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Abstract. Based on molecular genetics, bioacoustics, and morphological comparisons, we provide independent lines of 
evidence for the recognition and description of a new species of Chimerella from the Amazonian slopes of the eastern 
Andes in northeastern Peru, departments of Amazonas and San Martín. Chimerella zoeterra sp. n. is distinguished from 
C. corleone and C. mira by exhibiting a light yellow-green dorsum covered with dark green punctuation and scattered black 
flecks in life, and the iris bearing an orange or grayish-red median streak. However, in life, the new species is morphologi-
cally indistinguishable from C. mariaelenae, differentiated from it only by the dorsal coloration in preservative (ethanol 
70%): cream with a lavender hue in the new species and distinctly lavender in C. mariaelenae. The advertisement call of the 
new species differs from the calls of all other nominal Chimerella species by qualitative and quantitative character traits. 
Its call consists of 3 to 5 high-pitched, pulsed notes of 26–35 ms duration. Genetically, samples of the new species form a 
divergent mitochondrial lineage with uncorrected pairwise distances for the 16S rRNA gene of 2.3–4.2% to the other three 
nominal species of Chimerella. Furthermore, there is a lack of haplotype sharing with other nominal species in certain nu-
clear markers studied (RAG-1, KIAA 1239, and SACS). The new species inhabits riparian vegetation of black water streams 
in humid montane forest on white sand outcrops.

Key words. Amphibia, Chimerella zoeterra sp. n., C. mariaelenae, Marañón River, bioacoustics, molecular genetics, mor-
phology, phylogeny, taxonomy.

Introduction

The tropical Andes region has the highest species richness, 
as well as the highest number and density of endemic ani-
mal and plant species among the global biodiversity hot-
spots (Myers et al. 2000). Moreover, it is widely consid-
ered as one of the most threatened ecosystems globally 
(Myers et al. 2000, Malcolm et al. 2006, Rodrigues et 
al. 2014). The Andes cover almost one third of the Peruvian 
territory from north to south with an altitudinal range be-
tween 1000 and 4000 m a.s.l. (Peñaherrera del Agui
la 1989). Frogs are key to the importance of the Andes in 
the global pattern of biodiversity (Hutter et al. 2013). In 
fact, South America possesses the greatest species richness 
of frogs among continental regions, and the Andes con-
tain more endemic frog species than any other region on 

the continent, even more than twice the number of species 
known from the Amazon lowlands (Duellman 1999). As 
most Andean species have comparatively small ranges, the 
tropical Andes also have one of the greatest concentrations 
of threatened species of frogs (Luedtke et al. 2023).

The anuran family Centrolenidae, commonly known as 
glassfrogs, are a group of arboreal stream-breeding frogs 
famous for having completely or partially translucent ven-
ters. This Neotropical clade contains 167 species that were 
classified into 11 currently recognized genera (Ron et al. 
2024, Frost 2025) and possesses its center of diversity 
and endemicity in the tropical Andes (Guayasamin et al. 
2020). Currently, eight glassfrog genera are recognized in 
Peru: Centrolene, Chimerella, Cochranella, Hyalinobatra­
chium, Nymphargus, Rulyrana, Teratohyla, and Vitreorana 
(Frost 2025).
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The genus Chimerella, on which our study focuses, is 
easily diagnosed from all other centrolenid genera by the 
combination of the following characters: presence of hu-
meral spine in adult males, transparent ventral parietal 
peritoneum, and white pericardial, hepatic, and visceral 
peritonea (Guayasamin et al. 2020). To date, Chimerella 
contains three species restricted to the eastern Andean 
slopes and foothills of Ecuador and Peru (Fig. 1): C. mariae­
lenae (Cisneros-Heredia & McDiarmid, 2006) from ex-
treme northern Ecuador to extreme northern Peru in the 
Cordillera de Kampankis, at elevations between 813 and 
1820 m a.s.l. (Catenazzi & Venegas 2012, Guayasamin et 
al. 2020, Köhler et al. 2023); C. corleone Twomey, Delia 
& Castroviejo-Fisher, 2014 known from two localities in 
the Cordillera Escalera in northeastern Peru, at elevations 
between 421 and 610 m a.s.l. (Twomey et al. 2014, Köhler 
et al. 2023); and C. mira Köhler, Venegas, Castillo-Ur-
bina, Glaw, Aguilar-Puntriano & Vences, 2023, a re-
cently described species only known from its type locality 
in the Andean foothills of central Peru, at an elevation of 
798 m a.s.l. (Köhler et al. 2023).

Over the two past decades, integrative taxonomy has 
become key for the discovery, recognition, and delimita-
tion of species, especially for species complexes or spe-
cies barely diagnosable by morphology alone, incorporat-
ing different sources of evidence to construct better jus-
tified species hypotheses (Will et al. 2005, Padial et al. 
2010, Dalapicolla & Percequillo 2020, Vences et al. 
2024a). The combination of molecular, morphological, and 
bioacoustic data has been instrumental in deciphering the 
limits and relationships within anuran species complexes, 
once considered to represent a single nominal taxon (e.g., 
Padial & De la Riva 2009, Funk et al. 2011, Ortega-An-
drade et al. 2015, Páez & Ron 2019, Köhler et al. 2024). 
Frequently, integrative taxonomy reveals deep evolution-
ary divisions among populations with a conservative mor-
phology, difficult to diagnose by morphological traits alone 
(Sites & Marshall 2004). 

In this study, using an integrative approach, we investi-
gate populations of Chimerella from white sand outcrops 
in Yungas montane forests from the departments of Ama-
zonas and San Martín, northwestern Peru, which are mor-
phologically similar to C. mariaelenae, but phylogenetical-
ly and bioacoustically distinct.

Materials and methods
Field work

Specimens of Chimerella studied herein were collected 
during rapid herpetological inventories carried out in the 
departments of Amazonas and San Martín, northeastern 
Peru, between 2020 and 2023. The frogs were collected by 
hand via the complete species inventory technique (Scott 
1994), during slow night walks (19:00 to 02:00 h) along 
streams and within the forest using headlamps. Collected 
specimens were anesthetized and euthanized with an over-
dose of 20% benzocaine gel applied on the ventral surfac-

es of individuals (McDiarmid 1994). Tissue samples were 
taken before fixation and stored in 96% ethanol, whereas 
specimens were fixed with formalin (10%) for 24 hours and 
subsequently stored in 70% ethanol. Voucher specimens 
are deposited in the herpetological collection of CORBIDI 
in Lima, Peru. Coordinates and elevation were taken with 
a Garmin GPS receiver (set to WGS84 datum).

