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Abstract

We describe a new species of terrestrial frog of the genus Bryophryne (Anura: Craugastoridae) from the wet puna and elfin 

forests of the Amazonian versant of the Andes. The new species seems to be restricted to high altitude environments at 

elevations between 3506–3651 m in the area now protected by Megantoni National Sanctuary and Manu National Park 

(Distrito de Echarate, Provincia La Convención, Departamento Cusco, Peru). The new species is characterized by lacking 

vomerine processes of vomers, by having tympanic annulus and tympanic membrane not evident through the skin, smooth 

dorsal skin with scattered warts, conspicuous dorsolateral, middorsal, and occipital folds, warty flanks, areolate skin on 

ventral surfaces of the body, and by lacking finger and toe fringes and basal web on feet. In life, specimens have bright 

and highly variable dorsal coloration that ranges from olive-green to red with variable combinations of red or orange 

marks (red or orange in the green form and olive-green in the red form). Molecular phylogenetic analyses of mitochondrial 

and nuclear DNA place the new species within the genus Bryophryne and as sister group of B. cophites. Bryophryne busta-

mantei, also sequenced for this study, is found as the sister group of the clade formed by B. cophites and the new species. 

Bryophryne is found as sister group of Psychrophrynella in maximum likelihood analyses and as the sister group of a large 

clade of holoadenines in parsimony analyses. The genus Bryophryne now contains nine species, all of them distributed 

along the Cordillera Oriental of the Peruvian Andes, southeast of the Apurimac River valley.

Key words: Andes, Brachycephaloidea, wet puna, Psychrophrynella, Phrynopus, taxonomy, terraranas

Resumen

Describimos una nueva especie de rana terrestre del género Bryophryne de la puna húmeda y ceja de montaña de la ver-

tiente amazónica de los Andes. La nueva especie habita ambientes de altura entre 3506–3651 m en una zona protegida por 

el Santuario Nacional Megantoni y el Parque Nacional Manu (Distrito Echarate, Provincia La Convención, Departamento 

Cusco, Perú). Se caracteriza por carecer de procesos vomerianos y membrana y anillo timpánico visibles a través de la 

piel, y por poseer una piel dorsal lisa con verrugas dispersas, pliegues dorsolaterales, occipitales y medio dorsales con-

spicuos, flancos verrugosos, por tener la piel de las zonas ventrales del cuerpo cubiertas de verrugas en aureola, y por care-

cer de membrana basal y quillas en los dedos. En vida el color del dorso es principalmente verde oliva o rojo, con 

diferentes combinaciones de rojo y naranja en el morfotipo verde, y de verde en el morfotipo rojo. Los análisis filogené-

ticos de genes nucleares y mitocondriales indican que la nueva especie es parte del género Bryophryne, y que es la especie 

hermana de B. cophites. Además, Bryophryne es inferido como el grupo hermano de Psycophrynella en análisis de max-

imum likelihood, mientras que los análisis de parsimonia infieren que este género es el grupo hermano de un diverso clado 

de especies de Holoadeninae. El género Bryophryne incluye ahora nueve especies, todas ellas distribuidas al sur del valle 

del río Apurimac, en la puna húmeda y bosques de ceja de la Cordillera Oriental de Perú.

Palabras clave: Andes, Brachycephaloidea, filogenética, puna húmeda, Psychrophrynella, Phrynopus, taxonomía, terra-

ranas
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Introduction

Bryophryne was one of the genera recognized by Hedges et al. (2008) to amend the polyphyly of the genus 
Phrynopus—most former species of Phrynopus are now placed in Bryophryne, Hypodactylus, Lynchius, 
Oreobates, and Psychrophrynella, within Holoadeninae (Padial et al. 2014; Frost 2015). Phrynopus cophites

Lynch, 1975, type species of Bryophryne, was found to be the closest relative of a clade containing Barycholos and 
Noblella lochites (Hedges et al. 2008) and another species of Phrynopus, P. bustamantei (Chaparro et al. 2007), 
was also transferred by Hedges et al. (2008) to Bryophryne based on morphological resemblance and distribution. 
Morphological characters proposed to diagnose Bryophryne, Psychrophrynella, and Phrynopus are, nonetheless, 
basically the same (Hedges et al. 2008; Duellman and Lehr, 2009), and Bryophryne and Psychrophrynella have 
adjacent distributions in the high Andes, which difficult generic assignment of new species. However, the recent 
discovery of several new species assigned to Bryophryne (Lehr & Catenazzi, 2008, 2009, 2010) suggest that this 
genus is highly diverse and that all its species are endemic to the Cordillera Oriental of the Andes in southern Peru, 
east and south of the Apurimac River valley (Lehr & Catenazzi, 2008, 2009, 2010). Herein we present the 
discovery of another new species of Bryophryne from the Amazonian slopes of the Cordillera Oriental of the 
Andes in southern Peru and assess its phylogenetic position and the monophyly of Bryophryne using sequences of 
mitochondrial and nuclear genes.

