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Citizen science reveals broad-scale variation of calling activity of the
Mediterranean tree frog (Hyla meridionalis) in its westernmost range
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Abstract. Population monitoring is essential to determine different aspects of the ecology and conservation of the species.
In anurans, recording the acoustic activity of choruses allows surveying populations. Therefore, knowing the timing of
male calls is fundamental to achieve this goal. Here we monitored calling activity of the Mediterranean tree frog (Hyla
meridionalis) at eight localities in southern Iberian Peninsula and western North Africa in the frame of a citizen science
program. Subsequently, after summarizing call activity with Non-metric Multidimensional Scaling, we aimed to identify the
geographic and environmental variables that associate with the calling activity of frogs. The results of the 258-hour census
showed that male tree frogs called mainly from December to July, although the duration and intensity of choruses varied,
depending on the elevation and seasonality of the water bodies. Males sang earlier and had more durable call activities at
lower elevation sites, which are sites with higher and more stable ambient temperatures. Also, calling activity was lower in
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sites where water fluctuates more over the annual cycle. Our results provide a first overview of the calling activity of the
Mediterranean tree frog over a relatively large set of populations encompassing a wide variety of environmental conditions
in its westernmost range of distribution. However, further studies relying on more intensive sampling, likely using automatic
recorders, would be desirable to achieve a full understanding of the calling activity of tree frogs in the region.

Keywords: advertisement calls, breeding choruses, citizen science, environmental factors, phenology, population monitoring.

Introduction

Knowing the occurrence and size of popula-
tions is a key premise to understand the ecology
of species and for assessing their conservation
status. In vertebrates, the size of populations
is estimated through censuses, which vary in
methodology depending on the biology of target
taxa (Davis, 1982; Sutherland, 2006; Eyre et al.,
2018). Anurans mostly rely on vocalizations for
communication, thereby call detection provides
a relatively effective method for monitoring
their populations (Dorcas et al., 2009). Hence,
knowing when frogs are vocally active becomes
fundamental, especially for anurans inhabiting
temperate zones as the Mediterranean, where
breeding and song activities occur in a nar-
row temporal window, and particularly so for
species with flexible reproductive phenology,
as the Mediterranean tree frog (Hyla meridion-
alis) (Díaz-Paniagua, 1992; Jakob et al., 2003;
Sillero, 2014), the target of the present study.

Different environmental factors such as ambi-
ent temperature and water availability have been
identified as predictors of anuran calling activity
(Richter-Boix et al., 2007; Márquez et al., 2014;
Sillero, 2014). The vocal activity of Mediter-
ranean tree frog has been analyzed in several
study sites with varying ecological conditions
(Gerhardt and Schneider, 1980; Crovetto et al.,
2019). In Iberia, previous studies were done
comparing frog vocal activity between locali-
ties with extreme temperature (either high or
low) or covered a very small geographical scale
(Llusia et al., 2013a, b, c; Márquez et al.,
2014). This might be unfortunate because fac-
tors influencing frog calling activity might dif-
fer between localities due to microscale vari-
ations (Brooke et al., 2000; Pérez-Granados
et al., 2020), then urging for multi-population

approaches to achieve a better understating of
frog calling activity.

The Mediterranean tree frog is included
within the “least concern” category in the Red
List of the IUCN (2021). However, according to
Spanish law the species is in the “List of wild
species under special protection” (Real Decreto
139/2011, de 4 de febrero, BOE, 46, de 23 de
febrero de 2011), needing a periodic evaluation
of their state of conservation. In this context,
the present work aims to broaden the knowl-
edge of the calling activity of this species in
the southern Iberian Peninsula and northwest-
ern Maghreb, its main area of distribution on
a global scale (Schleich et al., 1996; Arnold,
2003). Specifically, here we adopted a multi-
population approach to study the phenology
of frog vocalizations over a broad geographi-
cal scenario encompassing huge environmental
variation within the species’ distribution area in
its westernmost range of distribution. Our main
goal is to help clarifying the activity thresh-
olds of breeding choruses in this region, for
application in future studies for detection and
monitoring of this species. On a more global
scale, this study will enable comparisons of pro-
jected future expansions and regressions of the
Mediterranean tree frog within its distribution
area (Sillero, 2009, 2010). Finally, the obtained
data will be useful to refine distribution mod-
els of this species in relation to climate change
(Rodríguez-Rodríguez et al., 2020a, b).