Morphology

The terminology and definition of diagnostic characters 
follow Cisneros-Heredia & McDiarmid (2007) and 
Guayasamin et al. (2020). The scheme of the descrip-
tion follows that of Köhler et al. (2023). Morphometric 
measurements were taken with a digital caliper and round-
ed to the nearest 0.1 mm. Measurements taken and used 
throughout the text are: SVL, snout–vent length; HL, head 
length (straight line distance from posterior corner of 
mouth to the tip of the snout); HW, head width (measured 
at level of angle of jaws); TD, tympanum diameter (meas-
ured horizontally); IND, internarial distance (straight line 
distance between the inner edge of the narial opening); 
IOD, interorbital distance (between anterior margins of 
orbits); ED, eye diameter (the horizontal length of orbit); 
EW, upper eyelid width (greatest transverse width of up-
per eyelid); END, eye–nostril distance (from anterior mar-
gin of orbit to center of nostril); HaL, hand length (from 
proximal edge of inner metacarpal tubercle to tip of third 
finger); TL, tibia length (taken with the flexed leg from the 
upper edge of knee to the lower edge of heel); THL, thigh 
length (from the middle of the cloacal slit to the proximal 
part of the femur–tibia articulation); FL, foot length (dis-
tance from proximal margin of inner metatarsal tuber-
cle to tip of toe IV); and are provided in Table 1. Color in 
life was described using digital photographs. Specimens 
were sexed by dissection and visual inspection of the go-
nads. Specimens examined are listed in a table available at 
https://doi.org/10.5281/zenodo.14019863. 

Bioacoustics

Vocalizations of the new species were recorded in the field 
using a digital recorder (Marantz PMD661 MK2) connect-
ed to a unidirectional microphone (Sennheiser ME64) at 
48 kHz and 24-bit resolution and saved in uncompressed 
WAVE format. Air temperature and relative air humidity 
were taken with a digital thermo-hygrometer to the near-
est 0.1 °C. Recordings were analyzed using the software 
CoolEdit Pro 2.0 (Syntrillium Software Corp.). Frequen-
cy information was obtained through Fast Fourier Trans-
formation (FFT, width 1024 points) with Hanning window 
function. Audiospectrograms were obtained with Black-
man window function at 256 bands resolution. Temporal 
measurements are given in milliseconds (ms) as range, 
with mean ± standard deviation in parentheses. Sensi-
tive high-pass filtering was applied to remove background 
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sound outside the prevalent bandwidth of calls. Analysis of 
calls and terminology in call descriptions follows the rec-
ommendations of Köhler et al. (2017), using the note-cen-
tered terminological scheme.

Molecular genetics

For studying genetic differentiation and the molecular 
phylogenetic position of the new Chimerella lineage, the 
data set used by Köhler et al. (2023) was complemented 
by newly generated sequences from the newly obtained 
samples, using the same mitochondrial DNA fragments 
formerly used by these authors. Moreover, we added data 
for three nuclear gene fragments, as specified below. The 
data set used to infer a mitochondrial phylogeny also in-
cluded representative species of other genera currently rec-
ognized in the family Centrolenidae. Allophryne ruthveni, 
family Allophrynidae, the sister taxon of Centrolenidae 
(Guayasamin et al. 2009), was used as the outgroup.

The mitochondrial phylogenetic analysis was based on 
DNA fragments of the mitochondrial genes for 12S rRNA 
(12S), 16S rRNA gene (16S; two fragments), NADH-de-

hydrogenase subunit 1 (ND1) and cytochrome b (cob). 
DNA was extracted from tissue samples using a stand-
ard salt protocol and the gene fragments PCR-amplified 
(and subsequently sequenced with the respective forward 
primers) with the following primers and PCR protocols: 
12SAL (AAACTGGGATTAGATACCCCACTAT) and 
16SR3 (TTTCATCTTTCCCTTGCGGTAC) of Koch-
er et al. (1989) and Hrbek & Larson (1999); 94 °C(90s), 
[94 °C(45s), 52 °C(45s), 72 °C(90s) × 33], 72  °C(300s). 
16SL3 (AGCAAAGAHYWWACCTCGTACCTTTTG-
CAT) and 16SAH (ATGTTTTTGATAAACAGGCG) of 
Vences et al. (2003); 94 °C(90s), [94 °C(45s), 52 °C(45s), 
72 °C(90s) × 33], 72 °C(300s). 16SAr-L (5’–CGCCTGTT-
TATCAAAAACAT–3’) and 16SBr-H (5’–CCGGTCT-
GAACTCAGATCACGT–3’) of Palumbi et al. (1991); 
94 °C(90s), [94 °C(45s), 50–53 °C(45 s), 72 °C(90s) × 
36‒40], 72 °C(300s). Cytb-a (CCATGAGGACAAATAT-
CATTYTGRGG) and Cytb-c (CTACTGGTTGTCCTC-
CGATTCATGT) of Bossuyt & Milinkovitch (2000); 
94 °C(90s), [94 °C(30s), 53 °C(45s), 72 °C(90s) × 35], 
72  °C(600s). No new sequences were added for ND1 but 
existing sequences of this gene were added to the analysis 
to better resolve the deep nodes in the phylogeny. 

