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ABSTRACT - Anuran advertisement calls play a role in attracting potential mates and can vary among individuals and
populations. Here we describe the advertisement call of a non-native population of Eleutherodactylus johnstonei in Sao Paulo,
Brazil and compare our data with other non-native populations in other countries. The advertisement calls of E. johnstonei
show two-tonal frequency-modulated notes differing in spectral and temporal patterns. The first note is shorter and has
lower frequencies than the second note. Our comparisons indicate that, except for the Montserrat population, the calls of the
Brazilian population of E. johnstonei are similar to the other populations in terms of the call and note duration. Concerning
spectral parameters, except for Bucaramanga (Colombia) and Caracas (Venezuela) populations, the dominant frequency of the
first note is lower in the Brazilian population than in other localities. The advertisement call variations of E. johnstonei seem
unrelated to morphological differentiation or the length of time since the population was introduced, but may reflect local
female preferences or adaptation to environmental factors.

INTRODUCTION

nurans exhibit acoustic, visual, chemical, and tactile
modes of communication (H6dl & Amézquita, 2001;
Wells, 2007; Belanger & Corkum, 2009). However, acoustic
communication is the primary, most widespread, and
most studied. Males of many species show a vast acoustic
repertoire emitted in different social contexts, such as mate
choice, sexual selection, kin recognition, and territoriality
(Ryan, 2001). The advertisement call is the most conspicuous,
highly studied, and has two main functions: i) to attract
females to mate, and ii) to prevent agonistic interaction with
other males (Littlejohn, 1977; Wells, 2007). Advertisement
calls are species-specific and easy to record, making them
helpful for species identification (Gerhardt & Davis, 1988).
Advertisement calls vary among individuals and
conspecific populations (e.g., Castellano et al., 2002; Pettitt
et al., 2013; Guerra et al., 2017). Individual call variations
depend on intrinsic factors such as body size and conditions
(Rodriguez et al., 2015; Ziegler et al., 2015). Also, extrinsic
factors such as the presence of conspecific or heterospecific
signals, background noise, and environmental temperature
may influence call parameters at any given time (Lopez et
al., 1988; Howard & Young, 1998; Wells, 2007; Schwartz
& Bee, 2013). On the other hand, call variation among
populations may follow a geographic cline resulting from
genetic, morphological, and/or environmental factors
(Castellano et al., 2000; Prohl et al., 2007; Klymus et al.,
2010). These variations directly impact sexual selection due
to female mate choice (Gerhardt, 1991), leading to changes
in communication systems and, ultimately, the evolution of

mating signals (Boul & Ryan, 2004; Wilkins et al., 2013).

Since non-native species are outside of their native habitat,
they offer excellent opportunities to examine variation in
call parameters among recently established populations.
They may live without natural ecological pressure, such as
competition in the acoustic niche between species in the
community to minimise overlapping signals (Narins, 1995),
and can show rapid differentiation in call parameters, as has
been noted in the invasive cane-toad (Rhinella marina) and
coqui frog (Eleutherodactylus coqui) (O’Neill & Beard, 2011;
Yasumiba et al.,, 2016). The Australian populations of the
invasive cane-toad have presented differences in dominant
frequency and call duration (Yasumiba et al., 2016). On
the other hand, the coqui frog exhibits differences in call
frequencies, call rate, and call duration among populations at
different elevations in its introduced range in Hawaii (O’Neill
& Beard, 2011).

Eleutherodactylus johnstonei Barbour, 1914 (Anura:
Eleutherodactylidae) is a nocturnal frog native to the Lesser
Antilles (Lever, 2003) with successful populations in some
other Caribbean islands, Venezuela, Colombia, the Guianas,
Panama, and Costa Rica (Kaiser et al., 2002; Kraus, 2008).
These countries were invaded by the frog over a period of
46 to 142 years (Hardy & Harris, 1979; Kaiser & Hardy, 1994).
In Brazil, populations occur only in the urban megalopolis of
Sdo Paulo (Melo et al., 2014), where introduction occurred
sometime before 1995 and appears to have been intentional
(Toledo & Measey, 2018). E. johnstonei shows direct
development (i.e., the fully metamorphosed froglet emerges
from the egg), has a generalist diet and habitat (e.g., Kaiser
et al., 2002; Ortega et al., 2005), and ecological modeling
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Figure 1. Spectrogram (top) and oscillogram (bottom) of the
advertisement call of Eleutherodactylus johnstonei (Air temperature
= 25.3 °C, relative humidity = 64 %, voucher FNJV 50606).
Spectrogram parameters: window size = 1.024, overlap = 90 %,
window type = “Hann”. Figure created with the R package ‘Seewave’
(Sueur et al., 2008)

predicts a high potential to occur in different biomes in
Brazil (Forti et al., 2017; Brasileiro et al., 2021). Herein we
describe the advertisement call of the Brazilian population
of E. johnstonei and compare our data with other non-native
populations.

