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(Fig. 5), position at stream (X² = 2.4087, P = 0.2999, N = 
43), stream side (X² = 4.4682, P = 0.1071, N = 43), and leaf 
surface (X² = 3.355, P = 0.067, N = 43) (Fig. 6).

Clutch characterization

Mode clutch size was 14 ± 4 eggs (7–22). The mean dia
meter and thickness of egg capsules were 2.49 ± 0.75 cm² 
(1.31–4.32) and 6.7 ± 2.8 mm (2–13), respectively (N = 18). 
Clutches had embryos between stages >10 and 25 accord-
ing to Gosner (1960), where >10 was the stage immediate-
ly after oviposition and 25 the stage of hatching embryos. 
We found two differently aged clutches on the same leaf 
(stages 19 and 21). All clutches exhibited a jelly-rich matrix 
surrounding the embryos. At stages 10–16, we observed 
yellowish cream coloured embryos (slightly greenish im-
mediately after deposition) (Fig. 7A). At stages 19–22, we 
observed whitish or slightly greyish embryos, with a yel-
lowish cream vitellus (Fig. 7B). Late-stage embryos (23–25) 
were light brown to grey with reddish hues and a reduced 
yellowish cream vitellus (Fig. 7C). In early-stage clutches, 
eggs were in a monolayer array (Fig. 7A). However, this 
changed over time (Figs 7B, C), with most clutches increas-
ing in thickness during development.

Figure 3. Correlation between the number of calling males of Vitreorana baliomma and daily rainfall (χ² = 13.8005, P < 0.001), humidity 
(χ² = 10.6828, P = 0.0010813), and temperature (χ² = 6.8499, P = 0.0088646). The grey area represents the 95-% confidence interval.

Figure 4. Correlation between number of sampled adults of 
Vitreorana baliomma and humidity (χ² = 8.2314, P = 0.004117). 
The grey area represents the 95-% confidence interval.

Table 1. Variables of microhabitats used by adults and oviposition sites of Vitreorana baliomma at two streams in the Atlantic Forest 
in the south of the state of Bahia, Brazil. * 20 adults measured, ** 12 clutches measured.

Height  
(cm)

Horizontal 
distance  

(cm)

Leaf surface
Leaf area 

(cm²)

Stream side Position at stream Canopy open-
ness  
(%)

Upper 
(%)

Lower 
(%)

Left 
(%)

Right 
(%)

Center 
(%)

Streambed 
(%)

Bank 
(%)

Outside 
bank (%)

Adults 
(N=24)

142±43.5 
(60.7–231.4)

12.3±21 
(0–72)

100 0 121±76.2 
(11.4–266.2)

95 5 0 62 33 5 10.5±3.11 
(3.72–15.24)*

Clutches  
(N=19)

79±52 
(6–219)

3.2±12.9 
(0–58)

79 21 236±350.5 
(11.3–1376.2)

74 21 5 79 21 0 13.75±8.13 
(6.58–37.89)**
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We selected simple models for the analysis of both 
clutch structure and microhabitat affecting clutch thick-
ness. Clutch thickness was positively correlated with devel-
opmental stage (F = 8.6555, P = 0.009568, N = 18) (Fig. 8). 
However, clutch thickness was not related to the number of 
eggs in the clutch (F = 2.2403, P = 0.1539, N = 18) or clutch 
diameter (F = 0.756, P = 0.3974, N = 18). As for the effects of 
microhabitat data, clutch thickness was positively correlat-
ed with leaf size (χ² = 5.1464, P = 0.02329, N = 18) (Fig. 8), 
whereas vertical height (χ² = 0.2118, P = 0.6453, N = 18) and 
leaf surface (χ² = 1.4638, P = 0.2263, N = 18) did not influ-
ence clutch thickness.

Phylogenetic analyses

Our final dataset included 3176 characters (12S: 984 aligned 
positions, 18% of terminals; 16S: 883, 21%; COI: 705, 89%; 
POMC: 604, 69%). ModelFinder selected the follow-
ing data partitions and models of nucleotide evolution: 
TIM2+FU+I+G4 for 12S and 16S, TIM2e+I+G4 for COI 
first codon and POMC first codon, TN+FU+I for COI 
second codon and POMC second and third codons, and 
TN+FU+G4 for COI third codon. ML searches found a 
single most likely tree (Ln = -18153.711; Fig. 9), which re-
covered a monophyletic Vitreorana (BS = 80) within 

Figure 5. Comparison between quantitative variables of the microhabitat used by adults and oviposition sites. Median (horizontal 
line), quartiles (boxes), extremes (vertical lines), and outliers (points) are shown. Significant values are pointed out as * P < 0.05 and 
*** P < 0.001.