Materials and methods

Morphology. Specimens were fixed in 10% formalin and preserved in 70% ethanol. For qualitative and 
quantitative morphological characters we follow Duellman and Lehr (2009). Only two measurements were 
omitted, eyelid width and interorbital distance, because they involve soft and often deformed structures difficult to 
measure with precision (De la Riva 2007). Abbreviations are as follows: SVL (snout-vent length), TL (tibia 
length), FL (foot length, distance from posterior margin of inner metatarsal tubercle to tip of fourth toe), HL (head 
length, from posterior margin of jaw to tip of snout), HW (head width, maximum width of head), ED (eye diameter, 
horizontal), IND (internarial distance), E-N (eye-nostril distance, straight line distance between anterior corner of 
orbital opening and posterior margin of nostril). Measurements were taken with dial calipers to the nearest 0.1 mm. 
Specimens were dissected to determine sex and maturity. Museum acronyms are: Museo de Historia Natural, 
Universidad Nacional de San Antonio Abad, Cusco, Perú (MHNC); and Museo de Historia Natural, Universidad 
Nacional de San Agustín, Arequipa, Perú (MUSA). Comparisons of diagnostic characters are based on species 
descriptions in the literature (Lehr and Catenazzi, 2008, 2009, 2010) and the examination of the following type 
specimens:

Bryophryne bustamantei: Peru: Cusco: Canchayoc: near Abra de Málaga, MHNC 6018 (holotype) 6015–6017, 
6019 (paratypes).

Bryophryne cophites: Peru: Cusco: South Slope of Abra Acjanacu, 14 km NNE, Paucartambo, KU 138884 
(holotype).

Taxon and character sampling. Phylogenetic analyses in this study employ all DNA sequences of 
Bryophryne available in GenBank as of May 1, 2015. Non-coding mtDNA genes include rRNA genes of the heavy 
strand transcription unit 1 fragment (12S, 16S and the intervening tRNAvaline, and tRNAleucine segments). 
Protein-coding mtDNA genes include cytochrome c oxidase subunit I (COI); nuclear protein-coding genes include 
exon 2 of the cellular myelocytomatosis gene (c-myc), propiomelanocortin A (POMC), recombination-activating 
protein 1 (RAG1), and tyrosinase precursor (Tyr). We produced 22 new gene sequences of these loci (GenBank 
accession numbers are: KT276275–KT276296; voucher information for new sequences is provided in Table 1). 
Genomic DNA was extracted from ethanol-preserved tissues. Extraction, amplification, sequencing, and editing 
protocols follow those of Padial et al. (2012). Primers are listed in Table 2.
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TABLE 1. Information of vouchers of Bryophryne sequenced for this study (geographical coordinates are listed in the 

Holotype and Paratype sections).

TABLE 2. Sequence primers used in this study.

Outgroup sequences were downloaded from GenBank (Table 3). Outgroup selection was guided by previous 
phylogenetic analyses that place Bryophryne with other species of Holoadeninae (Hedges et al. 2008; Padial et al.

2009; Pyron & Wiens 2011; Padial et al. 2014) in the family Craugastoridae (Pyron & Wiens 2011; Padial et al.

2014). We sampled 1–4 species per genus of Holoadeninae depending on availability and completeness of 
available gene sequences. Sequences of the distantly related Haddadus binotatus were used to root trees. 

Phylogenetic analyses. Parsimony analyses.— Sequences were first aligned in MAFFT (Katoh et al. 2005) 
online version 7, and partitioned into fragments of equal length separated by conserved regions with no gaps and 
few or none nucleotide substitutions. This strategy generated putatively homologous fragments where length 

Species Tissue library Voucher Locality

B. bakersfield MNCN-DNA20992 MHNC6022 Peru: Departamento Cusco: Provincia La 

Convención: Distrito Echarate: Tambo Inca

B. bakersfield MNCN-DNA20993 MHNC6023 Peru: Departamento Cusco: Provincia La 

Convención: Distrito Echarate: Tambo Inca

B. bakersfield MNCN-DNA21319 MHNC6007 Peru: Departamento Cusco: Provincia La 

Convención: Distrito Echarate: Tambo Inca

B. bakersfield MNCN-DNA21320 MHNC6009 Peru: Departamento Cusco: Provincia La 

Convención: Distrito Echarate: Cabecera Timpia

B. bakersfield MNCN-DNA21322 MHNC5999 Peru: Departamento Cusco: Provincia La 

Convención: Distrito Echarate: Cabecera Timpia

B. bustamantei MNCN-DNA21338 MHNC6016 Peru: Departmento Cusco: Provincia La Convención: 

Distrito de Huayopata: Canchayoc, near Abra de 

Málaga

B. bustamantei MNCN-DNA21340 MHNC6019 Peru: Departmento Cusco: Provincia La Convención: 

Distrito de Huayopata: Canchayoc, near Abra de 

Málaga

Locus Primer name and priming region (5’-3’) Source

16S 16Sar: CGCCTGTTTATCAAAAACAT

16Sbr: CCGGTCTGAACTCAGATCACGT

Hillis et al. (1996)

16S 16L19: AATACCTAACGAACTTAGCGATAGCTGGTT

16H24: TACCTTCGCACGGTTAGKRTACCGCGGCCGTT

Hedges et al. (2008)

16S 16S-JMP-F: CATGGTAAGTRTACCGGAAGGTG

16S-JMP-R: ACCAGCTATDACTAAGTTCG

This study

12S-tRNAphe 12S-t-Phe-frog: ATAGCRCTGAARAYGCTRAGATG

12S-frogRa: TCRATTRYAGGACAGGCTCCTCTAG

Wiens et al. (2005)