MATERIALS & METHODS

Data collection

We recorded advertisement calls of six male E. johnstonei
on 16 March 2020 between 20:00h and 22:00h, in the urban
area of the municipality of Sdo Paulo, Sdo Paulo State, south-
eastern Brazil (23° 38’02” S, 46° 40’55” W). We recorded
each individual for 1-3 minutes using a Tascam DR-22WL
digital record and measured the call intensity using a sound
level meter, keeping a distance of 1 m from the recorded
individual. We also measured the air temperature and
relative humidity during each recording using a portable
thermo-hygrometer (Icel, HT-200). All voucher specimens
were anesthetised and euthanised with 5 % lidocaine, fixed
in 10 % formalin, preserved in 70 % ethanol, and deposited
in the Amphibian Collection (ZUEC), at the Museu de
Diversidade Bioldgica, Universidade Estadualde Campinas,
state of Sdo Paulo, Brazil (ZUEC25183 - 25188).

Bioacoustics analysis

We digitalised the recordings at 44.1 kHz with a resolution of
16 bits and undertook acoustic analyses using the Raven Pro
1.6.1 software (Bioacoustics Research Program, 2019). For
call selection, we used the waveform window. We adjusted
a fast Fourier transformation of 1.024 points for spectral
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measurements, with a window of 90 % overlap, temporal
hope size of 102 samples, and grid spacing of 43.1 Hz. We
followed the note-centered approach and the concepts of
notes, pulses, and calls defined by Kohler et al. (2017). Five
calls from each male’s recordings were sampled at random
to measure call parameters, totaling 30 calls. Estimates
were made of call duration (ms), note duration (ms), intercall
interval (ms), call rate (calls/min), dominant frequency of
each note (kHz), low frequency of each note (kHz), and high
frequency of each note (kHz). We obtained data for intercall
interval (ms) and call rate (notes/min) by analysing the entire
oscillogram (waveform) of the recording of each male (Charif
et al., 2010) and constructed audio spectrograms in R using
the Seewave package (Sueur et al., 2008). We have deposited
our audio files of frog calls in the audio archive of Fonoteca
Neotropical Jacques Vielliard (FNJV), Universidade Estadual
de Campinas, State of Sdo Paulo, Brazil (FNJV 50605-50610).

We compared the advertisement call of the Brazilian
population of E johnstonei with descriptions of nine
populations available in the literature (Watkins et al., 1970;
Lemon, 1971; Hardy & Harris, 1979; Kaiser, 1992; Kaiser &
Hardy, 1994; Kaiser et al., 1994; Tarano & Fuenmayor, 2008;
Flechas et al., 2018). However, some of the descriptions did
not include all the call parameters that we analysed, this
prevented us making certain comparisons.

RESULTS

The advertisement call of the recorded individuals of E.
johnstonei in Brazil shows two types of notes differing
in spectral and temporal patterns (Table 1; Fig. 1). The
advertisement call of E. johnstonei has harmonic structures, in
which the lowest band (fundamental frequency) concentrates
most of the energy. The first note has two harmonics, and the
second note has three to five harmonics (Fig. 1). On average,
the first note lasted 76 ms with a dominant frequency of 1.77
kHz, a low frequency of 1.61 kHz, and a high frequency of 1.96
kHz. The second note is longer than the first note and lasted
212 ms on average with a dominant frequency of 3.42 kHz, a
low frequency of 2.87 kHz, and a high frequency of 3.54 kHz.
The advertisement call (first and second notes combined)
presents a duration of 288 ms. The average call rate was 36
calls/min with an average intercall interval of 989 ms.The air
temperature during the recordings was 25.3 + 0.6 °C, and the
relative humidity was 64 + 3 %. The call intensity was registered
between 75 and 78.5 Db recorded a metre away from each
male. All six recorded frogs were in ornamental vegetation in
gardens less than 1 m from the ground.

