
NORTH-WESTERN JOURNAL OF ZOOLOGY 11 (2): 262-273                                                        ©NwjZ, Oradea, Romania, 2015 
Article No.: 151504                                                                                                                                  http://biozoojournals.ro/nwjz/index.html 

 
Intraspecific variation and new distributional records for Pseudopaludicola 

species (Anura, Leptodactylidae, Leiuperinae) with trilled advertisement call 
pattern: diagnostic characters revisited and taxonomic implications 

 
Thiago Ribeiro DE CARVALHO 1,2,3,*,  Bernardo Franco DA VEIGA TEIXEIRA1,2, 

Lucas Borges MARTINS1,2 and Ariovaldo Antonio GIARETTA1 
 

1. Laboratório de Taxonomia, Sistemática e Ecologia Comportamental de Anuros Neotropicais. Faculdade de Ciências Integradas  
do Pontal, Universidade Federal de Uberlândia (UFU), Rua 20, 1600, 38304-402, Ituiutaba, Minas Gerais, Brasil. 

2. Programa de Pós-Graduação em Biologia Comparada, Universidade de São Paulo, Departamento de Biologia/FFCLRP. Avenida  
dos Bandeirantes, 3900, 14040-901, Ribeirão Preto, São Paulo, Brasil. 

*Corresponding author, T. R. De Carvalho, E-mail: thiago_decarvalho@yahoo.com.br 
 
 

Received: 05. December 2014 / Accepted: 20. February 2015 / Available online: 02. August 2015 / Printed: December 2015 
 

 

Abstract. Herein, we conduct a comparative study based mainly on the acoustic variation of calls of four 
Pseudopaludicola species that share a trilled advertisement call pattern, as well as revisit their diagnoses, and 
update their distribution. Acoustic variation was helpful for species delimitation: two temporal traits 
distinguished P. facureae from P. hyleaustralis, and both species from P. canga and P. parnaiba, whereas the 
latter two species could not be distinguished from each other. Therefore, additional evidence is required to 
establish the taxonomic status of P. parnaiba in relation to P. canga, since neither morphology, body size, color 
patterns, or bioacoustics supported the separation between these species. This frog genus has a conservative 
morphology and a great variety of calling patterns. Therefore, the association between specimens and calling 
patterns is crucial for more reliable species identifications and understanding its distributional patterns and 
implications for conservation. 
 

 

Key words: Amphibia, bioacoustics, cryptic species, diagnosis, taxonomy. 
 

 
Introduction  
 
The genus Pseudopaludicola Miranda-Ribeiro cur-
rently comprises 18 species distributed throughout 
South America (Frost 2014). This genus has been 
diagnosed using external morphology and oste-
ological features (Lynch 1971, 1989). The mono-
phyly of the genus has been supported by phy-
logenetic analyses based on external morphology 
and osteology (Lobo 1995), and recently molecular 
data (Veiga-Menoncello et al. 2014). 

A recent study (Veiga-Menoncello et al. 2014) 
recovered a clade that shared the same karyotype 
(2n=18), containing P. canga Giaretta & Kokubum, 
2003, P. facureae Andrade & Carvalho, 2013, P. 
atragula Pansonato et al., 2014b [referred as Pseu-
dopaludicola sp. 2 (aff. canga)], and P. aff. canga 
from Maranhão, northeastern Brazil. Other two 
species (P. hyleaustralis Pansonato et al, 2012 and 
P. parnaiba Roberto, Cardozo & Ávila, 2013) were 
not included in that analysis, but both species 
share with that group the distinctive trilled adver-
tisement call composed of well-defined series of 
non-pulsed (except for P. atragula, which has a 
pulsed call). Thus, it might be hypothesized that 
they are related to those taxa. 

Species identity of two Pseudopaludicola popu- 

lations with trilled call pattern recently collected 
in Tocantins (northern Brazil) could not be unam-
biguously assigned to species based on morpho-
logical, morphometric, and acoustic data available 
Therefore, here provide a comparative study 
based on acoustic variation of calls of all four 
Pseudopaludicola species sharing a trilled adver-
tisement call pattern (P. canga, P. facureae, P. 
hyleaustralis and P. parnaiba). Data were obtained 
both in the field and from their original descrip-
tions, and analyzed with the same standards. Our 
results contribute to a better assessment of the 
specific identities of these four species, and an up-
date of their distribution. 
 
 
Material and methods 
 
Field work was conducted in five municipalities: Limeira 
do Oeste (19°18'04'' S, 50°47'20'' W; ca. 390 m a.s.l.), 
Uberlândia (18°56'38'' S, 48°16'18'' W; ca. 860 m a.s.l.), 
Minas Gerais State, southeastern Brazil; Palmeiras de 
Goiás (16°50'48'' S, 49°51'51'' W; ca. 610 m a.s.l.), Goiás 
State, central Brazil; Mateiros (10°34'40'' S, 46°29'26'' W; 
ca. 615 m a.s.l.) and Palmas (10°12'33'' S, 48°13'54'' W; ca. 
550 m a.s.l.), Tocantins State, northern Brazil. Localities 
cited earlier and additional localities are plotted in Figure 
1. 
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Figure 1. Distribution map of Pseudopaludicola species with trilled advertisement call pattern. Red 
symbols represent type localities. Stars (P. canga): Pará State: 1 – Marabá, 2 – Curionópolis,  
3 – São Geraldo do Araguaia, 4 – Conceição do Araguaia; Tocantins State: 5 – Palmas,  
6 – Mateiros; Circles (P. facureae): Minas Gerais State: 1 – Uberlândia, 2 – Limeira do Oeste; Goiás 
State: 3 – Piracanjuba (Guimarães et al. 2001), 4 – Palmeiras de Goiás, 5 – Goianésia (Guimarães 
et al. 2001); Squares (P. hyleaustralis): Mato Grosso State: 1 – Alta Floresta, 2 – Nova Bandeirantes, 
3 – Aripuanã, 4 – Colniza; Triangle (P. parnaiba): Ribeiro Gonçalves (Piauí State). 

 
 

Table 1. Acoustic terminology employed for Pseudopaludicola species with trilled advertisement call. 
 