12S- tRNAval 12S-t-Val-frog: TGTAAGCGARAGGCTTTKGTTAAGCT

12S-frogFa: CAAACTRGGATTAGATACCCYACTATG

Wiens et al. (2005)

cmyc cmyc1U: GAGGACATCTGGAARAARTT

cmyc3L: GTCTTCCTCTTGTCRTTCTCYTC

Crawford (2003)

COI AnF1: ACHAAYCAYAAAGAYATYGG

AnR1: CCRAARAATCARAADARRTGTTG 

Jungfer et al. (2013)

POMC POMC-1: AATGTATYAAAGMMTGCAAGATGGWCCT

POMC-2: TAYTGRCCCTTYTTGTGGGCRTT

Wiens et al. (2005)

RAG1 R182: GCCATAACTGCTGGAGCATYAT

R270: AGYAGATGTTGCCTGGGTCTTC

Heinicke et al. (2007)

TYR Tyr1C: GGCAGAGGAWCRTGCCAAGATGT

Tyr1G: TGCTGGGCRTCTCTCCARTCCCA

Bossuyt & Milinkovitch 

(2000)
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variation among DNA sequences was only due to insertions and/or deletions of nucleotides, which is a requisite for 
tree-alignment in POY (Wheeler et al. 2006). After the removal of gaps implied by MAFFT from sequence 
fragments, tree-alignment of unaligned sequences was performed under parsimony with equal weights for all 
classes of transformations including indels. Tree searches were conducted in POY 5.1.1 (Wheeler et al. 2015) 
under direct optimization (DO, i.e. tree-alignment, Wheeler, 1996; Wheeler et al. 2006) using the command 
“search”, which implements a driven search composed of random addition sequence Wagner builds, subtree 
pruning and regrafting and tree bisection and reconnection branch swapping, parsimony ratcheting, and tree fusing 
(see Goloboff, 1996, 1999), running consecutive rounds of searches within a specified run-time, storing the 
shortest trees of each independent run and performing a final round of tree fusing on the pooled trees. The optimal 
tree found during driven searches was swapped using iterative pass optimization (Wheeler, 2003). Tree searches 
were carried out using the American Museum of Natural History’s high performance computing cluster ENYO. We 
calculated Goodman-Bremer (GB) values for each supported clade in TNT (Goloboff et al. 2008) using the optimal 
tree-alignment matrix and the parameters specified in the bremer.run macro. We also calculated parsimony 
jackknife frequencies (Farris et al. 1996) for each supported clade by resampling the tree-alignment matrix. Given 
that the tree-alignment matrix is derived from the optimal tree, the resulting clade frequencies are expected to be 
higher than would be obtained from matrices aligned according to different guide trees (e.g., a UPGMA tree as in 
MAFFT). We calculated jackknife frequencies from 1000 pseudoreplicates searches using driven searches (see 

below), gaps treated as fifth state, and removal probability of 0.36 (≈ e–1), which purportedly renders jackknife and 
bootstrap values comparable (Farris et al. 1996).

Maximum likelihood analyses.—The MAFFT alignment edited for POY was used for maximum likelihood 
analyses. We used PartitionFinder V1.1.1 (Lanfear et al. 2012) to select the optimal partition scheme and 
substitution models for our dataset under the Akaike Information Criterion (AIC), the Bayesian Information 
Criterion (BIC), and the Corrected Akaike Information Criterion (cAIC). Compared partition schemes were: (1) all 
data combined, (2) a 2-partition, mtDNA/nuDNA, scheme, (3) by locus (each partition corresponding to individual 
loci mentioned above), and (4), by locus and codon position (for protein coding genes). Adaptive tree searches and 
1000 bootstrap replicates were performed using random addition sequence replicates using GARLI 2.0 (Zwickl 
2006) through the GARLI Web Server (Bazinet et al. 2014). Gaps were treated as absence of evidence (i.e., 
missing data).

Results

Descriptive data on the external morphology, including characters evidencing divergence of the new species (i.e., 
unique character states) from other species in the genus are listed in the diagnosis. Other traits are described in the 
holotype description and variation sections below.

The tree-alignment from POY resulted in 5936 character columns for 37 terminals while the MAFFT 
alignment for the same data resulted in 5310 characters. Tree searches in POY rendered two equally optimal trees 
of 9129 character transformations, which after iterative pass optimization resulted in a single optimal tree of 9074 
transformations and identical relationships (Fig. 1A). The best maximum likelihood tree had log likelihood = -
43164.04 (Fig. 1B). Both analyses inferred the new species as monophyletic, as part of Bryophryne, and as sister to 
B. cophites. Bryophryne bustamantei, a species removed from Phrynopus and transferred to Bryophryne by Hedges 
et al. (2008) on the basis of external morphology and distribution is corroborated as part of Bryophryne. However, 
parsimony and maximum likelihood analyses differ with respect to the position of Bryophryne within 
Holoadeninae. Parsimony analyses place Bryophryne as the sister group of a clade formed by species of 
Euparkerella, Holoaden, Hypodactylus, Lynchius, Oreobates, Phrynopus, and Psychrophrynella. Maximum 
likelihood places Bryophryne as the sister group of Psychrophrynella, and this clade is sister to one that includes 
Barycholos, Holoaden, Euparkerella, “Eleutherodactylus” bilineatus, and Noblella.
 Zootaxa 3994 (1)  © 2015 Magnolia Press  ·  97NEW SPECIES OF BRYOPHRYNE



