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Abstract. We studied the reproductive biology of the endangered glassfrog Centrolene peristictum in a cloud forest of the Northwest slopes of 
the Ecuadorian Andes (15 December 2009–16 April 2010). During this season, 78 males were detected, most of which were calling from the 
underside of leaves of riverine vegetation at night. Their call was recorded and analyzed, and it resembles a cricket chirp. Each call has one 
pulsed note with a duration of 0.036–0.087 s and a dominant frequency of 6,470.7–7,278.2 Hz. Females placed the egg clutches mostly on 
the underside of leaves (92%), and eggs are guarded by males. Through a male removal experiment, we show that clutches without parental 
care have a significantly lower hatching rate than control clutches, and prolonged developmental time. Clutch mortality was mainly because 
of desiccation, with 64% of death in the removal group and 18% in control (P = 0.001, n = 60); other important causes of mortality of the 
egg clutches involved predation and parasitism.

Keywords. Desiccation; Male attendance; Reproductive success.

Resumen. Estudiamos la biología reproductiva de Centrolene peristitum, una especie en peligro de extinción, dentro de un bosque nublado en 
el noroeste de los andes ecuatorianos (15 Diciembre 2009–16 Abril 2010). Durante la época reproductiva, 78 machos fueron detectados en 
un riachuelo, de los cuales la mayoría se encontraban cantando por las noches debajo de las hojas aledañas al caudal. Su canto fue grabado y 
analizado, y se asemeja al chirrido de un grillo. Cada canto está compuesto por una nota pulsada con una duración de 0.036–0.087 segundos 
y una frecuencia dominante de 6,470.7–7,278.2 Hz. Las hembras de esta especie colocan las puestas de huevos mayormente en el envés de las 
hojas (92%), y los embriones son cuidados por los machos. A través de un experimento de remoción del macho, demostramos que las puestas 
de huevos que no son atendidas tienen una significante reducción en la proporción de eclosión, y un prolongado tiempo de desarrollo. La 
principal causa de mortalidad de los embriones se debe a la desecación, con el 64% de mortalidad en las puesta de huevos no atendidas por los 
machos y el 18% cuando el macho atiende a los embriones (P = 0.001, n = 60). Otras causas de mortalidad de las puestas de huevos detectadas 
en esta población son depredación y parasitismo.

fertilization (Vockenhuber et al., 2009). Parental care has 
the purpose of increasing the survival of embryos and, as 
a consequence, the fitness of parents rises (McDiarmid, 
1978; Duellman and Trueb, 1986; Vockenhuber et  al., 
2008).

In anurans, parental care has been recorded in about 
10% of all species (Duellman and Trueb, 1986; Cheng and 
Kam, 2010). The evolution of parental care has a positive 
effect on different phases of embryos and tadpoles. For ex-
ample, it can reduce predation of egg masses and in early 
tadpole stages, diminish abnormalities that can be caused 
by the lack of oxygen in the eggs’ envelope, avoid desicca-
tion, reduce the effects of flooding and drought, and re-

IntRoDuCtIon

Amphibians exhibit a greater diversity of reproduc-
tive modes than any other tetrapod group (Duellman and 
Trueb, 1986; Caldwell, 1992; Haddad and Prado, 2005). 
The concept of reproductive mode incorporates a com-
bination of traits, including oviposition site, ovum and 
clutch characteristics, rate and duration of development, 
stage and size of hatching, and, when present, type of pa-
rental care (Salthe and Duellman, 1973). Without a doubt, 
one of the most interesting aspects of animal behavior 
is parental care, defined as the non-gametic investment 
that some of the parents dedicate to their offspring after 
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duce the incidence of pathogen and/or fungal attacks at 
any embryonic stage (McDiarmid, 1978; Wells, 2007).

