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Abstract. We describe the advertisement and aggressive calls of Crossodactylus schmidti based on recordings 
made in the Parque Estadual do Turvo, located in northwest Rio Grande do Sul, Brazil. Compared to the ad-
vertisement calls described for other species of the genus, the advertisement call of C. schmidti differs in the 
temporal structure by having fewer notes per call and longer intervals between notes, and in the spectral 
structure by having lower values of dominant frequency. The aggressive call of C. schmidti is a variation of the 
advertisement call, which is similar to this in the note duration and dominant frequency values, but is a 
longer call, having fewer notes with longer intervals between them. The advertisement and aggressive calls of 
C. schmidti may be emitted separately, or the aggressive call may be followed by the advertisement call. 
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Introduction 
 
Most anuran species have well-developed vocal 
structures used to produce a variety of sounds 
that serve to attract mates, defend territories, or 
avoid predators (Duellmann & Trueb 1994). The 
advertisement call is the most common call emit-
ted by male frogs, serving to identify individuals 
of the same species, sex, reproductive status, and 
location, and often has the dual function of attract-
ing females and establishing territories (Stebbins 
& Cohen 1995). This call is an important mecha-
nism of reproductive isolation (Wells 1977). 

Aggressive calls emitted by conspecific males 
are also common in anurans, and may be transmit-
ted in different contexts. These calls can be di-
vided into signals of short or long range, though 
the two functions can be combined in the same 
call. Due to some confusion in the use of call ter-
minology, the use of the general term “aggressive 
call” is more appropriate to classify calls made in 
any kind of aggressive context (Wells 2007). 

Crossodactylus is the second-largest genus of 
the family Hylodidae. Its members are distributed 
from northeastern to southern Brazil, southern 
Paraguay, and northern Argentina (Frost 2010). 
Caramaschi & Sazima (1985) recognized three 
groups of species in the genus. The Crossodactylus 
gaudichaudii group is the richest, with seven rec-
ognized species, followed by the C. trachystomus 
group, with three species, and the monospecific 
group C. schmidti, consisting of the nominal spe-

cies. The vocalizations are described for only four 
species, all in the C. gaudichaudii group: C. caram-
aschii Bastos & Pombal 1995, C. gaudichaudii 
Duméril & Bibron 1841 (description of the call by 
Weygoldt & Carvalho-e-Silva 1992), C. cyclospinus 
Nascimento, Cruz & Feio 2005, and C. bokermanni 
Caramaschi & Sazima 1985 (description of the call 
by Pimenta et al. 2008). 

Crossodactylus schmidti Gallardo 1961 is known 
only from localities in the Mesophytic Semidecid-
uous Forest (sensu Prado 2000) in southern Para-
guay, northern Argentina, and the southern Bra-
zilian states of Paraná, Santa Catarina, and Rio 
Grande do Sul (Caldart et al. 2010). Since the de-
scription of the species by Gallardo (1961), the 
only additional studies were done by Faivovich 
(1998), who redescribed the tadpole, and Caldart 
et al. (2010), who discussed the geographical dis-
tribution and characterized the calling site. 

In this study, we provide a description of the 
advertisement and aggressive calls of C. schmidti, 
based on vocalizations recorded in streams in the 
Parque Estadual do Turvo, in the northwest region 
of Rio Grande do Sul, Brazil. We also compare the 
temporal and spectral characteristics of the adver-
tisement calls among Crossodactylus species. 
 
 
Material and Methods 
 
Vocalizations of seven individuals of C. schmidti were re-
corded in October 2009 and January and February 2010, 
in streams in the Parque Estadual do Turvo (27° 14'34.08 
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"S, 53° 57'13.74" W), located in the municipality of Der-
rubadas, northwest Rio Grande do Sul. The park covers 
an area of 17,491.4 ha of Mesophytic Semideciduous For-
est, and is one of the last large remnants of this type of 
vegetation in southern Brazil (SEMA 2005). The local cli-
mate is subtropical sub-humid with dry summer (ST SB v 
type of Maluf 2000), with temperatures above 22° C in the 
warmest month (January) and ranging from -3° C to 28° C 
in the coldest month (July). Rainfall is evenly distributed 
throughout the year, with an annual mean of 1665 mm 
(SEMA 2005). 

