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Abstract
Advertisement and combat calls of the glass frog Centrolene lynchi (Anura: 
Centrolenidae), with notes on combat and reproductive behaviors
advertisement and combat calls, combat behavior, and reproductive behavior of the glass 
frog Centrolene lynchi, an endemic species of the cloud forests of Ecuador. The typical 

Variations on this advertisement call include the addition of a short note before the tonal 

females and males, potential predators and/or changes in the sound environment. 

hypothesis that venter-to-venter combat behavior is a shared derived trait of the subfamily 

species, including egg attendance by males and implied male parental care.
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Introduction

147 currently recognized species that inhabit the 
Neotropics (Guayasamin et al
this family have varied and adaptive reproductive 
behaviors, including egg attendance and male 

nhuber et al. 2009, Delia et al.
the occurrence of male parental care originally 

Resumen 
Canto de anuncio y de combate de la rana de cristal Centrolene lynchi (Anura: Centrolenidae), 
con notas sobre su comportamiento de combate y reproductivo. Se describen los cantos de 
anuncio y de combate de la rana de cristal Centrolene lynchi, una especie endémica de los bosques 

se describe el canto de combate emitido durante las peleas entre machos. El combate entre machos 

de los machos, cuidado parental y desarrollo de las puestas de huevos.

Palabras claves: 
rana de cristal.

Resumo 
Cantos de anúncio e de combate de Centrolene lynchi (Anura: Centrolenidae), com notas sobre 
seu comportamento de combate e reprodutivo. 
combate de Centrolene lynchi, uma espécie endêmica dos bosques nublados do Equador. O canto de 

outros anuros e podem estar relacionadas com a presença de fêmeas, outros machos, predadores e/ou 

as lutas entre machos. O combate entre machos é similar ao observado em outras espécies da sub-

sentamos informações sobre os hábitos reprodutivos dos machos, cuidado parental e desenvolvimento 
dos ovos.

Palavras-chave: 
zações.

cally decreased these numbers. The most recent 

survivorship of offspring (Delia et al.

Hyalinobatrachium 
and H. colymbiphyllum 

(Delia et al. 
been reported in nine additional species, but these 
studies did not present unequivocal evidence of 

McDiarmid 2007, Vockenhuber et al. 

Dautel et al.
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behavior that ranges from primitive amplexus-
like grasping to derived venter-to-venter grap-

et al. 1999, Guayasamin et al. 

et al. 
et al. 

calls, reproductive behaviors, and combat 
behaviors make these traits useful for systematic 
analysis (Marquéz et al. et al. 
1999, Guayasamin et al.
aspects of centrolenid ecology and behavior have 

been described quantitatively (e.g., Starrett and 

Grant et al.
et al. 

et al. 1999, Guayasamin and 
et al. 

behavior is Centrolene lynchi 

describe the advertisement and combat calls of 
this taxon and provide information on natural 
history, reproductive ecology, and combat behavior 
for the species.

Materials and Methods

Centrolene lynchi 

Pichincha Province of Ecuador (00o00'33'' S, 
o C. lynchi

Las Gralarias is an altitudinal and range extension 

transect that included both banks of Lucy’s 

Figure 1 - Adult male Centrolene lynchi at Reserva Las 
Gralarias, Pichincha, Ecuador. Photo by Luis 
A. Coloma.

the egg clutches of each individual male found 

number to each. Voucher specimens are housed 

noting the presence or absence of each male at 

the temperature and humidity.

2010, at a temperature of 20.7o

and analyzed in the lab. To extract the sound 

The temperature and humidity values for these 
o o

and 20.6o

Advertisement and combat calls of the glass frog 
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cm, and the audiospectogram and oscillogram 

Centrolene lynchi

amplitude sustained throughout the duration of 

second through last notes in each call. Peaked 
notes are characterized by a clear amplitude peak 

complete amplitude rise from and return to the 

et al. 

request. 

Figure 2 - Oscilogram and audiospectrogram of a typical advertisement call, with a labeled tonal note, peaked note, 
and pulses.

Dautel et al.
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Results

Call Description

large, broadleaf plants, branches, and ferns. The 
ambient sound environment included the noisy 

Centro-
lene peristictum
male Centrolene lynchi

emitted from different males rarely overlapped 

                        Male number

Statistic 1 2 3 4 5 6 7 Average

Number of calls (n) 10 5 9 5 6 9 4 48

Date 13 Apr 13 Apr 13 Apr 14 Apr 14 Apr 14 Apr 27 Feb

Temperature (oC ) 19.9 19.9 19.9 20.6 20.6 20.6 19.5

Humidity (%) 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Call duration (ms) 241.8 305.6 263.6 319.2 268.6 358.0 297.7 293.5
SD 32.4 35.0 11.2 36.8 40.0 24.1 12.0 27.5

Tonal duration (ms) 102.5 107.8 92.4 97.5 97.2 97.3 108.0 100.4
SD 26.2 7.9 23.7 15.0 37.6 20.6 10.5 20.2

