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Abstract In this contribution, we offer new information
about the advertisement call of Peltophryne cataulaciceps,
an endemic toad species from Cuba and the smallest bufonid
from the West Indies. We measured seven acoustic properties
from 17 males and analyzed the variability at the within-
individual and between-individual levels, using coefficients
of variation, type II ANOVAs, and multivariate analysis.
Dominant frequency was distinctly less variable within indi-
viduals than the rest of the acoustic properties; call rise time
showed the highest variability. Variability between individuals
was higher for pulse rate, call duration, and dominant frequen-
cy, and the CVb/CVw ratios showed that these acoustic prop-
erties are more reliable for individual distinctiveness.
Discriminant function analyses assigned 54.1% of the calls
to the correct individual, and this classification success in-
creased when smaller groups of individuals were considered
in the analysis. Results are compared with studies addressing
individual acoustic distinctiveness in anurans.We support that

the patterns of advertisement call variation within and among
co-occurring males differ among explosive and prolonged
breeding species/populations, but additional case studies in-
cluding other explosive breeding species are needed.
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Introduction

Sexual reproduction creates an intraspecific environment of
conflict and competition among individuals where each
strives to maximize its genetic contribution to subsequent gen-
erations (Alcock 2005). Variation in the spatial and temporal
distribution of breeding resources and availability of receptive
females determine the dynamic nature of mating system evo-
lution (Shuster 2009). In most anurans, the timing and dura-
tion of reproductive activity in response to abiotic conditions
can lead to variation in population densities at breeding sites,
the relative numbers of males and females, and the strength of
male-male competition (Wells 2007). The diversity of anuran
temporal breeding patterns has thus been described as a con-
tinuum between two extremes: explosive breeders (character-
ized by the synchronous arrival of females to ephemeral
breeding sites) and prolonged breeders (characterized by the
asynchronous arrival of females over a prolonged breeding
season) (Wells 1977; Wells 2007).

Acoustic communication plays a key role in mate recogni-
tion in anurans, and usually, females respond phonotactically
to the vocalizations of conspecific males (Gerhardt 1988,
1994; Ryan 1988). Some features of anuran calls are highly
stereotyped, with little variation within or among individuals
(Gerhardt 1991), while others are more labile and can be
strongly affected by social interactions among males in a
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chorus (Wells 1988). The analysis of the variation in acoustic
properties in a behavioral context can provide hints about
mechanisms of sound production and their potential for
encoding biologically important information (Gerhardt and
Huber 2002). In the context of male-male competition, vocal
signals can provide important information about the signal-
er—body size, fighting ability, physiological condition, indi-
vidual identity—that can be used by male receivers to deter-
mine the most appropriate behavioral response (Gerhardt and
Bee 2007).

Because assemblages of explosive breeders usually last
few days and attain high densities, females of those species
are constrained in their ability to compare and select a mate
within this scramble competition mating system. Conversely,
prolonged breeders have relatively longer breeding periods
and usually exhibit lek polygyny or resource defense mating
systems where gravid females may arrive at the breeding area
over an extended time period and have the potential to evalu-
ate and compare attributes (advertisement call features, visual
displays, defended territory, etc.) of different males (Wells
1977; Bee et al. 2013). Logically, the patterns of advertise-
ment call variation within and among co-occurring males
should differ among explosive and prolonged breeding
species/populations each subjected to a different mating sys-
tem. In this comparison between the two ends of the breeding
phenology spectrum, it is expected that calls of explosive
breeding species should be less variable among neighboring
calling males as female mate choice and individual recogni-
tion should play a lesser role in these scramble competition
systems.

