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Abstract.—In this study, we examined movement patterns, vocal activity, and variation in advertisement calls at indi-
vidual and populational levels in a population of Western Cuban Grassfrogs (Eleutherodactylus varleyi) at the National 
Botanical Garden of Cuba in July and September in 2007. Males appear to be very sedentary with peaks of movement 
early in the night and just before dawn that could be related with the search of calling sites and diurnal retreats, respec-
tively. We detected eight patterns of frequency modulation of advertisement calls for note 1 and six for note 2. Patterns 
II and VI were the most frequent for note 1 and note 2, respectively. Note duration was the only acoustic parameter 
that was significantly variable among individuals for note 1, whereas the maximum frequency and rise time were signifi-
cantly variable within individuals for note 2, suggesting that the latter is more reliable for distinguishing individual calls.
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Population biology in amphibians is closely related to 
movement patterns (e.g., Duellman and Trueb 1994; 

Vitt and Caldwell 2014), with movements largely linked to 
searches for food, bodies of water, diurnal retreats, and mat-
ing, calling, or reproduction sites (e.g., Duellman and Trueb 
1994; Wells 2007). Movement patterns can be affected by 
environmental variables, availability of food, responses to 
predators, and interactions with individuals of the same or 
different species (e.g., Wells 2007; Pough et al. 2016). On the 
other hand, advertisement calls of anurans are species-specific 
(e.g., Duellman and Trueb 1994; Gerhardt 1994), although 
they can exhibit intra- and interpopulational variations (Jang 
et al. 2011; Rodríguez et al. 2012, 2015). The former are 
closely linked to sexual selection (Bee et al. 2010; Meuche et 
al. 2013) or the recognition of conspecific males (Bee et al. 
2010; Dautel et al. 2011; Alonso et al. 2017).
	 Cuba is home to 57 currently recognized species of 
frogs belonging to the genus Eleutherodactylus (Rodríguez 
et al. 2017). Several bioacustic and ethological studies have 
addressed these frogs (Alonso and Rodríguez 2001; Alonso et 
al. 2007; Díaz and Cádiz 2007; Rodríguez et al. 2010), but 
only Alonso et al. (2001) addressed anuran movement pat-
terns and vocal activity during the nocturnal cycle.
	 The endemic Western Cuban Grassfrog (Eleutherodactylus 
varleyi; Fig. 1) is widely distributed in western and central 

Cuba (Díaz et al. 2012). Some aspects of its natural history 
suggest the existence of territories and individual discrimi-
nation mediated by acoustic recognition. Among these, for 
example, are physical confrontations between males while 
defending calling sites (personal observations of the authors), 
putative aggressive calls emitted sporadically (Díaz et al. 
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Fig. 1. A Western Cuban Grassfrog (Eleutherodactylus varleyi) from the 
Guamuhaya Massif in central Cuba. Photograph by Manuel Iturriaga.
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2003), a breeding season extending several months that could 
lead to the establishment of long-term interactions between 
neighboring males, and low mobility (personal observations 
of the authors) within putative territories, since these sites 
presumably encompass adequate food and shelter as well 
as suitable sites for mating and ovipositioning by females. 
Therefore, we herein characterize the movement patterns and 
vocal activity of a population of E. varleyi in western Cuba. 
We also describe variation in advertisement calls by individu-
als and between males to analyze the potential of acoustic 
emissions for social discrimination.