Figure 6. Comparison between qualitative variables of the microhabitat used by adults and oviposition sites.
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Centroleninae (BS = 70). All species of Vitreorana with 
more than one sampled specimen are monophyletic ex-
cept for V. uranoscopa, which is paraphyletic with regard to 
V. franciscana. Within Vitreorana, the clade formed by the 
Guiana Shield/Amazonian species V. helenae and V. ritae 
(BS = 100) is sister to all other Vitreorana species (BS < 50). 
The two Cordillera de la Costa species (V. antisthenesi and 
V. castroviejoi) form a clade (BS = 100) sister to all the other 
species. The Atlantic Forest and Cerrado species of Vitreo­
rana are not monophyletic because V. baliomma is sister to 
V. gorzulae from the Guiana Shield (BS < 50).

Discussion
Reproductive behaviour and parental care

The briefness of female brooding after amplexus is prob-
ably key to understanding why this behaviour went un-
noticed in the family Centrolenidae until now. Through 
detailed field studies and careful observations during ovi-
position, our study was the first to detected parental care 
in an Atlantic Forest glassfrog, broadening the knowledge 
about the reproductive biology for the group. Vitreorana 
baliomma females perform brief brooding just after ovipo-
sition. Although we have not quantified the effects of this 
behaviour on embryo survival, it is likely to have a similar 

impact to what Delia et al. (2017) found for Cochranella 
granulosa and Teratohyla pulverata, two species of close-
ly related genera (Guayasamin et al. 2009), where brief 
brooding functions to hydrate eggs, protecting embryos 
from dehydration and early predation. Thereafter, clutches 
will depend on water from rain and ambient humidity to 
maintain hydration levels and clutch thickness (Delia et 
al. 2017, 2020). This discovery in V. baliomma reinforces the 
pattern of parental care evolution hypothesized for centro-
lenids (Delia et al. 2017) and suggests that the behaviour 
may be widespread in Vitreorana and Cochranellini spe-
cies. Nevertheless, more studies and experiments are nec-
essary to determine how brooding impact the clutches. 

During brooding, we observed females elevating the 
posterior part of their body. This movement may serve to 
trap humidity (considering that the belly of anurans has 
a greater absorption capacity), reposition the body above 
the clutch, or aid egg fertilization. Other centrolenid spe-
cies with brief maternal care brooded for similar periods 
of time. For example, the female of V. ritae brooded for 80 
min (Delia et al. 2017). However, variation is large, from 10 
to 180 min, in species of the genera Centrolene, Espadara­
na, Nymphargus, and Teratohyla (Jacobson 1985, Gue-
vara-Molina & Vargas-Salinas 2014, Diaz-Ricaurte 
et al. 2016, Arcila-Pérez et al. 2017, Basto-Riascos et 
al. 2017, Rios-Soto et al. 2017). Some species rotated their 

Figure 7. Egg clutches of Vitreorana baliomma at early (A), intermediate (B), and late (C) stages of development.
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eggs while caring, but ours is the first record of this body 
elevation behaviour.

Our discovery of female brooding behaviour in V. bali­
omma contrasts with the only two studies (Gouveia et al. 
2012, Lisboa et al. 2019) that provided data on reproduc-
tive aspects of V. baliomma, but did not document paren-
tal care in this species. Lisboa et al. (2019) did not observe 
oviposition events, which significantly reduces the chances 
of observing female brooding behaviour. Gouveia et al. 
(2012), based on a single amplectant pair, described that 
the female stayed near the clutch until dawn, a behaviour 
we did not observe, without mentioning interactions be-
tween the female and her egg clutch. This could indicate 
that V. baliomma regulates its maternal care based on envi-
ronmental factors such as ambient moisture, daily rainfall, 
or both. This would be similar to the variation in pater-
nal care observed in Hyalinobatrachium (Vockenhuber et 
al. 2008; Delia et al. 2013) or attributed to some degree 
of behavioural plasticity (Wells 1981). Another possibility 
is that maternal brooding is subject to variation between 
certain populations, which means that this character could 
have a phylogeographic signal function, possibly with a 
genetic component influencing this behaviour (Bubac et 
al. 2020). Finally, we cannot rule out that these authors 
disturbed the females when taking measurements of the 
eggs immediately after oviposition as stated in Gouveia 
et al. (2012: 18). Individuals engaged in caring are normal-

ly more risk-tolerant, as females staying near their clutch-
es will surely potentially attract the attention of predators 
(Bravo-Valencia & Delia 2016, Valencia-Aguilar et 
al. 2020b). It is important to test if V. baliomma exhibits 
variation in parental care and, if so, which variables could 
be associated with it.

