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Abstract

A new species of odorous frog, Odorrana damingshanensis sp. nov., was found at the
Damingshan National Nature Reserve in Guangxi, China. This species can be distin-
guished from its congeners by a combination of the following characters: medium body
size (SVL 52.3-54.8 mm in males and 74.8-81.2 mm in females), sawtooth spinules
on the upper lip, obtusely rounded snout that extends beyond the lower margin, distinct
dorsolateral folds, horny tubercles on the rear of the back, presence of outer metatarsal
tubercles, dilated nuptial pad with velvety spinules, distinct maxillary gland with tiny
spines, and external lateral vocal sac. Through analysis of the 16S mitochondria gene,
the new species is closely related to O. nasica and O. yentuensis, but the genetic diver-
gence between the new species and the latter exceeds 7% (uncorrected p-distance).
Currently, the new species is only known from its original discovery site. Furthermore, a
discussion on the taxonomy of Odorrana (Bamburana) was conducted, identifying seven
species within the subgenus Odorrana (Bamburana).

Key words: Cryptic species, morphology, Odorous frog, phylogeny, taxonomy

Introduction

The genus Odorrana Fei, Ye & Huang, 1990 is currently known to consist of
62 species, primarily found in East and Southeast Asia (AmphibiaChina 2023;
Frost 2023). Within China, there have been records of 40 species, with 18 spe-
cies identified in Guangxi (AmphibiaChina 2023). Among these, Odorrana versa-
bilis (Liu & Hu, 1962) was previously believed to have a wide distribution across
southern and central China, including provinces such as Zhejiang, Guizhou, An-
hui, Fujiang, Jiangxi, Hunan, Guangdong, Guangxi, and Hainan (Guo et al. 1966;
Hu et al. 1973, 1978; Liu et al. 1973; Ma et al. 1982; Zou 1983; Pan et al. 1985;
Zong and Ma 1985; Wu et al. 1986; Huang et al. 1990; Chen 1991; Sichuan In-
stitute of Biology 1974; Fei et al. 2009; Mo et al. 2014; AmphibiaChina 2023).
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Li et al. (2001) conducted a comparison of specimens from different geo-
graphic populations and observed distinct morphological divergences, indicat-
ing the presence of a species complex within O. versabilis. Based on both mor-
phological and molecular data, Li et al. (2001) proposed that the O. versabilis
species complex consisted of three separate species: O. exiliversabilis Li, Ye &
Fei, 2001, O. nasuta Li, Ye & Fei, 2001, and O. versabilis. Odorrana exiliversabi-
lis is found in Fujiang, Zhejiang, Anhui, and Jiangxi provinces, with Huangkeng
County in Fujiang serving as the type locality (Li et al. 2001; AmphibiaChina
2023). Odorrana nasuta is restricted to Hainan Island. Odorrana versabilis, on
the other hand, occurs in Guizhou, Anhui, Jiangxi, Hunan, Guangdong, and
Guangxi, with Longsheng and Jinxiu counties in Guangxi as the type locality.
Subsequently, Fei et al. (2005) assigned these three species to the subgenus
Bamburana within the genus Odorrana, based on several distinguishing charac-
ters. These included the presence of dorsolateral folds in the subgenus Bam-
burana (absent in the subgenus Odorrana), the upper lip adorned with sawtooth
spinules (absent in the subgenus Odorrana), a xiphisternum without a notch
(deeply notched in the subgenus Odorrana), and a widened posterior sternum
(sternum not widened posteriorly in the subgenus Odorrana).

In 2010, Fei et al. conducted a revision of the genus Odorrana, reorganizing
it into four separate and valid genera within the tribe Odorranini: Bamburana,
Eburana, Matsuirana, and Odorrana. Fei et al. (2010) proposed that the genus
Bamburana consisted of seven species: B. exiliversabilis, B. montivaga (Smith,
1921), B. nasica (Boulenger, 1903), B. nasuta, B. trankieni (Orlov, Le & Ho, 2003),
B. tormota (Wu, 1977), and B. versabilis. However, the idea of dividing the tribe
Odorranini into four genera did not gain widespread acceptance. In 2012, Fei
et al. followed up on their previous classification (Fei et al. 2005), which had
divided the genus Odorrana into the subgenera Odorrana (Odorrana) and Odor-
rana (Bamburana). Chen et al. (2013) subsequently confirmed the monophyly
of the genus Odorrana and divided it into seven distinct clades (clades A-G).
Clade F included O. exiliversabilis, O. nasica, O. nasuta, O. tormota, and O. versa-
bilis, and corresponded to the subgenus Odorrana (Bamburana). However, Chen
et al. (2013) did not specifically address the validity of Odorrana (Bamburana)
but only confirmed that this group forms a monophyletic cluster. Furthermore,
there was a lack of molecular data available to support the inclusion of O. trank-
ieni in the subgenus Odorrana (Bamburana). To date, no further research has
discussed the validity of Odorrana (Bamburana) or its constituent species.

The distribution of O. versabilis in Guangxi has been previously discussed by
Fei et al. (2005) and Mo et al. (2014). They argued that it was widely present
in counties such as Wuming, Shangsi, Longshen, Jinxiu, and Ziyuan. Previous
studies have also indicated the occurrence of O. nasuta and O. nasica in Guangxi
(zhang and Wen 2000; Fei et al. 2005; Chen 2018; Huang et al. 2020). Howev-
er, 0. nasuta was specifically documented in Shiwandashan and Damingshan
National Nature Reserves (Chen 2018; Huang et al. 2020), while information on
the distribution of O. nasica is only available on AmphibiaChina (2023) without
specifying its precise location. It is important to note that these findings are
solely based on morphological descriptions and lack molecular evidence.

In recent years, we conducted herpetological surveys in various nature re-
serves in Guangxi (Fig. 1), where we collected a series of specimens resembling

ZooKeys 1190: 131-152 (2024), DOI: 10.3897/z0okeys.1190.109886 132



Wei-Cai Chen et al.: A new species of Odorrana from China

“C N
5 4
/f’ ;/\,/J ?
g Loy
L< y } o \J%

>
- O f -
@DD & %
M | Lp/} o A .
; . - b
L ‘ Vietnam Whs o {f s
{ A A M i '%/ .
® A kgfﬁ éf? > Red from newly collected specimens
/ #. % O.(B.)damingshanensis sp. nov.
//J P - O. (B.) yentuensis
( ® & O.(B.)versabilis
L ° A A O.(B.) trankieni
o ® @ O.(B.)nasica |
O 0. (B.) nasuta <(
0. (B.) exiliversabilis /
\\/\ ; (
X Blue from GenBank (S

Figure 1. A distributions of the subgenus Odorrana (Bamburana), and B habitat of O. (B.) damingshanensis sp. nov. Abbre-
viations: DMS = Damingshan, DYS = Dayaoshan, SWDS = Shiwandashan, HP = Huaping, DD = Diding.
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0. versabilis. However, through phylogenetic analyses, we discovered that these
specimens did not form a monophyletic group. Instead, they were distributed
across five distinct branches, suggesting the presence of cryptic species within
the O. versabilis species complex. The objective of this study is to investigate
the species diversity within the O. versabilis species complex, describe the po-
tential new species that have been identified, and assess the validity of the
subgenus Odorrana (Bamburana) and its constituent species.

