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Abstract. The vocal activity of males, crucial for successfully mating in many amphibian species, could differ according to different
biotic or abiotic factors. In populations living in urbanized areas, calling activity patterns may deviate significantly from their
typical patterns in natural environments. Using passive acoustic monitoring during one breeding season, we assessed the calling
activity of three rural and three urban populations of Bufotes viridis to consider the effect of the contrasting habitats on breeding
phenology. We assessed the relationship between calling activity, i.e., the number of positive minutes per site, and three
environmental cues (precipitation, air temperature, and seasonality) revealed air temperature as the main factor affecting species
vocalization, which had a negative effect on calling activity. We noted a deviation from the decreasing call activity pattern during
the late breeding season in two urban sites in June and July when calling was notably increased, probably reflecting human

intervention in the breeding habitats.
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Introduction

Acoustic communication in anurans is a common behavior
mainly observed during breeding when males prevailingly
produce advertisement calls to attract potential mates and
delimit their territories (Toledo et al. 2015, Simmons
& Narins 2018). Male frogs often call-in loud choruses,
which may be heard many kilometers away (Narins et al.
2007, Kohler et al. 2017). Choruses, including large densities
of individuals, are typical for so-called explosive breeders
using temporary pools which change in location from year
to year; therefore, their breeding season is intense and short.
In contrast, prolonged breeders attract females by vocalizing
to their calling sites and exhibiting breeding activity during
a prolonged reproductive season. Moreover, vocalization
parameters are considered by females to approach and
choose the male (Wells 1997, Castellano et al. 2000b, Saenz et
al. 2006).

Timing and length of reproductive activity and
oviposition are primarily determined by abiotic factors such
as temperature, precipitation, and hydroperiod of breeding
sites or their interactions, which influences may vary among
species (Dodd 2010, Schalk & Saenz 2016). Air temperature
and rainfall can positively stimulate anuran calling activity
(Navas & Bevier 2021, Pérez-Granados et al. 2020), but some
species displayed a rather negative or neutral relationship to
these factors (Brown 2013, Ospina et al. 2013). Rainfall can
strongly affect species breeding in ephemeral ponds, while
increasing air temperature can cause their desiccation and
therefore shorten the breeding season (Saenz et al. 2006,
Sicilia et al. 2006). Other environmental predictors, such as
humidity or wind, can also trigger calling activity in anurans
(Saenz et al. 2006, Brown 2013).

Comparing natural conditions, in highly human-
modified environments, the calling activity of anuran species
could be influenced or modified; in addition, urbanized
environments could provide limited reproductive sites or
play the role of ecological traps. For example, anthropogenic
noise can interspecifically inhibit or stimulate the chorusing

activity of calling males or potentially mask the transmission
of acoustic signals (Sun & Narins 2005, Bee & Swanson 2007,
Vargas-Salinas et al. 2014, Liu et al. 2022).

The European green toad, Bufotes viridis (Laurenti, 1768),
is a tolerant species showing an adaptation plasticity to
various ecological factors (e.g., Katz 1973). It can rapidly
colonize new habitats, including temporal water bodies in
urban areas in large European cities (e.g., Ensabella et al.
2003, Kaczmarski et al. 2019, Vences et al. 2019, Mazgajska
& Mazgajski 2020, Zhelev et al. 2020); even though
a significant decrease in some populations in urban areas has
been reported (Konowalik et al, 2020). Its prolonged
breeding season in Central Europe begins in March/April
and last usually three months; however, a certain variability
has been recorded (Kovécs & Sas 2010, Kaczmarski et al.
2019). The green toad advertisement call is characterized by
a trill or a series of single-type notes. Each call comprises
10-20 trilled notes separated by variable internodes. The
notes have mostly a constant structure, with an ‘opening
phase’ in which the pulse amplitude increases and a ‘stable
phase’” in which the pulse amplitude does not vary markedly
(Giacoma et al. 1997, Castellano et al. 2000a).

In this preliminary study, we assessed the calling
phenology and diel vocalization activity patterns of B. viridis
from eastern Slovakia inhabiting the reproductive habitats in
an urbanized area and three reproductive habitats in rural
areas; we also assessed the influence of environmental cues
on the calling activity of green toads in these contrasting
landscapes.

