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Abstract

The Peruvian Andes harbor one of the most geographically complex and biologically
diverse regions of the Tropical Andes, yet several microbasins and mountain ridges
remain poorly surveyed for amphibians. Here, we describe four new species of the
terrestrial-breeding frog genus Oreobates from the departments of Amazonas, San Martin
and Huénuco, Peru, based on morphology, coloration, and molecular phylogenetic anal-
yses. The new species inhabit humid montane and premontane forests of the upper
basin of the Huallaga River. The new taxa differ from congeners by combinations of
body size, skin texture, digital morphology, coloration, and iris pattern. Phylogenetic
analyses recovered the new species within distinct lineages of Oreobates, supporting their
recognition as independent evolutionary entities. Our results further highlight the role
of Andean topography, especially dry inter-Andean valleys associated with the Marafién,
Apurimac, and Mantaro systems, as important barriers shaping diversification in Andean
amphibians. These discoveries emphasize the underestimated diversity of Oreobates in the
Peruvian Yungas and reinforce the importance of continued taxonomic exploration of the
Andean ecosystems.

Keywords: Andes; biogeographic barrier; diversification; Huallaga River; inter-Andean
valley; Marafién River; phylogenetic relationships; Terrarana; Yungas ecorregion

1. Introduction

The Tropical Andes biodiversity hotspot, extending along the Andean mountain
range from Venezuela to Bolivia, is widely recognized as the most biodiverse region on
Earth [1]. Within this region, the transition between the Andes and the Amazon Basin along
the eastern Andean versant, also called the Yungas ecoregion [2] harbors exceptionally
high amphibian species richness and endemism [3,4]. The pronounced environmental
heterogeneity across these elevational gradients promotes diversification in Neotropical
amphibians by fostering speciation, coexistence, and the persistence of distinct evolutionary
lineages [5,6].
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Terrarana is a clade of New World terrestrial-breeding frogs characterized by direct
development, in which embryos develop into miniature versions of adults, bypassing a
free-living larval stage, a reproductive mode that is thought to facilitate their diversification
in terrestrial and montane environments [7-9]. This group comprises more than 30% of
Neotropical anuran diversity (1297 species) and approximately 17% of described amphibian
species worldwide [10]. Although Terrarana reach their highest species richness in the
Tropical Andes, largely driven by the diversification of the genus Pristimantis, their generic
diversity is broadly distributed across the Neotropics [10]. Thirteen genera of Terrarana
occur in the Tropical Andes (i.e., Bryophryne, Microkayla, Noblella, Phyllonastes, Qosqophryne,
Urkuphryne, Niceforonia, Lynchius, Oreobates, Phrynopus, Pristimantis, Strabomantis, and
Yunganastes), of which only seven are endemic to the region (i.e., Bryophryne, Microkayla,
Qosqophryne, Urkuphryne, Lynchius, Phrynopus, and Yunganastes) [10-17].

One of these Terrarana taxa, the genus Oreobates (Jiménez de la Espada, 1872), currently
comprises 27 recognized species, occurring from the lower Andean slopes to the upper
Amazon Basin, ranging from Colombia southward to northern Argentina and eastward
to western Brazil [10]. More than half of the known species (19) occur in the Yungas
between 800 and 3000 m elevation, primarily in humid to semi-humid montane forests
along the eastern Andean versant, except for seven species restricted to lowland habitats
below 700 m [15,18-21], and the single species Oreobates ayacucho restricted tohigh-Andean
grassland (puna) above 3400 m [12,15]. This distributional pattern suggests that geographic
isolation, together with divergent selective pressures across elevational gradients, has
shaped the evolutionary and demographic history of Oreobates, with limited transitions
between lowland and montane habitats. In this context, adaptation to higher elevations
may promote disjunct distributions, reduced effective population sizes, and restricted gene
flow, thereby facilitating speciation [4].

Given the apparent high rates of diversification of Oreobates in the Yungas, and con-
sidering that many areas remain poorly explored due to their inaccessibility, it is likely
that additional species persist in undersurveyed regions. This is further supported by the
limited representation of many described species in scientific collections, which constrains
a comprehensive understanding of the genus’ diversity, distribution, and morphological
variation [15,18,19].

Here, we contribute to the understanding of Oreobates diversity by describing four
new species based on morphological and phylogenetic evidence. These species are identi-
fied from specimens collected during herpetological expeditions conducted since 2018 in
previously unexplored areas along the Amazonian slope of the northern Central Andes of
Peru, specifically in the departments of Amazonas, San Martin, and Huanuco.

2. Materials and Methods
2.1. Field Techniques and Permits

This study was carried out in accordance with the guidelines for use of live am-
phibians and reptiles in field research [22]. Specimens collected for this study are cov-
ered by the following research permits (given by the Ministerio de Agricultura) that
include permanent scientific collection of live specimens: RD-067-2019-MINAGRI-SERFOR-
DGGSPFFS, RD-179-2022-DGGSPFFS-DGSPFS, and RD-D000149-2024-MIDAGRI-SERFOR-
DGGSPFFS-DGSPES.

The four new species of Oreobates described herein were collected during rapid herpeto-
logical inventories carried out in the departments of San Martin and Hudnuco, northeastern
Peru, from 2018 to 2025. We collected frogs by hand using the complete species inventory
technique [23], during slow night walks (19:00 to 03:00 h) along streams and within the
forest using headlamps. Collected specimens were anesthetized and euthanized with an
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overdose of 20% benzocaine gel applied to their ventral surfaces [24]. Tissue samples
were taken before fixation, removing a portion of liver through a ventral cut on the right
anterior side of the venter or by clipping the entire left foot, and stored in 96% ethanol. We
then fixed specimens with formalin for 24 h and subsequently stored them in 70% ethanol.
Voucher specimens are deposited in the herpetological collection of CORBIDI in Lima, Peru.
Coordinates and elevation were taken with a GPSmap 62st, Garmin Ltd., Olathe, AR, USA
(set to WGS84 datum).

2.2. Morphology

The format for the descriptions follows Padial et al. [15] for Oreobates. The terminology
and definition of diagnostic characters follow Duellman and Lehr [12]. Sex was determined
by the presence of vocal slits and by direct gonadal inspection. Measurements were taken
with digital calipers and rounded to the nearest 0.1 mm. We measured SVL (snout-vent
length), TL (tibia length), FL (foot length, distance from proximal margin of inner metatarsal
tubercle to tip of Toe IV), HL (head length, obliquely from angle of jaw to tip of snout),
HW (head width, at level of angle of jaw), ED (eye diameter, distance between the anterior
and posterior borders of the visible eye), IOD (interorbital distance, distance between the
medial edge of the orbits), EW (upper eyelid width, length of the visible eye along the
outer edge of eyelid), IND (internarial distance, distance between the inner edges of nares),
EN (eye-nostril distance, distance between the anterior corner of orbit and the posterior
margin of nares). Fingers and toes are numbered preaxially to postaxially from I to IV
and I to V, respectively. Comparative lengths of Toes IIl and V were determined when
both were adpressed against Toe IV; lengths of Fingers I and II were compared when
adpressed against each other. We obtained morphological data for the comparison of
Oreobates amarakaeri, O. gemcare, and O. machiguenga from Padial et al. [15], O. lundbergi
from Lehr [25], and O. pereger from Duellman and Lehr [12]. Specimens examined are listed
in Appendix A.

2.3. DNA Extraction, Amplification, and Sequencing

To assess relationships with the most closely related species, we performed phylo-
genetic analyses using concatenated fragments of the mitochondrial genes 125 and 16S
rRNA, the protein-coding mitochondrial gene cytochrome ¢ oxidase subunit I (COI), the
nuclear protein-coding gene recombination-activating protein 1 (RAG1), and the tyrosinase
precursor (Tyr). We extracted DNA from muscle tissue of specimens CORBIDI 20361, 20362,
23749, 28465, 28467, 28690, 28694, 28925, and 28936 from the type series of the four species
described in this study, and of a paratype of O. colanensis. We used a commercial extraction
kit (IBI Scientific, Peosta, IA, USA). We followed standard protocols for primers, DNA
amplification, and sequencing [7,16,26,27]. Polymerase chain reaction (PCR) amplifica-
tions were performed on a ProFlex thermal cycler (Applied Biosystems, Thermo Fisher
Scientific, Waltham, MA, USA) using previously tested protocols [27,28]. PCR products
were purified using ExoSAP-IT (Affymetrix, Santa Clara, CA, USA) and sent to MCLAB
(San Francisco, CA, USA) for sequencing. Newly generated sequences were deposited in
GenBank (Appendix B).

2.4. Phylogenetic Analyses

Our analysis comprised newly generated sequences from 9 specimens. We down-
loaded sequences of 42 additional specimens from closely related species (from BLASTN
implemented in Geneious R11, version 11.1.5, Biomatters Ltd., Auckland, New Zealand,
with searches performed through the NCBI BLAST service) or morphologically similar,
congeneric species and the species Lynchius tabaconas, Niceforonia elassodiscus, and Lepto-
dactylus bolivianus (used as outgroup taxa) from GenBank. We used Geneious R11, version
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11.1.5 (Biomatters, http:/ /www.geneious.com/) to assemble pair-end reads, to generate
a consensus sequence, and to align our novel and GenBank sequences within Geneious
using MAFFT v7.017 and default parameters [29]. We trimmed the aligned sequences to a
length of 1015 bp for 125, 596 bp for 16S, 687 bp for COI, 682 bp for RAG, and 552 bp for
Tyr. Our analysis included 51 terminals.

For phylogenetic inference using maximum likelihood, we used the partition-
ing scheme and evolutionary models previously used in phylogenetic analyses of
Holoadeninae [16,27]. The first partition subset included both the 125 and 16S sequences
with the substitution model GTR + I + G. The remaining five subsets were partitioned by
codon position as follows (substitution model in parentheses): one subset including the first
codon position of COI (SYM + I + G), one subset including the second codon position of COI
(F81 + I), one subset including the third codon position of COI (GTR + G), one subset includ-
ing the first and second codon positions of RAGI and the first and second codon positions
of Tyr (GTR + I + G), and one subset including the third codon position of both RAG1 and
Tyr (K80 + G).

We used Maximum Likelihood (ML) to infer the phylogenetic relationships of the study
species. A concatenated alignment of 3538 bp, including the five loci, was used for the ML
analysis. We used IQ-TREE v1.6.12 [30] on the concatenated dataset, and estimated branch
support using the ultrafast bootstrap (UFBoot) described in Minh et al. [31] (10,000 bootstrap
replicates). The log-likelihood of the consensus tree was —20,685.88. Finally, we used iTol
v.5 to visualize and edit the tree [32].

We additionally calculated genetic distances for the mitochondrial 16S rRNA fragment
to further support species delimitation. Although no universally accepted cutoff exists for
defining species boundaries based on 165 rRNA divergence. Fouquet et al. [33] proposed
that distances of 3% or greater are indicative of distinct species. Fouquet et al. [33] further
supported this criterion, noting that most allopatric species distributed in the Guianas and
other regions of South America exhibit genetic distances ranging from 3% to 6%. This
pattern is also consistent with results from well-sampled mitochondrial datasets, in which
Fouquet et al. [33] found that most taxa showing divergences below 3% warranted syn-
onymization. One advantage of using the 165 rRNA gene is that it represents the most
widely sequenced genetic marker for Oreobates and more generally frog taxonomy [33-35].
We calculated uncorrected p-distances, defined as the proportion of nucleotide sites differ-
ing between pairs of sequences, using MEGA version 12 [36], and made the resulting data
available on Figshare (Table S1).

2.5. Taxonomy

Our taxonomic conclusions are based on an integrative frame composed of the obser-
vation of morphological features and color patterns, as well as the inferred phylogenetic
relationships [37]. We considered the combination of these data as species delimitation
criteria following a general lineage or unified species concept [38,39].

The electronic version of this article in Portable Document Format (PDF) will represent
a published work according to the International Commission on Zoological Nomenclature
(ICZN), and hence the new name contained in the electronic version is effectively published
under that Code from the electronic edition alone. This published work and its nomenclatural
acts have been registered in ZooBank, the online registration system for the ICZN. The
ZooBank LSIDs (Life Science Identifiers) can be resolved and the associated information
viewed through any standard web browser by appending the LSID to the prefix http://
zoobank.org/. The LSID for this publication is urn:Isid:zoobank.org:pub: 7E1A5548-0B13-
4B32-B31C-986CDF53B6B5 (available online: https://zoobank.org/References/7e1a5548-0b1
3-4b32-b31c-986cdf53b6b5, accessed on 20 July 2026).
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3. Results
3.1. Phylogenetic Relationships

The phylogenetic tree inferred in this study (Figure 1), the most complete to
date for Oreobates, recovered the genus Oreobates as monophyletic with strong support
(UFBoot = 100) and as the sister to Lynchius tabaconas with high support (UFBoot = 99).
Within Oreobates, a well-supported basal split (UFBoot = 100) separates O. lundbergi from
the remaining species, which are arranged into three principal clades. Two species,
O. lehri and O. sanctaecrucis, appear to be non-monophyletic, each represented by two
distinct terminals. In the case of O. lehri, neither sequence originates from the type
locality, raising the possibility that both may be misidentified and instead correspond
to undescribed species. The Genbank sequences of two other specimens identified as
O. lehri (JF809952 and FJ539069) are of O. gemcare. Overall, our topology is congruent with
previously published phylogenies of Oreobates [15,18,19,21,40], which were primarily based
on single mitochondrial markers (e.g., 16S) or reduced multilocus datasets.