Material and methods

Fifty-four specimens from five different species were collected from various
national nature reserves in Guangxi, China, including Shiwandashan (SWDS),
Dayaoshan (DYS), Damingshan (DMS), Huaping (HP), and Diding (DD) reserves,
between 2013 and 2022 (Fig. 1, Appendix 1). The specimens were euthanized
using isoflurane, then fixed in 10% formalin and stored in 75% ethanol. Muscle
tissues were obtained from each specimen before formalin fixation and pre-
served in 100% ethanol for molecular analyses (Luo et al. 2021). Morphological
measurements were taken to the nearest 0.1 mm using digital calipers, follow-
ing the methods described by Fei et al. (2009) and Luo et al. (2021). Abbrevia-
tions of characters used in the paper are as follows:

SVL snout-vent length, distance from the tip of snout to the posterior margin
of vent;

HDL head length, distance from the tip of snout to the rear of jaw;

HDW maximum head width, the greatest width between the left and right ar-
ticulations of jaw;

SNT snout length, distance from the tip of snout to the anterior corner of eye;

EN eye-nostril distance, distance from the anterior of eye to nostril;

EYE eye diameter, horizontally from the anterior to posterior corner of eye;

IN internarial space, the shortest distance between the inner margins of
nostrils;

IOD interorbital distance, the shortest distance between the anterior cor-
ners of orbits;

TMP tympanum diameter;

TEY tympanum-eye distance, from the anterior edge of tympanum to the
posterior corner of eye;

TIB  tibia length, distance from knee to tarsus;

THL  thigh length, distance from vent to knee;

PL pes length, distance from the tip of the fourth toe to the base of the
inner metatarsal tubercles;

FLL  forelimb length, distance from elbow to the tip of the third finger;

ML manus length, distance from the tip of the third digit to the base of tu-
bercle on prepollex;

FD diameter of the third finger disc;

3

TD, diameter of the fourth toe disc.

Genomic DNA was extracted from muscle tissues using DNeasy tissue ex-
traction kits (Qiagen). Three fragments of mitochondrial DNA (mtDNA) were
amplified, targeting segments of the 12S (~ 750 bp) and 16S (~ 1000 bp)
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ribosomal RNA genes, as well as the COI (~ 630 bp) gene. The primer sequenc-
es and PCR conditions followed the protocols outlined by Chen et al. (2013)
for the 12S and 16S regions, and by Che et al. (2012) for the COI region. To
confirm successful amplification, the PCR products were directly sequenced
using an ABI 3730 automated DNA sequencer. The obtained sequences were
then validated for accuracy and specificity through BLAST searches (Altschul
et al. 1997) and deposited in GenBank (Table 1).

The DNA sequences obtained were aligned using the ClustalW algorithm im-
plemented in Mega v. 7 (Kumar et al. 2016) with default settings. Homologous
DNA sequences from GenBank were downloaded for phylogenetic analyses
(Table 1). The uncorrected paired divergence (p-distance) was calculated using
Mega v. 7. The best-fitting models of DNA substitution for the molecular data
were determined using the Akaike Information Criterion (AIC) implemented in

Table 1. Localities, voucher information and GenBank accession numbers for all samples used in this study.

ID

1

Species
0. (B.) damingshanensis
Sp. nov.

0. (B.) damingshanensis
Sp. nov.

0. (B.) damingshanensis
Sp. nov.

0. (B.) damingshanensis
Sp. nov.

0. (B.) damingshanensis
Sp. nov.

0. (B.) nasica

0. (B.) trankieni
0. (B.) trankieni
0. (B.) trankieni
0. (B.) trankieni
0. (B.) trankieni
0. (B.) trankieni
0. (B.) trankieni
0. (B.) trankieni
0. (B.) trankieni
0. (B.) trankieni
0. (B.) trankieni
0. (B.) trankieni
0. (B.) trankieni
0. (B.) versabilis
0. (B.) versabilis
0. (B.) versabilis
0. (B.) versabilis
0. (B.) versabilis
0. (B.) versabilis
0. (B.) versabilis
0. (B.) versabilis

GenBank accession no.

Locality Voucher
128 16S col

Wuming, Guangxi, China NNU00689 ON791444 | ON791419 | ON791392
Wuming, Guangxi, China NNU00690 ON791445 | ON791420 | ON791393
Wuming, Guangxi, China NNU00691 ON791446 | ON791421 | ON791394
Wuming, Guangxi, China NNU00692 ON791447 | ON791422 | ON791395
Wuming, Guangxi, China NNU00693 ON791448 | ON791423 | ON791396
Jingxi, Guangxi, China NNU00663 ON791466 | ON791443 | ON791418

Shangsi, Guangxi, China NHMG1303003 ON791449 | ON791424

Shangsi, Guangxi, China NHMG140108 ON791451 | ON791426
Shangsi, Guangxi, China NHMG141103 MH665665 | MH665671 | ON791406
Shangsi, Guangxi, China NHMG141104 MH665666 = MH665672 | ON791405
Shangsi, Guangxi, China NHMG141107 MH665667 | MH665673 | ON791403