The general sequence of observed mating behaviours 
is shared with all other species of glassfrogs, with varia-
tion being associated with details regarding aspects such 
as call and oviposition sites, caring sex, and extension 
and type of parental care (Greer & Wells 1980, Jacob-
son 1985, Vockenhuber et al. 2008, Vargas-Salinas et 
al. 2014, Arcila-Pérez et al. 2017, Basto-Riascos et al. 
2017, Rios-Soto et al. 2017, Díaz-Ricaurte et al. 2019). 
The behaviours observed during the amplexus suggest 
that the female selects the best place for depositing the egg 
clutch. While in amplexus, the female does not only move 
through the foliage of the plant in which the amplexus 
started, but also through that of other plants nearby and 
frequently switches between leaf faces. This face-changing 
behaviour explains why we found 21% of clutches on the 
undersides of leaves. This could be random variation, but 
we argue that it could also result from a trade-off, where 
eggs on the upper face will be exposed to rain and so can 
benefit from a non-parental source of hydration, while 
those on the lower face may be better protected from em-
bryo loss. 

Figure 8. Correlation between clutch thickness of Vitreorana baliomma and developmental stage (F = 8.6555, P = 0.009568) and leaf 
size (χ² = 5.1464, P = 0.02329). The grey area represents the 95-% confidence interval.



364

Victor Moraes Zucchetti et al.

Figure 9. Maximum Likelihood tree inferred by IQ-TREE based 
on concatenated 12S, 16S, COI, and POMC sequences (Ln = 
-18153.711). Values above branches represent percentages (≥ 
50%) of 1000 bootstrap pseudoreplicates. Colours indicate bio-
geographic areas as follow: Blue = Cordillera de la Costa; Yellow = 
Guiana Shield + Amazon; Green = Atlantic Forest; Red = Cerra-
do. The subfamilies Hyalionobatrachinae (H) and Centroleninae 
(C), and tribe Cochranellini (Co) are indicated. A – outgroups 
and Vitreorana (except V. uranoscopa and V. franciscana); B – 
Vitreorana uranoscopa and V. franciscana.

A
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Amplectant pairs moved about for more than an hour 
before oviposition. This is compatible with the observa-
tion that species with maternal care move across greater 
distances, investing more time in amplexus than those 
with paternal care (Jacobson 1985). This might be related 
to territoriality, inasmuch as in species with paternal care, 
males might choose a place that is good for both signal-
ling for mates and embryonic development. As these sites 
are probably available only to a limited extent, males are 
expected to display more aggressive territorial behaviours 
(McDiarmid & Adler 1974, Restrepo & Naranjo 1999, 
Cardozo-Urdaneta & Señaris 2012, but see Noronha 
& Rodrigues 2018) and do not move far away from their 
territory. On the other hand, in species with maternal care, 
males might choose the best site to enhance their acoustic 
(or other) signals, while females must choose a good place 
for embryo development (Touchon 2012).

As expected, we found a positive relationship be-
tween average relative humidity and daily rainfall with the 
number of calling males. This relationship points to the 
importance of precipitation for breeding activity in V. bali­
omma. Notwithstanding, we found a negative relationship 
between average temperature and the number of calling 
males. This probably results from an inverse correlation of 
temperature and daily rainfall. Sampled adults presented 
a relationship with relative humidity too, with more in-
dividuals found at times of higher humidity. Despite our 
sample period having a relatively low frequency and a non-
standardized duration of sampling, our results were com-
patible with other studies analyzing the reproductive ac-
tivity in centrolenids. Precipitation is a good predictor of 
calling activity in the Centrolenidae (Vockenhuber et al. 
2008, Basto-Riascos et al. 2017, Rios-Soto et al. 2017), 
and Vitreorana species call, almost exclusively, during and 
after rainy days (Cardoso & Haddad 1992, Canelas & 
Bertoluci 2007). Also, activity of male and female centro-
lenids tends to be higher in conditions of more rainfall and 
lower temperature (Basto-Riascos et al. 2017, Rios-Soto 
et al. 2017). Vocalizing is energetically demanding for an-
urans, causing a significant increase in their metabolic rate 
(Gerhardt 1994), so that it is expected that species call 
just when the environmental conditions are good for do-
ing so. In fact, during the unusually long dry periods (i.e., 
more than three consecutive weeks of almost zero precipi-
tation) during our sampling, the entire population became 
inactive, and no males were heard, or individuals observed.