Materials and Methods
Study location and environmental parameters.—We conducted 
this study in July and September 2007 in a grassy area (grasses 
averaged about 30 cm in height) in the National Botanical 
Garden of Cuba (82°20’24.98’’W, 22°59’54.91’’N; datum 
NAD27), Havana, Cuba. We measured air temperatures (Ta), 
relative humidity (RH), and light intensity (Li) at 30-minute 
intervals from 2000 to 0700 h (Fig. 2) at each sampling ses-
sion using a NO9AQ multifunctional environmental meter 
(Ta = 0.1 ºC; RH = 0.1% and Li = 0.01 lux).
	 Patterns of movements.—We tagged 12 individuals (7 
in July and 5 in September) with UV-fluorescent pigments 
(Tritart UV powder pigments, light pink color) and mea-
sured snout-vent length (SVL) with a caliper to 0.05 mm. 
The pigment was diluted in water and one drop was gen-
tly applied to the dorsum of each frog, initially located by 
advertisement calls. Once marked with fluorescent pigment, 
we used a UV-lamp with two 6-W tubes to locate each male 
that resumed calling after 15 min every 30 min from 2000 h 
to 0700 h. This marking system allowed focal observations 
for one night but faded quickly, preventing observation on 
consecutive nights. Three categories were defined to quantify 
the position of each individual on the vertical axis: (a) high 
(apical end of the grass), (b) medium, and (c) low (at or very 
near ground level). The position on the horizontal plane was 
determined using a system of coordinate axes (X, Y) consist-
ing of two graduated rods (1-cm precision) 250 cm in length, 

located perpendicular to each other and the center of which 
was located as close as possible to the initial site where each 
individual was found and tagged. Individuals that were more 
than 5 m from each other were selected to avoid overlapping 
in their home ranges and thus minimizing disturbances dur-
ing our frequent visits.
	 Vocal activity and acoustic analysis of advertisement 
calls.—Using normal (Type II) 60-minute tape cassettes, 
we recorded the chorus (2 nights in July and one night in 
September) for 2 min at 30-minute intervals between 2000 h 
and 0700 h using a Marantz PMD 222 recorder and a Sony 
ECM 222 omnidirectional microphone placed at a height of 
50 cm. The number of acoustic signals in the 30-sec intervals 
of each recording was counted with the program Raven Pro 
1.3 (www.birds.cornell.edu/raven). The intensity of the vocal 
activity was assumed to be a parameter that was a function of 
the number of acoustic signals recorded, and that depended 
on both the number of males that were simultaneously vocal-
izing and their call rates.
	 For the acoustic analysis, we recorded 20 males from 
2000 h to 0400 h in July using an ultra-directional Sennheiser 
microphone coupled to the same acoustic recorder. The air 
temperature was registered in situ with a mercury thermom-
eter (0.1 °C precision). Calls were digitized with a sampling 
frequency of 22050 Hz and a sample size of 16 bits, using 
the program BatSound 2.1 (Petterson Elektronic AB, © 
1996–1999) and for acoustic analysis of the calls we used the 
program Raven Pro 1.3.
	 We analyzed 15 two-notes calls for each male, measur-
ing the following acoustic parameters: (1) call duration (time 
interval between the beginning and the end of the call), (2) 
note period (time interval between the beginning of a note 
and the beginning of the next note), (3) central frequency 
(dividing the signal into two frequency intervals of equal 
energy), (4) central time (point at which the signal is divided 
into two intervals of time of equal energy), (5) peak frequency 
(frequency of maximum energy), (6) rise time (point inside 
the signal in which the maximum amplitude is reached for 
the first time), (7) fall time (point in the signal at which the 
minimum amplitude is reached), (8) minimum frequency 
(lowest frequency value within the signal), (9) maximum fre-
quency (highest frequency value within the signal), (10) fre-
quency variation (difference between the lowest and highest 
frequencies within the signal), and (11) note duration (time 
interval between the beginning and end of the note).
	 Statistical analyses.—For statistical analyses we used the 
programs Statistics 6.0 (StatSoft Inc. 2001) and Infostat 1.1 
(InfoStat 2002). For temporal and spectral variables of the 
advertisement call and data normality and homogeneity of 
variance we used Shapiro-Wilk’s W and Levene tests, respec-
tively. We employed a Spearman correlation to verify asso-
ciations between both air temperature and SVL with acoustic 
parameters and chi-square tests to evaluate the frequency of 
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Fig. 2. Variation of environmental temperature (°C) and light inten-
sity (lux) at night in July and September in a grassy area of the National 
Botanical Garden of Cuba, Havana, Cuba.
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frog position in the vertical axis at four time intervals: (1) 
2000–1030 h, (2) 1100–0130 h, (3) 0200–0430 h, and (4) 
0500–0700 h.
	 We studied the individual distinctiveness of advertise-
ment calls using procedures previously described by Bee and 
Gerhardt (2001) and Bee et al. (2001). Briefly, for each male 
(n = 20), we determined the individual mean (Xw) and stan-
dard deviation (SDw) of each call property, and we used those 
values to calculate a within-individual coefficient of variation 
(CVw = 100% x SDw/Xw). Also, for each acoustic parameter 
of each note of the call, we determined a grand mean and 
standard deviation based on the average of the 20 individual 
means from our sample, and we used these values to calculate 
the among-individual coefficient of variation (CVa = 100% 
x grand SD/grand X). Finally, we determined the ratio of 
among-individual and within-individual variation as CVa/
CVw. To compare acoustic properties, we applied a univari-
ate analysis of variance (ANOVA).

