding also
indicates a lack of segregation or aggregation among the
metazoan parasites of S. fuscovarius.

However, parasite abundance and richness were
affected by host body size and sex, with males
(n=38; range=31.06-46.93 mm) being significantly
larger than juveniles (n=6; range =28.57-35.2 mm;
H=14.43, P=0.0007) but not females (n=31;
range = 19.19-47.33 mm). Parasites were more abundant in
male specimens (Fig. 5a; Table 2) and more species rich in
female specimens (Fig. 5b).

Discussion
The present study documented 11 new metazoan parasites

for S. fuscovarius and provided insight into the distribution
of five parasite taxa that had been previously recorded in S.
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Fig.4 Histogram of C-score FF algorithm (fixed rows and columns)
to compare the results of the matrices; the effect size measures the
number of standard deviations that the observed is above or below the
average index of the simulated communities

fuscovarius from other locations (Table 3). The study also
indicates that the distribution of parasite species among S.
fuscovarius individuals is random, lacking aggregation and
disaggregation, and that infection parameters are influenced
by host body size and sex.

Previous studies of S. fuscovarius in regions of the Atlan-
tic Forest (e.g., Santos et al. 2016; Graga et al. 2017) have
reported lower parasite diversity but similar distribution
patterns (e.g., parasite taxa with low prevalence), as well
as some of the same parasite species, such as Cosmorcerca
brasiliense, C. parva, Cosmocercidade gen. sp., Dero (Allo-
dero) lutzi, and Rhabdias sp. (Table 3). As in the present
study, previous studies have also reported that generalist
parasites, such as nematodes, are the majority found. And
when compared to reports of other amphibians in the study
region (Campido et al. 2016a, b), the present study identi-
fied high parasite richness in the component community but
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Fig.5 Relationship between parasite descriptors with the body size
(snout-vent length) of male, female, and young of Scinax fuscovarius
collected in the Bodoquena Mountain region, Mato Grosso do Sul,
Brazil. The size of the circles represents the body size of the hosts. a
SLV of male, female, and young, with parasite abundance. b SLV of
male, female, and young, with the richness of parasites
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Table 2 The zero-inflated
Poisson (ZIP) model of the
relation between parasite

abundance, species richness,
and the body size (snout-vent-
length) and sex of individuals of

the treefrog Scinax fuscovarius

Bodoquena Mountain region,
Mato Grosso do Sul, Brazil

Coefficient Estimate S.E Z P

Abundance of parasites Intercept 0.078560 0.344189 —-0.228 0.819
Body size 0.056557 0.0008588 6.586 >0.001
Sex 0.672743 0.055247 12.177 >0.001

Richness of parasites Intercept —1.74881 0.87159 —2.006 0.04481
Body size 0.04125 0.02220 1.858 0.06312
Sex 0.36524 0.13385 2.729 0.00636
Residual 79.265

Results in boldface are significant (P = significance value considering <0.05)

