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Abstract
We examine the phylogenetic relationships among salamanders of the genus Bolitoglossa (Eladinea) distributed in
the Amazonian basin of northern Peru and southern Ecuador and assess species diversity based on morphological and
phylogenetic analyses. We infer a molecular phylogeny using sequences from two mitochondrial (Cytb, 16S) and two
nuclear genes (RAG–1, POMC). We find two well-supported subclades, one including [B. altamazonica + B. peruviana]
+ B. awajun sp. n., and the other including Bolitoglossa sp. Ituxi + Bolitoglossa sp. Jurúa. Ecuadorian lineages form
divergent clades from the Peruvian lineages. Accordingly, Ecuadorian populations previously assigned to Bolitoglossa
peruviana sensu lato are treated as members of a Bolitoglossa equatoriana species complex. A newly defined Bolitoglossa
altamazonica species complex contains only populations from the Amazonian rainforest of Peru. Maximum likelihood
and Bayesian Inference analyses confirm the phylogenetic placement of B. altamazonica and B. peruviana, and support
recognition of a related new species of Bolitoglossa. The uncorrected genetic distances between the new species and B.
altamazonica are 6.5% for Cytb and 4.9% for 16S; and the uncorrected genetic distances between the new species and
B. peruviana are 8.0% for Cytb and 3.9% for 16S. Additionally, analyses of nuclear gene sequences show no haplotype
sharing between the new species and closely related species. The new species is distinguished from its congeners by a
combination of the following morphological characters: (1) Standard length mean 37.7 mm in males (range 32.0–42.2;
n=5) and 41.4 mm in females (range 34.9–48.2; n=6); (2) in life, dorsal coloration uniformly brown with a dark brown
triangular marking between the eyes or some irregular light cream spots or patches on the head, back and flanks; (3) iris
pale golden; (4) in preservative, dark brown venter with cream mottlings or moderate-sized blotches on the gular region,
belly, cloacal region and tail; (5) tips of third finger and third toe protuberant and pointed with nearly complete webbing
on the hands and feet; (6) 11–26 maxillary teeth and 8–24 vomerine teeth. Given that the syntypes of B. altamazonica
are lost, we designate a neotype for B. altamazonica from Allpahuayo Mishana National Reserve, Loreto department,
Peru. Newly collected specimens from ~30 km NE from Moyobamba (type locality of B. peruviana) provide a better
understanding of B. peruviana and enable us to show that it is the sister taxon of B. altamazonica. The new species is
known from pre-montane forests in Cordillera Escalera Regional Conservation Area, Cordillera Azul National Park and
Shucshuyacu, San Martin department, Peru at 485–1311 m elevation, ~75 km SE from Moyobamba. Bolitoglossa awajun
sp. n. is the fourth endemic species of salamander from Peru.
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Introduction
The combination of genetic and morphological data has radically increased our knowledge of amphibian diversity in
Amazonia (Fouquet et al. 2012; Padial et al. 2012; Jungfer et al. 2013; Castroviejo-Fisher et al. 2014; CastroviejoFisher et al. 2017). It is also relevant that most revisionary studies in amphibian systematics coincide in highlighting
the importance of using an integrative approach to taxonomy (reviewed in Padial & De la Riva 2009; Angulo &
Icochea 2010; Padial et al. 2010). Although most studies have focused on anurans, probably because of their higher
species richness, salamanders of the Amazon basin are in inmediate need of a complete and detailed taxonomic revision (revealed by Brame & Wake 1963; Elmer et al. 2013; Brcko et al. 2013). Additionally, two of the most pivotal
issues are to delimit two of these salamander species, Bolitoglossa altamazonica and B. peruviana.
The genus Bolitoglossa Duméril, Bibron & Duméril, 1854 is a diverse group of Neotropical lungless salamanders that includes more than 130 described species (AmphibiaWeb 2018; Frost et al. 2018), distributed from southwest North America (San Luis Potosí, Mexico) through Central America to South America, where it reaches the
Amazonian basin of Brazil to the East and Central Bolivia to the South (Brame & Wake 1963; Wake & Lynch 1976;
Wake et al. 1982). Early works of Dunn (1926), Taylor (1944), Wake & Brame (1963), Wake (1966) and Wake &
Lynch (1976) proposed species groups (e.g., adspersa, altamazonica, medemi, palmata, phalarosoma, sima) but
these shifted constantly as additional species were discovered. Parra-Olea et al. (2004) rationalized the available
information and brought some order by naming clades derived from quantitative phylogenetic analyses. As a result,
the subgenus Eladinea, one of seven in Bolitoglossa, comprises a well supported clade distributed in South America
and part of Central America (Costa Rica and Panama), which is subdivided in four monophyletic species groups:
subpalmata, epimela, schizodactyla, and adspersa. Currently, all South American species of the subgenus Eladinea
are considered part of the B. adspersa species group.
About 24 % of all Neotropical salamanders occur in South America and only nine species are recognized in the
lowlands east of the Andes. Despite this low species richness in the Amazonian lowland rainforests, the taxonomic
delimitation among several of these taxa is problematic leading to an underestimation of species richness (ParraOlea et al. 2004; Elmer et al. 2013; Brcko et al. 2013). Chief among causes of this taxonomic uncertainty are the
combination of a conservative external morphology, confused original descriptions and absence of precise data for
the types of two of the oldest species of Bolitoglossa—B. altamazonica Cope, 1874 and B. peruviana Boulenger,
1883. The description of B. altamazonica was based on three syntypes (subsequently lost) from Nauta, Loreto department, Peru (Brame & Wake 1963), not helpful under current taxonomic standards. This species is thought to
have a broad distribution in the Amazonian lowlands of Venezuela, Colombia, Ecuador, Brazil, Peru, and Bolivia
(Brame & Wake 1963; Wake et al. 1982; Reichle et al. “2000” 2001; Schargel & Rivas 2003; Köhler et al. 2006;
Acosta-Galvis & Gutierréz-Lamus 2012; Acevedo et al. 2013; Brcko et al. 2013; Barrio-Amorós et al. 2015).
However, given the problems outlined above, the taxonomic identification of many of these populations is uncertain. A second Amazonian species, B. peruviana Boulenger, 1883, was described based on a single specimen from
Moyobamba, San Martín department, Peru. Although the holotype is still preserved, no new vouchers from the type
locality have been collected. Specimens from the localities of San Martin and Loreto departments in Peru, and from
numerous localities in Ecuador are assigned to this taxon (Brame & Wake 1963; Crump 1977; Coloma et al. 2004;
Parra-Olea et al. 2004; Cisneros-Heredia 2006; Elmer et al. 2013). However, their identification as B. peruviana
should be seen as tentative.
Recent DNA-based molecular studies (Parra-Olea et al. 2004; Acevedo et al. 2013; Elmer et al. 2013) revealed
cryptic diversity among Amazonian Bolitoglossa. Using two mitochondrial genes (Cytochrome b, 16S RNA), Parra-Olea et al. (2004) showed that specimens assigned to B. altamazonica from Brazil and Peru are highly divergent
and do not form sister groups. For these reasons, they revalidated B. paraensis for the Brazilian samples. Elmer et
al. (2013) identified high genetic divergence and notable phylogeographic structure among populations assigned
to B. equatoriana and B. peruviana in Ecuador, which also exhibited a very conserved morphology. Consequently,
they divided the observed genetic diversity of Ecuadorian specimens of purported B. peruviana in four clades: altamazonica, Upper Napo, Upper Aguarico, Lower Napo/Lower Aguarico (pairwise genetic distances=9.5–11.9 %
in Cytb with a K2P correction and 1.1–2.8 % in RAG–1 no correction). Given the results of Elmer et al. (2013) and
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that there are no DNA sequences of topotypic specimens of B. peruviana, it is unclear if any of the four lineages
discovered in Equador correponds to nominal B. peruviana and if so, which one it would be.
Herein, we study the external morphology and DNA sequences of four markers of historical and newly collected specimens from key localities to address the species delimitation of B. altamazonica and B. peruviana, designate
a neotype of the former, and describe and name a new species from northern Peru.

Materials and Methods
Fieldwork and taxon sampling
Fieldwork was conducted in the montane, pre-montane, and lowland forests adjacent to the type locality of B. peruviana in Moyobamba, San Martin department between 2014 and 2016 by Juan C. Cusi, Andy C. Barboza, and
Jordan Milla. Localities explored were 1) Alto Mayo Protected Forest (05.977º S, 77.363º W, 1098 m; 05.936º S,
77.433º W, 1640 m; 05.661º S, 77.744º W, 1639 m), 2) El Dorado native village (05.725° S, 77.285° W, 1053 m), 3)
Microcuencas Rumiyacu-Mishquiyacu (06.088º S, 76.975º W, 1076 m), 4) Morro Calzada (06.026° S, 77.044° W,
973 m) and 5) Cordillera Escalera Regional Conservation Area (06.466° S, 76.287° W, 967 m). The Microcuencas
Rumiyacu-Mishquiyacu and Morro Calzada located near Moyobamba (between 5–8 km from the stated type locality of B. peruviana), together with El Dorado native village (48 km to the type locality of B. peruviana) are localities
near Moyobamba city. Despite the extensive sampling, we did not find B. peruviana during fieldwork in primary
and secondary premontane and cloud forests in San Martin.
Referred sequences of B. altamazonica and B. peruviana were obtained from tissue samples from 10 specimens collected at five localities in northern Peru. Two sites in Loreto—Allpahuayo Mishana National Reserve and
Sucusari River—are located ca. 60 and 160 km respectively, from Nauta, the type locality of B. altamazonica. Additionally, two other sites in Cordillera Escalera, Loreto, are located ca. 30 and 45 km from Moyobamba. In San
Martin department, tissue samples were included from Cordillera Escalera Regional Conservation Area located ca.
75 km from Moyobamba. The dataset included 32 sequences of B. peruviana sensu lato (subclades: altamazonica,
Upper Napo, Upper Aguarico and Lower Napo/Lower Aguarico) and B. equatoriana sensu lato (subclades: Upper
equatoriana and equatoriana) retrieved from GenBank and generated by Elmer et al. (2013), as well as sequences
of other taxa of the genus Bolitoglossa from South America. Note that the sequence assigned to B. paraensis [Acre]
by Parra-Olea et al. (2004) is assigned to the recently described B. caldwellae, based on morphometric data by
Brcko et al. (2013). Thus, no genetic sample of B. paraensis was included in our phylogenetic analysis. Bolitoglossa
zapoteca (subgenus Oaxakia), B. mexicana (subgenus Bolitoglossa) and B. cerroensis (subgenus Eladinea) were
used as outgroups in phylogenetic analyses. Specimen voucher numbers, localities data and accession numbers for
all sequences used in this study are listed in Table 1.
TABLE 1. Species, subgenus, sample localities, museum numbers and GenBank accession numbers for DNA sequences
used in the phylogenetic analysis of all samples of the South American Bolitoglossa and new material for B. altamazonica, B. peruviana and Bolitoglossa awajun sp. n.
Species

Subgenus

Locality

Bolitoglossa
altamazonica

Eladinea

Peru, Loreto,
Maynas,
San Juan
Bautista,
Reserva
Nacional
Allpahuayo
Mishana

Museum
number
CRBIIAP
AR001117
(ORP 200)

GenBank accession numbers
Cytb
MG944413

RAG–1

16 S

POMC

MG944433 MG944405

MG944425

Authors
This
study

...Continued on the next page
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TABLE 1. (Continued)
Species

Subgenus

Locality

Bolitoglossa
altamazonica

Eladinea

Peru, Loreto,
Maynas,
Mazán: Río
Sucusari,
Estación
de Campo
del Centro
Amazónico
de Estudios
Tropicales
(ACTS),
Trocha QT

Bolitoglossa
biseriata

Eladinea

Bolitoglossa
cadwellae
(previously
B. paraensis
[Acre] in
Parra et al.
2004 and
Elmer et al.
2013)

Museum
number

GenBank accession numbers

Authors

Cytb

RAG–1

16 S

POMC

MUSM 21597
(TNHC-FS
2544)

MG944414

--

--

--

This
study

Panama,
Kuna Yala,
Nusagandi

MVZ 232943
(S13236)

AY526161

KC614436

AY526118

--

ParraOlea et
al. 2004,
Elmer et
al. 2013

Eladinea

Brazil: Acre,
5 km N Porto
Walter

MPEG 12881
(=LSUMZH13735)

AY526168

--

AY526129

--

ParraOlea et
al. 2004

Bolitoglossa
cerroensis

Eladinea

Costa Rica,
San José,
Cuericí 5 km
E Villa Mills

MVZS 12921
(DBW 5123)

AF199195

--

AF199233

--

GarciaParis &
Wake.
2000

Bolitoglossa
cerroensis

Eladinea

Costa Rica,
MVZ 181276
Cartago,
/ MVZ
Prov. Cartago 233516

--

KC614459

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Pastaza,
Kapawi
Lodge

QCAZ 25522

DQ353809

KC614442

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Pastaza,
Kapawi
Lodge

QCAZ 25710

DQ353810

--

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Pastaza,
Kapawi
Lodge

QCAZ 25467

DQ353811

--

--

--

Elmer et
al. 2013

...Continued on the next page

368 · Zootaxa 4834 (3) © 2020 Magnolia Press

CUSI et al.