Leptodactylus bolivianus KU289191
Niceforonia elassodiscus QCAZ52495
Lynchius tabaconas MHNC8650
Oreobates lundbergi MTD45902

Tree scale: 0.1 —————

Oreobates foliaspectrum sp. nov. CORBIDI28467
Oreobates foliaspectrum sp. nov. CORBIDI28465
Oreobates colanensis CORBIDI21191
Oreobates colanensis CORBIDI23749

Oreob nigr sp. nov. CORBIDI28694
Oreobates nigr K sp. nov. CORBIDI28690
Oreobates shunkusacha MUSM 41864
Oreobates azulensis sp. nov. CORBIDI28936
Oreobates azulensis sp. nov. CORBIDI28925
Oreobates pereger MTD46808

Oreobates ayacucho MNCNIDIR5024
Oreobates machiguenga MHNC6809
Oreobates lehri MUSM27616

Oreobates lehri MHNC5845

Oreobates gemcare MUSM27903

Oreobates gemcare MHNC6687

Oreobates chirimoto sp. nov. CORBIDI20362
Oreobates chirimoto sp. nov. CORBIDI20361
Oreobates saxatilis MHNC6775

Oreobates quixensis MNCN43147

Oreobates saxatilis KU212327

Oreobates quixensis QCAZ25520

Oreobates quixensis QCAZ31186

Oreobates quixensis KU178249

Oreobates amarakaeri EB1013

Oreobates amarakaeri MHNC6975

Oreobates sanctaecrucis MNKA5507
Oreobates choristolemma CBG765

Oreobates sanctaecrucis CBG153

Oreobates sanderi MNCN42017

Oreobates granulosus AC9407

Oreobates granulosus AC11116

Oreobates granulosus MHNC3396

Oreobates madidi MNKA7856

Oreobates cruralis ACFSw106415

Oreobates cruralis KU215462

Oreobates barituensis MCN1359

Oreobates discoidalis MNCN43133

Oreobates ibischi MNCN42959

Oreobates ibischi MNKA6612

Oreobates heterodactylus ZUEC14119
Oreobates remotus MZUSP141720

Oreobates antrum ZUFG8710

Oreobates yanucu ZFMK72569

Oreobates berdemenos FML24623

Oreobates chiquitanus SMF88499

Oreobates chiquitanus MNKA7175

929

100

Figure 1. Phylogenetic relationships within Oreobates inferred with Maximum Likelihood;

see Materials and methods for details. Nodal supports displayed are the non-parametric

bootstrap support.
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Three of the new species described here were recovered within one of these clades
with strong support (UFBoot = 100). This clade comprises five species and includes the
following relationships: (O. foliaspectrum sp. nov. + O. colanensis) (UFBoot = 77), sister to
a subclade formed by O. nigrumcompletum sp. nov. and (O. shunkusacha + O. azulensis sp.
nov.) (UFBoot = 100 for both nodes). All newly described species are recovered within this
clade with high support.

Oreobates chirimoto sp. nov. is recovered as sister to the clade containing O. quixensis
and O. saxatilis, although with low support (UFBoot = 59). This latter pair is supported
as sister species (UFBoot = 80) and together form the sister group of a well-supported
subclade comprising species primarily distributed in the southern Peruvian Yungas (i.e.,
O. ayacucho, O. lehri, O. machiguenga, O. gemcare, and O. pereger).

3.2. Species Account
3.2.1. Oreobates azulensis sp. nov.

urn:lsid:zoobank.org:act: 3162003A-EDB7-4960-BBBE-51D6DCAB8627F (available on-
line: https:/ /zoobank.org/Nomenclatural Acts/3162003a-edb7-4960-bbbe-51d6dca8627f,
accessed on 20 July 2026).

Figures 2 and 3.

A

Figure 2. Oreobates azulensis sp. nov. in life: (A) dorsolateral, (B) dorsal, (C) groin and anterior surface
of thighs, and (D) ventral surface of holotype (CORBIDI 28935), SVL 20 mm; (E) dorsolateral view
and (F) posterior surface of thighs of adult male (CORBIDI 28930), SVL 22 mm; (G) dorsolateral view,
(H) posterior surface of thighs, and (I) ventral view of (CORBIDI 28927), SVL 22 mm. Photographs by
James W. Titto.
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Figure 3. Preserved holotype of Oreobates azulensis sp. nov. (CORBIDI 28935) in dorsal view (A),
ventral view (B), palm (C), sole (D), and head in lateral view (E). Scale bar 5 mm. Photographs by
Luis A. Garcia-Ayachi.

Holotype. CORBIDI 28935, an adult male, from Valle Azpusana—Alto Consuelo, Pu-
cuyacu district, Leoncio Prado province, Hudnuco department, Peru (8.5701° S, 76.0743° W,
1750 m), collected on 21 July 2025 by James W. Ttito and Michael Gulman.

Paratypes. CORBIDI 28934, 28936, two adult female, collected with the holotype;
CORBIDI 28925, subadult female and CORBIDI 28926, adult male (8.5823° S, 76.0838° W,
1461 m); CORBIDI 28927 adult male (8.5761° S, 76.0777° W, 1654 m); CORBIDI 28928, juve-
nile male (8.5762° S, 76.0777° W, 1641 m); CORBIDI 28929, adult male (8.5749° S, 76.0769° W,
1695 m); CORBIDI 28930, adult male (8.5735° S, 76.0765° W, 1735 m); CORBIDI 28931, adult
male (8.5725° S, 76.0757° W, 1741 m); CORBIDI 28932, adult male (8.5723° S, 76.0757° W,
1754 m); CORBIDI 28933, adult male (8.5712° S, 76.0757° W, 1763 m). All specimens from
Valle Azpusana—Alto Consuelo, Pucuyacu district, Leoncio Prado province, Hudnuco
department, Peru, collected in July 2025 by James W. Ttito and Michael Gulman.

Diagnosis. Oreobates azulensis (Figure 2) is easily distinguished from the rest of con-
geners by the following combination of characters: (1) fingertips and toe tips rounded, not
expanded; (2) vocal slits absent; (3) nuptial pad present; (4) belly and ventral surface of
thighs tan-cream with faint brown reticulations; and (5) dorsum covered by keratinized
pointed granules gently heterogenous in size.

https://doi.org/10.3390/d18080458
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Oreobates azulensis lacks vocal slits like six other species from the Peruvian Andes (i.e.,
O. chirimoto sp. nov., O. colanensis, O. foliaspectrum sp. nov., O. lundbergi, O. nigrumcompletum
sp. nov., and O. shunkusacha). Oreobates azulensis differs from these species (characters
between parentheses) (see Table 1) by having the belly and ventral surface of thighs tan-
cream with faint brown reticulations (yellow in O. chirimoto; belly dark brown with white
flecks and thighs red in O. colanensis; orange or brownish orange with brown reticulations
or blotches in O. foliaspectrum; gray or flesh colored in O. lundbergi; and deep brown or
black in O. nigrumcompletum). In addition, O. azulensis differs from O. colanensis by lacking
a dorsolateral fold (present), and from O. chirimoto, O. lundbergi and O. shunkusacha by
having the dorsum covered with pointed granules heterogeneous in size (covered by round
granules with scattered enlarged flat warts in O. chirimoto, smooth with scattered tubercles
in O. lundbergi, and covered by round or subconical granules homogeneous in size in
O. shunkusacha).

Table 1. Qualitative morphological traits and SVL of Oreobates azulensis sp. nov., O. chirimoto sp. nov.,
O. foliaspectrum sp. nov., O. nigrumcompletum sp. nov., and similar species from Peru. Coloration

corresponds to live individuals.

O. azulensis

O. chirimoto

O. foliaspectrum

Character O. colanensis
Sp. nov. Sp. nov. Sp. nov.
Vocal slits Absent Absent Absent Absent
Dorsolateral fold Absent Absent Present Absent
Canthus rostralis in Sinuous Sinuous Concave Sinuous

dorsal view

Dorsal texture

Keratinized pointed
granules, gently
heterogeneous in size

Round granules with
scattered enlarged
round and conical
warts

Finely granular with
pointed warts

Pointed granules,
homogeneous in size

Throat brown with

Throat brown with

Throat reddish

Throat brown with
cream or tan spots,

belly and thighs

white spots, belly bell brown, belly brown ithb
Ventral patter cream, thighs cream cream spots, belly with white spots and orange with brown
N and thighs yellow or . . reticulations or
with brown A flecks, thighs reddish )
reticulations yellowish cream brown brown with orange
blotches or cream
spots
Axillary glands Absent Absent Absent Absent
Eﬁ?i/webbmg Toe Absent Absent Absent Absent
Fineer IV tios Round, not Round, not Round, barely Round, not
8 P expanded expanded expanded expanded
Axilla/groin/posteior Orange or brownish Daﬁk b.r(;lwn with Erowmsh %range ot
surface of thigh Brown orange yellowish cream or rown with cream
white blotches flecks
Bicolored, upper half
Coppery with fine Gold with thin Iris gold with a of iris red and lower

Iris color

brown reticulations

brown reticulations

brown stripe in the
middle

half greenish bronze
bearing brown
reticulations

https://doi.org/10.3390/d18080458
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Table 1. Cont.

O. azulensis

O. chirimoto

O. foliaspectrum

Character O. colanensis

Sp. nov. Sp. nov. Sp. nov.
SVL (in mm) d 19-22; ¢ 31-34 d 25; ¢ 29-30 d 21-22; Q unknown ' 23-26; @ 30-32
Character O. lundbergi Sp n;ii;:tmcomp letum O. shunkusacha O. amarakaeri
Vocal slits Absent Absent Absent Present
Dorsolateral fold Absent Absent Absent Absent
Canthus. rostralis in Concave Sinuous Sinuous Straight
dorsal view

Keratinized granules, . .
Round to subconical ~ Round or slightly

Dorsal texture

Smooth with few
scattered tubercles

mostly pointed,
gently heterogeneous
in size

granules,
homogeneous in size

pointed warts,
heterogeneous in size

Cream to pinkish

Gray with orange

Gray or flesh-colored Dark brown to black . blotches and/or
Ventral patter . X cream with dark or .
and thighs tan without marks . . cream and white
faint brown mottling
dots
Axillary glands Absent Absent Absent Absent
Basal webbing Toe Absent Absent Absent Absent
II-1v
. . Nearly truncate, not ~ Round, not Round, barely Round, slightly
Finger II-1V tips expanded expanded expanded expanded
Ax111a/gr01n/Poste1or Tan Dark brown Dark brown or tan Orange
surface of thigh
Dark brown densely
. Bronze with black spotted Wth gold . G?eemsh—golden Golden strongly
Iris color . . flecks bearing a thin ~ with black .
reticulations . . . ) marbled with black
gold circumpupillary  reticulations
ring
SVL (in mm) o 37; @ 3948 d 22-26; @ 28-34 J 24-26; @ 3741 d 20-30
Character O. cruralis O. gemcare O. granulosus O. machiguenga
Vocal slits Present Present Present Present
Dorsolateral fold Absent Absent Absent Absent
Canthus' rostralis in Sinuous Straight Convex or sinuous Convex
dorsal view
Shagreen with Granular with

Dorsal texture

Low round granules
with enlarged round
warts

enlarged granules
and low warts,
heterogeneous in size

keratinized round
granules and slightly
enlarged warts

Round to conical
granules,
homogeneous in size

Throat and chest

gray with cream . Throat and chest Throat white with
Cream with brown lotch
Ventral patter spots, belly cream or mottling or purple or brown orange blotches,
grayish cream, thighs ) . with yellow or white  belly white, thighs
. . reticulations
brownish gray with spots, belly yellow orange
cream spots
Axillary glands Present Present Present Absent

https://doi.org/10.3390/d18080458


https://doi.org/10.3390/d18080458

Diversity 2026, 18, 458

10 of 36

Table 1. Cont.

