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Supplementary Description on Yanbian Keelback Snake
Hebius yanbainensis (Ser pentes. Natricidae) and
Its Updated Geographical Distributions
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Abstract: [Objectives] Yanbian Keelback Snake Hebius yanbianensis was described based on one specimen,
after then, three specimens from Yanbian County in Sichuan Province and three from Yongren County in

Yunnan Province were reported. Owing to the limited information of this species, its genetic differentiation,

EETME  F R RG S REEERPIATE (No. 2019QZKK05010503, 2019QZKK05010203);

* JEIMEF, E-mail: jiangjp@cib.ac.cn;

E—{EENE S5, T, WLwsE; AN BRI RS E-mail: mashun21@mails.ucas.ac.cn.
W E#: 2022-11-29, BEIHY: 2023-04-20  DOI: 10.13859/j.¢jz.202304007



44

Ly GRS BRI IR BRI kb FE IR A EE A S B

morphological characters, and distribution require to be further studied. [Methods] Based on 20 specimens
newly identified from Sichuan and one newly collected from Yunnan, together with seven specimens
mentioned above (Table 1 and Fig. 1), we constructed Maximum Likelihood (ML) and Bayesian Inference (BI)
phylogenetic trees inferred from Cyt b gene sequence by IQ-TREE 1.6.12 and MrBayes 3.2.1 respectively,
calculated genetic distance by uncorrected p-distance in MEGA 11, and conducted morphological
measurements and scales counts. [Results] The result of molecular phylogenetic analysis inferred from Cyt b
gene sequence (Table 2) showed that H. yanbianensis from Binchuan in Yunnan and Yanbian in Sichuan
clustered into one lineage (SHR 99 / UFB 100 / BI 100) (Fig. 2), but the uncorrected p-distance of 1.4% was
recognized between them, which is much lower than the interspecific p-distance between 4.5% - 14.2% of
Hebius (Table 3), indicating intraspecific genetic differentiation. The morphological characters of specimens
from different locations are generally similar, but there are some variations: (1) total length (TaL) 48.2 - 83.6
(+) cm, tail length (TL) 12.3 - 21.4 (+) cm, tail length/total length (TL/TaL) 25.5% - 36.2%; (2) supralabials
(SL) usually 8 (7 or 8), infralabials (IL) usually 10 (8 - 11), preoculars (PreO) usually 2 (1 - 3), postoculars
(PostO) 3, anterior temporals (aTem) usually 2 (1 or 2); (3) dorsal scales (DSR) 19-19-17, ventral scales (VEN)
159 - 175, subcaudal pairs (SC) 67 - 90; (4) anal 1, divided; (5) maxillary teeth (MT) 23 - 25, the last two
distinctly enlarging, without diastema; (6) dark brown or tan on the back, dorsal scales inlaid with bright
yellow or red-orange spots or patterns, occasionally individual’s coloration composed discontinuity dorsal
stripes or faded; (7) milky white or yellow on the venter, occasionally individuals scattering stain spots, on the
outer side of the ventral scale each having large black triangle spots composing strong ventrolateral series
(Table 4 and Fig. 3 & 4). It can be distinguished from the other 23 Hebius species distributed in China by tail
length/total length, dorsal scale rows, ventral scales, subcaudals, dorsal patterns, and ventrolateral stripe
(Table 5). The geographical distribution of H. yanbianensis was found not only at Yanbian and Yongren, but
also at Miyi, Huili, and Jiulong in Sichuan and Binchuan in Yunnan (Fig. 1). [Conclusion] This study
provides external morphological description and conducts molecular systematics of H. yanbianensis from
different populations, revealing that the morphological characters of H. yanbianensis are generally stable, and
a certain genetic differentiation exists in different geographic populations.

Key words. Hebius yanbianensis, Genetic differentiation; Morphological characters; Geographical

distribution
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Fig. 1 Thegeographical distribution of Hebius yanbianensis
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Tablel Specimensof Hebiusyanbianensisused in thisstudy
bR FRAS AR Kt RIS
Voucher ID Collection locality References
CIB5334220120 774 51| Binchuan, Yunnan
CIB14320 ~ CIB14323, CIB14325 VU JIIfL7e Jiulong, Sichuan .
A ST This study