TABLE 1. (Continued)
GenBank accession numbers

Museum
number

Cytb

RAG–1

16 S

POMC

Ecuador,
Orellana,
Estación
Científica
Yasuni
(PUCE)

QCAZ 20845

KC614427

KC614453

--

--

Elmer et
al. 2013

Eladinea

Ecuador,
Orellana,
Estación
Científica
Yasuni
(PUCE)

QCAZ 32291

KC614430

KC614455

--

--

Elmer et
al. 2013

Bolitoglossa
sp.
(previously
B.
altamazonica
in Parra-Olea
et al. 2004)

Eladinea

Perú, Loreto,
1.5 km N
Teniente
López

KU 222111

AY526160

--

AY526117

--

ParraOlea et
al. 2004

Bolitoglossa
cf. peruviana

Eladinea

QCAZ 25795

DQ353812

--

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

QCAZ 25794

DQ353815

KC614443

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Napo,
Estación
Biológica
Jatun Sacha
(EBJS)

QCAZ 25455

DQ353829

--

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Napo,
Estación
Biológica
Jatun Sacha
(EBJS)

KU 217421

AY526170

--

AY526131

--

ParraOlea et
al. 2004

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Napo,
Estación
Biológica
Jatun Sacha
(EBJS- Inner
Vision
Lodge)

QCAZ 25753

DQ353827

KC614446

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Napo, Cando

QCAZ 25318

DQ353824

--

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Napo, Cando

QCAZ 25319

DQ353823

--

--

--

Elmer et
al. 2013

Species

Subgenus

Locality

Bolitoglossa
cf. peruviana

Eladinea

Bolitoglossa
cf. peruviana

Ecuador,
Sucumbios,
Aguarico
Ecuador,
Sucumbios,
Aguarico

Authors

...Continued on the next page
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TABLE 1. (Continued)
GenBank accession numbers

Museum
number

Cytb

RAG–1

16 S

POMC

Ecuador,
Napo, Cando

QCAZ 25320

DQ353821

KC614445

--

--

Elmer et
al. 2013

Eladinea

Ecuador,
Napo, Cando

QCAZ 25317

DQ353822

--

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Pastaza, Sta
Clara (finca
de Tapia)

QCAZ 25355

DQ353818

--

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Orellana,
Auca 14 Rd
near Coca

QCAZ 25593

DQ353819

KC614444

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Napo,
Estación
Biológica
Jatun Sacha
(EBJS- Inner
Vision
Lodge)

QCAZ 25747

DQ353817

--

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Orellana, La
Selva Lodge

QCAZ 25421

DQ353832

--

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Orellana, La
Selva Lodge

QCAZ 25386

DQ353833

--

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Orellana, La
Selva Lodge

QCAZ 25387

DQ353836

KC614450

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Orellana, La
Selva Lodge

QCAZ 25385

DQ353835

KC614449

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Orellana, La
Selva Lodge

QCAZ 25420

DQ353838

--

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Sucumbios,
Monte Tour,
Cuyabeno

QCAZ 28404

KC614429

KC614454

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Orellana,
Auca 14 Rd
near Coca

QCAZ 25268

DQ353830

KC614447

--

--

Elmer et
al. 2013

Bolitoglossa
cf. peruviana

Eladinea

Ecuador,
Orellana,
Auca 14 Rd
near Coca

QCAZ 25592

DQ353831

KC614448

--

--

Elmer et
al. 2013

Species

Subgenus

Locality

Bolitoglossa
cf. peruviana

Eladinea

Bolitoglossa
cf. peruviana

Authors

...Continued on the next page
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TABLE 1. (Continued)
Species

Subgenus

Locality

Bolitoglossa
equatoriana
(previously
B. peruviana
in Parra-Olea
et al. 2004)

Eladinea

Ecuador:
Sucumbios:
Estación
Científica
University
Católica,
Cuyabeno

Bolitoglossa
equatoriana

Eladinea

Bolitoglossa
equatoriana

Eladinea

Bolitoglossa
cf.
equatoriana

Museum
number

GenBank accession numbers

Authors

Cytb

RAG–1

16 S

POMC

QCAZ 05930
(=LSUMZH12838)

AY526169

--

AY526130

--

ParraOlea et
al. 2004

QCAZ 28221

KC614428

--

--

--

Elmer et
al. 2013

Ecuador,
Orellana,
Tiputini
Reserve

QCAZ 37304
(DFCHUSFQ 0230)

DQ353845

KC614452

--

--

Elmer et
al. 2013

Eladinea

Ecuador,
Napo,
Estación
Biológica
Jatun Sacha
(EBJS)

QCAZ 25450

DQ353844

--

--

--

Elmer et
al. 2013

Bolitoglossa
cf.
equatoriana

Eladinea

Ecuador,
Napo,
Estación
Biológica
Jatun Sacha
(EBJS)

DFCHBU2730
(FHGO 2730)

DQ353846

--

--

--

Elmer et
al. 2013

Bolitoglossa
cf.
equatoriana

Eladinea

Ecuador,
Napo,
Estación
Biológica
Jatun Sacha
(EBJS)

QCAZ 25448

DQ353842

KC614451

--

--

Elmer et
al. 2013

Bolitoglossa
mexicana

Bolitoglossa

Honduras:
Atlántida,
Quebrada de
Oro

USNM
343451

AF212975

--

AF218468

--

GarciaParis et
al. 2000

Bolitoglossa
palmata

Eladinea

Ecuador:
Napo:
Cordillera de
Guacamayos
a 31 km de
Baeza

KU 217422

AY526164

--

AY526125

--

ParraOlea et
al. 2004

Bolitoglossa
peruviana

Eladinea

Peru,
Loreto, Alto
Amazonas,
Balsapuerto:
Cordillera
Escalera
- Shawi

CRBIIAP
AR001120
(GGU
2038/1688)

MG944415

MG944434

MG944406

MG944426

This
study

Ecuador,
Sucumbios,
Pto Bolívar
(Cuyabeno)

...Continued on the next page
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TABLE 1. (Continued)
Species

Subgenus

Locality

Bolitoglossa
peruviana

Eladinea

Peru,
Loreto, Alto
Amazonas,
Balsapuerto:
Cordillera
Escalera
- Shawi

Bolitoglossa
peruviana

Eladinea

Bolitoglossa
sima

Museum
number

GenBank accession numbers

Authors

Cytb

RAG–1

16 S

POMC

CRBIIAP
AR001121
(GGU
2058/1708)

MG944416

MG944435

MG944407

MG944427

This
study

Peru,
Loreto, Alto
Amazonas,
Balsapuerto:
Cordillera
Escalera
- Shawi

CRBIIAP
AR001118
(GGU
2085/1735)

MG944417

MG944436

MG944408

MG944428

This
study

Eladinea

Colombia,
Valle de
Cauca

MVZ 163575
(MVZs 2057)

AY526172

--

AY526134

--

ParraOlea et
al. 2004

Bolitoglossa
sp. (Jurúa)

Eladinea

Brazil,
Amazonas,
Itamarati,
Jainú, Río
Jurúa

INPA 3098

AY526166

--

AY526127

--

ParraOlea et
al. 2004

Bolitoglossa
sp. (Ituxi)

Eladinea

Brazil,
Amazonas,
Lábrea,
Madeireira
Scheffer, Rio
Ituxi

MPEG 13307
(=LSUMZH3086)

AY526167

--

AY526128

--

ParraOlea et
al. 2004

Bolitoglossa
sp. (Chilma)

Eladinea

Ecuador,
Carchi,
Chilma Bajo

QCAZ39981

KC614431

KC614456

--

--

Elmer et
al. 2013

Bolitoglossa
sp. (Condor)

Eladinea

Ecuador,
QCAZ 41724
ZamoraChinchipe,
Cordillera del
Cóndor, near
San Miguel
de Las
Orquídeas

KC614432

KC614457

--

--

Elmer et
al. 2013

Bolitoglossa
sp.
(ECSanFran)

Eladinea

Ecuador,
ZamoraChinchipe,
Estación
Científica
San
Francisco

KC699921

KC699927

--

--

Elmer et
al. 2013

JCS 019

...Continued on the next page
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TABLE 1. (Continued)
Species

Subgenus

Locality

Bolitoglossa
awajun sp. n.

Eladinea

Bolitoglossa
awajun sp. n.

Museum
number

GenBank accession numbers

Authors

Cytb

RAG–1

16 S

POMC

Peru, San
CRBIIAP
Martín, San
AR001122
Martín, San
(GGU 1776)
Antonio:
Área de
Conservación
Regional
Cordillera
Escalera

MG944421

--

--

--

This
study

Eladinea

Peru, San
CRBIIAP
Martín, San
AR001125
Martín, San
(GGU 1850)
Antonio:
Área de
Conservación
Regional
Cordillera
Escalera
- Shawi

MG944422

MG944442

MG944412

MG944432

This
study

Bolitoglossa
awajun sp. n.

Eladinea

Peru, San
CRBIIAP
Martín, San
AR001124
Martín, San
(GGU 1736)
Antonio:
Área de
Conservación
Regional
Cordillera
Escalera

MG944420

MG944441

MG944411

MG944431

This
study

Bolitoglossa
awajun sp. n.

Eladinea

Peru, San
CRBIIAP
Martín, San
AR001123
Martín, San
(GGU 1730)
Antonio:
Área de
Conservación
Regional
Cordillera
Escalera

MG944419

MG944440

MG944410

MG944430

This
study

Bolitoglossa
awajun sp. n.

Eladinea

Peru, San
CRBIIAP
Martín, San
AR001126
Martín, San
(GGU 1712)
Antonio:
Área de
Conservación
Regional
Cordillera
Escalera

MG944418

MG944439

MG944409

MG944429

This
study

Bolitoglossa
zapoteca

Oaxakia

México:
Oaxaca:
Santa María
Ecatepec

AF416683

--

AF416698

--

ParraOlea et
al. 2002

IBH 13375
(GP 522)

DNA Extraction, amplification and sequencing
Genomic DNA was extracted from tissue preserved in 98% ethanol using a high-salt DNA extraction protocol (Aljanabi & Martinez 1997). We sequenced two mitochondrial genes, Cytochrome b (Cytb) and 16S rRNA (16S), and
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two nuclear genes, recombination-activating protein 1 (RAG–1) and pro-opiomelanocortin (POMC). Fragments of
these genes were amplified by the polymerase chain reaction (PCR) using primers MVZ15 and MVZ16 for Cytb
gene (Moritz et al. 1992), 16SAR and 16SBR for 16S gene (Palumbi et al. 1991), Rag1BolitoF and Rag1BolitoR
for the RAG–1 gene (Elmer et al. 2013), and POMC_DRV_F1 and POMC_DRV_R1 for POMC gene (Vieites et al.
2007). We employed the following thermocycling conditions to amplify DNA from each gene using the polymerase
chain reaction (PCR): Cytb, 1 cycle of 94ºC/3 min; 38 cycles of 92ºC/1 min, 49ºC/1 min, 72ºC/1 min; and 1 cycle
of 72ºC/5 min; 16S, 1 cycle of 96°C/3 min; 35 cycles of 95°C/30 s, 55°C/45 s, 72°C/1.5 min; and 1 cycle of 72°C/7
min; RAG–1, 1 cycle of 95ºC/3 min; 45 cycles of 95ºC/30 s, 57ºC/30 s, 72ºC/1.5 min, and 1 cycle of 72ºC/10 min;
POMC, 1 cycle of 95ºC/3 min; 38 cycles of 95ºC/30 s, 49ºC/30 s, 72ºC/1 min, and 1 cycle of 72ºC/7 min. We completed the cycle sequencing reactions by using the corresponding PCR primers and the BigDye Terminator 3.1 (Applied Biosystems), and obtained sequence data by running the purified reaction products in an ABI 3730 Sequence
Analyzer (Applied Biosystems). All sequences were deposited in GenBank (Table 1).

Phylogenetic analysis
The DNA sequence data matrix contains 2491 bp (680 bp from the Cytb gene, 514 bp from the 16S gene, 804 bp
from the RAG–1 gene and 493 bp from the POMC gene) for 55 terminals. A total of 10 individuals were sampled
of five populations of Bolitoglossa from northern Peru: two populations for B. altamazonica in Loreto (Allpahuayo
Mishana National Reserve and Río Sucusari), two for B. peruviana in Loreto (two localities inside Cordillera Escalera) and one for the new species in San Martin (Cordillera Escalera Regional Conservation Area, see below, Species accounts). Eight individuals were sequenced for all genes (n=1 for B. altamazonica, n=3 for B. peruviana, n=4
for the new species) and two individuals (n=1 for B. altamazonica, n=1 for the new species) for Cytb gene. Newly
produced DNA sequences and those obtained from GenBank were included in the phylogenetic analysis. Sequences
were aligned using the default settings of the CLUSTAL W algorithm as incorporated in the software MEGA v. 7
(Kumar et al. 2016); the resulting alignments were visually corrected to resolve gap placements. We used PartitionFinder v1.0.0 (Lanfear et al. 2012) to select the optimal partition schemes and nucleotide substitution models for
each partitioned codon position under the Bayesian Information Criterion (BIC) analyzing all possible partitioning schemes. Molecular phylogenies were inferred separately for mitochondrial and nuclear sequences, and for
combined data. Congruence in the combined data (Cytb, 16S, RAG–1, POMC) was evaluated using Incongruence
Length Difference (ILD) Test, implemented in PAUP as Partition Homogeneity Test (Swofford 2002). The ILD Test
was performed with 100 replicates and 10 random addition sequences. Phylogenetic relationships were inferred using
Maximum Likelihood (ML) analysis conducted in RAxML (Stamatakis et al. 2008) implemented on CIPRES Science
Gateway (Miller et al. 2010) and Bayesian Inference (BI) in MrBayes v3.2.0 (Ronquist & Huelsenbeck 2003).
We analyzed the data using Maximum Likelihood under the GTRGAMMA+I substitution model for all partitions (the maximized available model in RAxML) based on 1000 bootstrap replicates to assess nodal support
and full-optimization ML searches. Substitution models for all genes were consistent with PartitionFinder v1.0.0.
Bayesian analyses were based on the best substitution models selected for each codon position. We performed 2
independent runs with four chains (one cold and three hot) for 20 × 106 generations and sampling every 1000 generations from the Markov Chain Monte Carlo (MCMC). We discarded the first 25% of sampled trees as burn-in
and visually examined the convergence of chains in Tracer 1.6 (Rambaut & Drummond 2003). ESS values > 200
for parameter estimates were considered acceptable. The remaining trees were used to generate a majority rule consensus tree. All trees were visualized in FigTree (http://tree.bio.ed.ac.uk/software/figtree/). The uncorrected genetic
distances (p-distances) between taxa were estimated using MEGA v. 7 (Kumar et al. 2016) for 16S, Cytb, RAG–1
and POMC sequences. We considered a value for species-level divergence equal to or higher than 0.02 for 16S gene
(Boza et al. 2012; Rovito et al. 2013; Kubicki & Arias 2016). To examine possible haplotype sharing between the
new species and its closest relatives, we inferred haplotype networks for each nuclear gene (RAG–1 and POMC).
We used PHASE version 2.1 (Stephens et al. 2001, Stephens & Scheet 2005) to resolve haplotypes, and we used
SeqPHASE (Flot 2010) to process the input and output files; the phased data (i.e., PHASE output file converted to
FASTA) included the diploid genotype (i.e., two sequences per specimen). We used the R package ‘pegas’ version
0.13 (Paradis 2010) to build a haplotype network for closely related species.
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Morphology
We evaluated 178 specimens of Bolitoglossa and Museum codes mentioned in the text and acronyms are as follows:
Natural History Museum, London, UK (BMNH), Museum of Zoology, University of Michigan, Michigan, USA
(UMMZ), Museo de Historia Natural de la Universidad Nacional Mayor de San Marcos, Lima, Peru (MUSM), Centro de Ornitología y Biodiversidad, Lima, Peru (CORBIDI), Instituto de Investigaciones de la Amazonia Peruana,
Iquitos, Perú (CRBIIAP AR, field code: GGU), Museo Nacional de Ciencias Naturales, Madrid, España (MNCN)
and Museo de Historia Natural de Cusco, Cusco, Perú (MHNCP). Morphological characters, measurements and
dentition follow Brame & Wake (1963), Acosta-Galvis & Guitérrez-Lamus (2012), Acevedo et al. (2013) and Brcko
et al. (2013). A list of specimens examined is included in the Appendix I.
Morphometric measurements were taken on the right side of each specimen with a Mitutoyo digital caliper
(nearest 0.01 mm). The holotype of Bolitoglossa peruviana was measured by Jeffrey W. Streicher (BMNH) and
morphometric data for B. paraensis and B. caldwellae are from Brcko et al. (2013). Morphometric measurements of
B. altamazonica, B. peruviana and the new species were analyzed and compared with B. paraensis, B. caldwellae
and B. palmata, because all of these species are geographical and phylogenetically close as well as being similar in
morphology. Unfortunately, it was not possible to access specimens of B. equatoriana; therefore, subsequent studies
are required to compare our study group with this phylogenetically close species. Abbreviations for measurements
(in mm) and structure counts (dentition) are as follows: Standard length (SL, snout to posterior end of vent); snout
to anterior end of vent (SVL); head length between tip of snout and posterior margin of mouth (HL); head width
at widest point (HW); head depth at posterior angle of jaw (HD); snout to gular fold (SGF); eyelid width (EYW);
eyelid length (EYL); snout length (SNL); projection snout beyond mandible (SP); width of snout at widest point
(LWS); width of snout at narrowest point (SWS); distance between external nares (EN); horizontal diameter orbit
(OD); distance between anterior corners of the eyes (DBE); interorbital distance (IDE); width mental gland (WMG);
length mental gland (LMG); distance between nuchal groove and gular fold (NGGF); snout to axilla (SA); axilla to
groin (AG); pectoral width (PECW); length forelimb, from axil to tip of longest finger (FL); length hind limb, from
groin to tip of longest finger (HLL); hand width (HDW); foot width (FW); length third finger (LIIIF); length third
toe (LIIIT); length fifth toe (LVT); tail length (TL); tail width at base (TW); tail depth at base (TD); vent length,
equals SL minus SVL (VL); premaxillary teeth (PT); maxillary teeth (MT) and vomerine teeth (VT); dentary teeth
(DT). Sex was determined by dissection or observation of external secondary sexual characters (presence of the hedonic mental gland in males). Data analyzed were taken only from adult specimens. The number of adult specimens
is provided in each species description. Descriptions of color patterns in life are based on digital photographs taken
in the field. Photographs of the holotype of B. peruviana were examined.
Principal Component Analysis (PCA) and Discriminant Function Analysis (DFA) were used to assess morphometric differentiation of six species of Bolitoglossa (B. altamazonica, B. peruviana, B. caldwellae, B. paraensis, B.
palmata and the new species). We applied a multivariate Box Cox transformation to all morphometric variables, in
order to validate the assumptions of homogenized variance and multivariate normality, using the powerTransform
command of the ‘car’ package in R (Fox & Weisberg 2011). The Box Cox transformation allows to centralize information around of the mean and to correct biases in the distribution of error, heterocedasticity and non-lineality. We
performed a Discriminant Function Analysis (DFA) using all morphometric variables in a stepwise procedure. The
stepwise method gradually introduced each variable in the discriminant function and selected the most important
variables to discriminate groups, in order to correctly classify the specimens of Bolitoglossa into predefined taxa
corresponding to B. altamazonica, B. peruviana, B. paraensis, B. caldwellae, B. palmata and the new species. A priori taxonomic assignment of the samples for B. peruviana was based on morphology and color pattern (see below,
Species accounts), and for B. altamazonica was based on description of the type (see below, Species accounts). We
excluded specimens previously identified as B. altamazonica from other localities including Huanuco (Schlüter et
al. 2004), Madre de Dios (von May et al. 2009) and Cusco (Icochea & Mitchell 1997; Icochea et al. 1998; Córdova
et al. 2006), because they are considerably more distant (> 550 km) from Nauta and might represent other species
(see below, Discussion). Univariate and Multivariate DISCO analyses were performed using the ‘energy’ package
implemented in R to test significant differences in morphometric measurements between species. DISCO analysis
is a nonparametric extension of ANOVA and MANOVA analyses, for data that do not meet the assumptions of a
multivariate normal distribution (Rizzo & Szekely 2010). We calculated the range, mean and standard deviation for
each morphometric variable. All statistical analyses were performed in SPSS software version 22 for Windows and
R version 3.3.0 for Mac OS X 10.9 (R Development Core Team 2016).

