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The Discovery and Phylogenetic Relationship of Amolops
sinensisin Xuyong, Sichuan, China
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Abstract: In May 2023 and June 2024, six Amolops specimens were collected in Huagaoxi National Nature
Reserve, Xuyong County, Sichuan Province. Due to the large number of Amolops species and the existence of
highly similar relatives, molecular identification was conducted. Morphometric measurements were taken on
the collected specimens followed by extraction, sequencing, and analysis targeting mitochondrial COI gene
segments derived from muscle tissue for phylogenetic inference at intra-genus level. The maximum likelihood
tree of COI gene fragments from four different populations of A. sinensis showed that the Xuyong specimen
from Sichuan and type locality Shimentai sequence from Guangdong were clustered together, and the genetic
distance between them was 0 - 0.7%, which is significantly smaller than the average genetic distance within

the Amolops species (3.1%), and the average genetic distance between them and the outgroup (closely related
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species Nidirana pleuraden, Odorrana schmackeri, Hylarana guentheri) of 8.5%. Meanwhile, the distribution

area of A. sinensis was predicted using MaxEnt, with an average test AUC of 0.986 and a standard deviation

of 0.007 after repeated runs. The species previously identified as A. ricketti, which was distributed in Sichuan

Province, should be revised as A. sinensis, representing a new species record of amphibians in Sichuan

Province. This study further expanded the altitude range of A. sinensis, extending the low altitude to 400 m in

comparison with the previous record (500 - 1 300 m). The discovery will play an important role in

understanding the potential range and phylogeography of the species.

Key words: Amolops sinensis, New distributed record; Morphological identification; Molecular phylogeny;

Huagaoxi National Nature Reserve

g (Amolops) J& TR}, T2 oA T
R AR AR, AR A KR AR R
B, B R R, HATi% )8 2 RIE 86 A (Frost
2024), FRE G 32 Fho DU I B 0E
Yikh 8 Bt (BIRLE 2012, Feietal 2017, Jiang
et al. 2021), BEPE=2eifE (A, chunganensis).
W W (A, granulosus) . FEE G (A
lifanensis). 1 fidiid: (A. loloensis). VO )1 iie:
(A. mantzorum). ErdimiE (A ricketti). Hr
HEMF U (A xindugiao) AT EE i (A
chaochin).

kil (A sinensis) EEMG T &R
ERET PE AR AL ER 51 R P (Lyw et al. 2019)
SONAG BB (FHEEEE 20200 LA B
EhiE GRE B 2022). 2023 £ 5 A K 2024
6 H, 1EDU)IA RK-EL AR E K SRR
PIIX (28°11'38" ~ 28°19'42" N, 105°26'37" ~
105°40'08" E) R&EZ| 6 FimlEBIrA, L&
R T A EER U A R T, P
BB S A E e
1 ARSI

AR B K G AR ORYP IX A T DY )11 48 Rk
BARIES, T = ot m 5 Ik 2 5 70 )1
b AR A L P B I ok O M, TH R A
238.27 km®, #FiK 332 ~ 1 787 m. HITiEilig
YN BB S AR ST Y8 GRTNIEIS
SEMRL, RN 2 BES, W E
16 30°LA ko ARIX J& rp 0 AR MR 28 RS

AR WER. =% WHZ 055,
EXIFEN 1172.6 mm, FERE 17.9 CLEA,
FEXH BB EGA 11703 h, AR HIL 2.5d (5L
KEERMEZT12r 1998).

2023 £ 5 A ) 2024 4 6 H, 7EPY )] i
BE R AR R XCRER 4 1 2 #EdL 6 5
T R AR A . A HLRAFE T 95% 4
BErh . FR AR T AR BARIETR, RAE TV
HE TG K 2 75 R BT AR Sl AR A R R OR3P A
H AR E (FRAS 7378 HGX2023051501 .
HGX2023051502 . HGX2024070401  J%
HGX2024070403 ~ HGX2024070405 ).

11 EHEsE5NE

B AR IR T8 25 55 58 AR U8 SCHR 38 (Lyu et al.
2019) . ff FH# R Ax R R (CD-209PMX,
Mitutoyo, F&HE 4 0.01 mm) Ml& 6 SARAMN]
SRR kKL kT, WK, BlEE. ARIAIER.
ARG TE . MRAR. BUBAR. ATERC. TR
A IR R, B KA EK 16 TS
FHIE (BREEE 2005).