Figure 1. Distribution map and phylogenetic tree of Chimerella species. Left: Map of central-western South America showing the known 
distribution of Chimerella species/populations (Guyasamin et al. 2020, Köhler et al. 2023, this study). Colors of dots for the species 
correspond to those used in the phylogenetic tree on right side. Right: Maximum likelihood phylogenetic tree of centrolenid frogs 
focusing on Chimerella inferred from an alignment of 3634 nucleotides of the mitochondrial genes for 12S and 16S rRNA, ND1, and 
cytochrome b. Allophryne ruthveni was used to root the tree (removed for better graphical presentation). Numbers at nodes are boot-
strap values in percent (1000 replicates; not shown for some of the most shallow nodes). Sequences from samples of C. zoeterra sp. n. 
were newly obtained for this study. The taxon name is followed by the sample locality and collection number of the voucher specimen.
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To assess variation and divergence in nuclear genes, 
we sequenced fragments of three single-copy protein-
coding nuclear-encoded genes after amplifying them in 
nested PCR approaches: (i) the recombination-activat-
ing gene 1 (RAG-1), first using the primers Rag1-Mart Fl1 
(AGCTGGAGYCARTAYCAYAARATG) and Rag-1Mart 
R6 (GTGTAGAGCCARTGRTGYTT), modified from 
Martin (1999), and then Rag-1AmpF2 (ACNGGNMGI-
CARATCTTYCARCC ) and Rag-1-UC-R TTGGACTGC-
CTGGCATTCAT of Chiari et al. (2004), with PCR proto-
col 94 °C(240s), [94 °C(45s), 45 °C(40s), 72 °C(120s) × 45], 
72 °C(600s) for both PCR rounds; (ii) a fragment of sac-
sin (SACS) using external primers SACSF2 (AAYATHAC-
NAAYGCNTGYTAYAA) and SACSR2 (GCRAARTGNC-
CRTTNACRTGRAA) and internal primers SACSNF2 
(TGYTAYAAYGAYTGYCCNTGGAT) and SACSNR2 
(CKGTGRGGYTTYTTRTARTTRTG) and with cycling 
protocol for both PCRs: 94 °C(240s), [94 °C (45s), 45 °C 
(40s), 72 °C (120s)] × 45, 72 °C (600s) according to Shen et 
al. (2012); and (iii) a fragment of the KIAA1239 gene, with 
external primers KIAA1239-F1 (CARCCTTGGGTNT-
TYCA), KIAA1239-R1 (CMACAAAYTGGTCRTTR), and 
internal primers KIAA1239-NF1 (GAGCCNGAYATH-
TTYTTYG) and KIAA1239-NR1 (TTCACRAANCCM-
CCNG) (Shen et al. 2012), with the same cycling proto-
cols as those used for SACS. PCR products were purified 
with Exonuclease I and Shrimp Alkaline Phosphatase di-
gestion, and the purified products along with sequenc-
ing primers were shipped to LGC Genomics (Berlin) for 
sequencing on automated capillary sequencing instru-
ments. Chromatograms were checked for base-calling er-
rors and edited with CodonCode Aligner 6.0.2 (Codon 
Code Corporation, Dedham, MA, USA). Newly generated 
sequences were submitted to GenBank (accession num-
bers: PX403073–PX403075, PX403076–PX403078, and 
PX410031–PX410049). A table with all samples used, the 
associated GenBank accession numbers and sequences, 
as well as voucher number and locality, is available from 
the Zenodo repository (https://doi.org/10.5281/zeno-
do.14019863) along with the alignment files. 

We analyzed the mitochondrial genes separately from 
the nuclear-encoded genes, with the goal to assess con-
cordance in the differentiation of nuclear encoded and 
mitochondrial genes. We used Concatenator (Vences et 
al. 2022) to align the five mitochondrial gene fragments 
with the G-INS-i algorithm of MAFFT (Katoh & Stand-
ley 2013), remove alignment positions with > 95% gaps, 
and export a concatenated alignment partitioned by gene. 
The alignment was then submitted to maximum likeli-
hood phylogenetic analysis in IQ-Tree 1.6.12 (Nguyen 
et al. 2015), including the inference of the best partition 
and substitution models with Modelfinder (Kalyaana-
moorthy et al. 2017) under the MFP+MERGE setting. 
Node support was tested with 1000 full bootstrap repli-
cates. Based on the Modelfinder results, the analysis was 
run with a partition of two character subsets: (i) 12S, the 
two 16S fragments; and (ii) cob and ND1, both with a 
TIM2+F+I+G4 model. 

The nuclear gene fragments were aligned and trimmed 
to equal length for each fragment, respectively, in MEGA7 
(Kumar et al. 2016). We then graphically visualized rela-
tionships among alleles (haplotypes) of Rag-1 using the 
Fitchi approach (Matschiner 2016) as implemented in 
Hapsolutely (Vences et al. 2024b). Alleles (haplotypes) of 
the nuclear gene were inferred in Hapsolutely using the 
PHASE algorithm (Stephens et al. 2001) and the Fitch tree 
calculated by maximum parsimony.

Species concept

We use congruence in observed differences in morpho-
logical characters, color pattern, traits of the advertisement 
calls, and the inferred genetic divergences as species delim-
itation criteria (Padial et al. 2010), following the general 
lineage or unified species concept (Simpson 1951, Wiley 
1978, de Queiroz 1998, 2007).

Nomenclatural act

The electronic edition of this article conforms to the re-
quirements of the amended International Code of Zoo-
logical Nomenclature, and hence the new name contained 
herein is available under that Code from the electronic edi-
tion of this article. This published work and the nomen-
clatural act it contains have been registered in ZooBank, 
the online registration system for the ICZN. The LSID (Life 
Science Identifier) for this publication is: urn:lsid:zoobank.
org:pub: 4E1E98D1-E113-4C67-8F39-0DEA0AC1F383. The 
electronic edition of this work was published in a journal 
with an ISSN, and has been archived and is available from 
the following digital repositories: zenodo.org, salamandra-
journal.com.

Table 1. Variation of morphological measurements (in mm) of 
the type series of Chimerella zoeterra sp. n. Mean ± SD is given 
in parentheses following the range. See text for abbreviations.