Bolitoglossa awajun sp. n.

Zootaxa 4834 (3) © 2020 Magnolia Press ·

375

Results
Molecular analysis
Our analysis included 34 sequences obtained from Peruvian Bolitoglossa (18 sequences of mitochondrial DNA and
16 sequences of nuclear DNA) and sequence data available in Genbank (Table 1). The DNA sequence data matrix
contains 2491 bp (680 bp from the Cytb gene, 514 bp from the 16S gene, 804 bp from the RAG–1 gene and 493 bp
from the POMC gene) for 55 terminals. The three datasets analysed were: (1) Cytb gene, (2) 16S gene, (3) RAG–1 +
POMC genes, and (4) combined data for mtDNA (16S + Cytb) and nuDNA genes (RAG–1 + POMC). The partition
schemes for each dataset were (substitution models in parentheses): for Cytb, the first codon position (SYM+I+G),
the second codon position (HKY+I) and the third codon position (GTR+G); for 16S, the first, second and third codon positions together (GTR+G); for RAG–1 + POMC, the first codon position (HKY+G) and the second and third
codon positions together (F81+I). For combined data, the first and third codon positions together (GTR+I+G) and the
second codon position (SYM+I+G). The Partition Homogeneity Test presented no evidence for phylogenetic conflict
between the Cytb, 16S, RAG–1 and POMC genes (P>0.01), justifying the use of the combined data partition.

FIGURE 1. Maximum likelihood phylogeny of the species of Bolitoglossa (Eladinea) based on combined data of mitochondrial
genes (Cytb, 16S) and nuclear genes (RAG–1, POMC). Support values above and below branches represent ML bootstrap (BS ≥
70) and Bayesian posterior probabilities (BPP ≥ 0.95) respectively. Lower support values not shown. B. mexicana, B. zapoteca
and B. cerroensis were used as outgroups. B. altamazonica and B. equatoriana species complexes are indicated in bars.

The phylogenetic tree of combined data (Fig. 1) shows that the specimens assigned to B. peruviana from Cordillera Escalera, Loreto, Peru, form a clade with B. altamazonica and the new species within the subgenus Eladinea.
This clade is completely divergent from others members of Eladinea, presenting uncorrected genetic distances (p-
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distances) of 3.5–10.9% for 16S and 7.7–20.6% for Cytb. These three species are divergent from each other (Table 2,
Table S1–S2): B. altamazonica differs from the other two species by 2.9–4.9% in 16S and 6.5–7.3% in Cytb; B. peruviana by 2.9–3.9% in 16S and 7.3–8.0% in Cytb; the new species differs by 3.9–4.9% in 16S and 6.5–8.0% in Cytb.
Two samples of Bolitoglossa from Ituxi and Jurua, eastern Brazil are closely related (BS=69, BPP=0.84; not shown)
to B. altamazonica, B. peruviana and the new species. The haplotype network of phased RAG–1 sequences shows no
haplotype sharing between the new species and closely related species (Fig. 2). Likewise, the haplotype network of
phased POMC sequences shows no haplotype sharing between the new species and closely related species (Fig. 3). The
sample previously identified as B. altamazonica (KU 222111) from Teniente López, Loreto, near the border between
Peru and Ecuador (Parra-Olea et al. 2004; Elmer et al. 2013), belongs to a different lineage with genetic distances of
4.7–5.6 % in 16S and 10.9–14.7 % in Cytb from other Peruvian populations, and is most related with samples of B.
cf. peruviana from Yasuni and Kapawi, Ecuador. Ecuadorian populations formerly assigned to B. cf. peruviana (subclades: altamazonica, Upper Napo, Upper Aguarico and Lower Napo/Lower Aguarico by Elmer et al. 2013) are not
closely related with the topotypic samples of B. altamazonica and B. peruviana. In addition, these samples form an
exclusive clade with the samples of B. equatoriana and B. cf. equatoriana with low support (BS < 70, BPP < 0.95).

FIGURE 2. Haplotype network of phased RAG–1 sequences showing the relationship between Bolitoglossa awajun sp. n.
(blue, haplotypes III, IV, V, VI, VII) and closely-related species. Dashes indicate additional mutational steps between haplotypes. The size of the circles represents the number of sequences in each haplotype (see reference circles on the left).

Maximum likelihood (ML) and Bayesian inference (BI) analyses for Cytb data (Fig. S1) resulted in congruent
topologies with the combined data. The topologies for 16S + Cytb data (Fig. S2) are congruent with trees resulting
from separate analyses of the 16S and Cytb data (results not shown). The topology produced by the RAG–1+ POMC
analyses was poorly resolved, indicating that the internal relationships between the clades of Bolitoglossa remain
problematic for nuclear genes in comparison with the combined data. Only five nodes are supported by BS values
greater than 70 (Fig. S3).
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FIGURE 3. Haplotype network of phased POMC sequences showing the relationship between Bolitoglossa awajun sp. n. (blue,
haplotypes III, IV, V, VI) and closely related species. Dashes indicate additional mutational steps between haplotypes. The size
of the circles represents the number of sequences in each haplotype (see reference circles on the left).

Morphometric analyses:
The PCA of multivariate Box Cox transformed morphometric data explained 73.3% of the total variance in the six
first principal components (Table 3). The first component (43.9% of the variance) had high loadings on SL, HL,
HW, HD, SGF, EYW, EYL, SWS, EN, DBE, NGGF, SA, AG, PECW, FL, HLL, HDW, FW, LIIIF, LIIIT and VL;
the second component (9.8% of the variance) had high loadings on SNL, LWS, IDE and LVT; the third component
(7.0% of the variance) had high loading on OD; the fourth component (4.7% of the variance) had high loading on
SP; the fifth component (4.3% of the variance) had high loading on MT; and the sixth component (3.6% of the variance) had high loading on VT (Table 3). The PCA did not show differences in the morphospace among species (Fig.
4), indicating a broad overlap between Peruvian-Ecuadorian species (B. altamazonica, B. peruviana, B. palmata and
the new species; letter B in Fig. 4) and Brazilian species (B. caldwellae and B. paraensis; letter A in Fig. 4).
The DFA of the morphometric data selected 18 variables as the most useful discriminators in the five factors for
the differentiation among B. altamazonica, B. peruviana, B. caldwellae, B. paraensis, B. palmata and the new species (Table 4). The first discriminant factor (DF1) explained 63.0%, and the measurements that contributed most to
discrimination were DBE and NGGF. The second discriminant factor (DF2) explained 25.9%, and HL, SNL, SP, AG
and FW contributed to the most discrimination. The third discriminant factor explained 7.5%, and HW, HD, LWS,
EN, IDE, SA and LIIIT contributed to the most discrimination. The fourth discriminant factor explained 2.3%, and
FL contributed to the most discrimination. The fifth discriminant factor explained 1.3%, and SWS, OD and VT con-
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tributed to the most discrimination (Table 4). Individuals were correctly classified into the five species 98.7 % of the
cases (Table 5). Erroneous classification was low in B. caldwellae (2.3%) and B. paraensis (1.2%). All individuals
of B. altamazonica, B. peruviana, B. palmata and the new species were correctly classified.

FIGURE 4. Principal Components 1 and 2 of morphometric measurements for the six species of Bolitoglossa studied herein.
Letter A indicates Brazilian species and letter B indicates Peruvian-Ecuadorian species.

The first two discriminant factors explained 89% of the discrimination, showing a clear separation among Brazilian (B. caldwellae and B. paraensis) and Peruvian-Ecuadorian species (B. altamazonica, B. peruviana, B. palmata
and the new species) along DF1 (Fig. 5). On the other hand, DF2 showed a small overlap between B. caldwellae and
B. paraensis, and a broad overlap between B. altamazonica, B. peruviana and the new species, these latter clearly
separated from B. palmata. Within the Peruvian taxa, there was very small overlap between B. altamazonica and
B. peruviana; in contrast, the new species exhibited moderate overlap with both B. altamazonica and B. peruviana
(Fig. 5). Although the DFA revealed some discriminator variables, we are aware that caution is necessary because
of the likelihood of overclassification.
We found significant differences in body shape among the six species of Bolitoglossa included in the morphometric analysis (DISCO multivariate, F-ratio=4.532, p-value < 0.01). The selected morphometric measurements
revealed statistically significant differences between: B. altamazonica - B. caldwellae (DISCO multivariate, F-ratio=4.714, p=0.01), B. altamazonica - B. paraensis (DISCO multivariate, F-ratio=5.266, p < 0.01), B. peruviana
- B. caldwellae (DISCO multivariate, F-ratio=4.042, p=0.01), B. peruviana - B. paraensis (DISCO multivariate,
F-ratio=4.877, p=0.01), B. peruviana - B. palmata (DISCO multivariate, F-ratio=3.946, p=0.01), the new species
- B. caldwellae (DISCO multivariate, F-ratio=6.92, p < 0.01), the new species - B. paraensis (DISCO multivariate, F-ratio=7.124, p < 0.01), B. caldwellae - B. paraensis (DISCO multivariate, F-ratio=4.163, p = 0.01), and B.
paraensis - B. palmata (DISCO multivariate, F-ratio=2.594, p < 0.05). The DISCO univariate analyses of measurements pairwise are shown in Table S3.

Bolitoglossa awajun sp. n.

Zootaxa 4834 (3) © 2020 Magnolia Press ·

379

FIGURE 5. Discriminant functions 1 and 2 of the morphometric measurements for the six species of Bolitoglossa studied
herein.

TABLE 2. Average uncorrected genetic distances (p-distances) of two mitochondrial genes (Cytb, 16S rRNA) and two
nuclear genes (RAG–1, POMC) within and among species of Bolitoglossa.
Genes
Cytb

16S

RAG–1

POMC

Clades

1

2

3

1

Bolitoglossa altamazonica

0.026

± 0.007

± 0.006

2

Bolitoglossa peruviana

0.073

0.005 ± 0.004

± 0.006

3

Bolitoglossa awajun sp. n.

0.065

0.080

0.011 ± 0.013

1

Bolitoglossa altamazonica

--

± 0.001

± 0.005

2

Bolitoglossa peruviana

0.029

0.002 ± 0.001

± 0.004

3

Bolitoglossa awajun sp. n.

0.049

0.039

0.009 ± 0.010

1

Bolitoglossa altamazonica

--

± 0.003

± 0.001

2

Bolitoglossa peruviana

0.002

0.005 ± 0.003

± 0.002

3

Bolitoglossa awajun sp. n.

0.0004

0.003

0.001 ± 0.001

1

Bolitoglossa altamazonica

--

± 0.001

± 0.001

2

Bolitoglossa peruviana

0.005

0.010 ± 0.001

± 0.003

0.008

0.005 ± 0.002

3 Bolitoglossa awajun sp. n.
0.005
In the diagonal: Mean p-distances ± standard deviation within subclades (in bold)
Below the diagonal: Mean p-distances among subclades
Above the diagonal: Standard deviations among subclades
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TABLE 3. Loadings, eigenvalues and cumulative variance for Principal Component Analysis of multivariate Box Cox
transformed morphometric data of the six species of Bolitoglossa (B. altamazonica, B. peruviana, B. caldwellae, B.
paraensis, B. palmata, B. awajun sp. n.). Numbers in bold indicate highest loadings.
Components
1

2

3

4

5

6

SL

0.92

-0.15

-0.17

-0.02

0.04

-0.01

HL

0.78

0.04

0.01

0.14

0.18

-0.04

HW

0.79

-0.25

0.23

0.05

0.06

-0.23

HD

0.58

-0.18

0.40

-0.22

0.04

-0.39

SGF

0.82

-0.13

0.12

0.06

0.03

0.20

EYW

0.45

-0.14

0.43

0.00

-0.08

0.18

EYL

0.63

-0.23

0.18

-0.08

-0.42

0.03

SNL

0.46

0.53

-0.36

0.34

0.12

-0.12

SP

0.30

0.26

-0.34

0.63

-0.29

-0.19

LWS

0.58

0.59

0.15

-0.02

-0.11

-0.17

SWS

0.46

0.45

0.38

0.23

-0.30

0.11

EN

0.71

0.19

0.33

0.25

-0.16

-0.05

OD

0.51

0.17

0.57

0.08

0.14

-0.18

DBE

0.56

-0.53

-0.11

0.34

-0.10

-0.01

IDE

0.53

0.59

0.22

-0.30

-0.03

0.11

NGGF

0.66

-0.29

-0.05

-0.11

-0.06

0.41

SA

0.83

-0.16

0.15

0.04

0.02

0.03

AG

0.78

-0.25

-0.26

0.10

0.08

-0.09

PECW

0.68

-0.44

0.11

-0.20

-0.03

-0.28

FL

0.75

-0.32

-0.24

-0.02

-0.03

0.18

HLL

0.84

-0.21

-0.21

-0.06

0.01

0.05

HDW

0.84

-0.06

-0.17

-0.09

-0.09

-0.02

FW

0.85

0.08

-0.29

-0.04

-0.05

-0.08

LIIIF

0.75

0.22

-0.33

-0.16

0.06

0.04

LIIIT

0.74

0.29

-0.34

-0.28

0.09

-0.01

LVT

0.48

0.58

-0.11

-0.24

-0.06

0.08

VL

0.51

0.22

-0.02

-0.20

-0.18

0.28

MT

0.50

0.12

0.01

-0.03

0.69

-0.14

VT

0.32

0.05

0.31

0.40

0.47

0.48

Eigenvalues

12.72

2.85

2.03

1.36

1.24

1.048

Cumulative
variance

43.85

53.67

60.66

65.35

69.63

73.25

Species accounts
Bolitoglossa awajun sp. n.
(Figs 6–7)
Suggested English name: Awajun salamander
Suggested Spanish name: Salamandra Awajún
Holotype. CRBIIAP AR001123 (field number: GGU 1730). An adult female collected in the Cordillera Escalera
Regional Conservation Area (06.387° S, 76.372° W, 1265 m a.s.l.), San Antonio district, San Martin province, San
Martin department, Peru, collected by Giussepe Gagliardi and Marco Odicio in 2010.
Bolitoglossa awajun sp. n.

