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ABSTRACT. Anurans vocalize in different social contexts, in which the advertisement call is the most disseminated.
Different endoparasites usually parasitize these animals, but how these endoparasite infections affect anuran
vocalizations remains unclear. Therefore, we investigate how endoparasite infections influence the advertisement call
and mating success of Physalaemus cuvieri. For that, we searched and recorded the advertisement call of this anuran at
a Caatinga area, during the rainy season from March to April 2021 and February to April 2022, totaling 63 sampling
days. After recording the advertisement call, we monitored their success in starting amplexus with females. In the lab,
we necropsied all collected individuals to see if some endoparasites infected them. We found a significant effect of the
parasite load only on call intervals — more parasitized individuals exhibited higher call intervals. In addition, we
observed that the less-weight individuals tended to be more parasitized. Lastly, only the male snout-vent lengths affected
the matting success in the studied population of Physalaemus cuvieri. The present study is an important contribution to

understanding how anuran health influences communication and sexual selection.
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Introduction

Different species usually emit visual and
auditory signals to attract sexual partners [1-3], and
amphibians are known to present a high diversity of
communication modes [4,5]. Amongst them, vocal
signals are predominant communication modes in
amphibians, and they might be used in different
social contexts, from territorial disputes to sexual
behaviors. For instance, salamanders demonstrate
reciprocity to mate by releasing pheromones [6],
whereas anurans interact with each other through
visual, chemical, and bioacoustic signals, besides
tactile stimuli [4,7,8]. Vocalization is the most
predominant means of communication in anuran
populations [4,9], which might be used in different

social contexts, from territorial disputes to sexual
behaviors [5].

Anurans might have different strategies to
communicate with each other and attract females,
including vocalization during the reproductive
period [5,10]. The advertisement call is the most
widespread within the anuran vocalization, acting as
a reproductive isolation mechanism, because it
contains characteristics for species recognition
[4,10,11]. Additionally, it provides information
about morphology, energy expenditure, and health
status of the calling males [4,12].

Comprehending how endoparasite infections
influence the bioacoustic parameters of anurans is
still unclear. For instance, the call duration of Boana
prasina was negatively correlated with endoparasite
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Figure 1. Schematic map of the sampling point where individuals of Physalaemus cuvieri were recorded and collected

in the state of Ceara, Northeastern Brazil

abundance [13]. In contrast, the call effort increases
with endoparasite infections in Litoria rheocola [14]
and Hyla japonica [15]. Lastly, no relation between
endoparasite load and bioacoustic parameters was
observed in Hyla versicolor and Scaphiopus couchii
[16,17]. Thus, once females choose males, usually
based on their advertisement calls [4,18], details in
the acoustic characteristics of males might be
valuable tools for their reproductive success [19,20].

Leptodactylids are one of the most conspicuous
groups of Neotropical anurans [21], which implies a
great variety of vocalizations since each species has
a specific advertisement call [11]. Among them,
Physalaemus cuvieri Fitzinger, 1826 is a small frog

widely distributed inhabiting natural and
anthropized lotic water ponds [22] and presents a
characteristic vocalization like a barking dog [23].
Parasitological studies showed that this anuran
tends to be infected by different endoparasite taxa
[e.g., 24-26]; however, little is still known about
how these infections influence their advertisement
calls and sexual selection.

Herein, we investigate the relationship between
endoparasite  infections and  bioacoustic
communication and mating success of P. cuvieri in
the Brazilian semiarid. We hypothesized that (i)
more parasitized anurans will emit lower and less
prolonged calls with longer intervals, (ii) less
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successful matings, and (iii) larger frogs will have
high parasite infection levels.

Materials and Methods

Study area

The present study was carried out in the rural
zone of the municipality of Lavras da Mangabeira
(Fig. 1), Ceara State, Northeast Brazil (06°49°53”S,
039°01°01”W). It is located in the Brazilian
semiarid region and has a tropical warm climate
with mean temperatures ranging from 26° to 28°C.
Rainfall is concentrated between January and April,
with an annual mean of 866.4 mm. It is inserted in
the Caatinga biome, and the main vegetation
comprises open shrubby caatinga [27].

Sampling

We searched for individuals of P. cuvieri during
the rainy season from March to April 2021 and
February to April 2022, totaling 63 sampling days.
The field expeditions occurred at night (18 h to 00

h) using visual [28] and auditory [29] searches as
sampling methodology.