Females 
n = 8

Males 
n = 30

SVL 20.5–22.4 (21.5±0.6) 17.7–20.7 (19.3±0.7)
HL 6.3–7.3 (7.0±0.3) 5.8–7.0 (6.4±0.3)
HW 7.9–8.8 (8.4±0.3) 6.9–8.0 (7.5±0.3)
TD 0.7–1.3 (0.9±0.2) 0.6–1.0 (0.7±0.1)
IND 1.6–2.0 (1.8±0.1) 1.4–1.9 (1.7±0.1)
IOD 2.3–2.7 (2.5±0.2) 2.0–2.7 (2.3±0.2)
ED 2.7–3.0 (2.9±0.1) 2.3–3.1 (2.7±0.2)
EW 1.7–2.1 (1.9±0.1) 1.4–1.9 (1.7±0.2)
END 1.9–2.2 (2.0±0.1) 1.3–2.0 (1.7±0.2)
HaL 6.9–8.0 (7.3±0.4) 5.6–7.2 (6.5±0.3)
TL 11.5–13.1 (12.4±0.5) 10.4–12.1 (11.0±0.4)
THL 11.4–13.2 (12.2±0.7) 10.5–12.0 (11.2±0.4)
FL 9.1–10.6 (9.9±0.5) 8.4–10.0 (9.0±0.4)
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Results
Phylogenetic relationships

The maximum likelihood tree (Fig. 1) inferred from a 
3634 bp alignment of the mitochondrial 12S, 16S, ND1, and 
cob genes largely agreed with a previous reconstruction 
(Köhler et al. 2023) in placing all Chimerella samples in 
a highly supported monophyletic group (bootstrap sup-
port [BS] 100%), and samples of each species also formed 
highly supported groups (BS 84–100%). Basal nodes of the 
centrolenid phylogeny were not reliably resolved and did 
not fully agree with current higher-level classification, but 
these topological aspects also had low bootstrap support 
(BS 24–58% for the three most basal nodes; Fig. 1). Samples 
of Chimerella sp. A from Santo Toribio, Nuevo Chirimoto, 
and Posic were very closely related to C. corleone, without 
an appreciable amount of differentiation according to the 
branch lengths of the tree (see Köhler et al. 2023 for a dis-
cussion of these morphologically divergent populations). 
The focal lineage from Fundo Alto Nieva and Pampa del 
Burro was placed sister to C. mira, but no significant sup-
port for the respective node was found by bootstrap analy-
sis (BS 46%). Thus, the sister relationships of C. mira and 
the focal lineage is barely supported with the data at hand. 
However, the data provide clear evidence that the focal lin-
eage is not nested within one of the recognized nominal 
species of Chimerella. 

The focal lineage had uncorrected p-distances in the 16S 
rRNA gene (for a fragment of 475 nucleotides at the 3’ ter-
minus of the gene without missing data in any sequence) 
of 2.3–2.7% compared to C. corleone, 3.0–3.2% to C. mariae­
lenae, and 3.8–4.2% to C. mira. Except for the distance to 
C. mira, these distances are at slightly lower levels as be-
tween the three nominal species of Chimerella (3.5–4.0%), 
but are at equal level as those found between numerous 
closely related species within other centrolenid genera (as 
explored by Köhler et al. 2023).

The haplotype networks of the three nuclear genes an-
alyzed here (Fig. 2) did not detect any haplotype sharing 
between the main lineages identified by the mitochondrial 

data. Due to poor DNA quality, PCRs for several samples 
and genes failed despite multiple repeated attempts, and 
therefore only the RAG-1 network contains all lineages; the 
SACS and KIAA1239 networks lack sequences of C. corleo­
ne, and the SACS network furthermore lacks C. mariae­
lenae (see Fig. 2). These two additional genes, however, 
confirm an absence of haplotype sharing between the focal 
lineage and C. mira and C. sp. A (which in the mitochon-
drial tree is very close to C. corleone; see Fig. 1); further-
more, the KIAA1239 network also confirms haplotype dis-
tinctness of C. mariaelenae based on multiple individuals. 

Bioacoustics

Our bioacoustic analysis of advertisement calls of the fo-
cal lineage of Chimerella from Pampa del Burro revealed 
qualitative and quantitative differences when compared to 
nominal congeners (see detailed call description below). 
Calls of C. mira agree with those of the focal lineage in 
having pulsatile notes qualifying as ‘Trii’ calls as defined 
by Duarte-Marín et al. (2022). However, note duration 
in calls of C. mira is significantly longer, compared to calls 
of the focal lineage (42–85 vs. 26–35 ms) and inter-note in-
tervals within calls are shorter (160–239 vs. 265–432 ms). 
Calls of C. mariaelenae differ from those of the focal lin-
eage by much shorter note duration (3–7 vs. 26–35  ms), 
higher dominant frequency (6460‒7752 vs. 5648–6058 Hz) 
and simple, unpulsed ‘Tic’ calls (sensu Duarte-Marín et 
al. 2022). Calls of C. corleone equally qualify as ‘Tic’ calls 
and furthermore differ by shorter note duration from calls 
of the focal lineage (10‒15 vs. 26–35 ms). For more detailed 
call comparisons, see sections below and Table 2. Our bio
acoustic findings strongly indicate respective lineage di-
vergence, as the differences observed are clearly beyond 
those to be expected from intraspecific call variation (see 
Köhler et al. 2017). This is particularly true for centro-
lenid species, where evolutionary divergent lineages may 
emit rather similar calls (e.g., Guayasamin et al. 2020, 
Köhler et al. 2023).

Table 2. Comparative parameters and characters of advertisement calls of Chimerella species. EC = Ecuador, PE = Peru.

Notes/
call

Note duration 
 [ms]

Dominant frequency 
 [Hz]

Pulsatile 
notes

Number of males/
calls analyzed

Chimerella corleone 
PE: San José 2 10‒15 6485‒6526 no 1/1

Chimerella mariaelenae 
PE: Cord. Kampankis 2 3–7 

(5.4±1.4)
6706–7633 
(7182±292) no 4/12

Chimerella mariaelenae 
EC: Pangayaku Creek 2‒10 4–7 

(6.0±0.9)
6460–7752 
(7222±387) no 2/7

Chimerella mira 
PE: W of Tingo Maria 2‒3 42–85 

(64.6±11.7)
5543–6135 
(5897±148) yes 4/12

Chimerella zoeterra sp. n. 
PE: Pampa del Burro 3‒5 26–35 

(29.8±2.8)
5648–6058 
(5938±309) yes 2/4
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Morphology

Our morphological examination and comparison of Chi­
merella individuals showed specimens of the focal lin-
eage to mainly differ in color pattern in life from C. cor­
leone and C. mira with respect to dorsal and iris colora-
tion (see below). However, the focal populations are mor-
phologically indistinguishable from C. mariaelenae in life. 
Although some populations of C. mariaelenae may differ 
slightly from the focal populations by details of the iris col-

oration, these color differences are not diagnostic when 
considering overall intraspecific variation of this charac-
ter in C. mariaelenae. We observed, however, differences in 
dorsal coloration between equally preserved specimens of 
C. mariaelenae and the focal lineage, with C. mariaelenae 
specimens exhibiting a distinctly lavender color, whereas 
specimens of the focal lineage exhibit a faint lavender hue 
only. Morphometric data are summarized in Table 1, while 
qualitative morphological characters are illustrated in Fig-
ures 3–5 and 7.

