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Abstract

We describe distress calls of Leptodactylus knudseni recorded in Colombia and Brazil. These calls share similar acoustic features 
with previous records from other species of L. pentadactylus group.

Key Words

vocalisation; defensive behaviour; anurans

Anurans are recognised by their particular vocalisations, 
used as the major method of communication, predomi-
nantly between male and female conspecifics during the 
reproductive season (Toledo et al. 2015). Calls can trans-
mit a range of messages for different contexts and rep-
resent several forms of interaction (Duellman and Trueb 
1994; Köhler et al. 2017).

These vocalisations can be classified into four contexts: 
reproductive, aggressive, defensive and feeding (reviewed in 
Toledo et al. 2015 and updated in Köhler et al. 2017). Most 
studies of anuran vocalisations are focused on advertisement 
calls (reproductive call), often as part of species descriptions, 
since these calls are species-specific and subject to variation 
by pressures such as sexual selection and environmental 
determinants (Köhler et al. 2017) and because they can be 
easily observed during the reproductive season. On the other 
hand, other types of calls are often unknown, as a conse-
quence of lower recording probability and lesser relevance 
for taxonomic purpose (e.g. Lingnau and Bastos 2007).

The distress call falls into the defensive category, as 
it is generated as an answer to attack or approach by a 
potential predator (Hödl and Gollmann 1986; Toledo 
et al. 2011). This behaviour is an ancestral defensive 
mechanism, which is part of the acoustic repertoire 
of many anuran species (Forti et al. 2018). Such de-
fensive vocalisation is a loud and high-pitched signal, 
similar to a scream and emitted usually with an open 
mouth (Bogert 1960; Köhler et al. 2017). The function 
of this behaviour is unclear, although evidence points 
to a warning call for conspecifics (Forti et al. 2017a), 
to provide time to escape, to startle predators or may-
be to call for help (Wells 2007; Toledo and Haddad 
2009). The description of distress calls and other vo-
calisations may help in clarifying defensive behaviour 
functions and comprehending vocal communication 
between conspecifics and non-conspecifics. In this 
study, we describe the distress call of Leptodactylus 
knudseni (Leptodactylidae).
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The family Leptodactylidae contains more than 200 
species and is widely distributed throughout the Americas 
(Frost 2019). The genus Leptodactylus accommodates 72 
species, exhibiting a great variety of reproductive modes 
and vocalisations (Wells 2007; Frost 2019). From those, 
only 13 species of this genus have distress call descrip-
tions (Hödl and Gollmann 1986; Toledo et al. 2005; Pa-
dial et al. 2006; Toledo and Haddad 2009; Forti et al. 
2017b) and only four of them are from the Leptodactylus 
pentadactylus group: L. labyrinthicus, L. pentadactylus, 
L. savagei and L. vastus.

Leptodactylus knudseni Heyer, 1972 is a neotropical 
frog from the L. pentadactylus group (de Sá et al. 2014). 
Breeding activity occurs throughout the wet season, with 
nest building and egg laying being synchronised with 
heavy rainfalls (Gascon 1991). Reproductive behaviour 
includes foam nest spawn placed in water-filled depres-
sions and, after hatching, exotrophic tadpoles move to 
flooded larger ponds (Prado et al. 2002). The species dis-
tribution includes Amazon and part of the Orinoco basin 
(Acosta-Galvis 2017). It can be found in Bolivia, Brazil, 
Ecuador, Colombia, Venezuela, Trinidad, Surinam and 
the Guianas (Ortiz et al. 2015; Frost 2019).

Leptodactylus knudseni distress calls were obtained 
by human handling (as described in Toledo and Hadd-
ad 2009) of three individuals, which were recorded using 
a Sony alpha nex-3 digital camera with built-in micro-
phones. All samples were deposited in the audio col-
lection Fonoteca Neotropical Jacques Vielliard (FNJV 
– Museu de Zoologia da Universidade Estadual de 
Campinas “Adão José Cardoso”, Campinas, Brazil). The 
recordings were made in Puerto Gaitan, Meta, Colombia 
(4°18’49.67”N, 72°5’17.62”W, 149 m above sea level) 
on 17 May 2018 at 21:40 h and 21:43 h (FNJV 37662 
– FNJV 37663) and on 20 May 2018 at 20:40 h (FNJV 
37664). Temperature and humidity conditions were not 
recorded. We used additional distress call recordings de-
posited at FNJV: Leptodactylus knudseni, recorded by 
Diego José Santana on 2 February 2015 in Óbidos, Pará, 
Brazil, using unspecified equipment (FNJV 34166).