Material and methods

Study site
We selected for the study six breeding sites from two landscapes

with different land use purposes, urban and rural, in eastern
Slovakia (Fig. 1). The three urban sites were located in the
agglomeration of Kosice, the second largest city in Slovakia: Mestsky
park — uMSP, 48.724°N, 21.264°E, 205 m a.s.]; Sidlisko KVP — uKVP,
48.715°N, 21.212°E, 298 m a.s.l.; and Zuzkin park — uZUZ, 48.719°N,
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21.238°E, 243 m a.s.l.). These sites were parks with a varying cover of
native bush and tree vegetation separated by buildings, roads, and
other constructions. Artificial reproductive sites (fountains) with
periodic or permanent water serving as breeding sites occurred in
urban sites. The three rural sites were located 15-23 km SW from the
city’s periphery. Two of them (Cestice — rCES, 48.576°N, 21.090°E,
203 m a.s.l; Mokrance — rMOK, 48.587°N, 21.022°E, 194 m a.s.lL)
were located in farmland with various natural shallow temporary
ponds. Another site (Drienovec — rDRI, 48.620°N, 20.932°E, 192 m
a.s.l) represented a limestone quarry with an artificial lake and
temporary larger water puddles within it and situated in the middle
of arable land. The smallest size of breeding pools was observed in
ephemeral ponds at uZUZ and rDRI study sites (up to ca. 100 m? or
less). Larger permanent ponds of uKVP and uMSP (respectively cca.
300 m? and 800 m?) were more similar to the periodic ponds at rCES
and rMOK; however, their size could vary depending on rainfall.
Given the results of the population structure of the study
populations, we assessed the population size of rural sites and uMSP
cca. 100-200 or more individuals. While at the other two urban sites,
population size might be significantly reduced due to the revealed
different population structures, probably due to anthropic influence,
i.e., higher urban development density and human disturbance
(Vargova et al., own unpublished data).

49°N

48°N

(b)
&

DRI

H forest, parkland
urbanized area, roads
W water bodies
T 1
0 1 2km

T

Figure 1. Location of six populations of Bufotes viridis in eastern
Slovakia (a, urban populations in the city of Kosice; b,
populations in the adjacent rural area).

Recording protocol
We used AudioMoth automated recording units (Hill et al. 2018)

to monitor the calling activity of green toads at each site from May to
August 2021, when we conducted a total of 16 evening recordings
(ca. one per week) lasting four hours from sunset. This period covers
the phenology of green toad reproduction in the Central and Eastern
European species range (e.g., Kovacs & Sas 2010, Kaczmarski et al.
2019). The automated recording units in the waterproof case were
placed half-meter above ground near the breeding site, with the
microphone directed toward the assumed calling activity and
programmed to record each hour as a separate recording at
a sampling rate of 48 kHz. In addition, the presence and duration of
rain were identified in all the recordings based on the sound of
raindrops on the recorder cover. We measured the air temperature at
all sites every two hours using iButtonDS1921G dataloggers (Maxim
Integrated Products, Inc., USA), and the average day value was used
for further analysis. The recordings of all four hours were analyzed
continuously  for with the green
advertisement call in Kaleidoscope Lite software (Wildlife Acoustics,
Inc., USA) with FFT 1024 based on spectral and temporal characters
reported in European populations (e.g., Giacoma et al. 1997,
Castellano et al. 1999, 2002).

positive minutes toad’s

Statistical analyses
We determined differences in the total number of positive minutes
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with calling activity between the sites by the non-parametric
Kruskal-Wallis ANOVA test using the R 4.1.3 software (R Core Team
2022). The nonlinear pattern in the calling activity of green toads was
explored using a multivariate generalized additive model (GAM)
with Gaussian error distribution (Wood 2019). The number of
positive minutes of calling activity per day examined 240 minutes as
a response variable explained by the date, the intensity of rain
(number of minutes of rain recorded during session), and air
temperature (daily average calculated from 24 h before the end of the
session). The effects of these continuous predictors were fitted with
penalized regression splines. Using a factor-smooth
interaction, we calculated a different smooth for each site (fixed
factor) in the R package ‘mgcv’ 1.8-28 (Wood 2019).

cubic

Results

From May to August 2021, we successfully recorded 16
evening sessions (240 minutes from sunset) at each study
site. Precipitation was registered near half of the recordings
(Fig. 2). We did not find differences in the total number of
positive minutes with calling activity among the sites
(x2=5.24, df = 5, p = 0.39; Fig. 3).

The GAM model, using date, rain intensity, and air
temperature as explanatory variables, showed different
approximate significances of the factor-smooth interactions
in nonlinear patterns in the calling activity of green toads at
the study sites. The spline fits of activity at most sites
decreased during the season, while two urban sites (uUMSP,
uZUZ) had an apical increase in the later season (June/July).
There was no significant effect of rainfall; however, the effect
of temperature fitted with the spline was significantly
negative with calling activity (Fig. 4, Table 1). The deviance
explained (the goodness-of-fit statistics) in the GAM model
was 67.1%.