Peaked duration (ms) 18.1 15.3 19.9 16.4 14.1 18.0 27.3 18.5
SD 3.4 2.6 6.2 3.4 6.2 4.4 6.3 4.7

Note interval (ms) 80.1 74.5 60.3 75.7 91.7 78.0 68.8 75.6
SD 26.4 6.6 10.3 3.7 4.8 8.2 6.5 9.5

Notes/ call 1-2 2-3 2-3 2-3 1-2 2-3 2-2 1-3
Most frequent 1 2 2 2 1 3 2 2

Pulses/ Peaked note 1-3 2-2 2-3 2-2 1-2 1-2 2-3 1-3
Most frequent 2 2 2 2 1 2 2 2

Tonal frequency (Hz) 5261.3 5047.4 5531.6 5139.3 5443.6 5340.2 5311.5 5296.4

SD 112.9 77.1 84.1 44.5 38.5 0.0 49.7 58.1

Peaked frequency (Hz) 5269.3 5074.0 5467.2 5055.3 5364.9 5395.0 5225.4 5264.4
SD 54.8 71.6 78.0 41.4 128.9 88.5 44.5 72.5

Table 1 - Measurements (± SD) of the typical advertisement calls as produced by seven males, including call duration 
(ms), tonal note duration (ms), peaked note duration (ms), the interval between notes (ms), the range and 
most frequent number of notes per call and pulses per peaked note, the dominant frequency of the tonal 
note (Hz), the dominant frequency of the peaked notes (Hz). The final column represents the average of all 
males measured. 

overcast nights that included at least some 
precipitation. The typical advertisement calls 
produced by each male are summarized in Table 
1. 

The typical advertisement call is relatively 

Advertisement and combat calls of the glass frog 
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clear frequency peaks. These peaked notes are 

Call type

No tonal No tonal Pre-tonal Pre-tonal Combat

Male 1 5 1 5 8

Number of calls (n) 1 1 2 3 5

Date 14 Apr 14 Apr 14 Apr 14 Apr 05 Mar

Temperature (°C ) 20.6 20.6 20.6 20.6 20.7

Humidity (%) 100.0 100.0 100.0 100.0 100.0

Call duration (ms) 632.0 364.0 396.0, 506.0 311.0, 346.0, 340.0 150.4 ± 6.7

Pre-tonal duration (ms) — — 20.0, 22.0 6.0, 7.0, 8.0 —

Tonal duration (ms) — — 66.0, 100.0 31.0, 65.0, 130.0 —

Peaked duration (ms) 17.0 ± 2.9 11.0 ± 1.7 25.0 ± 4.3 17.0 ± 5.6 —

Range 14.0–21.0 9.0–12.0 19.0–29.0 11.0–23.0

Note interval (ms) 72.0 ± 31.7 51.8 ± 26.9 75.3 ± 35.3 62.9 ± 23.9 —

Range 63.0–143.0 29.0–77.0 18.0–114.0 25.0–83.0

Notes/ Call 5 6 2, 2 2, 3, 6 1

Pulses/ Peaked note 1-2 1-2 1-2 1-2 2

Most frequent 2 1 1/2 2 2

Pre-tonal frequency (Hz) — — 5426.4, 5340.2 5340.2, 5340.2, 5340.2 —

Tonal frequency (Hz) — — 5426.4, 5168.0 5512.5, 5426.4, 5426.4 —

Peaked frequency (Hz) 5357.4 ± 94.4 5368.9 ± 49.8 5189.5 ± 43.1 5387.2 ± 45.0 4892.3 ± 38.5 

Range 5254.1–5426.4 5340.2–5426.4 5168.0–5254.1 5340.2–5426.4 4823.4–4909.6

Table 2 - Measurements of additional calls produced by Centrolene lynchi, including call duration (ms), pre-tonal 
note duration (ms), tonal note duration (ms), peaked note duration (ms), the interval between notes (ms), the 
range and most frequent number of notes per call and pulses per peaked note, the dominant frequency of 
the pre-tonal note (Hz), the dominant frequency of the tonal note (Hz), and the dominant frequency of the 
peaked notes (Hz).

Dautel et al.
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Figure 3 - Oscilograms depict normal variation in the typical advertisement call. Calls contain a tonal note and 1–3 
peaked notes, each consisting of 1–3 pulses. (A) A call consisting of a tonal note followed by a single, one-
pulse note. (B) A call with a tonal note followed by two notes with one pulse each. (C) A call with a tonal 
note and two notes composed of two pulses each. (D) A call with a tonal note followed by three notes 
composed of one pulse each. 

Advertisement and combat calls of the glass frog 
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Figure 4 - Additional calls produced by Centrolene lynchi include a call with a pre-tonal note, a call lacking the pre-
tonal note, and one-note combat call. (A) A call containing the pre-tonal (left most) note. (B) A call that lacks 
a tonal note and consists of only six peaked notes. (C) Combat call produced during male-male, upside-
down hanging grappling combat.