Recordings of vocalizations were made between 
19:30 and 05:00 h, in air temperatures from 18.8º C to 24.2º 
C. The vocalizations were recorded at a distance of about 
50 cm from the individuals, with a Marantz PMD671 digi-
tal recorder coupled to a Sennheiser ME66 directional mi-
crophone, and with a Panasonic RR-US450 digital re-
corder. 

The recorded vocalizations were classified as adver-
tisement call and aggressive call, and the specific func-
tions of the vocalizations were determined by observa-
tions of the social context in which each call was emitted, 
including observations of many calls not recorded. There-
fore, we considered the advertisement call as emitted by 
males in an attempt to attract conspecific females (Heyer 
et al. 1990, Duellmann & Trueb 1994) and the aggressive 
call as emitted in short-or long-distance interactions be-
tween conspecific males (Wells 2007). The parameters of 
the calls analyzed were the following: number of notes 
per call, note duration, time interval between notes, call 
duration, fundamental frequency, and dominant fre-
quency. These parameters were chosen to enable com-
parison between the descriptions of other calls of the ge-
nus Crossodactylus. The terminology used for call parame-

ters follows Heyer et al. (1990) and Duellman & Trueb 
(1994). 

The vocalizations were analyzed using the Soun-
dRuler software (Gridi-Papp 2004; version 0.9.6.0) at a 
sampling frequency of 22050 Hz and a resolution of 16 
bits. The sonograms were also produced with the Soun-
dRuler software, including the following parameters: Fast 
Fourier Transformation (FFT) with 256 points, 100% 
frame, Hanning window type, and 90% overlap. 

The advertisement call of C. schmidti was compared 
to other advertisement calls described for congeners: C. 
caramaschii (Bastos & Pombal 1995), C. gaudichaudii (Wey-
goldt & Carvalho-e-Silva 1992), C. cyclospinus (Nasci-
mento et al. 2005), and C. bokermanni (Pimenta et al. 2008). 
In describing the call of C. gaudichaudii, Weygoldt & Car-
valho-e-Silva (1992) presented four types of calls. Only 
the fourth call (described as "The long range advertise-
ment call") is compared here with the advertisement call 
of C. schmidti, because it is the most similar. Individuals 
whose vocalizations were recorded were collected and 
deposited in the Herpetological Collection of the Univer-
sidade Federal de Santa Maria (Voucher specimens: 
ZUFSM 4669, 4670, 4672, 4677, 4678, 4695, 4696). 

 
 

Results 
 
The advertisement and aggressive calls of C. 
schmidti may be emitted alone, or the aggressive 
call may be emitted followed by the advertisement 
call. The advertisement call (Figs 1–2) of C. 
schmidti is a long call (mean= 4.14 s, SD= 1.06, 
range= 2.23–5.75 s, n= 11 calls) and consists of  

 

 
 

Figure 1. Advertisement call of Crossodactylus schmidti: oscillogram (A), audiospectrogram (B), and 
power spectrum (C). Call recorded in the municipality of Derrubadas, Rio Grande do Sul, Brazil, on 
10 January 2010; 20:00 h; air temperature 23.4ºC; SVL 28.33 mm. Voucher specimen: ZUFSM 4677. 
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Figure 2. Isolated note of the advertisement call of Crossodactylus schmidti: oscillogram (A) 
and audiospectrogram (B). Call recorded in the municipality of Derrubadas, Rio Grande 
do Sul, Brazil, on 10 January, 2010; 20:00 h; air temperature 23.4ºC; SVL 28.33 mm. 
Voucher specimen: ZUFSM 4677. 