O. azulensis

O. chirimoto

O. foliaspectrum

Character O. colanensis
Sp. nov. Sp. nov. Sp. nov.
Basal webbing Toe Absent Absent Absent Present
III-1v
Finger ITI-TV tips Truncate, expanded Truncate or round, Round, slightly Round, slightly
narrow expanded expanded
Axilla/groin/posteior
surface of thigh Brown Orange Orange Orange
Golden with a

Pale bronze with fine

Bronze with black

Bronze with black

Iris color black reticulations bron; e horizontal reticulations reticulations
medial streak
SVL (in mm) d 20-30; @ 24-33 d 31-34; 9 39 d 22-28; Q 34-39 Q232
Character O. quixensis O. saxatilis
Vocal slits Present Present
Dorsolateral fold Absent Absent
Canthus rostralis in . .
Sinuous Sinuous

dorsal view

Dorsal texture

Small granules intermixed with prominent
round or pointed warts, heterogeneous in

size

Small round granules with scattered enlarged
round warts

Ventral pattern

Grayish white with brown reticulations,

White or whitish cream with or without faint

thighs tan brown reticulations, thighs orange
Axillary glands Absent Absent
Basal webbing Toe
HI-IV Absent Absent

Finger III-1V tips

Round, slightly expanded

Round, slightly expanded

Axilla/groin/posteior
surface of thigh

Brown, some specimens with a pinkish hue
on groin

Orange

Iris color

Bronze or silver with black reticulations

Bronze or silver with an orange hue

SVL (in mm)

" 35-48; ? 47-63

d 44-50; ? 50-63

Oreobates azulensis shares a brown, granular dorsal surface with O. amarakaeri,
O. cruralis, O. gemcare, O. granulosus, O. machiguenga, O. quixensis, and O. saxatilis, but
can be distinguished from these species by the following characteristics (Table 1): basal
membrane between Toe III and IV absent (present in O. machiguenga); tips of Finger III and
IV round and not expanded (slightly expanded and truncate in O. cruralis); dorsum covered
by pointed granules heterogenous in size (round granules and flat slightly enlarged warts in
O. amarakaeri; round and conical granules homogenous in size in O. machiguenga; shagreen
with enlarged round granules and low warts in O. gemcare; round granules and small or
enlarged flat warts in O. granulosus; low round granules and scattered enlarged flat warts in
O. cruralis; round or pointed small granules intermixed with prominent round or pointed
warts in O. quixensis; round granules with scattered prominent flat or subconical warts in
O. saxatilis); axillary glands absent (present in O. cruralis, O. gemcare, and O. granulosus);
axilla, groin and posterior surface of thighs brown (orange in O. amarakaeri, O. gemcare,
O. machiguenga and O. saxatilis); belly and ventral surface of thighs tan or brownish cream
with faint brown reticulations (grayish white with brown reticulations and ventral surface
of thighs tan in O. guixensis; and white or whitish cream with or without faint brown
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reticulations and ventral surface of thigh orange or creamy orange in O. saxatilis); and iris
coppery with fine brown reticulations (light bronze dorsally and silver ventrally with black
reticulations in O. quixensis, and bronze or silver bearing black reticulations and an orange
hue dorsally in O. saxatilis).

In addition, O. azulensis is noticeably smaller than O. quixensis and O. saxatilis (SVL
19-22 mm in males and 31-34 mm in females of O. azulensis versus 35-48 mm in males and
47-63 mm in females of O. quixensis, and 44-50 mm in males and 50-63 mm in females of
O. saxatilis).

Characterization. A small species of Oreobates (SVL 19-22 mm in eight adult males
and 23-34 mm in four adult females) characterized as follows: (1) skin of dorsum and limbs
granular, covered by keratinized pointed granules gently heterogeneous in size; ventro-
lateral region areolate; occipital fold absent or present as a \ /-shaped fold; dorsolateral
fold absent; skin on throat, chest, belly, anteroventral surface of thighs, and groin smooth;
posterior and ventral surfaces of thighs areolate; discoidal fold absent or ill-defined; postric-
tal glands present, distinct, conical; (2) tympanic membrane and annulus distinct, large,
about 47-57% of eye length; supratympanic fold present, ill-defined; (3) head wider than
long; snout short, rounded in dorsal and lateral views; canthus rostralis weak, straight or
barely sinuous in dorsal view, slightly curved in profile; (4) cranial crests absent; upper
eyelid covered with pointed granules; (5) dentigerous processes of vomers large, prominent,
triangular, moderately separated, situated posteromedial to choanae (posterior margin at
level of choanae), bearing 6-7 vomerine teeth; (6) males lacking vocal slits and vocal sacs;
nuptial pads present; (7) hands with long and slender fingers; Finger I barely longer than
or equal in length to Finger II; subarticular tubercles conical, larger on inner fingers than
on outer fingers; supernumerary tubercles conspicuous, rounded, smaller than subarticular
tubercles; fingertips rounded, bearing ill-defined circumferential grooves; ungual flaps
absent; lateral fringes and keels on fingers absent; (8) ulnar region bearing pointed granules;
(9) heel bearing pointed granules; tubercles on tarsus absent; (10) inner metatarsal tubercle
ovoid, prominent, 2-3 times the size of the conical and inclined outer metatarsal tubercle;
subarticular tubercles prominent, conical; supernumerary tubercles conspicuous, much
smaller than subarticular tubercles, rounded; (11) toes long and slender (foot length 52-58%
SVL); lateral fringes and webbing absent; Toe V reaching proximal margin or middle of
second subarticular tubercle of Toe IV; Toe III reaching middle or distal margin of second
subarticular tubercle of Toe IV; toe tips rounded, not expanded, lacking ungual flaps and
circumferential grooves; (12) axillary glands absent; (13) in life, dorsal surface bronze
or brown with irregular dark brown marks; labial bars dark brown with light brown or
cream interspaces; supratympanic fold dark brown; tympanic membrane darker than sur-
rounding skin; two diagonal stripes on flanks present; axillae, groin, anterior and posterior
surfaces of thighs, and hidden surfaces of shanks brown; throat and chest brown with
white or cream spots; belly and ventral surfaces of thighs tan or brownish cream, with or
without faint brown reticulations; iris coppery with fine brown reticulations and sclera
brownish cream.

Description of holotype. Adult male (CORBIDI 28935) with a moderately robust body
and in a good state of preservation, with a portion of liver removed through a ventral cut
on the right anterior side of the venter and preserved as a tissue sample for molecular
analyses (Figure 3). Skin of dorsum, flanks, and limbs covered by keratinized pointed
granules gently heterogeneous in size; occipital fold absent; ventrolateral region areolate;
dorsolateral fold absent; skin on throat, chest, belly, and anteroventral surfaces of thighs
smooth; discoidal fold barely visible; posterior and posteroventral surfaces of thighs areo-
late; groin smooth. Head wider than long (Head Length = 38% SVL; Head Width = 40%
SVL). Snout rounded in dorsal and lateral views; canthus rostralis weak, straight in dorsal

https://doi.org/10.3390/d18080458


https://doi.org/10.3390/d18080458

Diversity 2026, 18, 458

12 of 36

view and slightly curved in profile; lips rounded, not flared. Nostrils not protuberant,
slightly directed dorsolaterally. Loreal region concave. Eye of moderate size, its diameter
12% SVL. Tympanic membrane evident, lighter in coloration than surrounding skin; tym-
panum conspicuous, oval, diameter 6% SVL. Supratympanic fold thin, obscuring upper
and posterior margins of tympanum. Postrictal glands present, protuberant, conical, one
enlarged on each side. Dentigerous processes of vomers prominent, triangular, moderately
separated from each other; each process bearing 6-7 scattered teeth. Vocal slits and vocal
sac absent. Choanae large, half-moon shaped, not concealed by palatal shelf of maxillary
arch. Tongue large, cordiform, with anterior two-thirds attached to floor of mouth. Fore-
arms slender, bearing indistinct low ulnar tubercles. Fingers slender; fingertips rounded,
bearing ill-defined circumferential grooves. Nuptial pad present on Finger I as a distinct
unpigmented patch. Relative lengths of fingers II <1 < IV < III. Fingers lacking dermal
fringes; webbing absent. Subarticular tubercles small, conical. Supernumerary tubercles
present, prominent, rounded, heterogeneous in size. Palmar tubercle prominent, deeply
bifid. Inner metacarpal tubercle prominent, elliptical. Hind limbs slightly robust; tibia
length 57% SVL; foot length 57% SVL. Heel bearing pointed granules; outer edge of tarsus
bearing conical granules. Inner metatarsal tubercle prominent, ovoid, twice size of conical
outer metatarsal tubercle; plantar surface bearing numerous distinct small supernumerary
tubercles heterogeneous in size; subarticular tubercles well defined, conical, small. Toes
lacking lateral fringes; toe tips rounded, lacking circumferential grooves and ungual flaps.
Relative lengths of toes I <II < Il < V <1V; Toe V barely reaching proximal margin of second
subarticular tubercle of Toe IV; Toe III reaching middle of second subarticular tubercle of
Toe 1V; toe webbing absent.

Measurements (in mm) of the holotype. SVL 20.5; tibia length 11.7; foot length 11.7;
head length 7.8; head width 8.2; eye diameter 2.5; tympanic diameter 1.3; IOD 2.3; upper
eyelid width 1.9; internarial distance 2.1; eye-nostril distance 2.4.

Coloration in life (Figure 2A-D). Dorsal surface light brown including the sides of
head; dorsum with dark brown marks and two irregular dark brown diagonal stripes on
flanks, and scattered whitish flecks on ventrolateral region, limbs bearing dark brown bars;
lips bearing distinct dark brown bars with whitish interspaces; groins and axillae brownish
orange, posterior surface of thighs brown, and hidden surface of shank cream bearing
brown bars. Ventral surface, throat and chest brown bearing whitish spots; belly, thighs,
and arms tan with faint brown reticulations; palms and soles brown. Irises coppery with
brown reticulations and pupil with a ventral black notch. Sclera brownish cream.

Coloration in 70% ethanol (Figure 3). Dorsal surface dusty brown, darker than in life,
with lighter marks. Axillae and groins cream-tan, posterior surface of thighs dusty brown
with cream flecks, hidden surface of shanks cream with brown bars. Throat brown with
cream spots; the rest of ventral surfaces cream or cream-tan with a light brown mottling.

Variation. Eight adult males are smaller (SVL 19-22 mm) than the four adult females
(SVL 23-34 mm). Sexually dimorphic characters such as nuptial pads are present in male
specimens. See Table 2 for measurements and proportions of the type specimens. Coloration
and pattern are identical in all specimens (Figure 2).

Distribution and natural history. Oreobates azulensis is known only from two localities
in the Huallaga River basin, at elevations between 1450 and 1770 m, Hudnuco department,
central Peru (Figure 4). The distribution of this species lies within the buffer zone of
Cordillera Azul National Park and in the Ucayali moist forests ecoregion according to
Olson et al. [2]. The specimens were collected in the leaf litter at night, between 19:00
and 03:00 h, on steep slopes and narrow summits covered by primary premontane forest.
Other sympatric anuran species collected were Pristimantis aff. lirellus, Pristimantis sp.
(P. lacrimosus group), Strabomantis sp., Pristimantis sp., and Rhinella lilyrodriguezae.
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Table 2. Variation in morphological measurements (in mm) of the type series of Oreobates azulensis sp.

nov., O. chirimoto sp. nov., O. foliaspectrum sp. nov., and O. nigrumcompletum sp. nov. Mean + SD is

given in parentheses following the range if applicable. See text for abbreviations.

O. azulensis

O. chirimoto

O. foliaspectrum

O. nigrumcompletum

Sp. nov. Sp. nov. Sp. nov. Sp. nov.

S (n=38) en=2) g n=1) Q(n=2) S (n=23) Q(n=4) S (n=06) 2 n=3)

VL grsary V76 2 22309 NG DU Grely (23450
T Glsaoy B2 13 wsswsr RS 0% (2aiod  60408)
L (igaos 94186 11 117 (ST 75hon (27008 (165409
HL (8.71.3;:8(.)?5) 11.9-12.6 8.5 9.8-9.9 (99.'74;1%25) (1110;;;:12026) (9.952;96?2) (1121.'46;120'.97)
HW  orng 2888 103 mia2s GTRR o eeaod (3341
D ooy 3848 31 234 OO TN Geson  (tas0
10D (2.13'9;[26%2) 3.8-3.8 27 2.8-3.0 (2.241;[2(5?3) (3.33'0;36%2) (2.252;269.2) (3.267;36?4)
EW (2.169;26%1) 2.7-28 21 24-24 (2.21'1;2(')?1) (2.2é6;269.2) (2.243;26§1) (3.267;36%2)
IND (2.231;26?1) 3.2-3.3 26 2.9-3.0 (2.2%4;26?2) (3?3'0;362) (2.23;2;2;1) (2.287;26?1)
E-N (2.26'4;:25.;2) 3.8-4.1 3 3.6-3.8 (3?3'2;3(')?1) (4?2'7;4 (')?5) (3.267;36?2) (3.3é5j—[4 62.4)
Y (1.153;16?2) 20-2.2 19 16-17 (1.11'0;16%1) (1.15'4;1(.)?1) (1.1%5;169.2) (1.1é7;16?1)
TL/SVL (o(.)s'ngggz) 0.55-0.58 06 0.61-0.63 (0(.)7'39;06?53) (0(.)%(6)9;06?52) (0?5?0;065.81) (095?)4;065.86)
FUSVL  (iege 0S40 02 05108 0R 2t 0532001 (0514009
HUSVL o Coony 036038 03 022034 570 (036 n 000 (0394001) (039 £00
HWISVL 0oy 040040 041 039042 (i TG s TT0 arsoon (041 k00D
HWHL oo MO0 120 185 00T 00 (042003 (1075003
ENED o iog 07099 0% 112 RN (0T om 082 e005) (0894002
EW/IOD (0%23;1(%9) 0.70-073 0.76 0.80-0.87 (0952%?59) (0%20;06?34) (0.09.21;:1(.)(.)88) (1(.)6?8;161.133)
™D oo 040 06l 049050 (i FTL 05T 00 (048 200k (0405 002)

Etymology. The specific epithet refers to the Cordillera Azul mountain range, where

this species was discovered.
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Figure 4. Map showing the distribution of the genus Oreobates in Peru, including the new species
described herein: (A) Peru; (B) the Marafion and Huallaga basins; and (C) the Mantaro, Apurimac,
and Ene basins. Symbols with black outlines represent examined specimens; symbols with gray
outlines represent literature records; and symbols with a black dot correspond to the type localities of
new species. Red outlines in (A) corresponding to the area of (B) and (C).

3.2.2. Oreobates chirimoto sp. nov.

urn:lsid:zoobank.org:act: 437BEDBD-5CE8-4FF4-A916-BC833C6DB0D3 (available on-
line: https:/ /zoobank.org/Nomenclatural Acts /437bedbd-5ce8-4{f4-a916-bc833c6db0d3,
accessed on 20 July 2026).