Shangsi, Guangxi, China NHMG141111 ON791450 | ON791425
Shangsi, Guangxi, China NHMG141113 MH665668 | MH665674 | ON791404
Wuming, Guangxi, China NNU20042913 ON791452 | ON791427 | ON791397
Wuming, Guangxi, China NNU20042914 ON791453 | ON791428 | ON791398
Wuming, Guangxi, China NNU20042915 ON791454 | ON791429 | ON791399
Wuming, Guangxi, China NNU20210302 ON791455 | ON791430 | ON791400
Wuming, Guangxi, China NNU20210303 ON791456 | ON791431 | ON791401
Wuming, Guangxi, China NNU20210304 ON791457 | ON791432 | ON791402
Jinxiu, Guangxi, China NNU00637 ON791460 | ON791435 | ON791409
Jinxiu, Guangxi, China NNU00638 ON791461 | ON791436 | ON791410
Jinxiu, Guangxi, China NNU00639 ON791462 | ON791437 | ON791411
Jinxiu, Guangxi, China NNU00640 ON791463 | ON791438 | ON791412
Jinxiu, Guangxi, China NNU00641 ON791464 | ON791439 | ON791413
Jinxiu, Guangxi, China NNU00647 ON791465 | ON791440 | ON791414
Longsheng, Guangxi, China NNU201908005 ON791458 | ON791434 | ON791407
Longsheng, Guangxi, China NNU201908010 ON791459 | ON791433 | ON791408
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http://www.ncbi.nlm.nih.gov/nuccore/ON791445
http://www.ncbi.nlm.nih.gov/nuccore/ON791420
http://www.ncbi.nlm.nih.gov/nuccore/ON791393
http://www.ncbi.nlm.nih.gov/nuccore/ON791446
http://www.ncbi.nlm.nih.gov/nuccore/ON791421
http://www.ncbi.nlm.nih.gov/nuccore/ON791394
http://www.ncbi.nlm.nih.gov/nuccore/ON791447
http://www.ncbi.nlm.nih.gov/nuccore/ON791422
http://www.ncbi.nlm.nih.gov/nuccore/ON791395
http://www.ncbi.nlm.nih.gov/nuccore/ON791448
http://www.ncbi.nlm.nih.gov/nuccore/ON791423
http://www.ncbi.nlm.nih.gov/nuccore/ON791396
http://www.ncbi.nlm.nih.gov/nuccore/ON791466
http://www.ncbi.nlm.nih.gov/nuccore/ON791443
http://www.ncbi.nlm.nih.gov/nuccore/ON791418
http://www.ncbi.nlm.nih.gov/nuccore/ON791449
http://www.ncbi.nlm.nih.gov/nuccore/ON791424
http://www.ncbi.nlm.nih.gov/nuccore/ON791451
http://www.ncbi.nlm.nih.gov/nuccore/ON791426
http://www.ncbi.nlm.nih.gov/nuccore/MH665665
http://www.ncbi.nlm.nih.gov/nuccore/MH665671
http://www.ncbi.nlm.nih.gov/nuccore/ON791406
http://www.ncbi.nlm.nih.gov/nuccore/MH665666
http://www.ncbi.nlm.nih.gov/nuccore/MH665672
http://www.ncbi.nlm.nih.gov/nuccore/ON791405
http://www.ncbi.nlm.nih.gov/nuccore/MH665667
http://www.ncbi.nlm.nih.gov/nuccore/MH665673
http://www.ncbi.nlm.nih.gov/nuccore/ON791403
http://www.ncbi.nlm.nih.gov/nuccore/ON791450
http://www.ncbi.nlm.nih.gov/nuccore/ON791425
http://www.ncbi.nlm.nih.gov/nuccore/MH665668
http://www.ncbi.nlm.nih.gov/nuccore/MH665674
http://www.ncbi.nlm.nih.gov/nuccore/ON791404
http://www.ncbi.nlm.nih.gov/nuccore/ON791452
http://www.ncbi.nlm.nih.gov/nuccore/ON791427
http://www.ncbi.nlm.nih.gov/nuccore/ON791397
http://www.ncbi.nlm.nih.gov/nuccore/ON791453
http://www.ncbi.nlm.nih.gov/nuccore/ON791428
http://www.ncbi.nlm.nih.gov/nuccore/ON791398
http://www.ncbi.nlm.nih.gov/nuccore/ON791454
http://www.ncbi.nlm.nih.gov/nuccore/ON791429
http://www.ncbi.nlm.nih.gov/nuccore/ON791399
http://www.ncbi.nlm.nih.gov/nuccore/ON791455
http://www.ncbi.nlm.nih.gov/nuccore/ON791430
http://www.ncbi.nlm.nih.gov/nuccore/ON791400
http://www.ncbi.nlm.nih.gov/nuccore/ON791456
http://www.ncbi.nlm.nih.gov/nuccore/ON791431
http://www.ncbi.nlm.nih.gov/nuccore/ON791401
http://www.ncbi.nlm.nih.gov/nuccore/ON791457
http://www.ncbi.nlm.nih.gov/nuccore/ON791432
http://www.ncbi.nlm.nih.gov/nuccore/ON791402
http://www.ncbi.nlm.nih.gov/nuccore/ON791460
http://www.ncbi.nlm.nih.gov/nuccore/ON791435
http://www.ncbi.nlm.nih.gov/nuccore/ON791409
http://www.ncbi.nlm.nih.gov/nuccore/ON791461
http://www.ncbi.nlm.nih.gov/nuccore/ON791436
http://www.ncbi.nlm.nih.gov/nuccore/ON791410
http://www.ncbi.nlm.nih.gov/nuccore/ON791462
http://www.ncbi.nlm.nih.gov/nuccore/ON791437
http://www.ncbi.nlm.nih.gov/nuccore/ON791411
http://www.ncbi.nlm.nih.gov/nuccore/ON791463
http://www.ncbi.nlm.nih.gov/nuccore/ON791438
http://www.ncbi.nlm.nih.gov/nuccore/ON791412
http://www.ncbi.nlm.nih.gov/nuccore/ON791464
http://www.ncbi.nlm.nih.gov/nuccore/ON791439
http://www.ncbi.nlm.nih.gov/nuccore/ON791413
http://www.ncbi.nlm.nih.gov/nuccore/ON791465
http://www.ncbi.nlm.nih.gov/nuccore/ON791440
http://www.ncbi.nlm.nih.gov/nuccore/ON791414
http://www.ncbi.nlm.nih.gov/nuccore/ON791458
http://www.ncbi.nlm.nih.gov/nuccore/ON791434
http://www.ncbi.nlm.nih.gov/nuccore/ON791407
http://www.ncbi.nlm.nih.gov/nuccore/ON791459
http://www.ncbi.nlm.nih.gov/nuccore/ON791433
http://www.ncbi.nlm.nih.gov/nuccore/ON791408
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ID

30
31
32
33
34
35
36
37
38
39
40
y
42
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

Species

0. (B.) yentuensis
0. (B.) yentuensis
0. (B.) yentuensis
0. andersonii

0. anlungensis

O. chapaensis

0. chloronota

0. (B.) exiliversabilis
0. (B.) exiliversabilis
0. fengkaiensis

0. grahami

0. graminea

0. hainanensis

0. hejiangensis

0. hosii

0. huanggangensis
0. ishikawae

0. jingdongensis

0. junlianensis

0. kuangwuensis
0. leporipes

0. liboensis

0. lipuensis

0. lungshengensis
0. margaretae

0. mutschmanni
0. nanjiangensis
0. narina

0. (B.) nasica

0. (B.) nasica

0. (B.) nasica

0. (B.) nasuta

0. (B.) nasuta

0. schmackeri

0. swinhoana

0. tianmuii

0. tiannanensis

0. tormota

0. tormota

0. (B.) trankieni
0. (B.) trankieni
0. (B.) trankieni
0. (B.) versabilis
0. wuchuanensis
0. yizhangensis
0. (B.) yentuensis
Babina daunchina
Rana chensinensis

Locality

Shangsi, Guangxi, China
Shangsi, Guangxi, China
Shangsi, Guangxi, China
Longchuan, Yunnan, China
Anlong, Guizhou, China
Lai Chau, Vietnam
Ha Giang, Vietnam
Wuyishan, Fujian, China
Wauyishan, Fujian, China
Fengkai CO., Guangdong, China
Kunming, Yunnan, China
Wuzhishan, Hainan, China
Wuzhishan, Hainan, China
Hejiang, Sichuan, China
Kuala Lumpur, Malaysia
Wauyishan, Fujian, China
Amami Island, Ryukyu
Jingdong, Yunan, China
Junlian, Sichuan, China
Nanjiang, Sichuan, China
Shaoguan, Guangdong, China

Maolan National Nature Reserve,
Libo County, Guizhou, China

Lipu, Guangxi, China
Longsheng, Guangxi, China
Dujiangyan City, Sichuan, China
Cao Bang Province, Vietnam
Nanjiang, Sichuan
Okinawa Island, Ryukyu
Ha Tinh, Vietnam
Tam Dao, Vinh Phu Prov., Vietnam
Tam Dao, Vinh Phu Prov., Vietnam
Wuzhishan, Hainan, China
Limu shan, Hainan, China
Yichang, Hubei, China
Taibei, Taiwan, China
Linan, Zhejiang, China
Hekou, Yunnan, China
Huangshan, Anhui, China
Huangshan, Anhui, China
Son La province, Vietham
Hoa Binh Province, Vietnam
Bac Giang Province, Vietham
Leishan, Guizhou, China
Wuchuan, Guizhou, China
Yizhang, Hunan, China
Vietnam
Emeishan, Sichuan, China
Ningshan, Shanxi, China
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Voucher

NHMG1401035
NHMG1401036
NNU00230
HNNUOOTYN topotype
HNNU10081109 topotype
Genbank
Genbank
HNNU0607032 topotype
LSU20200716WY02 topotype
SYS a002262 Paratype
HNNU1008l1016 topotype
HNNUO0606123 topotype
HNNUO0606105 topotype
HNNU10071202 topotype
Genbank
HNNU0607001 paratype
Genbank
20070711017 topotype
HNNUO002 JL topotype
HNNU 090811185 topotype
HNNU10081099 topotype
GZNU20180608007 holotype

NHMG1303018 paratype
HNNU70028 topotype
SYS a003214
IEBR 3723 holotype
HNNU10071291 topotype
Genbank
AMNH A161169
ROM 18031
ROM 20235
HNNUO051119 topotype
HNNU-A00T9L
HNNU 090811349 topotype
HNNUTW1
HNNU 0707071 paratype
HNNUHKOO01 topotype
AMO04005, topotype
SCUM052069
VNMNO04035
IEBR A.2015.69
IEBR A.2013.74
HNNUO0O3 LS
HNNUO19 L topotype
HNNU1008I075 topotype
IEBR A.2015.38
HNNU20060103 topotype
HNNU 20060359

GenBank accession no.