Microhabitats of adults and oviposition sites

Our results on variables associated with the oviposition site 
indicate a preference for the upper sides of large smooth 
green leaves, relatively close to the substrate, above water, 
and on the left side of streams. Meanwhile, adults also ap-
pear to prefer the upper side of smooth green leaves, above 
water, and on the left side of streams, but in contrast to ovi-
position sites exhibit a preference for greater heights above 
the ground, larger horizontal distances from water and, ap-

parently, smaller leaves. Analyses comparing the micro-
habitats of adults and clutch deposition sites revealed sig-
nificant differences only for vertical height and horizontal 
distance. However, our sample size is too limited for egg 
clutches to comprehensively confirm patterns of micro-
habitat use, especially for the preference of stream side, 
leaf size, and canopy openness. Oviposition sites located 
at lower heights can result in higher survival probabilities 
(Jacobson 1985), perhaps due to higher humidity levels 
closer to the ground (Cardoso & Haddad 1992), which 
could decrease dehydration. Furthermore, these sites could 
benefit tadpole hatching by decreasing the drop distance 
to the water and the influence of wind. On the other hand, 
because most adults that we observed were calling males, 
we hypothesize that their greater perch height, compared 
to clutches, enhances the dissemination of acoustic signal-
ling (Greer & Wells 1980, but see Valencia-Aguilar et 
al. 2012, Vargas-Salinas et al. 2014). 

We found all clutches either directly above the stream
bed or, less frequently, on the stream bank (in the area that 
will be flooded after strong rainfalls). Considering that 
tadpoles need to fall into the water after hatching to con-
tinue their development, oviposition sites above streams 
should be strongly favoured by females (Cardozo-Ur-
daneta & Señaris 2012). Meanwhile, we argue that the 
selection of males’ calling sites distance from the water is 
less stringent, allowing males to vocalize from places out-
side the flooding area, which are more densely covered 
by vegetation and so have a reduced predation risk. Male 
choice for greater heights could be a response too for plac-
es more covered, once dense vegetation reduces propaga-
tion of calls (Wells & Schwartz 1982, Vockenhuber et 
al. 2008).

Although adult microhabitat preferences and oviposi-
tion site requirements do not significantly differ as to leaf 
size used, clutches were more commonly found on larg-
er leaves. The use of large leaves might be associated with 
male territoriality and prolonged care in some Hyalino­
batrachium species, because males can then attend many 
clutches at the same time (Vockenhuber et al. 2008, Va-
lencia-Aguilar et al. 2012). We have not observed male 
territoriality and prolonged care in V. baliomma, but our 
linear model shows a correlation of leaf size with clutch 
thickness. Globular clutches (like in species of Cochranella, 
Espadarana, Nymphargus, and Vitreorana) can retain larg-
er amounts of water, requiring an initial bout of maternal 
brooding and subsequent rainfall to maintain hydration 
levels (Delia et al. 2020). We hypothesize that larger leaves 
may accumulate more water on their surfaces, aiding in 
clutch hydration. Thus, water on leaves after rainfall might 
help to ensure embryo survival.

Clutches and adults did not significantly differ in oc-
cupying leaf face, although adults were found just on the 
upper side and clutches on both faces. Species with brief 
parental care show tendencies to deposit clutches on the 
upper faces of leaves or other exposed locations (Delia et 
al. 2020). Although oviposition strategies may be flexible 
with females adjusting their strategies according to ecolo
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gical conditions (Marsh & Borrell 2001), we found that 
V. baliomma females appear to have a preference for de-
positing their clutches on the upper side, but do not do so 
exclusively. As previously discussed, oviposition on both 
the upper and lower sides of leaves may be related to a 
trade-off between hydration from rainwater on the upper 
side and protection from predators and the washing-away 
of eggs by heavy rainfall and/or shielding from UV light on 
the lower side (Blaustein & Belden 2003, Vonesh 2005). 
Leaf-side use for oviposition is considered a taxonomical-
ly informative trait in the Centrolenidae (e.g., Ruiz-Car-
ranza & Lynch 1991, Guayasamin et al. 2009). Howev-
er, field observations indicate that this character is more 
intraspecifically variable than previously thought (Delia 
et al. 2010, Bravo-Valencia & Delia 2016, Arcila-Pe-
rez et al. 2017, Maynard et al. 2020). Taking this variation 
into account may have an important impact on our under-
standing of the evolution of this strategy. 