Table 3 Records of metazoan parasites in Scinax fuscovarius

Identification of the parasite Country State References
Helminth parasites
Nematoda Aplectana sp. Brazil Mato Grosso do Sul Current study
Aplectana lopesi Brazil Rio de Janeiro Silva (1954)
Brazil Mato Grosso do Sul Current study
Brazil Rio de Janeiro Vicente et al. (1991)
Ascarididae gen. sp. Brazil Mato Grosso do Sul Current study
Cosmocercoidea fam. gen. sp. Brazil Mato Grosso do Sul Current study
Cosmocercidae gen. sp.
Cosmocerca brasiliense Brazil Mato Grosso do Sul Current study
Peru Not reported Bursey et al. (2001)
Brazil Santa Catarina Santos and Amato (2013)
Brazil Santa Catarina Santos et al. (2016)
Cosmocerca freitasi Brazil Rio de Janeiro Silva (1954)
Brazil Rio de Janeiro Vicente et al. (1991)
Cosmocerca parva Paraguay Not reported Masi Pallares and Maciel (1974)
Locality not reported Not reported Baker and Vaucher (1984)
Brazil Santa Catarina Santos and Amato (2013)
Brazil Santa Catarina Santos et al. (2016)
Brazil Mato Grosso do Sul Current study
Oxyascaris caudacutus Locality not reported Not reported Baker and Vaucher (1985)
Brazil Mato Grosso do Sul Current study
Philometridae gen. sp. Brazil Mato Grosso do Sul Current study
Physaloptera sp. Brazil Santa Catarina Santos et al. (2016)
Raillietnema sp. Brazil Parana Graga et al. (2017)
Rhabdias sp. Brazil Parani Graga et al. (2017)
Brazil Mato Grosso do Sul Current study
Rhabdias (cf.) elegans Brazil Mato Grosso do Sul Current study
Rhabdias (cf.) fuelleborni Brazil Mato Grosso do Sul Current study
Schrankiana formosula Brazil Parani Graga et al. (2017)
Spirurida fam. gen. sp. Brazil Mato Grosso do Sul Current study
Proteocephalidae gen. sp. Brazil Mato Grosso do Sul Current study
Trematoda Mesocoelium monas Brazil Mato Grosso do Sul Current study
Neascus sp. Brazil Mato Grosso do Sul Current study
Cestoda Spirometra sp. Brazil Sdo Paulo Odaet al. (2016)
Acanthocephala Pseudoacanthocephalus sp. Brazil Santa Catarina Santos et al. (2016)
Arthropod parasites
Insecta Eutrombicula sp. Brazil Mato Grosso do Sul Current study
Sarcophagidae Brazil Minas Gerais Souza-Pinto et al. (2015)
Hirudinea Not identified Brazil Parana Gambale et al. (2014)
Oligochaeta Dero (Allodero) lutzi Brazil Parand Oda et al. (2015)
Brazil Parana Graga et al. (2017)
Brazil Mato Grosso do Sul Current study
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low prevalence, which may have contributed to the low co-
occurrence of parasite taxa in the infracommunities.

Variation in individual host susceptibility can result in
either common or infrequent parasitic associations, such as
those observed between S. fuscovarius and the mite larvae
and oligochaetes (Morais et al. 2017; Mendoza-Roldan et al.
2020). Even though parasitic mites and oligochaetes are less
prevalent in anurans than other parasite taxa, reports of these
parasites in other Scinax species have been reported with
some frequency (Oda et al. 2015; Graca et al. 2017; Morais
et al. 2017; Jacinavicius et al. 2018; Mendoza-Roldan et al.
2020). In addition, the occurrence of the mite and oli-
gochaete may be related to environmental factors, such as
high humidity, which is one of the main characteristics of
the Bodoquena Mountain region (Fig. 1b) and which has
been previously reported to favor these parasite taxa (Oda
et al. 2015; Mendoza-Roldan et al. 2020). In general, several
factors can contribute to the probability of host infection
by local composite communities and, thus, affect parasite
infracommunities (Janovy et al. 1995; Poulin 2007b). The
co-occurrence of all local parasite taxa in individual hosts
becomes unlikely, exceptionally when in high prevalences
(Poulin 1996; Tello et al. 2008).

The results of the present study support previous reports
that host body size can affect parasite infection (Kamiya
et al. 2014; Campido et al. 2015a), since the greatest para-
site abundance was observed in males. However, the rich-
est parasite infracommunities were recovered from female
specimens, as previously reported for male S. nasicus in
Argentina (Hamann and Gonzalez 2010), which indicates
that sex is also an important factor in the acquisition of
parasites in anurans. During reproductive periods, anuran
hosts can become more vulnerable to infection as a result
of the high energy costs of breeding (Zuk 1990; Poulin
1996c¢). For example, male anurans, which spend their
time searching for females, may stop feeding during this
period, and females allocate more energy to egg produc-
tion, which can reduce resistance to infection (Solé and
Pelz 2007; Dare and Forbes 2009; Johnson and Hoverman
2014; Venesky et al. 2020). In the present study, such fac-
tors may account for the abundance of parasites observed
in both sexes, since the specimens were collected during
the species’ reproductive period. However, the greater
richness of parasites in female specimens is surprising,
since most studies suggest that hormone-related immune
modulation results in males being more affected by par-
asites (Poulin 1996a, c; Schalk and Forbes 1997; Klein
2004; Madelaire et al. 2018).