128
MH665669
ON791467
ON791468
KF185021
KF185013
DQ283372
DQ283394
KF185020
MT934403
KT315354
KF185015
KF185002
KF184996
KF185016
AB511284
KF185023
AB511282
KF185014
KF185022
KF184998
KF185000
MW481339

MH665670
KF185018
KT315370
KU356761

KF185006
AB511287
DQ283345

KF185017
KX269223
KF185011
KF185009
KF185004
KF185008
DQ835616
NC009423

KF185019
KF185007
KF185012

KF185029
KF185025

16S col
MH665675 | ON791416
ON791441 | ON791415
ON791442 | ON791417
KF185057
KF185049
DQ283372
DQ283394
KF185056
MT934403
KT315375
KF185051
KF185038
KF185032
KF185052
AB511284
KF185059
AB511282
KF185050
KF185058
KF185034
KF185036
MW481350

MT934403

MH665676
KF185054
KT315391
KU356765
KF185042
AB511287
DQ283345
DQ204493
DQ204494
KF185053
KX269223
KF185047
KF185045
KF185040
KF185044
DQ835616
NC009423
KX893900
KX893889
KX893890
KF185055
KF185043
KF185048
KX893891
KF185065
KF185061

DQ835616
NC009423

136


http://www.ncbi.nlm.nih.gov/nuccore/MH665669
http://www.ncbi.nlm.nih.gov/nuccore/MH665675
http://www.ncbi.nlm.nih.gov/nuccore/ON791416
http://www.ncbi.nlm.nih.gov/nuccore/ON791467
http://www.ncbi.nlm.nih.gov/nuccore/ON791441
http://www.ncbi.nlm.nih.gov/nuccore/ON791415
http://www.ncbi.nlm.nih.gov/nuccore/ON791468
http://www.ncbi.nlm.nih.gov/nuccore/ON791442
http://www.ncbi.nlm.nih.gov/nuccore/ON791417
http://www.ncbi.nlm.nih.gov/nuccore/KF185021
http://www.ncbi.nlm.nih.gov/nuccore/KF185057
http://www.ncbi.nlm.nih.gov/nuccore/KF185013
http://www.ncbi.nlm.nih.gov/nuccore/KF185049
http://www.ncbi.nlm.nih.gov/nuccore/DQ283372
http://www.ncbi.nlm.nih.gov/nuccore/DQ283372
http://www.ncbi.nlm.nih.gov/nuccore/DQ283394
http://www.ncbi.nlm.nih.gov/nuccore/DQ283394
http://www.ncbi.nlm.nih.gov/nuccore/KF185020
http://www.ncbi.nlm.nih.gov/nuccore/KF185056
http://www.ncbi.nlm.nih.gov/nuccore/MT934403
http://www.ncbi.nlm.nih.gov/nuccore/MT934403
http://www.ncbi.nlm.nih.gov/nuccore/MT934403
http://www.ncbi.nlm.nih.gov/nuccore/KT315354
http://www.ncbi.nlm.nih.gov/nuccore/KT315375
http://www.ncbi.nlm.nih.gov/nuccore/KF185015
http://www.ncbi.nlm.nih.gov/nuccore/KF185051
http://www.ncbi.nlm.nih.gov/nuccore/KF185002
http://www.ncbi.nlm.nih.gov/nuccore/KF185038
http://www.ncbi.nlm.nih.gov/nuccore/KF184996
http://www.ncbi.nlm.nih.gov/nuccore/KF185032
http://www.ncbi.nlm.nih.gov/nuccore/KF185016
http://www.ncbi.nlm.nih.gov/nuccore/KF185052
http://www.ncbi.nlm.nih.gov/nuccore/AB511284
http://www.ncbi.nlm.nih.gov/nuccore/AB511284
http://www.ncbi.nlm.nih.gov/nuccore/KF185023
http://www.ncbi.nlm.nih.gov/nuccore/KF185059
http://www.ncbi.nlm.nih.gov/nuccore/AB511282
http://www.ncbi.nlm.nih.gov/nuccore/AB511282
http://www.ncbi.nlm.nih.gov/nuccore/KF185014
http://www.ncbi.nlm.nih.gov/nuccore/KF185050
http://www.ncbi.nlm.nih.gov/nuccore/KF185022
http://www.ncbi.nlm.nih.gov/nuccore/KF185058
http://www.ncbi.nlm.nih.gov/nuccore/KF184998
http://www.ncbi.nlm.nih.gov/nuccore/KF185034
http://www.ncbi.nlm.nih.gov/nuccore/KF185000
http://www.ncbi.nlm.nih.gov/nuccore/KF185036
http://www.ncbi.nlm.nih.gov/nuccore/MW481339
http://www.ncbi.nlm.nih.gov/nuccore/MW481350
http://www.ncbi.nlm.nih.gov/nuccore/MH665670
http://www.ncbi.nlm.nih.gov/nuccore/MH665676
http://www.ncbi.nlm.nih.gov/nuccore/KF185018
http://www.ncbi.nlm.nih.gov/nuccore/KF185054
http://www.ncbi.nlm.nih.gov/nuccore/KT315370
http://www.ncbi.nlm.nih.gov/nuccore/KT315391
http://www.ncbi.nlm.nih.gov/nuccore/KU356761
http://www.ncbi.nlm.nih.gov/nuccore/KU356765
http://www.ncbi.nlm.nih.gov/nuccore/KF185006
http://www.ncbi.nlm.nih.gov/nuccore/KF185042
http://www.ncbi.nlm.nih.gov/nuccore/AB511287
http://www.ncbi.nlm.nih.gov/nuccore/AB511287
http://www.ncbi.nlm.nih.gov/nuccore/DQ283345
http://www.ncbi.nlm.nih.gov/nuccore/DQ283345
http://www.ncbi.nlm.nih.gov/nuccore/DQ204493
http://www.ncbi.nlm.nih.gov/nuccore/DQ204494
http://www.ncbi.nlm.nih.gov/nuccore/KF185017
http://www.ncbi.nlm.nih.gov/nuccore/KF185053
http://www.ncbi.nlm.nih.gov/nuccore/KX269223
http://www.ncbi.nlm.nih.gov/nuccore/KX269223
http://www.ncbi.nlm.nih.gov/nuccore/KF185011
http://www.ncbi.nlm.nih.gov/nuccore/KF185047
http://www.ncbi.nlm.nih.gov/nuccore/KF185009
http://www.ncbi.nlm.nih.gov/nuccore/KF185045
http://www.ncbi.nlm.nih.gov/nuccore/KF185004
http://www.ncbi.nlm.nih.gov/nuccore/KF185040
http://www.ncbi.nlm.nih.gov/nuccore/KF185008
http://www.ncbi.nlm.nih.gov/nuccore/KF185044
http://www.ncbi.nlm.nih.gov/nuccore/DQ835616
http://www.ncbi.nlm.nih.gov/nuccore/DQ835616
http://www.ncbi.nlm.nih.gov/nuccore/DQ835616
http://www.ncbi.nlm.nih.gov/nuccore/NC009423
http://www.ncbi.nlm.nih.gov/nuccore/NC009423
http://www.ncbi.nlm.nih.gov/nuccore/NC009423
http://www.ncbi.nlm.nih.gov/nuccore/KX893900
http://www.ncbi.nlm.nih.gov/nuccore/KX893889
http://www.ncbi.nlm.nih.gov/nuccore/KX893890
http://www.ncbi.nlm.nih.gov/nuccore/KF185019
http://www.ncbi.nlm.nih.gov/nuccore/KF185055
http://www.ncbi.nlm.nih.gov/nuccore/KF185007
http://www.ncbi.nlm.nih.gov/nuccore/KF185043
http://www.ncbi.nlm.nih.gov/nuccore/KF185012
http://www.ncbi.nlm.nih.gov/nuccore/KF185048
http://www.ncbi.nlm.nih.gov/nuccore/KX893891
http://www.ncbi.nlm.nih.gov/nuccore/KF185029
http://www.ncbi.nlm.nih.gov/nuccore/KF185065
http://www.ncbi.nlm.nih.gov/nuccore/KF185025
http://www.ncbi.nlm.nih.gov/nuccore/KF185061

Wei-Cai Chen et al.: A new species of Odorrana from China

MrModeltest v. 2.3 (Nylander 2004), resulting in the selection of the GTR+ 1+ G
model. Phylogenetic relationships within the genus Odorrana were reconstruct-
ed using Bayesian inference (Bl) with MrBayes v. 3.2 (Ronquist et al. 2012). A
majority-rule consensus tree was constructed to calculate the Bayesian pos-
terior probabilities (BPP) for the nodes in the tree. Maximum likelihood (ML)
trees were inferred using the CIPRES Science Gateway server (https://www.
phylo.org/portal2; Miller et al. 2010) with the estimation of the proportion of
invariable sites and 1000 bootstrap pseudo replicates.