When an active calling male was seen, his song
was recorded using a professional digital recorder
Marantz PMD660 with a unidirectional microphone
positioned at a maximum distance of 50 cm in front
of it for five minutes. To reduce the interference of
observers on behavior, we started to record behavior
10 minutes after an individual had been detected.
Then, we observed during the field expedition (18 h
to 00 h) if the calling male mated (named as
successful mating). All recorded calling males,
regardless of their successful mating, were collected
and carried out to the lab, where they were
euthanized with an injection of lidocaine. We
measured the snout-vent length (SVL) of each
anuran with a digital calliper (0.01 mm) and
weighed (mass) using a weighing scale (Pesola®).
These measures were used to investigate how the
anuran body size is related to bioacoustic
parameters and endoparasite infections.
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Figure 2. Spectrogram and oscillogram of the advertisement call of Physalaemus cuvieri in the state of Ceara,

Northeast Brazil
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Bioacoustic parameters

We sampled the digital recordings at 44.1 kHz
with 16 bits resolution and saved in uncompressed
wave files. We analyzed these recordings on a
personal computer using Raven Pro 1.3 [30], with
the following settings: Hamming window function;
DFT size 256-point samples; brightness = 74%;
contrast = 76%; time grid overlap = 50%. We used
the R packages “Seewave” [31] and tuneR [32],
with the following settings: FFT size of 512 points,
Hanning window, and 90% of overlap to produce
audiospectrograms and waveforms. For statistical
analyses we described the following temporal and
spectral parameters: call repetition rate (CR), call
duration (CD), inter-calls intervals (CI), and
dominant frequency (FD). See [11] for the
bioacoustics terminology.

Parasitological procedures

In the lab, we necropsied and examined the
presence of endoparasites in the gastrointestinal,
respiratory, and urinary tract, and the abdominal
cavity of each collected individual of P cuvieri.
Each endoparasite was treated following classic

methodologies for each taxon [33,34]. Lastly, we
measured the following parasitological descriptors:
prevalence and abundance [35]. Endoparasites were
deposited in the parasitological collection of the
Universidade Federal do Ceara, Fortaleza, Brazil.

Statistical analyses

We used generalized linear models (GLM) to
investigate the effect of endoparasite abundance on
bioacoustic parameters. General model = (response
variable (CI, CD, or FD) ~ endoparasite abundance,
family = Gamma (link = ,,log”), data = dados). We
checked the residuals’ normal and homoscedastic
distribution of all models with 5% significance
values adopted using the Shapiro-Wilk and
Breusch-Pagan tests, respectively. We also tested
how the anuran body size influenced endoparasite
infections using the GLM test [(SVL or mass) ~
endoparasite abundance, family = gaussian (link =
identity”’) and family = Gamma (link = ,,]log”), data
= dados)]. Residuals’ normal and homoscedastic
distribution were also checked.

Lastly, we tested if the bioacoustic parameters,
endoparasite abundance and anuran body size

Table 1. Endoparasite taxa infecting Physalaemus cuvieri in the municipality of Lavras da Mangabeira, Ceara State,

Northeastern Brazil

Taxa N P% MI SF Stage
Acanthocephala
Cystacanths of Centrorhynchidae 1 4.35 1 Ca Larvae
Cystacanths of Oligacanthorhynchidae 4 8.7 2 St,Ca  Larvae
Nematoda
Aplectana sp. 1 8.7 1 Si,Li  Adult
Cosmocerca parva Travassos 1925 1 4.35 1 Si Adult
Cosmocercidae 3 8.7 1.5 Li Larvae
Qo et S G sy iy ss s A
Oxyascaris sp. 18 4.35 18 Si Adult
Filariidae 1 4.35 1 Ca Larvae
Physaloptera sp. 21 39.13 23 St Larvae
Rhabdias sp. 1 4.35 1 Lg Adult
Trematoda
Metacercaria 2 8.7 1 Kd Larvae

Explanations: — endoparasite abundance (N), prevalence (P%), mean intensity of infection (MI), site of infection (SF):
abdominal cavity (Ca), stomach (St), small intestine (Si), larger intestine (Li), lungs (Lg), and kidney (Kd)
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Figure 3. Significative relationships between inter-call intervals (a) and mass (b) with the endoparasite abundance;

and SVL with mating success (c) of Physalaemus cuvieri

influenced the mating success using the GLM test.
General models were mating success ~ bioacoustic
parameters, endoparasite abundance or anuran body
size, family = binomial (link = ,logit”), data =
dados). Residuals’ normal and homoscedastic
distribution were also checked. Statistical analyses
were performed using the r packages ggplot2 [36],
performance [37], and vegan [38].

Results

We recorded 2050 calls from 41 males of P
cuvieri, whose typical advertisement call consists of
a single note ranging from 0.24 s to 0.39 s (mean +
standard deviation: 0.32 + 0.02 s). The dominant
frequency ranges from 750.0 Hz to 1,280.0 Hz
(826.1 + 115.87 Hz) with five S-shaped pronounced
harmonics and some subharmonics in the first half
of the call, whereas the inter-call intervals range
from 0.52 s to 1.72 s (0.94 £ 0.29 s) (Fig. 2).