1.2 DNA #2HEL. ¥ 3 RWF

ff R 4 DNA $REGAH & (bt
ERVEVRE R ARATFD N SEERAFHIIL
WL S 3R EUE DNA. FIF PCR $7 18 3652
T kiR COl JERHo F B . b5
Chmf4 (5'-TYT CWA CWA AYC AYA AAG AYA
TCG G-3') 1 Chmr4 (5'-ACY TCR GGR TGR
CCR AAR AAT CA-3") (HAFEMFESIY, R
N A/G, W N AT, Y N C/T)(Che et al. 2012).
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25 ul PCR MNAKZ&: 12.5 pl mix, 10 pmol/L
b RS2 1 pl, 500 mg/L ) DNA
M1 ul, K#/K9.5 pl. PCR N EAF, iAE
P£ 98 C 3 min; A5 98 ‘C 10s, Bk 54 C
10 s, ZEfH 72 °C 12 s, 35 DEH; KIE{H
72 C 5min, 4 C{rfF. PCR ¥ /¥4 HLik
Kl s, KAFFEESR (600 bp 45D HIF=4)
LA ERAEM R R A R . ST
%1 4% 3] GenBank.
13 HFRERERAERMBLIE

M GenBank T #5 i Bl ek J@ A <) Fh
Je A 3 AN HEERRREE ) COL LK 741, 5
D91 ik A i3 2K G SRR X B AR 7 41 (3R 1)
WAT FRGRKE M. LLEEE (Nidirana
pleuraden). £ 5.0 (Odorrana schmackeri) #1
JE7KIEE (Hylarana guentheri) N4MEE. ¥ TG

Fr il

et al.

i MAFFT 7.475 #47 LA (Rozewicki
2019 ) . A IQ-TREEL1.6.12 %}
(Chernomor et al. 2016) K F i KSR V244
BRAZKEMN, BT Akaike 7 B = AN
( Akaike information criterion, AIC) F1 DIiH-H
& 2 MEN (Bayesian information criterion, BIC)
BRAEBRI N TIM2 + F + 1 + G4, 3T
MEGAX # M Kimura X2 i A1 15058 4 B
25 (Kimura 1980, Kumar et al. 2018).
14 SAXERTE
FIFH B KA. (MaxEnt) i £ 1) o 4¢
TlE AL S (Lyu et al. 2019, ZRAEESE
2020, REBHE 2022) HATABLE H ST
(Phillips et al. 2008). HEHL | & H Worldclim
version 1.4 Chttps://www.worldclim.org/) 1] 19

MAEEET, JETE NASA KA HEER N

#£1 BRERE COl £EHFEF GenBank 755

Tablel Samplesand the GenBank accession numbersof COIl gene sequences

Wi SR A S

Species or No. of specimen

KA Hh
Localities

COI % [# GenBank J7%1] 5
COI gene GenBank accession numbers

A LFRAR Specimen of this study
HGX2023051501 « HGX2023051502
HGX2024070401 . HGX2024070403 -
HGX2024070405

A i Amolops sinensis

M2

I PG #RPEVS Dupangling, Guangxi
W FHBA L Yangmingshan, Hunan

TP
Al bk A, yatseni
EFEHEE A wuyiensis
SETE T A ricketti
= TP A yunkaiensis
/INiiidEE A torrentis
R A, hainanensis
Wil A daiyunensis
it A honghongensis ik Hong Kong”
I Nidirana pleuraden
1€ 588 Odorrana schmackeri

YA7K¥E Hylarana guentheri

VY )1 i 7% Huagaoxi, Sichuan

J" %114 Shimentai, Guangdong”
M #E1F 1L Fanjingshan, Guizhou
s> 1l Leigongshan, Guizhou

#7111 Hengshan, Hunan

I % thil1 Zhongshan, Guangdong”
FagEE #1 10 Wuyishan, Fujian”
fageat # 1L Wuyishan, Fujian”

7446 A% Ehuangzhang, Guangdong™
157 F.45 1L Wuzhishan, Hainan"

579 7148 LI Wuzhishan, Hainan"
%2 # 2 11l Daiyunshan, Fujian”

7 i E 57111 Gaoligongshan, Yunnan™

PQ043513 - PQ043518

MK263329, MK263331, MK263314
MN3563766
MN563767
MK263320
MK263334
MK263315
MK263323
KX507324
MC991927
MC991907
MC991930
MG991916
KX507326
MG991919
MF807856
KP732086
HQ844996

* fEF 7. * Type locality.
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90 m MK CALHE A HL M 22 1E 55 Cshuttle
radar topography mission, SRTM) %(#& Chttp://
www.gscloud.cn/sources/accessdata/305?pid=302),
SEC A XA I RE A 1) AT L
TEAFRAEMZFEVEE B (global biodiversity
information facility, GBIF, https://www.gbif.org/
species/9855856) - N #k T ki 23 AN A
B, BEAT AR () 53 AT 23 B o MaxEnt B
WE AL EHE S (random test percentage)
N 25%. IEMALTEEL (regularization multiplier)
BN 1.1 KIS 55 (max number of
background points) EKIA 10 0005 K2 X4
IEEEEEH 4 K. MEREE AR R A
AUC {H (area undercurve) fE 3 En[{5 A
HEBPESEAR,  JF 5 dRed A Vi Bl A T AR
(Elith et al. 2011).