Prior to analysis, frequencies lower than 100 Hz were 
filtered out (Butterworth function, in Adobe Audition). 
Calls were normalised, removing DC offset (mean ampli-
tude displacement from zero), centring on 0.0 vertically 
and to the maximum amplitude of -3.0 dB, using Ado-
be Audition and standardised at the same sample rate of 
44.1 kHz and sample size of 16 Bits. We analysed these 
recordings in Raven Pro 1.4 (Charif et al. 2008). Config-
urations adopted were: 65% brightness, 70% contrast and 
Fast Fourier Transform length (FFT) of 512.

We followed the terminology and definitions presented 
by Köhler et al. (2017). Spectral parameters were mea-
sured in the spectrogram and temporal parameters were 
measured in the oscillogram. We measured the following 
acoustic parameters (see Table 1): call duration, intercall 
interval, call rate, peak of dominant frequency, minimum 
frequency (frequency 5% function in Raven), maximum 

frequency (frequency 95% function in Raven) and fre-
quency bandwidth (BW 90% function in Raven).

We analysed 106 distress calls from four adult males 
of Leptodactylus knudseni. This species produced short 
distress calls, medium pitched (reaching almost 10 kHz – 
Óbidos population), ascending and descending frequency 
modulation and a variable number of harmonics, follow-
ing the pattern encountered in other Leptodactylus dis-
tress call descriptions (Hödl and Gollmann 1986; Toledo 
et al. 2005; Padial et al. 2006; Toledo and Haddad 2009; 
Forti et al. 2017b). The averages of call duration, intercall 
interval and peak dominant frequency were similar be-
tween recordings from Óbidos (Pará – Brazil) and Puerto 
Gaitan (Meta – Colombia), however, minimum, maxi-
mum and bandwidth frequencies were different between 
localities (Table 1). The Brazilian individual showed lon-
ger calls and more calls per second than males from Co-
lombia. It is possible that these geographic differences on 
acoustic parameters are linked to intraspecific variation 
in intrinsic characteristics, such as body size (Stănescu 
et al. 2018).

Leptodactylus knudseni distress calls present a har-
monic structure with mean dominant frequency varying 
amongst the second, third and fourth harmonics (in 79% 
of the calls, the third was the dominant harmonic) (Fig. 
1). We observed 4 to 14 visible harmonic bands. This 
complex harmonic structure of recorded vocalisations is 
coincident with references in literature for other Lepto-
dactylus species (Toledo et al. 2005; Padial et al. 2006; 
Toledo and Haddad 2009; Forti et al. 2017b).

Leptodactylus knudseni presented shorter call dura-
tion when compared with the other species from L. pen-
tadactylus group, with the exception of L. savagei. The 
intercall interval was shorter in L. pentadactylus and L. 
savagei. Regarding call rate (calls/s), L. knudseni showed 
more than L. pentadactylus and L. savagei, but less than 
L. vastus (Table 1). The dominant frequency of L. laby-
rinthicus calls was higher than calls emitted by Colombi-
an males of L. knudseni and lower than calls of the Bra-
zilian individual, while distress calls of L. pentadactylus, 

Figure 1. Spectrogram (above) and oscillogram (below) of 
Leptodactylus knudseni distress call (SVL: 97 mm). Puerto 
Gaitan, Meta Colombia (17 May 2018).



Herpetozoa 32: 7–10 (2019)

herpetozoa.pensoft.net

9

Table 1. Temporal and spectral parameters of distress calls of Leptodactylus pentadactylus species group. Values are presented as 
average ± SD (range); n = number of frogs; c= number of analysed calls.