 
 
several notes in harmonic structure (mean= 35, 
SD= 6.64, range= 13–45; n= 289 notes) and of short 
duration (mean= 0.022 s, SD= 0.007, range= 0.009–
0.061 s, n= 289 notes). Mean note interval was 
0.100 s (SD= 0.029, range= 0.017–0.249 s, n= 279 in-
tervals) and mean dominant frequency was 3306 
Hz (SD= 649, range= 2017–4280, n= 11 calls). The 
dominant frequency is located in the second or 
third harmonic. The fundamental frequency 
ranges  from  1008 to 2071 Hz (Table 1). 

The advertisement call was emitted at varying 
distances from the receiver female (30 cm to about 

2 m), and some individuals were observed vocal-
izing with no female nearby. In this circumstance, 
the male emitted the call in several directions, con-
stantly changing the position of his body. 

The aggressive call (Figs 3–4) is longer than the 
advertisement call (mean= 11.31 sec, SD= 5.36, 
range= 6.78–24.42 s, n= 10 calls) and consists of 
fewer notes (mean= 26, SD= 9.81, range= 13–41, n= 
211 notes). The duration of the note is similar to 
that found for the advertisement call (mean= 0.024 
s, SD= 0.008, range= 0.011–0.041 s, n= 211 notes), 
however,  the interval between notes is higher 

 
 
Table 1. Temporal and spectral characteristics of the advertisement call among species of Crossodactylus. Values are 

presented as mean, standard deviation (SD), and range. References: C. schmidti (present study); C. bokermanni 
(Pimenta et al. 2008); C. cyclospinus (Nascimento et al. 2005); C. caramaschii (Bastos & Pombal 1995); C. gaudichaudii 
(Weygoldt & Carvalho-e-Silva 1992). 

 

Species 
Dominant 
frequency 

(Hz) 

Fundamental 
frequency 

(Hz) 

Notes per 
call 

Note 
duration (s) 

Internote in-
terval (s) 

Call dura-
tion (s) 

Air tempera-
ture 

C. schmidti 
3306 

SD= 649 
(2017–4280) 

1565 
SD= 354 

(1008–2071) 

35 
SD= 6.64 
(13–45) 

0.022 
SD= 0.007 

(0.009–0.061) 

0.100 
SD= 0.029 

(0.017–0.249) 

4.14 
SD= 1.06 

(2.23–5.75) 

18.8º C to 
24.2º C 

C. bokermanni 
3894 

SD= 525 
(1802–4826) 

— 
58.8 

SD= 26.2 
(13–121) 

0.014 
SD= 0.005 

(0.001–0.033) 

0.092 
SD= 0.021 

(0.056–0.265) 

4.95 
SD= 1.9 

(1.4–10.1) 
23.9° C 

C. cyclospinus 
4981 

SD= 626.6 
(3488–5447) 

(700–1200) 
63.3 

SD= 11.9 
(35–98) 

0.028 
SD= 0.004 

(0.003–0.04) 

0.04 
SD= 0.003 

(0.029–0.065) 

4.33 
SD= 0.74 

(3.57–6.25) 
30° C 

C. caramaschii 5000 1600 
56.83 

SD= 5.41 
(49–69) 

— — 
5.50 

SD= 0.54 
(4.71–6.09) 

24° C 

C. gaudichaudii — (2000–5500) (25–130) (0.04–0.05) (0.04–0.05) (2.0–13.0) 22° C 
 

dell
Destacar

dell
Destacar

dell
Destacar
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(mean= 0.507 s, SD= 0.127, range= 0.032–1.211 s, 
n= 199 intervals). The dominant frequency is simi-
lar to that found for the advertisement call (mean= 
3394 Hz, SD= 768, range= 1998–4143, n= 10 calls) 
and, similarly to the advertisement call, may be lo-
cated in the second or third harmonic. The fun-
damental frequency has a range between 999 and  
2071 Hz. 