Materials and methods

Study sites

We studied breeding choruses of the Mediterranean tree frog
at eight localities comprising southern Iberian Peninsula and
northwestern Maghreb (see fig. 1).

Whereas the North African populations of the Mediter-
ranean tree frog are considered native, the Iberian and
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Figure 1. Geographical location of the study sites: 1, Lagoons of Adra (Adra river delta, Almería province, Spain); 2,
Suárez pond (Guadalfeo river delta, Granada province, Spain); 3, lagoon of Güéjar Sierra (Sierra Nevada mountains, Granada
province, Spain); 4, lagoon of Tocón de Quéntar (Sierra Nevada mountains, Granada province, Spain); 5, backwater of Jimera
de Líbar (Guadiaro river of the Serranía de Ronda mountains, Málaga province, Spain); 6, Kola pond (massif of Gurugú,
Nador province, Morocco); 7, Ceuta pond (on the Tingitana peninsula, autonomous city of Ceuta, Spain); 8, lagoon of San
Lorenzo (Canary islands, Las Palmas province, Spain).

Canary ones were probably introduced during historical
or, even earlier, prehistoric times (Dufresnes and Alard,
2020). Regardless of their origin, all sampled localities were
selected in order to encompass as much as possible the
range of environmental conditions where the species inhabit
(table 1). The altitude ranges of the eight localities varied
from sea level (Adra lagoons and Suárez pond) to the high-
mountain, reaching the elevational limit for the species in
Iberia (Fernández-Cardenete et al., 2000) in Tocón de Quén-
tar (maximum elevation of 1279 m a.s.l.; table 1).

Survey of calling activity

Nocturnal estimations of male calling activity at each site
were made once a month by hearing between February
2018 and February 2019. 17 researchers made estimations,
each one counting in one single site throughout the study
period. Although it would have been preferable that the
same researchers estimated frog calling activity in all local-
ities to minimize inter-observer variability, this was not
possible, as this is a citizen science study in which travel
expenses were limited. Nonetheless, all the researchers were
familiar with the calls of the species and were previously
trained with call recordings. To this end, all researchers esti-
mated the number of males calling in 12 recordings of tree

frog choruses of different size (ranging between 1 and 1000
males) obtained by experienced researchers that had esti-
mated the number of males calling in the field. Estimations
were blind with respect to the number of males estimated in
the field, and revealed that the degree of correlation between
the 17 researchers was high and significant (r > 0.5 in all
cases, see table A2 in the Appendix). Moreover, estimates of
number of males calling by the 17 researchers were highly
and significantly correlated with those made by the experi-
enced researchers (r > 0.7 in all cases, see table A2). This
suggests that the 17 researchers participating in this study
had a similar ability to estimate differences in number of
the males calling in the field and, hence, that differences
between researchers should not have greatly affected the
patterns detected in our study.

The period of the day with the greatest likelihood of call-
ing, i.e. the two hours after sunset (e.g., Márquez et al.,
2014), was selected for the censuses, for a total of 258 h of
sampling time. We avoided sampling those days with strong
wind, rain or anthropogenic noise that could have interfered
with call detection. Moreover, we avoided sampling dur-
ing nights with clear, moonlit skies having more than 50%
brightness, as moonlight may influence the breeding and
detection probability of anuran, as Hyla species (Dorcas et
al., 2009; Vignoli and Luiselli, 2013; Onorati and Vignoli,
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2017). Samplings were initially scheduled for the first week-
end of each month, but moved to the following weekend if
climatic conditions or moonlight might influence call detec-
tion. For more details about the census method, see e.g.,
Dorcas et al. (2009).