2 SR

21 FAESMER

EL A 7 DU )1 SRR R i e s A R0 SRR T 51 i
I JEVIF RIS SRR, KI5 REM
Fr 2% T 25 R AIE 5 A A8 i ek 455 207 Hb bR A A
75, RS 4 RiEdE 2 MR 16 TR SR
B (K 20 AR HEM AR 52.0 ~ 55.7 mm(n=
3), FARHEMEAARK S AN 53.5 AT 54.8 mm, E
AR HEVER K 402 mm (n=1); kFEME/NT
Sk IRKHZRE; SN, 20K &
FE s JEMHE —HATIRAE: B8R TR

BEE; fERMAARTHEY GG, FBKIFE AN
[ =11 <IV<II; BEKIFFE: T <1<

M <V < IV; f8BEsh=, BB, mbxey
N R

®2 DNEPERERATSER (BA: mm)

Table2 Morphological measurements of Amolops sinensis specimens collected from Sichuan Province (Unit: mm)

TEPE Male HfEYE Female
HGX HGX HGX HGX HGX HGX
2023051501 2024070401 2024070403 2024070405 2023051502 2024070404

kA Snout-vent length 54.8 55.7 52.0 40.2 53.5 54.8
3+ Head length 11.1 10.7 10.3 9.2 11.0 112
3L 5% Head width 18.6 19.1 17.2 14.0 183 19.0
¥ Snout length 4.7 4.8 43 4.0 47 43
£ ) Internasal space 4.8 6.5 5.4 4.8 4.8 5.8
ARIA]E Interorbital space 14.7 143 133 11.6 14.5 15.0
- HRAS % Width of upper eyelid 5.8 6.7 6.1 5.0 5.8 7.1
iR 1% Diameter of eye 5.7 5.5 5.3 4.4 5.7 5.6
4% Diameter of tympanum 2.1 2.5 2.0 22 22 2.1
A Length of lower arm and hand 21.2 17.0 20.2 17.0 20.8 21.3
R 9% Width of lower arm 49 42 6.6 33 4.9 4.4
J& Ji & Hindlimb length or leg length 90.5 82.8 89.9 75.8 88.3 85.0
JZ-K Tibia length 14.6 13.8 15.4 8.5 14.4 16.0
JI# 5% Tibia width 5.1 4.2 6.6 33 5.1 45
i#f /£ Length of foot and tarsus 38.4 343 36.2 30.7 37.6 36.3
JEK Foot length 212 223 20.4 17.9 20.8 19.2

* TEpAk. * Subadult.
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T TR ke A2 R DY BT TR, BREAR
BRARFNRPERL s KR 30 R0 B 358 B AT
Btz JBMEKEIRRE: SREsE; 8
THD B2 IR W 4, ELES VRN s R N T G
Ji IR T L e VR R s T L B I L R JEOR
(K la~c).

T B R AR e R IRAR B, MR R
EREOHPIRBESG 7R TR AR R B 4
G FK ;MRS AR € IR K I
s WS ISR S Ry o H— LEUR K LB SSOIR
M5 FALEMmFEKE (B 1d, o). HEHE
— RIS ER I, e BRI S s MR (A
AMACLFE R AR A A A FUR .

22 SFTRARBIBRIEER

£ COl EEFAI, A R IR
ST R (B 2), V)1 R R bR AT 51
5 rh A ik AN [F R P 81 A R R &R, L

TAE SRR N 98%. T Kimura X2 E Y
ity S50 4 ) i A T 5 i e B S 0 0 e T 1 gt
FERE BN 1.1% ~ 6.5%, “FIJ8HE 28 3.1%,
AR B AR IR B 8.5% (Bt 1D, 1Y
1] 1 R P A A 5 A i e A8 57 R AR T
BAEBE BN 0 ~ 0.7%, /T B Rl
BHEIEES . ik, o F RAKE W gL R
B2 B3 SCHR R B DY )1 AR IR IR bR AR A A
i e
23 EHMMAX

MaxEnt 15 8 Pl & SRR 47, B R8T 1)
B AUC A 0.986, trdEmZEN 0.007. ¥
Hh A e RV TE AT XAk USSR, AR
EEMESSWE 3 s, BRAaeRERIER
X, FEERFREEX. SERPERKX,
AEREHETX, FEEFFI), FEEK.
SN DA A6 i e 5 A