The parasite infracommunities in the present study were
considered random samples of the component community,
and even though neither aggregation nor segregation were
observed, both host body size and sex were significantly
related to infection parameters. The randomly assembled

parasite infracommunities observed in the collected speci-
mens may have been influenced by the ecological charac-
teristics of individual hosts, and even though host body size
and sex were associated with infracommunity structure, the
factors did not explain the distribution of parasites in the
hosts. Therefore, the composition of parasite infracommuni-
ties in the S. fuscovarius population studied was determined
by random chance, but individual host characteristics were
related to infracommunity structure, as indicated by their
effects on quantitative infection parameters.

Acknowledgements We are grateful to Franco Leandro de Souza and
to the entire staff of Fazenda Estincia Mimosa, for allowing us to col-
lect specimens from this location, and to Eduardo Oliveira Pacheco,
Leandro Alves da Silva, and Priscila Santos Carvalho, for their assis-
tance with collection and immense collaboration.

Author contribution Designed the experiments: ICOS, KMC, and
LERT. Conducted the experiments: ICOS. Analyzed the data: ICOS,
ACAR, and KMC. Wrote the manuscript: ICOS, PS, KMC, and DJS.

Funding This study was financed in part by the Universidade Federal
de Mato Grosso do Sul (UFMS/MEC), Brazil; Coordenagio de Aper-
feicoamento de Pessoal de Nivel Superior—Brazil (CAPES)—Finance
Code 001; and Fundac¢do de Apoio ao Desenvolvimento do Ensino,
Ciéncia e Tecnologia do Estado de Mato Grosso do Sul (FUNDECT),
Proc. no. 59/300.328/2015. DIS and LERT were supported by research
fellowships (311492/2017-7 and 313292/2018-3, respectively) from
the Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico
(CNPq).

Declarations

Ethics approval All procedures were performed in accordance with
guidelines on animal care and with the ethics guidelines of the insti-
tution where the study was conducted. Approval was granted by the
National Council for Animal Experiment Control (CEUA; number
838/2017) and by the Chico Mendes Institute for Biodiversity Conser-
vation (ICMBio; number 50586-1).

Conflict of interest The authors declare no competing interests.

References

Amato JFR, Boeger WA, Amato SB (1991) Protocolos para laboratério
coleta e processamento de parasitos do pescado. Imprensa Univer-
sitaria, Universidade Federal Rural do Rio de Janeiro

Baker MR, Vaucher C (1984) Parasite helminths from Paraguay VI:
Cosmocerca Diesing, 1861 (Nematoda: Cosmocercoidea) from
frogs. Rev Suisse Zool 91:925-934. https://doi.org/10.5962/bhl.
part.81589

Baker MR, Vaucher C (1985) Parasite helminths from Paraguay VII:
systematic position of Oxyascaris Travassos, 1920 (Nematoda:
Cosmocercoidea). Rev Suisse Zool 92:303-310. https://doi.org/
10.5962/bhl.part.81619

Benesh DP, Parker G, Chubb JC (2021) Life-cycle complexity in hel-
minths: what are the benefits? Evolution 75-8:1936—1952. https://
doi.org/10.1111/evo.14299

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



18

Parasitology Research (2022) 121:11-19

Bolker BM (2007) Ecological models and data in R. Princeton Univer-
sity Press, Princeton (EUA)

Brooks DR, Ledn-Régagnon V, Mclennan DA, Zelmer D (2006) Eco-
logical fitting as a determinant of the community structure of
platyhelminth parasites of anurans. Ecology 87:76-85. https://
doi.org/10.1890/0012-9658(2006)87[76:EFAADOunette2.0.CO;2

