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Odorous Frog (Odorrana schmackeri Species Complex)

in Hunan Province
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Abstract: The Piebald Odorous Frogs (Odorrana schmackeri species complex) are endemic to China and
widely distribute in Southern China. However, their taxonomy is still unresolved and many cryptic species
have been reported in the past decade. Previous analyses have suggested the obvious genetic divergence of O.
schmackeri in Hunan Province, whereas the taxonomic status and distribution patterns of this frog in Hunan
Province remain unclear. Here, morphological cluster and molecular phylogenetic analyses were conducted
based on the data collected from 8 geographical populations of the piebald odorous frog in Hunan and the
type locality of piebald odorous frog in Yichang, Hubei as well as samples of the huanggang odorous frog (O.
huanggangensis) from the type locality Wuyishan, Fujian (Fig. 1). The genetic distance between Huitong,
Chengbu, Xinning, Shuangpai, Yizhang populations of O. schmackeri in Hunan Province and O.
huanggangensis in Fujian Province is 0.001 - 0.002, whereas it reached 0.072 - 0.073 compared with O.

schmackeri from the type locality Yichang, Hubei Province. The genetic distance between Shimen, Guidong

HEME ERAERBFIEETE (No. 31372164, 31572245, 31601848), A HiH GQIHT K HLHBAIH (No. C20140032);
* JEIERE, E-mail: xhchen-xx@sohu.com;

B—EBENE ER, B, BLUIRA: BRI SR SR AEY¥: E-mail: yuxiaoHe2014@163.com.
Wk H . 2016-10-06, f&[8H #1: 2017-02-13  DOI: 10.13859/j.¢jz.201704008



608 * B2 & Chinese Journal of Zoology

52 %

groups of O. schmackeri in Hunan Province and O. schmackeri of Yichang, Hubei Province is 0.001 - 0.012,
which is less than that (0.072 - 0.074) with O. huanggangensis in Fujian Province (Table 2). Interestingly, the
genetic distance analyses further suggested the existence of two distinct species, i.e., O. schmackeri and O.
huanggangensis, which corresponding to Wulingyuan (A) group and Wulingyuan (B) group respectively, in
the Wulingyuan Scenic Area of Zhangjiajie City, Hunan Province. In addition, the topology of phylogenetic
tree reconstructed based on morphological and molecular data all indicated that O. schmackeri species
complex in Hunan Province were divided into two major groups: one group consisted of the populations from
Waulingyuan (A), Huitong, Chengbu, Xinning, Shuangpai and Yizhang, the another contained samples from
Shimen, Wulingyuan (B) and Guidong (Fig. 4 and 5). Therefore, the piebald odorous frog distributed in
southwestern Hunan and the south of Mt. Xuefeng are revised as O. huanggangensis and it was the new
records in Hunan, whereas the populations from northwestern Hunan and Mt. Luoxiao are reserved as O.
schmackeri, and the two species were sympatrically distributed in Wulingyuan Scenic Area. However, a

further study is required on the taxonomic status of O. schmackeri species complex between Mt. Wuling and

Mt. Xuefeng in northwestern Hunan, and the mechanism underlying the sympatric distribution.
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Fig. 1 Sampling localities of the Piebald Odorous

Frog and the Huanggang Odorous Frog in this study
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Sampling localities: 1. Yichang, Hubei (the type locality of Piebald Odorous Frog); 2. Shimen, Hunan; 3. Wulingyuan Scenic Area, Hunan; 4.