T
A

B
L

E
 3

. G
en

B
an

k 
co

de
s 

fo
r s

eq
ue

nc
es

 o
f o

ut
gr

ou
ps

 u
se

d 
in

 th
is

 s
tu

dy

 
12

S
tR

N
A

va
l t

R
N

A
le

u 
16

S 
cm

yc
 

C
O

I 
PO

M
C

 
R

A
G

1 
T

Y
R

 
Ba

ry
ch

ol
os

 p
ul

ch
er

 
EU

18
67

27
 

EU
18

67
09

 
 

 
 

EU
18

67
44

 
EU

18
67

65
 

Ba
ry

ch
ol

os
 te

rn
et

zi
 

 
D

Q
28

30
94

 
 

JX
29

83
56

 
JX

29
81

36
 

 
D

Q
28

29
21

 
Br

yo
ph

ry
ne

 c
op

hi
te

s 
EF

49
35

37
 

EF
49

35
37

 
 

 
 

EF
49

34
23

 
EF

49
35

08
 

El
eu

th
er

od
ac

ty
lu

s 
bi

lin
ea

tu
s 

JX
26

73
93

 
JX

26
73

24
 

 
 

 
JX

26
75

56
 

JX
26

76
91

 
Eu

pa
rk

er
el

la
 b

ra
si

lie
ns

is
 

JX
26

73
90

 
JX

26
74

68
 

 
 

 
JX

26
75

45
 

JX
26

76
82

 
H

ad
da

du
s 

bi
no

ta
tu

s 
EF

49
33

61
 

EF
49

33
61

 
G

Q
34

51
47

 
JX

29
83

61
 

G
Q

34
52

59
 

EF
49

33
97

 
D

Q
28

29
18

 
H

ol
oa

de
n 

br
ad

ei
  

EF
49

33
78

 
EF

49
33

66
 

 
JX

29
83

58
 

JX
29

81
38

 
EF

49
34

49
 

EU
18

67
79

 
H

ol
oa

de
n 

lu
ed

er
w

al
dt

i 
EU

18
67

28
 

EU
18

67
10

 
 

 
 

EU
18

67
47

 
EU

18
67

68
 

H
yp

od
ac

ty
lu

s 
br

un
ne

us
 

EF
49

33
57

 
EF

49
33

57
 

G
Q

34
51

51
 

 
G

Q
34

52
64

 
EF

49
34

22
 

EF
49

34
84

 
H

yp
od

ac
ty

lu
s 

do
lo

ps
 

EF
49

33
94

 
EF

49
33

94
 

 
 

 
EF

49
34

14
 

EF
49

34
83

 
H

yp
od

ac
ty

lu
s 

el
as

so
di

sc
us

 
EF

49
33

58
 

EF
49

33
58

 
 

 
 

 
 

H
yp

od
ac

ty
lu

s 
pe

ra
cc

ai
 

EF
49

37
10

 
EF

49
37

10
 

 
 

 
EF

49
34

20
 

EF
49

34
85

 
Ly

nc
hi

us
 fl

av
om

ac
ul

at
us

 
EU

18
66

67
 

EU
18

66
67

 
 

 
 

EU
18

67
45

 
EU

18
67

66
 

Ly
nc

hi
us

 n
eb

ul
an

as
te

s 
EU

18
67

04
 

EU
18

67
04

 
A

Y
81

93
20

 
 

A
Y

81
91

54
 

 
 

Ly
nc

hi
us

 p
ar

ke
ri

 
EU

18
67

05
 

EU
18

67
05

 
 

 
 

 
 

Ly
nc

hi
us

 s
im

m
on

si
 

JF
80

99
40

 
JF

81
00

04
 

 
 

 
JF

80
99

15
 

JF
80

98
94

 
N

ob
le

lla
 h

ey
er

i 
JX

26
74

63
 

JX
26

75
41

 
 

 
 

 
 

N
ob

le
lla

 lo
ch

ite
s 

EU
18

66
99

 
EU

18
66

99
 

 
 

 
EU

18
67

56
 

EU
18

67
77

 
N

ob
le

lla
 m

ye
rm

ec
oi

de
s 

JX
26

74
64

 
JX

26
75

42
 

 
 

 
 

 
O

re
ob

at
es

 a
ya

cu
ch

o 
JF

80
99

33
 

JF
80

99
70

 
 

 
 

JF
80

99
12

 
JF

80
98

90
 

O
re

ob
at

es
 c

ru
ra

lis
 

EU
18

66
66

 
EU

18
66

66
 

 
 

 
EU

18
67

43
 

EU
18

67
64

 
O

re
ob

at
es

 q
ui

xe
ns

is
 

EF
49

38
28

 
EF

49
36

62
 

A
Y

81
91

78
 

JX
29

83
60

 
A

Y
81

90
93

 
 

Q
Z3

11
86

 
Ph

ry
no

pu
s 

au
ri

cu
la

tu
s 

EF
49

37
08

 
EF

49
37

08
 

 
 

 
 