Acoustic traits Definition 
Note duration Time from beginning to end of one note 
Note interval Time from end of one note to beginning of the next note within one call 
Call duration Time from beginning to end of one call; Call = note group 

Intercall interval Time from end of one call to beginning of the next call 
Note rate/second Total number of notes per call / call duration 

Series duration Time from beginning of first call to end of last call (except for introductory notes) 
Series/minute Total number of call series emitted in one minute of recording 

Dominant frequency Frequency with greatest energy, determined from entire call 
Fundamental frequency Frequency with the greatest amount of sound energy in the first harmonic 

 
 

Specimens are housed in the Collection of 
amphibians of the Museu de Biodiversidade do Cerrado, 
Universidade Federal de Uberlândia (AAG-UFU), 
Uberlândia, Minas Gerais, Brazil. Examined specimens, 
including voucher specimens, are listed in Appendix 1. 
Snout-vent length (SVL) of adult specimens followed 
Heyer et al. (1990). 

Calls were recorded using digital equipment (Boss 
BR 864, M-Audio Microtrack II, Marantz PMD 670, 
Marantz PMD 671) set at a sampling rate of 44.1 or 48.0 
kHz and a resolution of 16 bits (mono WAVE file format), 
and directional microphones [Sennheiser K6/ME66 

(Microtrack) or K6/ME67 (Boss and Marantz)]. Calls from 
the original descriptions and additional localities of P. 
canga, P. facureae, P. hyleaustralis, and P. parnaiba were 
analyzed or reanalyzed using the software Raven Pro 
version 1.5, 32-bit version (Bioacoustics Research Program 
2012). Temporal and spectral traits were measured from 
spectrograms; temporal traits were manually measured, 
dominant frequency was obtained in the software 
through Peak Frequency measurement. Dominant 
frequency was always coincident with fundamental 
frequency for the four species; higher harmonically 
related frequencies were not measured due to 
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background noise in spectrogram (Figure 3). Raven Pro 
settings: window type = Hann; window size = 256 
samples; 3 dB filter bandwidth = 248 or 270 Hz; 
brightness = 50%; contrast = 50%; overlap (locked) = 85%; 
hop size (temporal resolution) = 0.79 or 0.86 ms; DFT size 
(locked) = 1024 samples (spectral resolution = 43.1 or 46.9 
Hz). Sound figures were obtained using Seewave version 
1.7.3 package (Sueur et al. 2008) of the R platform version 
3.1.0, 32-bit version (R Core Team 2014). Seewave 
settings: window name = Hanning; window length = 256 
samples; overlap = 85%. Acoustic terminology essentially 
followed Duellman & Trueb (1994), defined in Table 1. 

The overall thermal dependency of temporal traits of 
advertisement calls was not tested given that only P. 
facureae reached an appropriate sample size for statistical 
analyses (N = 16 recorded males). A Principal Component 
Analysis (PCA) on a correlation matrix was performed 
from individual mean values, using the R package (R 
Core Team 2014) vegan 2.0-10 (Oksanen et al. 2013), to 
explore variation in acoustic traits within and among 
species. Subsequently, we performed a Discriminant 
Function of Principal Components (DAPC; Jombart et al. 
2010) from the first three PCs using the R package 
adegenet 1.4-2 (Jombart 2008) to test the effectiveness of 
species classification using solely acoustic traits. We also 
evaluated discrimination through the non-parametric 
Random Forests model (Breiman 2001) using the R 
package randomForest 4.6-10 (Liaw & Wiener 2002) to 
test for congruence and confidence between the two 
methods. See Appendix 2 for acoustic individual mean 
values, first three PC scores, eigenvalues, and 
proportional explained variation; Appendix 3 for PC and 
DAPC eigenvectors. 
 
 
Results 
 
Color patterns and body size 
Adult body size (Table 2) could not separate the  
four species: type specimens of P. canga (SVL 14.6–
16.2 mm; N = 6), P. facureae (SVL 12.1–15.1 mm; N 
= 13), P. hyleaustralis (SVL 12.2–16.1 mm; N = 30), 
and P. parnaiba (SVL 11.5–14.5 mm; N = 21). Al-
though the SVL of P. canga’s and P. parnaiba’s type 
series did not overlap, body size could not sepa-
rate one from the other either with the inclusion of 
non-topotypical specimens of P. canga (SVL 12.7–
13.9; N = 7) (Table 2). 

The variation of mottling patterns on the vocal 
sac within and among Pseudopaludicola species is 
poorly known.Vocal sac coloration in P. canga 
(present study; based on males from Tocantins), P. 
hyleaustralis (Pansonato et al. 2014b), and P. par-
naiba (Roberto et al. 2013) is yellowish, whereas 
that of P. facureae is cream-colored with white or 
off-white cream warts (see Fig. 2B of Andrade & 
Carvalho 2013).  

Advertisement calls from type localities 
Pseudopaludicola canga Giaretta & Kokubum, 
2003. Type locality: Marabá, Pará, Brazil. Two 
males were recorded (N = 33 calls; N = 22 notes; 
Table 3). Advertisement call (Fig. 2A) consists of 
high-pitched trills, i.e. well-defined groups of non-
pulsed notes, which can have subtle increase 
and/or decrease on amplitude, but are essentially 
sustained throughout call duration. Call duration 
varies from 219–610 ms (mean 465.8; SD = 40.6),  
and call interval from 672–3905 ms (mean 1637.2; 
SD = 401.8). Calls have from 3–9 notes (mean 6.5; 
SD = 1.4), emitted at rates of 11.6–15.5 notes per 
second (mean 13.9; SD = 1.8). Besides, nine iso-
lated notes were emitted along this almost two-
minute length recording. Notes have a slight as-
cendant frequency modulation, typically consist-
ing of an abruptly energetic onset with gradual 
decreasing amplitude toward the end (Fig. 3A), 
but in a few notes, in their first third or half, an as-
cendant amplitude modulation can also be ob-
served. Note duration lasts from 26–32 ms (mean 
28.8; SD = 3.2), and note interval from 41–71 ms 
(mean 53.4; SD = 13.3). Dominant frequency varies 
from 3747–4134 Hz (mean 3902.4; SD = 147.8).  
 