Researchers counted the maximum number of males
calling in each locality. When more than one researcher
sampled in a locality, the highest estimate was used. From
the compiled data, we calculated the (i) start (i.e., months
elapsed from October, that is the month of the annual cycle
in which we detected the earliest vocalization in any locality,
to the month of the first vocalization), (ii) maximum inten-
sity (i.e., months elapsed from October to the month of the
maximum number of calls), (iii) end (i.e., months elapsed
from October to the month of the latest vocalization), and
(iv) duration (i.e., number of different months with detected
call activity in the study annual cycle) of the choruses in
each locality. Hence, all localities were evenly represented
in our sample by one value of start, maximum intensity, end
and duration of call, excluding potential noise due to varia-
tion within locality.

Predictors of geographical and environmental variation in
calling activity

It has been described that the spatial location and water
availability of the species are key factors that determine
the breeding of the Mediterranean tree frog (Díaz-Paniagua,
1992; Schleich et al., 1996; Richter-Boix et al., 2007; Llusia
et al., 2013a, b, c; Márquez et al., 2014; Sillero, 2014).
Specifically, for each locality we retrieved information on
(1) latitude, (2) elevation, and (3) water seasonality, to
analyze its relationship with the calling activity of the
anuran. The water seasonality was estimated visually in the
field as the mean monthly value of relative fluctuation of
water level with respect to the maximum annual flooding at
each locality (expressed as ((

∑ |prfi − (
∑

prfi/m)|/m) ×
100)/prfmax, where “prfi” is the maximum monthly depth
of the water in the month “i”, “prfmax” is the maximum
annual depth of water, and “m” is the n° of months sampled
at each locality).

On the other hand, variation in climatic parameters such
as precipitation and temperature may lead to changes in the
daily pattern in the breeding activity of anurans between
consecutive days or between similar periods in different
years with contrasting climate (Richter-Boix et al., 2007;
Llusia et al., 2013a, b, c; Márquez et al., 2014). However,
the low sampling effort of our work did not allow us to
find causal relationships between climate parameters vary-
ing on a daily basis and the calling activity of frogs esti-
mated on a monthly basis. Instead, our study allows us to
evaluate the differences in the seasonal pattern of calling
activity at the biogeographical scale and hence to study
large-scale geographical determinants of frog call activity.
For this reason, climatic variables varying on a daily basis
were not considered at the first glance in the statistical anal-
ysis. However, we still calculated for each locality large-
scale climatic conditions during the last 10 years (i.e., mean
ambient temperature, mean ambient temperature range and
mean annual precipitation) based on daily data from 2009

to 2019 retrieved at the closest climatological station of
the Junta de Andalucía (https://www.juntadeandalucia.es/
agriculturaypesca/ifapa/ria/servlet/FrontController) and the
Ministerio para la Transición Ecológica y el Reto Demográ-
fico (https://datosclima.es/Aemethistorico/Estaciones.php).
This allowed us to study how large scale geographical varia-
tion covaries with large scale climatic variation and enriched
our discussion on the causes of patterns of calling activity.
The values of each of the variables for the different localities
are in the table 1.

Data analyses

As a first step, we described variation in frog call activity by
applying a Non-metric Multidimensional Scaling (NMDS)
approach, using Vegan package (Oksanen et al., 2014) in R
(version 3.6.0., R Core Team, 2019), on the four call vari-
ables. The NMDS yield low-dimensional geometric space
from the proximities between a set of objects, and it is a suit-
able ordination method for data that are not normal or that
are on a discontinuous or arbitrary scale, such as the four
call variables from the tree frog. This analysis was made
from the Bray-Curtis dissimilarity matrix, with two dimen-
sions and a maximum of 1200 iterations. In a second step,
aiming to preliminary identify major drivers of variation in
calling activity, we studied covariation between emerging
NMDS axis and latitude, elevation and water seasonality,
by running Pearson correlations (applying the Envfit func-
tion with 999 permutations).