Figure 2. Haplotype networks (Fitch tree genealogies) of the three nuclear-encoded protein-coding genes RAG-1 (1019 bp; 10 speci-
mens), SACS (1032 bp; 6 specimens), and KIAA1239 (872 bp; 9 specimens). Note that the networks were reconstructed from phased 
sequences and each specimen is represented by two sequences. Stippled red lines indicate instances of co-occurrence of different 
alleles in the same individual. 
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Taxonomy

Our results from molecular genetics, namely reciprocal 
monophyly, substantial mitochondrial distances, and lack 
of haplotype sharing with other Chimerella species in nu-
clear-encoded genes, as well as the bioacoustic differentia-
tion of the focal lineage from known species of Chimerel­
la, provide independent lines of evidence for the presence 
of a distinct evolutionary lineage at the species level. We 
in the following describe the populations from white sand 
outcrops in Yungas montane forests of Amazonas and San 
Martín departments as a species new to science.

Chimerella zoeterra sp. n.
Figs 3–5, 7A–B

ZooBank LSID: urn:lsid:zoobank.org:act:
4F43CEF9-4536-408E-84B4-28EF22C38E6D

Holotype: CORBIDI 24684, an adult male, from El Are-
nal in the Área de Conservación Privada Pampa del Burro 
(-5.618962°, -77.947475°, 1770 m a.s.l.), Yambrasbamba dis-
trict, Bongará province, Amazonas department, Peru, col-
lected on 5 March 2023 by P. J. Venegas, L. A. Garcia-
Ayachi, S. Bullard, E. Quispe, and J. D. Valencia.

Paratypes (38): CORBIDI 24677, 24685–86, 24688, 24691, 
24706, 24715, 24717–24720, 24756, and 24770, adult males, 
CORBIDI 24678, 24716, 24762, and 24766, adult females, 
same data as holotype; CORBIDI 22152–22153, 22155–22157, 
22159, 22162, 22165–22168, 22170, 22172, 22177, and 22179, 
adult males, CORBIDI 22164, 22173, 22178, and 22180, 
adult females, CORBIDI 22160, an unsexed juvenile, from 
Fundo Alto Nieva (-5.676331°, -77.761172°, 1982 m a.s.l.), 
Pardo Miguel district, Rioja province, San Martín depart-
ment, Peru, collected on 21 January 2020 by L. A. Garcia-
Ayachi and J. Ormeño.

Figure 3. Uncollected individuals of Chimerella zoeterra sp. n. and an egg clutch in situ, photographed at night on 22 January 2020 at 
Fundo Alto Nieva, Amazonas department, Peru: (A, B) amplectant couples; (C) a metamorph at Gosner stage 44 at ca. 20 cm height 
on a leaf; and (D) an egg clutch containing fifteen eggs. Photographs by L. A. García-Ayachi.
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Definition: A species in the genus Chimerella, based on 
molecular relationships and shared morphological traits, 
characterized by the following combination of characters: 
(1) dentigerous processes of vomer and vomerine teeth ab-
sent; (2) snout truncate in dorsal view, truncate or nearly 
truncate in lateral profile; canthus rostralis curved in dor-
sal view, rounded in cross-section; nostrils not protuber-
ant; (3) tympanum and tympanic annulus evident, round, 
its diameter about 27% of eye diameter; supratympanic 
fold well defined, concealing the upper edge of tympanum; 
(4) dorsal skin finely granular, lacking enlarged tubercles; 
skin on venter and ventral surfaces of thighs areolate; (5) a 
pair of enlarged subcloacal warts; (6) ventral parietal peri-
toneum transparent (condition P0 sensu Cisneros-He-
redia & McDiarmid 2007); iridophores covering peri-
cardium, liver, gallbladder, visceral peritonea, and testes; 
kidneys and urinary bladder lacking iridophores (condi-
tion V5); (7) liver with two broadly rounded right/left lobes 
(condition H2); (8) humeral spine and single subgular vo-
cal sac present in adult males; (9) webbing absent or ba-

sal between inner fingers, moderate between outer fingers; 
webbing formula: III(2½–2⅓) – (2+–2½)IV; (10) webbing 
extensive between toes; webbing formula I2ˉ– (2–2+)II1 – 
(2½–3ˉ)III(1–1½) – (2ˉ–3)IV(2ˉ–3ˉ) – (1–1+)V; (11) enam-
elled fringe absent on postaxial edge of finger IV; ulnar 
fold ill-defined; tarsal fold absent; enlarged tubercles on 
ventrolateral edges of arm and tarsus absent; (12) prepol-
lical spine not protruding externally; unpigmented nuptial 
pad present (Type I); (13) finger I slightly longer than fin-
ger II; (14) diameter of eye three times wider than width 
of disc on finger III; (15) in life, dorsum pale green bear-
ing scattered dark gray or black dots at night (Fig. 3A–B), 
and light yellow-green covered by a dark green punctua-
tion and scattered black dots during the day (Fig. 4); venter 
transparent; bones green (Fig. 4B, G); (16) in preservative, 
dorsal surface yellowish cream covered by lavender minute 
flecks and few scattered black dots (Fig. 5A; limbs flecked 
with melanophores; ventral surfaces cream (Fig. 5B); (17) in 
life, iris creamy white bearing dark gray reticulations and a 
thin orange-red median streak (Fig. 4H) or only gray flecks 

Figure 4. Adult male specimens of Chimerella zoeterra sp. n. in life: (A) dorsolateral and (B) ventral views of male holotype CORBIDI 
24684; (C) dorsal view of CORBIDI 24688; (D) dorsolateral view of CORBIDI 24717; (E) dorsal view of CORBIDI 24677; (F) dorso-
lateral and (G) ventral views of CORBIDI 24685; (H) and (I) frontal views of CORBIDI 24691 and 24715, respectively. Photographs 
by E. Quispe.
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and a bold reddish gray median streak (Fig. 4J); circumpu-
pillary ring absent; (18) dorsal surfaces of fingers and toes 
lacking melanophores, except for toes IV and V; (19) males 
call from the upper surface of leaves; calls consist of 3–5 
pulsatile notes, each with a duration of 26–35 ms, with in-
ter-note intervals within calls of 265–432 ms, and domi-
nant frequency of 5648–6058 Hz; (20) fighting behavior 
unknown; (21) egg clutches observed on the surface of fern 
leaves along riparian vegetation; one of these clutches had 
15 cream eggs and were deposited in a viscous translucent 
jelly; (22) tadpoles in early developmental stages unknown 
(see below); (23) minute body size (sensu Guayasamin et 
al. 2020), SVL in adult males 17.7–20.7 mm (n = 30); SVL in 
adult females 20.5–22.4 mm (n = 8).