Discussion

In this study, we analyzed the calling activity of green toads,
emphasizing the possible different activity patterns during
the season caused by the environmental variables and
contrasting which the particular
populations bred. We did not find differences in the number
of positive minutes within calling activity in urban and rural
habitats; moreover, despite different population sizes, that
could affect calling intensity (Kovécs & Sas 2010). At two
urban sites (uMSP and uZUZ), we observed a deviation
from decreasing calling activity during the breeding season
when increased acoustic performance was recorded at these
two sites at the end of the breeding season in June and July.
This is in contrast with the pattern observed in the other
parts of the species’ range, for example, in a rural population
in northern Sicily, where the absence of active vocalizations
was reported in July (Sicilia et al. 2006), or in an urban
population in the city of Oradea (Romania) even earlier in
June (Kovacs & Sas 2010). This uncharacteristic fluctuation
was probably caused by the functionality of the fountain in
the City Park (uMSP), where due to maintenance reasons
until May, the breeding individuals relied only on the
reduced and periodical water level from rainfall with
a depth of only 15 cm.

environments in
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Figure 2. Calling activity of green toads at the six study sites during the season. Positive minutes (red) and occurrence of rainfall (blue)
during the 240-minute-long recording sessions (black tick marks on top).
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Figure 4. Predicted probability of calling activity of green toads at the six sites as a response to date, the intensity of rainfall, and
outdoor temperature, derived from a generalized additive model. Spline fits (lines) are shown with 95% confidence limits.

Table 1. Approximate significance of smooth terms of a generalized
additive model explaining singing activity (number of minutes of
calling green toads) by date, with a factor-smooth interaction for
each site and intensity of rain (number of minutes) and outdoor
temperature (daily average)

effective df F P
date 1.64 0.41 0.612
date x rCES 1.09 0.42 0.680
date x rDRI 5.01 2.06 0.069
date x rMOK 0.86 0.26 0.639
date x uKVP 0.86 0.00 1.000
date x uMSP 5.88 4.61 0.000
date x uZUZ 4.63 3.93 0.003
rain 1.00 2.69 0.106
temperature 1.00 4.32 0.041

Later, the fountain was put into operation in May and June,
and the structure was again filled to 1.2 m deep in its center.
Thus, the filling of the fountain certainly caused an increase
in acoustic activity, as the water body was more attractive
for breeding. Similarly, in the Zuzkin Park (uZUZ), at the
beginning of the reproductive season, the individuals relied
exclusively on temporary ponds, but later, aside from
rainfall, the water was artificially filled at regular intervals.
These human-altered hydroperiods may result in distinct
patterns for the toad’s breeding phenology (Mazgajska &
Mazgajski 2020).

Changes in pond hydrology, and thus breeding
phenology, may affect the growth of larvae and
metamorphosis (Corn 2005, Mazgajska & Mazgajski 2020).
On the other hand, warmer and more stable urban
environments could favorably influence the onset of the
breeding season in some amphibian species (Mazgajska

& Mazgajski 2020). Earlier start of the breeding season, i.e.,
beginning in April or even at the end of March, have been
observed in green toads living in an urban environment in
Central Europe (Kaczmarski et al. 2019, Kaczmarski & Szala
2020, Mazgajska & Mazgajski 2020). We detected the first
calls in April, and similar to other authors, we recorded the
last calls of B. wviridis in July, mainly in urban sites. In
addition, less rainfall in July caused decreased water in the
temporary ponds in rural areas, while individuals in the
urban sites were unaffected by the availability of breeding
sites with human-regulated hydroperiods. We observed
a negative relationship between the air temperature and the
calling activity of the green toads. This finding does not
conform with the previous concept of the positive influence
of increasing air temperature on the acoustic activity of
several anuran representatives (Steelman & Dorcas 2010).
However, some species displayed a negative response. For
example, calling of Amnaxyrus woodhousii was negatively
correlated with increasing temperature over 24 °C (Saenz et
al. 2006), or significant temperature descending was
associated with nights when frequent callings of Epidalea
calamita occurred (Banks & Beebee 1986). In addition, the air
temperature had a negative effect on the total number of
calls for four sympatric direct-developing frog species (Van
Sluys et al. 2012). However, temperatures tend to be higher
in urbanized areas than rural areas (e.g., Han et al. 2014,
Zelenakova et al. 2015). This phenomenon, known as the
urban heat island effect, probably has a long-term negative
impact on amphibians living in cities, but its impact on
calling phenology and diel activity pattern of urban
amphibians should be the subject of future research.

Rainfall and relative humidity level, in general, have
a positive influence on the calling activity of several anuran
species (e.g., Oseen & Wassersug 2002, Steelman & Dorcas
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2010, Van Sluys et al. 2012, Perez-Granados et al. 2019).
However, members of the family Bufonidae avoid calls
during rain events, probably due to the acoustic interference
produced by the heavy rain (Dorcas & Foltz 1991). In
contrast, our observations indicate no effect of rainfall on the
calling activity of B. viridis.

To conclude, air temperature is a main driver for
advertisement call emission by B. viridis, with a negative
effect on call emission of individuals. The environment type,
i.e.,, urban and rural habitat and rainfall, did not significantly
affect the calling activity of the species. The increase in
calling activity in June and July at two urban sites was
probably caused by the human-induced changes in the
water regime of the artificial reproductive habitats.
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