Results
Molecular analyses

Both Bl and ML analyses produced similar results, which align with previous
studies conducted by Chen et al. (2013) and Luo et al. (2021). Our specimens
were categorized into five distinct lineages based on preliminary phylogenetic
analyses (Fig. 2). Firstly, the specimens from DMS were divided into two sepa-
rate lineages. One lineage, referred to as DMS_| specimens, showed close rela-
tion to specimens from SWDS and O. trankieni from Vietnam, forming a mono-
phyletic group. The other lineage, referred to as DMS_Il specimens, formed a
well-supported monophyletic group (BS = 100; PP = 1.00) and exhibited close
affinity to O. nasica and O. yentuensis. The SWDS specimens, DMS_I| specimens,
and O. trankieni clustered together, forming a monophyletic group. The speci-
mens from DYS and HP (type locality: Longsheng and Jinxiu counties, Guangxi,
China), with O. versabilis from Leishan, Guizhou, formed a monophyletic group.
The specimen from DD was found to be nested within O. nasica from Vietnam,
indicating that they belong to the same species. Odorrana yentuensis from
SWDS and Vietnam formed a monophyletic group and showed close affinity to
0. nasica. Lastly, O. nasuta from Hainan Island formed a distinct monophyletic
group (Fig. 2).

The uncorrected p-distances for the 16S fragments within O. versabilis spe-
cies complex are remarkably low, ranging from 1.3% to 3.1%. For instance, the
genetic distances between O. versabilis and O. nasuta range from 1.8% to 2.4%,
while those between O. versabilis and O. nasica range from 0.7% to 2.8% (Suppl.
material 1: table S1). However, the DMS_II specimens show significant genet-
ic divergences (> 5.0%) from their congeners. When examining the COI frag-
ments, the smallest genetic distance among them is greater than 4.0% (Suppl.
material 1: table S2). Specifically, the genetic distances between the specimens
from DYS and SWDS range from 5.1% to 6.3%. On the other hand, the genetic
divergences between the specimens from DMS and SWDS are very low, ranging
from 0.3% to 0.8%, suggesting that these specimens are congeners. Neverthe-
less, the proposed new species (DMS_II specimens) exhibits distinct genetic
differences from other similar species, with divergence values exceeding 5.0%
for 16S and 10.0% for COI (Suppl. material 1: tables S1, S2).

Morphological analyses

Table 2 presents the morphological differences observed. The DMS_II speci-
mens can be distinguished from other similar species by various morphological
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0. (B.) yentuensis
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NNUO00691(DMS_I1) 0. (B.) damingshanensis sp. no

Figure 2. Maximum likelihood tree reconstructed based on 12S, 16S, and COI genes sequences. Note supports are
shown on branches as bootstrap supports (upper half; > 70% < 90% = grey, > 90% = black) and Bayesian posterior proba-
bilities (lower half; > 0.95 = grey, 1 = black). Red indicates the newly collected specimens in this study.
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characteristics listed in Table 2, such as SVL, vocal sac, horny tubercles on the
rear of the back, and sawtooth spinules on the upper lip. For further informa-
tion, please refer to the Taxonomic account section below.

Taxonomic results

Based on the analysis of morphological characters and molecular data, it has
been determined that the specimens from SWDS, DMS_I, and those previously
identified as O. trankieni from Vietnam, belong to the same species, namely
O. trankieni. The specimens from HP and DYS have been identified as O. vers-
abilis. The DD specimen has been classified as O. nasica. Furthermore, the
DMS_II specimens have been found to represent an undescribed species of
Odorrana, which will be described below.

Odorrana damingshanensis sp. nov.
https://zoobank.org/448AD82C-76AE-4D51-88DF-D7790C2FC408
Figs 3,4

Type material examined. Holotype. NNU 00690, adult male, from the Daming-
shan National Nature Reserve, Wuming District, Nanning City, Guangxi, China
(23.4637°N, 108.4869°E; elevation 1159 m), collected by Weicai Chen on 25
April 2022. Paratypes. NNU 00689 and NNU 00691, adult males; NNU 00692 and
NNU 00693, adult females, collected at the same site and time as the holotype.

Diagnosis. Based on both molecular analyses and specific morphological
traits, these specimens were assigned to the genus Odorrana. The distinguish-
ing morphological characteristics of these species include dilated and tapering
tips of the digits, disks with circummarginal grooves and a longer vertical diam-
eter than horizontal diameter, fully webbed toes, the absence of a tarsal fold, a
thick first finger with a distinct nuptial pad, sawtooth spinules on the upper lip,
and well-defined dorsolateral folds (Fei et al. 2001, 2005).

Odorrana damingshanensis sp. nov. can be distinguished from other species
in its genus by the following combination of characters: (1) medium body size
(SVL 52.3-54.8 mmin males and 74.8-81.2 mm in females); (2) SVL of female/
SVL of male = 1.46; (3) sawtooth spinules on the upper lip; (4) snout obtusely
rounded without significantly extending beyond the lower jaw; (5) well-defined
dorsolateral folds; (6) horny tubercles on the rear of the back; (7) presence
of outer metatarsal tubercles; (8) absence of a supratympanic fold; (9) highly
dilated nuptial pad with velvety spinules on the dorsolateral surface of Finger |;
(10) distinct expansion of the tips of the second, third, and fourth fingers, with
the first slightly enlarged; expanded tips of the toes with distinct circummar-
ginal grooves; (11) distinct maxillary gland with tiny spines; and (12) external
lateral vocal sac (Fig. 3A-1).

Description of holotype. Head longer than wide (HDL/HDW = 1.23); snout
obtusely rounded in dorsal view, but not strongly projecting beyond margin of
lower jaw (Fig. 3G); canthus rostral distinct, loreal region concave; nostrils oval,
oblique, and closer to tip of snout than eye; upper lip with sawtooth spinules
(Fig. 3G); eye diameter less than snout length (EYE/SNT = 0.88); interorbital
region flat with a pineal; interorbital distance less than eye diameter (IOD/EYE
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Figure 3. The holotype of 0. (B.) damingshanensis sp. nov. (NNU 00690) A dorsal view B ventral view C dorsolateral view
D rear of the back with horny tubercles and dorsal view of thighs E ventral view of hand F nuptial pad with velvety spinules
G ventral view of snout H ventral view of foot, and | external lateral vocal sac and tiny spines on maxillary glands.
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= 0.75); internostril distance less than eye diameter (IN/EYE = 0.88); tympanum
distinct, rounded, 57% eye diameter, slightly concave relative to skin of tempo-
ral region; supratympanic fold absent; vomerine teeth on two oblique ridges,
closed each other than choana; tongue elongated, deeply notched posteriorly;
pupil horizontally oval; and external lateral vocal sac (Fig. 3lI).