Bursey CR, Goldberg SR, Pamarlee JR (2001) Gastrointestinal hel-
minths of 51 species of anurans from Reserva Cuzco Amazdnico,
Peru. Comp Parasitol 68:21-35

Bush AO, Lafferty KD, Lotz JM, Shostak W (1997) Parasitology meets
ecology on its own terms: Margolis et al. revisited. J Parasitology
83:575-83. 10.2307 / 3284227

Campido KM, Ribas ACA, Morais DH, Silva RJ, Tavares LER
(2015) How many parasites species a frog might have? Deter-
minants of parasite diversity in South American anurans. PLoS
ONE 10(10):e0140577. https://doi.org/10.1371/journal.pone.
0140577

Campido KM, Dias OT, Silva RJ, Ferreira VL, Tavares LER (2016a)
Living apart and having similar trouble: frog helminth parasites
determined by the host or by the habitat? Can J Zool 94(11).
https://doi.org/10.1139/¢cjz-2016-0066

Campido KM, Silva ICO, Dalazen GT, Paiva F, Tavares LER (2016b)
Helminth parasites of 11 anuran species from the Pantanal Wet-
land. Brazil Comp Parasitol 83(1):92-100. https://doi.org/10.
1654/1525-2647-83.1.92

Clark NJ, Wells, K, Dimitrov D, Clegg SM (2016) Co-infections and
environmental conditions drive the distributions of blood parasites
in wild birds. J Anim Ecol 85:1461-1470. https://doi.org/10.1111/
1365-2656.12578

D’Bastiani E, Campido KM, Boeger WA, Aratijo SBL, SBL, (2020)
The role of ecological opportunity in shaping host-parasite net-
works. Parasitology 147(13):1452-1460. https://doi.org/10.1017/
S003118202000133X

Dare OK, Forbes MR (2009) Patterns of infection by lungworms,
Rhabdias ranae and Haematoloechus spp., in Northern leopard
frogs: a relationship between sex and parasitismo. J Parasitol 95
(2):275-280. https://doi.org/10.1645/GE-1713.1

Eiras JC, Takemoto RM, Pavanelli GC (2000) Métodos de estudo e
técnicas laboratoriais em parasitologia de peixes. Editora da Uni-
versidade Estadual de Maringa

Esch GW, Kennedy CR, Bush AO, Aho JM (1988) Patterns in helminth
communities in freshwater fish in Great Britain: alternative strate-
gies for colonization. Parasitology 96:519-532. https://doi.org/10.
1017/S003118200008015X

Frost DR (2018) Amphibian species of the world. Electronic Database.
American Museum of Natural History, New York, USA. http://
research.amnh.org/herpetology/amphibia/index.html. Accessed
15 May 2015

Gambale PG, Batista VG, Oda FH, Campos RM, Takemoto RM, Bastos
RP (2014) Anuran larvae as prey and hosts of invertebrates in
Neotropical aquatic habitats. Rev Chil Hist Nat 87:31-35. https://
doi.org/10.1186/540693-014-0029-8

Gotelli NJ (2000) Null model analysis of species co-occurrence pat-
terns. Ecology 81:2606-2621. https://doi.org/10.1890/0012-
9658(2000)081[2606:NMAOSCorgeous2.0.CO;2

Gotelli NJ, Entsminger GL (2009) EcoSim: null models software for
ecology. Acquired Intelligence Inc. and Kesey-Bear. http://garye
ntsminger.com/ecosim.htm/ Accessed 20 November 2017

Gotelli NJ, Rohde K (2002) Co-occurrence of ectoparasites of marine
fishes: a null model analysis. Ecol Lett 5:86-94. https://doi.org/
10.1046/j.1461-0248.2002.00288.x

Graca RJ, Oda FH, Lima,FS, Guerra V, Gambale PG, Takemoto RM
(2017) Metazoan endoparasites of 18 anuran species from the
mesophytic semideciduous Atlantic Forest in southern Brazil. J
Nat Hist 51:705-729. https://doi.org/10.1080/00222933.2017.
1296197