In Centrolenidae Taylor, 1951, prolonged paren-
tal care has been reported in 20 species and four genera 
(Celsiella Guayasamin et  al., 2009, Centrolene Jiménez 
de la Espada, 1872, Hyalinobatrachium Ruiz-Carranza 
and Lynch, 1991a, and Ikakogi Guayasamin et  al., 2009; 
see Delia et  al., 2017 and reference therein). Prolonged 
care is provided by males, with the notable exception of 
Ikakogi tayrona (Ruiz-Carranza and Lynch, 1991) (Delia 
et  al., 2017). Short-term maternal care is widespread in 
Centrolenidae (see Delia et al., 2017) and its benefits has 
been demonstrated in Cochranella granulosa (Taylor, 1949) 
and Teratohyla pulverata (Peters, 1873) (Valencia and Delia 
2016; Delia et al., 2017). The multiple and complex evo-
lution of parental care within glassfrogs makes this clade 
ideal to study this behavior. The genus Centrolene is par-
ticularly interesting because prolonged parental care its 
absent in several species, but very conspicuous in some 
closely related species (e.g., C. antioquiense [Noble, 1920], 
C. daidaleum [Ruiz-Carranza and Lynch, 1991c], C. peristic-
tum [Lynch and Duellman, 1973], C. savage [Ruiz-Carranza 
and Lynch, 1991c]; Delia et al., 2017). Our aim in this pa-
per is to describe the reproductive biology of C. peristictum 
and, more specifically, to experimentally assess the impact 
that parental care has on the survival of egg clutches.

MAteRIAls AnD MetHoDs

study system

Centrolene peristictum is a vulnerable species that 
inhabits primary cloud forests of the Pacific slopes of the 
Andes of Ecuador and Colombia, at elevations between 
1,350 and 1,820 m (Ruíz-Carranza and Lynch 1991; Ruíz-
Carranza et al., 1996; Coloma et al., 2004; Cisneros-Here-
dia and McDiarmid 2005; Hutter and Guayasamin, 2012; 

Fig. 1). The species is distinguished by its small body size 
(SVL in adult males = 18–21 mm, SVL in females = 21 mm), 
green coloration with small black and white spots, and hu-
meral spines in males (Lynch and Duellman, 1973).

Monitoring methods

This study was performed in Lucy’s Creek 
(00°00ʹ14.4ʺS, 78°44ʹ16.8ʺW), a permanent stream with-
in Reserva Las Gralarias (Pichincha province, Ecuador) 
at elevations between 1,818 and 2,036  m. Cloud forest 
vegetation is composed of a canopy between 20–25  m, 
with 70–80% covered by bryophyte sticks and with epi-
phytes (orchids, ferns and bromeliads; Bruijnzeel et  al., 
2011). The observations on the reproductive biology of 
Centrolene peristictum were performed during the rainy 
season along an 870 m-long transect. The study was car-
ried out from 15 December 2009–16 April 2010. In order 
to reduce any bias on the behavioral observations of the 
individuals we used blinded methods and the individuals 
were assigned randomly to the groups.

Each night from 19:00–00:30  h, frogs and egg 
clutches of Centrolene peristictum were located by visual 
and auditory scanning. In total, we sampled for 99 nights. 
Each of the males and clutches found were marked and 
registered with GPS  60™ Garmin (Garmin Ltd USA). To 
determine the effect of parental care, we followed the 
methodology described in Vockenhuber et  al. (2009). 
We established a control group of 25 adult males, each of 
which was found on the same leaf as the egg clutch(es). 
The males in the control group attended the egg clutches 
until hatching. The experimental group consisted of 15 
males and their corresponding egg clutches; here, males 
were removed the first night that they were found next to 
an egg clutch and placed 500 m above or below the point 
where they were found along the same stream. During 
the day, from 09:30–12:00  h, all marked clutches were 
inspected to collect data on embryonic development and 
record any relevant events (see below).

Embryo survival was monitored over the season by 
counting the number eggs in the clutch; for each clutch 
the following information was recorded: (1) position on 
the leaf (i.e., upper side or underside of the leaf); (2) ini-
tial number of eggs; (3)  number of hatched embryos 
(hatching rate); (4) developmental time, from deposition 
until 80% of the embryos in the clutch hatched; (5) clutch 
dimensions (length and width); (6) developmental stage 
(Gosner, 1960); and (7) presence or absence of the male. 
Any direct observation that seemed related to parental 
care was recorded (e.g., paternal defense against possible 
predators). We placed plastic buckets with water and rocks 
from the stream to reduce the error caused by confusing 
hatching and predation events. The water in the buckets 
was checked and changed daily.