Forelimbs stout, relative length of fingers Il < IV < | < llI; tips of the second,
third and fourth distinctly expanded, but the first slightly enlarged; tips of all
fingers with circummarginal grooves; Finger Il disk width less than tympa-
num diameter (FD,/TMP = 0.62); finger webbing absent; subarticular tubercles
prominent, rounded, formula 1, 1, 2, 2; inner and outer palmar tubercles distinct;
nuptial pad on lateral surface of Finger | strongly dilated with velvety spinules,
extending from hand base to level of subarticular tubercle (Fig. 3E, F). Tips of
toes expanded, with distinct circummarginal grooves; relative length of toes |
<l <l =V < IV; toes entirely webbed; subarticular tubercles distinct, rounded,
formula 1, 1, 2, 3, 2; inner metatarsal tubercle elongated; outer metatarsal tu-
bercle conical (Fig. 3H).

Body surface shagreened; rear of the back with horny tubercles; ventral
surface of venter, forelimbs, and thighs smooth; flanks shagreened; dorsal of
forelimbs and hindlimbs shagreened, and hindlimbs with sparse tubercles; two
distinct maxillary glands with tiny spinules (Fig. 3I).

Coloration in life. Dorsum grey-beige, with irregular grass-green blotches;
a discrete darker brown stripe from tip of snout, across canthus rostral, along
the inferior dorsolateral fold, finally ending at the anterior of groin; pineal gland
grass-green; cream white stripe from anterior of upper lip to maxillary glands;
tympanic region brown, some creamy white tubercles around the tympanum;
the upper part of belly, chest, and throat with irregular grey cloud, but the lower
part of belly creamy white without spots; ventral surface of thighs and fore-
limbs incarnadine without spots; forelimbs and hindlimbs with pale brown
crossbars, three on lower arm, four on thigh and four on tibia; pupil black with
orange border; iris creamy yellow, but the posterior iris pale jacinth; and velvety
nuptial pad creamy white (Fig. 3A-1).

Coloration in preservative. Dorsum brown; bars on forelimbs and hindlimbs
darker brown; horny tubercles on the rear of the back turned into creamy white;
creamy white nuptial pad turned into grey; the upper part of belly, throat, and
chest with brown cloud; the lower part of belly immaculate creamy white; the
ventral surface of the hindlimbs creamy yellow; external lateral vocal sac pale
green and projecting distinctly (Fig. 3I).

Etymology. The specific name of this species, damingshanensis, is derived
from its discovery locality, Damingshan National Nature Reserve. In English, it
is suggested to be called the Damingshan Bamboo-leaf Frog. In Chinese, it is
known as K B 1117 H-#:(Da Ming Shan Zhu Yé Wa).

Distribution and ecology. Odorrana damingshanensis sp. nov. is a newly dis-
covered species found in the Damingshan National Nature Reserve, located
in Wuming District, Nanning City, Guangxi, China. This species was observed
near slow-flowing rocky streams, which were ~ 2-3 m wide and 10-30 cm
deep (Fig. 1B). The frogs were often seen sitting on rocks, and interestingly,
one specimen (NNU 00691) was found on a leaf near a stream, while another
specimen (NNU 00693) was perched on a dry branch above a stream. The sur-
rounding vegetation in the area consists of evergreen forest, and the elevation

ZooKeys 1190: 131-152 (2024), DOI: 10.3897/z0okeys.1190.109886 142



Wei-Cai Chen et al.: A new species of Odorrana from China

is ~ 1200 m with an ambient temperature of 20 °C in April. During the sur-
vey, no advertisement calls were heard; however, both female specimens were
gravid, carrying creamy yellow eggs without black poles (Fig. 4A). Additionally,
amplexus behavior was observed when males encountered females indoors
(Fig. 4B). The breeding season of O. damingshanensis sp. nov. is speculated
to occur between April and May. Other sympatric species in the area include
Gracixalus jinxiuensis and Quasipaa shini.

Sexual dimorphism and variation. The measurements of 0. damingshanen-
sis sp. nov. are provided in Table 3. Females of this species were observed
to be significantly larger than males in terms of SVL, with a ratio of 1.46. The
specimens show variation in dorsal colors: NNU 00691 displays a grass green
coloration with brown blotches (Fig. 4C), while NNU 00689 exhibits a pale beige
coloration with grass green blotches (Fig. 4D). Males have a higher density of
horny tubercles on the rear of their backs compared to females (Fig. 4C-F).

Comparisons. Odorrana damingshanensis sp. nov. shares morphological
similarities with closely phylogenetically related species, including O. exiliversa-
bilis, O. nasica, O. nasuta, O. tormota, O. trankieni, O. versabilis, and O. yentuensis
(Fig. 4G—J, Table 2). These similarities can be observed in its protruding snout,
slender limbs, sawtooth spinules on the upper lip, and distinct dorsolateral
folds. However, O. damingshanensis sp. nov. can be distinguished from O. ex-
iliversabilis by the noticeably larger body size in females (SVL 74.8-81.2 mm
vs SVL 51.8-61.8 mm); presence of horny tubercles on the rear of the back (vs
absence); and presence of an external lateral vocal sac (vs an internal subgular
vocal sac) (Fei et al. 2001, 2012; Li et al. 2001). Odorrana damingshanensis sp.

Table 3. Measurements of 0. (B.) damingshanensis sp. nov. (in mm). Abbreviations are
defined in the text.

Characters NNU 00689 NNU 00690 NNU 00691 NNU 00692 NNU 00693

Sex Male Male Male Female Female
SVL 52.3 54.8 52.8 74.8 81.2
HDL 19.2 20.4 18.0 25.5 27.4
HDW 16.0 16.6 16.6 23.1 25.9
SNT 7.7 7.8 7.7 11.1 11.6
EN 4.0 4.3 4.2 52 5.7
EYE 6.4 6.9 6.6 8.8 8.3
IN 5.7 6.1 6.2 8.4 8.1
10D 49 5.2 5.2 7.5 7.4
TMP 3.7 3.9 3.8 5.0 4.7
TEY 1.9 2.1 1.7 2.8 3.0
TIB 30.3 32.1 32.5 44.2 48.9
THL 27.0 29.3 28.2 39.4 44.0
PL 29.5 29.3 28.7 41.4 43.7
FLL 23.0 25.4 25.2 35.7 38.6
ML 13.6 14.6 14.0 21.1 23.5
FD, 2.1 2.4 2.2 3.1 3.4
1D, 1.8 2.0 1.8 2.6 2.8
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R L 3