Most of the studies on the variability of acoustic signals
and its role in the social behavior in anurans has typically
involved prolonged breeding species (Sullivan and Leek
1987; Arak 1988; Ryan and Sullivan 1989; Sullivan 1992;
Wagner and Sullivan 1995; Castellano and Giacoma 1998;
Doglio et al. 2001; Castellano et al. 2003). Comparatively less
information exists on the variability in the advertisement calls
of explosive breeding anurans (but see Davies and Halliday
1978; Howard and Palmer 1995; Howard and Young 1998;
Bee 2007). The analysis of the patterns of variability in adver-
tisement call features, female choice, and social interactions of
frogs and toads will benefit from a broader taxonomic scope,
necessary to encompass the extraordinary diversity of repro-
ductive modes and mating systems exhibited by anurans (Bee
et al. 2013).

The Cuban pineland toad, Peltophryne cataulaciceps
Schwartz 1959, is the smallest known species of bufonid from
the West Indies (Schwartz and Henderson 1991). This toad
inhabits open pinewoods and sandy savannas with palms
and herbaceous vegetation, from the extreme southwest of
Pinar del Río province, Cuba, and the northern two thirds of
Isla de la Juventud (Schwartz 1959; Díaz and Cádiz 2008;
Henderson and Powell 2009). Males call in the afternoon,

especially after heavy rains, hidden below bushes and grasses
in flooded and open areas (Alonso et al . 2007).
P. cataulaciceps has been considered as an explosive breeder
during the reproductive season; it is uncommon or rare out of
this period, and its larvae complete the metamorphosis in 15–
18 days (Díaz and Cádiz 2008). We herein characterize the
advertisement call of P. cataulaciceps using a sample of males
from a breeding aggregation in Isla de la Juventud and exam-
ine the patterns of variability of the temporal features and
dominant frequency in two levels of analysis: within and be-
tween individuals in this single population. We additionally
explored the extent to which acoustic variation could allow for
individual discrimination in a noisy breeding chorus of this
explosive breeding species and which acoustic properties play
the leading role.

Materials and methods

Recordings and call analysis

Recordings of the males of P. cataulaciceps were obtained by
the authors on August 6, 2006, at the Ecological Reserve BLos
Indios,^ Isla de Pinos, Cuba (21° 41′ 27.5″ N, 82° 59′ 35.7″
W), using Marantz PMD-430 and Sony WMD6 cassette tape
recorders and Sennheiser ME 80 or Realistic Highball micro-
phones. The equipment employed exhibits a flat frequency
response (±3 dB) in the 50–15,000 Hz range. To avoid animal
perturbation and to improve recording quality (best signal-to-
noise ratio), the microphone was placed approximately 50 cm
in front of the caller. All recordings were carried out between
15:30 and 18:30 h in an active chorus that started after a very
heavy rain. As the calls of P. cataulaciceps are emitted in
groups (see results), we recorded the calling activity of each
male for at least 2 min; in total, 19 males were recorded, and
for 17 of them, three consecutive call groups were available
for analysis. Immediately after each recording session, air
temperature (AT) was measured with a Miller and Weber
quick-reading thermometer (error 0.2 °C). Fifteen calling
vouchers were captured and their snout-vent length (SVL)
measured to the nearest 0.01 mm with a caliper.

Tape recordings were digitized onto a Pentium computer
fitted with a Sound Blaster Creative card at 44.1-kHz sam-
pling frequency and 16-bit resolution, using the software Cool
Edit Pro 1.2 (Syntrillium Software Corporation). Sound
analysis was performed with the aid of Raven 1.3
software (Bioacoustics Research Program, Cornell Lab of
Ornithology), and the following acoustic properties were mea-
sured: Dominant frequency (DF) was measured to the nearest
0.02 kHz (FFT 2048 points) in the power spectrum of a 16-
pulse segment from the middle of each call. Since no frequen-
cy modulation was present in the advertisement calls, this
provides a good estimate of call DF. The following temporal
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properties were measured to the nearest 0.01 s on the oscillo-
grams: call duration (CD), call rise time (CRT) (time span
from call onset to the point of maximum amplitude), call-
group duration (CGD, defined as a continuous group of calls
delimited by intervals of silence at least twice as long as the
maximum inter-call interval in the group), and call rate (CR,
calculated as the number of calls divided by the duration of the
entire call group). Additionally, the pulse rate (PR) was calcu-
lated as the ratio between the number of pulses per call and
CD. To evaluate within-individual variation, we used the re-
cordings containing three consecutive call groups (17 individ-
uals) and measured call properties in ten calls from the first,
second, and last call group; totaling 30 measurements per
male.