Diagnosis: Chimerella zoeterra can be easily distinguished 
from C. corleone and C. mira by having a light yellow-green 

dorsum covered by a dark green punctuation and scattered 
black flecks, whereas the dorsum is yellow-green with scat-
tered yellow flecks in C. mira and C. corleone. Moreover, al-
though the irises of the three species are silvery or creamy 
white, each species possesses a different pattern: bearing a 
conspicuous dark gray spotting, reticulations, and an or-
ange or red median streak in C. zoeterra; black fine spot-
ting with a median brown streak in C. mira; and black fine 
reticulations with a median brown streak in C. corleone. 
Chimerella zoeterra is morphologically very similar to 
C.  mariaelenae (Fig. 6). In life, only some individuals of 
C. mariaelenae can be distinguished from C. zoeterra by 
having a dark gray or blue ring outlining the iris without 
peripheral reticulations (Fig. 6C), while all specimens of 
C. zoeterra (n = 39) possess an orange or orange-red medial 
streak bearing peripheral gray reticulations. In preserved 
specimens (ethanol 70%), C. zoeterra is cream with a lav-

Figure 5. Preserved male holotype of Chimerella zoeterra sp. n. (CORBIDI 24684) in (A) dorsal, and (B) ventral views of entire body; 
(C) head in lateral profile; (D) right palm; and (E) right sole. Scale bars = 10 mm. Photographs by L. A. García-Ayachi.  
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ender hue (Fig. 7A, B) vs. distinctly lavender in C. mariae­
lenae (Fig. 7C, D). However, the advertisement call of 
C. zoeterra mainly differs from that of C. mariaelenae by 
being composed of pulsed notes (vs. unpulsed notes) and 
notes of longer duration (26–35 vs. 3–7 ms).

Description of the holotype: Adult male, SVL 19.4 mm, in 
good state of preservation with the left foot removed and 
preserved as a tissue sample for molecular analyses (Fig. 5). 
HW slightly wider than body; HW 37% of SVL; HW 1.07 
times HL. Snout truncate in dorsal view, nearly truncate 
in lateral profile; END/ED 0.63; END/IOD 0.71. Loreal re-
gion concave, nostrils not protuberant, round; internarial 
region barely concave anterodorsally; canthus rostralis ill-
defined, curved in dorsal view, rounded in cross-section. 
Eyes directed anterolaterally, angled ~ 45° relative to mid-
line of body; ED 2.3 times wider than width of disc on fin-
ger III; ED 41% of HL and 111% of IOD. Tympanum notice-
able with tympanic annulus visible, more evident ventrally 
than dorsally, annulus and membrane colored as dorsum; 
supratympanic fold well-defined obscuring the dorsal edge 
of tympanum, tympanum round with slight dorsal incli-
nation. Dentigerous processes on vomers absent; choanae 
large, circular, separated more widely than nostrils; tongue 
wider than long, notched posteriorly, covering most of 
floor of mouth, posterior quarter free; vocal slits present, 
wide, oblique, and lateral to the tongue. Forelimbs ro-
bust, with forearm flattened and roughly 1.4 times as wide 
as arm; ulnar fold present, ill-defined, white; tubercles on 
ventrolateral edge of arm absent; humeral spine externally 

visible as an elongated bump, slightly less defined in pre-
servative than in life. Relative length of fingers: II < I < IV 
< III; finger discs distinctly expanded, those on fingers I, II, 
and IV truncate, on fingers III gently rounded, larger than 
toe discs; width of disc on finger III 53.7% of ED; webbing 
absent between fingers I and II, basal webbing between fin-
gers II and III, and moderate between III and IV, webbing 
formula III2⅓–2+IV. Prepollex concealed; subarticular tu-
bercles round, distinct; supernumerary tubercles present, 
palmar tubercle round and small, thenar tubercle distinct, 
ovoid, elongate; nuptial pads present, medium-size, nup-
tial excrescences visible on dorsal and ventrolateral sides 
(Type I sensu Guayasamin et al. 2020). Hind limbs slen-
der, TL 53% of SVL; tarsal fold absent; tubercles on vent-
rolateral edge of tarsus absent. Relative length of toes: I < 
II < III < V < IV; toe discs expanded, round; inner meta-
tarsal tubercle narrow, elongated, ovoid, low; outer meta-
tarsal tubercle absent. Webbing formula of feet: I2ˉ–2+II1–
2½III1½–3ˉIV2½–1+V. Dorsal skin finely granular; skin on 
venter and ventral sides of thighs areolate, skin on throat 
smooth; cloacal opening at level of upper thighs, concealed 
by distinct superior dermal fold; cloacal region coarsely 
areolate; a pair of enlarged subcloacal warts present, ill-de-
fined; crenulated flaps absent.

Measurements (in mm): SVL 19.4, HL 6.8, HW 7.3, 
TD  1.03, IND 1.3, IOD 2.5, ED 2.8, EW 1.4, END 1.8, 
HaL 6.4, TL 10.4, THL 10.5, FL 8.6.