Figure 1. Male of Centrolene peristictum next to its egg clutch. Males are 
found active at night next to or on top of egg clutches (brooding behav-
ior). Photo by Martín Bustamante.
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We established the following categories for death of 
embryos: (1) predation, recorded by direct observation of 
predators attacking egg clutches (Fig.  2A); (2)  failure of 
egg development, when eggs did not change for several 
days post-deposition or turned from transparent to yellow 
(Fig. 2B); (3) desiccation, when the aspect of clutches pre-
sented a cloudy jelly and the volume decreased over time; 
(4)  fungal infection, detected by the presence of white 
spots and hyphae over the jelly (Fig. 2C); and (5) parasit-

ism, when insect larvae were observed developing inside 
the embryos (Fig. 2D).

To compare the survival of clutches from the 
two groups over time, a cross-nested variance analysis 
(ANOVA) was performed using SPSS Statistics software 
for Windows, Version  17.0 (SPSS Inc., 2008). Survival 
proportions from days 4, 8, 12, and 16 before hatching 
were compared. JMP 10 Report software for Mac (SAS In-
stitute Inc., 2012) was used for the rest of the analyses. 

Figure 2. Conditions associated with embryo mortality in Centrolene peristictum. (A) Predation of egg clutches; in this case, the grasshopper was consum-
ing the embryos. (B) Failure to develop, when eggs turned into a yellow mass some days after being deposited; we interpreted this condition as failure of 
fertilization. (C) Fungal infection, when a white layer covered part of the egg clutch and over time the hyphae became recognizable. (D) Parasitism, when 
egg clutches were consumed by parasitic insects (e.g., fly larvae).
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Fisher’s exact test was used to determine differences be-
tween the two groups in the case of death by desiccation 
(count data). ANOVA with a completely randomized de-
sign factor (DCA) with an uneven size of the samples was 
employed to compare measures of length and width (con-
tinuous data) of clutches in both treatments. A statistic 
G-test was used to examine in contrast the frequency of 
parental care (presence of males next to the eggs, count) 
during day and night. The same test was used to compare 
the hatching rate (count data) between the two groups. 
Additionally, a Mann-Whitney U test was employed for 
comparison of the developmental time (count data) of 
embryos in both groups. And to compare the number of 
eggs per clutch (count data) between treatments we used 
a Student’s t-test.

To describe the advertisement call of Centrolene 
peristictum, we used recordings obtained from 28 differ-
ent males during the monitoring nights. Vocalizations 
were obtained using an Olympus LS-10 digital recorder 
(Olympus Imaging America Inc. USA) and a Sennheiser 
K6-ME67 directional microphone (Sennheiser Germany). 
Additionally, associated temperature and humidity data 
were documented using a thermos-hygrometer. We used 
Raven Pro for Mac OS X, Version  1.2 (Bioacoustics Re-
search Program, 2008) to analyze ten randomly chosen 
advertisement calls per recorded individual. We quanti-
fied (1) call repetition rate (number of calls per minute), 
(2)  call duration (s), (3)  dominant frequency (Hz), and 
(4) the number of notes per call for each of the samples 
(n = 28). The spectrogram had a 4,096 Fast Fourier Trans-
formation (FFT) and a frequency resolution of 10.8 Hz. 
We measured the number of pulses per note in each call 
using SoundRuler software, Version 0.9.6.1 (Gridi-Papp, 
2003–2007). The snout–vent length of recorded individu-
als was not measured to avoid stressing the males, which 
could have affected our parental care study. Voucher spec-
imens of Centrolene peristictum, obtained from nearby 
streams, are deposited in the Museo de Zoología of the 
Universidad Católica del Ecuador (QCAZ 40189–90) and 
the Museo de Zoología of the Universidad Tecnológica 
Indoamérica (MZUTI 419). For centrolenid taxonomy, we 
followed the proposal by Guayasamin et al. (2009). Cen-
tral tendencies are given as X + SE.

Results

Reproductive behavior

Over the course of the study, we located 78 males 
of Centrolene peristictum along the marked transect. Most 
of these males were observed calling from the undersides 
of leaves 70–500 cm above the stream. Males of this spe-
cies show a specific posture when calling, with the head 
raised and the vocal sac in continuous movement. Most 

of the males that had egg clutches were, at the same time, 
actively calling (2,285 of 2,376 observations in 41 males 
that presented egg clutches). Once, during the day, a male 
called next to the egg clutch (28 February 2010, 11:20 h), 
but in all remaining daytime observations males were mo-
tionless next to their egg clutches.