Figures 5 and 6.

Holotype. CORBIDI 20362, an adult female from Nuevo Chirimoto, Huicungo district,
Mariscal Caceres Province, San Martin department, Peru (6.5687° S, 77.2564° W; 1942 m),
collected by L. A. Garcia Ayachi and J. Gamboa on 13 December 2018.

Paratypes. An adult male and female, CORBIDI 20361 and 20386, respectively, col-
lected with the holotype.

Diagnosis. Oreobates chirimoto (Figure 5) is easily distinguished from the rest of con-
geners by the following combination of characters: (1) fingertips and toe tips narrowly
rounded; (2) vocal slits and nuptial pads absent; (3) belly and ventral surface of thighs
yellow; and (4) dorsum covered by round granules with scattered enlarged round and
conical warts.

Oreobates chirimoto shares with six species from the Peruvian Andes (i.e., O. azulen-
sis sp. nov., O. colanensis, O. foliaspectrum sp. nov., O. lundbergi, O. nigrumcompletum sp.
nov., and O. shunkusacha) the lack of vocal slits. Oreobates chirimoto is easily distinguished
from these species (characters between parentheses) (Table 1) by having the belly and
ventral surface of thighs yellow (tan-cream with brown reticulations O. azulensis; belly
dark brown with white flecks and thighs red in O. colanensis; orange or brownish orange
with brown reticulations or blotches in O. foliaspectrum; gray or flesh colored in O. lund-
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bergi; deep brown or black in O. nigrumcompletum; and cream with dark brown mottling
in O. shunkusacha). In addition, O. chirimoto differs from O. azulensis, O. lundbergi, O. ni-
grumcompletum, and O. shunkusacha by lacking nuptial pads (present), from O. colanensis by
lacking dorsolateral fold (present), and from O. azulensis, O. lundbergi, O. nigrumcompletum,
and O. shunkusacha by having the dorsum covered with rounded granules and scattered
enlarged round and conical warts (pointed granules gently heterogenous in size in O. azu-
lensis and O. nigrumcompletum, smooth with scattered tubercles on O. lundbergi, and round
or subconical granules homogenous in size without enlarged warts in O. shunkusacha).

Figure 5. Oreobates chirimoto sp. nov. in life: (A) dorsolateral, (B) groin and posterior surface of
thighs coloration, and (C) ventral views of holotype (CORBIDI 20362), SVL 29.2 mm; (D) dorsolateral,
(E) groin and posterior surface of thighs, and (F) ventral views of adult male CORBIDI 20361, SVL
25 mm; (G) dorsolateral, (H) groin and posterior surface of thighs, and (I) ventral views of adult
female CORBIDI 20386, SVL 30 mm. Photographs by Luis A. Garcia-Ayachi.

Due to the brown dorsal coloration and the dorsal surface covered by granules,
O. chirimoto can be confused superficially with O. amarakaeri, O. cruralis, O. gemcare,
O. granulosus, O. machiguenga, O. quixensis, and O. saxatilis. Nevertheless, O. chirimoto
differs from the aforementioned species (character of the former species in parenthesis)
by the following features (see Table 1): canthus rostralis sinuous in dorsal view (straight
in O. amarakaeri and O. gemcare, and convex in O. machiguenga); basal membrane between
Toe III and IV absent (present in O. machiguenga); tips of Finger III and IV narrowly
rounded (slightly expanded and truncate in O. cruralis); dorsum covered by round granules
with scattered enlarged flat warts (round and conical granules without enlarged warts in
O. machiguenga; round granules in O. granulosus; round or subconical small granules inter-
mixed with prominent round and subconical warts in O. quixensis; round small granules
with scattered prominent flat or subconical warts in O. saxatilis); axillary glands absent
(present in O. cruralis, O. gemcare, and O. granulosus); belly and ventral surface of thighs
yellow with or without faint brown reticulations (dark or light gray with orange blotches
and/or cream and white dots, and ventral surface of thighs orange in O. amarakaeri; belly
white or cream with brown reticulations in O. cruralis; cream with brown reticulations and
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ventral surface of thighs orange in O. gemcare; yellow with white spot in some individuals
and ventral surface of thighs orange or tan in O. granulosus; white and ventral surface
of thighs orange in O. machiguenga; grayish white with brown reticulations and ventral
surface of thighs tan in O. quixensis; white or whitish cream with or without faint brown
reticulations and ventral surface of thigh orange or creamy orange in O. saxatilis); and iris
golden with fine brown reticulations (light bronze dorsally and silver ventrally with black
reticulations in O. quixensis, and bronze or silver bearing black reticulations and an orange
hue dorsally in O. saxatilis).

Figure 6. Preserved holotype of Oreobates chirimoto sp. nov. (CORBIDI 20362) in dorsal view (A),
ventral view (B), palm (C), sole (D), and head in lateral view (E). Scale bar 5 mm. Photographs by
Luis A. Garcia-Ayachi.

Oreobates pereger possesses the belly and ventral surface of thighs yellow; however,
O. chirimoto is easily distinguished by having the dorsum covered with granules and
scattered enlarged warts (smooth), Finger I barely larger than Finger II (Finger I shorter
than Finger II), and snout rounded in dorsal view (subacuminate).

Characterization. A small species of Oreobates (SVL of an adult males 25 mm and
29-30 mm in two adult females) characterized as follows: (1) skin of dorsum and limbs
granular, round granules splattered with enlarged round and conical warts, flanks areolate;
occipital fold absent; dorsolateral fold absent; skin on throat, chest and belly smooth;
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posterior and ventral surfaces of thighs areolate and groin smooth; discoidal fold absent;
postrictal gland present, protuberant, conical; (2) tympanic membrane and annulus distinct,
large, about 49-61% of length of eye; supratympanic fold present, thin; (3) head wider than
long; snout short, round in dorsal view and in lateral view; canthus rostralis weak, sinuous
in dorsal view, slightly curved in profile; (4) cranial crests absent; upper eyelid covered
with conspicuous round granules; (5) dentigerous process of the vomers large, prominent,
ovoid in shape, narrowly separated, situated posteromedial to choanae (posterior margin at
level of choanae), bearing 3 and 6 vomerine teeth; (6) male specimen lacking vocal slits and
vocal sacs, nuptial pads absent; (7) hands with long and slender fingers, first finger barely
longer than second; subarticular tubercles conical, large on inner fingers and small on
outer fingers; supernumerary tubercles conspicuous, round and conical, some smaller and
others larger than subarticular tubercles; fingertips round, narrow, lacking circumferential
grooves and ungual flap; lateral fringes and keels on fingers absent; (8) ulnar region bearing
small, round tubercles; (9) heel bearing granules, tubercles on tarsus absent; (10) inner
metatarsal tubercle ovoid, prominent, 3 to 4 times the size of conical and inclined outer
metatarsal tubercle; subarticular tubercles, prominent, conical, supernumerary tubercles
conspicuous, much smaller than subarticular tubercles, some round and other conical;
(11) toes long and slender (foot length 51-53% SVL), lateral fringes and webbing absent;
toe V reaching the proximal margin of the second subarticular tubercle of toe IV; toe III
reaching the middle or distal margin of the second subarticular tubercle of toe IV; tips of
toes narrow, rounded, ungual flap and circumferential groove absent; (12) axillary glands
absent; (13) in life, dorsal surface light brown with faint darker marks or dark brown with
lighter marks, dark brown labial bars and dark bars on limbs present, flanks splattered
with cream or dirty cream flecks; axillae, groins, anterior and posterior surfaces of thighs
orange; throat and chest brown with cream spots; belly and ventral surface of thighs
yellow, and ventral surface of shanks yellow with faint orange blotches; palms and soles
brown; iris gold with thin brown reticulations and pupil with a ventral black notch; sclera
grayish cream.

Description of holotype. Adult female (CORBIDI 20362) with a robust body and in
a good state of preservation, with the left foot removed and preserved as a tissue sample
for molecular analyses (Figure 6). Skin of dorsum and limbs covered by small round
granules, splattered with enlarged flat warts; flanks areolate; dorsolateral fold absent; skin
on throat and chest smooth and belly weakly areolate; discoidal fold absent; posterior and
ventral surfaces of thighs and groin areolate. Head wider than long (Head Length = 34%
of SVL; Head Width = 41% of SVL). Snout rounded in dorsal and lateral views; canthus
rostralis weak, slightly sinuous from above and curved in profile; lips rounded, not flared.
Nostrils not protuberant, directed laterally. Loreal region concave. Eye of moderate size,
its diameter 11% of SVL. Tympanic membrane evident, lighter in color than surrounding
skin; tympanum conspicuous, oval, diameter 6% of SVL. Supratympanic fold ill-defined,
obscuring upper and posterior margins of tympanum. Postrictal gland present, protuberant,
conical. Dentigerous processes of vomers prominent, ovoid, narrowly separated from each
other; each process bears 6 teeth along its proximal edge. Choanae large, oval, not concealed
by palatal shelf of maxillary arch. Tongue large, cordiform, with its anterior three-quarters
attached to the floor of the mouth. Forearms slender, bearing two to three ulnar low
tubercles. Fingers slender; fingertips narrow with rounded tips and lacking circumferential
groove. Relative lengths of fingers I > II < IV > III. Fingers lacking dermal fringes; webbing
absent. Subarticular tubercles small and conical. Supernumerary tubercles present, distinct,
some round and others conical, heterogeneous in size. Palmar tubercle prominent, deeply
bifid. Inner metacarpal tubercle prominent and elliptical. Hind limbs robust; tibia length
63% SVL; foot length 53% SVL. Heel bearing small granules; tarsal tubercles indistinct.
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Inner metatarsal tubercle prominent, ovoid, three to four times the size of the conical outer
metatarsal tubercle; plantar surface with a lot of distinct small supernumerary tubercles
heterogeneous in size; subarticular tubercles well defined, conical, and small. Toes lacking
lateral fringes; toe tips narrowly rounded, lacking circumferential grooves. Relative length
of toes I <II <III > V < IV; toe V reaching the proximal margin of the second subarticular
tubercle of toe IV; toe III reaching the distal margin of the second subarticular tubercle of
toe IV; toe webbing absent.

Measurements (in mm) of the holotype. SVL 29.2; tibia length 18.5; foot length 15.6;
head length 9.9; head width 12.3; eye diameter 3.4; tympanic diameter 1.7; IOD 3.0; upper
eyelid width 2.4; internarial distance 2.9; eye-nostril distance 3.8.

Coloration in life (Figure 5A—C). Dorsum light brown with darker marks including
dark brown labial bars with whitish cream interspaces, suprainguinal dark blotch, dark
blotches on flanks, and bars on limbs, scattered cream flecks on flanks; axilla, groins,
anterior and posterior surface of thighs orange; ventral surface, throat and chest brown
with cream spots, belly and ventral surface of thighs yellow, shanks yellow with faint
orange blotches, tarsus brown with cream spots, palms and soles brown. Iris golden with
thin brown reticulations and pupil with a ventral black notch. Sclera cream.

Coloration in 70% ethanol (Figure 6). Dorsum dark brown with faint lighter marks,
flanks and posterior third of dorsum covered by dusty cream granules; throat and chest
brown with dirty cream spots, belly cream, ventral surface of thighs cream with a faint
brown fine reticulation, shanks cream with faint brown transversal bars; forearms, tarsus,
palms and soles brown.

Variation. The only known single adult male is smaller (SVL 25 mm) than the two
adult females (SVL 29-30 mm). No dimorphic sexual character such as vocal slits and
nuptial pads is present in the single male specimen. See Table 2 for measurements and
proportions of the type specimens. Coloration and pattern are identical in all specimens
(Figure 5).

Distribution and natural history. Oreobates chirimoto is known only from the type
locality, Nuevo Chirimoto, in the upper basin of the Huayabamba River, at an elevation
of 1940 m, San Martin department, northeastern Peru (Figure 4). The distribution of this
species lies in the Peruvian Yungas ecoregion according to Olson et al. [2]. The three speci-
mens were collected in the leaf litter, between 20:00 and 23:00 h, on a steep slope covered
by montane forest dissected by black water streams, which originate in a summit covered
by a dense scrubland that grows on white sand soils covered by lichens and epiphytes.
Other sympatric anuran species collected were Gastrotheca testudinea, Hemiphractus sp.,
Pristimantis lirellus, and Rhinella moralesi.

Etymology. The specific epithet refers to the type locality, the surroundings of Nuevo
Chirimoto town, where this species was discovered.

3.2.3. Oreobates foliaspectrum sp. nov.

urn:lsid:zoobank.org:act: 7C40660C-02E9-4D99-932F-BF7681D8F49E (available on-
line: https:/ /zoobank.org/NomenclaturalActs/7c40660c-02e9-4d99-932{-bf7681d8{4%,
accessed on 20 July 2026).

Figures 7 and 8.

Holotype. CORBIDI 28468 and adult female, from Canaan, Huicungo district, Mariscal
Céceres province, San Martin department, Peru (6.8926° S, 77.4476° W, 2118 m); collected
in July 2022 by Juan D. Valencia Mélaga.