 
Ph

ry
no

pu
s 

br
ac

ki
 

EF
49

37
09

 
EF

49
37

09
 

G
Q

34
51

50
 

 
G

Q
34

52
63

 
EF

49
34

21
 

EF
49

35
07

 
Ph

ry
no

pu
s 

tr
ib

ul
os

us
 

EU
18

67
25

 
EU

18
67

25
 

 
 

 
 

 
Ps

yc
hr

op
hr

yn
el

la
 g

ui
lle

i 
A

Y
84

37
20

 
A

Y
84

37
20

 
 

 
 

 
D

Q
28

29
95

 
Ps

yc
hr

op
hr

yn
el

la
 ia

ta
m

as
i 

A
M

03
97

12
 

A
M

03
96

44
 

 
JX

29
83

62
 

 
 

 
Ps

yc
hr

op
hr

yn
el

la
 s

al
ta

to
r 

A
M

03
97

10
 

A
M

03
96

42
 

 
 

 
 

 
Ps

yc
hr

op
hr

yn
el

la
 u

su
rp

at
or

 
EF

49
37

14
 

EF
49

37
14

 
 

 
 

EU
18

67
62

 
EU

18
67

80
 

Ps
yc

hr
op

hr
yn

el
la

 w
et

ts
te

in
i 

EU
18

66
96

 
EU

18
66

96
 

G
Q

34
51

53
 

 
G

Q
34

52
66

 
EU

18
67

55
 

EU
18

67
76

 
.

CHAPARRO ET AL. 98  ·  Zootaxa 3994 (1)  © 2015 Magnolia Press



FIGURE 1. Phylogenetic trees resulting from the analysis of a dataset of 5310 aligned bp (MAFFT) and 5936 bp (POY) 

composed by the mitochondrial genes 12S, 16S, and the intervening tRNA
valine

, and tRNA
leucine

 segments, a fragment of the 

mtDNA gene COI, and fragments of the nuclear protein-coding genes c-myc (exon 2), POMC, RAG1, and Tyr. (A) Maximum 

parsimony optimal tree of 9074 transformations depicting the relationships of species of Bryophryne and other genera of 

Holodeninae. Numbers above branches indicate Goodman-Bremer values, and those under branches are Jackknife proportions 

(asterisks represent Jackknife values of 100%). (B) Maximum likelihood optimal tree (log likelihood = -43164.04) and 

bootstrap node values.

Bryophryne bakersfield sp. nov.

(Figs. 2–4)

Holotype. MHNC 7972, field code RGP 2728, an adult female (Fig. 2) from Roquerío de Lorohuachana, 3620 m 
a.s.l. (12° 29' 43.8"S, 72° 04' 35.9"W, Fig. 5), Distrito de Echarate, Provincia de La Convención, Departamento 
Cusco, Peru, collected by R. Gutiérrez on 17 June 2008.

Paratypes. All from localities in the Distrito de Echarate, Provincia La Convención, Departamento Cusco, 
Peru: MHNC 7973, MUSA 2362 (adult females), MUSA 2360, 2363–2365 (adult males), MUSA 2361 (subadult 
male), from the type locality, collected by R. Gutiérrez, H. Zamora, and D. Huaman, on 13–18 June 2008; MHNC 
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5993, 6001 (adult females), MHNC 5996–5997, 6000 (adult males) from 2.7 km NW, Roquerío de Lorohuachana, 
3560 m a.s.l. (12° 29' 11.55"S, 72° 06' 03.45"W), collected by R. Gutiérrez on 17 June 2008; MHNC 6006, 6014 
and MNCN 43707 (adult females), MHNC 6007, 6010, 6012, 6022–6023 (adult males), MHNC 6008, 6013 
(subadult females), from Tambo Inca, 3651 m a.s.l. (12° 29' 09.74"S, 72° 04' 04.66"W), collected by A. Pari, C. 
Condori, and W. L. Delgado, on 12–21 April 2007; MHNC 7975, MUSA 2357 (adult females) and MHNC 7974 
(subadult female) from Tres Claveles, 8.7 km SW, Roquerío de Lorohuachana, 3393 m a.s.l. (12° 32' 43.9" S, 72° 
08' 22.7" W), collected by R. Gutiérrez on 12 June 2008; MUSA 2358 (adult male) and MUSA 2359 (subadult 
female) from Yanacocha lake surroundings, 4.3 km SW of Roquerío de Lorohuachana, 3506 m a.s.l. (12° 31’ 36.8’’ 
S, 72° 05’ 59.5” W), collected by R. Gutiérrez on 13 June 2008; MUSA 2367–2368 from Cajoniyoc Pass 
surroundings, 3.0 km SW of Roquerío de Lorohuachana, 3604 m a.s.l. (12° 28’ 8.10’’ S, 72° 04’ 12.77” W), 
collected by R. Gutiérrez on 19 June 2008; MHNC 5999 (adult male) and MHNC 6002 (subadult female), from 
Cabecera Timpia, 3579 m a.s.l. (12° 29' 11.55"S, 72° 06' 03.45"W), Departamento Cusco, Peru, collected by A. 
Pari, C. Condori, and W. L. Delgado on 19 April 2007.