Dautel et al.
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of a short, peaked pre-tonal note, a tonal note, 

and dominant frequencies of the tonal and peaked 
notes does not vary greatly from the typical 

explanation for the addition of an extra note in 
related species is the attraction of females during 

unable to make any contextual observations that 
Centrolene 

lynchi.

frequency or note interval from the typical 
advertisement call.

Combat Behavior and Call

his feet from the stem of a large leaf and Male B 

venter-to-venter (Guayasamin et al. 
likely that combat began in the more typical 
condition and progressed to the head-to-venter 
position as Male B began to lose grip of the 

shook his body, rocked back and forth, and 

calls, possibly to loosen his opponent’s grip 
et al. 

minutes of combat, Male B lost his grip on Male 

video clip of the combat, including the combat 
call, please visit: 

.
The combat call produced during this 

encounter is markedly different in structure from 

call is not frequency modulated.

Courtship and Egg Deposition

Male Centrolene lynchi repeat a typical 
advertisement call to attract females to their 
territory. Females are attracted by this call to 

female places the brilliant green eggs in clutches 

male’s territory (n
Most eggs are placed on top of large leaves or 

n = 14, mean = 313.3 cm, SD = 

clutch, the female departs. 

Male Egg Attendance

sistent territories throughout the season for a 
total of 271 observations. Of these, 111 are of 

eggs. The males’ calling rates vary depending on 

n
males sitting on or near one or more clutches 

n = 
n = 

Advertisement and combat calls of the glass frog 
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n

(n
n

sequential observations. In contrast, males 

or not locatable in their territory. The consistent 
proximity of males to their clutch is indicative of 
male egg attendance (Hayes 1991, Delia et al. 

Figure 5 - Combat behavior of Centrolene lynchi is 
carried out in an upside-down, venter-to-venter 
grappling position. Captured mid-conflict. 
Combat call produced by Male A (above), 
while Male B (below) was silent throughout 
the observation. See a clip of this video at: 
http://www.youtube.com/watch?v=dae0bi8-
Vcs 

Figure 6 - An egg mass of Centrolene lynchi on a palm, 
photographed in the field. Photo provided by 
Carl Hutter.

cannot report explicit evidence for parental care 
et al. 

Egg Development

development from deposition until hatching. 

(n

three males attended multiple clutches in similar 

During this time, the egg capsule shifted in 

Dautel et al.
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Figure 7 - Males Centrolene lynchi attended eggs in 76% 
of observations. Males were not visible or the 
eggs were unattended for the other 24%. Total 
observations of males with eggs = 111. 

before the eggs hatched, and in all such cases, 

males attended their clutches until the eggs 
hatched. 

Discussion

produced by eight males of the glass frog 
Centrolene lynchi. The most frequently produced 
call represents a typical advertisement call, 

and one combat call. The four call types differ 

peaked notes. The comparison of this call to 
those of other anurans provides insight and 
guidance for call analysis. For example, in 
another Neotropical anuran, Engystomops pustu-
losus, similar tonal notes have been hypothesized 

in other species have been produced in response 
to acute changes in a male’s environment. 
Previously described scenarios include the 

changes in the sound environment (Parris et al. 

et al. 
the case of female presence, Hyalinobatrachium 

 and Engystomops pustulosus have 

to their call in order to attract approaching 

implies that the pre-tonal note added by C. lynchi 

increase in the information content of an 

hypothesis is that some anurans produce a short 
pseudo-note in front of their typical call as a 

also may be the case in C. lynchi. 

et al.
Litoria ewingii and Crinia signifera have 

response to changes in sound environment pro-
Centrolene 

lynchi in this remote region of cloud forest is far 

frogs live produces a similarly harsh acoustic 

cations could be made in response to rainfall, the 

noise and occur frequently in the cloud forest. 

Advertisement and combat calls of the glass frog 



42
Phyllomedusa - 10(1), July 2011

humidity may account for some of the variation 
in call dominant frequency and represent a 
possible future direction of study. 

Last, calls of other Neotropical species have 
been demonstrated to be used by bats to locate 

et al. 

Tuttle et al. Centrolene 
lynchi
potential predators including bats, perhaps the 
removal of the tonal note and production of 
shorter calls could be an anti-predator response. 

Many male Centrolene lynchi
on the same leaf as the eggs or on top of eggs for 

impressive demonstration of male egg attendance 
that may imply parental care, and studies in related 
taxa report similar sustained male proximity to 

2007, Vockenhuber et al. 

assumption that repeated male presence 
constitutes true parental care unless it can be 
demonstrated that this male attendance confers a 
survival advantage to the offspring (Delia et al. 

in the conditions of male presence and male 

observed head-to-venter and hanging grappling 
position in Centrolene lynchi 
began from an initial venter-to-venter combat 

Guayasamin et al.
the hypothesis that complex venter-to-venter 
combat behavior is a derived behavioral trait 

et al.
reported the same venter-to-venter behavior for 

 introducing the 
possibility that this derived combat behavior 

of the family. More observations are needed to 
support or reject these hypotheses.
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