Statistical analysis

Temperature and body size can affect both spectral and tem-
poral acoustic properties of anuran calls (Ryan andWilczynski
1991; Gerhardt 1994; Castellano et al. 2002). Regression anal-
ysis of each acoustic property on body size (SVL) and ATwas
used to assess the temperature and size effects on call proper-
ties. For this purpose, we used averagedmeasurements of each
call property for every call group and then averaged these
values to obtain a male’s mean.

Variation in acoustical properties of the advertisement calls
of a chorus of frogs can be structured in several levels. Of
these, the variation observed between call groups of a given
male and the variation existing between males are very impor-
tant for individual distinctiveness. To examine these sources
of variation in our data, we used model II ANOVAs (Sokal
and Rohlf 2000) specifying call group (three levels: first, sec-
ond, and third) and individuals (17 levels) as random factors
and then examined the variance components of these two
main factors. As an indicator of the relative importance of
variation observed between individuals, we report the partial
effect size (η2) of the factor Bindividual^ included in each
model. We checked model assumptions by visual inspections
of plots of residuals against fitted values. Regressions and
ANOVAs were carried on using Statistica 8.0 software
(StatSoft Inc. 2007).

We also analyzed both within- and between-male variabil-
ity of call properties by calculating coefficients of variation
(CV = (SD/mean)*100). Within-male variability was evaluat-
ed using all the values of call properties for a given male (30
calls from three consecutive call groups). Between-male var-
iability was calculated using the average and standard devia-
tion values of all males recorded. As a measure of the individ-
ual distinctiveness of acoustic properties, we calculated the
ratio of between-male to within-male (within a single call
sequence) coefficients of variation (CVb/CVw), following
Bee et al. (2001).

Discriminant function analysis (DFA) has been commonly
used to assess the potential for acoustic distinctiveness of in-
dividuals in intraspecific choruses (Bee et al. 2001; Fischer
et al. 2002). However, these multivariate analyses of a large
number of individuals can exaggerate the acoustic discrimina-
tion task faced by anuran males or females, which is probably
restricted to a small number of adjacent callers (Pettitt et al.
2013; Bee et al. 2016). For these reasons, we implemented a
randomized subsample procedure in R to evaluate the efficien-
cy of classification by DFA models when applied to biologi-
cally relevant group sizes. We used the data of 30 calls from
17 individuals (510 calls in total) and designed an R-script so
that 1000 replicated DFA were carried out including combi-
nations of two to 16 individuals selected randomly without
replacement. For each replicate, classification success was
estimated by a leave-one-out procedure (a DFA model is iter-
atively fitted with all but one of the observations, which is
reserved for model testing). At the end of each run, an average
classification success for a given group size was calculated
from the values of the 1000 replicates. We compared the re-
sults of these subsampled DFA to those obtained using the full
dataset, predicting that classification success would be higher
with smaller group sizes. Correlations among predictors can
bias the results of DFA; we followed the recommendations of
Dormann et al. (2013) and examined the correlation among
acoustic variables before its inclusion in DFA using
a 0.7 Pearson correlation threshold. No evidence of
multicollinearity was found among the five acoustic variables
(−0.52 < r < 0.48), and all were included in the DFA.

Results

Advertisement call design

The call is a loud and heavily pulsed trill emitted in groups.
Calls have a rather noisy frequency spectrum in which the
fundamental frequency is the dominant frequency (Fig. 1a,
b). The inner structure of a single call reveals a pattern of
perfectly distinguishable pulses with no gaps between them.
Pulses have a very short rise time and a longer fall time
(Fig. 1c, d, e). Table 1 summarizes the values obtained for the
call parameters measured in the population (N = 19 indivs.).