FIGURE 2. Dorsal (A), and ventral (B) views of the body, lateral view of head (C), hand (D), and foot (E) of the adult female 

holotype (MHNC 7972) of Bryophryne bakersfield sp. nov.
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Diagnosis. The new species is part of Bryophryne according to molecular phylogenetic relationships (Fig. 1). 
Bryophryne bakersfield is characterized by: (1) skin on dorsum smooth or rugose with warts; flanks densely warty, 
with larger warts than those of dorsum; dorsal, dorsolateral, occipital and supratympanic folds prominent (not 
apparent in preservative); ventral skin areolate, throat and chest areolate but with smaller warts; dorsal and ventral 
warts covered by minute keratinous spicules; (2) tympanic membrane and tympanic annulus absent; (3) snout 
short, rounded in dorsal and lateral views; (4) upper eyelid with or without enlarged tubercles, cranial crests absent; 
(5) dentigerous process of vomers absent; (6) vocal sac small, vocal slits present, nuptial pads absent; (7) Finger I 
shorter than, or equal to Finger II, tips of digits rounded; (8) fingers lacking lateral fringes; (9) ulnar tubercles 
absent; (10) heel bearing one or two small low tubercles, tarsus lacking tubercles and folds; (11) plantar surfaces of 
feet bearing two metatarsal tubercles, the inner slightly larger than the outer; supernumerary plantar tubercles low, 
weakly defined; (12) toes lacking lateral fringes; webbing absent; Toe III longer than Toe V, tips of digits rounded; 
(13) dorsal and ventral coloration variable, including red, orange, yellow, brown, green, cream or gray colors; groin 
and shanks with yellow flash marks; (14) SVL 25.0–31.1 mm in females, 17.3–22.9 mm in males (Table 4).

TABLE 4. Measurements (in mm) and proportions of adult specimens of Bryophryne bakersfield. Mean and standard 

deviation in parenthesis follow ranges.

Bryophryne bakersfield is most similar to B. bustamantei (Fig. 6), with which it shares the presence of 
complete dorsolateral folds, warty flanks, presence of vocal slits, and the absence of tympanic membrane, annulus, 
and dentigerous process of vomers. The species differ in that the dorsal skin of B. bustamantei is coarsely shagreen 
(densely covered with small granules)—a character most evident in life—whereas the dorsal skin of B. bakersfield 

is smooth and covered with scattered warts and low folds. From the rest of species of Bryophryne, B. bakersfield

differs in the following character states (states of other species in parentheses). From B. abramalagae by having 
vocal slits (absent), lacking ulnar and tarsal tubercles and basal membrane on feet (present), and having Toe III 
longer than Toe V (equal). From B. cophites (Fig. 6), by having warty dorsal skin on smooth background 
(shagreen), and broad, high and complete dorsolateral folds (short, low, incomplete or absent). From B. 

flammiventris by lacking tympanic membrane (present), a large supratympanic fold (large and conspicuous supra 
tympanic fold), and a well-developed vocal sac (very large vocal sac). From B. gymnotis, by having an areolate 
belly (smooth), broad, high and complete dorsolateral folds (narrow and discontinuous), warty dorsal skin on 
smooth background (shagreen), and absence of tympanic membrane and annulus (present). From B. hanssaueri, by 
having warty dorsal skin on smooth background (shagreen), broad, high and complete dorsolateral folds (short and 
incomplete), absence of ulnar fold (present), absence of finger and toe fringes (present), and smaller size 
(maximum size 24.6 mm). From B. nubilosus (Fig. 6) by having warty dorsal skin on smooth background 
(shagreen), vocal slits present (absent), ulnar and tarsal tubercles absent (present), and smaller size (maximum SVL 
21.9). From B. zonalis, by having warty dorsal skin on smooth background (shagreen), broad, high and complete 
dorsolateral folds (short, low and incomplete), ulnar and tarsal tubercles absent (present), finger and toe fringes 

Adult females (n=8) Adult males (n=12)

SVL 25.0–31.1 (27.6±2.1) 17.3–22.9 (20.3±2.1)

TL 8.2–10.0 (9.0±0.5) 6.5–7.9 (7.2±0.5)

FL 9.4–11.9 (10.5±0.8) 7.5–8.9 (8.1±0.5)

HL 7.2–9.0 (7.7±0.5) 5.6–7.1 (6.2±0.5)

HW 8.4–10.0 (9.2±0.5) 6.2–7.7 (7.1±0.5)

ED 2.6–3.2 (2.8±0.2) 1.8–2.6 (2.1±0.3)

IND 2.0–2.3 (2.2±0.1) 1.4–2.1 (1.8±0.2)

END 1.8–2.3 (2.1±0.2) 1.5–2.1 (1.7±0.2)

HL/SVL 0.3–0.3 (0.3±0.0) 0.3–0.3 (0.3±0.0)

HW/SVL 0.3–0.4 (0.3±0.0) 0.3–0.4 (0.4±0.0)

END/ED 0.7–0.9 (0.8±0.1) 0.7–0.9 (0.8±0.1)

TL/SVL 0.3–0.4 (0.3±0.0) 0.3–0.4 (0.4±0.0)

FL/SVL 0.3–0.4 (0.4±0.0) 0.3–0.4 (0.4±0.0)
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absent (present), basal toe webbing absent (present), vocal slits present (absent), and smaller size (maximum SVL 
24.4 mm).