We suspect that a smooth leaf surface facilitates that 
tadpoles more readily slide and fall into the stream below, 
while the apparent preference of the left side of the stream 
could be related to slope level, which, by pure chance, was 
similar in the two sampled streams, causing the left side to 
receive more water. We did not observe a major difference 
in the vegetation structure between the both stream sides. 
It is likely that, as females do not afford their clutches pro-
longed care, the selective pressures might act in a way that 
leads to selecting oviposition sites at which clutches will 
be better protected from dehydration. Yet, oviposition site 
choice is a complex process, where females have to con-
sider the maximization of embryo survival, maximization 
of maternal survival, optimization of offspring phenotype, 
proximity to suitable habitat for offspring, maintenance 
of natal philopatry, or, in an indirect manner, mate choice 
(Refsnider & Janzen 2010). It is therefore crucial to test 
the hypotheses for decisions that rule oviposition site se-
lection, the impact of female choice (i.e., upper vs. lower 
side of leaves, large vs. small leaves) on offspring survival 
and include observations of other populations and other 
Vitreorana species to improve our understanding of micro-
habitat use in this group.

Egg clutches

Egg and embryo colours, number of eggs, and early stages 
of clutches of V. baliomma are similar to the descriptions of 
Gouveia et al. (2012), although we noted temporal modi-
fications to the egg clutches during their development. In 
their early stages, clutches are in a monolayer array; how-
ever, throughout embryogenesis, they take on a more com-
plex tridimensional structure due to increased egg and 
egg-jelly hydration. We also found a relationship between 
developmental stage and clutch thickness. As is the case 
with clutch structure, this results from the addition of en-
vironmental water, as jelly-rich clutches are fast to absorb 
water, store much water, and take more time to dehydrate 
(Delia et al. 2013, 2020).

Phylogenetic relationships

We here present the first phylogenetic analysis including 
data of Vitreorana baliomma. Maximum likelihood analy-
sis corroborates the monophyly of Vitreorana, with mod-
erate bootstrap support. The phylogenetic relationships 
within Vitreorana are different in several important aspects 
from previous well-sampled phylogenies of the genus. Our 
results indicate that the position of V. franciscana within 
the genus is particularly problematic. This species is just 
represented by DNA sequences of POMC (Santana et al. 
2015), a nuclear protein coding gene without sufficient var-
iation to resolve the relationships between the species of 
Vitreorana. This sampling bias most likely explains the in-
ferred phylogenetic position of our two samples of V. fran­
ciscana, which are nested within specimens of V. urano­
scopa on a conspicuously long branch. Thus, an important 
next step to improve our knowledge of the evolutionary 
relationships of Vitreorana requires gathering more phy-
logenetically informative DNA sequences and genes, es-
pecially for V. franciscana, such as mitochondrial genes 
and faster-evolving nuclear markers. The sister relation-
ship of V. baliomma and V. gorzulae is remarkable. From a 
morphological perspective, both species share completely 
transparent parietal and urinary bladder peritonea, white 
peritonea covering the heart, bulbous liver, stomach, and 
intestines, green bones in life, and dorsum lavender in pre-
servative (Castroviejo-Fisher et al. 2008, 2009, Gua-
yasamin et al. 2009, Pontes et al. 2014). Considering that 
all other species of Atlantic Forest and Cerrado Vitreo­
rana (i.e., V.  eurygnatha, V. franciscana, V. parvula, and 
V. uranoscopa) share the presence of white pigment on the 
urinary bladder peritoneum, which is absent from all oth-
er known glassfrogs, the recovered phylogenetic position 
of V. baliomma supports this character as an unambigu-
ous and non-reversed synapomorphy of all other Atlantic 
Forest species. From a biogeographic perspective, the sister 
relationship of V. baliomma and V. gorzulae indicates a sce-
nario of multiple dispersal/vicariant events between Ama-
zonia and the Atlantic Forest, which deviates from the sin-
gle dispersal into the Atlantic Forest from Amazonia pro-
posed by Castroviejo-Fisher et al. (2014). We highlight 
that this new scenario should be tested with the addition of 
more characters and other potentially closely related spe-
cies from the Guiana Shield such as “Cochranella” duidaea­
na and “Cochranella” riveroi.
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