Pseudopaludicola facureae Andrade & Carvalho, 
2013. Type locality: Uberlândia, Minas Gerais, 
Brazil. Eleven males were recorded (N= 243 calls; 
N = 211 notes; N = 21 series; Table 4). 
Advertisement call (Fig. 2B) consists of high-
pitched trills, i.e. well-defined groups of non-
pulsed notes, which commonly have an increase 
on the amplitude in the first notes and is sustained 
throughout call duration. Call duration varies 
from 75–3097 ms (mean 570.0; SD = 138.7), and call 
interval from 78–1113 ms (mean 430.0; SD = 104.4). 
Calls have from 2–55 notes (mean 13.2; SD = 2.8), 
emitted at rates of 10.4–40.0 notes per second 
(mean 23.2; SD = 4.8). Notes have a slight 
ascendant frequency modulation (Fig. 3B), 
typically consisting of an abruptly energetic onset 
with gradual decreasing amplitude toward the 
end, other modulations on amplitude, e.g. in half 
duration, can also be observed (Fig. 3B). Series are 
composed of 2–27 advertisement calls (mean 10.3; 
SD = 5.2), emitted from 1–2 series per minute 
(mean 1.1; SD = 0.3). 

Dominant frequency is always coincident with 
the fundamental harmonic, varying from 4091–
4996 Hz (mean 4450.1; SD = 237.7). Up to 4 higher, 
harmonically related frequencies can be observed. 
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Table 2. Snout-vent length (SVL) ranges (mm) for adult specimens of Pseudopaludicola canga from Pará: type se-
ries (Giaretta & Kokubum 2003), and from other localities (Pansonato et al. 2012); and from Tocantins (present 
study); P. facureae from Minas Gerais: type series (Andrade & Carvalho 2013), topotypes (present study); and 
from Goiás (present study); P. hyleaustralis type series from Mato Grosso (Pansonato et al. 2012); and P. parnaiba 
type series from Piauí (Roberto et al. 2013). Number of specimens measured in parentheses. See Figure 1 for 
specific localities in each Brazilian State. 

 

Type series Topotypes Additional localities 
Species 

Males Females Males Females Males Females 
P. canga 14.6–16.2 (6) 15.5–20.1 (5) ------ ------ 12.7–13.9 (7) 15.6–15.7 (3) 
P. facureae 12.1–15.1 (13) 14.7–18.3 (10) 13.3–14.4 (5) 15.2–16.0 (2) 12.8–14.0 (5) 16.2 (1) 
P. hyleaustralis 12.2–16.1 (30) 13.0–17.5 (6) ------ ------ ------ ------ 
P. parnaiba 11.5–14.5 (21) 13.0–14.3 (3) ------ ------ ------ ------ 

 
 

 
Figure 2. Waveform of the advertisement calls of (A–D) P. canga, P. facureae, P. hyleaustralis, and P. parnaiba 

from their respective type localities, except for P. canga (São Geraldo do Araguaia, Pará), depicting calling 
patterns. P. facureae’s waveform (B) depicts 7 introductory notes followed by a 17-note advertisement call. 

 
 

Call series are always preceded by the 
emission of 4–17 notes (mean 11.3; SD = 3.1) with 
variable structure, amplitude and frequency 
modulations, and emission patterns (Figure 2B), 
referred in the original description as introductory 
notes (see Andrade and Carvalho 2013). Dominant 
frequency is similar to that of advertisement call, 
varying from 4091–5082 Hz (4450.0; SD = 276.9). 

 
Pseudopaludicola hyleaustralis Pansonato, 

Morais, Ávila, Kawashita-Ribeiro, Strüssmann & 
Martins, 2012. Type locality: Alta Floresta, Mato 
Grosso, Brazil. Two males recorded (N = 13 calls; 
N = 20 notes; Table 4). Advertisement call (Fig. 2C) 
consists of high-pitched trills, i.e., well-defined 

groups of non-pulsed notes, which can have subtle 
increase and/or decrease in amplitude between 
notes, but is essentially sustained throughout call 
duration. Call duration varies from 177–8164 ms 
(mean 3570.0; SD = 2435.7), with irregular call in-
tervals. Calls have from 2–74 notes (mean 33.1; SD 
= 19.6), emitted at rates of 7.8–11.3 notes per sec-
ond (mean 9.0; SD = 0.1). Notes have a slight as-
cendant frequency modulation, typically consist-
ing of a very energetic onset with gradual decrease 
in sound energy (Fig. 3C). Note duration varies 
from 25–30 ms (mean 28.0; SD < 0.1), and note in-
terval from 68–142 ms (mean 81.0; SD = 1.3). 
Dominant frequency is always coincident with the 
fundamental harmonic, varying from 3661–4134  
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Table 3. Advertisement call traits for Pseudopaludicola canga from Pará: Marabá (type locality), Conceição do Araguaia, 
Curionópolis, and São Geraldo do Araguaia; and from Tocantins: Mateiros and Palmas. Mean±SD (minimum–
maximum). N = number of recorded males (number of analyzed calls/ number of analyzed notes). 