Paratypes. CORBIDI 28463, adult male (6.8931° S, 77.4465° W, 2084 m); CORBIDI
28465, adult male (6.8922° S, 77.4478° W, 2097 m); CORBIDI 28466, adult male (6.8924° S,
77.4478° W, 2100 m); CORBIDI 28467, adult female (6.8925° S, 77.4478° W, 2070 m); COR-
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BIDI 28469, adult female (6.8924° S, 77.4479° W, 2087 m; CORBIDI 28470, adult female
(6.8925° S, 77.4477° W, 2099 m). All specimens from Canaan, Huicungo district, Mariscal
Céceres province, San Martin department, Peru, collected on 14 July 2022 by Juan D.
Valencia Malaga.

Figure 7. Oreobates foliaspectrum sp. nov. in life: (A) dorsolateral, (B) dorsal, and (C) ventral views of
holotype (CORBIDI 28468), SVL 32 mm; (D) dorsolateral, (E) dorsal, and (F) ventral views of adult
female CORBIDI 28470, SVL 30 mm; (G) dorsolateral and (H) lateral views of adult male CORBIDI
28465, SVL 26 mm; and (I) ventral view of adult male CORBIDI 28463, SVL 24 mm; Photographs by
Juan D. Valencia.

Diagnosis. Oreobates foliaspectrum (Figure 7) is easily distinguished from the rest of
congeners by the following combination of characters: (1) fingertips and toe tip narrowly
rounded; (2) vocal slits and nuptial pads absent; (3) bicolored iris, upper half red and lower
half greenish bronze with brown reticulations; (4) nearly truncate in dorsal view and nearly
truncate in lateral view; (5) belly and ventral surface of thighs orange or brownish orange
with brown reticulations or blotches; (6) dorsum covered by pointed granules homogenous
in size; and (7) belly weakly areolate.

Oreobates foliaspectrum lacks vocal slits, like six other species from the Peruvian Andes,
i.e., O. azulensis sp. nov., O. chirimoto sp. nov., O. colanensis, O. lundbergi, O. nigrumcompletum,
and O. shunkusacha. Oreobates foliaspectrum is superficially similar to the recently described
O. shunkusacha, which is the closest species geographically (see Table 1). Both species have
the dorsal surface covered with pointed tubercles homogeneous in size, similar dorsal and
ventral patterns, and a yellow sclera. However, O. foliaspectrum differs from O. shunkusacha
(characters between parentheses) by having the snout gently truncate in dorsal view and
lateral view (rounded), the iris red in its upper half and greenish bronze with brown
reticulations in its lower half (greenish-gold with black reticulations and a dark brown
circumpupillary line), the belly and ventral surface of thighs orange or brownish orange
with brown reticulations or blotches (cream with dark or faint brown reticulations), and
lacking nuptial pads (present).
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Figure 8. Preserved holotype of Oreobates foliaspectrum sp. nov. (CORBIDI 28468) in dorsal view (A),
ventral view (B), palm (C), sole (D), and head in lateral view (E). Scale bar 5 mm. Photographs by
Luis A. Garcia-Ayachi.

From the other species, O. foliaspectrum can be easily distinguished by the following
characters (see Table 1): from O. colanensis by lacking dorsolateral folds (present) and by
lacking flash marks on hidden surfaces of body (white or cream blotches on dark brown
axilla, groins, anterior and posterior surfaces of thighs, and shanks); from O. chirimoto
by having the dorsum covered by pointed granules homogenous in size (round and het-
erogenous in size); from O. lundbergi by having the dorsum covered by pointed granules
homogenous in size (smooth with scattered tubercles), by lacking nuptial pads (present),
and venter weakly areolate (smooth); from O. nigrumcompletum by having the dorsum cov-
ered by pointed granules homogenous in size (pointed granules and gently heterogenous
in size) and the venter orange with brown reticulations or blotches (deep brown or nearly
black without marks); from O. azulensis by having the dorsum covered by pointed granules
homogenous in size (pointed and heterogenous in size) and the venter orange with brown
reticulations or blotches (tan-cream with brown reticulations).

Other species of Oreobates with orange or rosy-orange coloration in groins or hidden
surfaces of hindlimbs are O. amarakaeri, O. gemcare, O. machiguenga, and O. saxatilis. How-
ever, O. foliaspectrum is easily distinguished from these species by the following characters
(Table 1): belly orange or brownish orange bearing brown reticulations or blotches (venter
dark or light gray with orange blotches or/and cream or white dots in O. amarakaeri, cream
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with brown mottling or reticulation in O. gemcare, white in O. machiguenga, and grayish
white in O. saxatilis); lacking axillary glands (present in O. gemcare); venter weakly areolate
(smooth in former species); and dorsum covered by pointed granules homogenous in size
(round granules and enlarged warts in O. amarakaeri, round granules in O. gemcare, round
granules with scattered prominent flat or subconical warts in O. saxatilis).

Characterization. A medium-sized species of Oreobates (SVL 23-26 mm in adult males
and 30-33 mm in adult females) characterized as follows: (1) skin of dorsum, flanks, and
limbs granular, granules pointed and homogeneous in size; ventrolateral region areolate;
occipital fold present as a \ /-shaped fold; dorsolateral fold absent; skin on throat and
chest smooth, belly smooth or barely areolate; posterior and ventral surfaces of thighs
areolate; groins areolate; discoidal fold present, slightly visible as a thoracic fold or laterally;
postrictal gland present, subconical or conical; (2) tympanic membrane and annulus distinct,
large, about 33-43% of eye length; supratympanic fold present, distinct, black; (3) head
as long as wide; snout short, nearly truncate in dorsal and lateral views; canthus rostralis
well defined, distinctly sinuous in dorsal view, straight in profile; (4) cranial crests absent;
upper eyelid covered with pointed granules; (5) dentigerous processes of vomers large,
prominent, triangular, distinctly separated, situated posteromedial to choanae (posterior
margin at level of choanae), bearing 5-9 vomerine teeth; (6) males lacking vocal slits
and vocal sacs; nuptial pads absent; (7) hands with distinctly long and slender fingers;
Finger I longer than Finger II; subarticular tubercles conical, large on inner fingers and
small on outer fingers; supernumerary tubercles distinct, heterogeneous in size, rounded,
smaller than subarticular tubercles; fingertips narrowly rounded, bearing circumferential
grooves and ungual flaps; lateral keels on fingers present; (8) ulnar region bearing small,
low, rounded tubercles; (9) heel bearing granules; tubercles on tarsus absent; (10) inner
metatarsal tubercle ovoid, prominent, 2-3 times size of conical and inclined outer metatarsal
tubercle; subarticular tubercles conical, distinct; supernumerary tubercles conspicuous,
heterogeneous in size, rounded, some similar in size to subarticular tubercles; (11) toes
distinctly long and slender (foot length 54-59% SVL); lateral keels present and webbing
absent; Toe V reaching proximal or distal margin of second subarticular tubercle of Toe IV;
Toe III reaching close to or distal margin of second subarticular tubercle of Toe IV; toe tips
narrowly rounded, bearing circumferential grooves and ungual flaps; (12) axillary glands
absent; (13) in life, dorsum light brown with faint reddish hue bearing faint or dark brown
marks, including canthal stripe, supratympanic stripe, labial bars, W-shaped scapular mark,
and bars on limbs; forelimbs, ventrolateral region, anterior and posterior surfaces of thighs,
shanks, tarsus, and feet with orange or reddish brown hue; throat brown with cream or
tan spots; remaining ventral surfaces orange or brownish orange with brown reticulations
or blotches on belly; palms and soles brown; iris bicolored, upper half red and lower half
greenish bronze, bearing brown reticulations; sclera yellow or orange.

Description of holotype. Adult female (CORBIDI 28468) with relatively slender body
and in a good state of preservation, with left foot removed and preserved as a tissue sample
for molecular analyses (Figure 8). Skin of dorsum bearing small conical granules homo-
geneous in size, covering entire dorsal surface including limbs; dorsolateral fold absent;
skin on throat and chest smooth, belly weakly areolate; discoidal fold absent; posterior
surfaces of thighs and groin areolate. Head as long as wide (Head Length = 37% SVL; Head
Width = 37% SVL). Snout nearly truncate in dorsal and lateral views; canthus rostralis
distinct, sinuous in dorsal view and straight in profile; lips rounded, not flared. Nostrils
not protuberant, directed laterally. Loreal region distinctly concave. Eye of moderate
size, with a diameter of 13% SVL. Tympanic membrane evident, similar in coloration to
surrounding skin; tympanum conspicuous, oval, diameter 5% SVL. Supratympanic fold
ill-defined, obscuring upper margin of tympanum. Postrictal gland present, subconical.
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Dentigerous processes of vomers conspicuous, triangular, well separated from each other;
each process bearing 7 teeth along proximal edge. Choanae large, half-moon shaped,
anterior quarter concealed by palatal shelf of maxillary arch. Tongue large, cordiform, with
anterior two-thirds attached to floor of mouth. Forearms slender, lacking tubercles. Fingers
slender; fingertips narrow, rounded, bearing circumferential grooves. Relative lengths of
fingers Il < I <1V < III. Fingers bearing lateral keels; webbing absent. Subarticular tubercles
small, conical. Supernumerary tubercles present, well defined, rounded, small. Palmar
tubercle prominent, bifid. Inner metacarpal tubercle prominent, large, elliptical. Hind
limbs slender; tibia length 69% SVL; foot length 54% SVL. Heel bearing small granules;
tarsal tubercles absent. Inner metatarsal tubercle prominent, ovoid, 3 times size of conical
outer metatarsal tubercle; plantar surface bearing several small ill-defined supernumerary
tubercles heterogeneous in size; subarticular tubercles well defined, conical, small. Toes
bearing lateral keels; toe tips narrowly rounded, bearing circumferential grooves. Relative
lengths of toes I < Il < III = V < 1V; Toe V reaching middle of second subarticular tubercle
of Toe IV; Toe III reaching distal margin of second subarticular tubercle of Toe IV; toe
webbing absent.

Measurements (in mm) of the holotype. SVL 32.4; tibia length 22.2; foot length 17.5;
head length 11.8; head width 11.9; eye diameter 4.1; tympanic diameter 1.5; IOD 3.4; upper
eyelid width 2.8; internarial distance 3.3; eye-nostril distance 4.5.

Coloration in life (Figure 7A—C). Dorsum light brown with a faint reddish hue bearing
black marks consisting in scattered black spots, two thin bars on the top of snout and
interorbital region, canthal stripe, supratympanic stripe, W-shaped scapular mark, and
blotches on flanks; forelimbs, hands and fingers pale orange bearing deep brown bars;
ventrolateral region orange; thighs orange, tibia light brown, tarsus, feet, and toes brownish
cream bearing dark brown bars; axillae and groins orange, and posterior surface of thighs
orange with dirty cream flecks. Ventral surface, throat and chest brown with tan spots,
belly orange with brown reticulations, thighs orange with faint brown reticulations, shanks
tan with dark brown bars, and palms and soles brown. Upper half of iris red and lower
half greenish bronze bearing brown reticulations, and pupil with a black ventral notch.
Sclera yellow.

Coloration in 70% ethanol (Figure 8). Dorsal surface grayish brown covered by grayish
cream granules and grayish cream labial bars; limbs, fingers, and toes creamy tan bearing
brown bars; and posterior surface of brown with creamy tan flecks. Ventral surface, throat
and most of the chest brown with cream spots, belly and thighs creamy tan with brown
reticulations, forelimbs creamy tan with brown marks, shanks and tarsus brown with cream
spots, palms and soles brown.

Variation. In the type series, three adult males (SVL = 23-26 mm) are smaller than four
adult females (SVL = 30-33 mm). See Table 2 for measurements and proportions of the type
specimens. The three adult male paratypes lack vocal slits and nuptial pads. Individuals
only show a slight variation in the ventral pattern. The female CORBIDI 28470 (Figure 7C)
and male CORBIDI 28463 (Figure 7I) have the belly brown with tan and creamy orange
blotches, and the male has white spots on the throat (Figure 71).

Distribution and natural history observations. Oreobates foliaspectrum is only known
from the type locality, Canan in the Huayabamba River basin, at an elevation of 2100 m,
San Martin department, northeastern Peru (Figure 4). This species inhabits montane forest
patches of low canopy (less than 6 m) with slender trees, tree ferns, and Chusquea bamboo
that grow on poor sandy soils in a matrix of cattle ranching pastures. Specimens were
collected at night between 19:00 and 12:00 h on the forest floor on a soil consisting of a deep
layer of roots, leaf litter, and ferns commonly found on poor sandy soils. All specimens
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collected were captured near holes formed by raised roots and quickly hid in them when
they felt threatened. The forest floor showed signs of frequent cattle trampling.

According to Olson et al. [2], the distribution of O. foliaspectrum lies in the Peruvian
Yungas ecoregion. Sympatric anuran species collected in the type locality were: Pristimantis
nephophilus, Pristimantis sp. (danae group), Rhinella moralesi, and R. margaritifera complex.

Etymology. The specific name foliaspectrum is compounded by two Latin substantives,
folia meaning leaf and spectrum meaning image, vision, apparition, or appearance. Refer-
ring to the rare appearance of this species (e.g., reddish eyes, long fingers and toes, and
cryptic coloration) as a ghostly image that inhabits the leaf litter.

3.2.4. Oreobates nigrumcompletum sp. nov.

urn:lsid:zoobank.org:act: 41E40370-7D29-49E0-A536-85AC44CC5103 (available on-
line: https:/ /zoobank.org/Nomenclatural Acts /41e40370-7d29-49e0-a536-85ac44cc5103,
accessed on 20 July 2026).