Results
Patterns of movements.—Individual Eleutherodactylus varleyi 
showed a general tendency to remain at the same site dur-
ing the nocturnal cycle. The average number of movements 
in both months was only 3 (Table 1), with one extreme 
case of a frog that remained at the same site from 1200 h 
to 0630 h.
	 Neither total distances moved (t = 1.3, p = 0.11) nor 
distances between two consecutive sites (t = 1.34, p = 0.12) 
differed significantly by month. However, in September we 
noted a tendency to decrease both the total distance moved 
and the distance between two consecutive sites. In both 
months, the distances between two consecutive sites varied 
considerably (Table 1).
	 The frequency of movements in the horizontal axis 
tended to be highest early in the night, when frogs made hori-
zontal movements in 71% of the observations between 2200 
h and 1130 h. Movements subsequently decreased through 
the night before increasing again after 0500 h (Fig. 3).

	 Frogs showed a general tendency to remain most of the 
night in the same site, with animals not moving in 70% of 
the observations (Fig. 4). Most horizontal movements were 
less than 50 cm. We did detect a nocturnal cycle of ascent 

Table 1. Variables characterizing movements of Western Cuban Grassfrogs (Eleutherodactylus varleyi) in a grassy area of the National 
Botanical Garden of Cuba, Havana, Cuba. Means are presented ± one standard deviation, n = sample size, FiMov = individual frequency of 
movement, and CVi = coefficient of individual variation.

		         	 Month

	 July		  September		  Total 
	 Mean (range)	 n	 Mean (range)	 n	 Mean (range)	 n

Number of movements	 3 (1–7)	 7	 3 (0–3)	 5	 3 (0–7)	 12

FiMov (%)	 42.3 ± 6.0 (28.6–66.7)	 7	 17.2 ± 5.5 (0–27.3)	 5	 31.9 ± 5.5 (0–66.7)	 12

Total distance moved (cm)	 142.0 ± 39.1 (57.0–329.0)	 7	 76.2 ± 31.2 (0–181.0)	 5	 114.6 ± 27.0 (0–329.0)	 12

Distance between points (cm)	 46.5 ± 12.7 (13.0–101.0)	 7	 24.8 ± 10.0 (0–60.3)	 5	 37.4 ± 8.8 (0–101.0)	 12

CVi (%)	 79.8 ± 3.8 (65.3–89.5)	 5	 88.8 ± 4.1 (83.4–99.3)	 3	 83.2 ± 2.9 (65.3–99.3)	 8

Fig. 3. Percent of 12 individually marked male Western Cuban Grassfrogs 
(Eleutherodactylus varleyi) moving during four nighttime intervals in a 
grassy area of the National Botanical Garden of Cuba, Havana, Cuba. The 
number of observations during each interval (n) is indicated.