Zootaxa 4834 (3) © 2020 Magnolia Press ·

381

TABLE 4. Discriminant functions of the multivariate Box Cox transformed data for the six species of Bolitoglossa (B.
altamazonica, B. peruviana, B. caldwellae, B. paraensis, B. palmata, B. awajun sp. n.). See text for abbreviations. The
highest absolute correlation between each morphometric measurement and discriminant function indicated with an asterisk (*).
Discriminant functions
1

2

3

4

5

HL

0.076

0.141*

0.122

0.115

0.124

HW

0.186

-0.082

0.265*

-0.112

0.059

HD

0.146

-0.173

0.458*

-0.031

-0.187

SNL

-0.049

0.332*

0.038

-0.106

-0.067

SP

0.062

0.280*

-0.079

-0.006

-0.068

LWS

-0.082

0.041

0.357*

0.060

-0.311

SWS

-0.002

-0.045

-0.079

-0.005

-0.422*

EN

0.095

-0.022

0.207*

0.045

-0.199

OD

0.027

-0.179

0.114

0.082

0.275*

DBE

0.464*

0.185

0.198

-0.098

0.030

IDE

-0.215

-0.039

0.252*

-0.152

-0.141

NGGF

0.096*

0.093

0.078

0.069

0.071

SA

0.146

-0.034

0.148*

-0.052

-0.088

AG

0.156

0.231*

0.185

-0.230

0.055

FL

0.129

0.158

0.025

0.298*

-0.027

FW

0.071

0.257*

0.244

-0.134

-0.192

LIIIT

-0.052

0.251

0.471*

-0.043

0.072

VT

0.042

-0.058

-0.151

-0.273

0.296*

% Variance

63.00

25.90

7.50

2.30

1.30

TABLE 5. Classification matrix of the discriminant analysis for the six species of Bolitoglossa.
Predicted classification*
B. caldwellae B. paraensis B. palmata

Total

B. altamazonica

B. peruviana

B. awajun sp. n.

B. altamazonica

8

0

0

0

0

0

8

B. peruviana

0

4

0

0

0

0

4

B. awajun sp. n.

0

0

11

0

0

0

11

B. caldwellae

0

0

0

42

1

0

43

B. paraensis

0

0

0

1

82

0

83

B. palmata
0
0
* 98.7% of the cases were correctly classified

0

0

0

3

3

Paratypes. Eleven individuals: CRBIIAP AR001124 (field number: GGU 1736), ♀, 06.386° S, 76.372° W,
1311 m a.s.l., CRBIIAP AR001122 (field number: GGU 1776), ♀, 06.396° S, 76.393° W, 868 m a.s.l., CRBIIAP
AR001125 (field number: GGU 1850), ♂, 06.390° S, 76.407° W, 485 m a.s.l., CRBIIAP AR001126 (field number:
GGU 1712), juvenile, 06.388° S, 76.375° W, 1208 m a.s.l., from the same locality as holotype collected by Giussepe
Gagliardi and Marco Odicio; MHNC 47346 (field number: AJC 2609), ♂, from Shucshuyacu (06.622° S, 76.615°
W, 537 m a.s.l.), Santa Rosa district, El Dorado province, San Martin department, Peru, collected in April 2010 by
Santiago Castroviejo-Fisher; CORBIDI 8814 (field number VD–022), CORBIDI 8877 (field number PC16–34),
CORBIDI 9939 (field number PV282), 3 ♀, and CORBIDI 8878 (field number PC16–33), CORBIDI 8879 (field
number PC16–32), CORBIDI 9205 (field number PC 16–15), 3 ♂, from Checkpoint 16 “Chambirillo” (07.069° S,
76.015° W, 1122 m a.s.l.), Cordillera Azul National Park, Shamboyacu district, Picota province, San Martin depart-
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ment, Peru, collected on 31 October 2010 (CORBIDI 8877–8879), 21 January 2011 (CORBIDI 8814), 6 May 2011
(CORBIDI 9205) and 21 October 2011 (CORBIDI 9939) by Pablo Venegas and Vilma Durán.

FIGURE 6. Holotype of Bolitoglossa awajun sp. n. (CRBIIAP AR001123) in preservative. Dorsal (A) and ventral (B) view of
body, dorsal (C) and lateral (D) view of head, ventral view of right hand (E) and right foot (F), and buccal cavity (G) on ventral
view. Photos by Juan C. Cusi.

FIGURE 7. Adults of Bolitoglossa awajun sp. n. in life. Dorsal (A) and ventral (B) view of the paratype CRBIIAP AR001122.
Dorsal (C) and dorsolateral (D) view of the paratype CRBIIAP AR001125. Both preserved specimens are from Cordillera Escalera RCA. Photos by Giussepe Gagliardi.
Bolitoglossa awajun sp. n.
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Diagnosis
Bolitoglossa awajun sp. n. is most similar morphometrically to B. altamazonica and B. peruviana, and is the sister
taxon to the clade composed of these two species according to the molecular analysis. It differs from these two species by having evidently visible tips of digits on the hands and feet, and differences in ventral coloration (for details,
see below, Comparisons). It differs from both species in sequences of the mitochondrial DNA Cytb and 16S genes.
The species superficially resembles other species distributed in the Amazonian lowlands but is distinguished from
all by molecular data and individually by some morphological and coloration features (see below, Comparisons).

Definition
A species of Bolitoglossa belonging to the Bolitoglossa altamazonica species complex characterized by the following combination of characters: (1) SL mean 37.7 mm in males (range 32.0–42.2; n=5), 41.4 mm in females (range
34.9–48.2; n=6); (2) in life, dorsal coloration uniformly brown with a dark brown triangular marking between the
eyes or some irregular light cream spots or patches on the head, back and flanks; (3) iris pale golden; (4) in preservative, dark brown venter with cream mottlings or moderate-sized blotches on the gular region, belly, cloacal region
and tail; (5) tips of third finger and third toe protuberant and pointed with nearly complete webbing on the hands
and feet; (6) 11–26 maxillary teeth and 8–24 vomerine teeth.

Comparison with other congeners
Bolitoglossa awajun sp. n. is differentiated from all members of the subgenus Eladinea from the Amazon basin of
Peru, Ecuador and Brazil by Cytb and 16S DNA sequences, morphometric measurements and coloration patterns.
Morphological comparisons are presented here with respect to congeners of the subgenus Eladinea from western
and eastern Brazil (i.e., B. paraensis and B. caldwellae), eastern Ecuador (B. palmata) and northern Peru (B. altamazonica and B. peruviana). Bolitoglossa awajun sp. n. is distinguished from B. caldwellae and B. paraensis by having
greater distance between anterior corners of the eyes DBE/HL 0.56 ± 0.08, lower interorbital distance IDE/HL 0.46
± 0.06 and lower forelimb length SL/FL 4.18 ± 0.36 (DBE/HL 0.37 ± 0.05, IDE/HL 0.64 ± 0.05, SL/FL 4.42 ± 0.31
in B. caldwellae; DBE/HL 0.38 ± 0.06, IDE/HL 0.61 ± 0.05, SL/FL 4.50 ± 0.33 in B. paraensis). B. caldwellae has
a lower axilla to groin distance AG/SL 0.50 ± 0.03 (AG/SL 0.55 ± 0.10 in B. awajun sp. n.) and B. paraensis has
a greater distance from snout to axilla SL/SA 3.16 ± 0.26 (SL/SA 3.01 ± 0.18 in B. awajun sp. n.). Distinguished
from all other species, except of B. paraensis, by having tips of third finger and third toe protuberant and pointed
(tips of all digits visible and rounded in B. altamazonica, B. peruviana, B. caldwellae and B. palmata). Bolitoglossa
awajun sp. n. is notably distinctive from the aforementioned species by having dark brown ventral coloration with
cream mottlings or blotches of moderate size (dark brown coloration with tiny light cream dots or small spots in B.
altamazonica, dark gray brown coloration with evenly distributed tiny cream dots in B. peruviana, light brown coloration with cream specks varied sized in B. caldwellae, dark brown coloration with a few tan dashes and spots in B.
palmata). Bolitoglossa awajun sp. n. is differentiated from B. altamazonica by differences in mitochondrial DNA,
with genetic distances of 0.065 (Cytb gene) and 0.049 (16S gene); differentiated from B. peruviana by genetic distances of 0.080 (Cytb gene) and 0.039 (16S gene). For comparison of morphometric and dentition characters for B.
altamazonica, B. peruviana, B. caldwellae, B. paraensis, B. palmata and B. awajun sp. n. see Tables 6–7.

Description of the holotype:
An adult female of moderate size SL 42.3 mm. Broad head SL/HW 6.52, not flattened, about 0.95 times as long as
wide, head broader than neck. Snout very short SNL/HL 0.29, slightly broadened SWS/HL 0.46. Distinct groove
extends below the eye, following its curvature. Snout rounded in lateral view, truncate in dorsal view and projected
ahead of the jaws in ventral view. Canthus rostralis not prominent. Nostrils small, rounded, located near tip of snout.
Eyes protuberant, visible in dorsal view, slightly beyond lateral margins of head, horizontal orbit diameter 0.86
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of the snout length. Nasolabial protuberances evident (Fig. 6). Body cylindrical, 13 deep and discernable costal
grooves. Limbs relatively short (FL/SL 0.23, HLL/SL 0.26); adpressed limbs separated by approximately 4 costal
folds. Hand and foot broad (SL/HDW 18.37, SL/FW 14.09), nearly completely webbed with the tips of third finger
and third toe protuberant and pointed (sinuosity of the foot: 1.55; Jaekel & Wake, 2007), no subterminal pads. Digits
in order of increasing length: I-IV-II-III on hands, I-V-II-IV-III on foot. Tail relatively long (TL/SL 73%) and slender
with a weak basal constriction and rounded in cross section. The vent is light white pigmented. 26 maxillary teeth
(left: 14, right: 12) extending to middle of the eyes. 2 premaxillary teeth anterior to line of maxillary teeth and do
not protrude from the lip. 20 vomerine teeth (left: 10, right: 10). Vomerine teeth in a single row arranged in two
arcs extending beyond inner margin of choanae (and below the choanae), parasphenoid teeth arranged in series as
inverted “V” shape. 50 dentary teeth (left: 25, right: 25).
Measurements (in mm) and counts of the holotype (CRBIIAP AR001123): SL 42.3, SVL 40.3, HL 6.8, HW
6.5, HD 3.0, SGF 10.9, EYW 1.4, EYL 3.0, SNL 2.0, SP 0.7, LWS 4.3, SWS 3.1, EN 1.8, OD 1.7, DBE 3.1, IDE
2.8, NGGF 4.5, SA 16.3, AG 21.8, PECW 5.6, FL 9.5, HLL 11.1, HDW 2.3, FW 3.0, LIIIF 2.4, LIIIT 2.8, LVT 1.7,
TL 30.7, TW 2.6, TD 3.5, VL 2.0, PT 2, MT 14-12, VT 10-10, DT 25-25.
TABLE 6. Morphometric measurements in mm and tooth counts of Bolitoglossa altamazonica, B. peruviana and B. awajun sp. n. See text for abbreviations. Range followed by mean and standard deviation in parentheses.
Measurements
SL
SVL
HL
HW
HD
SGF
EYW
EYL
SNL
SP
LWS
SWS
EN
OD

Bolitoglossa altamazonica

Bolitoglossa peruviana

Bolitoglossa awajun sp. n.

♀ N=4, ♂ N=4

♀ N=3, ♂ N=1

♀ N=6, ♂ N=5

♀

39.6–49.2 (43.8 ± 4.5)

36.9–40.3 (38.7 ± 1.7)

34.9–48.2 (41.4 ± 4.5)

♂

36.6–40.1 (38.0 ± 1.7)

37.3

32.0–42.2 (37.7 ± 3.9)

♀

37.2–46.9 (41.0 ± 4.4)

34.4–37.7 (36.0 ± 1.7)

32.7–43.7 (38.2 ± 4.0)

♂

33.9–37.0 (35.4 ± 1.7)

33.4

30.4–39.2 (34.8 ± 3.2)

♀

5.2–6.6 (5.8 ± 0.7)

4.9–6.7 (5.8 ± 0.9)

5.4–6.8 (6.0 ± 0.5)

♂

4.7–6.7 (5.5 ± 0.9)

5.3

4.6–8.2 (5.8 ± 1.4)

♀

5.2–5.8 (5.5 ± 0.3)

5.4–6.1 (5.7 ± 0.4)

5.2–6.5 (5.9 ± 0.6)

♂

5.1–6.7 (5.7 ± 0.7)

5.5

5.3–6.4 (5.7 ± 0.4)

♀

2.5–3.3 (2.9 ± 0.3)

2.4–3.5 (2.9 ± 0.6)

2.8–3.9 (3.3 ± 0.4)

♂

2.7–3.1 (2.8 ± 0.2)

2.6

2.7–3.7 (3.1 ± 0.4)

♀

8.9–10.3 (9.6 ± 0.6)

8.6–9.6 (9.1 ± 0.5)

8.2–10.9 (9.8 ± 1.1)

♂

8.5–10.6 (9.3 ± 0.9)

8.1

7.2–9.8 (8.9 ± 1.1)

♀

1.1–1.5 (1.3 ± 0.2)

1.2–1.4 (1.3 ± 0.1)

1.0–1.7 (1.3 ± 0.3)

♂

1.1–1.7 (1.4 ± 0.3)

1.3

1.2–1.4 (1.3 ± 0.1)

♀

2.6–3.0 (2.8 ± 0.2)

2.6–2.9 (2.7 ± 0.1)

2.4–3.2 (2.9 ± 0.3)

♂

2.2–2.8 (2.6 ± 0.3)

2.6

2.6–3.2 (2.9 ± 0.2)

♀

2.1–2.6 (2.4 ± 0.2)

1.7–2.2 (1.9 ± 0.3)

1.6–2.3 (2.0 ± 0.2)

♂

1.9–2.8 (2.2 ± 0.4)

2.2

1.7–2.3 (1.9 ± 0.2)

♀

0.8–1.2 (1.0 ± 0.9)

0.8

0.7–1.0 (0.8 ± 0.1)

♂

0.8–1.3 (1.0 ± 0.2)

1

0.8–1.2 (0.9 ± 0.2)

♀

3.5–3.8 (3.7 ± 0.1)

2.9–3.4 (3.2 ± 0.3)

3.5–4.4 (3.9 ± 0.4)

♂

3.6–4.3 (3.9 ± 0.3)

3.8

3.7–4.4 (3.9 ± 0.3)

♀

2.6–3.1 (2.8 ± 0.2)

2.5–2.7 (2.6 ± 0.1)

2.0–3.1 (2.7 ± 0.4)

♂

2.8–3.4 (3.0 ± 0.3)

2.5

2.6–3.3 (3.0 ± 0.2)

♀

1.7–1.9 (1.8 ± 0.1)

1.6–1.7 (1.7 ± 0.1)

1.6–2.0 (1.8 ± 0.2)

♂

1.7–2.1 (1.9 ± 0.2)

1.8

1.8–2.6 (2.1 ± 0.3)

♀

1.6–2.0 (1.8 ± 0.2)

1.9–2.3 (2.0 ± 0.2)

1.7–2.1 (1.9 ± 0.1)
...Continued on the next page
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TABLE 6. (Continued)
Measurements

DBE
IDE
NGGF
SA
AG
PECW
FL
HLL
HDW
FW
LIIIF
LIIIT
LVT
VL
MT
VT

Bolitoglossa altamazonica

Bolitoglossa peruviana

Bolitoglossa awajun sp. n.