Figure 4. A female with creamy yellow eggs without pigmented poles B amplexus C dorsal view of NNU 00691 D dorsal
view of NNU 00689 E dorsal view of NNU 00692 F dorsal view of NNU 00693 G dorsolateral view of O. (B.) yentuensis
(NHMG1401036, adult male) H dorsolateral view of O. (B.) versabilis (NNU00638, adult male) I dorsal view of O. (B.) na-
sica (NNU00663, adult female) J dorsolateral view of O. (B.) trankieni (NHMG141107, adult male).
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nov. differs from O. nasica in having a relatively larger body size in males (SVL
52.3-54.8 mm vs SVL 41.0-46.0 mm); absence of strongly protruding snout
(vs presence); a distinct pineal body (vs invisible); an elongated inner metatar-
sal tubercle (vs an oval inner metatarsal tubercle); absence of whitish spinules
scattered ventrally near the groin (vs presence of such spinules) (Yang 1991;
Zhang and Wen 2000; Stuart and Chan-ard 2005; Tran et al. 2008). Odorrana
damingshanensis sp. nov. differs from O. nasuta in having a relatively smaller
body size in males (SVL 52.3-54.8 mm vs SVL 57.1-63.2 mm); SVL of female/
SVL of male = 1.46 (vs the ratio of 1.24), distinct maxillary gland with tiny spines
(vs absent tiny spines on maxillary gland); presence of horny tubercles on the
rear of the back (vs smooth); absence of strongly protruding snout (vs pres-
ence) (Fei et al. 2001, 2012; Li et al. 2001). Odorrana damingshanensis sp. nov.
differs from O. tormota by the absence of a deeply sunk tympanum forming an
external auditory canal (vs presence of a deeply sunk tympanum); conspicuous-
ly larger body size (SVL 52.3-54.8 mm in males and 74.8—81.2 mm in females
vs SVL 32.0-36.3 mm in males and 59.30-60.0 mm in females); presence of
sawtooth spinules on upper lip (vs absence) (Wu 1977; Fei et al. 2012; Amphib-
iaChina 2023). Odorrana damingshanensis sp. nov. differs from O. trankieni in
having a conspicuously smaller body size (SVL 52.3-54.8 mm in males and
74.8-81.2 mm in females vs SVL 75.2-84.1 mm in males and 86.8-95.9 mm
in females); SVL of female/SVL of male = 1.46 (vs similar body sizes for males
and females); absence of strongly protruding snout (vs presence); presence of
horny tubercles on the rear of the back (vs smooth); relative lengths of fingers Il
<IV<I<Ill(vsIV<Il<I<Il)distinct maxillary gland with tiny spines (vs absent
tiny spines)(Orlov et al. 2003; Pham et al. 2020). Odorrana damingshanensis sp.
nov. differs from O. versabilis in having a conspicuously smaller body size in
males (SVL 52.3-54.8 mm vs SVL 70.4-77.2 mm); presence of horny tubercles
on the rear of the back (vs smooth); distinct maxillary gland with tiny spines (vs
absent tiny spines); external lateral vocal sac (vs internal subgular vocal sac)
(Liu and Hu 1962; Fei et al. 2001, 2012; Li et al. 2001). Odorrana damingshanen-
sis sp. nov. differs from O. yentuensis in having a notably larger body size (SVL
52.3-54.8 mm in males and 74.8-81.2 mm in females vs SVL 41.7-46.2 mm
in males and 59.3-65.7 mm in females); shagreened body surface (vs smooth);
distinct maxillary gland with tiny spines (vs absent tiny spines on maxillary
gland); irregular grey cloud on the upper part of belly, chest, and throat, but
creamy white the lower part of belly without spots (vs yellowish white ventral
side of body without spots)(Tran et al. 2008; Lu et al. 2016).

Finally, 0. damingshanensis sp. nov. can be distinguished from other Odorrana
species by the presence of sawtooth spinules on the upper lip (vs absent sawtooth
spinules on the upper lip, O. absita, 0. amamiensis, O. andersonii, O. anlungensis,
O. arunachalensis, O. aureola, O. bacboensis, O. banaorum, O. bolavensis,
0. cangyuanensis, O. chapaensis, O. chloronota, O. concelata, O. dulongensis,
0. fengkaiensis, O. geminata, O. gigatympana, O. grahami, O. graminea,
0. hainanensis, O. heatwolei, O. hejiangensis, O. hosii, O. huanggangensis,
0. ichangensis, O. indeprensa, O. ishikawae, O. jingdongensis, O. junlianensis,
0.khalam, 0. kuangwuensis, O. kweichowensis, O. leporipes, O. liboensis, O. lipuensis,
0. livida, O. lungshengensis, 0. macrotympana, O. margaretae, O. mawphlangensis,
0. monjerai, 0. morafkai, O. mutschmanni, O. nanjiangensis, O. narina, O. orba,
0. sangzhiensis, 0. schmackeri, O. sinica, O. splendida, O. supranarina, O. swinhoana,
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O. tianmuii, O. tiannanensis, O. tormota, O. utsunomiyaorum, O. wuchuanensis,
and O. yizhangensis); the presence of external lateral vocal sac (vs absent
vocal sac, O. arunachalensis, O. concelata, O. heatwolei, O. hosii, O. ichangensis,
0. kuangwuensis, O. leporipes, O. liboensis, O. lipuensis, O. livida, O. margaretae,
0. mawphlangensis, O. monjerai, O. mutschmanni, O. narina, O. sangzhiensis,
0. schmackeri, O. splendida, O. supranarina, O. wuchuanensis); well-defined
dorsolateral folds (vs absent dorsolateral folds, O. andersonii, O. anlungensis,
0. arunachalensis, O. aureola, O. bacboensis, O. cangyuanensis, O. chapaensis,
0. chloronota, O. concelata, O. dulongensis, O. fengkaiensis, O. geminata,
0. grahami, O. hainanensis, O. heatwolei, O. hejiangensis, O. huanggangensis,
0. ichangensis, O. ishikawae, O. jingdongensis, O. junlianensis, O. kuangwuensis,
0. kweichowensis, O. liboensis, O. lipuensis, O. lungshengensis, O. macrotympana,
0. margaretae, O. mawphlangensis, O. morafkai, 0. mutschmanni, O. nanjiangensis,
0. sangzhiensis, O. schmackeri, O. sinica, O. splendida, O. swinhoana, O. tianmuii,
0. tiannanensis, 0. wuchuanensis, and O. yizhangensis); horny tubercles on the
rear of the back (vs absent horny tubercles on the rear of the back, O. absita,
0. amamiensis, O. andersonii, O. anlungensis, O. arunachalensis, O. aureola,
0. bacboensis, O. banaorum, O. bolavensis, O. cangyuanensis, O. chapaensis,
0. chloronota, O. concelata, O. dulongensis, O. fengkaiensis, O. geminata,
O. gigatympana, O. grahami, O. graminea, O. hainanensis, O. heatwolei,
0. hejiangensis, O. hosii, O. huanggangensis, O. ichangensis, O. indeprensa,
O. ishikawae, O. jingdongensis, O. junlianensis, O. khalam, O. kuangwuensis,
0. kweichowensis, O. leporipes, O. liboensis, O. lipuensis, O. livida, O. lungshengensis,
0. macrotympana, O. margaretae, O. mawphlangensis, O. monjerai, O. morafkai,
0. mutschmanni, O. nanjiangensis, O. narina, 0. orba, O. sangzhiensis, O. schmackeri,
0. sinica, O. splendida, O. supranarina, O. swinhoana, O. tianmuii, O. tiannanensis,
0. utsunomiyaorum, O. wuchuanensis, and O. yizhangensis).

Discussion

The specimens in our study were classified into five species: 0. damingshan-
ensis sp. nov., 0. nasica, O. trankieni, O. versabilis, and O. yentuensis, indicating
a significant diversity of species in Guangxi, China. Our findings challenge pre-
vious research (Zhang and Wen 2000; Fei et al. 2005; Chen 2018; Huang et al.
2020) that identified SWDS and DMS_I specimens as O. trankieni instead of O.
nasuta or 0. nasica, based on morphology and phylogeny (Fig. 2). Chen (2018)
and Huang et al. (2020) suggested the presence of O. nasuta in SWDS and DMS
but lacked molecular data to support their claims. By combining phylogenetic
and morphological data, we confirm that Chen (2018) and Huang et al. (2020)
misidentified their specimens (Voucher nos.: NHMG 1303003, NHMG 141103-
04 for Chen; Huang 201808296-98 for Huang et al.). Zhang and Wen (2000)
proposed the occurrence of O. nasica in Debao County and DMS (voucher no.
830354, female, SVL 60.0 mm, collected in Debao County, Guangxi, China).
However, they did not provide any supporting evidence for their findings. Upon
examining the description provided by Zhang and Wen (2000), we observed
that our DMS_I specimens exhibited similar body size, color pattern, and other
diagnostic features to their specimen (Table 2; Zhang and Wen 2000). Consid-
ering the geographical proximity of Debao County to DD, we conclude that the
Debao specimen and DD specimen represent the same species, O. nasica.
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Upon examination of the series of specimens collected across Guangxi, we
discovered that O. damingshanensis sp. nov., O. nasica, O. nasuta, O. trankieni,
and O. versabilis exhibit similar body sizes and morphological characteristics in
females, but not in males (Table 2). These factors have often led to misidenti-
fication of these species. Fig. 1 indicates that O. exiliversabilis and O. versabilis
are present in the northern region of the Xi River, while O. damingshanensis sp.
nov., 0. nasica, O. nasuta, and O. trankieni are found in the southern region of the
Xi River. However, further research is required to determine the extent to which
the Xi River plays a significant role in the separation of these species. Currently,
we know that O. exiliversabilis occurs in Southeastern China (Fujian, Zhejiang,
Anhui, and Jiangxi provinces), 0. nasica is found in the Sino-Vietnamese region
(Yunnan, Guangxi, and Northern Vietnam), O. nasuta is limited to Hannan Island,
0. trankieni is distributed in Northern Vietnam (Son La, Hoa Binh, and Bac Giang
provinces) and Guangxi, China (this study), representing a new country record
for China. O. versabilis inhabits Southern China (Guizhou, Guangxi, Guangdong,
Hunan, and Jiangxi provinces), and O. yentuensis occurs in the Sino-Vietnam-
ese region (AmphibiaChina 2023; Frost 2023). Odorrana damingshanensis sp.
nov. is only known from DMS. It should be noted that O. damingshanensis sp.
nov. and O. trankieni are sympatric species. However, O. trankieni is typically
found at lower altitudes ranging from 200 to 900 m, while O. damingshanensis
sp. nov. is found at higher altitudes exceeding 1000 m. Odorrana trankieni is
commonly encountered in small cascade streams or wide streams with a slow
current, whereas 0. damingshanensis sp. nov. was specifically found in small,
slow-flowing rocky streams (Fig. 1B).