 
Size
(SVL 
mm)

Call duration 
(s)

Intercall 
interval (s) Call/second

Peak of 
dominant 
frequency 
(kHz)

Minimum 
frequency 
(kHz)

Maximum 
frequency 
(kHz)

Frequency 
bandwidth 
(kHz)

Reference

Leptodactylus 
knudseni. Bra-
zil. n=1 c= 27

- 0.39 ± 0.04 
(0.33 - 0.48)

0.72 ± 0.74 
(0.23 - 2.48) 0.92 2.93 ± 0.30 

(2.33 - 3.79)
1.69 ± 0.23 
(0.86 - 2.07)

9.71 ± 2.26 
(3.36 - 14.13)

8.02 ± 2.27 
(1.81 - 13.26) Present study 

Leptodactylus 
knudseni. 
Colombia. n=3 
c=79

96 ± 11 0.33 ± 0.03 
(0.23 - 0.4)

0.95 ± 1.85 
(0.15 - 8.71)

0.80 ± 0.06 
(0.74 - 0.86)

2.43 ± 0.51 
(0.86 - 3.62)

0.97 ± 0.21 
(0.34 - 1.38)

3.31 ± 0.76 
(2.24 - 7.75)

2.34 ± 0.76 
(1.21 - 6.55) Present study 

Leptodactylus 
labyrinthicus. 
n=2

- 0.86 ± 0.07 
(0.81 - 091) - - 2.503 0.3 9.37 - Toledo et al. 

(2005) 

Leptodactylus 
pentadactylus. 
n=1 c=17 

150 0.40 ± 0.09 
(0.25 - 0.58)

0.16 ± 0.06 
(0.03 - 0.25)

0.54 ± 0.11 
(0.43 - 0.75)

1.91 ± 0.42 
(0.52 - 2.24)

0.18 ± 0.07 
(0.10 - 0.36)

6.15 ± 0.46 
(5.44 - 7.33) -

Toledo and 
Haddad 
(2009)

Leptodactylus 
savagei. n=1 
c=29 

160 0.35 ± 0.07 
(0.25 - 0.54)

0.24 ± 0.04 
(0.17 - 0.34)

0.52 ± 0.05 
(0.45 - 0.57)

2.07 ± 0.36 
(1.55 - 2.58)

0.21 ± 0.06 
(0.09 - 0.38)

18.95 ± 1.50 
(16.98 - 
20.92)

-

Toledo and 
Haddad 
(2009)

Toledo and 
Haddad 
(2009)

Leptodactylus 
vastus. n=1 
c= 18

140 0.75 ± 0.23 
(0.25 - 1.26) - 0.99 ± 0.15 

(0.80 - 1.17)
1.64 ± 0.27 
(1.21 - 2.15)

0.17 ± 0.04 
(0.12 - 0.22)

7.42 ± 1.07 
(5.86 - 9.74) -

Toledo and 
Haddad 
(2009)

L. savagei and L. vastus have a dominant frequency lower 
than L. knudseni and L. labyrinthicus (Table 1). All sam-
ples of L. knudseni had distress calls with high minimum 
frequencies, only surpassed by distress calls of L. sav-
agei. Meanwhile, distress calls of L. savagei registered 
the higher maximum frequency follow by distress calls of 
L. knudseni from Brazil.

Distress calls of L. knudseni are short, harmonic and 
with the dominant frequency located at the third harmon-
ic most of the time. They have a similar acoustic struc-
ture to the call of other species from the L. pentadactylus 
group. Moreover, the dominant frequency of L. knudseni 
distress calls from Colombia was one of the highest of 
all, probably as a result of their small body sizes (Müller 
1984; Stănescu et al. 2018).

Toledo and Haddad (2009) established a positive rela-
tionship between body size and call duration for several 
anuran species. However, the species from the L. penta-
dactylus group do not corroborate this model since they 
have shorter distress calls than expected due to a selective 
pressure that affects the call duration (Toledo and Haddad 
2009). This is also the case for the Leptodactylus knudse-
ni distress call.

Acknowledgements
We thank the Fonoteca Neotropical Jacques Vielliard 
(FNJV) and Diego José Santana (field recordist) for pro-
viding the recordings used in this study, as well as Mat-
thijs Strietman for the English review.