In life (Fig. 4A–B), dorsal surface light yellow-green 
covered by green punctuations and bearing scattered black 
dots and a faint green interorbital bar. Ventrolateral region 

Figure 6. Frontolateral and dorsal views of two adult males of Chimerella mariaelenae from the Cordillera de Kampankis, Peru, in life: 
(A, B) CORBIDI 9453 and (C, D) CORBIDI 9472. Photographs by A. Catenazzi. 
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creamy white. Ventrally, throat and chest are pale green, 
limbs and belly are pale sulfur yellow, and digital discs 
yellow. Clear ventral parietal peritoneum showing white 
heart (covered by a white pericardium), white digestive 
tract, liver, and testes; gallbladder dirty white; clear peri-
toneum covering the urinary bladder; bones pale yellow-
green and sclerotic ring white. Iris creamy white bearing 
dark gray reticulation and flecks, and with an orange-red 
median streak.

After 28 months in 70% ethanol (Fig. 5), dorsal surface 
cream covered by a lavender punctuation bearing scattered 
black flecks, the lavender punctuation is denser on eyelids 
and the interorbital region (forming a faint lavender in-
terorbital bar), and less dense on limbs and feet. Ventral 
surface cream. Heart, liver, and intestine slightly visible 
through the belly skin.

Variation: Sexual dimorphism is noticeable in size (mean 
SVL 19.3 mm in males vs. 21.5 mm in females), and males 
possess vocal slits and humeral spines. For the variation in 
size and proportions see Table 1. The density of black dots 
and green punctuation varies between individuals from 
few scattered black dots and inconspicuous green punctua-
tion (Fig. 4C–D) to densely scattered black dots and con-
spicuous green punctuation (Fig. 4F–G). The specimen 
CORBIDI 24685 has the heart and the gallbladder covered 
by a thin layer of iridophores that give it a coppery col-
oration (Fig. 4G). However, the most noticeable interspe-
cific variation in Chimerella zoeterra is in the iris colora-
tion, particularly color and width of the medial streak, as 
well as the presence or absence of dark gray reticulations 
in the periphery of the iris. In most individuals, a thin or-

ange or orange-red medial streak with gray flecks and re-
ticulations (Fig. 4I) is present, whereas in some individu-
als a bold dark grayish brown medial streak (Fig. 4J) with 
or without gray peripheral reticulations is evident (e.g., 
CORBIDI 24688, 24715, 24717, and 24719). A non-collect-
ed metamorph (Gosner stage 44) (Gosner 1960) was ob-
served in situ at night (Fig. 3C). This individual possessed 
a light green dorsal surface, grayish green tail, and the iris 
creamy white, bearing a brownish orange median streak.

Distribution and natural history: Chimerella zoeterra is 
only known from two localities, Pampa del Burro in the 
upper basin of the Chiriaco River, at elevations of 1770 
and 1827 m a.s.l., and Fundo Alto Nieva in the upper basin 
of the Mayo River, at elevations between 1937 and 1982 m 
a.s.l., in the departments of Amazonas and San Martín, 
respectively, northeastern Peru (Fig. 1). At both localities 
this species inhabits riparian vegetation of black water 
streams dissecting humid montane forest on white sand 
outcrops (Fig. 8A–C). The general habitat of C. zoeter­
ra is characterized by humid montane forest with a low 
canopy with tree heights between 1.5 and 5 m, and abun-
dant epiphytes, such as bromeliads, orchids, ferns, moss-
es, and lichens (Fig. 8D). All individuals were observed 
at night during the rainy season (January and March) on 
leaves of the riparian vegetation, especially ferns, at perch 
heights between 1 to 2 m. During January, male individu-
als were actively calling while sitting on top of leaves and 
several amplectant couples (Fig. 3A–B) and egg clutches 
on the surface of leaves (Fig. 3D) were observed on ripar-
ian vegetation. A metamorph at Gosner stage 44 (Gosner 
1960) was photographed perching at 20 cm height on a 
leaf (Fig. 3C). In March, males were calling only sporadi-
cally during short rains and no amplectant couples or egg 
clutches were observed. According to the Peruvian ecore-
gions (CDC-UNALM 2006), both known localities of 
C. zoeterra are located in the Peruvian Yungas ecoregion. 
Sympatric anuran species observed with C. zoeterra were 
Callimedusa duellmani, Dendropsophus aperomeus, Hylo­
scirtus phyllognathus, Nymphargus posadae, Pristimantis 
nephophilus, and Pristimantis sp.

Vocalization: The advertisement calls recorded on 6 March 
2023 (03:53 h; air temperature 15 °C) at Pampa del Burro, 
1800 m a.s.l., Yambrasbamba district, Bongara province, 
Amazonas department, Peru, were emitted sporadically 
and consist of 3 to 5 high-pitched, pulsed notes of short du-
ration (Fig. 9). Notes exhibit considerable amplitude mod-
ulation, with maximum call energy present at the begin-
ning of the note, continuously decreasing towards its end. 
Pulse structure is irregular within notes, with pulses being 
partly fused. Consequently, the total number of pulses per 
note is not reliably countable, but in several cases 3 to 5 
separated pulses are evident within notes. Pulse rate with-
in notes ranges approximately around 240 pulses/second. 
The character of the notes would qualify as a ‘Trii’ call ac-
cording to the definition of Duarte-Marín et al. (2022). 
Within calls, inter-note intervals slightly increase in dura-

Figure 7. Comparison of dorsal color pattern of preserved speci-
mens of Chimerella zoeterra sp. n.: (A) adult male CORBIDI 
22152, (B) adult female CORBIDI 22173; and C. mariaelenae: (C) 
adult male CORBIDI 11375, (D) adult female CORBIDI 9474. 
Scale bar = 10 mm. Photographs by L. A. García-Ayachi.  
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tion from the beginning towards the last note. The initial 
note of each call exhibits a slightly lower relative amplitude 
when compared to consecutive notes of the same call. Nu-
merical parameters of 4 analyzed calls from two individu-
als are as follows: number of notes per call 3–5 (4.0 ± 0.8); 
call duration 771–1501 ms (1100.0 ± 303.1 ms); note dura-
tion 26–35 ms (29.8 ± 2.8 ms); inter-note interval within 
calls 265–432 ms (320.9 ± 47.0 ms); note repetition rate 
within calls ranges between 2.2–3.5 notes/second; domi-
nant frequency 5648–6058 Hz (5938 ± 309 Hz); prevalent 
bandwidth 3800–7800 Hz, with a weak second peak at 
around 12 kHz.