Among the necropsied individuals of P. cuvieri,
23 were found to be infected by at least one species
of endoparasite, resulting in a prevalence (Prev.) of
56.09%. We found 103 endoparasite specimens
belonging to phyla Acanthocephala, Nematoda, and
Platyhelminthes (class Trematoda) distributed in 11
taxa, in which Oswaldocruzia belenensis Santos,
Giese, Maldonado, and Lanfredi, 2008 (N = 50, Prev.
= 39.1%) and Physaloptera sp. (N = 21, Prev. =
39.1%) had the highest abundance and prevalence
values, respectively (Table 1). It was the first record
of O. belenensis parasitizing the Physalaemus genus.

We found a significant effect of endoparasite
abundance only on inter-call intervals (T = 2.102, P

= (0.04), whereas call repetition rate (T = -1.876, P =
0.07), call duration (T = -0.544, P = 0.592), and
dominant frequency (T =1.657, P=0.111) were not
influenced by the abundance of endoparasites. In
this sense, more parasitized individuals had longer
inter-call intervals (Fig. 3a). Additionally, we
observed that less-weight individuals were
significantly more parasitized (T = -3.92, P =
0.0006; Fig. 3b) whereas the SVL (T = -1.525, P =
0.14) had poor influence on parasitological
infections.

In general, we observed that 21 males
successfully mated, but neither the bioacoustic
parameters (p > 0.05) nor the abundance of parasites
affected the mating success (z = -1.067, p = 0.286).
Only the SVL significantly influenced the mating
success (z = 2.061, p = 0.039), whose larger
individuals tended to mate more successfully (Fig.
3c).

Discussion

Almost half of the collected individuals were
infected by at least one endoparasite taxon, with
nematodes having the highest species richness and
abundance. Nematodes are usually abundant in
Neotropical frogs [39], moreover, for terrestrial and
semiaquatic species, because it facilitates
endoparasite infections with a direct lifecycle [40].
In addition to having the highest abundance in the
population of P. cuvieri studied, Oswaldocruzia
belenensis was rarely reported parasitizing anurans
[41,42], and our record represents the first record of
this endoparasite infecting P. cuvieri. With the
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exception of Cosmocerca parva and O. belenensis,
the remaining taxa could not be identified due to
their developmental stage, or the lack of males
present in the sample.

We noted that more parasitized individuals
tended to have longer inter-call intervals, which
may be associated with the energy expenditure to
fight these infections because infected hosts may
have different ways of allocating energy [43,44].
The energy expenditure to emit advertisement calls
is related to some bioacoustic parameters [45—47].
Therefore, anurans with high levels of endoparasite
infections have less energy to emit advertisement
calls in a shorter period. Other bioacoustic
parameters were not influenced by endoparasite
abundance; however, more studies dealing with
different species are still needed to understand how
endoparasite infections affect the anuran health and,
consequently, their advertisement call.

We also found an inverse relationship between
endoparasite abundance and the mass of anurans, in
which heavier individuals were less parasitized.
Endoparasites infecting the gastrointestinal tract
might consume the host’s nutrients, thus reducing
their weight [48]. This relationship was already
reported for other anurans, such as bufonids [49,50].
Some endoparasite infections influence anuran
growth [51], and our results suggest that high
endoparasite infections might cause negative
impacts on host health. Endoparasite infections
have no relationship with anuran SVL as observed
in other studies [52,53].

We observed that anurans SVL had a pronounced
influence on mating success, with larger males
tended to be more chosen by females. In general,
larger anurans have the highest fitness and,
consequently, might have greater survival capacity
and reproduction, and they are better resource
competitors [54-56]. Females use bioacoustic
parameters from the anuran’s advertisement calls to
identify males of its species for mating [4]. Still,
these parameters do not influence the sexual
selection by females in the population of P. cuvieri
studied. Therefore, females may use bioacoustic
parameters to identify males of their species and
locate them, later selecting the larger males visually.

The endoparasite infections did not affect mating
success in the studied population. While reduced
mating success is often a common consequence of
endoparasite infections [57-59], parasitized hosts
can still reproduce normally if they become
unrecognizable to females in terms of their

parasitism [15,60]. In addition, the anuran SVL was
the leading filter in explaining the mating success,
which is not influenced by endoparasite infections.
Therefore, as the endoparasite infections only
influenced the inter-call intervals, which was also
not a determining factor in the female choice,
parasitized males went unnoticed by the females’
choices.

Although endoparasite infections influence the
bioacoustic parameters of P. cuvieri, our results
support that they were not the primary driver of
male mating success. In contrast, the anuran snout-
vent length (SVL) had a pronounced effect on the
female choice, in which larger anurans had more
mating success. The present study contributes to
understanding how endoparasite infections affect a
population of P. cuvieri regarding advertisement call
and mating success; however, we suggest more
studies testing these assumptions in controlled
environments are still needed to understand the best
drivers of anurans’ sexual selection.
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