Figures 9 and 10.

Figure 9. Oreobates nigrumcompletum sp. nov. in life: (A) dorsolateral, (B) dorsal, and (C) ventral
views of holotype (CORBIDI 28691), SVL 33 mm; (D) dorsolateral, (E) dorsal, and (F) ventral views of
adult male CORBIDI 28693, SVL 24 mm; (G) dorsolateral, (H) dorsal, and (I) ventral views of adult
male CORBIDI 28687, SVL 26 mm. Photographs by James W. Titto.

Holotype. CORBIDI 28691, an adult female, from Finca Oso Pecho Blanco, Uchiza
district, Tocache province, San Martin department, Peru (8.4846° S, 76.5873° W, 1384 m),
collected on 3 August 2025 by James W. Ttito and Michael Gulman.

Paratypes. CORBIDI 28693, adult male, (8.479608° S, 76.585491° W, 1155 m); CORBIDI
28689, adult female, (8.483019° S, 76.582708° W, 1291 m); CORBIDI 28688, adult male,
(8.48441° S, 76.583077° W, 1358 m); CORBIDI 28692, adult male, (8.483218° S, 76.587141° W,
1358 m); CORBIDI 28690, adult female, (8.477394° S, 76.594046° W, 1474 m); CORBIDI 28687,
adult male, (8.487947° S, 76.584844° W, 1497 m); CORBIDI 28695, adult male, (8.490532° S,
76.585073° W, 1652 m); CORBIDI 28694, adult male, (8.491616° S, 76.585241° W, 1691 m).

https://doi.org/10.3390/d18080458


https://zoobank.org/NomenclaturalActs/41e40370-7d29-49e0-a536-85ac44cc5103
https://doi.org/10.3390/d18080458

Diversity 2026, 18, 458

24 of 36

All specimens from Finca Oso Pecho Blanco, Uchiza district, Tocache province, San Martin
department, Peru; collected between 30 July and 04 August 2025 by James W. Ttito and
Michael Gulman.

Figure 10. Preserved holotype of Oreobates nigrumcompletum sp. nov. (CORBIDI 28691) in dorsal
view (A), ventral view (B), palm (C), sole (D), and head in lateral view (E). Scale bar 5 mm. Pho-
tographs by Luis A. Garcia-Ayachi.

Diagnosis. Oreobates nigrumcompletum (Figure 9) is easily distinguished from the rest of
congeners (27 species) by the following combination of characters: (1) tip of finger and toes
rounded, not expanded; (2) vocal slits absent and nuptial pads present; (3) dorsal surface
deep brown or nearly black lacking contrasting marks, only faint tan brown speckles on
dorsum or tan bars on limbs in some specimens; (4) ventral surface deep brown without
marks; (5) dorsum covered by mostly pointed granules, gently heterogenous in size; and
(6) belly weakly areolate.

Other species of Oreobates from the Peruvian Andes that also share with O. nigrumcom-
pletum the absence of vocal slits are: O. azulensis sp. nov., O. chirimoto sp. nov., O. colanensis,
O. lundbergi, O. shunkusacha, and O. foliaspectrum sp. nov. Nevertheless, O. nigrumcompletum
can be easily distinguished from the aforementioned species (see Table 1) by having the
iris dark brown densely spotted with gold flecks bearing a thin gold circumpupillary ring
(copper in O. azulensis, gold bearing a brown streak at the middle in O. colanensis, bronze
with black reticulation in O. lundbergi, upper half of iris red and lower half greenish bronze
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bearing brown reticulations in O. foliaspectrum, and greenish-golden with black reticulations
in O. shunkusacha), skin of dorsum covered by pointed granules gently heterogenous in
size (rounded granules with scattered round tubercles in O. chirimoto, dorsum smooth with
few scattered tubercles in O. lundbergi, granules round to subconical homogenous in size in
O. shunkusacha), and lacking dorsolateral folds (present in O. colanensis).

In preservative (ethanol 70%), specimens of O. nigrumcompletum are brown dorsally
and can be confused in collections with other species with dorsal granular skin and brown
dorsum such as: O. amarakaeri, O. cruralis, O. gemcare, O. granulosus, O. machiguenga, O. quix-
ensis, and O. saxatilis (Table 1). However, O. nigrumcompletum differs from O. machiguenga
by lacking a basal membrane between Toe III and IV, and from O. cruralis by having the
outer fingertips round and not expanded (basal membrane between Toe III and IV present
in O. machiguenga, and outer fingertips slightly expanded and truncate in O. cruralis). The
dorsal surface is covered by pointed granules gently heterogeneous in size in O nigrumcom-
pletum, while it is covered by round granules and slightly enlarged warts in O. amarakaeri,
low round granules and some enlarged flat warts in O. cruralis, shagreen with enlarged
round granules and low warts in O. gemcare, and round granules and small or enlarged flat
warts in O. granulosus. Like O. nigrumcompletum, O. quixensis and O. saxatilis possess kera-
tinized granules on the dorsum; however, the latter two species differ by having granules
with the presence of scattered enlarged warts, giving a conspicuously heterogeneous aspect.
In addition, O. nigrumcompletum lacks axillary glands, present in O. cruralis, O. gemcare,
and O. granulosus. In addition, O. nigrumcompletum, with a SVL of 22-26 mm in males and
28-34 mm in females, is smaller than O. quixensis (35-48 mm in males and 47-63 mm in
females) and O. saxatilis (44-50 mm in males and 50-63 mm in females).

Characterization. A small species of Oreobates (SVL 22-26 mm in adult males and
28-34 mm in adult females) characterized as follows: (1) skin of dorsum and limbs granular,
granules keratinized, mostly pointed, and gently heterogeneous in size; flanks areolate;
occipital fold present as a \ /-shaped fold; dorsolateral fold absent; skin on throat and chest
smooth, belly weakly areolate; posterior and ventral surfaces of thighs and groins weakly
areolate; discoidal fold present as a thin thoracic fold or visible posteriorly; postrictal gland
present, rounded, subconical or conical; (2) tympanic membrane and annulus distinct, large,
about 42-54% of eye length; supratympanic fold present, thin and ill-defined; (3) head as
long as wide or slightly wider than long; snout short, rounded in dorsal and lateral views;
canthus rostralis gently sinuous in dorsal view, slightly curved in profile; (4) cranial crests
absent; upper eyelid covered with conspicuous round granules; (5) dentigerous processes of
vomers large, prominent, triangular, distinctly separated, situated posteromedial to choanae
(posterior margin at level of choanae), bearing 37 vomerine teeth; (6) males lacking vocal
slits and vocal sacs; nuptial pads present at base of Finger I as a small unpigmented patch;
(7) hands with long and slender fingers; Finger I equal in length to or barely longer than
Finger II; subarticular tubercles rounded to conical, large on inner fingers and small on
outer fingers; supernumerary tubercles small, rounded, smaller than subarticular tubercles;
fingertips rounded, not expanded, lacking or bearing ill-defined circumferential grooves and
ungual flaps; lateral fringes and keels on fingers absent; (8) ulnar region bearing small, low,
rounded tubercles; (9) heel bearing granules; tubercles on tarsus absent; (10) inner metatarsal
tubercle ovoid, prominent, 3 times size of conical and inclined outer metatarsal tubercle;
subarticular tubercles conical, distinct; supernumerary tubercles usually ill-defined, much
smaller than subarticular tubercles, rounded; (11) toes long and slender (foot length 47-57%
SVL); lateral fringes and webbing absent; Toe V reaching close to or middle of second
subarticular tubercle of Toe IV; Toe III reaching close to or middle of second subarticular
tubercle of Toe IV; toe tips narrow, rounded, bearing ill-defined circumferential grooves
and ungual flaps on outer toes; (12) axillary glands absent; (13) in life, dorsum deep brown,
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nearly black, with or without faint tan markings; when present, markings consisting of
scattered specks or faint dorsolateral stripes, discrete cream labial bars, and faint tan bars
on limbs; hidden surfaces similar in coloration to dorsal background; ventral surfaces deep
brown; iris dark brown densely spotted with gold flecks, bearing thin gold circum-pupillary
ring and pupil with ventral black notch; sclera dark gray.

Description of holotype. Adult female (CORBIDI 28691) with a relatively robust body
and in a good state of preservation, with a portion of liver removed through a small ventral
opening on the right anterior side of the venter and preserved as a tissue sample for molecular
analyses (Figure 10). Skin of dorsum and flanks granular, bearing small keratinized and
mostly conical granules gently heterogeneous in size, covering entire dorsum and limbs;
ventrolateral region areolate; dorsolateral fold absent; skin on throat and chest smooth, belly
weakly areolate; discoidal fold present only as a weak thoracic fold; posterior and ventral
surfaces of thighs and groins areolate. Head slightly wider than long (Head Length = 38% SVL;
Head Width = 42% SVL). Snout rounded in dorsal and lateral views; canthus rostralis weak,
slightly sinuous in dorsal view and slightly curved in profile; lips rounded, not flared. Nostrils
not protuberant, directed laterally. Loreal region slightly concave. Eye of moderate size, its
diameter 14% SVL. Tympanic membrane evident, lighter in coloration than surrounding skin;
tympanum conspicuous, oval, diameter 6% SVL. Supratympanic fold ill-defined, obscuring
upper margin of tympanum. Postrictal glands present, subconical. Dentigerous processes
of vomers conspicuous, triangular, well separated from each other; each process bearing
6 teeth along proximal edge. Choanae large, half-moon shaped, anterior quarter concealed
by palatal shelf of maxillary arch. Tongue large, cordiform, with anterior two-thirds attached
to floor of mouth. Forearms slender, bearing small, low, rounded ulnar tubercles. Fingers
slender; fingertips rounded, not expanded, lacking circumferential grooves. Relative lengths of
fingers Il < I < IV < III. Fingers lacking dermal fringes; webbing absent. Subarticular tubercles
prominent, conical. Supernumerary tubercles present, well defined, rounded, small. Palmar
tubercle prominent, deeply bifid. Inner metacarpal tubercle prominent, large, elliptical. Hind
limbs slender; tibia length 50% SVL; foot length 50% SVL. Heel bearing small granules; tarsal
tubercles absent. Inner metatarsal tubercle ovoid, 3 times size of conical outer metatarsal
tubercle; plantar surface bearing few small ill-defined supernumerary tubercles; subarticular
tubercles well defined, conical, small. Toes lacking lateral fringes; toe tips rounded, not
expanded, bearing ill-defined circumferential grooves on outer toes. Relative lengths of toes
I<II <II <V <1V;Toe V reaching middle of second subarticular tubercle of Toe IV; Toe I1I
reaching distal margin of second subarticular tubercle of Toe IV; toe webbing absent.

Measurements (in mm) of the holotype. SVL 33.6; tibia length 16.8; foot length 16.9;
head length 12.9; head width 13.9; eye diameter 4.6; tympanic diameter 1.9; 10D 3.5; upper
eyelid width 3.0; internarial distance 2.8; eye-nostril distance 4.2.

Coloration in life (Figure 9A—C). Dorsum deep brown, nearly black, bearing inconspic-
uous tan marks, discrete cream labial bars, and limbs as dorsum coloration bearing faint
tan bars; ventral surface deep brown including palms and soles; iris dark brown densely
spotted with gold flecks bearing a thin gold circumpupillary ring and the pupil with a
ventral black notch. Sclera dark gray.

Coloration in 70% ethanol (Figure 10). Dorsal surface dark brown bearing tan marks on
dorsum, tan bars on limbs, and the tips of granules dusty white, more evident posteriorly
and on hind limbs. Ventral surface tan.

Variation. In the type series, six adult males (SVL = 22-26 mm) are smaller than three
females (SVL = 28-34 mm) and possess nuptial pads. See Table 2 for measurements and
proportions of the type specimens. There is no significant morphological variation related
to the skin texture or coloration between specimens. The male specimen CORBIDI 28687
possesses a faint dorsolateral stripe.
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Distribution and natural history observations. Oreobates nigrumcompletum is only
known from the Finca Oso Pecho Blanco in the Huallaga River basin, San Martin de-
partment, northeastern Peru, at elevations between 1155 and 1690 m (Figure 4). This
locality lies in the Peruvian Yungas ecoregion according to Olson et al. [2]. All individuals
were observed during the night, between 19:00 and 3:00 h, in the leaf litter of a steep
slope covered by primary premontane forest. Sympatric species of anurans collected with
O. nigrumcompletum were Hemiphractus helioi, Pristimantis adiastolus, P. aff. lirellus, and P. sp.
(lacrimosus group), Rhinella aff. margaritifera, and Strabomantis sp.

Etymology. The specific name nigrumcompletum is compounded by the Latin adjectives
“nigrum” and “completum”, meaning black and complete or entire, respectively, due to the
entire dark coloration of this new species.

4. Discussion

We integrated morphological traits with molecular data to describe four new species
of the genus Oreobates, increasing the number of species in the genus to 31 species. Our
phylogenetic analysis (Figure 1) of Oreobates is the most complete both in terms of locus
and species coverage, with a 3538 bp long matrix concatenating fragments of three mito-
chondrial genes (16S, 12S, and COI) and two nuclear genes (RAG1 and Tyr). By employing
a multilocus dataset that combines both mitochondrial and nuclear markers, our study
provides a broader and more comprehensive genetic sampling than previous works, which
were largely restricted to single mitochondrial markers or reduced multilocus sets. The
topology recovered here (Figure 1) is congruent with previously published phylogenies of
Oreobates [15,18,19,21,40].