 

Acoustic traits Marabá 
N=2 (33/22) 

Conceição do Araguaia 
N=1 (17/16) 

Curionópolis 
N=1 (5/10) 

Call duration (ms) 465.8±40.6 (219–610) 596.0±214.0 (260–1114) 462.0±254.4 (178–728) 
Intercall interval (ms) 1637.2±401.8 (672–3905) 563.4±197.0 (113–819) 663.3±203.5 (431–810) 
Note duration (ms) 28.8±3.2 (26–32) 23.8±1.0 (23–25) 23.2±1.1 (22–25) 
Note interval (ms) 53.4±13.3 (41–71) 48.0±3.0 (41–56) 53.3±2.6 (50–59) 
Notes/call 6.5±1.4 (3–9) 8.8±2.9 (4–16) 6.8±3.3 (3–10) 
Note rate/second 13.9±1.8 (11.6–15.5) 14.9±0.6 (13.7–15.6) 15.1±1.3 (13.7–16.9) 
Dominant frequency (Hz) 3902.4±147.8 (3747–4134) 4228.1±46.3 (4134–4307) 4543.5±43.1 (4522–4608) 
Harmonics Up to 2 Up to 4 1 
Air temperature (°C) 25.0 25.0 29.0 

 

Acoustic traits São Geraldo do Araguaia 
N=1 (29/10) 

Mateiros 
N=2 (53/20) 

Palmas 
N=2 (6/39) 

Call duration (ms) 1044.0±779.0 (111–4020) 906.0±276.0 (173–3505) 2809.0±409.1 (2520–3098) 
Intercall interval (ms) 687.0±177.0 (204–1107) 775.0±14.5 (360–2772) 1110.0±116.0 (1028–1192) 
Note duration (ms) 27.1±1.0 (26–28) 27.0±1.6 (24–30) 30.0±1.5 (29–31) 
Note interval (ms) 42.3±3.0 (36–46) 54.0±12.8 (39–115) 60.0±5.2 (56–64) 
Notes/call 15.7±11.4 (2–57) 10.8±2.5 (2–36) 38.6±14.0 (29–49) 
Note rate/second 15.2±1.2 (10.8–18.0) 12.5±0.7 (9.2–14.7) 13.0±2.2 (11.5–14.5) 
Dominant frequency (Hz) 3847.0±41.4 (3797–3938) 4248.3±205.5 (3984–4500) 4447.3±455.7 (4125–4770) 
Harmonics Up to 3 Up to 5 Up to 5 
Air temperature (°C) ? 26.6–28.8 24.5 

 
 
Hz (mean 3946.0; SD = 159.9). Up to three higher, 
harmonically related frequencies can be observed. 
 
Pseudopaludicola parnaiba Roberto, Cardozo & 
Ávila, 2013. Type locality: Ribeiro Gonçalves, 
Piauí, Brazil. Four males were recorded (N = 25 
calls; N = 77 notes; Table 4). Advertisement call 
(Fig. 2D) consists of high-pitched trills, i.e. well-
defined groups of non-pulsed notes, which can 
have subtle increase and/or decrease in amplitude 
between notes, but is essentially sustained 
throughout call duration. Call duration varies 
from 379–1859 ms (mean 899.0; SD = 672.2), and 
call interval from 485–1280 ms (mean 954.0; SD = 
344.7). Calls are composed of 6–24 notes (mean 
12.1; SD = 8.2), emitted at rates of 12.9–15.8 notes 
per second (mean 14.2; SD = 1.4). Notes can have a 
very slight ascendant frequency modulation, 
typically consisting of an abruptly energetic onset 
with gradual decreasing amplitude toward the 
end, other modulations on amplitude can also be 
observed throughout their duration though 
(Figure 3D). Note duration varies from 15–24 ms 
(mean 20.0; SD = 4.2), and note interval from 49–61 
ms (mean 54.0; SD = 5.6). Dominant frequency is 
a lways coincident  wi th the fundamenta l 
harmonic, varying from 4264–5190 Hz (mean 
4813.6 ;  SD = 392.2) .  Up to three  higher ,  

harmonically related frequencies can be observed. 
 
Intra- and interspecific acoustic comparisons 
Variation in temporal envelope (call and note 
amplitude patterns), as well as frequency 
modulations of the analyzed recordings from 
additional populations fitted call redescriptions 
from type localities (Fig. 4), and presented no 
conservative or distinctive patterns associated 
with each one of the studied species. Concerning 
higher harmonically related frequencies, we 
observed harmonics in all four species, including 
up to five harmonics in calls of P. canga, whose 
calls from the original description lacked this 
spectral feature. 

Variation in acoustic parameters was greater 
between- than within-species, with a clear 
separation between P. facureae and other species 
along PC1 (Fig. 4), whereas variation along PC2 
did not contribute to species separation. Note 
rate/s, note duration, and note interval mainly 
accounted for species separation along PC1, 
whereas call duration and notes/call (probably 
correlated traits, i.e. the number of notes 
determines the call duration) separated species 
along PC2. Dominant frequency was mainly 
associated with PC3, and could not contribute to 
species separation either. 
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Table 4. Advertisement call traits for Pseudopaludicola facureae from Minas Gerais: Uberlândia (type locality), and 
Limeira do Oeste); and Goiás (Palmeiras de Goiás); P. hyleaustralis (Alta Floresta, Mato Grosso) and P. parnaiba 
(Ribeiro Gonçalves, Piauí) from their respective type localities. Mean±SD (minimum–maximum). N = number of re-
corded males (number of analyzed calls / number of analyzed notes) [number of analyzed series]. 

 

 P. facureae 
Acoustic traits Uberlândia 

N=9 (127/180) [15] 
Limeira do Oeste 
N=4 (61/80) [9] 

Palmeiras de Goiás 
N=3 (23/71) [4] 

Call duration (ms) 551.0±147.1 (75–1851) 905.0±263.1 (55–1802) 1521.0±175.0 (131–3463) 
Intercall interval (ms) 430.0±116.2 (78–1113) 722.0±222.7 (268–1596) 1516.0±109.3 (612–6666) 
Note duration (ms) 20.0±2.7 (14–26) 17.0±0.8 (14–20) 19.0±1.5 (14–24) 
Note interval (ms) 19.0±5.3 (12–104) 14.0±2.2 (9–18) 23.0±9.1 (9–89) 
Notes/call 13.9±2.6 (2–53) 25.6±7.5 (2–59) 42.3±7.3 (3–109) 
Note rate/second 25.8±1.8 (13.2–40.0) 27.6±3.0 (17.5–36.4) 26.5±3.7 (12.4–31.5) 
Series duration (s) 8.5±3.8 (2.0–18.9) 9.9±2.9 (6.8–14.7) 23.0±5.9 (12.3–27.8) 
Series/minute 1.1±0.3 (1–2) 1.0 1.0 
Calls/series 8.7±4.0 (2–16) 6.2±1.5 (4–8) 7.7±2.5 (5–10) 
Dominant frequency (Hz) 4472.9±326.6 (3962–5254) 4362.2±273.4 (3891–4594) 4478.7±225.9 (4125–4734) 
Harmonics Up to 5 Up to 4 Up to 5 
Air temperature (°C) 26.4–31.4 29.0–30.0 23.8 