Advertisement call variation

The range in male size of the analyzed sample was 20.4–
23.9 mm (mean ± SD = 22.13 ± 0.72, ΔSVL = 3.51 mm,
N = 15 indivs.), and the temperature range was also slight,
26.2–29.4 °C (mean ± SD = 28.1 ± 0.7, ΔAT = 3.2 °C,
N = 19 indivs.). There was no relationship between any of
the call variables and SVL (CGD:R2 = 0.03, intercept = 58.52,
F = 1.52, p > 0.05; CR: R2 = −0.06, intercept = 129.76,
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F = 0.22, p > 0.05; CD: R2 = −0.04, intercept = 0.08, F = 0.39,
p > 0.05; PR:R2 = 0.03, intercept = 365.03, F = 1.49, p > 0.05;
DF: R2 = −0.05, intercept = 3.48, F = 0 .39, p > 0.05). We also
did not find a relationship between call properties and air
temperature (CGD: R2 = −0.05, intercept = 3.59, F = 0.07,
p > 0.05; CR: R2 = 0.06, intercept = 14.77, F = 2.08, p > 0.05;
CD: R2 = −0.03, intercept = 0.26, F = 0.48, p > 0.05; PR:
R2 = −0.05, intercept = 197.39, F = 0.05, p > 0.05; DF:
R2 = −0.01, intercept = 4.84, F = 0.86, p > 0.05). According
to these results, no temperature or size correction was

performed, and the original measurements were used in sub-
sequent analysis.

All advertisement call properties examined in this study
exhibited greater variability among individual than within-in-
dividual, with the exception of call rise time and call rate,
which showed the highest average within-individual coeffi-
cients of variation (Table 1). Dominant frequency and pulse
rate had the lowest within-individual coefficients of variation.
Between males, the dominant frequency was distinctly less
variable than the rest of the acoustic properties while call rise

Fig. 1 Characteristics of the advertisement calls of Peltophryne
cataulaciceps. a Oscillogram (top) and spectrogram (bottom) of a single
call [FFT size 2048, Hanning windows, overlap 50%]. b Three

consecutive call groups. c Fragments of five consecutive calls from the
third group illustrated in b. d Pulse structure of the last call in c. e Ten
pulses from the middle of the call in d

Table 1 Summary statistics and variance structure of advertisement
call properties of Peltophryne cataulaciceps. Call properties abbreviated
as follows: CGD, call group duration, CRT, call rise time; CD, call
duration; DF, dominant frequency; PR, pulse rate; CR, call rate. For
each call property, the mean ± SD and range (between parentheses) are

shown. Coefficients of variation (CV) are presented in two levels: within-
males and between-males. The results of model II ANOVAs (F,
* = p < 0.01) and the effect size for each ANOVA (partial η2) are also
presented. All calculations were done without adjustments for variation in
SVL or air temperature

Property Mean ± SD CV within-males CV between-males CVb/CVw ratio Model II ANOVA
F(18,491)

Partial η2

CGD (s) 15.19 ± 5.35
(9.11–32.00)

5.8 8.4 1.45

CRT (s) 0.077 ± 0.013
(0.058–0.103)

22.0 17.6 0.80 F = 16.67* η2individual = 0.38, η2call group = 0.01

CD (s) 0.164 ± 0.019
(0.127–0.198)

7.7 12.7 1.65 F = 65.08* η2individual = 0.70, η2call group = 0.06

CR (calls/min) 108.3 ± 8.7
(94.7–121.3)

9.8 8.3 0.85 F = 15.57* η2individual = 0.34, η2call group = 0.06

PR (pulses/s) 228.8 ± 17.6
(205.7–258.1)

5.0 8.3 1.66 F = 60.93* η2individual = 0.68, η2call group = 0.05

DF (kHz) 3.983 ± 0.120
(3.689–4.239)

2.0 3.1 1.55 F = 66.32* η2individual = 0.71, η2call group = 0.02
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time and call duration were the more variable features
(Table 1).