References
Acosta-Galvis AR (2017) Lista de los Anfibios de Colombia: Refer-

encia en linea V.07.2017.0. Available at http://www.batrachia.com. 
Last accessed on 10 September 2018. Batrachia, Villa de Leyva.

Bogert CM (1960) The influence of sound on the behaviour of amphibi-
ans and reptiles. In: Lanyon WE, Tavolga WN (eds). Animal sounds 
and communication, American Journal of Agricultural and Biologi-
cal Sciences, Washington, 137–320.

Charif RA, Waack AM, Strickman LM (2008) Raven Pro 1.3 User’s 
Manual. Cornell Laboratory of Ornithology, Ithaca.

de Sá RO, Grant T, Camargo A, Heyer WR, Ponssa ML, Stanley E (2014) 
Systematics of the Neotropical genus Leptodactylus Fitzinger, 1826 
(Anura: Leptodactylidae): Phylogeny, the relevance of non-molecu-
lar evidence, and species accounts. South American Journal of Her-
petology S1: 1–100. https://doi.org/10.2994/SAJH-D-13-00022.1

Duellman WE, Trueb L (1994) Biology of Amphibians. McGraw-Hill, 
London, The Johns Hopkins University Press, 670 pp.

Forti LR, Forti ABBS, Márquez R, Toledo LF (2017a) Behavior-
al response evoked by conspecific distress calls in two neotropi-
cal treefrogs. Ethology 123 (11): 1–7. https://doi.org/10.1111/
eth.12693

Forti LR, Sousa JC, Costa-Campos CE (2017b) Distress calls of Lepto-
dactylus macrosternum Miranda-Ribeiro, 1926 (Anura: Leptodac-
tylidae) during a cannibal attack. Herpetology Notes 10: 387–389.

Forti LR, Zornosa-Torres C, Márquez R, LF Toledo (2018) Ancestral 
state, phylogenetic signal and convergence among anuran distress 
calls. Zoologischer Anzeiger 274: 1–5. https://doi.org/10.1016/j.
jcz.2018.02.004

Frost DR (2019) Amphibian Species of the World: An Online Refer-
ence. Version 6.0. Available at http://research.amnh.org/herpetolo-

http://www.batrachia.com
https://doi.org/10.2994/SAJH-D-13-00022.1
https://doi.org/10.1111/eth.12693
https://doi.org/10.1111/eth.12693
https://doi.org/10.1016/j.jcz.2018.02.004
https://doi.org/10.1016/j.jcz.2018.02.004
http://research.amnh.org/herpetology/amphibia/index.html


herpetozoa.pensoft.net

Juan Fernando Cuestas Carrillo & Simone Dena: Distress calls of Leptodactylus knudseni Heyer, 197210

gy/amphibia/index.html. Last accessed on 10 February 2019. Amer-
ican Museum of Natural History, New York.

Gascon C (1991) Breeding of Leptodactylus knudseni: respons-
es of rainfall variation. Copeia 1991(1): 248–252. https://doi.
org/10.2307/1446275

Hödl W, Gollmann G (1986) Distress calls in neotropical frogs. Amphib-
ia-Reptilia 7: 11–21. https://doi.org/10.1163/156853886X00226

Köhler J, Jansen M, Rodríguez A, Kok PJR, Toledo LF, Emmrich M, 
Glaw F, Haddad CFB, Rödel MO, Vences M (2017) The use of bio-
acoustics in anuran taxonomy: Theory, terminology, methods and 
recommendations for best practice. Zootaxa 4251: 1–124. https://
doi.org/10.11646/zootaxa.4251.1.1

Lingnau R, Bastos RP (2007) Vocalizations of the Brazilian tor-
rent frog Hylodes heyeri (Anura: Hylodidae): Repertoire and 
influence of air temperature on advertisement call variation. 
Journal of Natural History 41(17–20): 1227–1235. https://doi.
org/10.1080/00222930701395626

Müller B (1984) Bio-akustische und endokrinologische Untersuchun-
gen an der Knoblauchkröte Pelobates fuscus (Laurenti, 1768) (Sali-
entia: Pelobatidae). Salamandra 20(2–3): 121–142.