 
 P. hyleaustralis P. parnaiba 
Acoustic traits Alta Floresta 

N=2 (13/20) 
Ribeiro Gonçalves 

N=4 (25/77) 
Call duration (ms) 3570.0±2435.7 (177–8164) 899.0±672.2 (379–1859) 
Intercall interval (ms) ------ 954.0±344.7 (485–1280) 
Note duration (ms) 28.0±0.1 (25–30) 20.0±4.2 (15–24) 
Note interval (ms) 81.0±0.1 (68–142) 54.0±5.6 (49–61) 
Notes/call 33.1±19.6 (2–74) 12.1±8.2 (6–24) 
Note rate/second 9.0±0.1 (7.8–11.3) 14.2±1.4 (12.9–15.8) 
Series duration (s) ------ ------ 
Series/minute ------ ------ 
Calls/series ------ ------ 
Dominant frequency (Hz) 3946.0±159.9 (3660–4134) 4813.6±392.2 (4264–5190) 
Harmonics Up to 3 Up to 3 
Air temperature (°C) 24.0 26.0 
 
 
DAPC scatterplot (Fig. 5) showed a similar 

result, in which P. facureae was completely 
separated from the other species along DA1, 
whose individuals were recovered with total 
confidence. Conversely, P. canga and P. parnaiba 
were poorly discriminated one from the other 
(three out of four individuals of P. parnaiba were 
misclassified as P. canga, and one out of eight 
individuals of P. canga were misclassified as P. 
parnaiba; Table 5). Individuals of P. hyleaustralis 
were recovered in both scatterplots as a separate 
unit (Fig. 5), albeit both misclassified as P. canga 
through Random Forests model (Table 5). DAPC 
and Random Forests results generated similar 
results with respect to species discrimination, 
except for P. hyleaustralis, whose both individuals 
were misclassified through Random Forests 
model. 

 

Discussion 
 
Remarks on geographic distribution 
Pseudopaludicola facureae was previously known 
only from its type locality (Uberlândia) and 
Limeira do Oeste, ca. 150 km westward from 
Uberlândia. Palmeiras de Goiás represents the first 
record for P. facureae in Goiás, central Brazil (Fig.1 
1). Our new distributional records for P. canga 
(Palmas e Mateiros) represent the first report for 
Tocantins (Fig. 1). Additionally, the record for 
Mateiros extends its distribution ca. 405 km 
southeastward in comparison to the previously 
southernmost distribution limit (Conceição do 
Araguaia, Pará; Pansonato et al. 2012). Oliveira et 
al. (2013) extended P. canga’s distribution 260 km 
northwestward from its type locality. Nonetheless, 
we did not include their distributional record  
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Figure 4.  Scatterplot of the first two principal component scores (PCs) from call traits  
of P. canga (red), P. facureae (blue), P. hyleaustralis (green), and P. parnaiba (yellow). 

 

 
 

 
 

Figure 5.  DAPC scatterplot of the first five PCs and three DA axes from call traits of Pseudopaludicola species. 
Abbreviations: can (P. canga), fac (P. facureae), hyl (P. hyleaustralis), par (P. parnaiba). 

 
 
considering the difficulty in unambiguously assess 
its specific identity, as extensively discussed in 
this study, mainly in this particular case that 
acoustic information is lacking. 
 
Remarks on diagnostic characters 
Given the high intraspecific variation among 
species, dorsal color patterns and body size should 
probably have no diagnostic applicability. On the 
other hand, vocal sac coloration and texture could 
unequivocally distinguish P. facureae from the 
other three species. Glandular folds on the 

scapular region (Giaretta & Kokubum 2003, 
Pansonato et al. 2012) are commonly observed in 
Pseudopaludicola species. Pansonato et al. (2012) 
separated P. hyleaustralis from P. canga by the 
absence of dorsal folds. Yet, glandular folds can be 
seen on scapular region in their Fig. 3A. 
Consequently, dorsal folds seem not a useful 
diagnostic character for P. canga, since it is highly 
variable among species. Furthermore, it might be 
hardly observed in preserved specimens due to 
fixation artifacts. 
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Figure 6. Boxplots of mean individual values of temporal traits of the advertisement calls of 
Pseudopaludicola species. Abbreviations: can (P. canga), fac (P. facureae), hyl (P. hyleaustralis), 
par (P. parnaiba). 

 
 
Table 5. Classification matrix for Pseudopaludicola species 

based on acoustic data through Random Forests model. 
Settings: number of tree permutations = 500; number of 
variables tried at each split = 2.0; error rate = 19.4%. 
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P. canga 8 0 0 1 11% 
P. facureae 0 16 0 0 0% 
P. hylaeaustralis 2 0 0 0 100% 
P. parnaiba 3 0 0 1 75% 

 
 
Update on congeneric diagnostic characters 
All four species have a distinctive trilled 
advertisement call pattern consisting of non-
pulsed notes, emitted in well-defined series. Such 
calling pattern separate them from all congeners 
with described calls (see Haddad & Cardoso 1987, 
Duré et al. 2004, Pereira & Nascimento 2004, 
Toledo et al. 2010, Carvalho 2012, Pansonato et al. 
2012, 2013, 2014b, Cardozo & Toledo 2013, 
Magalhães et al. 2014). Additionally, other 

characters (morphology, body size, and color 
patterns) seem not to be useful for specific 
identification of Pseudopaludicola species, unless 
unassociated with distinctive calling pattern. 