When a male was successful in attracting a female, 
he approached the female from behind and proceeded 
to take the position for amplexus. Males accumulated 
up to five clutches during the whole reproductive season 
(Fig.  3). Females of Centrolene peristictum, unlike most 
Centrolene species, placed their eggs mostly on the under-
side of leaves (92%, n = 37) and, sporadically, on the upper 
side (8%, n = 3), always matching the male calling site. On 
four occasions, clutches were placed on dead vegetation. 
Clutches contained 6–41 eggs (22.9  ±  5.7; n  =  40) and 
were placed 70–500 cm above the stream. No long term 
parental care was provided by females. In the guarded egg 
clutches (control group), males were found on the same 
leaf as egg clutches in 56.1% of daytime observations 
(n = 157). At night, males were adjacent to egg clutches 
(same leaf) in 49.6% of observations (n = 657). Using a 
G-test, we did not find a significant difference between 
day and night observations (G = 2.102; df = 1; P = 0.147; 
n = 814).

Advertisement call

The advertisement call of male Centrolene perist-
ictum consists of one short, pulsed note resembling the 

Figure  3. Female and male Centrolene peristictum in amplexus in the 
presence of an egg clutch deposited previously. Polygyny is common in 
C. peristictum in the study area.
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sound of a cricket chirp. Note duration was 0.036–0.087 s 
(0.062 + 1.07, n = 35; Fig. 4) and the repetition rate was 
2–20 calls/minute. The dominant/fundamental frequency 

was 6,470.7–7,278.2 Hz (6,877.9 + 177.2 Hz, n = 35) and 
occurred with one (3,235.4–6,198.4 Hz) or two (6,470.7–
7,278.2 Hz) harmonics. No frequency modulation was ob-

Figure 4. Advertisement call of Centrolene peristictum. (A) Oscillogram, (B) audiospectrogram, and (C) power spectra of the advertisement call.
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served. Males were observed calling 2,285 times of 2,376 
total observations; when males were not calling, they 
were found adjacent to egg clutches. Mean temperatures 
during recordings were 16.2–21.3°C (X = 19.2, SE = 1.09, 
n = 76).

Parental care

Males were found active and usually calling close to 
their corresponding egg clutches during the night. During 
the day, males were found under leaves or next to the egg 
clutches in a sleeplike position, with the head resting on 
the leaf and the legs next to the body.

The number of eggs per clutch was not signifi-
cantly different between the control (6–32 eggs/clutch, 
21.21 ± 5.37, n = 25) and removal groups (19–32 eggs/
clutch, 23.20 ± 3.97, n = 15; t = –0.475, P = 0.638). Time to 
hatching was significantly greater for the removal group 
(19–31 days, 27.1 ± 3.8, n = 12) than the embryos of the 
control group (17–27 days, 21.4 ± 3.2, n = 12; Z = –3.135, 
df = 1, P = 0.002, n = 24; Fig. 5A). Sometimes, the move-
ment caused when measuring the clutches triggered the 
hatching of embryos in a sudden and explosive way.

Egg clutch survivorship did not differ significantly 
between groups (control group: 78.89% ± 4.92; removal 
group: 83.59% ± 6.90; df = 38, F = 0.53, P = 0.243, n = 40; 
Fig. 5B), but egg clutches from the control group had a sig-

Figure 5. Clutch traits of Centrolene peristictum measured in control (male attendance until hatching; blue) and removal (male removed to prevent parental 
care; orange) groups. (A) Hatching time, (B) survival through time, (C) hatching rate, and (D) source of mortality. Mean values and standard errors are 
reported when possible. Hatching time (Z = –3.135, df = 1, P = 0.002, n = 24) and hatching rate (G = 7.882, df = 1, P = 0.005, n = 60) differed between groups.

South American Journal of Herpetology, 13(3), 2018, 211–219

Parental Care and Reproductive Behavior of the Minute Dappled Glassfrog (Centrolenidae: Centrolene peristictum)
Ana L. Salgado, Juan M. Guayasamin216

Downloaded From: https://bioone.org/journals/South-American-Journal-of-Herpetology on 15 Feb 2019
Terms of Use: https://bioone.org/terms-of-use Access provided by Universidad San Francisco de Quito



nificantly higher hatching rate than eggs from the removal 
group (G = 7.882, df = 1, P = 0.005, n = 60; Fig. 5C). Desic-
cation was the factor that most strongly affected clutches 
in the removal group, representing 64% of mortalities 
and only 18% of the mortalities in the control group; this 
difference was significant between the two groups (df = 1, 
SE  =  4.45, P  =  0.001, n  =  60; Fig.  5D). Using clutch di-
mensions as a proxy of desiccation and comparing clutch 
mean length between both treatments, we observed that 
there are differences between groups (1.96  +  0.43  cm, 
range  =  1.00–3.44  cm, df  =  37, F  =  8.816, P  =  0.005, 
n = 38). Meanwhile the mean width of the clutches did not 
present significant differences (1.52  +  0.26  mm, range 
0.90–2.01 cm, df = 37, F = 0.946, P = 0.337, n = 38).