Fig. 4. Percent of 12 individually marked male Western Cuban Grassfrogs 
(Eleutherodactylus varleyi) moving various horizontal distances between two 
consecutive perches in a grassy area of the National Botanical Garden of 
Cuba, Havana, Cuba.
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and descent in the vegetation (Fig. 5) and a statistically sig-
nificant relationship between the frequency of vertical move-
ments and time (c2= 47.5, gl = 6, p < 0.001). Between 2200 
h and 2330 h, frogs were at medium heights in the grass in 
60% of observations and at maximum heights in 25% of 
observations. Between 0000 h and 0230 h, frogs in 64% of 
observations were at maximum heights and in 58% of obser-
vations between 0500 h and 0630 h, frogs were on or near the 
ground.
	 Relative humidity was always high, with values ranging 
from 89.7% to 100% around 2300 h. Temperature dropped 

gradually in both sampling periods from 28.1 °C to 21.6 °C. 
Perceptible variations in environmental parameters between 
months were evident. The small nocturnal variations in light 
intensity were attributable to changes in cloud cover.
	 Vocal Activity.— We observed as many as five peaks 
of vocal activity in July, with the most intense occurring 
between 0200 h and 0330 h (Fig. 6). Vocal activity was also 
high at 2030 h, 2300 h, and 0600 h. The number of acous-
tic signals throughout the night varied between the two sam-
pled months. Although a clear decrease in vocal activity was 
observed in September, the peaks at the beginning and the 
end of the night were still evident.
	 Advertisement call repertoire and individual variation.—
The descriptive statistics of acoustic parameters of advertise-
ment call are summarized in Table 2. None of the acoustic 
parameters of the advertisement call were significantly cor-
related with the SVL of callers. However, air temperature 
was significantly correlated with call duration (rs = -0.62, P < 
0.05), interval between calls (rs = -0.64, P < 0.05), duration 
of note 1 (rs = -0.55, P < 0.05), and rise time of note 1 (rs = 
-0.70, P < 0.05). Both notes of the advertisement call varied 
in spectral design. Note 1 showed eight patterns of frequency 
modulation, whereas note 2 had six (Fig. 7). For note 1, pat-
tern II was the most frequent (45%) and patterns V and VIII 
were the least commonly observed (<4%). For note 2, the 
most frequent pattern of modulation was VI (46%), whereas 
the least commonly observed were I and III (<3%).

Fig. 5. Percent of 12 individually marked male Western Cuban Grassfrogs 
(Eleutherodactylus varleyi) at perches of varying heights during the night in 
a grassy area of the National Botanical Garden of Cuba, Havana, Cuba.

Fig. 6. Number of advertisement calls in choruses of male Western Cuban Grassfrogs (Eleutherodactylus varleyi) during sampling periods in July and 
September in a grassy area of the National Botanical Garden of Cuba, Havana, Cuba.
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	 Among all acoustic properties of note 1, only note dura-
tion was more variable among individuals than within indi-
viduals (i.e., CVa/CVw > 1). However, note 2 showed values 
above 1 for minimum frequency, frequency variation, cen-
ter frequency, peak frequency, note duration, and fall time 
(Table 3). For both notes, spectral parameters were in general 
less variable than temporal parameters within and between 
individuals. The duration of the call and the interval between 
notes were also more variable among individuals than within 
individuals (see Table 3).

Discussion
Patterns of movement.—Male E. varleyi stayed in the same 
site for prolonged periods of time. Similar results have been 
reported in other species of frogs of different families (e.g., 
Martof 1953; Woolbright 1985; Crump 1986; Tessier et al. 
1991; Kam and Chen 2000), with some individuals recap-
tured the following season less than two meters from the 
initial sampling site (Ovaska 1992; Kam and Chen 2000). 
However, other species covered long distances, mainly during 
the breeding season in search of bodies of water (Eggert et al. 
1999; Lemckert and Brassil 2003; Goldberg and Schwalbe 
2004; Greenberg and Tanner 2004; Neckel-Oliveira and 
Gascon 2006). Some species that have shown high fidelity to 
breeding sites (Dole and Duran 1974; Narvaes and Trefaut 
2005; Smith and Green 2006) did not lose the trail even 
when artificially diverted from migratory routes (Vasconcelos 
and Calhoun 2004). According to Crump (1986, 1988) the 
fidelity to a specific area is determined by the availability of 
food, shelter, and breeding sites found by the resident in a 
known territory.
	 In our sampling in September, a trend to shorter move-
ments was evident with respect to July. Male anurans spend 