Closer frog populations are more likely to share com-
mon geographical and climatic features affecting frog call
activities than more distant ones, urging for a test of spa-
tial independence in the patterns of frog calling activity. We
studied the association between the matrix of pair-wise dif-
ferences in geographical distance between frog populations
and the Bray-Curtis dissimilarity matrix obtained from the
NMDS analysis describing dissimilarity in the calling activ-
ity (Legendre et al., 2005). This was done using the Mantel
test with the “Mantel” function of the Vegan package in R
(Oksanen et al., 2014).

Finally, we explored covariation between latitude, ele-
vation and water seasonality, and climatic variables (mean
ambient temperature, mean ambient temperature range and
mean annual precipitation) across the localities by mean of
Pearson correlations, setting the statistical significance in
the correlation tests at P � 0.05 (Betensky, 2019).

Results

Mediterranean tree frog call activity usually
began in December-March with few advertise-
ment calls that augmented over the months
reaching their maximums in February-May.
Then vocalizations gradually declined and
mostly ceased in June-July, before the summer-
autumn period, when calling activity became

https://www.juntadeandalucia.es/agriculturaypesca/ifapa/ria/servlet/FrontController
https://www.juntadeandalucia.es/agriculturaypesca/ifapa/ria/servlet/FrontController
https://datosclima.es/Aemethistorico/Estaciones.php
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Figure 2. Calling intensity according to the estimated abundance of male frogs active in the breeding choruses over the annual
cycle at the study sites sampled for the Mediterranean tree frog (Hyla meridionalis) by region. A, coastal localities of the
Iberian Peninsula; B, inland localities of the Iberian Peninsula; C, North African locality on the Mediterranean; D, North
African localities on the Atlantic and the Strait of Gibraltar.

null or minimum (mostly from August to No-

vember). Nevertheless, temporal patterns of

calling differed among localities. In this sense,

while the North African study sites registered

their maximum and end of calling activity

respectively in February-March and May-June,

the South Iberian ones did so later, respectively

in April-May and June-July (fig. 2).

Elevation and water seasonality, but not lat-

itude, were significantly associated with the

NMDS ordination axes summarizing calling

activity (table 2). Specifically, the NMDS ordi-

nation illustrates an altitude gradient from the

upper left corner to the lower right corner

(fig. 3), with the main descriptors of the sea-

sonal pattern aligning along this gradient. The

calling activity started and reached its maxi-

mum activity earlier, and lasted longer, in the

coastal and lower altitude localities, than in the

mountainous and highest sites (fig. 3). On the

Table 2. Squared correlation coefficients (r2) between the
geographical and environmental variables, and the axes of
the NMDS ordination for the parameters that characterized
the temporal pattern of calling activity of the Mediterranean
tree frog (Hyla meridionalis) at the eight study sites. Rela-
tionships have been assessed using the Envfit function in
Vegan. The values in bold indicate the variables showing
statistically significant correlations (P � 0.05).

Variables r2 P

Latitude 0.52 0.13
Elevation 0.65 0.05
Water seasonality 0.95 0.00

other hand, in the NMDS ordination water sea-
sonality increased from the lower left corner
of the figure (Suárez) to the upper right corner
(Kola). The higher the seasonality, the earlier
the maximum and the end of the vocalizations
occurred (fig. 3). The duration of the choruses
was also shorter in the localities with higher sea-
sonality (fig. 3).

Mantel tests revealed that differences among
localities in call activity were unrelated with
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Figure 3. NMDS ordination analysis for the four parameters that determine the temporal pattern of calling activity of
the Mediterranean tree frog (Hyla meridionalis) at the eight study sites (Start, onset of the choruses; Maximum, highest
intensity of the choruses; End, termination of the choruses; Duration, length of time that the choruses last). Arrows indicate
the direction of increase along a gradient of altitude (Elevation), and water seasonality (Seasonality), while the length is
proportional to the correlation between the predictor variable and the ordination. Stress value = 0.005. For the description of
the variables, see Materials and methods.

spatial distance among them (r = −0.03,
P = 0.50) and could, therefore, be treated
as independent samples. Moreover, correlation
analysis between geographical and climatic fea-
tures revealed that mean ambient temperature
and mean ambient temperature range were
significantly correlated with elevation. Tem-
perature decreases with altitude whereas the
range increases with it (see table A1 in the
Appendix). The range of temperature was larger
at higher latitude, whereas we did not detect any
relationships between water seasonality, mean
annual precipitation, and the other variables (see
table A1).