Predation events were directly observed only in the 
control clutches. On one occasion, a grasshopper was 
found eating the eggs of a clutch when the male was not 
present (5 April 2010, 21:49 h; Fig. 2A). The control group 
was affected primarily by predation (28%) and parasitism 
(27%). In the case of parasitism, the development of the 
parasite was visible inside the jelly, but it was not possible 
to determine the species of insect; however the larvae re-
semble those of fruit flies (Fig. 2D). In the removal group, 
parasitism caused 27% of mortalities; fungus constituted 
18% of mortalities in the control group and 9% in the re-
moval group. The clutches with fungi showed white hy-
phae over the jelly (Fig. 2D). For a summary of the statis-
tical analyses and results see Table S1.

DIsCussIon

Reproductive behavior

Our study of Centrolene peristictum shows that it is 
an abundant species (78 males) compared to other glass-
frogs (C.  lynchi, 14 males; Nymphargus grandisonae [Co-
chran and Goin, 1970], 3 males]), which were recorded 
at the same stream during the reproductive season. This 
abundance, nevertheless, varies among streams in the 
study area, including some small rivers where the species 
is absent (Hutter and Guayasamin, 2012).

Within Centroleninae, oviposition site has been hy-
pothesized to be a phylogenetically and taxonomically 
informative trait (Guayasamin et al., 2009). The primary 
dichotomy is placement of egg clutches on the upper side 
of leaves and or the underside of leaves. However, there 
are only a handful of studies where the trait has been 
studied in any depth (see Delia et al., 2017). Centrolene 
antioquiense, C.  notostictum (Ruiz-Carranza and Lynch, 
1991b), and Teratohyla spinosa (Taylor, 1949) are the only 
species within the subfamily Centroleninae observed to 
place eggs on the underside of leaves, suggesting that 
this behavior has evolved multiple times independently 
in Centrolenidae (Guayasamin et  al., 2009). However, 

testing of how these traits evolved in the family requires 
formal analyses, which, given the scarcity of data, must 
await additional studies on glassfrog reproductive biol-
ogy.

It is assumed that egg deposition on the underside 
of vegetation provides two advantages: (i)  vegetation 
blocks exposure to sunlight, reducing deleterious effects 
caused by ultraviolet light and desiccation (Blaustein and 
Belden, 2003); and (ii)  reduction of predation caused 
by insects that search for eggs placed on top of leaves 
(Vonesh, 2005). Although we did not compare predation/
parasitism on clutches placed on the upper side vs. under-
side of leaves, our observations show high levels of preda-
tion on Centrolene peristictum clutches that are on under-
side of leaves, suggesting that predators/parasitoids have 
evolved strategies to search and find eggs clutches that 
are placed on the underside of vegetation. In any case, 
explicit experiments and natural history observations are 
necessary to establish the validity of the abovementioned 
hypotheses.

Our results clearly show that polygyny is common in 
Centrolene peristictum (Fig. 3). One male accumulated five 
egg clutches during the season, all of which were in simi-
lar developmental stages. This observation is evidence 
that males are capable of attracting different females, but 
we do not know if the accumulation of egg clutches affects 
survival among siblings. Similar observations have been 
reported in the same and other glassfrog species (e.g., 
males of Hyalinobatrachium valerioi (Dunn, 1931) can si-
multaneously guard several egg clutches; Vockenhuber 
et al., 2008, 2009; Delia et al., 2017).