10 mm

B D) R o i e R A SRR

Fig.1 Amolopssinensisand its habitat in Huagaoxi National Natural Reserve, Sichuan

a. HHEM () b HEHM (35 c AEEREEMN; d BEM ()5 e JEEM (F); f mEFHERAESE.

a. Dorsal view (?); b. Dorsal view (&); c. Dorsal view in life; d. Ventral view (9); e. Ventral view (J); f. Habitat of Huagaoxi.
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PQO043513
PQO043514
PQO043515
PQO043517
PQ043518
PQO043516
MK263314°
MN563766
MN563767
MK263329*
MK263331*
MK263314
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MK263315
AR A.yatseni
TERG T A. ricketti
BN A wuyiensis
I A. yunkaiensis

W PE i sk A. hainanensis
IR A. torrentis

W imied: A. daiyunensis
IR A. hongkongensis
JH: Nidirana pleuraden
TR IE Odorrana schmackeri
YA/KisE: Hylarana guentheri

AT
This study

it

Amolops sinensis

MK263323"
MG991927°
KX507324"
MG991907" PE
MG991916* | In-group
MG991930°
KX507326"
MG991919"
MF807856"
KP732086 Olifﬁup
HQ844996
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Fig.2 Maximum likelihood tree for Amolops constructed based on COI gene sequences

* OB SR TR E MR SRR AR SR IR

* Type locality; numbers beside nodes indicate bootstrap values; scale bar indicates the branch length scale.

T SEARAS GE 44 N i, S AR R LE [ R
7 (RS 2012), R B AL E AT R IE
T IR /04T (Frost 2024). 43 1 RG24
KRR HSE = 1 X B AE AR R B BE /1 (Funk
et al. 20120, IGHT, &AL%EE (A yatseni)
H A B B S R N AR R I . SRR e o) A
Iz, EV)AE B /A (R E%E 2012).
ALETFT RSB TRAKE KRR,

3 b
Hh A6 i U T e VB B A0 A AE Mg AR

400 m e 45 [P SR S (B 16 5H[FE
WM 15 B, 2 B2 e A s
( Boulenophrys spinata ) . U 1l % 5% i
(Leptobrachella oshanensis). F1#EiE#: (Bufo
gargarizans). fEFERNIE (Hyla annectans). i

JEMEE (Rana omeimontis). filiZEE (Nidirana I\ 94045 T DU 1| 44 i A5 V2 J5 4 58 A 4 B T ik
daunchina). VA/KiE (Hylarana guentheri). K (A N SR Hh A e, S T 1 4 3t e B BT e 5%
4R (Odorrana graminea). £¢ & (O. .

margaretae ) . BE 0] #8 & Pelophylax
nigromaculatus ) . ¥ fifi & ( Fejervarya
multistriata). #iAEH: (Quasipaa boulengeri).
BEEZ B (Polypedates megacephalus) . #H %
i dE (Microhyla butleri ) 14 40 i i (M.
fissipes) (Z=p%E 2022).

Boulenger (1899) ¥tEaa ol 2 5

EFEAS b, A A et i e R P A B
(A% 52.0 ~ 54.8 mm) S F=H AR AT
SRR (KK 402 ~ 46.5 mm, Lyu et al.
2019) FHELEEK, S5 NA R A (K 56.1 ~
58.0 mm, ZEAEVEEZE 20200 MELEN. MIHEE
A bE, AR AR AN T
Tt v S L A6 2 5 D0 ) 1| 2 kb A A L P R Y
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Fig. 3 Potential suitability distribution localities of Amolops sinensis

FES GS 5 (2025) 0603 5. BEEIEFRNIE B EAF Bom 1 X 38

Approval number GS Jing (2025) 0603. The warmer colors indicate areas with higher suitability scores.
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b, o7 REWZ 4B RERK, FENZ
R ity 4y HR A e 3 0 AT BB T AR AR AL, 53k
TEEIX 4, SEITARERAL B 0T RE S 2 SR IA TP
FUFRACLRE RAG o TR FH B oK 17 2992 N A1 4
AR T REKEN, RILHERR SRS
SER 5 AR T B O SRER AL, BOZ S R
VoLIE

AW FCIE K IL, T MaxEnt A5 5 F )
Fh A i e B 20 A7 X A) P AE A 400 km B <7
M ZRIEMH 700 km £ L. BAA H ATiX e XI5
BRI A e R2E,  HEE T SR RT A R
PUZIX 382 A A e ra i (RS 2012),

D] G 12% DX 358 70 AT PR 1 P i e % FRORE, AT Rt
AR o R it e P R HR it e R R AL
TS BRI S (Lyu et al. 2019), 3817 Eik
— B EIE XA AR 14 AL
SRS

Z % X W
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