Huitong, Hunan; 5. Chengbu, Hunan; 6. Xinning, Hunan; 7. Shuangpai, Hunan; 8. Yizhang, Hunan; 9. Guidong, Hunan; 10. Wuyi Mountains,

Fujian (the type locality of Huanggang Odorous Frog).
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Fig. 2 Snout-vent length variation between the male and female individuals of the Piebald Odorous Frog

from 8 populations in Hunan Province
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Fig. 3 Morphological clusters of the Piebald Odorous Frog from 8 populations of Hunan and Yichang, Hubei,

and the Huanggang Odorous Frog

a. MfEtk; b, HEME. a. Female; b. Male.
PR RN S MR BERS ;. BE. JESEENILE B (TE SR s 1T FESLENIm 1 TRPRE s R, A6 St g R U5t
XFpRE; R, FEREEW R < FIRRE: 0. JESEMI RIIOD R 8. JESLERNI BB T RRE . OO T8 S O R, B 4E
SRR B AR EEAR. R R RN s B R AR S LA (B R AR )

The rulers show the relative distance among each groups; ‘E &. Yichang population of Piebald Odorous Frog in Hunan (the type locality of

Piebald odorous frog); #i[]. Shimen population of piebald odorous frog in Hunan; %%, Wulingyuan Scenic Area population of piebald

odorous frog in Hunan; £x[F]. Huitong population of piebald odorous frog in Hunan; 3. Chengbu population of piebald odorous frog in

Hunan; #i7*. Xinning population of piebald odorous frog in Hunan; X{#. Shuangpai population of piebald odorous frog in Hunan; B #.

Yizhang population of piebald odorous frog in Hunan; #:7<. Guidong population of piebald odorous frog in Hunan; .3 1li. Wuyishan

population of Huanggang Odorous Frog in Fujian (the type locality of Huanggang odorous frog).
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[F3E A% BE 25 0 0.002, 546 BB -IL B B Fh e
BUEFEE N 0.073, R AEBREMEE A 4
HAA A 5 18 SLUE L B B R R B B
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R AT IR SRR MR B 4546 SLildL
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3 W
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FEN 22 e AR B, r AT R Rl AR B (2
RS 1991, L E B O R A T E R () B
T E) o0 AR BE RN 22 S I B4R AR, BEAA Sy
FeBsS (R, AR EE BN (FRGE4E 2010).
HIEMB LSRR E RGRE T ER, FA
SE AL S IR R 44 4 i B A RE O 0 A A Rk
FIEE B SN, oA T P AR R L ik
B TR REA 2R e 30 0 1L KR AR R R R R
WE, MAITERE L BRI ISR WD B
TR H A R AR N ASTT NI i L,
TG R B BT SR o 16 R I E B VR R A

R 2 FET 12S rRNA FHITEREEBFSHIILE B & 3 K R R I8 e BE B

Table 2 The average genetic distance among the Huanggang Odorous Frog and populations of the Piebald

Odorous Frog in Yichang and Hunan province based on mitochondrial 12S rRNA sequences

WALIEE Genetic distance

Wi Hh IR
Species Locality 1 9 3 4 5 6 7 8 9 10

1 PR R

0. huanggangens Wuyishan, Fujian
2 fER WAL E & 0.071

O. schmackeri Yichang, Hubei '

. WA
SR 1 2171 0001 0072

0. schmackeri Huitong, Hunan
4 FERbE . @ﬁé.ﬁ? 0.002 0.073 0.000

0. schmackeri Xinning, Hunan
SERE MM 0002 0072 0001 0.001

O. schmackeri Yizhang, Hunan
6 fESUt . WY 0.001 0.072 0.001 0.001 0.001

0. schmackeri Chengbu, Hunan
7 AERUE . Ysﬂﬁﬁjﬂ%. 0.001 0.072 0.000 0.001 0.001 0.001

0. schmackeri Shuangpai, Hunan
§ 1Lk . Mﬁﬁ@ﬁA 0.002 0.073 0.001 0.001 0.001 0.001 0.001

0. schmackeri Wulingyuan A, Hunan
9 TRk . Mﬁﬁ@ﬁB 0.072 0.001 0.071 0071 0.071 0.071 0.071 0.071

0. schmackeri Wulingyuan B, Hunan
Kl el 0072 0001 0071 0071 0071 0071 0071 0071 0.000
0. schmackeri Shimen, Hunan
11 e stk RIS 0.074 0.012 0.072 0.073 0.072 0.073 0.072 0.073 0.011 0.011