In our study, we observed that embryos in advanced 
developmental stages were able to hatch sooner as a 
mechanism of defense against potential predators (i.e., 
triggered by movement of leaves). This defense mecha-
nism has been reported in other anuran species (Warken-
tin, 2000; Buckley et al., 2005; Warkentin, 2011). Within 
Centrolenidae, and specifically in Hyalinobatrachium 
fleischmanni (Boettger, 1893), the embryos hatch sooner 
when there is parental desertion of the egg clutch, with 
parental care not linked to embryo development, but 
rather the ability of embryos to hatch at different devel-
opmental stages in response to poor conditions that the 
egg clutches confront without parental care (Delia et al., 
2014). In tadpoles of Agalychnis callidryas (Cope, 1862), it 
has been demonstrated that the hatching rate of eggs that 
were attacked by wasps and snakes is higher than clutches 
that were not disturbed (Warkentin, 1995, 2000). Vonesh 
(2005) also found that the embryos that are left in a clutch 
after an attack can hatch three to four days sooner than 
expected. These examples reveal that predation has an 
important effect on the developmental time of tadpoles 
and that characteristic signals, such as movements on the 
vegetation caused by predators, are effective triggers for 
early hatching.
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Parental care

Parental care can increase the offspring survival rate 
(McDiarmid, 1978; Duellman and Trueb, 1986; Vocken-
huber et al., 2008) and involves two main mechanisms in 
Centrolenidae: (1)  active defense by the parent against 
possible predators, and (2)  egg brooding for hydration 
and prevention of desiccation (Hayes, 1991; Vockenhuber 
et al., 2009; Delia et al., 2010).

Our results demonstrate that parental care in Cen-
trolene peristictum has an effect on clutch desiccation, 
hatching rate, and developmental time. Desiccation is the 
main factor that raises mortality of embryos in the re-
moval group. From this result, we can conclude that males 
prevent desiccation of their clutches. We hypothesize that 
males prevent egg clutch desiccation using the specific 
behavior known as brooding (Hayes, 1991), whereby the 
parent covers its clutch and presumably provides humid-
ity to reduce the damage caused by desiccation. Similar 
results have been shown by Delia et al. (2013) in Hyalino-
batrachium fleischmanni, where unattended clutch mortal-
ity by desiccation accounted for 77.8% of the mortality 
in a population in Mexico. For other Centrolene species, it 
has been reported that parental brooding increases clutch 
thickness by 1.5–3 mm, improving the conditions for the 
eggs (Delia et al., 2017). Brooding behavior has been ob-
served as well in other species of glassfrogs (Hayes, 1991; 
Vockenhuber et al., 2009; Delia et al., 2010) and recently 
was recorded in three other species within the family (Va-
lencia and Delia, 2016; Delia et al., 2017). In Ikakogi tayro-
na, Cochranella granulosa, and Teratohyla pulverata, female 
brooding behavior increased clutch survival because by 
preventing predation and desiccation. In Ce. peristictum 
it has been observed that females provide short parental 
care (i.e., brooding) immediately after fertilization (Delia 
et al., 2017), but the implications of this specific behavior 
on clutch survival are still unknown. We did not observe 
brooding by females, most likely because our study did 
not monitor amplectant pairs.

The main causes of mortality in the control group 
were predation and parasitism, possibly due to the fact 
that males continue calling while guarding the egg clutch-
es, which might facilitate location of clutches by preda-
tors. Vockenhuber et al. (2008) state that another possible 
reason for clutches having a higher risk of being located 
by a predator is the presence of many eggs clutches on the 
same leaf.

Male parental care also influenced the time to ma-
turity of the embryos (i.e., faster development in the em-
bryos with guarding males). We presume that this occurs 
because males maintain the eggs in favorable conditions 
(e.g., hydrated, avoiding pathogens and/or parasitoids), 
enabling the embryos to develop at an optimal or near-
optimal pace, whereas unattended clutches might be pres-
sured to hatch as soon as possible to reduce the chance of 

mortality associated to both abiotic (e.g., dry conditions) 
and biotic (predation, parasitism) factors. Our results are 
congruent with those of Delia et al. (2014) in Hyalinoba-
trachium fleischmanni, where, in a similar experiment (i.e., 
removing males from their clutches), the unattended em-
bryos hatched faster.

We conclude that the prolonged parental investment 
of males in Centrolene peristictum has a direct effect on the 
survivorship of developing embryos, increasing the fit-
ness of the parents. Parental care evolution in glassfrogs 
has been shown to be complex (see Delia et  al., 2017), 
with similar strategies evolving independently within the 
family (i.e., prevalence of male parental care in Hyalinoba-
trachium and some Centrolene species). The plasticity of 
behavioral traits is also relevant for understanding their 
adaptive significance.
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