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The Composition of the Piebald Odorous Frog (Odorrana
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Abstract: The Chinese endemic piebald odorous frogs Odorrana schmackeri species complexare widely
distributed in Southern China. However, their taxonomy is still unresolved to date. Previous analyses indicated
the existence of many cryptic species in this complex. Due to the absence of obvious geographical barrier and
morphological similarities, there are still some controversies on the species composition, distribution

boundaries, geographical distribution patterns of the Odorrana schmackeri species complex in Fujian and
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Zhejiang hill regions. Here, field surveys were conducted in Pingnan County of Ningde City and Pucheng
County of Nanping City, Fujian Province from September to October in 2016 (Fig. 1). Species delimitation
analyses were first conducted based on the data of both morphological characteristics and comparisons (Table
2). In addition, the mitochondrial 12S and 16S rRNA gene fragments were amplified, sequenced and aligned
with both sequences from O. tianmuii, O. huanggangensis and O. schmackeri. Molecular phylogenetic
analyses and the genetic distance estimation were then conducted based on these data. The topology of
phylogenetic tree indicated that samples from Pingnan county were clustered with O. huanggangensis from
Wuyi mountain of Fujian province with strong supports, with genetic distance less than 0.1% (Fig. 3, Table 3).
In addition, phylogenetic analyses strongly supported the clustering of samples from Pucheng county with O.
tianmuii from Tianmu mountain in Zhejiang province withgenetic distance of 0.4% (Fig. 3, Table 3).
Therefore, the Odorrana schmackeri species complex distributed in Fujian province consist of two cryptic
species, i.e., O. huanggangensis and O. tianmuii. O. huanggangensis is mainly distributed in Wuyi mountain,
Minjiang River and Chiu-lung River basin, whereas O. tianmuii is only distributed in northeast Guancuo Town
in Pucheng County, where is the second headstream of Qujiang River and one of the main tributaries of
Qiantang River. The distribution of O. tianmuii in Fujian province revealed in this study is a new record, and
the results here further enriched the species diversity of amphibian in Fujian Province. Further studies should
be focused on the species composition of the O. schmackeri species complex in the Yangtze River basin of
northwest Pucheng County and whether the river systems and drainage basins influenced the species
differentiation and speciation.
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Fig. 1 Sampling localities of O. tianmuii and O. huanggangensisin this study and their type localities
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Numbers indicate sampling localities and type localities: 1. Tianmu Mountain, Zhejiang (the type locality of Tianmu Odorous Frog); 2. Wuyi

Mountain, Fujian (the type locality of Huanggang Odorous Frog); 3. Pucheng county, Fujian province; 4. Pingnan county, Fujian province.
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Table 1 Voucher information of specimens in this study and GenBank accession numbers for their sequences

DA B B A g SEAEH Sy GenBank % GenBank accession numbers
Species or the specimen No. Locality Source 12S rRNA 16S rRNA
HNNU1609001 B EN TN MK650091 MK650097
Pingnan, Fujian This study
HNNU1609002 MK650092 MK650098
HNNU1609003 MK650093 MK650099
HNNU1610001 AR ER IR MK650094 MK650100
Pucheng, Fuji
HNNU1610002 telieng, Fujan MK650095 MK650101
HNNU1610003 MK650096 MK650102
B Sk N . PR, Chen et al. 2013
N . i | enetal KF18502 KF1
Odorrana huanggangensis T Wuyi Mountain, Fujian 85023 85059
K H 5L O. tianmuii WL % Lin’an, Zhejiang KF185004 KF185040
1€ R O. schmackeri AL E & Yichang, Hubei KF185011 KF185047
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Table 2 Morphometric measurements of Odorrana tianmuii in Pucheng County of Fujian Province (unit: mm)

it Females (n=25)

Tt Males (n=3)

=y
Morphj;ﬁiﬁ;amm WEH P RS BAL e GH T + bk AA )
Range Mean + SD Percentage Range Mean + SD Percentage