The emission of the aggressive call was ob-
served in interactions between nearby or distant 
males. While the aggressive call was emitted, the 
calling male was in a vigilant position and vocaliz-
ing toward another male. We also recorded vo-
calizations of individuals who emitted an aggres-
sive call followed by the advertisement call (Fig. 
5). 

 

 
 

Figure 3. Aggressive call of Crossodactylus schmidti: oscillogram (A), audiospectrogram (B), and power 
spectrum (C). Call recorded in the municipality of Derrubadas, Rio Grande do Sul, Brazil, on 20 Oc-
tober 2009; 20:00 h; air temperature 18.8 ºC; SVL 28.72 mm. Voucher specimen: ZUFSM 4695. 

 
 

 
 

Figure 4. Isolated note of the aggressive call of Crossodactylus schmidti: oscillogram (A) and audiospec-
trogram (B). Call recorded in the municipality of Derrubadas, Rio Grande do Sul, Brazil, on 20 Oc-
tober 2009; 20:00 h; air temperature 18.8 ºC; SVL 28.72 mm. Voucher specimen: ZUFSM 4695. 
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Figure 5. Aggressive call of Crossodactylus schmidti followed by the advertisement call: oscillogram (A) 
and audiospectrogram (B). Call recorded in the municipality of Derrubadas, Rio Grande do Sul, 
Brazil, on 10 January 2010; 20:00 h; air temperature 23.4ºC; SVL 28.33 mm. Voucher specimen: 
ZUFSM 4677. 

 
 
Discussion 
 
The advertisement call of Crossodactylus schmidti 
differs from other known advertisement calls for 
the genus, in its temporal structure, by having 
fewer notes per call and longer intervals between 
notes. The spectral structure differs by having 
lower values in the dominant frequency. The 
dominant frequency may be located in the second 
or third harmonic, as in the advertisement calls of 
C. cyclospinus (Nascimento et al. 2005) and C. bo-
kermanni (Pimenta et al. 2008). In the advertise-
ment call of C. caramaschii (Bastos & Pombal 1995), 
the dominant frequency is located in the third 
harmonic. In relation to note duration and call du-
ration, the advertisement call of C. schmidti shows 
intermediate values to those found for other Cros-
sodactylus species. 

Crossodactylus species have advertisement calls 
that are structurally similar to calls of several spe-
cies of Hylodes, composed of several short har-
monic notes. In all species of Hylodes whose adver-
tisement call is known, the dominant frequency is 
located in the third harmonic (Lingnau & Bastos 
2007), although in some calls of H. cardosoi Ling-
nau, Canedo & Pombal 2008 it is difficult to dis-
cern whether it is in the second or third harmonic 
(Lingnau et al. 2008). In Crossodactylus species, the 
dominant frequency may be located in the second 
(Nascimento et al. 2005, Pimenta et al. 2008, pre-
sent study), third (Bastos & Pombal 1995, Nasci-

mento et al. 2005; Pimenta et al. 2008; present 
study), or both harmonics (Pimenta et al. 2008). 
Several studies suggest that the dominant fre-
quency located in the third harmonic provides bet-
ter propagation of the acoustic signal in environ-
ments with flowing water (Bastos & Pombal 1995; 
Wogel et al. 2004; Lingnau & Bastos 2007), and the 
higher the dominant frequency, the better the con-
trast with the low-frequency-dominated sound 
produced by running water in streams (Hödl & 
Amézquita 2001). The similarities between the lo-
cation of the dominant frequency in calls of Cros-
sodactylus and Hylodes may be evidence of a phy-
logenetic relationship between these genera (Bas-
tos & Pombal 1995, Nascimento et al. 2005). In-
deed, their relationship was reinforced in the phy-
logenetic analysis done by Grant et al. (2006).  
These similarities can also result from ecological 
characteristics of these species, which are pre-
dominantly diurnal and inhabit streams, and 
therefore must have their calls shaped by similar 
selective pressures that aim to minimize acoustic 
interference from the environment (Vielliard & 
Cardoso 1996). 