@ Springer

Hamann MI, Gonzélez CE (2010) Helminth community structure of
Scinax nasicus (Anura: Hylidae) from a South American sub-
tropical area. Dis Aquat Organ 93(1):71-82. https://doi.org/10.
3354/dao02276

Hamann MI, Gonzalez CE (2015) Helminth parasites in the toad
Rhinella major (Bufonidae) from Chaco region, Argentina. Acta
Herpetol 10(2):93—-101. https://doi.org/10.13128/Acta_Herpe
tol-16150

Hamann MI, Gonzalez CE, Kehr Al (2006) Helminth community struc-
ture of the oven frog Leptodactylus latinasus (Anura, Leptodac-
tylidae) from Corrientes. Argentina Acta Parasitol 51(4):294-299.
https://doi.org/10.2478/s11686-006-0045-1

Hamann MI, Kehr Al, Gonzélez CE (2014) Helminth community
structure in the Argentinean bufonid Melanophryniscus klap-
penbachi: importance of habitat use and season. Parasitol Res
113(10):3639-3649. https://doi.org/10.1007/s00436-014-4029-z

Holmes JC (1973) Site selection by parasite helminths: interspecific
interactions, site segregation, and their importance to the develop-
ment of helminth communities. Can J Zool 51:333-47. 10.1139
/273-047

Holmes JC, Price P (1986) Communities of parasites. In: Commu-
nity ecology: pattern and process (eds) Anderson DJ, Kikkawa J.
Blackwell Scientific London, pp 187-213

Huston MA (1994) Biological diversity: The coexistence of species
on changing landscapes. Cambridge, UK, Cambridge University
Press.

Jackman S (2015) pscl: Classes and methods for R developed in the
political science computational laboratory. Stanford University,
Stanford, California. R package version 1.4.9.

Janovy Jr, Clopton RE, Clopton DA, Snyder DS, Efting A, Krebs L
(1995) Species density distributions as null models for ecologi-
cally significant interactions of parasite species in an assemblage.
Ecol Model 77:189-196. https://doi.org/10.1016/0304-3800(93)
E0087-J

Jacinavicius FC, Bassini-Silva R, Mendoza-Roldan JA, Pepato AR,
Ochoa R, Welbourn C, Barros-Battest DM (2018) A checklist
of chiggers from Brazil, including new records (Acari: Trom-
bidiformes: Trombiculidae and Leeuwenhoekiidae). ZooKeys
743:1-41. https://doi.org/10.3897/zookeys.743.22675

Johnson PTJ, Hoverman JT (2014) Heterogeneous hosts: how variation
in host size, behaviour and immunity affects parasite aggregation.
J Anim Ecol 83:1103-1112. https://doi.org/10.1111/1365-2656.
12215

Kamiya T, O’Dwyer K, Nakagawa S, Poulin R (2014) What deter-
mines species richness of parasitic organisms? A meta-analysis
across animal, plant and fungal hosts. Biol Rev Camb Philos Soc
89:123-134. https://doi.org/10.1111/brv.12046

Kehr Al, Manly BFJ, Hamann MI (2000) Coexistence of helminth spe-
cies in Lysapsus limellus (Anura: Pseudidae) from an Argentinean
subtropical area: influence of biotic and abiotic factors. Oecologia
125:549-558. https://doi.org/10.1007/s004420000480

Klein SL (2004) Hormonal and immunological mechanisms mediating
sex differences in parasite infection. Parasite Immunol 26:247—
264. https://doi.org/10.1111/j.0141-9838.2004.00710.x

Krasnov BR, Matthee S, Lareschi M, Korallo-Vinarskaya NP, Vinarski
MYV (2010) Co-occurrence of ectoparasites on rodent hosts: null
model analyses of data from three continents. Oikos 119:120-128.
https://doi.org/10.1111/j.1600-0706.2009.17902.x

Krasnov BR, Stanko M, Morand S (2006) Are ectoparasite communi-
ties structured? Species co-occurrence, temporal variation and
null models. J Anim Ecol 75:1330-1339. https://doi.org/10.
1111/j.1365-2656.2006.01156.x