In particular, our results closely resemble the maximum likelihood topology of Venegas
etal. [21]. A notable difference among previous studies concerns the position of O. lundbergi.
In our analysis, this species is recovered as the sister lineage to all remaining Oreobates
with strong support, a result consistent with Venegas et al. [21]. In contrast, previous
studies based on single-locus datasets generally placed O. lundbergi within internal clades,
often with low support (see Padial et al. [15]; Kohler & Padial [40]; Pansonato et al. [19];
Castillo-Urbina et al. [18]), suggesting that increased gene sampling improves resolution of
deeper relationships within the genus.

Overall, our phylogenetic results support the placement of all new species within
Oreobates and corroborate their status as distinct evolutionary lineages. Although the
genetic divergence between O. azulensis and O. shunkusacha (UPD = 2%) is lower than that
observed among some currently recognized species (Table S1), both species are recovered
as sister taxa with strong support (UFBoot = 100), despite O. shunkusacha being represented
only by mitochondrial data (16S). Importantly, the two species are readily distinguished
by dorsal skin texture, a widely used diagnostic character in Oreobates taxonomy (see
Padial et al. [15,41]; K6hler and Padial [40]; Castillo-Urbina et al. [18]): dorsum covered
by keratinized pointed granules heterogeneous in size in O. azulensis versus round or
subconical granules homogeneous in size in O. shunkusacha.

The presence of keratinized tips on granules or warts on the dorsal skin has frequently
been used as a diagnostic character in species of Oreobates [15,40,41]. However, the stability
of this character remains uncertain and, in this study, we use it with caution. In some
species, keratinized tips are subtle and difficult to observe (e.g., O. granulosus, O. saxatilis,
O. nigrumcompletum), which may lead to inconsistencies among descriptions and specimen
comparisons. Moreover, it remains unclear whether the development of these keratinized
structures is constant throughout life or associated with reproductive condition or seasonal-
ity. Similar sexually dimorphic and seasonally expressed keratinized structures are known
in other anurans, such as the nuptial labial spines of Leptobrachium boringii, which fall off
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once the breeding season is over [42], the dorsal spicules of males in Osteocephalus, where
these structures are linked to breeding activity and may regress outside the reproductive
season [43—-45], and the spiny points on top of warts of species of Atelopus, which vary
according to sex, ontogeny, and among individuals [46,47]. Further studies are needed to
determine whether dorsal keratinization in Oreobates is a stable taxonomic character or
varies seasonally according to reproductive condition.

The four new species described herein occur in the Peruvian Yungas, at elevations
from 1400 to 2100 m, reinforcing the importance of this ecoregion as a major center of
diversification for Oreobates [4]. More than half the currently recognized species of the
genus inhabit montane forests along the eastern Andean versant, particularly within the
Yungas, where steep elevational gradients, habitat heterogeneity, and strong geographic
isolation create favorable conditions for allopatric divergence and local adaptation [4,15,18].
Montero-Mendieta et al. [4] demonstrated that highland Oreobates species tend to have
smaller effective population sizes and stronger genetic drift than lowland taxa, likely a
consequence of habitat fragmentation in montane environments. Reduced gene flow among
isolated populations, together with divergent selective pressures across elevations, may
therefore promote rapid lineage diversification in these frogs. Our results are consistent
with this hypothesis, as all four new species were discovered in geographically isolated
montane forests that remain poorly explored and are separated by deep river valleys and
rugged topography, such as in the Huallaga River Basin (see Figure 4B).

Interestingly, although Oreobates is highly diversified in the Yungas or montane
forests of the central and southern Andes, the genus is notably absent from the mon-
tane forests of the eastern Andean slopes of Ecuador and Colombia [48,49]. In the eastern
versant of the Northern Andes, only O. quixensis occurs, apparently extending across
adjacent Amazonian lowlands and foothills rather than as part of the montane Anuran
fauna [15,49]. This distributional pattern suggests that the Marafién Valley, which sep-
arates the northern Andes from the central Andes of Peru, may represent an important
biogeographic barrier limiting the northward expansion of montane Oreobates lineages (see
Figure 4B). Similar barrier effects have been documented for multiple Andean taxa, even
high-mobility vertebrates such as birds, where deep dry valleys such as the Marafién inter-
rupt humid montane forest continuity and promote lineage isolation and endemism [50-54].
Another hypothesized barrier is the Apurimac-Mantaro inter-Andean valleys in southern
Peru (see Figure 4C) [55-57], which played a similar but reduced role as the barrier for
southern Peruvian Oreobates, with a distinct clade of montane Oreobates occurring south of
the Apurimac-Ene River (O. gemcare, O. lehri, O. machiguenga).

The phylogenetic relationships recovered here further support repeated diversifica-
tion within the Yungas rather than a single regional radiation. Three of the new species
(O. azulensis, O. foliaspectrum, and O. nigrumcompletum) form part of a well-supported north-
ern Peruvian clade together with O. colanensis and O. shunkusacha, suggesting localized
diversification in the montane forests of the upper Huallaga River basin (see Figure 4B). In
contrast, O. chirimoto is recovered as sister to the O. quixensis + O. saxatilis clade and closely
related to a subclade composed mainly of species distributed in the southern Peruvian
Yungas (O. ayacucho, O. lehri, O. machiguenga, O. gemcare, and O. pereger). This pattern
suggests that elevational specialization and geographic isolation have generated multiple
independent diversification events across the Yungas, contributing to the high endemism
observed in the genus. The discovery of four additional species in relatively limited survey
areas strongly indicates that the diversity of Oreobates in the northern Peruvian Yungas re-
mains underestimated. It is important to note that the phylogenetic support for O. chirimoto
is low, and therefore its relationships should be interpreted with caution. Likewise, the
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rivers mentioned as potential barriers in the Discussion will require broader geographic
and genetic sampling to corroborate their role in diversification.

Finally, an additional pattern of interest is the distribution of vocal slits within Oreobates.
The absence of vocal slits characterizes the well-supported clade containing O. azulensis,
O. colanensis, O. foliaspectrum, O. nigrumcompletum, and O. shunkusacha, as well as O. lund-
bergi and O. chirimoto, which occur in different phylogenetic positions. This distribution
suggests that the absence of vocal slits does not represent a synapomorphy for a single
lineage, but rather a more complex evolutionary pattern involving either retention of an
ancestral condition or repeated independent losses within the genus, a pattern commonly
observed in the evolution of secondary sexual characters and vocal structures in anu-
rans [58-62]. Because vocal slits are generally associated with advertisement calls, mate
attraction, and territorial interactions in anurans [63-66], their absence may reflect shifts in
reproductive strategies or calling behavior. Similar evolutionary lability of reproductive
characters has been documented in other direct-developing frogs, where vocal sacs and
vocal slits may be reduced or secondarily lost under different selective pressures [60].
Further bioacoustic and behavioral studies will be necessary to determine whether the
absence of vocal slits in these species is associated with reproductive ecology and whether
this character represents a stable phylogenetic signal within Oreobates.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/d18080458 /s1, Table S1: Table of uncorrected p-distances across
all species included in our molecular analyses using the 16S gene marker.
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Appendix A

Material examined. Material deposited in the Herpetology Collection of the Centro de
ornitologfa y Biodiversidad (CORBIDI).

Oreobates amarakaeri (n = 3): PERU—Cusco, Paucartambo, Pini Pifi trocha catarata,
—12.8706, —71.4273, 570 m, CORBIDI 19160,—Madre de Dios, Manu, Manu Bio Lodge
(formerly Estacion Biolégica Villa Carmen), —12.89008, —71.41084, 550 m, CORBIDI
16288;,—Puno, Carabaya, Santo Domingo, —13.84385, —69.65754, 1235 m, CORBIDI 18732.

Oreobates ayacucho (n = 1): PERU—Ayacucho, La Mar, Pacobamba, —13.0774, —73.7775,
3940 m, CORBIDI 19281.

Oreobates colanensis (n = 16): PERU—Amazonas, Utcubamba, Lechucita, —5.6311, —78.2570,
2610 m, CORBIDI 21191, 21295-96; Bagua, Refugio Copallin, —5.5960, —78.3401, 2380 m,
CORBIDI 23594, 23626-27, 23630, 23633, 23636-37, 23639-40, 23674, 23749-51.

Oreobates cruralis (n = 17): PERU—Madre de Dios, Tahuamanu, Alegria, —12.0950, —69.0823,
320 m, CORBIDI 25985, 25934, 25953; Tahuamanu, Base 51 de Bozovich concesién de
madera, —11.5870, —69.6452, 350 m, CORBIDI 15426; Tambopata, Corredor Tambopata-
Manu, —12.8444, —70.0938, 240 m, CORBIDI 15137, 15147; Tambopata, El Parador, —12.9797,
—70.2351, 240 m, CORBIDI 13505, 13529; Tambopata, Inotawa, —12.8093, —69.3182, 190 m,
CORBIDI 05260, 05278; Tambopata, Las Piedras Amazon Center, —12.0708, —69.4993,
240 m, CORBIDI 18262, 18276, 18288, 18118, 18181; Tambopata, Tambopata Research Center,
—13.1209, —69.6159, 235 m, CORBIDI 17107;,—Puno, Carabaya, Parque Nacional Bahuaja
Sonene- Campamento Base, —13.1949, —70.1324, 300 m, CORBIDI 13231.

Oreobates gemcare (n = 4): PERU—Cusco, Paucartambo, trocha canopy Wayqecha, —13.1902,
—71.5864, 2950 m, CORBIDI 19453-54; Paucartambo, Esperanza, —13.1817, —71.6076,
2810 m, CORBIDI 11922; —13.17695, —71.60207, 2830, m, MUSM 27904; Paucartambo,
pasando segundo ttnel, —13.17892, —71.60966, 2785 m, MUSM 28029, 21151, AMNH
153085-87; —13.17554, —71.60827, 2750 m, MUSM 27885; Paucartambo, Pillahuata,
—13.15722, —71.59459, 2350 m, AMNH 157013; —13.15716, —71.59750, 2370 m, MHNG
2606.46; Paucartambo, Mirador, —13.0711, —71.5639, 1640 m, CORBIDI 19480; —13.07407,
—71.55608, 1750 m, MUSM 21152; —13.07388, —71.55810, 177 m, MUSM 21153; —13.06910,
—71.55504, 1740, m, MUSM 27903; —13.06851, —71.55995, 1690 m, MUSM 27901.

Oreobates granulosus (n = 4): PERU—Cusco, Paucartambo, Adventure Trail, —13.0581,
—71.5459, 1370 m, CORBIDI 17035; Paucartambo, Valle de Kosfiipata, —13.0341, —71.5160,
1120 m, CORBIDI 16216;,—Puno, Sandia, Santo Domingo, —13.8380, —69.6474, 1475 m,
CORBIDI 18695, 18704.

Oreobates lehri (n = 15): PERU—Ayacucho, La Mar, Toccate, —12.9919, —73.6591, 2290 m,
CORBIDI 19284;—Cusco, La Convencién, Aendoshiari, —12.8174, —73.4197, 2370 m, COR-
BIDI 18780, 26689; La Convencion, KP 129—Comunidad ochigoteni, —12.5758, —73.0900,
1690 m, CORBIDI 05398-99, 05398-99; La Convencién, KP108—Alto Shima, —12.5704,
—73.1622, 1543 m, CORBIDI 09688; 10597-602, 9688.

Oreobates machiguenga (n = 2): PERU—Cusco, La Convencién, CC NN Shivancoreni,
—11.6933, —72.9526, 385 m, CORBIDI 19030; La Convencién, Reserva Comunal Mat-
siguenga, —11.4523, —73.4324, 604 m, CORBIDI 16016.