Ortiz DA, Read M, Varela-Jaramillo A, Ron SR (2015) Leptodactylus 
knudseni. In: Ron, SR, Yanez-Muñoz MH, Merino-Viteri A, Ortiz 
DA (Eds) Anfibios del Ecuador. Version 2018.0. Museo de Zoología, 
Pontificia Universidad Católica del Ecuador, Quito. https://bioweb.
bio/faunaweb/amphibiaweb/FichaEspecie/Leptodactylus%20knud-
seni [Accessed on 7 June 2018]

Padial JM, de Sá RO, De la Riva I (2006) The distress calls of Leptodac-
tylus chaquensis Cei, 1950 and Leptodactylus elenae Heyer, 1978 
(Anura: Leptodactylidae). Salamandra 42 (1): 57–60.

Prado CPA, Uetanabaro M, Haddad CFB (2002) Description of a 
new reproductive mode in Leptodactylus (Anura, Leptodacti-
lydae), with a review of the reproductive specialization toward 
terrestriality in the genus. Copeia 2002: 1128–1133. https://doi.
org/10.1643/0045-8511(2002)002[1128:DOANRM]2.0.CO;2

Stănescu F, Forti LR, Cogălniceanu D, Márquez R (2018) Release and 
distress calls in European spadefoot toads, genus Pelobates. Bio-
acoustics 28(3): 224–238. https://doi.org/10.1080/09524622.2018.
1428116

Toledo LF, Haddad CFB (2009) Defensive vocalizations of neotropi-
cal anurans. South American Journal of Herpetology 4(1): 25–42. 
https://doi.org/10.2994/057.004.0104

Toledo LF, Martins IA, Bruschi DP, Passos MA, Alexandre C, Hadd-
ad CFB (2015) The anuran calling repertoire in the light of social 
context. Acta Ethologica 18: 87–99. https://doi.org/10.1007/s10211-
014-0194-4

Toledo LF, Sazima I, Haddad CFB (2011) Behavioral defenses of anu-
rans: an overview. Ethology Ecology & Evolution 23: 1–25. https://
doi.org/10.1080/03949370.2010.534321

Toledo LF, Tozetti A, Zina J (2005) Leptodactylus labyrinthicus (Pepper 
Frog): Defensive repertoire. Herpetological Bulletin 90: 29–31.

Wells KD (2007) The ecology and behavior of Amphibians. The Uni-
versity of Chicago Press, Chicago, 1148 pp.

http://research.amnh.org/herpetology/amphibia/index.html
https://doi.org/10.2307/1446275
https://doi.org/10.2307/1446275
https://doi.org/10.1163/156853886X00226
https://doi.org/10.11646/zootaxa.4251.1.1
https://doi.org/10.11646/zootaxa.4251.1.1
https://doi.org/10.1080/00222930701395626
https://doi.org/10.1080/00222930701395626
https://bioweb.bio/faunaweb/amphibiaweb/FichaEspecie/Leptodactylus%20knudseni
https://bioweb.bio/faunaweb/amphibiaweb/FichaEspecie/Leptodactylus%20knudseni
https://bioweb.bio/faunaweb/amphibiaweb/FichaEspecie/Leptodactylus%20knudseni
https://doi.org/10.1643/0045-8511(2002)002%5B1128:DOANRM%5D2.0.CO;2
https://doi.org/10.1643/0045-8511(2002)002%5B1128:DOANRM%5D2.0.CO;2
https://doi.org/10.1080/09524622.2018.1428116
https://doi.org/10.1080/09524622.2018.1428116
https://doi.org/10.2994/057.004.0104
https://doi.org/10.1007/s10211-014-0194-4
https://doi.org/10.1007/s10211-014-0194-4
https://doi.org/10.1080/03949370.2010.534321
https://doi.org/10.1080/03949370.2010.534321

	Distress calls of Leptodactylus knudseni Heyer, 1972 (Anura, Leptodactylidae)
	Abstract
	Acknowledgements
	References