Kuris AM, Blaustein AR, Alio JJ (1980) Hosts as islands. American
Naturalist, 570-586

Madelaire CB, Cassettari BO, Gomes FR (2018) Immunomodula-
tion by testosterone and corticosterone in toads: experimental

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Parasitology Research (2022) 121:11-19

19

evidences from transdermal application. Gen Comp Endocrinol
273:227-235. https://doi.org/10.1016/j.ygcen.2018.09.00

MasiPallares R, Maciel S (1974) Helminthes en batracios del Paraguay
(1ra. Parte), con descripcién de una nueva especie, Aplectana
pudenda (Oxyuridae: Cosmocercinae). Rev Par Micro 9:55-60

Melo GV, Rossa-Feres DC, Jim J (2007) Temporal variation in calling
site use in a community of anurans in Botucatu, Sdo Paulo State,
Brazil. Biota Neotrop 7:93—102. https://doi.org/10.1590/S1676-
06032007000200011

Mendoza-Roldan J, Ribeiro RS, Castilho-Onofrio V, Grazziotin FG,
Rocha B, Ferreto-Fiorillo B, Pereira JS, Benellig G, Otranto
D, Barros-Battesti DM (2020) Mites and ticks of reptiles and
amphibians in Brazil. Acta Trop 208:105515. https://doi.org/10.
1016/j.actatropica.2020.105515

Morais HD, Aguiar A, Campiao KM, Tavares LER, Almeida WO,
Avila RW (2017) New records of Dero (Allodero) lutzi, an oli-
gochaete parasite of the urinary tract of South American Anurans.
Herpetol Rev 48(4):739-743

Morand S, Poulin R, Rohde K, Hayward C (1999) Aggregation and
species coexistence of ectoparasites of marine fishes. Int J Parasi-
tol 29:663- 672. https://doi.org/10.1016/s0020-7519(99)00029-6

Oda FH, Borteiro C, Graga RJ, Tavares LER, Crampet A, Guerra
V, Lima FS, Bellay S, Karling LC, Castro O, Takemoto RM,
Pavanelli GC (2016) Parasitism by larval tapeworms genus
Spirometra in South American amphibians and reptiles: new
records from Brazil and Uruguay, and review of current knowl-
edge in the region. Acta Trop 164:150-164. https://doi.org/10.
1016/j.actatropica.2016.09.005

Oda FH, Petsch DK, Ragonha FH, Batista VG, Takeda AM, Take-
moto RM (2015) Dero (Allodero) lutzi Michaelsen, 1926 (Oli-
gochaeta: Naididae) associated with Scinax fuscovarius (Lutz,
1925) (Anura: Hylidae) from semi-deciduous Atlantic Rain For-
est, southern Brazil. Braz J Biol 75:86-90. https://doi.org/10.
1590/1519-6984.07613

Oksanen J, Blanchet FG, Kindt R, Legendre P, Minchin PR, O’hara
RB, Simpson GL, Solymos P, Stevens MHH, Wagner H (2013)
Vegan: community ecology package. R package version 2.0-6.
http://CRAN.R-project.org/package=vegan. Accessed 20 Novem-
ber 2017

Poulin R (1996a) Helminth growth in vertebrate hosts: does host sex
matter? Int J Parasitol 26:1311-1315. https://doi.org/10.1016/
S0020-7519(96)00108-7

Poulin R (1996b) Sexual inequalities in helminth infections: a cost of
being a male? T Am Nat 147:287-295

Poulin R (1997) Species richness of parasite assemblages: evolution
and patterns. Annu Rev Ecol Syst 28:341-358. https://doi.org/10.
1146/annurev.ecolsys.28.1.341

Poulin R (2007a) Are there general laws in parasite ecology? Parasitol-
ogy 134:763-776. https://doi.org/10.1086/285851?