Description of the holotype. Body robust; dorsal skin warty on smooth background, with enlarged warts in 
occipital region and flanks; ventral skin areolate; dorsolateral folds prominent, from above the ocular region to the 
level of the sacral region; a pair of dorsolateral folds; pectoral fold present; head wider than long; HW 30% of 
SVL, HL 25% of SVL; snout short, rounded in dorsal view and in profile; nostrils prominent, closer to snout than 
to eyes; canthus rostralis concave in dorsal view, rounded in profile; eye-nostril distance 76% of eye length; loreal 
region slightly concave; cranial crests absent; tympanic membrane and tympanic annulus absent, skin of the 
tympanic area covered by low, round subconical warts; supratympanic fold small; tongue large, oval; choanae 
small, rounded, separated by 2 mm; dentigerous processes of vomers absent; limbs moderately short; tips of digits 
round, not expanded laterally; ulnar tubercle and fold absent; inner palmar tubercle single, round; fingers 
moderately short, not fringed; subarticular tubercles small, round; supernumerary tubercles small and 
inconspicuous; first finger shorter than second, relative length of fingers I ≤ II = IV < III; tibia length 32% of SVL; 
tarsal fold absent; two metatarsal tubercles, inner slightly larger than oval outer; supernumerary tubercles small, 
poorly defined; subarticular tubercles of toes round; toes lacking basal webbing or lateral fringes; relative length of 
toes I < II < III = V < IV; foot length 38% of SVL.

In life, the dorsum of the holotype was mostly greenish-brown, the dorsolateral and mid-dorsal folds were dark 
brown, and the dorsal surfaces of hands and feet were yellowish-orange. The belly was dark brown with cream 
blotches, and the throat was yellow; the fingers, toes and plantar surfaces were yellowish-orange; the groin and 
shanks had yellow flash marks; the iris was light metallic blue with black reticulations. In preservative, the dorsum 
is grey, the venter is dark with cream blotches, and yellowish-orange surfaces turned cream.
Measurements (in mm) of the holotype: SVL, 31.1; HL, 7.9; HW, 9.3; IND, 2.3; E-N, 2.3; ED, 3.0; TL, 10.0; FL, 
11.9.

FIGURE 3. Lateral views showing different color patterns and dorsal skin textures of Bryophryne bakersfield sp. nov. (A) 

MUSA 2368, SVL=27.2 mm; (B) MHNC 7973, SVL=25.0 mm; (C), MUSA 2367, SVL=24.0 mm; (D) MUSA 2357, 

SVL=25.6 mm.
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FIGURE 4. Ventral views showing different color patterns and skin texture of Bryophryne bakersfield. (A) MUSA 2368, 

SVL=27.2 mm; (B) MHNC 7973, SVL=25.0 mm; (C), MUSA 2367, SVL=24.0 mm; (D) MUSA 2357, SVL=25.6 mm.

Variation. Males possess vocal sac and slits and are smaller than females, but otherwise are similar in 
proportions (Table 4). Both males and females are variable in ventral and dorsal coloration and in the degree of 
development and presence of dorsal, occipital and dorsolateral folds. Dorsal coloration can range from dark red 
(e.g. MUSA 2368; Fig. 3A), to pale or dark olive-green (MHNC 7973, Fig. 3B), or a mix of red, orange, cream, and 
green shades (e.g. MUSA 2367 or MUSA 2357). The dorsum and belly of some specimens have sinuous cream 
stripes (e.g. MUSA 2367, Fig. 3C, and MUSA 2366). A fine middorsal yellow, cream or gray stripe is present in 
some specimens (e.g. MHNC 7973 and MUSA 2357; Fig. 3B and 3D). Dorsolateral folds are mostly present, and 
are complete, high, and conspicuous, as in MUSA 2368 and MHNC 797 (Fig. 3A and 3B). Some specimens also 
have a pair of well-developed middorsal folds internal and parallel to the dorsolateral folds (e.g. MHNC 7973, Fig. 
 Zootaxa 3994 (1)  © 2015 Magnolia Press  ·  103NEW SPECIES OF BRYOPHRYNE



3B, and MUSA 2363), that in some cases are sinuous (e.g. MUSA 2358). The ventral skin texture is always 
areolate, although the warts are more evident in some specimens than in others (e.g. Fig. 4). The throat and chest 
have smaller warts, sometimes resembling granules (e.g. MUSA 2368, Fig. 4A). The ventral coloration is highly 
variable (Fig. 4), ranging from dark olive-green (MHNC 7973; Fig. 4B), to pale gray with orange (e.g. MUSA 
2368, Fig. 4A), or intense orange and yellow (MUSA 2357; Fig. 4D); a cream or yellow cross-mark is present in 
some specimens (e.g. MUSA 2368, MHNC 7973, and MUSA 2357; Fig. 4A–B and D); two specimens have 
sinuous, cream ventral stripes (e.g. MUSA 2367, Fig. 4C, and MUSA 2366).

Etymology. The species epithet, used as a noun in apposition, refers to the city of Bakersfield, in the San 
Joaquín Valley of California. The name was selected by Javier Bustamante, a Peruvian residing in Bakersfield, who 
funded Juan C. Chaparro’s research in Peru.