Oreobates quixensis (n = 125): PERU—Amazonas, Condorcanqui, Bosques en la cuenca del
Rio Cenepa, al norte de Santa Maria de Nieva, —4.4775, —77.8876, 268 m, CORBIDI 09087,
09179, 14320; Condorcanqui, Concesién de Conservacién Pamau Nain, —5.2219, —77.9311,
515 m, CORBIDI 14027; Condorcanqui, Quebrada Kampankis, —4.0431, —77.5412, 325 m,
CORBIDI 09510;—Cusco, La Convencién, Campamento Kinteroni, —11.4936, —73.2068,
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399 m, CORBIDI 07084, 07138, 07140-41; La Convencién, CC NN Camand, —11.9753,
—73.1708, 606 m, CORBIDI 00346; La Convencién, Distrito Echarate KP 115, —12.5670,
—73.0903, 1300, CORBIDI 05998; La Convencidn, kinteroni, —11.5044, —73.2530, 392 m,
CORBIDI 10259; La Convencion, KP 15, CC NN Chokoriari, —11.9569, —72.9410, 434 m,
CORBIDI 08484-85; La Convencion, KP 50, CC NN Poyentimari, —12.1885, —73.0009, 725 m,
CORBIDI 08272, 08537, 08547, 08566; La convencién; KP 85, Monte Carmelo; —12.4445,
—73.0242, 1008 m, CORBIDI 10680-81; La Convencion, Mipaya, —11.5800, —73.1645, 370 m,
CORBIDI 10108, 10115, 12473; La Convencion, Pagoreni B (Malvinas), —11.6853, —72.9583,
442, CORBIDI 10057; La Convencién, Reserva Comunal Matsiguenga, —11.3909, —73.3651,
638 m, CORBIDI 15971; La Convencién, Reserva Matsiguenga, —11.4562, —73.3911, 556 m,
CORBIDI 16897; La Convencién, Rio Camisea, —11.7648, —72.8987, 399 m, CORBIDI 07063,
07097-99, 07115; La Convencién, Santuario Nacional Megantoni, —12.2538, —72.8350, 515 m,
CORBIDI 06662;—Huanuco, Puerto Inca, campamento caoba de cordillera del sira, dis-
trito de Llullapichis, —9.5022, —74.8043, 545 m, CORBIDI 14462; Puerto Inca, Estacién
Biolégica Panguana, Rio Yuyapichis, —9.6138, —74.9356, 260 m, CORBIDI 15681, 15695;
Puerto Inca, Huanuco, Puerto Inca, —9.3210, —74.7866, 1350 m, CORBIDI 16716;,—Junin,
Satipo, Portillo Alto—Fundo Santa Teresa, —11.1651, —74.6483, 940 m, CORBIDI 15802,
16838,—Loreto, Alto Amazonas, Campamento Mina de Sal, —5.8894, —76.6044, 300 m,
CORBIDI 13758; Datem del Marafién, Distrito Morona, Pongo Chinim, —3.1130, —77.7762,
365 m, CORBIDI 11288; Datem del Marafién, Andoas, —2.6516, —76.5137, 151 m, CORBIDI
01062, 01089: Datem del Marafién, Capahuari norte, —2.6643, —76.5012, 270 m, CORBIDI
04811-13, 04839, 04852; Datem del Marafién, Pongo Chinim, —3.1130, —77.7762, 365 m,
CORBIDI 09338; Datem del Maraiién, San Jacinto, —2.6516, —76.5137, 151 m, CORBIDI
01102; Datem del Marafi6én, Sargento Pufio, —3.2186, —77.5888, 208 m, CORBIDI 07494;
Datem del Marafién, Sector 2, —3.1902, —77.4308, 206 m, CORBIDI 07578, 08681-82; Datem
del Maranon, Sector 3, —3.1374, —77.3001, 212 m, CORBIDI 07511, 08773; Datem del
Marafién, Sector 4, —3.3059, —77.3215, 210 m, CORBIDI 08708, 08724; Datem del Marafon,
Sector 7, —3.8852, —77.2537, 210 m, CORBIDI 07515; Datem del Marafion, Sector 9, —3.8852,
—77.2537, 210 m, CORBIDI 07517; Loreto, Andoas, —2.3511, —75.8162, 187 m, CORBIDI
04649, 04679, 04743, 04758, 04923, 04964, 05306; Loreto, Campamento San Jacinto, —2.7043,
—76.3128, 273 m, CORBIDI 01511; Loreto, Jibarito, —2.7356, —76.0318, 197 m, CORBIDI
06481; 06620, 09005-6, 0905-06; Loreto, Rio Corrientes, —3.0650, —75.8264, 200 m, CORBIDI
02708, 02749; Loreto, San Jacinto, —2.3308, —75.8637, 160 m, CORBIDI 01130, 01189, 01212,
01216, 01218, 01232; Loreto, Shiviyacu, —2.4819, —76.0856, 194 m, CORBIDI 06405; Loreto,
Trompeteros, —2.7948, —76.3349, 206 m, CORBIDI 05022; Maynas, Campamento Curupa,
—2.8854, —73.0180, 125 m, CORBIDI 05857; Maynas, Jacamar-1, —3.5178, —74.6630, 180 m,
CORBIDI 10331; Putumayo, campamento bajo algodén, —2.4853, —72.0541, 116 m, COR-
BIDI 17405; Putumayo, campamento medio algodén, —2.5806, —72.8934, 134 m, CORBIDI
17302; Putumayo, Campamento Piedritas, —2.7928, —72.9168, 156 m, CORBIDI 05864;
Putumayo, Comunidad El Estrecho, Campamento quebrada-bufeo, —2.4803, —71.6541,
97 m, CORBIDI 17238; Putumayo, Giieppi, —0.1847, —75.3590, 220 m, CORBIDI 00179-82;
Putumayo, Medio Campuya, —1.5176, —73.8162, 135 m, CORBIDI 12683; Putumayo, Re-
dondococha, —0.5713, —75.2192, 192 m, CORBIDI 00080; Requena, Campamento Anguila,
—6.2650, —73.9100, 140 m, CORBIDI 15204; Requena, Centro de Investigacién Jenaro Her-
rera, —4.8955, —73.6508, 140 m, CORBIDI 06285-86; Requena, Comunidad Nativa Galicia,
—5.4397, —73.8515, 138 m, CORBIDI 12224, 12231; Requena, Sierra del Divisor, —6.9187,
—73.8461, 205 m, CORBIDI 02181-82, 02186, 02190, 02220, 02415, 02523, 02634; Requena,
Zona Reservada Sierra del Divisor, —6.2136, —73.2392, 500 m, CORBIDI 03878,—Madre
de Dios, Manu, Cusco, Paucartambo, Kosfiipata, Pillcopata, —12.8901, —71.4108, 550 m,
CORBIDI 16288;,—Pasco, Oxapampa, Alto Lorencillo, —10.0603, —75.1369, 301 m, CORBIDI
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27722; Pasco, Oxapampa, Nueva Kametza, —10.0569, —75.1412, 302 m, CORBIDI 27701-
02; Oxapampa, San Cristobal, —9.9625, —75.3727, 378 m, CORBIDI 14712;,—San Martin,
Picota, Area de conservaciéon Municipal Chambira, —7.0375, —76.0900, 679 m, CORBIDI
06387,—Ucayali, Atalaya, Pulerja, —11.1847, —73.2019, 349 m, CORBIDI 19507; Coronel
Portillo, Reserva Comunal el SIRA, —9.4604, —74.5501, 1000 m, CORBIDI 17454, 17462;
Coronel Portillo, Rio Abujao, —8.3025, —73.6562, 275 m, CORBIDI 12964, 12988, 13048-51.

Oreobates saxatilis (n = 36): PERU—Cusco, La Convencién, KP 59, Pongo de Mainique,
—12.2581, —72.8425, 670 m, CORBIDI 05486; La Convencién, Ticumpinia Chocoriari,
—11.9923, —72.9870, 579 m, CORBIDI 23205,—Huénuco, Hudnuco, Rio Tambo, —9.8099,
—75.8315, 1615 m, CORBIDI 09037-38; Pachitea, Santa Clara (tramo medio), —9.6295,
—75.8305, 1085 m, CORBIDI 14945-46, 14948,—Junin, Satipo, Carretera Mazamari-Puerto
Ocopa, —11.2002, —74.4551, 561 m, CORBIDI 08913;—Loreto, Alto Amazonas, Campa-
mento Mina de Sal, —5.8894, —76.6044, 300 m, CORBIDI 13772; Datem del Marafoén,
Campamento Alto Cahuapanas, —5.6644, —76.8390, 1150 m, CORBIDI 13801,—Pasco, Oxa-
pampa, Huampal (parte alta), —10.1761, —75.5810, 1700 m, CORBIDI 07295;—San Martin,
Lamas, Rio Mayo, —6.2507, —76.6636, 688 m, CORBIDI 06339, 06341; Moyobamba, 2.4 Km
al este de Calzada (ciudad), —6.0252, —77.0430, 1040 m, CORBIDI 03131; Moyobamba,
Area de Conservacién Municipal Mishquiyacu, —6.0588, —76.9764, 989 m, CORBIDI 03281,
03290-92, 03300-02; Moyobamba, CENTRO POBLADO DE PAITOJA, —6.3561, —77.0675,
1618 m, CORBIDI 01246; Moyobamba, MISHQUILLACU, —6.0755, —76.9764, 985 m, COR-
BIDI 01424, 01432, 01435; Moyobamba, Pabloyacu, —6.0651, —76.9417, 936 m, CORBIDI
03250-51, 03263; Picota, Area de conservacién Municipal Chambira, —7.0375, —76.0900,
679 m, CORBIDI 06350-51, CORBIDI 06395; Picota, Parque Nacional Cordillera Azul, Puesto
de control 16 Chambirillo, —7.0691, —76.0153, 1122 m, CORBIDI 08851; Rioja, Bajo Naran-
jillo, —5.8108, —77.3892, 844 m, CORBIDI 03331, 01396; San Martin, Bocatoma, —6.4572,
—76.3485, 462 m, CORBIDI 08949,—Ucayali, Coronel Portillo, RC El Sira, al oeste de la
CCNN Amagquiria, —9.4795, —74.4645, 242 m, CORBIDI 21829.

Appendix B

Table Al. Genbank accession codes for sequences used in phylogenetic analyses. Newly generated
sequences are in bold.

Species Voucher 12S 16S COI RAG TYR
Oreobates amarakaeri MHNC6975 JF809934 JF809996 NA JF809913 JF809891
Oreobates amarakaeri EB10.13 NA MG820146 MG820171 NA NA
Oreobates antrum ZUFG8710 MHO025430 MHO025454 NA MHO025439 MHO025448
Oreobates ayacucho MNCN(IDIR5024) JF809933 JF809970 NA JF809912 JF809890
Oreobates barituensis MCN1359 JF809935 JF809999 NA JF809914 JF809892
Oreobates berdemenos FML.24623 NA KJ125509 NA NA NA
Oreobates chiquitanus SMF88499 NA MW029644 NA NA NA
Oreobates chiquitanus MNKA7175 JF809923 EU192296 NA JF809902 JF809882
Oreobates choristolemma CBG765 JF809921 FJ539067 NA JF809900 JF809881
Oreobates colanensis CORBIDI 21191 NA MZ015004 PZ287746 PZ760909 PZ288738
Oreobates colanensis CORBIDI 23749 NA PZ288745 NA NA NA
Oreobates cruralis KU215462 EU186666 EU186666 NA EU186743 EU186764
Oreobates cruralis sw1064.15 NA MH458943 NA NA NA
Oreobates discoidalis MNCN43133 JF809925 FJ539068 NA JF809904 JF809884
Oreobates gemcare MHNC6687 JE809930 JF809961 NA JF809909 NA
Oreobates gemcare MUSM27903 NA KY652648 KY672981 KY672964 KY681069
Oreobates granulosus AC94.07 NA KY652649 KY672982 KY672965 KY681070
Oreobates granulosus AC111.16 NA MH458945 PZ287745 PZ7288728 PZ288739
Oreobates granulosus MHNC3396 JE809929 EU368897 NA JF809908 JE809887
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Species Voucher 128 16S CO1I RAG TYR
Oreobates heterodactylus ZUEC14119 NA KJ125510 NA NA NA
Oreobates ibischi MNKA6612 FJ438817 FJ438806 NA NA NA
Oreobates ibischi MNCN 42959 NA FJ438794 NA NA NA
Oreobates lehri MUSM27616 JE809927 JE809957 NA JE809906 NA
Oreobates lehri MHNC5845 NA JF809995 NA NA NA
Oreobates lundbergi MTD45902 JF809928 JE809958 NA JE809907 JE809886
Oreobates machiguenga MHNC6809 JE809932 JE809969 NA JE809911 JE809889
Oreobates madidi MNKA?7856 JE809922 FJ539070 NA JE809901 NA
Oreobates pereger MTD46808 JF809926 JE809955 NA JE809905 JE809885
Oreobates quixensis Q731186 NA MZ429970 NA MZ560991 JE809893
Oreobates quixensis QCAZ25520 NA JE810002 NA PP536411 NA
Oreobates quixensis KU178249 EF493828 EF493662 NA NA NA
Oreobates quixensis MNCN43147 NA EU192297 NA NA NA
Oreobates remotus MZUSP141720 MHO025426 JN688274 NA MHO025435 MHO025444
Oreobates sanctaecrucis MNKA5507 JE809924 JE809951 NA JE809903 JF809883
Oreobates sanctaecrucis CBG153 NA EU368903 NA NA NA
Oreobates sanderi MNCN42017 NA EU368904 NA NA NA
Oreobates saxatilis KU212327 EU186726 EU186708 NA EU186742 EU186763
Oreobates saxatilis MHNC6775 JE809931 JE809962 NA JE809910 JF809888
Oreobates shunkusacha MUSM 41864 NA PX125890 NA NA NA
Oreobates yanucu ZFMK72569 NA KY111322 NA NA NA
Oreobates azulensis CORBIDI 28925 NA PZ7288741 PZ284374 PZ288729 PZ288734
Oreobates azulensis CORBIDI 28936 NA PZ288742 PZ284375 PZ288730 PZ288735
Oreobates nigrumcompletum CORBIDI 28690 NA PZ7288748 PZ7284378 PZ7288732 PZ288736
Oreobates nigrumcompletum CORBIDI 28689 NA PZ7288749 PZ7284379 PZ288733 PZ288737
Oreobates chirimoto CORBIDI 20361 NA PZ288743 PZ284376 PZ288727 NA
Oreobates chirimoto CORBIDI 20362 NA PZ288744 PZ284377 NA NA
Oreobates foliaspectrum CORBIDI 28465 NA PZ288746 NA PZ7288731 NA
Oreobates foliaspectrum CORBIDI 28467 NA PZ288747 NA NA NA
Lynchius tabaconas MHNC8650 KX470774 KX470781 NA KX470790 KX470797
Niceforonia elassodiscus QCAZ52495 MW567328  MW567375 NA MW451754 NA
Leptodactylus bolivianus KU 289191 DQ158417 DQ158417 NA DQ158343 NA
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