Poulin R (2007b) Evolutionary ecology of parasites: (Second Edition).
Oxford Princeton University Press. https://doi.org/10.2307/j.ctt7s
nOx. Accessed 26 Jan 2021

Poulin R (2011) Interactions between species and the structure of hel-
minth communities. Parasitology 122:S3-S11. https://doi.org/10.
1017/S0031182000016991

R Core Team (2016) R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Aus-
tria. https://www.R-project.org/. Accessed 20 Nov 2017

Santos VGT, Amato SB (2013) Species of Cosmocerca (Nematoda,
Cosmocercidae) in anurans from Southern Santa Catarina State.
Brazil Comp Parasitol 80:123-129. https://doi.org/10.1654/4608.1

Santos VGT, Borges-Martins M, Amato SB (2016) Community struc-
ture of parasites of the tree frog Scinax fuscovarius (Anura: Hyli-
dae) from Campo Belo do Sul, Santa Catarina, Brazil. Neotrop
Helminthol 10:41-50

Schalk G, Forbes MR (1997) Male biases in parasitism of mammals:
effects of study type, host age, and parasite taxon. Oikos 78:67—
74. https://doi.org/10.2307/3545801

Sena PA, Conceicdo BM, Silva PF, Silva WG, Ferreira WB, Janior
VAS, Moura GJB, Oliveira JB (2018) Helminth communities of
Pithecopus nordestinus (Anura: Phyllomedusidae) in forest rem-
nants, Brazil. Herpetol Notes 11:565-572

Shaw DJ, Dobson AP (1995) Patterns of macroparasite abundance and
aggregation in wildlife populations: a quantitative review. Para-
sitology 111:S111-S133. https://doi.org/10.1017/S003118200
0075855

Silva JAA (1954) New species of the genus Cosmocerca Diesing, 1861
(Nematoda, Cosmocercidae). Rev Braz Biol 14:163-165

Solé M, Pelz B (2007) Do male tree frogs feed during the breeding
season? Stomach flushing of five syntopic hylid species in Rio
Grande do Sul, Brazil. J Nat Hist 41:2757-2763. https://doi.org/
10.1080/00222930701661282

Souza-Pinto FC, Franca IF, Mello-Patiu CA (2015) Brief description
of myiasis cases in three amphibian species from Atlantic Forest
located in the central region of the State of Minas Gerais, Brazil.
Herpetol Notes 8:287-290

Stone L, Roberts A (1990) The checkerboard score and species dis-
tributions. Oecologia 85:74-79. https://doi.org/10.1007/BF003
17345

Tello JS, Stevens RD, Dick CW (2008) Patterns of species co-occur-
rence and density compensation: a test for interspecific competi-
tion in bat ectoparasite infracommunities. Oikos 117:693-702.
https://doi.org/10.1111/.0030-1299.2008.16212.x

Tinsley RC (1989) The effects of host sex on transmission success. Par-
asitol Today 5:190-195. https://doi.org/10.1016/0169-4758(89)
90144-0

Toledo GM, Morais DH, Silva RJ, Anjos LA (2013) Helminth com-
munities of Leptodactylus latrans (Anura: Leptodactylidae) from
the Atlantic rainforest, south-eastern Brazil. ] Helminthol 89:250—
254. https://doi.org/10.1017/S0022149X1300076X

Venesky MD, DeMarchi J, Marbach R, Pariyar K, Hickerson C-AM,
Anthony CD (2020) Female salamanders experience higher para-
sitism compared to males: a cost of female reproduction? J Her-
petol 54:293-298. https://doi.org/10.1670/19-072

Vicente JJ, Rodrigues HO, Gomes DC, Pinto RM (1991) Nematodes of
Brazil (2ra Part) Amphibian nematodes. Rev Bra Zool 7:549-626

Wells KD (2007) The ecology and behavior of amphibians. University
of Chicago Press, Chicago

Zuk M (1990) Reproductive strategies and disease susceptibility: an
evolutionary viewpoint. Parasitol Today 6:231-233. https://doi.
org/10.1016/0169-4758(90)90202-f

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).

Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access
control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is
otherwise unlawful;

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in
writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal
content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at

onlineservice(@springernature.com



mailto:onlineservice@springernature.com