Pseudopaludicola facureae is easily diagnosed 
from the other three species by having a whitish 
cream vocal sac with warty texture, whereas P. 
canga, P. hyleaustralis, and P. parnaiba have a 
smooth, yellow vocal sac. In addition, only P. 
facureae calls have introductory notes. 
Additionally, two temporal traits of P. facureae’s 
call (note rate/s and note interval; Fig. 6) are 
useful for differentiating it from the other three 
Pseudopaludicola species. The same temporal traits 
of call (note rate/s and note interval; Fig. 6) might 
also be useful for species delimitation of P. 
hyleaustralis in comparison with the other three 
species, despite individuals of P. hyleaustralis 
being misclassified as P. canga (Table 5). Yet, our 
small sample size for this species (N = 2 recorded 
males) might hamper a definite answer and 
further data must be collected. 

On the other hand, we could not separate  
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specimens of P. canga and P. parnaiba using body 
size, morphology, vocal sac coloration patterns, 
and acoustic data. This result suggests that a more 
comprehensive set of characters should be 
included to allow the diagnosis of these species 
(Tables 2–4). 
 
Final remarks 
Guimarães et al. (2001) referred to a 
Pseudopaludicola species occurring in central Brazil 
as “P. aff. saltica” (see Fig. 1). Based on their call 
description and sound figure (two types of notes: 
type 1 = typical advertisement call notes; type 2 = 
introductory notes; see Fig. 2B), the recorded 
males from central Brazil may actually be P. 
facureae. Thus, males associated with this calling 
pattern are presumably short-legged, rather than 
the long-legged species (P. murundu and P. saltica) 
of the P. saltica clade (Veiga-Menoncello et al. 
2014). Furthermore, one of the localities from 
which those authors recorded specimens coincides 
with our first record for P. facureae in Goiás 
(Palmeiras de Goiás). 

Specimens from Tocantins had been assigned 
by us to P. canga based on overall similarities (see 
Tables 3–4). Based on the results from this study, 
we suggest that both Mateiros and Palmas 
populations should belong to P. canga, but a larger 
sample size of recorded males of P. parnaiba is 
necessary to a definite identification of these 
populations. Moreover, both species have a poor 
delimitation based on both morphological and 
acoustic datasets. Therefore, molecular and 
cytogenetic information should corroborate our 
specific identification of non-topotypical 
populations assigned to P. canga. Furthermore, a 
reassessment of the taxonomic status of P. parnaiba 
in relation to P. canga is needed, as they seem to be 
cryptic species. 
The increasing recognition of cryptic diversity 
within the Neotropical frog genus Pseudopaludicola 
has brought some difficulty in the identification of 
taxa based solely on morphological and 
morphometric data. Accordingly, bioacoustics has 
proven to be useful for taxonomic purposes within 
this genus (e.g., Carvalho 2012, Cardozo & Toledo 
2013, Magalhães et al. 2014, Pansonato et al. 2014a, 
b). The reanalysis of acoustic data led us to update 
and reinforce P. facureae and P. hyleaustralis 
diagnoses, whereas it was not helpful in 
supporting the validity of P. parnaiba in relation to 
P. canga. Henceforth, the association between 
specimens and calling patterns is crucial for 

unequivocal identifications, and to understand the 
hidden diversity within this group. Such data can 
help understand distributional patterns and its 
conservation implications. 
 
 
 
 
Acknowledgements. Financial support from Conselho 
Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq), Fundação de Amparo à Pesquisa no estado de 
Minas Gerais (FAPEMIG). A research grant conceded by 
CNPq to AAG. Doctoral fellowships by CAPES (BFVT), 
CNPq (LBM), and FAPESP (TRC). Special thanks to 
André Pansonato, Igor J. Roberto, and William P. da 
Costa for kindly making available recordings. Collection 
permit was granted by Instituto Chico Mendes through 
the online platform Sistema de Autorização e Informação 
em Biodiversidade (ICMBio/SISBIO 30059–5). 
 
 
 
References 
 
Andrade, F.S., Carvalho, T.R. (2013): A new species of 

Pseudopaludicola Miranda-Ribeiro (Leiuperinae: Leptodactylidae: 
Anura) from the Cerrado of southeastern Brazil. Zootaxa 
3608(5): 389–397. 

Bioacoustics Research Program (2012): Raven Pro, Interactive 
Sound Analysis Software, version 1.5. The Cornell Lab of 
Ornithology, Ithaca, New York. 

Breiman, L. (2001): Random Forests. Machine Learning 45(1): 5–32. 
Cardozo, D., Toledo, L.F. (2013): Taxonomic status of 

Pseudopaludicola riopiedadensis Mercadal de Barrio and Barrio, 
1994 (Anura, Leptodactylidae, Leiuperinae). Zootaxa 3734(5): 
571–582. 

Carvalho, T.R. (2012): A new species of Pseudopaludicola Miranda-
Ribeiro (Leiuperinae: Leptodactylidae: Anura) from the Cerrado 
of southeastern Brazil with a distinctive advertisement call 
pattern. Zootaxa 3328: 47–54. 

Duellman, W.E., Trueb, L. (1994): Biology of Amphibians. The 
Johns Hopkins University Press, Baltimore and London. 

Duré, M.I., Schaefer, E.F., Hamann, M.I., Kehr, A.I. (2004): 
Consideraciones ecológicas sobre la dieta, la reprodución y el 
parasitismo de Pseudopaludicola boliviana (Anura, 
Leptodactylidae) de Corrientes, Argentina. Phyllomedusa 3(2): 
121–131. 

Frost, D.R. (2014): Amphibian Species of the World: an Online 
Reference, v. 6.0. American Museum of Natural History, New 
York, USA. <http://research.amnh.org/vz/herpetology/ 
amphibian>, accessed at: 2014.10.09. 

Giaretta, A.A., Kokubum, M.N.C. (2003): A new species of 
Pseudopaludicola (Anura, Leptodactylidae) from northern Brazil. 
Zootaxa 383: 1–8. 

Guimarães, L.D., Lima, L.P., Juliano, R.F., Bastos, R.P. (2001): 
Vocalizações de espécies de anuros (Amphibia) no Brasil 
Central. Boletim do Museu Nacional, Zoologia (Nova Série) 474: 
1–15. 

Haddad, C.F.B., Cardoso, A.J. (1987): Taxonomia de três espécies de 
Pseudopaludicola (Anura, Leptodactylidae). Papéis Avulsos de 
Zoologia 36(24): 287–300. 