While recording the vocalizations, we did not 
observe overlapping in the emission of the adver-
tisement call among relatively close individuals, 
so the advertisement call must also serve to main-
tain a minimum spacing between males, reducing 
interference in the emission of the call and making 
it easier for the females to find individual males 
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(Wells 1977). The behavior of constant vigilance 
and changes in position observed in calling males 
probably contributes to maintain the spacing be-
tween males and to increase the possibility to be 
heard by females. Similar behavior was observed 
for Oophaga granulifera Taylor, 1958 (Goodman 
1971), Anomaloglossus stepheni Martins, 1989, Allo-
bates marchesianus Melin, 1941 (Juncá 1998), and 
Hypsiboas raniceps Cope, 1862 (Guimarães & Bastos 
2003). 

Prior to this study, the emission of aggressive 
calls by species of the genus Crossodactylus was 
described only for C. gaudichaudii (Weygoldt & 
Carvalho-e-Silva 1992). The aggressive call of C. 
schmidti was emitted by both nearby and distant 
males, while the aggressive call of C. gaudichaudii 
was emitted only in interactions between nearby 
males. In the temporal structure, the aggressive 
call of C. schmidti differs from C. gaudichaudii basi-
cally in having more notes. Data on dominant fre-
quency were not supplied for the aggressive call 
of C. gaudichaudii, making it difficult to compare 
the spectral characteristics. 

Aggressive calls of most anurans are often 
variations of the advertisement call, with similar 
dominant frequencies, but differ in temporal struc-
ture (Wells 2007). The aggressive call of C. schmidti 
is indeed similar to the advertisement call, differ-
ing only in the more spaced and fewer notes and 
the longer duration of the call, which gives the ag-
gressive call a long and slow aspect. When indi-
vidually analyzed, the notes that make up the ad-
vertisement and aggressive calls of C. schmidti 
show very similar temporal and spectral struc-
tures, and the human ear can only distinguish be-
tween the two calls by their temporal characteris-
tics. Although the maximum amplitude of the 
length of the aggressive call was 24.42 seconds, 
this appears to be a quite variable call in duration, 
as we observed several males emitting longer calls 
(vocalizations not recorded). 

The advertisement and aggressive calls were 
regularly interspersed, but we also noted the 
emission of an aggressive call followed by the ad-
vertisement call. Even when an aggressive call fol-
lowed by the advertisement call occurs, the func-
tions of the two calls are clearly distinct: to keep 
conspecific males away and to attract females, re-
spectively. The combination of two calls with dis-
tinct functions is reported in several species, such 
as C. cyclospinus (Nascimento et al. 2005) and Hyp-
siboas ericae Caramaschi & Cruz, 2000 (Garcia & 
Haddad 2008). For males of C. schmidti, who spend 

much time in agonistic interactions (authors, pers. 
obs.), the combination of aggressive and adver-
tisement calls should serve as a strategy to in-
crease efficiency in the emission of the calls. 

Although C. schmidti belongs to another group 
of species, some characteristics of its advertise-
ment call are very similar to the calls known for 
the species of the C. gaudichaudii group. However 
we recorded some differences in the advertise-
ment call of C. schmidti in contrast to the adver-
tisement calls of species of the C. gaudichaudii 
group: fewer notes per call, the longest interval be-
tween the notes, and lower values of dominant 
frequency. Descriptions of the calls of species from 
the C. trachystomus group (C. trachystomus Lütken 
& Reinhardt, 1862, C. grandis Lutz, 1951, and C. 
dispar Lutz, 1925) are necessary in order to make a 
better comparative assessment of the acoustical 
characteristics of the calls of the genus Crossodacty-
lus. Future studies should also focus on the occur-
rence of aggressive calls in Crossodactylus species. 
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