Differences between individuals explained an important
part of the variation present in each call property in model II
ANOVAs, and the effect of call group was much smaller
(Fig. 2a). Significant differences were observed between indi-
viduals in all models (Table 1). The largest effects of individ-
ual variability were observed in call dominant frequency, call
duration, and pulse rate, whereas smaller effect sizes were
observed in the models derived for call rise time and call rate
(Table 1).

Individual distinctiveness

The analysis of the CVb/CVw ratios showed that pulse rate,
call duration, dominant frequency, and call group duration are
the acoustic properties most reliable for individual distinctive-
ness (CVb/CVw > 1). Call rate and call rise time are more
variable within than between individuals (CVb/CVw < 1) and
thus carry less information for that goal (Fig. 2b).

The DFA generated of the full dataset classified 54.1% of
the calls to the correct individual (Fig. 3a). This success rate is
significantly greater than the 5.9% value that can be expected
under a random classification (chi square = 260.31, df = 1,
p < 0.001). The first three roots of the canonical functions
explained 95% of the variation in the dataset and were largely

determined by DF, PR, and CD (Table 2). Statistical discrim-
ination functions derived from subsampled datasets achieved
better classification success. The maximum average classifi-
cation success (94.4%) was observed when the discernment
task was reduced to only two individuals. As the number of

Fig. 3 Acoustic distinctiveness between individual males of Peltophryne
cataulaciceps. a Canonical scores of the first two functions from a
discriminant function analysis using the full dataset (510 calls from 17
individuals); ellipses indicate the 95% confidence intervals of each
individual’s scores, and the contributions of acoustic properties are
indicated in the axes. b Average classification success of discriminant
functions derived from smaller datasets including 2 to 16 individuals
randomly subsampled from the full dataset (the results of the complete
dataset are included as a white dot)

Fig. 2 Variability observed in five acoustic properties of 17 males of
Peltophryne cataulaciceps. a Variance components estimated by model
II ANOVAs considering call sequence (white) and individual (black) as
random factors; the residual variance of each model is depicted in gray. b
Ratio of between male to within male coefficient of variation (CVb/CVw
ratios). Names of the acoustical variables, abbreviated as in Table 1

Table 2 Factor structure coefficients of the first three canonical
variables (roots), explaining 95% of the variation, obtained from a
linear discriminant analysis of the advertisement call properties of
Peltophryne cataulaciceps. The heaviest loadings are indicated in
italics, and acoustic properties are abbreviated as in Table 1

Root 1 Root 2 Root 3

CRT −0.126 0.184 0.380

CD −0.504 0.891 0.021

DF 0.705 0.132 0.672

PR 0.237 0.966 −0.613
CR 0.023 −0.242 −0.220
Eigenvalue 3.778 2.245 0.803

% total 52.4 31.1 11.1

Cumulative % 52.4 83.5 94.6
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individuals included in the analysis increases, the classifica-
tion success decreased (Fig. 3b).

Discussion

Although the acoustic measurements obtained in this work are
comparable with homologous measurements reported in pre-
vious characterizations of the advertisement calls of
P. cataulaciceps (Table 3), in this contribution, we offer a most
exhaustive description based on a larger dataset, more indi-
viduals, more calls, and more properties analyzed. New efforts
should be done in the future to characterize additional popu-
lations and obtain estimates of the acoustic variability at the
inter-population level. All the acoustic data available for this
species come from the same locality in Isla de la Juventud in
the same season (July–August). This might be a consequence
of the scarcity of the species, which is listed as Endangered
(Rivalta-González 2012; IUCN 2016). The correct identifica-
tion of advertisement calls using its spectral and temporal
features can be a useful tool to monitor acoustically the pres-
ence of this threatened, rare, and explosive breeding species,
improving our ecological understanding about its breeding
phenology and relative abundance.