♀ N=4, ♂ N=4

♀ N=3, ♂ N=1

♀ N=6, ♂ N=5

♂

1.4–2.0 (1.6 ± 0.3)

1.8

1.7–2.4 (1.9 ± 0.3)

♀

3.1–3.4 (3.3 ± 0.2)

2.6–2.8 (2.7 ± 0.1)

2.8–4.0 (3.2 ± 0.4)

♂

2.7–3.7 (3.1 ± 0.4)

3.2

2.8–3.6 (3.3 ± 0.3)

♀

2.6–2.9 (2.8 ± 0.2)

2.6–2.8 (2.7 ± 0.1)

2.2–3.4 (2.7 ± 0.4)

♂

2.4–3.5 (2.8 ± 0.5)

2.7

2.2–3.0 (2.6 ± 0.3)

♀

3.1–3.6 (3.3 ± 0.2)

3.3–3.5 (3.4 ± 0.1)

2.7–4.5 (3.5 ± 0.7)

♂

2.9–4.2 (3.3 ± 0.6)

2.8

2.4–3.6 (3.2 ± 0.5)

♀

12.5–14.3 (13.3 ± 0.8)

11.9–13.6 (12.7 ± 0.8)

11.2–16.3 (13.7 ± 1.9)

♂

11.6–13.6 (12.5 ± 0.9)

11.6

10.6–13.7 (12.6 ± 1.2)

♀

21.9–27.7 (24.6 ± 2.6)

20.7–24.0 (22.0 ± 1.7)

17.8–24.8 (21.8 ± 2.8)

♂

19.2–32.0 (23.6 ± 5.7)

18.4

17.5–36.0 (22.3 ± 7.7)

♀

4.1–4.4 (4.2 ± 0.1)

3.7–5.3 (4.3 ± 0.9)

4.3–5.7 (5.1 ± 0.6)

♂

3.9–4.6 (4.3 ± 0.3)

3.7

3.7–5.3 (4.3 ± 0.6)

♀

8.9–10.4 (9.5 ± 0.8)

8.3–9.2 (8.7 ± 0.4)

7.6–11.5 (9.7 ± 1.3)

♂

7.7–9.6 (8.4 ± 0.8)

8.5

8.6–10.1 (9.3 ± 0.6)

♀

9.2–10.4 (10.0 ± 0.6)

8.7–9.5 (9.2 ± 0.4)

8.4–12.6 (10.4 ± 1.4)

♂

8.7–9.4 (9.0 ± 0.3)

8.1

8.9–10.5 (9.7 ± 0.7)

♀

2.2–3.0 (2.7 ± 0.4)

2.0–2.6 (2.3 ± 0.3)

2.0–3.5 (2.5 ± 0.5)

♂

1.9–2.9 (2.5 ± 0.4)

2.1

1.9–2.5 (2.3 ± 0.2)

♀

3.0–4.3 (3.8 ± 0.6)

2.7–3.1 (2.9 ± 0.2)

2.9–4.2 (3.3 ± 0.5)

♂

2.8–3.3 (3.0 ± 0.2)

2.6

2.2–3.3 (2.9 ± 0.4)

♀

2.2–3.0 (2.6 ± 0.3)

1.9–2.7 (2.2 ± 0.4)

1.8–2.8 (2.3 ± 0.3)

♂

1.6–2.7 (2.2 ± 0.4)

2

1.9–2.3 (2.1 ± 0.2)

♀

2.4–2.9 (2.7 ± 0.2)

2.4–2.6 (2.5 ± 0.1)

2.4–3.3 (2.7 ± 0.4)

♂

2.2–2.6 (2.4 ± 0.2)

2.1

2.1–2.7 (2.4 ± 0.2)

♀

1.7–2.0 (1.9 ± 0.1)

1.5–1.6 (1.5 ± 0.04)

1.4–2.2 (1.8 ± 0.3)

♂

1.5–2.0 (1.8 ± 0.2)

1.3

1.4–1.9 (1.7 ± 0.2)

♀

2.4–3.7 (2.8 ± 0.6)

2.5–3.1 (2.7 ± 0.3)

2.0–4.5 (3.1 ± 0.9)

♂

1.7–3.0 (2.5 ± 0.6)

4

1.6–4.3 (2.9 ± 1.0)

♀

20.0–37.0 (26.5 ± 7.3)

13.0–36.0 (26.3 ± 11.9)

13.0–26.0 (21.7 ± 5.4)

♂

4.0–24.0 (17.8 ± 9.3)

17

11.0–20.0 (17.1 ± 3.6)

♀

18.0–24.0 (19.5 ± 3.0)

17.0–31.0 (23.7 ± 7.0)

10.0–23.0 (17.2 ± 4.6)

♂

12.0–24.0 (16.8 ± 5.3)

17

8.0–24.0 (14.4 ± 6.7)

Coloration of the holotype in preservative
Dorsal surface pale yellowish brown with some small diffuse blotches that are dark brown. Crown of the head pale
yellowish brown with the upper eyelids and loreal region dark brown. Snout brown with cream spots below the
nares and nasolabial protuberances. Small spots on upper and lower lips. Gular region is dark gray-brown with tiny
creamy white spots. Gular fold is cream. Dorsal surface of the tail lighter than that of body. Tip of tail is light cream.
Limbs brown with small white dots ventrally. Ventral surface of the trunk and tail dark gray-brown with widely
scattered irregular blotches or light creamy patches. Hands and feet light gray ventrally.
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0.30 - 0.41 (0.36 ± 0.04)

0.23 - 0.31 (0.27 ± 0.03)

0.10 - 0.91 (0.54 ± 0.22)

0.33 - 0.65 (0.45 ± 0.12)

FW/HLL

LIIIT/HLL

MT/SL

VT/SL

0.44 - 0.77 (0.57 ± 0.16)

0.33 - 0.89 (0.62 ± 0.27)

0.26 - 0.28 (0.27 ± 0.01)

0.30 - 0.33 (0.32 ± 0.01)

4.13 - 4.59 (4.32 ± 0.20)

4.25 - 4.63 (4.43 ± 0.16)

4.06 - 4.74 (4.30 ± 0.25)

2.90 - 3.27 (3.09 ± 0.18)

0.35 - 0.39 (0.37 ± 0.02)

SL/HLL

0.32 - 0.40 (0.35 ± 0.03)

NGGF/SGF

0.40 - 0.54 (0.46 ± 0.06)

4.04 - 5.21 (4.57 ± 0.37)

0.41 - 0.72 (0.53 ± 0.11)

SWS/HL

0.43 - 0.70 (0.60 ± 0.12)

SL/FL

0.57 - 0.91 (0.68 ± 0.11)

LWS/HL

0.09 - 0.12 (0.10 ± 0.01)

13.08 - 14.25 (13.71 ±
0.48)

0.08 - 0.14 (0.10 ± 0.02)

SP/SGF

0.76 - 1.04 (0.89 ± 0.11)

10.64 - 14.32 (12.18 ±
1.23)

0.63 - 1.08 (0.82 ± 0.15)

EN/SNL

0.38 - 0.57 (0.48 ± 0.08)

SL/FW

0.39 - 0.60 (0.49 ± 0.07)

IDE/HL

0.42 - 0.59 (0.51 ± 0.07)

15.27 - 19.13 (17.52 ±
1.64)

0.49 - 0.64 (0.57 ± 0.05)

DBE/HL

0.34 - 0.38 (0.35 ± 0.02)

13.83 - 19.07 (15.94 ±
1.97)

0.25 - 0.36 (0.31 ± 0.04)

OD/HL

0.27 - 0.41 (0.35 ± 0.06)

SL/HDW

0.32 - 0.53 (0.41 ± 0.08)

SNL/HW

0.25 - 0.40 (0.35 ± 0.07)

0.49 - 0.60 (0.55 ± 0.05)

0.28 - 0.60 (0.41 ± 0.10)

SNL/HL

0.42 - 0.57 (0.50 ± 0.06)

0.53 - 0.87 (0.59 ± 0.11)

0.41 - 0.60 (0.51 ± 0.07)

HD/HL

0.91 - 1.12 (1.00 ± 0.09)

AG/SL

0.83 - 1.17 (1.00 ± 0.13)

HW/HL

6.01 - 7.95 (6.86 ± 0.83)

2.95 - 3.45 (3.17 ± 0.19)

5.47 - 9.56 (7.34 ± 1.26)

SL/HL

6.63 - 7.11 (6.84 ± 0.20)

B. peruviana
(n = 4)

SL/SA

5.79 - 8.76 (7.37 ± 0.92)

B. altamazonica
(n = 8)

SL/HW

Measurements

0.30 - 0.76 (0.48 ± 0.12)

0.33 - 0.91 (0.60 ± 0.13)

0.21 - 0.37 (0.29 ± 0.03)

0.28 - 0.41 (0.33 ± 0.03)

3.54 - 4.86 (4.27 ± 0.27)

3.78 - 5.13 (4.42 ± 0.31)

10.72 - 15.21 (13.09 ±
1.01)

13.51 - 19.28 (16.59 ±
1.18)

0.44 - 0.55 (0.50 ± 0.03)

2.58 - 3.14 (2.90 ± 0.12)

0.23 - 0.42 (0.33 ± 0.04)

0.48 - 0.73 (0.56 ± 0.05)

0.63 - 0.91 (0.78 ± 0.07)

0.05 - 0.10 (0.08 ± 0.01)

0.81 - 1.26 (0.98 ± 0.11)

0.55 - 0.73 (0.64 ± 0.05)

0.31 - 0.58 (0.37 ± 0.05)

0.30 - 0.44 (0.38 ± 0.03)

0.26 - 0.42 (0.34 ± 0.04)

0.26 - 0.45 (0.35 ± 0.05)

0.46 - 0.73 (0.58 ± 0.05)

0.92 - 1.17 (1.03 ± 0.07)

5.83 - 7.75 (6.77 ± 0.44)

6.09 - 6.98 (6.56 ± 0.25)

B. caldwellae
(n = 43)

0.21 - 0.84 (0.41 ± 0.10)

0.29 - 0.99 (0.62 ± 0.16)

0.23 - 0.43 (0.32 ± 0.03)

0.23 - 0.48 (0.35 ± 0.04)

3.62 - 5.40 (4.20 ± 0.35)

3.87 - 5.33 (4.50 ± 0.33)

10.15 - 16.52 (12.20 ±
1.00)

11.05 - 19.08 (16.16 ±
1.26)

0.35 - 0.57 (0.53 ± 0.03)

2.67 - 4.31 (3.16 ± 0.26)

0.27 - 0.45 (0.35 ± 0.04)

0.35 - 0.68 (0.51 ± 0.06)

0.50 - 0.97 (0.77 ± 0.07)

0.05 - 0.14 (0.09 ± 0.02)

0.64 - 1.29 (0.82 ± 0.13)

0.47 - 0.74 (0.61 ± 0.05)

0.19 - 0.54 (0.38 ± 0.06)

0.26 - 0.40 (0.34 ± 0.03)

0.31 - 0.54 (0.42 ± 0.06)

0.28 - 0.50 (0.40 ± 0.05)

0.37 - 0.67 (0.53 ± 0.05)

0.80 - 1.14 (0.96 ± 0.07)

5.68 - 8.99 (6.86 ± 0.54)

6.09 - 8.91 (7.16 ± 0.47)

B. paraensis
(n = 83)

0.34 - 0.42 (0.37 ± 0.04)

0.50 - 0.79 (0.69 ± 0.16)

0.26 - 0.32 (0.30 ± 0.03)

0.30 - 0.37 (0.34 ± 0.03)

4.35 - 4.69 (4.56 ± 0.19)

4.53 - 6.45 (5.41 ± 0.97)

12.71 - 14.31 (13.58 ±
0.81)

14.31 - 15.23 (14.77 ±
0.46)

0.51 - 0.59 (0.55 ± 0.04)

2.92 - 3.39 (3.09 ± 0.26)

0.31 - 0.37 (0.34 ± 0.03)

0.40 - 0.62 (0.49 ± 0.12)

0.67 - 0.93 (0.78 ± 0.13)

0.06 - 0.08 (0.07 ± 0.01)

1.16 - 1.50 (1.39 ± 0.20)

0.50 - 0.59 (0.55 ± 0.04)

0.62 - 0.76 (0.69 ± 0.07)

0.34 - 0.41 (0.38 ± 0.04)

0.20 - 0.27 (0.22 ± 0.04)

0.26 - 0.30 (0.28 ± 0.02)

0.82 - 1.03 (0.91 ± 0.11)

1.13 - 1.34 (1.26 ± 0.12)

7.63 - 8.44 (7.90 ± 0.46)

5.69 - 6.78 (6.30 ± 0.56)

Bolitoglossa palmata
(n = 3)

0.24 - 0.60 (0.39 ± 0.12)

0.27 - 0.62 (0.50 ± 0.12)

0.21 - 0.30 (0.26 ± 0.03)

0.25 - 0.35 (0.31 ± 0.03)

3.49 - 4.48 (3.95 ± 0.33)

3.69 - 4.63 (4.18 ± 0.36)

11.30 - 14.82 (12.76 ±
1.18)

13.89 - 18.58 (16.41 ±
1.44)

0.50 - 0.85 (0.55 ± 0.10)

2.59 - 3.25 (3.01 ± 0.18)

0.32 - 0.41 (0.36 ± 0.03)

0.35 - 0.57 (0.49 ± 0.08)

0.53 - 0.81 (0.68 ± 0.08)

0.06 - 0.13 (0.09 ± 0.02)

0.86 - 1.16 (0.99 ± 0.10)

0.34 - 0.54 (0.46 ± 0.06)

0.44 - 0.68 (0.56 ± 0.08)

0.25 - 0.41 (0.33 ± 0.04)

0.30 - 0.40 (0.34 ± 0.03)

0.28 - 0.42 (0.34 ± 0.04)

0.39 - 0.67 (0.56 ± 0.09)

0.71 - 1.16 (1.01 ± 0.13)

5.18 - 7.65 (6.80 ± 0.71)

5.78 - 7.84 (6.80 ± 0.64)

Bolitoglossa awajun sp.
n.
(n = 11)

TABLE 7. Morphological proportions of Bolitoglossa altamazonica, B. peruviana, B. caldwellae, B. paraensis, B. palmata and B. awajun sp. n. See text for abbreviations. Range
followed by mean and standard deviation in parentheses. Numbers in bold indicate proportions used in comparisons among species (see Comparison with other congeners).