Distribution and natural history. Bryophryne bakersfield is known from four close localities at elevations of 
3506–3651 m a.s.l. on the Amazonian versant of the Cordillera Oriental of the Peruvian Andes, Departamento 
Cusco, southern Peru (see above). Like other species of Bryophryne, B. bakersfield inhabits wet puna and the upper 
limits of elfin forest or “ceja de montaña”. Specimens were collected at the end of the rainy season and during the 
dry season inside clumps of grass and under stones and fallen trees. Males were calling during the day around 
noon. Other amphibians found in sympatry were Gastrotheca excubitor and Telmatobius sp.

FIGURE 5. Map of the Peruvian Andes, showing the type localities of the species of Bryophryne.

Discussion

The non-monophyly of Phrynopus Peters (sensu Lynch, 1975) was inferred by Lehr et al. (2005) and Heinicke et 

al. (2007) on the basis of molecular data, and Hedges et al.’s (2008) comprehensive revision of the systematics of 
terraranas (Brachycephaloidea) led to the division of Phrynopus into six genera. Hedges et al. (2008) erected 
Bryophryne because Phrynopus cophites (Lynch, 1975) was found as the sister group of Noblella + Barycholos, or, 
alternatively, as the sister group of a clade that they named as the genus Psychrophrynella. Subsequent studies have 
corroborated Bryophryne as part of Holoadeninae and as the sister group of Holoaden (Pyron & Wiens 2011), 
Euparkerella + Holoaden (Canedo & Haddad 2012) or Noblella + Barycholos (e.g., Padial et al. 2014). 
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Phylogenetic analyses in this study provide support for the monophyly of Bryophryne using three species but are 
ambiguous with respect to the position of the genus (Bryophryne was recovered as either the sister group of
Psychrophrynella in maximum likelihood or as the sister group of a large clade of holoadenines in parsimony 
analyses). Nonetheless, taxon sampling in our study was designed only to test the monophyly of Bryophryne and to 
infer the position of B. bustamantei and B. bakersfield. A rigorous assessment of the position of Bryophryne within 
Holoadeninae would have required a larger taxon sampling and therefore our results should be interpreted with 
caution.

FIGURE 6. Top: Dorsal and ventral view of an adult male of Bryophryne bustamantei (MHNC 6017, SVL=18.5 mm) from 

near Canchayoc, Departamento Cusco, Peru. Middle: Dorsal and ventral view of an adult female of B. cophites from 

Pantillacocha, Distrito Kosñipata, Provincia Paucartambo, Departamento Cusco, Peru (MHNC 4651, SVL=28.3 mm). Bottom: 

Dorsal and ventral view of B. nubilosus from Esperanza, Distrito Kosñipata, Provincia Paucartambo, Departamento Cusco, 

Peru (MHNC 4588, SVL=17.3 mm).
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Morphological characters purportedly diagnosing Bryophryne and other Andean genera of Holoadeninae 
(Hypodactylus, Lynchius, Oreobates, Phrynopus, Psychrophrynella) do not always allow unambiguous generic 
assignation of new high Andean species with Phrynopus-like morphologies —i.e., adapted to high Andean 
grasslands. Most recent allocations of new species to any of these genera have been based on distribution (Lehr & 
Oróz 2012, Lehr et al. 2012, De la Riva & Burrowes 2014, Mamani & Malqui 2014), because the currently known 
distribution of genera do not overlap (e.g., Bryophryne and Phrynopus) or only do it in small portions of their 
distributions (e.g., Oreobates and Phrynopus). Nonetheless, morphology (Padial et al. 2012), and especially 
molecular data (Padial et al. 2012, Teixeira et al. 2012, Pereyra et al. 2014) have also been important sources of 
evidence for generic allocation in Holoadeninae. However, the search for putative synapomorphies for Bryophryne

among external morphological characters has been unsuccessful. Lehr and Catenazzi (2008) discovered the shared 
absence of tympanum and dentigerous process of vomers in B. bustamantei, B. cophites, and B. nubilosus, (these 
states are also present in Phrynopus and Psychrophrynella). More recently, Lehr and Catenazzi (2009, 2010) 
named two species of Bryophryne that present a distinct annulus and tympanic membrane (B. flammiventris and B. 

gymnotis). Thus, the generic allocation of six species of Bryophryne (B. abramalagae, B. flammiventris, B. 

gymnotis, B. hanssaueri, B. nubilosus, and B. zonalis), and the monophyly of this taxon, remains to be tested, 
although geographic proximity in the distribution ranges of species suggests that they may well be part of a 
monophyletic group. Indeed, all nine species of Bryophryne named so far are geographically restricted to the 
Andean wet puna and elfin forests of the Cordillera Oriental of Departamento Cusco, north and east of the 
Apurimac river valley, a valley that was proposed by Lehr and Catenazzi (2008, 2009) and Duellman and Lehr 
(2009) as a biogeographic boundary for the occurrence of Bryophryne, northwestward of which only Phrynopus

would occur. The discovery of B. bakersfield and our phylogenetic analysis of the genus Bryophryne provides 
some support for that hypothesis. However, some high Andean species of Oreobates or even Pristimantis with 
similar morphologies may overlap with the current assumed distribution of Bryophryne. Likewise, the 
northwestern limits of the distribution of Psychrophrynella overlap partially with the distribution of Bryophryne

(e.g., P. bagrecito, P. usurpator). 
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