Heyer, W.R., Rand, A.S., Cruz, C.A.G., Peixoto, O.L., Nelson, C.E. 
(1990): Frogs of Boracéia. Arquivos de Zoologia, São Paulo 31(4): 
231–410. 

Jombart, T. (2008): adegenet: a R package for the multivariate 
analysis of genetic markers. Bioinformatics 24(11): 1403–1405. 



T. R. De Carvalho et al. 
 

272 

Jombart, T., Devillard, S., Balloux, F. (2010): Discriminant analysis 
of principal components: a new method for the analysis of 
genetically structured populations. BMC Genetics 11(94): 1–15. 

Liaw A., Wiener M. (2002): Classification and Regression by 
randomForest. R News 2/3: 18–22. 

Lobo, F. (1995): Analisis filogenetico del genero Pseudopaludicola 
(Anura: Leptodactylidae). Cuadernos de Herpetología 9(1): 21–
43. 

Lynch, J.D. (1971): Evolutionary Relationships, Osteology, and 
Zoogeography of Leptodactyloid Frogs. Miscellaneous 
Publication, Museum of Natural History, University of Kansas 
53: 1–238. 

Lynch, J.D. (1989): A review of Leptodactylid frogs of the genus 
Pseudopaludicola in northern South America. Copeia 3: 577–588. 

Magalhães, F.M., Loebmann, D., Kokubum, M.N.C., Haddad, 
C.F.B., Garda, A.A. (2014): A new species of Pseudopaludicola 
(Anura: Leptodactylidae: Leiuperinae) from northeastern Brazil. 
Herpetologica 70(1): 77–88. 

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., Minchin, P.R., 
O’Hara, R.B., Simpson, G.L., Solymos, P., Stevens, M.H.H., 
Wagner, H. (2013): vegan: Community Ecology Package. R 
package version 2.0-10. <http://CRAN.R-
project.org/package=vegan>, accessed at 2014.10.08. 

Oliveira, E.A., Hernández-Ruz, E.J., Carvalho, J.C., Sanches, C. 
(2013): Pseudopaludicola canga: geographic distribution. 
Herpetological Review 44(2): 271. 

Pansonato, A., Morais, D.H., Ávila, R.W., Kawashita-Ribeiro, R.A., 
Strüssmann, C., Martins, I.A. (2012): A new species of 
Pseudopaludicola Miranda-Ribeiro, 1926 (Anura: Leiuperidae) 
from the state of Mato Grosso, Brazil, with comments on the 
geographic distribution of Pseudopaludicola canga Giaretta & 
Kokubum, 2003. Zootaxa 3523: 49–58. 

Pansonato, A., Strüssmann, C., Mudrek, J.R., Martins, I.A. (2013): 
Morphometric and bioacoustic data on three species of 
Pseudopaludicola Miranda-Ribeiro, 1926 (Anura: Leptodactylidae: 
Leiuperinae) described from Chapada dos Guimarães, Mato 
Grosso, Brazil, with the revalidation of Pseudopaludicola ameghini 
(Cope, 1887). Zootaxa 3620(1): 147–162. 

Pansonato, A., Mudrek, J.R., Simioni, F., Martins, I.A., Strüssmann, 
C. (2014a): Geographical variation in morphological and 
bioacoustic traits of Pseudopaludicola mystacalis (Cope, 1887) and 
a reassessment of the taxonomic status of Pseudopaludicola 
serrana Toledo, 2010 (Anura: Leptodactylidae: Leiuperinae). 
Advances in Zoology 2014: 1–13. 

Pansonato, A., Mudrek, J.R., Veiga-Menoncello, A.C.P., Rossa-
Feres, D.C., Martins, I.A., Strüssmann, C. (2014b) A new species 
of Pseudopaludicola Miranda-Ribeiro, 1926 (Anura: 
Leptodactylidae: Leiuperinae) from northwestern state of São 
Paulo, Brazil. Zootaxa 3861(3): 249–264. 

Pereira, E.G., Nascimento, L.B. (2004): Descrição da vocalização e 
do girino de Pseudopaludicola mineira Lobo, 1994, com notas 
sobre a morfologia de adultos (Amphibia, Anura, 
Leptodactylidae). Arquivos do Museu Nacional 62(3): 233–240. 

R Core Team (2014): R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, 
Austria. <http://www.R-project.org>, accessed at 2014.10.08. 

Roberto, I.J., Cardozo, D., Ávila, R.W. (2013): A new species of 
Pseudopaludicola (Anura, Leiuperidae) from western Piauí State, 
Northeast Brazil. Zootaxa 3636(2): 348–360. 

Sueur, J., Aubin, T., Simonis, C. (2008): Seewave, a free modular 
tool for sound analysis and synthesis. Bioacoustics 18: 213–226. 

Toledo, L.F., Siqueira, S., Duarte, T.C., Veiga-Menoncello, A.C.P., 
Recco-Pimentel, S.M., Haddad, C.F.B. (2010): Description of a 
new species of Pseudopaludicola Miranda-Ribeiro, 1926 from the 
state of São Paulo, Southeastern Brazil (Anura, Leiuperidae). 
Zootaxa 2496: 38–48. 

Veiga-Menoncello, A.C.P., Lourenço, L.B., Strüssmann, C., Rossa-
Feres, D.C., Andrade, G.V., Giaretta, A.A., Recco-Pimentel, S.M. 
(2014): A phylogenetic analysis of Pseudopaludicola (Anura) 
providing evidence of progressive chromosome reduction. 
Zoologica Scripta 43(3): 261–272. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

+ Appendix 1, 2, 3 – one page 
 
 
 



Intraspecific variation in Pseudopaludicola species 
 

273 

Appendix 1. List of examined and/or call voucher specimens. 
Pseudopaludicola canga – BRAZIL: TOCANTINS: Mateiros (call voucher specimen: AAG-UFU 2527); Palmas (AAG-UFU 2744–2753; call 
voucher specimens: 2744–2745); Pseudopaludicola facureae – BRAZIL: MINAS GERAIS: Uberlândia (type series: AAG-UFU 0853–0855, 
1160, 2277–2279, 2281–2282, 2528, 2622, 3585–3589, 3591, 4731; call voucher specimens: 0853–0855, 2622; topotypes: AAG-UFU 3536–
3538, 3590, 4728–4730, 4732); Limeira do Oeste (AAG-UFU 1234–1237); GOIÁS: Palmeiras de Goiás (AAG-UFU 3393–3396; call voucher 
specimens: 3393–3395). 