The advertisement call of all populations of E. johnstonei
is composed of two notes. Except for the Montserrat
population, the Brazilian population’s calls are similar to
the other populations in terms of the call duration and the
duration of the first and second note. In the Montserrat
population, the call duration and second note duration
are longer (Table 2). Concerning spectral parameters, the
dominant frequency of the first note is lower in the present
study than in other localities when considering average and
variation range, except for in Bucaramanga (Colombia) and
Caracas (Venezuela). The dominant frequency of the second



Table 1. Temporal and spectral characteristics of the advertisement
call of Eleutherodactylus johnstonei. Calls were recorded from 6
males (totalising 30 calls) at Jardim Cordeiro, Sdo Paulo, state of
Sdo Paulo, south-western Brazil. Each parameter includes mean +
standard deviation, minimum and maximum values.

Call parameters Mean # std (min — max)

Call duration (ms) 288 + 30 (236 —340)

Intercall interval (ms) 989 + 220 (581 — 1500)

Call rate (call/min) 36+ 10(25-49)

First note duration (ms) 76 £ 10 (49 — 100)

Second note duration (ms) 212 +£20 (167.4—247.4)

Dominant frequency of the first note
(kHz)

Dominant frequency of the second
note (kHz)

1.77 +0.03 (1.72 — 1.81)
3.42 +0.13 (3.14 - 3.53)
Low frequency of the first note (kHz) 1.61+0.04 (1.5-1.7)
Low frequency of the second note
(kHz)

High frequency of the first note (kHz)

2.87 £0.12 (2.62 — 3.05)

1.96 + 0.07 (1.88 — 2.08)

High frequency of the second note
(kHz)

3.54+0.13 (3.25 - 3.66)

note in the Brazilian population is similar to the populations
of Caracas and Bermuda, but higher than the Bucaramanga
population and lower than the Montserrat, Grenada,
Georgetown (Guyana), Cumana (Venezuela), and Barbados
populations (Table 2).

DISCUSSION

The advertisement calls of the Brazilian population of E.
johnstonei consist of two adjacent notes with distinct temporal
and spectral parameters. Both notes are tonally frequency-
modulated, with frequency modulation at the end of the
first note and the beginning of the second note. Both notes
present harmonics, however it can sometimes be challenging
to visualise them in the spectrogram and therefore only the
first harmonic of the first note is visible (Fig. 1). The harmonic
structure of the call establishes a broad prevalent bandwidth
(1.6-13.8 kHz).

While both notes play a role in male interactions, the
function of the second note in the advertisement call of E.
johnstonei is related to female attraction (Tarano & Fuenmayor,
2013). The harmonic structures recently identified in the
advertisement call of E. johnstonei (Tarano & Fuenmayor,
2008, and this study) do not yet have a defined biological
function. It is possible that harmonics were not detected in the
older analysed recordings due to equipment limitations, as the
first descriptions of these calls were documented in the 1970s
(Watkins et al., 1970; Lemon, 1971; Hardy & Harris, 1979). The

function of harmonics has continued to be poorly investigated
for anurans (Foratto et al., 2021).

The advertisement call structure of E. johnstonei in Brazil
and the other nine non-native populations has revealed
differences among them mainly in their dominant frequencies.
Comparing the population of Brazil and Montserrat, differences
occur both in temporal and spectral parameters. Usually,
the dominant frequency among populations varies with the
individual body size, while variations in temporal parameters
occur due to temperature (Gerhardt & Huber, 2002; Ziegler et
al., 2015; Tonini et al., 2020). Body size is positively associated
with the mass of vocal cords that vibrate at lower fundamental
frequencies as male size increases (Gerhardt, 1994). For E.
johnstonei, the dominant frequency of the call can indicate
the size of a male’s body, but only in a limited way (Tarano &
Fuenmayor, 2008). On average, males sampled in Montserrat
are smaller than males in Brazil (Table 3), explaining the higher
dominant frequencies in the Montserrat population.