kA& Snout-vent length 70.46 ~ 81.80 75.96 +£2.76 39.39~4379  42.01+2.32

3K Head length 23.58 ~28.63 26.26 +1.05 34.57 1532~17.13 1636 +0.94 38.94
3k % Head width 23.30 ~27.34 25.67 +1.20 33.79 13.71~1596  15.11+1.22 35.97
K Snout length 9.97 ~12.76 11.43+0.73 15.05 6.48 ~7.90 7.21+0.71 17.16
L) Nasal-snout length 4.32~6.87 5.57+0.62 7.33 3.37~3.69 3.49+0.17 8.31
LR PE Nasal-eye length 5.33~7.30 6.24 +0.51 8.21 3.20 ~4.02 3.68 +0.42 8.76
£ 7] i Nasal space 7.27 ~8.85 8.04 £ 0.46 10.58 4.44~5.56 5.03+0.56 11.97
HR[H]#E Interorbital space 4.35~8.61 6.15+0.92 8.10 3.28~3.76 3.57+0.26 8.50
Eiﬁi‘ietween front comer of eyes 11.73 ~ 14.79 13.08 £ 0.85 17.22 7.18 ~8.96 8.12+0.89 19.33
fisiiﬁﬁbetween back comer of eyes 16.03 ~20.97 18.89 + 1.11 24.87 1126 ~12.92  12.10£0.83 28.80
AR4% Diameter of eye 537~9.19 7.43 +0.87 9.78 4.49~6.20 5.39+0.86 12.83
[ IR I 58 Width of upper eyelid 5.08 ~7.54 5.97+0.55 7.86 3.28~436 3.95+0.59 9.40
I Diameter of tympanum 3.72~4.85 4244033 5.58 2.95~4.10 3.71£0.66 8.83
FME-REE Tympanum-eye length 1.79 ~3.32 2.56 +0.42 3.37 0.94 ~1.47 1.27+0.29 3.02
iiﬁiﬁwer arm and hand 30.78 ~ 35.80 33.57+1.23 44.19 18.13~20.18  18.82+1.18 44.80
i 58 Width of lower arm 5.02 ~7.08 5.91+0.59 7.78 3.40 ~3.99 3.78 £0.33 9.00
FK Hand length 18.81 ~22.94 20.88 +0.95 27.49 11.90~12.76  12.33+0.43 29.35
%% K Length of internal metacarpal ~ 3.91 ~ 5.80 4.59+0.46 6.04 2.86~3.1 2.95+0.13 7.02
A 5 2€ %% Width of internal metacarpal 150 ~ 2.86 2.10+0.31 2.76 1.38 ~1.51 1.46 £0.07 3.48
B4 Leg length 124.38 ~ 14024  132.59+£5.16 174.55 73.03~7724  7499+2.12 178.51
JR & Tibia length 40.92 ~45.71 43.06 + 1.52 56.69 23.73~25.50  24.53+09 58.39
J& % Tibia width 8.63~11.28 10.02 + 0.69 13.19 527~625 5.61 +£0.55 13.35
¥} /£ K Length of foot and tarsus 51.39 ~ 63.89 56.99 +2.76 75.03 3125~3449  3244+1.78 77.22
/&K Foot length 34.66 ~43.92 38.09 +2.06 50.14 20.89~22.46  21.79+0.81 51.87
z‘]e ffiﬁ‘fffimmal metatarsal tubercles 292~ 444 3.50 +0.42 461 1.66 ~2.25 1.99 +0.30 474
@ﬁﬂ’;}.memal metatarsal tubercles 0.96 ~2.28 1.69 +0.32 222 0.88 ~ 1.08 0.98+0.10 2.33
IV BEWE 5K Fourth toe length 2.73~3.70 3.14+0.28 4.13 1.68 ~1.97 1.81+0.15 431
IV BE 45 %8 Fourth toe disk diameter 1.71~3.00 225+0.28 2.96 1.28~1.36 1.31£0.04 3.12

T 2 AR S S IR AR KB i

The percentage in the table refers to the ratio of the measured values of each morphological item to the snout-vent length.
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Fig. 2 Adult individuals of Odorrana tianmuii in Pucheng County, Fujian Province

a. HEPE; b MEME; c. d. AEB%. a. Male; b. Female; c, d. Habitat.
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Fig.3 Maximum likelihood tree of the Odorrana schmackeri species complex in Fujian Province

based on the combined mitochonldrial 12S rRNA and 16S rRNA gene sequences

P Hh 23 3 A3 MR R AEL,  SCASR SUA R FE ARG 5 BRI 4 ). HNNU1609001. HNNU1609002. HNNU1609003 25K [ 482
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Numbers beside nodes indicate bootstrap values, species or the specimen numbers are located in the end of branches. HNNU1609001,
HNNU1609002 and HNU1609003 are sample numbers from Pingnan county, Fujian province. HNNU1610001, HNNU1610002 and

HNNU1610003 are specimens numbers from Pucheng county, Fujian province. The scale bar indicates the per unit evolution distance.
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Table 3 Genetic distances of Kamura-2-Parameter model based on the concatenated

datasets of 12S rRNA and 16S rRNA among the Odorrana schmackeri species conmplex in Fujian Province

Wb AL IR B A

Species or the specimen No. ! 2 3 4 5 6 7 8 ?
1. HNNU1609001
2. HNNU1609002 <0.001
3. HNNU1609003 <0.001 <0.001
4. HNNU1610001 0.029 0.029 0.029
5. HNNU1610002 0.028 0.028 0.028 0.001
6. HNNU1610003 0.029 0.029 0.029 <0.001 0.001
7. ¥ xR Odorrana huanggangensis <0.001  <0.001  <0.001 0.029 0.028 0.029
8. K H B O. tianmuii 0.027 0.027 0.027 0.004 0.004 0.004 0.027
9. f£R ¥ O. schmackeri 0.079 0.079 0.079 0.079 0.080 0.079 0.079 0.079
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