Fei et al. (2005) initially proposed dividing the genus Odorrana into two
subgenera, Odorrana (Bamburana) and Odorrana (Odorrana), based on several
distinguishing characters. These characters included the presence of dorso-
lateral folds (absent in the latter), upper lip with sawtooth spinules (absent
in the latter), xiphisternum without a notch (deeply notched in the latter), and
posterior widening of the sternum (not widened in the latter). In a subsequent
revision by Fei et al. (2010), the genus Odorrana was elevated to the gener-
ic level and divided into four genera within the tribe Odorranini: Bamburana,
Eburana, Matsuirana, and Odorrana. Fei et al. (2010) suggested that the genus
Bamburana comprised seven species: B. exiliversabilis, B. montivaga, B. nasica,
B. nasuta, B. tormota, B. trankieni, and B. versabilis. However, this revision has
not been widely accepted (AmphibiaChina 2023; Frost 2023). In a subsequent
study by Fei et al. (2012), they did not adopt this revision and instead followed
their original proposal of Odorrana (Bamburana) and Odorrana (Odorrana) (Fei
et al. 2005). Phylogenetically, Chen et al. (2013) confirmed the monophyly of
the genus Odorrana and divided it into seven major branches (clades A-G).
They did not support the genera Bamburana, Eburana, Matsuirana, and Odorra-
na proposed by Fei et al. (2010): Bamburana, Eburana, and Matsuirana formed
monophyletic groups, while Odorrana was paraphyletic. Furthermore, except
for Bamburana, no diagnostic characters corresponded to the four genera pro-
posed by Fei et al. (2010). According to Fei et al. (2005), the genus Odorrana
can be divided into two subgenera: Odorrana (Bamburana) and Odorrana (Odor-
rana). By following this classification, differentiating Odorrana (Bamburana)
from Odorrana (Odorrana) becomes easier based on four distinct characteris-
tics: distinct dorsolateral folds, sawtooth spinules on the upper lip, absence of
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a notch in the xiphisternum, and posterior widening of the sternum. Our phylo-
genetic trees also provide support for the monophyly of Odorrana (Bamburana)
species (BS = 100; PP = 1.00), which include eight species: O. (B.) daming-
shanensis sp. nov., O. (B.) exiliversabilis, O. (B.) nasica, O. (B.) nasuta, O. (B.)
tormota, O. (B.) trankieni, O. (B.) versabilis, and O. (B.) yentuensis. However, it is
important to note that O. (B.) tormota has a deeply sunk tympanum forming an
external auditory canal (Wu 1977). Furthermore, O. (B.) tormota lacks sawtooth
spinules on the upper lip and has a deep notch on the xiphisternum. Therefore,
we suggest excluding O. (B.) tormota from the subgenus Odorrana (Bambura-
na). Further investigation is necessary to determine if the subgenus Odorrana
(Odorrana) can be further subdivided.

In this study, we identified five of seven species of the subgenus Odorrana
(Bamburana) that occur in Guangxi: O. (B.) damingshanensis sp. nov., 0. (B.) na-
sica, 0. (B.) trankieni, O. (B.) versabilis, and O. (B.) yentuensis. This finding high-
lights the significant species diversity of Odorrana (Bamburana) in Guangxi. It
is worth noting that the presence of O. (B.) trankieni is a new record for China.
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Appendix 1

Table A1. Specimens examined. Abbreviations: NNU = Nanning Normal University;
NHMG = Natural History Museum of Guangxi.

ID Species Vouchers Sex Locality

1 | O. (B.) damingshanensis sp. nov. NNU00689 Adult, male | Wuming, Guangxi, China
2 0. (B.) damingshanensis sp. nov. NNU00690 Adult, male | Wuming, Guangxi, China
3 | 0. (B.) damingshanensis sp. nov. NNU00691 Adult, male | Wuming, Guangxi, China
4 | 0. (B.) damingshanensis sp. nov. NNU00692 | Adult, female | Wuming, Guangxi, China
5 | 0. (B.) damingshanensis sp. nov. NNUO00693 | Adult, female | Wuming, Guangxi, China
6 | O. (B.) damingshanensis sp. nov. NNU00201 Sub-adult Wuming, Guangxi, China
7 0. (B.) nasica NNUO00663 | Adult, female Jingxi, Guangxi, China
8 0. (B.) trankieni NHMG1303003 | Adult, male | Shangsi, Guangxi, China
9 | 0. (B.) trankieni NHMG140108 Adult, female | Shangsi, Guangxi, China
10 | O. (B.) trankieni NHMG141103 ' Adult, female | Shangsi, Guangxi, China
11| O. (B.) trankieni NHMG141104  Adult, female | Shangsi, Guangxi, China
12| O. (B.) trankieni NHMG141107 = Adult, male | Shangsi, Guangxi, China
13| 0. (B.) trankieni NHMG141111 | Adult, female | Shangsi, Guangxi, China
14 0. (B.) trankieni NHMG141112 = Adult, male | Shangsi, Guangxi, China
15| O. (B.) trankieni NHMG141113 = Adult, male | Shangsi, Guangxi, China
16 | O. (B.) trankieni NHMG141116 = Adult, male | Shangsi, Guangxi, China
17 | O. (B.) trankieni NNU20042908 | Adult, male | Wuming, Guangxi, China
18 | O. (B.) trankieni NNU20042909 | Adult, male | Wuming, Guangxi, China
19 0. (B.) trankieni NNU20042910 | Adult, male = Wuming, Guangxi, China
20  O. (B.) trankieni NNU20210304 | Adult, male | Wuming, Guangxi, China
21 0. (B.) trankieni NNU202103001 ' Adult, female | Wuming, Guangxi, China
22 0. (B.) trankieni NNU202103002 | Adult, female | Wuming, Guangxi, China
23 0. (B.) trankieni NNU202103003 | Adult, female | Wuming, Guangxi, China
24 | 0. (B.) versabilis NNU00637 | Adult, female | Jinxiu, Guangxi, China
25 0. (B.) versabilis NNU00638 Adult, male Jinxiu, Guangxi, China
26 0. (B.) versabilis NNUO00639 | Adult, female  Jinxiu, Guangxi, China
27 0. (B.) versabilis NNUO00640 | Adult, female Jinxiu, Guangxi, China
28 0. (B.) versabilis NNU00641 Adult, male Jinxiu, Guangxi, China
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