Coloration of the paratypes in life
The dorsal surface of the body of an adult female CRBIIAP AR001122 (Fig. 7) is uniformly brown with a dark
brown triangular marking between the eyes. A light, white, irregular spot lies on the right side of body. Lateral surface of lips, neck, flanks and tail dark brown with tiny bright white dots. Nasolabial protuberances are light orange
brown. Dorsal coloration is slightly darker than that of the tail. Flanks are slightly darker than dorsum. Elbows and
hind limbs are cream color. Hands and feet dark brown with small white dots dorsally. Tail light brown with some
dark brown spots and tip of tail yellowish cream. Ventral background coloration black with bright white mottlings
or moderate-sized blotches arranged on either side of the ventral midline. Scattered small white dots on the throat.
Cloacal region and ventral tail with widely scattered light white spots or patches. Iris pale golden. An adult male
CRBIIAP AR001125 (Fig. 7) has a dark brown dorsum and some irregular light cream spots or patches on the head,
back and flanks. Snout, nasolabial protuberances, forelimbs and hind limbs are light cream.

Coloration of the paratypes in preservative
Variation of the dorsal and ventral coloration in preservation is shown in Figs S4–S5. The dorsal coloration pattern
is highly variable; some specimens have uniformly dark brown dorsa from head to tail (CORBIDI 8877, 8879), or
some diffuse reddish-brown spots (CORBIDI 8878), reddish dark brown dorsum on limbs and trunk with a creamy
dot on the right side of the body and a dark brown triangular marking on head and dark brown tail, with creamy
white blotches (CRBIIAP AR001122), cream-colored limbs with irregular dark brown spots (CRBIIAP AR001124).
The dorsum of one specimen is dark brown on the head, limbs, trunk and tail with creamy blotches on anterior parts
of the dorsolateral region (CRBIIAP AR001125); two have discontinuous yellowish cream dorsal stripes on a dark
brown background, extending from the head to the tail base.
A dark brown triangular marking on the crown of head is connected to the eyelids (CRBIIAP AR001126, CORBIDI 8814); one has a dark brown dorsum with the mid-region of the body light yellowish cream. Some dark brown
spots lie along a mediodorsal line. A triangular dark brown marking extends between the eyes (CORBIDI 9205).
The dorsum is creamy yellow with some scattered dark brown dots and a triangular dark brown marking extending
between the eyes (CORBIDI 9939). The snout and nasolabial protuberances are creamy white in all paratypes. The
tip of the tail is creamy yellow.
Ground coloration of the belly, limbs, gular region and tail varies from dark brown to reddish brown. Throat is
dark brown with pale cream mottlings or spots. Six specimens have creamy white blotches or patches of small to
moderate size arranged on either side of the ventral midline (Fig. S5 A–D, F, J). Four specimens have central and
posterior parts of the venter mottled with cream (Fig. S5 E, G–I). The tail venter has spots, blotches or mottlings
grouped together as patches with a creamy tip of tail. Palmar and plantar surfaces vary from dark gray and cream to
brown. Male mental glands are gray to cream.

Variation in morphometrics
Females are larger than males; the holotype is smaller (42.2 mm) than the largest paratype (48.2 mm) (Table 6,
Table S4). Tips of the digits in all paratypes are like those of the holotype, however the tip of the third finger in
CRBIIAP AR001126 is distorted. The left side of the foot is distorted as a result of a possible mutilation in CRBIIAP AR001125 (Fig. S6). Mental glands of males are subtriangular (WMG 2.2-2.8 mm, LMG 1.9–2.6 mm). 1–4
premaxillary teeth in males and 0-3 in females.

Distribution, habitat and conservation status
Bolitoglossa awajun sp. n. occurs in undisturbed pre-montane forests between 485 and 1311 m a.s.l. This species
is known from three locations in the northeastern part of the San Martin department, Peru (Fig. 8): 1) Cordillera
Escalera Regional Conservation Area (type locality), 2) Shucshuyacu and 3) Chimbirillo at Cordillera Azul National
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Park. The type locality of B. awajun sp. n. is ca.77 km from Moyobamba (type locality of B. peruviana), in turn located approximately 37 km from Shucshuyacu and 85 km from Chimbirillo. The disjunct distribution of the species
includes the lower basin of the Mayo river, the basin of the Sisa river and the basin of the Chambira river, on both
sides of the Huallaga river. The vegetation of the southeastern slope of the Cordillera Escalera RCA is dominated by
trees of the families Arecaceae (Socratea), Fabaceae (Inga), Urticaceae (Cecropia) and Lauraceae (Aniba, Ocotea)
(INRENA 2007).
Following the IUCN Red List criteria (IUCN 2017), we propose assigning Bolitoglossa awajun sp. n. to the
“Near Threatened” category because of its relative large geographic range and presence in extensive protected natural areas such as the Cordillera Escalera Regional Conservation Area and Cordillera Azul National Park.

FIGURE 8. Distribution map of Bolitoglossa awajun sp. n. and B. peruviana in Amazonian basin, border between San Martin
and Loreto, Peru. Type localities for both salamander species are shown in red square (for B. peruviana) and red circle (for
Bolitoglossa sp. n.). Samples included in the molecular and morphological analyses are indicated by half color symbols, and the
sites included only in the morphological analyses are indicated by open color symbols. Map by Juan C. Cusi.

Etymology
The specific epithet awajun refers to the Peruvian ethnic group known as “Awajún” or “Aguaruna” native inhabitants of Amazonian rainforests in Loreto, Amazonas, San Martin and Cajamarca departments. The name is treated
as a noun in apposition.

Bolitoglossa altamazonica (Cope, 1874)
(Figs 9–10)
English name: Nauta salamander
Spanish name: Salamandra de Nauta
Oedipus altamazonicus Cope, 1874
Bolitoglossa awajun sp. n.
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Spelerpes altamazonicus Boulenger, 1882
Oedipus altamazonicus Dunn, 1924
Bolitoglossa altamazonica Taylor, 1944
Bolitoglossa (Eladinea) altamazonica Parra-Olea et al. 2004

Syntypes: ANSP or USNM, n=3, lost or destroyed (Brame & Wake, 1963), from Nauta, Loreto department, Peru.
Collected by James Orton.
Neotype: CRBIIAP AR001117 (field number: ORP 200). An adult female from Allpahuayo Mishana National
Reserve, San Juan Bautista district, Maynas province, Loreto department, Peru, 03.965° S, 73.421° W, 132 m a.s.l.,
collected by Omar Rojas Padilla, on 6 October 2013.
Referred specimens: 10 individuals. Peru, Loreto department: Requena province: Requena district, Lago Avispa, trail between Requena and Lago Avispa, 05.057° S, 73.854° W, 55 m a.s.l.: MNCN 26953 (field number: JMP
1833), ♂, 17 December 2009, collected by José Manuel Padial, J. Raysky; Jenaro Herrera district, Jenaro Herrera,
04.899° S, 73.650° W, 140 m a.s.l.: MUSM 17958 (USNM Field Herp 173188), ♂, February 1992, collected by Lily
Rodriguez; Maynas province, Mazan district, Río Sucusari, Estación de Campo del Centro Amazónico de Estudios
Tropicales [ACTS], 03.253° S, 72.918° W, 102 m a.s.l., Trocha CWT: MUSM 21645 (field number: TNHC-FS
2580), ♀, 31 May 2014; Trocha QT: MUSM 21665, 21667 (field numbers: TNHC-FS 2627, 2629), 2 ♀, 8 June
2004, MUSM 21581 (field number: TNHC-FS 2515), ♂, 23 May 2004, MUSM 21597 (field number: TNHC-FS
2544), juvenile, 25 May 2004, MUSM 21666 (field number: TNHC-FS 2628), juvenile, 8 June 2004; Tambos:
MUSM 21612 (field number: TNHC-FS 2560), ♂, 27 May 2004; Trocha Colpa: MUSM 21589 (field number:
TNHC-FS 2494), juvenile, 24 June 2004. Collected by Chris Funk and Claudia Torres.

FIGURE 9. Neotype of B. altamazonica (CRBIIAP AR001117) in preservative. Dorsal (A) and ventral (B) view of body, dorsal
(C) and lateral (D) view of head, ventral view of right hand (E) and right foot (F), and buccal cavity (G) on ventral view. Photos
by Juan C. Cusi.
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FIGURE 10. Adults of B. altamazonica in life. Dorsal (A) and ventral (B) view of the neotype CRBIIAP AR001117 from Allpahuayo Mishana National Reserve. Photos by Omar R. Padilla. Dorsal (C) and dorsolateral (D) view of the preserved specimens
MUSM 21612 and MUSM 21581 from ACTS field station. Photos by W. C. Funk.

Diagnosis
Bolitoglossa altamazonica is similar in size to B. peruviana, from which it differs in having a longer tail, broader
hands and feet, and differences in ventral coloration; it is also similar in size to its other close relative, B. awajun
sp. n. from which it differs in having fully extended webbing with the tips of all digits visible and rounded, and
differences in ventral coloration (for details, see below, Comparisons). It differs from both species in sequences of
the mitochondrial DNA Cytb and 16S genes. The species superficially resembles other species distributed in the
Amazonian lowlands but is distinguished from all by molecular data and individually by some morphological and
coloration features (see below, Comparisons).

Description
A species of Bolitoglossa belonging to the Bolitoglossa altamazonica species complex characterized by the following combination of characters: (1) SL mean 38.0 mm in males (range 36.6–40.1, n=4), 43.8 mm in females (range
39.6–49.2, n=4); (2) in life, dorsal ground coloration pale yellowish brown or dark brown having a triangular brown
marking between the eyes with apex extending posteriorly on the trunk or with fine reddish brown flecks; (3) iris
pale golden with an orange brown ring; (4) in preservative, dark brown venter with tiny light cream dots, small spots
or blotches on the gular region, belly, limbs and tail; (5) tips of all digits visible and rounded with nearly complete
webbing on the hands and feet; (6) 4–37 maxillary teeth and 12–24 vomerine teeth.

Comparison with congeners
Bolitoglossa altamazonica is differentiated from all members of the subgenus Eladinea from the Amazon basin of
Bolitoglossa awajun sp. n.
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Peru, Ecuador and Brazil by Cytb and 16S DNA sequence differences, morphometric measurements and coloration
patterns. Morphological comparisons are presented here with respect to congeners of the subgenus Eladinea from
western and eastern Brazil (i.e., B. paraensis and B. caldwellae), eastern Ecuador (B. palmata) and northern Peru (B.
peruviana and B. awajun sp. n.). B. altamazonica is distinguished from B. caldwellae and B. paraensis by having a
greater distance between the anterior corners of eyes DBE/HL 0.57 ± 0.05, lower interorbital distance IDE/HL 0.49
± 0.07 and greater axilla to groin distance AG/SL 0.59 ± 0.11 (DBE/HL 0.37 ± 0.05, IDE/HL 0.64 ± 0.05, AG/SL
0.50 ± 0.03 in B. caldwellae; DBE/HL 0.38 ± 0.06, IDE/HL 0.61 ± 0.05, AG/SL 0.53 ± 0.03 in B. paraensis). In
constrast, B. caldwellae has a lower axilla to groin distance SNL/HL 0.35 ± 0.05, longer forelimb SL/FL 4.42 ± 0.31
and narrower foot width SL/FW 13.09 ± 1.01 (SNL/HL 0.41 ± 0.10, SL/FL 4.57 ± 0.37, SL/FW 12.18 ± 1.23 in B.
altamazonica). Similarly, B. paraensis has LWS/HL > 70% (LWS/HL ≤ 70% in B. altamazonica). B. altamazonica
is differentiated from B. paraensis and B. awajun sp. n. by having hands and feet with the tips of all digits visible
and rounded (tips of third finger and third toe visible in B. paraensis, tips of third finger and third toe protuberant
and pointed in B. awajun sp. n.). The ventral surface of B. altamazonica is markedly distinctive from B. peruviana,
B. caldwellae, B. palmata and B. awajun sp. n. by having a dark brown coloration with tiny light cream dots or small
spots on throat, belly and tail (dark gray brown coloration with evenly distributed tiny cream dots in B. peruviana,
light brown coloration with cream specks varied sized in B. caldwellae, dark brown coloration with a few tan dashes
and spots in B. palmata, dark brown coloration with cream mottlings or moderate sized blotches in B. awajun sp.
n.). B. altamazonica is differentiated from B. peruviana by genetic distances of 0.073 (Cytb gene) and 0.029 (16S
gene); and it is differentiated from B. awajun sp. n. by genetic distances of 0.065 (Cytb gene) and 0.049 (16S gene).
For comparison of morphometric and dentition characters for B. altamazonica, B. peruviana, B. caldwellae, B. paraensis, B. palmata and B. awajun sp. n. see Tables 6–7.

Description of the neotype:
An adult female of moderate size SL 40.6 mm. Narrow head SL/HW 7.85, not flattened, about 0.83 times as long
as wide, head broader than neck. Snout short SNL/HL 0.42, slightly broadened SWS/HL 0.41. Distinctive groove
extends below the eye, following its curvature. Snout rounded in lateral view, truncate in dorsal view and projected
ahead of the jaws in ventral view. Canthus rostralis not prominent. Nostrils small, rounded, located near tip of snout.
Eyes weakly protuberant, visible in dorsal view, slightly beyond lateral margins of head, horizontal orbit diameter
0.76 of the snout length. Nasolabial protuberances are poorly developed (Fig. 9). Body cylindrical, 13 shallow costal
grooves. Limbs relatively short (FL/SL 0.22, HLL/SL 0.25), adpressed limbs separated by approximately 4.5 costal
folds. Hands and feet broad (SL/HDW 18.53, SL/FW 13.40), nearly completely webbed with all digits visible and
the tips rounded (sinuosity of the foot: 1.53; Jaekel & Wake, 2007), no subterminal pads. Digits in order of increasing length I-IV-II-III on hands and I-V-II-IV-III on foot. Tail relatively long (TL/SL 87%) and thin with a weak basal
constriction and rounded in cross section. 37 maxillary teeth (left: 19, right: 18) extending to middle of the eyes. 1
premaxillary tooth anterior to line of maxillary teeth and does not protrude from the lip. 24 vomerine teeth (left: 12,
right: 12). Vomerine teeth (in crowded rows) arranged in two arcs extending to inner margin of choanae, parasphenoid teeth arranged in series as inverted “V” shape. 51 dentary teeth (left: 26, right: 25).
Measurements (in mm) and counts of the neotype (CRBIIAP AR001117): SL 40.6, SVL 38.2, HL 6.3, HW
5.2, HD 2.5, SGF 9.5, EYW 1.1, EYL 2.8, SNL 2.6, SP 0.8, LWS 3.6, SWS 2.6, EN 1.7, OD 2.0, DBE 3.4, IDE 2.9,
NGGF 3.1, SA 13.0, AG 23.1, PECW 4.2, FL 8.9, HLL 10.0, HDW 2.2, FW 3.0, LIIIF 2.2, LIIIT 2.9, LVT 1.8, TL
35.5, TW 2.7, TD 3.0, VL 2.4, PT 1, MT 19-18, VT 12-12, DT 26-25.