 
 
Appendix 2. Mean individual values, eigenvalues, and first three PC scores with respective proportional explained variation (%). 

Pseudoladicola facureae – UDI (Uberlândia), LIM (Limeira do Oeste), PGO (Palmeiras de Goiás); P. canga – MBA (Marabá), CON 
(Conceição do Araguaia), CUR (Curionópolis), MAT (Mateiros), PMS (Palmas), SGA (São Geraldo do Araguaia); P. hyleaustralis – AFL 
(Alta Floresta); P. parnaiba – RIB (Ribeiro Gonçalves). CD = call duration (s), ND = note duration (s), NI = note interval (s), NC = 
notes/call, NR = note rate/s, DF = dominant frequency (Hz); T = air temperature (°C). 

 

Individuals T CD ND NI NC NR DM PC1 PC2 PC3 
UDI1 30.4 0.463 0.020 0.016 13.7 28.7 4349.7 -0.652 -0.123 0.395 
UDI2 29.5 0.471 0.020 0.017 13.0 27.7 4522.0 -0.637 -0.153 0.103 
UDI3 27.0 0.665 0.017 0.032 17.2 24.5 4946.0 -0.602 0.058 -0.895 
UDI4 26.4 0.474 0.018 0.020 12.5 26.6 5024.4 -0.798 -0.087 -0.845 
UDI5 27.5 0.465 0.018 0.016 12.9 27.5 4055.4 -0.638 -0.151 0.778 
UDI6 27.0 0.541 0.016 0.021 13.5 23.3 4487.5 -0.624 -0.117 -0.105 
UDI7 31.4 0.357 0.023 0.018 9.0 25.1 4170.8 -0.380 -0.451 0.678 
UDI8 27.6 0.716 0.024 0.015 16.8 23.0 4427.3 -0.319 -0.123 0.265 
UDI9 27.0 0.811 0.021 0.017 16.5 19.1 4273.5 -0.233 -0.140 0.326 
LIM1 29.0 1.122 0.018 0.014 32.6 29.0 4412.9 -0.626 0.697 0.308 
LIM2 30.0 1.133 0.018 0.016 30.4 26.7 3964.3 -0.435 0.539 0.948 
LIM3 30.0 0.607 0.016 0.012 16.0 23.9 4575.0 -0.716 0.013 -0.145 
LIM4 30.0 0.759 0.018 0.012 23.6 30.9 4496.7 -0.806 0.367 0.221 
PGO1 23.8 1.537 0.018 0.034 36.6 22.5 4489.1 -0.216 0.794 -0.156 
PGO2 23.8 1.687 0.020 0.018 50.5 27.3 4247.8 -0.269 1.290 0.623 
PGO3 23.8 1.339 0.019 0.017 39.9 29.7 4699.2 -0.610 0.999 -0.123 
MBA1 25.0 0.437 0.031 0.063 5.5 12.7 4006.9 0.765 -1.035 0.465 
MBA2 25.0 0.495 0.027 0.044 7.5 15.2 3797.9 0.395 -0.797 0.897 
CON1 25.0 0.596 0.024 0.048 8.8 14.9 4228.1 0.249 -0.641 0.080 
CUR1 29.0 0.462 0.023 0.053 6.8 15.1 4543.5 0.168 -0.706 -0.492 
MAT1 26.6 1.044 0.027 0.042 15.7 15.2 3847.0 0.492 -0.392 0.859 
MAT2 28.8 1.101 0.026 0.045 12.6 12.0 4103.0 0.517 -0.486 0.301 
PMS1 24.5 0.711 0.028 0.063 9.0 13.0 4393.6 0.613 -0.751 -0.235 
PMS2 24.5 2.520 0.031 0.056 28.8 11.5 4769.5 0.906 0.354 -0.752 
SGA1 ----- 3.098 0.029 0.064 48.5 14.5 4125.0 1.093 1.128 0.283 
AFL1 24.0 1.847 0.028 0.082 19.3 9.1 3832.9 1.228 -0.280 0.397 
AFL2 24.0 5.292 0.028 0.080 47.0 9.0 4059.0 1.718 1.594 -0.016 
RIB1 26.0 0.860 0.023 0.056 10.9 12.9 4934.9 0.225 -0.464 -1.202 
RIB2 26.0 1.859 0.015 0.061 24.0 13.1 5189.5 0.049 0.416 -1.909 
RIB3 26.0 0.379 0.020 0.049 6.0 15.8 4263.6 0.036 -0.694 -0.080 
RIB4 26.0 0.497 0.024 0.050 7.3 14.8 4866.5 0.108 -0.659 -0.971 
Eigenvalues ----- ----- ----- ----- ----- ----- ----- 2.961 1.629 1.020 
% variation ----- ----- ----- ----- ----- ----- ----- 49.4 27.2 17.0 
 
 

Appendix 3. Eigenvectors of the first five PCs and three DA axes from acoustic traits of Pseudopaludicola species. 
Eigenvectors 

Acoustic traits 
PC1 PC2 PC3 PC4 PC5 DA1 DA2 DA3 

Call duration 0.969 1.086 -0.114 0.071 -0.303 0.377 0.569 -0.075 
Note duration 1.276 -0.367 0.331 -0.603 -0.003 0.496 -0.192 0.219 
Note interval 1.367 -0.193 -0.445 0.221 0.213 0.531 -0.101 -0.294 
Notes/call 0.236 1.444 0.125 -0.092 0.244 0.092 0.756 0.083 
Note rate/s -1.342 0.434 0.376 -0.190 0.043 -0.522 0.227 0.249 
Dominant frequency -0.573 0.138 -1.343 -0.289 -0.011 -0.223 0.072 -0.889 

 