Only two previous studies have provided information on the
variability of call properties of Cuban Peltophryne (Alonso and
Rodríguez 2005; Hernández et al. 2010). Alonso and
Rodríguez (2005), after comparing recordings of individual
males obtained in two different nights, reported that pulse rate
and dominant frequency were the least variable properties of
the advertisement call of Peltophryne fustiger. Hernández et al.
(2010) observed a similar pattern of within-individual variation
in Peltophryne florentinoi. According to our data, dominant

frequency and pulse rate are the least variable properties of
the calls of P. cataulaciceps. Both variables could be classified
as static properties based on the framework of Gerhardt (1991).
Low within-male variability in dominant frequency (highly ste-
reotyped within a single call group or individual) and pulse rate
has been reported for other frogs and toads and seems to be a
general pattern across anurans (Castellano and Giacoma 1998;
Howard and Young 1998; Giacoma and Castellano 2001;
Castellano et al. 2002). The considerably less variability in
dominant frequency can be understood within the context of
morphological constraints on sound production in anurans and
could be important for species recognition in the ecological
scenario where at least other two sympatric species of toads
vocalize synchronously in dense choruses (Peltophryne
gundlachi and Peltophryne empusa).

For the purpose of this study, the lack of a temperature or
size effect on the call properties is a desirable condition which
allows for straightforward comparisons among males. It is
likely, however, that male size and temperature do have a
statistical effect on the call features of P. cataulaciceps, but
more variation in these predictors is necessary to detect it.

In Bexplosive breeders^ (Wells 1977), reproduction occurs
over a short period (e.g., <24 h) and commonly takes place in
ephemeral or otherwise spatially and temporally unpredictable
water bodies. This reproductive dynamic is characteristic of
many anurans, mainly from the temperate region: Bufonidae,
Ranidae, Pelobatidae (Van Gelder and Hoedemaekers 1971;
Oldham 1974; Wells 1977; Gittins et al. 1980; Elmberg 1990;
Kusano and Fukuyama 1989; Hartel et al. 2007; Wells 2007).
Schwartz (1959) collected only two P. cataulaciceps speci-
mens not associated with choruses. Our field observations
suggest that this species is an explosive breeder with its mat-
ing activity limited to a few days each season. In the same

Table 3 Acoustical characterization of the advertisement calls of
Peltophryne cataulaciceps from Isla de Pinos, Cuba, based on different
sources. We presented dates and air temperature during the recordings.

Sample size (number of males recorded, N), means, mean ± SD, or range
(as provided by original sources) are shownwithout adjustments for variation
in size or air temperature. Acoustic properties are abbreviated as in Table 1

Schwartz (1959)
July, 1958 (25 °C)

Alonso and Rodríguez (2003)
August, 1999 (23 °C)

Díaz and Cádiz (2008)
Date not declared

This study
August, 2006 (28.1 ± 0.7 °C)

Sample size N = not declared N = 3 N = not declared N = 19

CGD (s) Not reported Not reported Not reported 15.19 ± 5.35
(9.11–32.00)

CRT (s) Not reported Not reported Not reported 0.077 ± 0.013
(0.058–0.103)

CD (s) 0.2 0.120 ± 0.010 0.10–0.16 0.164 ± 0.019
(0.127–0.198)

CR (calls/min) Not reported Not reported 109–150 108.3 ± 8.7
(94.7–121.3)

PR (pulses/s) Not reported 301.4 ± 5.0 Not reported 228.8 ± 17.6
(205.7–258.1)