Coloration of the neotype in life
Dorsal coloration on head, body and tail is pale brown with a triangular brown marking between the eyes with apex
extending posteriorly, following middorsal line on the trunk. Snout and nasolabial protuberances are creamy yellow.
Lower part of lips, neck, flanks and lateral tail are gray-brown with tiny creamy white blotches or spots. Ventral
coloration is dark gray with tiny white dots or small spots on the belly, throat and tail. Forelimbs and hind limbs are
reddish brown. Iris pale golden with an orange-brown ring.
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Coloration of the neotype in preservative
Coloration on fixation is similar to the coloration in life. Dorsum and venter are pale gray and gray-brown with tiny
pale gray dots or small spots on the belly, throat and tail, respectively. A triangular dark brown marking with apex
extending posteriorly is present between the eyes. Snout and nasolabial protuberances are creamy white. Lower part
of lips, flanks and side of tail are dark gray with small grayish white spots.

Coloration in life and in preservative
In life, the neotype has a lighter coloration than the referred specimens (Fig. 10). The dorsal coloration of the referred specimens varied from dark brown to reddish dark brown with dark flecks on the body, limbs and tail, cream
hind limbs (MUSM 21612), yellowish cream snout and nasolabial protuberances (MUSM 21581). No photos available of the ventral coloration pattern in life for any referred specimens. Variation in dorsal and ventral coloration
of preserved specimens is shown in Figs S7–S8. Dorsal surface of body dark brown or reddish brown, with some
diffuse light cream patches on the trunk, tail and head (MUSM 21589, 21645, 21666, 21597), or pale cream flecks
(MUSM 21581, 21665, 216679), or uniformly dark brown without any light blotches or markings (MUSM 21612).
All specimens have snout and nasolabial protuberances from pale white to light cream, except in MUSM 21612.
Some individuals have a brown triangular marking between the eyes, with apex extending posteriorly, following
middorsal line (MUSM 21597, 21666, 21667). Coloration of the throat, belly and tail venter is gray-brown, dark
brown and reddish brown with markings that range from tiny light white dots, small spots to blotches uniformly
distributed or united forming medium sized patches. All specimens have hands and feet with digits visible and
rounded, however the left side of the hand is distorted as result of fixation artifact in MUSM 21581. The dorsal and
ventral surfaces of the palms in hands and feet are cream and pale gray, respectively (Fig. S9). The mental gland in
males is rounded and gray.

Variation in morphometrics
The series of specimens includes 11 individuals (4 ♀, 4 ♂, 3 juveniles) with standard length (SL) that ranges from
31.7 mm to 49.4 mm; females are larger than males: SL mean 43.8 mm in females, SL mean 38.0 mm in males
(Table 6, Table S5). Males with rounded mental gland (WMG 1.8–2.7 mm, LMG 1.5-2.5 mm). Females (TL/SL
mean 94%) have a tail relatively longer than males (TL/SL mean 84%). SL/HW mean 2.11 in males and 2.22 in
females. SL/HDW mean 4.16 in males and 3.90 in females; SL/FW mean 3.30 in males and 2.89 in females. 2-3
premaxillary teeth in males and 0-2 in females.

Distribution, habitat and conservation status
Bolitoglossa altamazonica occurs in terra firme forest and white-sand forest (“varillal”) between 102 and 132 m
a.s.l. This species is known from five locations of the Amazonian lowlands in Loreto department, northern Peru
(Fig. 11): Nauta (type locality), Sucusari river, Allpahuayo Mishana National Reserve, Lago Avispas and Jenaro
Herrera. The neotype CRBIIAP AR001117 was found at night (21h 17min) perching on a palm leaf of Astrocaryum
tenue (locally known as “Irapay”) in white-sand forest (“varillal”) of loamy soil with palm groupings and moderate
to large trees inside Allpahuayo Mishana National Reserve, Nanay river basin 28 km SW Iquitos and ~62 km NNE
Nauta (type locality). Sympatric anurans include Ameerega hahneli, Osteocephalus planiceps, Hypsiboas fasciatus,
Hypsiboas calcaratus, Rhinella margaritifera and Leptodactylus pentadactylus. Eight specimens (MUSM 21581,
21589, 21597, 21612, 21645, 21665-21667) were collected in terra firme forest at Estación de Campo del Centro
Amazónico de Estudios Tropicales [ACTS] in the Sucusari river basin (tributary of the Napo River), 65 km NNE
Iquitos and ~160 km NNE Nauta. Two specimens from Lago Avispa (MNCN 26953) and Jenaro Herrera (MUSM
17958) were collected in the proximity of Pacaya Samiria National Reserve ~70 km SSW Nauta. The forests bordering the Sucusari river are dominated by Myristicaceae (Virola, Otoba), Malvaceae (Ceiba pentandra, Sterculia,
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Theobroma, Quararibea, Matisia), Arecaceae (Astrocaryum murumuru, Iriartea deltoidea) and Moraceae (Naucleopsis, Pseudolmedia laevis) (Gilmore et al. 2010).
According to the IUCN Red List, B. altamazonica is considered of “Least Concern” due to its assumed wide
distribution in Venezuela, Colombia, Ecuador, Peru, Brazil and Bolivia, presumed large population and unlikely
decline against threats (Azevedo-Ramos et al. 2010). Based on our new information and IUCN Red List criteria
(IUCN 2017), we recommend assigning B. altamazonica to the “Near Threatened” category. The main threats in
the locality of Allpahuayo Mishana National Reserve are deforestation, habitat loss, timber extraction and human
intervention. Lastly, we present an update of the geographic range map of this species (Fig. 11).

FIGURE 11. Distribution map of B. altamazonica in Amazonian basin of Loreto, Peru, showing the type locality from Nauta,
and the neotype locality from Allpahuayo Mishana National Reserve in red squares. Samples included in the molecular and morphological analyses are indicated by half color symbols, and the sites included only in the morphological analyses are indicated
by open color symbols. Additional distribution records of Brcko et al. (2013) and Acosta-Galvis & Gutiérrez-Lamus (2012) are
indicated by color symbols with a small dot in the middle. Map by Juan C. Cusi.

Remarks
The syntypes of Bolitoglossa altamazonica Cope 1874 are lost (Brame & Wake 1963). Thus, the selection of the
neotype is valuable since it will be comparative material in future studies. As we could not examine the type specimens, our specific assignment is based on the original description by Cope (1874). The features of the neotype and
referred specimens are consistent with the syntypes, indicating that newly collected specimens likely are conspecific
with B. altamazonica. Our decision is supported by: (1) external morphology of the digits on hands and feet, (2)
description of dorsal coloration and (3) vomerine teeth arrangement. Adult specimens, juveniles and eggs (AMNH
103535–103548) recorded by Wake et al. (1982) 3 km SSW airline from Mishana on Nanay river, Loreto, at 150
m a.s.l. and by Brame & Wake (1963) from Iquitos, Loreto, at 117 m a.s.l. (USNM 85119) likely correspond to B.
altamazonica. However, these specimens were not examined for the present study and their assignment remains
tentative. Acosta-Galvis & Gutierréz-Lamus (2012) pointed out that the specimen MCZ 24921 from Muzo, Municipalidad de Yacopí, Departamento Boyacá, Colombia, assigned by Brame & Wake (1963) to B. altamazonica, is
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likely a member of another species described subsequently, Bolitoglossa lozanoi Acosta-Galvis & Restrepo, 2001.
Juvenile individuals from Estado de Amazonas, west of the Municipalidad Benjamin Constant, border between
Brazil and Peru, close to Colombia (~390 km from Nauta) reported by Brcko et al. (2013); and specimens from the
eastern slope of Cordillera Oriental from Colombia and photographic images of specimens from Departamento de
Amazonas, Municipio de Leticia, border between Colombia and Brazil (~400 km from Nauta) by Acosta-Galvis &
Gutiérrez-Lamus (2012) are assigned as “B. altamazonica” (Fig. 11), because at this time these specimens cannot
be assigned definitively to one of the taxa studied here.
Over the past two decades, specimens assigned to B. altamazonica have been reported from Amazonas (Catenazzi & Venegas, 2012), Loreto (Guerrero et al. 2011; Medina et al. 2012; Gagliardi et al. 2016), Huanuco (Schlüter et al. 2004; Whitworth et al. 2016), Cusco (Icochea & Mitchell 1997; Icochea, Quispitupac & Portilla 1998;
Córdova et al. 2006) and Madre de Dios (von May et al. 2009; Chaparro et al. 2016). These are in addition to reports
of the taxon by Brame & Wake (1963), Wake & Brame (1966) and Wake et al. (1982). Preliminary morphologicalmolecular analyses of samples from several localities in Peru show substantial differences with respect to topotypic
material of B. altamazonica (R. von May et al. unpublished data). The redescription of B. paraensis and discovery
of B. caldwellae, B. madeira and B. tapajonica from Amazonian lowlands of Central and Eastern Brazil (Brcko et
al. 2013), based upon detailed analyses of morphological data and color patterns, provide new insights on the probable existence of additional near-cryptic species under the name “Bolitoglossa altamazonica”.

FIGURE 12. Holotype of B. peruviana (BMNH 1946.9.6.17) in preservative. Dorsal (A) and ventral (B) view of body, lateral
(C) view of head and right hand (D) on ventral view. Photos by Jeffrey W. Streicher.

Bolitoglossa peruviana (Boulenger, 1883)
(Figs 12–13)
English name: Moyobamba Salamander
Spanish name: Salamandra de Moyobamba
Spelerpes peruvianus Boulenger, 1883
Oedipus alamazonica (part) Dunn, 1926
Oedipus peruvianus Parker, 1939
Bolitoglossa peruviana Taylor, 1944
Bolitoglossa peruviana Brame & Wake, 1963
Bolitoglossa (Eladinea) peruviana Parra-Olea et al. 2004
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Holotype: BMNH 1946.9.6.17 (formerly 1874.8.4.103, Brame, 1972). An adult female collected at Moyobamba
by Mr. A. H. Roff.
Referred specimens: 4 individuals. Peru, Loreto department, Alto Amazonas province, Balsapuerto district, Cordillera Escalera, Shawi, 05.856° S, 76.761° W, 1216 m a.s.l.: CRBIIAP AR001118 (field number: GGU
2085/1735), ♀, 21 September 2013, 05.884° S, 76.604° W, 276 m a.s.l.: GGU 2034/1684, ♂, CRBIIAP AR001120
(field number: GGU 2038/1688), ♀, 16 September 2013, CRBIIAP AR001121 (field number: GGU 2058/1708),
juvenile, 17 September 2013. Collected by Giussepe Gagliardi-Urrutia, Marco Odicio and Pablo Venegas.

Diagnosis
Bolitoglossa peruviana is similar in size to B. altamazonica, from which it differs in having a shorter tail, narrower
hands and feet, and differences in ventral coloration; it is most similar morphometrically to its other close relative, B.
awajun sp. n., from which it differs in having fully extended webbing with the tips of all digits visible and rounded
and differences in ventral coloration (for details, see below, Comparisons). It differs from both species in sequences
of the mitochondrial DNA Cytb and 16S genes. The species superficially resembles other species distributed in the
Amazonian lowlands but is distinguished from all by molecular data and individually by some morphological and
coloration features (see below, Comparisons).

Definition
A species of Bolitoglossa belonging to the Bolitoglossa altamazonica species complex characterized by the following combination of characters: (1) SL mean 37.3 mm in one male, 38.7 mm in females (range 36.9–40.3, n=3); (2)
in life, dorsal ground coloration brown ochre with some sprinklings of cream and dark brown on the head, body and
tail; (3) iris pale golden with an orange ring; (4) in preservative, dark gray brown venter with evenly distributed tiny
cream dots on the gular region, belly, limbs and tail; (5) tips of all digits visible and rounded with nearly complete
webbing on the hands and feet; (6) 13–36 maxillary teeth and 17–31 vomerine teeth.

Comparison with congeners
Bolitoglossa peruviana is differentiated from all members of the subgenus Eladinea from the Amazon basin of
Peru, Ecuador and Brazil by Cytb and 16S DNA sequence differences, morphometric measurements and coloration
patterns. Morphological comparisons are presented here with respect to congeners of the subgenus Eladinea from
western and eastern Brazil (i.e., B. paraensis and B. caldwellae), eastern Ecuador (B. palmata) and northern Peru (B.
altamazonica and B. awajun sp. n.). B. peruviana is distinguished from B. caldwellae and B. paraensis by having
a LWS/HL ≤ 70%, greater distance between the anterior corners of eyes DBE/HL 0.51 ± 0.07 and narrower interorbital distance IDE/HL 0.48 ± 0.08 (LWS/HL > 70%, DBE/HL 0.37 ± 0.05, IDE/HL 0.64 ± 0.05 in B. caldwellae;
LWS/HL > 70%, DBE/HL 0.38 ± 0.06, IDE/HL 0.61 ± 0.05 in B. paraensis). B. peruviana is differentiated from B.
palmata by possessing a narrower head width SL/HW 6.84 ± 0.20, shorter head depth HD/HL 0.50 ± 0.06, shorter
projection of snout SP/SGF 0.10 ± 0.01, LWS/HL ≤ 70% and lesser distance between the anterior corners of eyes
DBE/HL 0.51 ± 0.07 (SL/HW 6.30 ± 0.56, HD/HL 0.91 ± 0.11, SP/SGF 0.07 ± 0.01, LWS/HL > 70%, DBE/HL
0.69 ± 0.07 in B. palmata). Distinguished from B. paraensis and B. awajun sp. n. by having tips of all digits visible
and rounded (tips of third finger and third toe visible in B. paraensis and tips of third finger and third toe protuberant and pointed in B. awajun sp. n.). Bolitoglossa peruviana is distinguished from all other species, except of B.
paraensis, by having the ventral ground coloration dark gray brown with evenly distributed tiny cream dots (dark
brown coloration with tiny light cream dots or small spots in B. altamazonica, light brown coloration with cream
specks of varied size in B. caldwellae, dark brown coloration with a few tan dashes and spots in B. palmata, dark
brown coloration with cream mottlings or blotches moderate sized in B. awajun sp. n.). B. peruviana is differentiated from B. altamazonica by differences in mitochondrial gene sequences; genetic distances of 0.073 (Cytb gene)
and 0.029 (16S gene), and from B. awajun sp. n. by genetic distances of 0.080 (Cytb gene) and 0.039 (16S gene).
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For comparison of morphometric and dentition characters for B. altamazonica, B. peruviana, B. caldwellae, B. paraensis, B. palmata and B. awajun sp. n. see Tables 6–7.