Table 2. Acoustic parameters that characterize the advertisement call of Western Cuban Grassfrogs (Eleutherodactylus varleyi) in a grassy area 
of the National Botanical Garden of Cuba, Havana, Cuba. Means are presented ± one standard deviation.

Acoustic parameters	 Note 1: Mean ± SD (range)	 Note 2: Mean ± SD (range)

Minimum frequency (Hz)	 3,813.1 ± 67.2 (3,409.3–4,343.5)	 4474.3 ± 98.6 (3,739.3–5,100.9)

Maximum frequency (Hz)	 4,735.9 ± 77.1 (4,160.9–5,282.8)	 5616.1 ± 47.2 (5,270.6–5,976.8)

Frequency variation (Hz)	 922.7 ± 38.73 (631.6–1,210.8)	 1141.6 ± 78.2 (617.1–1,644.1)

Central frequency (Hz)	 4,393.6 ± 76.6 (3,807.1–4,964.9)	 5257.2 ± 57.3 (4,754.5–5,701.9)

Peak frequency (Hz)	 4,420.7 ± 80.1 (3,812.8–5,014.1)	 5276.8 ± 55.5 (4,766.0–5,696.2)

Note duration (s)	 0.0217 ± 0.0008 (0.0153–0.0283)	 0.0169 ± 0.0006 (0.0130–0.0218)

Rise time (s)	 0.0103 ± 0.0005 (0.0050–0.0143)	 0.0042 ± 0.0002 (0.0027–0.0061)

Fall time (s)	 0.0115 ± 0.0005 (0.0071–0.0148)	 0.0126 ± 0.0006 (0.0087–0.0169)

Call duration (s)	 0.1941 ± 0.0043 (0.1654–0.2273)

Interval between notes (s)	 0.1776 ± 0.0044 (0.1440–0.2132)

Fig. 7. Oscillograms and spectrograms of the advertisement calls of male 
Western Cuban Grassfrogs (Eleutherodactylus varleyi) in the National 
Botanical Garden of Cuba, Havana, Cuba. Photograph © Luis M. Díaz.
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most of their time vocalizing (e.g., Duellman and Trueb 
1994; Gerhardt 1994), which is a highly demanding energetic 
activity (e.g., Wells 2001; Ryan 2009). Since the acoustic 
activity of E. varleyi extends from May to December (personal 
observations of the authors), more comprehensive monitor-
ing throughout the year and larger samples of individuals are 
necessary to test whether or not a temporal decrease in vocal 
activity exists.
	 The high number of movements observed during the first 
and final hours of the night could be related to the search for 
suitable sites to vocalize and the subsequent return to diurnal 
retreats. This bimodal pattern of activity has been reported for 
E. coqui (Woolbright 1985). Woolbright and Stewart (1987) 
argued that low levels of mobility during the intermediate 
hours of the night were linked to foraging activity, involving 
short movements associated with attempts to catch prey.
	 As for the pattern of movements along the vertical axis 
of the vegetation, we observed a nocturnal cycle of ascent and 
descent corresponding to the search for vocalization sites and 
refuges mentioned above. This same result was reported by 
Alonso et al. (2001) for E. eileenae, a species that vocalizes on 
vegetation several meters in height. These authors found that 
76% of the males were on the ground in the early hours of 
the night and, as the night progressed, they began to ascend 
in the vegetation before descending back to their shelters just 
before dawn. The selection of elevated sites for vocalization 
is an adaptive response to minimize the attenuation effect 
of acoustic signals generated by the surrounding vegetation 
(Gerhardt 1994) and has been reported in numerous species 
of tropical anurans (Drewry 1970; Marten et al. 1977; Narins 
and Hurley 1982; Wells and Schwartz 1982; Stewart 1985).