DF (kHz) 4.5 4.228 ± 0.041 3.7–4.2 3.983 ± 0.120
(3.689–4.239)
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study site, we have conducted fieldwork for several days in the
rainy seasons of 1996, 1999, and 2006, and during the first
two visits, only very sparse vocal activity was heard. It was
only after a heavy rain in 2006 that a breeding aggregation
was observed in a shallow and ephemeral rain puddle. As in
other explosive breeding species, the sound of the chorus of
P. cataulaciceps males could serve as an acoustic beacon that
facilitates gravid female orientation toward the breeding ag-
gregation (Bogert 1960; Oldham 1966, 1967; Wells 1977;
Gerhardt and Klump 1988; Bee 2007). It has been demonstrat-
ed that some species of frogs learn to recognize the calls of
their familiar neighbors based on the individually distinctive
calls (Bee and Gerhardt 2001a, b). Based on our observations,
P. cataulacicepsmales are not territorial and change their call-
ing sites frequently. It can thus be speculated that the Bdear
enemy^ effect is not present in this species andmales probably
do not learn the calls of familiar neighbors. Although this
hypothesis will require field observations of a larger number
of individuals and experimental testing, this contribution
could be a useful initial point for future comparative analysis.

Although other studies have been carried out across multi-
ple nights, the values of the CVb/CVw ratio obtained for the
acoustic properties of P. cataulaciceps calls (minimum–max-
imum 0.8–1.7) are lower than those reported for other species
of anurans: Rana catesbeiana (1.1–4.7) (Bee and Gerhardt
2001a), Rana clamitans (1.2–2.5) (Bee et al. 2001),
Pseudacris maculata (0.6–4.8) (Bee et al. 2010),
Anomaloglossus beebei (0.8–3.2) (Pettit et al. 2013), and
Hyla versicolor (0.7–3.1) (Reichert 2013). Contrary to
P. cataulaciceps, all these species have a relatively longer
breeding period, and it might be hypothesized that individual
distinctiveness is a less advantageous feature in explosive
breeding species where the high spatial density of extremely
excited males might result in quick female interception with
little room for the females to pick and choose a mate.
However, the values of the CVb/CVw ratio reported for
three other species with prolonged breeding seasons, and
tropical distributions, are comparable to those obtained in
this study: Odorrana tormota (0.58–1.0) (Feng et al.
2009), Allobates femoralis (0.68–1.85) (Gasser et al.
2009), and Oophaga pumilio (0.75–1.76) (Meuche et al.
2013). In the case of O. tormota, the authors hypothesized
that the relatively low acoustic differentiation between indi-
viduals results from the evolutionary pressure resulting from
ultrasonic emissions. The other two examples of low CVb/
CVw ratio (A. femoralis and O. pumilio) are terrestrial spe-
cies with a relatively long breeding season during which
males actively defend calling territories (Gasser et al. 2009;
Meuche et al. 2013). Future advances with this and other
explosive breeder species could be useful to corroborate a
possible hypothesis relating reproductive dynamic and call
variability (ecological patterns and potential individual
discrimination).

Wells (1988) suggested that in many anurans, the females
probably enter a chorus and move to an area where several
males are calling, but mates probably are chosen from a small
subset of males in the chorus. The inverse relationship be-
tween the predicted acoustic distinctiveness and the number
of individuals included in the comparison is likely an inherent
property of DFA, and future studies should attempt to com-
pare this relationship across several species or use null model
simulations in order to obtain a better estimate on the group
size effect in DFA. However, our results are in line with others
that reported an increase in classification success when small-
er groups of individuals are considered (Bee and Gerhardt
2001a; Bee et al. 2001).

Very little is known about the mating system of
P. cataulaciceps. From our observations, two alternatives are
at least possible: the first is that females quickly select the
preferred male from a small subset of males in the chorus,
using acoustic features to discriminate among them. The other
possibility would be that the females do not discriminate the
subtle acoustic differences among neighboring males and
mate with the one that remains in amplectant position while
resisting the clasping attempts of other competitors. This pat-
tern has been observed in other explosive anuran species
(Wilbur 1978; Kruse 1981; Woodward 1982). In addition to
the acoustic features measured in this study, individual distinc-
tiveness could also benefit from differences in the intensity of
the calls, as have been described for other anurans (Castellano
et al. 2000; Bush et al. 2001; Gerhardt 2005), but then the
relative position of the callers could easily misinform the fe-
males approaching the chorus. In general, additional field ob-
servations and experimental studies are needed to improve our
knowledge of the mating system of P. cataulaciceps.
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