Although the time since introduction varies among E.
johnstonei populations, this factor does not seem to explain
the variation in the advertisement call parameters (see Table
3). It was not possible to identify a pattern among newly
established or long-established non-native populations. The
cane-toad (Rhinella marina) in Australia also shows divergence
in its advertisement call among invasive populations, and the
variation has not been attributed to the time of invasion of each
population, but to differences in adaptation to environmental,
behavioral and/or ecological conditions (Yasumiba et al,,
2016).

The variation in advertisement calls can be related to
geographic distance gradients among populations (e.g. Smith
et al., 2003; Smith & Hunter, 2005). For example, latitude
and longitude largely explain the geographic variation in
the advertisement call of Litoria verreauxii in the Australian
Snowy Mountains (Smith et al., 2003). Sdo Paulo, Brazil
has the southernmost latitude (-23°) of the evaluated
populations. Changes in environmental conditions associated
with different latitudes may be responsible for call variations
among E. johnstonei populations. Besides latitude, we should
also consider the possible influence of social interactions
(Gerhardt, 1994), sexual selection (Ryan et al., 1996), and the
local acoustic environment (Ryan et al., 1990).

Unfortunately, variations both in sample size and the
technology used in the analyses of previous studies has limited
the comparisons that we could make with other introduced
populations of E. johnstonei. For the future, we suggest
detailed studies i) across the native distribution, including
introduced populations of E. johnstonei, to focus on the
ecological and behavioural characteristics of individuals to
clarify the causes of call variation, and ii) far from the native
distribution, to observe the effect of E. johnstoneiintroductions
and consequences on established populations.
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Table 2. Comparison of the advertisement call of Eleutherodactylus johnstonei from several locations. Values are means * standard deviation

and/or variation ranges (in

parenthesis).

Call Parameters

Location

Call duration (ms)

Second note duration

First note duration (ms) o

Dominant frequency of
the first note (kHz)

Dominant frequency of
the second note (kHz)

Sdo Paulo (Brazil, this
study)

Bucaramanga
(Colombia)

Caracas

Montserrat

Grenada

Curagao

Georgetown (Guyana)

Cumana (Venezuela)
Barbados

Bermuda

288 +30 (236 - 340)

277 +23.1(215.5-
316.6)

314 (226 - 400)

363

271

271

264

257

(240 - 300)

76+ 10 (49 - 100) 212 +20(167.4 - 247.4)

77 +18.4(1.5-107.5) 200.6 +17.5 (176 - 234)

86 (53-111) 223 (142 - 307)
57 306
71 200
71 200
57 187
86 171
(70 - 90) (180 - 220)
85 180

1.77£0.03 (1.72-1.8) 3.42+0.13(3.14-3.5)

1.723+0.042 (1.6 - 1.9) 2.78+0.146 (2.5-3.0)

1.8 (1.6-1.9) 3.3(3-3.6)
2.1 3.7
1.9 36
1.85 3.5
2 36
2 3.7
(2-22) (3.6-4.1)
2 35

Bucaramanga- Flechas et al. (2018); Caracas-Tarano & Fuenmayor (2008); Montserrat & Grenada-Kaiser (1992); Kaiser et al. (1994)*.
Curagao, Cumana and Georgetown - Hardy & Harris (1979)*; Barbados-Lemon (1971); Bermuda-Watkins et al. (1970).
(*) values estimated from sonograms as they were not given in the text

Table 3. Comparison of the snout—vent length (SVL) of Eleutherodactylus johnstonei, local air temperature and invasion time from non-native
populations. Values are means + standard deviation.

Location SVL (mm) Temperature (°C) Invasion time (years) References
Sdo Paulo (Brazil, this study) 21.8+0.9 25.3+0.6 26 Toledo & Measey (2018)
Bucaramanga (Colombia) - - -
Caracas (Venezuela) 23.08 +0.75 - 63 Tarano & Fuenmayor (2008); Hardy &
Harris (1979)
Montserrat 20.5+3.1 24 +2 - Kaiser (1992), Kaiser et al. (1994)
Grenada 24 £2 136 Kaiser (1992), Kaiser et al. (1994)
Curagao - 46 Hardy & Harris (1979)
Georgetown (Guyana) - 98 Hardy & Harris (1979)
Cumana (Venezuela) - 54 Hardy & Harris (1979)
Barbados (20-23) 26 142 Lemon (1971), Kaiser & Hardy (1994)
Bermuda - 141 Kaiser & Hardy (1994)

Jardim Cordeiro neighbourhood for their permission to collect
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