O. schmackeri

Guidong, Hunan
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Fig. 4 The Bayesian tree of the Huanggang Odorous
Frog and populations of the Piebald Odorous Frog in
Yichang and Hunan Province based on
12S rRNA sequences
HILREE (O. hejiangensis) AN 4331 B IEUE A 5 30
2 XA TREREL Wb, B W, 5z, =3l Gk
Rl) R R R URARE A2 (PP = 1.00); X &R AR
ATl 5E GEREE Al L XBEA T B 41 (PP =1.00).
Set the Hejiang Odorous Frog (O. hejiangensis) as outgroup; The
numbers on the branches are posterior probability; Clade I includes
the populatios of Huitong, Chengbu, Xinning, Shuangpai, Yizhang,
Wauyishan (Huanggang Odorous Frog) and Wulingyuan (A) (PP =
1.00); Clade II includes the populations of Guidong, Shimen,

Yichang (Piebald Odorous Frog) and Wulingyuan (B) (PP = 1.00).
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(Yan et al. 2011, Shen et al. 2012, Yang et al.
2014) . 1 H Rk R A FE T e R uE (O,
versabilis). K& R (O. graminea). % Rk
(O. margaratae). E # &I (O. yizhangensis)
AL RAE (JLERERSE 2015), FAfE RN
FATl, RN TIZ A T PR A ) LK
UL U S B ik G F5EE 1990, (7]
72 2002, {Hxk&E 2005, REEF 2005, PR
2 2009, MBS 2009, fiHZ% 2012, 4
D% 2016). BN R H AT A TR S
TR R I X (BRBRITAE 2010a, F[A &%
2015), T [xi SR AE T R (1) R AR W L AT RS2 H
TG 1) 22 USR] AR A A = B X, TR X
)RR IELL AT, WA DA, [N,
B B 5 0 S R A R TR S A R R s X
[Fg A, BEAT 2 XE S0 W
Je Rz 1L 5 S0 1L 2 18] DL R e B iy 6 5L
BEFRER A8 (StEE 2005, ZEFHSEAE
2010), 3 < S0k R AY S 7E 5 me A48 0 AT A R 1
TE B AR [R5 A LM AR
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Fig.5 Morphological clusters of the Huanggang Odorous Frog and the Pieblad Odorous Frog from populations
of Wulingyuan population group A, B and 8 other populations
a. MEME; b. HEME. a Female; b. Male.
PRRFOREFBEARBE RS, BE. TERMEWICE SR (GERERH); A 7). TEREME AT TR BRI A, 76 R B s
SAXMRE A aCFRIR B, AESLIEI R R IR X AR B 4L R, TE R R S FIRRE: b, JERIEWIRCD R, BT, 15
BB TR OO JESUEI R AR BLRE. TR R B R AR HEAR. TR SR AR, S S R R AR A L A
CHE IR SRS )
The rulers show the relative distance among each groups; ‘E E&. Yichang population of Piebald Odorous Frog in Hunan (the type locality of
Piebald Odorous Frog); £il]. Shimen population of Piebald Odorous Frog in Hunan; %75 A. Wulingyuan Scenic Area population (A) of
Piebald Odorous Frog in Hunan; if%¥5 B. Wulingyuan Scenic Area population (B) of Piebald Odorous Frog in Hunan; £:[7]. Huitong
population of Piebald Odorous Frog in Hunan; 5. Chengbu population of Piebald Odorous Frog in Hunan; #77. Xinning population of
Piebald Odorous Frog in Hunan; X{/if. Shuangpai population of Piebald Odorous Frog in Hunan; £ . Yizhang population of Piebald Odorous

Frog in Hunan; #£7:. Guidong population of Piebald Odorous Frog in Hunan; #3111, Wuyishan population of Huanggang Odorous Frog in

Fujian (the type locality of Huanggang Odorous Frog).
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