Comparative call data: Regular advertisement calls of 
C. mariaelenae recorded on August 2011 (air temperature 
17.6 °C) in the Cordillera de Kampankis (1100 m a.s.l.), 
Amazonas department, Peru, analyzed for comparison, 
usually consist of two high-pitched, simple notes of very 
short duration (Fig. 9), qualifying as ‘Tic’ calls sensu Du-
arte-Marín et al. (2022). In a few cases, single notes were 

emitted in isolation. Notes exhibit some moderate ampli-
tude modulation, with maximum call energy being present 
at the beginning of the note, rapidly decreasing towards its 
end. Virtually, in the oscillogram, some notes seem to con-
tain a second pulse of low call energy, but we allocate this 
phenomenon to slight echo effects present in the recording 
(therefore virtual secondary pulses were not considered to 
be part of the note). Numerical parameters of 12 analyzed 
calls of four individuals are as follows: number of notes 
per call 2; call duration 357–402 ms (394.3 ± 27.1 ms); note 
duration 3–7 ms (5.4 ± 1.4  ms); inter-note interval with-
in calls 356–390 ms (367.2 ± 11.0 ms); dominant frequency 
6706–7633 Hz (7182 ± 292 Hz); prevalent bandwidth 5800–
8500 Hz.

Calls of C. mariaelenae from Pangayaku Creek (929 m 
a.s.l.), Napo province, Ecuador, reported by Guayasamin 
et al. (2020), agree with the calls from Cordillera de Kam-
pankis in note structure, note duration and dominant fre-
quency (Fig. 9). However, these Ecuadorian calls consist of 
2–10 notes, although Guayasamin et al. (2020) mentioned 

Figure 8. Habitat of Chimerella zoeterra sp. n. at Pampa de Burro, Amazonas department, Peru: (A) a black water stream and (B) its white 
sand bed; (C) montane forest vegetation on white sand outcrops; and (D) the floor of montane forest on white sand outcrops covered 
by a carpet of epiphytes, such as bromeliads, orchids, ferns, and lichens. Photographs A and C by E. Quispe, B and D by P. J. Venegas.  
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Figure 9. Comparative audiospectrograms and oscillograms of advertisement calls of Chimerella zoeterra sp. n., C. mira, C. corleone, and 
C. mariaelenae at the same temporal (2000 ms) and spectral (20 kHz) scale. Oscillograms at the bottom each show a single note at 200 ms 
time scale. For Ecuadorian C. mariaelenae (bottom row), a call with eight notes is shown (left), as well as a more common two-note call 
(right). Selective high-pass filtering was applied to the recordings to remove background noise outside the prevalent bandwidths of calls.
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that typical calls consist of two notes. Within calls, notes are 
repeated at shorter intervals (154‒262 ms; 202.6 ± 33.9 ms) 
when compared to the Peruvian calls described above. 
These differences might easily be explainable with calling 
motivation or a different social context (see Köhler et al. 
2017), and there is little doubt that bioacoustic data sup-
port the conspecificity of both reported populations. The 
somewhat questionable description of C. mariaelenae calls 
by Batallas & Brito (2016) has already been discussed by 
Köhler et al. (2023).

Advertisement calls of C. mira recorded at its type lo-
cality in Huánuco department, Peru, consist of 2‒3 high-
pitched, distinctly pulsed notes (Fig. 9) with a compara-
tively longer note duration of 42‒85 ms and a dominant fre-
quency of 5543–6135 Hz (Köhler et al. 2023).

Calls of C. corleone contain two short notes of simple 
structure, qualifying as ‘Tic’ calls sensu Duarte-Marín et 
al. (2022). Call duration is 521 ms, note duration 10‒15 ms; 
inter-note interval 493 ms, and dominant frequency 
6485‒6526 Hz (Twomey et al. 2014, Köhler et al. 2023). 
Comparative call characters of available Chimerella calls 
are provided in Table 2.

Etymology: The specific name  zoeterra  is a noun in 
apposition and honors ZoeTerra Holdings. The dedication 
of this species to ZoeTerra is in recognition of its commit-
ment to biodiversity, supporting our herpetological research 
and conservation work through the non-profit organization 
Rainforest Partnership, based in Austin, Texas (USA).

Discussion

With the description of Chimerella zoeterra, we added a 
fourth species to the genus Chimerella. The total number of 
centrolenid species known from Peru increased to 39, with 
Peru being on rank three with respect to the documented 
number of glassfrog species, after Colombia (74 species) 
and Ecuador (69 species) (Frost 2025). Given the vast ar-
eas of poorly surveyed habitats in Peru, we expect future 
research to discover numerous additional populations of 
glassfrogs, many of which probably represent new species-
level lineages (see also Twomey et al. 2014, Köhler et al. 
2023).

Although very similar in morphology to Chimerella 
mariaelenae, the species status of C. zoeterra is evidenced 
by qualitative and quantitative differences between respec-
tive advertisement calls, substantial differentiation in mi-
tochondrial genes, and the lack of haplotype sharing in nu-
clear genes among the few available samples studied. The 
two species exhibit an allopatric distribution pattern, with 
ranges separated by the Marañón River, a major tributary 
of the Amazon River (Fig. 1). The Marañón River Valley is 
well-known as a barrier for the distribution of species and 
a limit of bioregions, separating the Central and the North-
ern Andes (Cadle 1991, 2001, Winger & Bates 2015, Haz-
zi et al. 2018, Venegas et al. 2024). Apparently, the range 
of C. mariaelenae along the Amazonian Andean slopes of 

Ecuador and northern Peru is disrupted to the south by the 
Marañón River, as phylogenetically reflected by its sister 
clade (i.e., C. zoeterra, C. corleone, and C. mira), distribut-
ed south of this river. However, the effects of the Marañón 
River as a barrier for amphibians are still poorly under-
stood due to the lack of herpetological surveys in the Peru-
vian areas of the Cordillera del Condor above 1100 m eleva-
tion (Twomey et al. 2014), and future studies of respective 
amphibian communities in the Cordillera del Condor and 
the Cordillera de Colán are needed to get a better under-
standing of the biogeographical patterns.

Furthermore, our recent field studies indicate that many 
centrolenids from the Peruvian Yungas ecoregion occur 
within highly threatened habitats that may vanish quickly 
and thus demand respective research and immediate con-
servation action. Otherwise, numerous glassfrog species 
might be lost prior to their scientific discovery.
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