	 Vocal activity.—The first peak of vocal activity occurred 
at nightfall, when both illumination and environmental 
temperatures decrease with a concomitant increase of the 
relative humidity. A second peak occurred just before dawn. 
These results are in agreement with Alonso et al. (2001) for 
E. eileenae. On the other hand, Woolbright (1985) found 
that the number of vocally active male E. coqui was very high 
in the early hours of the night and then gradually declined. 
Wells (1977) suggested that anurans respond to a reduction 
in light intensity, the stimulus that initiates acoustic activity 
in the first males of the chorus.
	 We found an apparent decrease in vocal activity between 
the two months sampled. Many studies have demonstrated 
the influence of environmental variables on vocalization 
patterns and general reproductive activity (e.g., Alonso et 
al. 2001; Greenberg and Tanner 2004; Saenz et al. 2006; 
Rodríguez et al. 2010). The decrease we observed could be 
due to the seasonal environmental variations or the physical 
exhaustion of males after several months of acoustic activity. 
However, the sample size of this study is very small. Larger 
samples involving more than one night and several months 
are required for testing one or both of these hypotheses.
	 During the nocturnal cycle, male E. varleyi vocalized 
in two different scenarios. In the first and last hours of the 
night, individuals generally vocalized while on or very near 
the ground, whereas in the intermediate hours they were high 
in the grass. This could be a reflection of differences in the 
behavioral context of advertisement calls emitted at different 
times of night. In congeners, the modification of advertise-
ment calls, such us an increase in call rate or call duration 
and complexity has been reported (Stewart and Rand 1991, 

Table 3. Coefficient of within-individual (CVw) and among-individual (CVa) variation of acoustic parameters of the advertisement call 
of male Western Cuban Grassfrogs (Eleutherodactylus varleyi) in a grassy area of the National Botanical Garden of Cuba, Havana, Cuba. 
ANOVA type I (F); statistically significant differences are indicated by an asterisk; alpha = 0.05.

Acoustic parameters	 Note 1				    Note 2 
	 CVwmean (range)	 CVa	 CVa/CVw	 F	 CVwmean (range)	 CVa	 CVa/CVw	 F

Minimum frequency (Hz)	 8.45 (2.35–14.41)	 7.69	 0.91	 10.0*	 6.83 (3.22-10.58)	 9.61	 1.41	 27.1*

Maximum frequency (Hz)	 7.42 (3.17–11.07)	 7.10	 0.96	 13.0*	 3.80 (1.51–7.09)	 3.66	 0.96	 10.8*

Frequency variation (Hz)	 34.96 (19.08–59.30)	 18.30	 0.52	 3.8*	 23.13 (10.62–38.34)	 29.88	 1.29	 22.8*

Central frequency (Hz)	 7.70 (2.39–10.80)	 7.61	 0.99	 13.3*	 4.19 (1.51–7.80)	 4.75	 1.13	 15.5*

Peak frequency (Hz)	 8.00 (2.59–11.59)	 7.90	 0.99	 13.3*	 4.07 (1.51–8.20)	 4.59	 1.13	 14.7*

Note duration (s)	 14.24 (8.60–21.09)	 16.53	 1.16	 17.6*	 12.64 (6.50–23.10)	 17.04	 1.35	 24.2*

Rise time (s)	 29.88 (15.99–44.05)	 22.51	 0.75	 8.4*	 28.48 (13.70–52.60)	 25.11	 0.88	 9.4*

Fall time (s)	 25.71 (11.94–42.55)	 18.63	 0.72	 7.0*	 18.04 (8.30–33.70)	 21.62	 1.20	 18.7*