Discussion

Our results revealed huge variations among
Mediterranean tree frog populations in the tem-
poral patterns of the calling activity. This varia-
tion mirrored an altitude gradient that may rep-

resent the response to changes in ambient tem-
perature (Llusia et al., 2013a, b, c; Márquez et
al., 2014). In this sense, our results revealed that
the tree frog advisement calls were predictably
earlier and longer-lasting in localities close to
the sea level, where temperatures are milder and
more stable.

Breeding in the tree frog is triggered by rain-
fall and, as a result, by water availability in the
ponds where it spawns. This is related to the
possibility of adjusting its breeding cycles to the
availability of suitable habitats (Díaz-Paniagua,
1992; Richter-Boix et al., 2007; Cayuela et al.,
2012; Sillero, 2014). Flooding of the aquatic
environment appeared to be important enough
to obligate this species to reduce its dura-
tion of calling activity in wetlands that have
greater water seasonality, e.g., Kola pond in the
present study, before reaching the thresholds of
dry-season drought that could limit breeding.
By comparison, other sites with more stable
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and persistent water cycles, and thus abundant
water even late in the dry period, must allow
longer breeding periods, e.g., Suárez pond in the
present study.

Our results indicate that for effective moni-
toring of populations of the Mediterranean tree
frog based on male vocalization in the study
area and period, the surveying should have span
March to June, period in which they sang in
91% of cases. Nevertheless, the coastal sites
located near sea level should have been sam-
pled earlier (preferably March to May in zones
less than 600 m a.s.l.) than those others in
inland localities at higher elevation (preferably
April-June in zones over 600 m a.s.l.), since
in these zones and dates they sang in 100% of
the cases. Also, lowest elevation areas could
have allowed longer intervals of suitable mon-
itoring (4-9 months in zones less than 600 m
a.s.l.) than those at higher altitude (3-5 months
in zones over 600 m a.s.l.). Finally, appropriate
monitoring should have required the presence
of surface water in the reproduction sites. Such
differences in calling activity between localities
could even change in very short geographical
distances due to the micro-environmental fac-
tors, according to the slight modifications in
body conditions described to anurans (Brooke
et al., 2000; Pérez-Granados et al., 2020).

Our sampling schedule summed up 258 h for
the eight study sites, which allowed sampling
with a low cost, where and when tree frogs
inhabited and were active throughout a wide
environmental gradient. However, this sampling
schedule is likely insufficient to identify the
relationship with climate and social variables,
which are factors likely to vary in short time,
which is a major limitation of our work. Hence
citizen science programs, as this study, should
be reinforced in the future through the imple-
mentation of more systematic methodologies of
call recordings, such as the use of automatic
recorders installed into the water bodies. This
will allow improving our understanding of the
calling activity of the species in the region while
accounting for short term intra-local variation

in call activity (Akmentins et al., 2015; Willacy
et al., 2015; Pérez-Granados et al., 2019) that
could not be controlled for in this study.
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Appendix

Table A1. Pearson’s correlation coefficients (r) between the geographical and environmental variables, and the climatic
variables. The values in bold indicate the variables showing statistically significant correlations (P � 0.05).

Latitude Elevation Water
seasonality

Mean ambient
temperature

Mean ambient
temperature

range

Elevation 0.23
P = 0.58

Water seasonality −0.68 −0.07
P = 0.06 P = 0.87

Mean ambient temperature −0.67 −0.72 0.58
P = 0.07 P = 0.04 P = 0.13

Mean ambient temperature range 0.73 0.77 −0.49 −0.98
P = 0.04 P = 0.03 P = 0.22 P < 0.01

Mean anual precipitation 0.35 −0.13 −0.17 −0.39 0.36
P = 0.39 P = 0.76 P = 0.06 P = 0.34 P = 0.39
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