Redescription of the holotype:
An adult female of moderate size SL 40.3 mm. Broad head SL/HW 6.63, not flattened, about 0.91 times as long
as wide, head broader than neck. Snout short SNL/HL 0.25, slightly broad SWS/HL 0.40. Distinct groove extends
below the eye, following its curvature. Snout rounded in lateral view, truncate in dorsal view and projected ahead
of the jaws in ventral view. Canthus rostralis not prominent. Nostrils small, rounded, located near tip of snout. Eyes
weakly protuberant, visible in dorsal view slightly beyond lateral margins of head, horizontal orbit diameter 1.37
of the snout length. Nasolabial protuberances are poorly developed (Fig. 12). Body cylindrical, 13 shallow costal
grooves. Limbs relatively short (FL/SL 0.22, HLL/SL 0.23). Hand and foot broad (SL/HDW 15.27, SL/FW 13.08),
nearly completely webbed with all digits visible and the tips rounded, no subterminal pads. Digits in order of increasing length I-IV-II-III on hands. Tail relatively long (TL/SL 79%) and thin with a weak basal constriction and
rectangular shaped at base, rounded in cross section. 36 maxillary teeth (left: 17, right: 19). 31 vomerine teeth (left:
16, right: 15). Vomerine teeth arranged in series as inverted “V” shape. 59 dentary teeth.
Measurements (in mm) and counts of the holotype (BMNH 1946.9.6.17): SL 40.3, SVL 37.7, HL 6.7, HW
6.1, HD 3.5, SGF 9.6, EYW 1.3, EYL 2.9, SNL 1.7, SP 0.8, LWS 2.9, SWS 2.7, EN 1.7, OD 2.3, DBE 2.8, IDE 2.6,
NGGF 3.5, SA 13.6, AG 24.0, PECW 5.3, FL 8.7, HLL 9.3, HDW 2.6, FW 3.1, LIIIF 2.7, LIIIT 2.6, LVT 1.6, TL
31.8, TW 2.1, TD 3.1, VL 2.6, MT 17-19, VT 16-15, DT 59.

Coloration of the holotype in preservative
The dorsum of the head, body and tail is faded brown. A dark brown marking between the eyes extends posteriorly
in a straight line. The snout and nasolabial protuberances are pale brown. The ventral region of the trunk, limbs and
tail is uniformly faded brown.

Coloration in life
An adult female (CRBIIAP AR001118; Fig. 13) has a dorsal coloration of brownish ochre with some sprinklings of
cream and dark brown on the head, body and tail. Snout and nasolabial protuberances are creamy yellow. A black
canthal line extends from the anterior edge of the eye continuing to the anterior part of the snout. The upper lip is
brown with cream spots. The flanks have the same coloration as the dorsum. The limbs are reddish brown and paler
than the body. The tip of the tail is creamy yellow. The iris is pale golden with an orange ring.

Coloration in preservative
The dorsal coloration of the head, body, tail and limbs in most individuals is dark brown and ventral surface of the
trunk, limbs and gular region are dark grayish brown with evenly distributed tiny cream spots (Figs S10–S11). The
tail venter has pale cream blotches (CRBIIAP AR001118, CRBIIAP AR001120). A juvenile specimen (CRBIIAP
AR001121) has a brown dorsum with dark brown flecks and pale brown venter. The mental gland is oval and creamcolored.

Variation in morphometrics
The two largest specimens are females, 39.0 and 36.9 mm in SL; the holotype is slightly larger, 40.3 mm in SL. The
single male in our sample is 37.3 mm SL (Table 6, Table S6). Hands and feet nearly completely webbed in most ref-
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erence specimens, but slightly less webbed in CRBIIAP AR001118 and CRBIIAP AR001121 (Fig. S12 A, D). The
mental gland of the adult male is 2.5 mm wide by 2.1 mm long. 2 premaxillary teeth in a male and 1-2 in females.

FIGURE 13. Adult of B. peruviana in life. Lateral (A) and dorsal (B) view of the preserved specimen CRBIIAP AR001118 from
Cordillera Escalera, Loreto. Photos by Giussepe Gagliardi.
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Distribution, habitat and conservation status
Bolitoglossa peruviana was described by Boulenger (1883) based on a specimen collected at “Moyobamba”. Precise information of the type locality is unknown (e.g., no elevation, habitat or departmental placement). Brame &
Wake (1963) estimated the elevation of Moyobamba as 854 m in San Martin department, Peru, an approximation to
the city of the same name. Nevertheless, any discussion of its elevation or habitat is guesswork. We here report two
additional localities situated inside Awajun native territory “Shawi” in Cordillera Escalera, Loreto, between about
30–45 km from Moyobamba. The new samples here assigned to the species occur in tall terrace forests of the eastern
Andes and the Amazonian plain in the basins of the Mayo river (tributary of the Huallaga river) and Cachiyacu river
(tributary of the Paranapura river) in the borderland between the San Martin and Loreto departments, northern Peru
(Fig. 8). The altitudinal distribution ranges from 276 to 1216 m a.s.l. Four referred specimens (CRBIIAP AR001118,
GGU 2034/1684, CRBIIAP AR001120, CRBIIAP AR001121) were found on leaf litter and perching on leaves between 0.2–1.5 m above the ground. The vegetation of tall terrace forests in Alto Cachiyacu is composed of numerous canopy trees of the families Moraceae (Ficus), Cunoniaceae (Weinmannia), Meliaceae (Ruagea), Urticaceae
(Pourouma), Fabaceae (Inga), Araliaceae (Oreopanax), Euphorbiaceae (Alchornea), Phyllanthaceae (Hieronyma),
Melastomataceae (Miconia), Myrtaceae (Eugenia, Myrcia), Lauraceae (Nectandra, Ocotea, Endlicheria); small
trees and shrubs of the families Rubiaceae (Psychotria, Palicourea, Coussarea, Faramea), Piperaceae (Piper),
Chloranthaceae (Hedyosmum), Melastomataceae (Miconia, Clidemia); abundant vascular epiphytes including herbaceous Orchidaceae, Bromeliaceae and Araceae; epiphytc shrubs Ericaceae, Melastomataceae; and hemiepiphytic
trees Moraceae (Ficus), Clusiaceae (Clusia), Araliaceae (Schefflera) and Urticaceae (Coussapoa) (Pitman et al.
2014).
According to the IUCN Red List, B. peruviana is considered “Least Concern” in view of its assumed wide
distribution in Ecuador and Peru, presumed large population, tolerance to modified habitats and unlikely decline
against threats (Coloma et al. 2004). However, based on our restriction of the species to a narrow geographic range
and IUCN Red List criteria (IUCN 2017), we recommend assigning B. peruviana to the “Near Threatened” category. The main threats in the type locality of Moyobamba (i.e. Microcuencas Mishquiyacu-Rumiyacu and Morro
Calzada) are habitat loss and deforestation for agriculture (coffee cultivation) and livestock. On the other hand, Cordillera Escalera lies within indigenous territory Shawi, which preserves the habitats of undisturbed montane forests
with only low human impact caused by agriculture, burning, hunting and fishing for subsistence.

Remarks
The holotype of B. peruviana BMNH 1946.9.6.17 was measured and teeth counted by Brame and recorded in
Brame & Wake (1963). In 1975, David Wake examined the holotype and made his own measurements and observations. We reviewed the personal notes of Wake and reexamined the holotype. The assignment of the population from
Cordillera Escalera, Loreto as Bolitoglossa peruviana is justified by: (1) similarity to the description of holotype described by Boulenger 1883, (2) morphology of hands and feet and (3) coloration of the ventral surface of the body.

Discussion
In the 19th century, B. altamazonica and B. peruviana were described based on three and one specimen, respectively,
but no comparisons between them was realized and taxonomic ambiguities have resulted over the years. In this
sense, no obvious morphological differences were established to separate these two taxa. This led Dunn (1926) to
treat the taxa as synonyms, under the name Oedipus altamazonica. Later, the taxonomic review of Brame & Wake
(1963) described new species of salamanders and recognized B. altamazonica and B. peruviana as valid (mainly by
the dentition counts and size, in agreement with Parker [1939]). However, a few specimens from Ecuador were tentatively assigned to B. peruviana, because they present some morphological differences (e.g., number and distribution of vomerine teeth, proportion of snouth, and coloration) with regards to the holotype. But subsequently, several
authors continued assigning Ecuadorian populations to B. peruviana (Crump, 1977; Duellman, 1978; Fugler, 1979;
Alberch, 1983; Pearman, 1997; Coloma et al. 2004; Parra-Olea et al. 2004; Cisneros, 2006; Vigle, 2008; Brcko et al.
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2013). These culminated with Elmer et al. (2013), who found an unrecognized diversity under the name B. peruviana. Our discovery shows clearly that no Ecuadorian populations are closely related with the specimens near to the
type locality of B. peruviana. For this reason, we redefine the nominal taxa and restrict their distribution to northern
Peru in the Province of Moyobamba, San Martin. Resolving the problem on the identity of B. peruviana opens the
door to further taxonomic reviews to recognize the cryptic diversity in Ecuador and other localities in Peru.
On the other hand, the situation of B. altamazonica is much more complex. After the attempt to organize South
American salamander diversity, Brame & Wake (1963; also Wake and Brame 1966, Wake et al. 1982) recognized
that among the specimens assigned to B. altamazonica from Bolivia, Brazil, Colombia and Peru there is cryptic
diversity. however, they abstained from drawing taxonomic conclusions. In order to organize the taxonomic situation, we assign a neotype for B. altamazonica, and until more specimens are analyzed, we propose to restrict its
distribution near to the type locality. Thus, our contribution is a step to further taxonomic understanding of the huge
distribution of B. altamazonica, and follows the initial breakup of the complex by Brcko et al. (2013).
The morphometric analysis of the six species of Bolitoglossa (B. altamazonica, B. peruviana, B. caldwellae,
B. paraensis, B. palmata and B. awajun sp. n.) showed differentiated results using multivariate statistics. Principal
Component Analysis did not reveal differences in body shape among all of the Bolitoglossa populations (Fig. 4).
In contrast, Discriminant Analysis selected 18 morphometric variables for the differentiation between individuals
belonging to different geographic groups of salamanders (Table 5, Fig. 5). Thus, significant differences in body
shape among the six species of Bolitoglossa resulted from differences in head, snout, forelimb and foot size (DISCO
analysis, Table S3). Our morphological and genetic revision of the populations of Bolitoglossa (subclade Eladinea)
from Ecuador, Brazil and Peru revealed that Peruvian species (B. altamazonica, B. peruviana and B. awajun sp. n.)
form a species complex differentiated by DNA sequence differences from other described lineages. The phylogenetic analysis recovered the previously defined lineages from upper Amazonia in Ecuador (formerly called: altamazonica, Upper Napo, Upper Aguarico and Lower Napo/Lower Aguarico, Upper equatoriana and equatoriana) and
was consistent with the previous analysis of Elmer et al. (2013). The combined analysis of the Cytb, 16S, RAG–1
and POMC genes revealed the existence of Bolitoglossa awajun sp. n., a sister taxon to the clade containing B.
altamazonica and B. peruviana (Fig. 1). These results indicated that substantial genetic divergence exists between
species of Bolitoglossa from Peru and other species from Ecuadorian Amazonia. Specimens assigned to Bolitoglossa altamazonica from Bolivia may represent distinct evolutionary lineages (Wake et al. 1982; Reichle et al. “2000”
2001; Köhler et al. 2006). Similarly, populations from the Amazonian basin of Colombia and Brazil require more
comprehensive taxonomic and molecular studies.
The haplotype networks of the analyzed nuclear genes show that there is no haplotype sharing between B.
altamazonica, B. peruviana and B. awajun sp. n. suggesting that they represent independent evolutionary lineages
(Figs 2–3). We propose the resurrection of the clade named Bolitoglossa altamazonica (sensu Brame & Wake 1963)
as a species complex containing the following species: B. altamazonica, B. peruviana and B. awajun sp. n.; these
taxa are distributed in the Amazonian lowlands of Peru. As a result, all subclades from upper Amazonia in Ecuador
are not close relatives of this clade and further research is necessary to fully resolve the phylogeny of Ecuadorian
populations formerly associated with B. peruviana. For the present time we think it is best to refer the large number
of populations of Bolitoglossa from the Amazonian basin and neighboring Andes of Peru (Fig. 14) to Bolitoglossa
cf. altamazonica, recognizing that additional study is required to achieve taxonomic stability.
Note. While we were working on the revisions of this paper, another study on Bolitoglossa was accepted for
publication. This manuscript, by A. Jaramillo and colleagues, was just published in Molecular Phylogenetics and
Evolution (doi: https://doi.org/10.1016/j.ympev.2020.106841). We have seen the manuscript and there are two coauthors in common, yet we believe that the two works are largely complementary. The main difference between
the two studies pertains to the populations assigned by us to B. altamazonica. As we propose in this paper, the true
B. altamazonica is almost certainly limited to a restricted geographic area near the type locality. Importantly, we
designate a neotype and thus restrict the type locality for B. altamazonica—essential for future taxonomic work on
the genus in South America.
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FIGURE 14. Distribution map of the specimens recognized as Bolitoglossa cf. altamazonica in Amazonia and Andes from
Peru. Type localities for B. altamazonica, B. peruviana, B. digitigrada, B. awajun sp. n., B. palmata, B. equatoriana and B. caldwellae are shown. Furthermore, localities of the subclades defined by Elmer et al. (2013) and samples of Bolitoglossa sp. Ituxi,
Bolitoglossa sp. Jurúa, Bolitoglossa sp. from Teniente López, Loreto (KU 222111) and B. altamazonica from Colombia-Brasil
are represented. In arrows, the records of highest elevation of Bolitoglossa cf. altamazonica in Peru. Map by Juan C. Cusi.
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APPENDIX I. Specimens examined of Bolitoglossa altamazonica, B. peruviana, B. awajun sp. n. and B. palmata (total
number in parenthesis).
Bolitoglossa altamazonica (11 specimens). PERU: LORETO: Maynas: San Juan Bautista, Reserva Nacional Allpahuayo
Mishana: CRBIIAP AR001117; Mazán, Río Sucusari, Estación de Campo del Centro Amazónico de Estudios Tropicales
(ACTS): MUSM 21581, 21589, 21597, 21612, 21645, 21665-21667; Requena: Requena, Lago Avispa, camino entre Requena y Lago Avispa: MNCN 26953; Jenaro Herrera, Jenaro Herrera: MUSM 17958.
Bolitoglossa peruviana (5 specimens). PERU: SAN MARTIN: Moyobamba: BMNH 1946.9.6.17 (holotype); LORETO: Alto
Amazonas: Balsapuerto, Cordillera Escalera, Shawi: CRBIIAP AR001118, GGU 2034/1684, CRBIIAP AR001120, CRBIIAP AR001121.
Bolitoglossa awajun sp. n. (12 specimens). PERU: SAN MARTIN: San Martin, San Antonio, Cordillera Escalera Regional
Conservation Area: CRBIIAP AR001123 (holotype), CRBIIAP AR001122, CRBIIAP AR001124–AR001126; El Dorado,
Santa Rosa, Shucshuyacu: MHNC 47346; Picota, Shamboyacu, Cordillera Azul National Park, Checkpoint 16 “Chambirillo”: CORBIDI 8814, CORBIDI 8877–8879, CORBIDI 9205, CORBIDI 9939.
Bolitoglossa palmata (3 specimens). ECUADOR: Napo-Pastaza: Cordillera de Guacamayo, entre Baeza y Archidona: UMMZ
84735.
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