Call duration (s)	 7.08 (3.78–14.98)	 9.83	 1.39	 23.5*

Interval between notes (s)	 7.90 (4.44–17.89)	 10.89	 1.38	 23.3*
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1992; Schwartz 1993; Ovaska and Caldbeck 1997; Alonso 
and Rodríguez 2001; Rodríguez et al. 2010). A high position 
in the vegetation should favor the transmission of the breed-
ing message over a greater distance, suggesting that vocaliza-
tions could have a sexual meaning during intermediate hours 
of the night, whereas at the beginning and end of a nocturnal 
cycle, calls are likely to carry a territorial message directed to 
neighboring males. According to Stewart and Rand (1992), 
this acoustic variation allows for territorial positioning at dusk 
and the defense of the diurnal retreat at dawn. Male E. var-
leyi remaining in the same position during most of the night 
could indicate that females move to selected males. We did 
observe that males continued to vocalize as they descended to 
refugia at dawn. That these acoustic emissions accompanied 
by displacement have a reproductive component is unlikely. 
Instead, they almost certainly convey a territorial message.
	 Variability of the advertisement calls.—The patterns of 
frequency modulation previously described for note 1 were 
ascendant, descendant, inverted U-shaped, and unmodu-
lated; whereas only the ascendant pattern was known for note 
2 (Díaz et al. 2003, Díaz and Cádiz 2007, 2008). Herein we 
described four new patterns of frequency modulation for note 
1 and five for note 2, demonstrating the remarkable variation 
that exists in the vocal repertoire of this species. According to 
Díaz and Cádiz (2007), 27% of Cuban species do not pres-
ent frequency modulations in their advertisement calls, 19% 
have three modulation variants, and only 6% have between 
four and five patterns. The eight variants shown here clearly 
designate E. varleyi as one of the species of Cuban frogs with 
the greatest variability in the spectral design of its acoustic 
emissions.
	 The variation of the acoustic patterns of each note in E. 
varleyi could be suggestive of discrimination between neigh-
bors, with note 2 making the greater contribution. However, 
according to Reinhold (2009), the duration effect of notes 
could be responsible for the increase in variation among the 
notes, a phenomenon that has been demonstrated in many 
species of frogs. In this study, note 2 was longer than note 
1; consequently, an experimental design is required for rul-
ing out this effect. On the other hand, note 2 showed greater 
among-individual variation of acoustic properties, which sug-
gests that it could be a discriminatory element of the adver-
tisement call. Nevertheless, the combination of both notes to 
form a call seems to bring certain distinctive characteristics to 
the individual because both call duration and note interval 
had values of the index of variability greater than one and 
also are among the parameters that contributed the most to 
the separation between groups. Searby and Jouventin, (2004) 
stated that the patterns of frequency modulation carry infor-
mation within the social-recognition system and more com-
plex calls with different spectral designs can potentially carry 
more information than those without frequency modulation.

	 Implications of movement patterns and variation in the 
advertisement call for the “dear-enemy” effect.—The low lev-
els of mobility in E. varleyi could suggest the existence of an 
area that is occupied permanently (home range) at least dur-
ing short periods in the breeding season. Territorial stability 
is strongly associated with discrimination between neighbors 
and therefore social recognition (Feng et al. 2009; Gasser et 
al. 2009; Bee et al. 2010). One of the fundamental require-
ments for social recognition is that vocalizations are distinctive 
among the social categories to which the emitters belong, serv-
ing effectively as “individual signatures” (Lesbarrères and Lodé 
2002; Pettit et al. 2013). We can state only that males can be 
differentiated by their advertisement calls. Statistical estimates 
of individual variation can only be used to generate predic-
tions about what could be the operative basis of the social-
recognition system among neighbors (Gasser et al. 2009; Bee 
et al. 2010; Pettitt et al. 2013). The design of playback experi-
ments that evaluate the responses of males to the calls of both 
familiar individuals and strangers are needed to test the pres-
ence of the “dear-enemy” effect (Chuang et al. 2017).
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