CIB8261 ~ CIB8273
CIB8331, CIB8332

U411k & Miyi, Sichuan
U )1]4># Huili, Sichuan

YBU 15018

P4 )11 #:32 Yanbian, Sichuan

Liuetal. 2018

K1Z040120 ~ K1Z040122
KIZ011301, KIZ012344, KIZ012345

VU )11 #532 Yanbian, Sichuan

2 Mi7K4=. Yongren, Yunnan

Hou et al. 2021

ASLKEEE AL 15651740 (dorsal scale rows,
DSR) J BRI Ak, R T = 5 )1 B
(PRI IS B i B84 (maxillary teeth, MT)
1.2 B FREGRRDT
1.21 FEFEHARRE PCR ¥ faiHE
R ZH R B 77 & (QIAamp DNA Mini Kit,
QIAGEN, Hilden, Germany, KA AYH ARG R
AT FEERR ARV ZHSUE DNA L i g
i FH Ze ki AR DNA ZE K] 7 Bt Cyt b 5147)(Burbrink
etal. 2000) ¥ Cyt b FE[K 5B, PCR & MifA
2N 25 ul, RN 94 CTIAETE 5 min; 94 C
A 30's, 48 ‘CiBK 1 min, 72 ‘CZEfH 70 s,
it 36 MR fe g 72 C R AR ZEH 10 min.
PCR F“YI7E 4 C FRLEIRATE, BERDEA L3
BHEVIRHL A BR 2 = AT o
122 HFRGRRESH A 19 M 24 %
Cyt b JFHIRTRGEKE b (2>, H,
S B ( Amphiesma stolatum) 5 VE 75 fp
( Fowlea yunnanensis ) # ik 1E 4 # . H
MEGAI11 (Tamura et al. 2021) #Ff¥) MUSCLE
(Edgar 2004) %} Cyt b (1 107 bp) 44T
bext, B JE R AR IER 2% (uncorrected
genetic distance, p-distance) 115 R IR FEdy
JE& W A1) IR B A BE R . SR H R R LSRR
( Maximum Likelihood, ML) £l U1 i #7 i
(Bayesian Inference, BI) HEAT#FHE RSk
BRADN . KR E» g, Eid

Modelfinder (Kalyaanamoorthy et al. 2017) &
T DU 3 45 B b . ( Bayesian  information
criterion, BIC) iE#FAGEHA TIM2 + F + 1 +
G4, f#H IQ-TREE 1.6.12 (Nguyen et al. 2015)
HEAT B P B L 40 B Cultrafast bootstrap
approximation, UFB), E& /34T 5000 /X, 3k
PRI AR AR R E AU Cultrafast bootstrap
approximation, UFB, %), 4 UFB HI{EAIK
T 95%Mf, W AH LM S (Hoang et al.
2018 1 112 SH F K ALLR FUAS: % (Shimodaira-
Hasegawa-like approximate likelihood ratio test,
SH-aLRT) X bik 54556 REAT 5 3R,
K E AR 1000 I, T sE NI SH R BREL
6 4% {H  ( Shimodaira-Hasegawa-like approximate
likelihood ratio, SHR, %), *4 SHR H{E A
T 80%MT, N NHILHFFEME (Stephane et al.
20100 . f£ M-kt , @i CIPRES

(Miller et al. 2010) f#H] jModelTest 2.1.10

(Darriba et al. 2012) T UL {5 B bw ifE

(BIC) EFmERA GTR + 1 + G, ffH
MrBayes 3.2.1 (Ronquist et al. 2012) #£4T DInt
kb, SLik4rHT 10 000 000 4, % 1000
REUE—IR, BT 25%FEAEFE, MIBTER
i/ [RF (potential scale reduction factor,
PSRF) ANl 0.005 &5 3THEE, 7 mifE v N
B 59t % (Bayesian posterior probability,
BI, %), 4 BI (I{EAMKT 95%If, A AHSZ
SE A
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K2 RBTHEBRH Cyt b FFIE B KRR
Table2 Information and referencesfor Cyt b gene sequences used in this study

Cytb J7%15

Yk FRACRAE N R Bl RIE
Species Collection localities Voucher ID GenBank References
Accession No.

hil %k Hebiusyanbianensis ' [E z 4 7€) 1] Binchuan, Yunnan, China CIB5334220120 OR215499 AWFFT This study
hiLEEENE H. yanbianensis TR [E Y )1 £534 Yanbian, Sichuan, China GP4006 MH532291 Liu et al. 2018
JCE IS IE H. atemporalis R ES Vietnam ZMMU NAP-07877  OK315813 Deepak et al. 2021
A JE 5% H. boulengeri " [E " %8 Guangdong, China GP1789 KJ685684
s IR AERE H. clerki & 2 #947K Lushui, Yunnan, China CAS 215036 KJ685666 Guoetal. 2014
KR AREERE H. johannis 1 [E = # Yunnan, China KIZ014484 MZ570479 Hou et al. 2021
g EELE H. khasiensis 4fj i) 7 £ Kachin, Myanmar CAS 221525 KJ685669
TUZ L IEHERE H. metusius 1 [H PU )1 Sichuan, China GP871 KJ685707 Guo etal. 2014
FLJ2 e H. metusius o [# Y )11 45 K% Shimian, Sichuan, China K1Z05178 MZ570480
G BE G4 H. modestus wp [ Z B ' Tengchong, Yunnan, China  KI1Z037715 MZ570481 Houetal. 2021
J\ZE %551 H. octolineatus v [# 7 75 B2 W] Kunming, Yunnan, China CIB SSC1805 OR211603 WS This study
J\L: G5 H. octolineatus o} [ 2 7 E2 ] Kunming, Yunnan, China KIZ026445 MZ570484
J\ZEJEHENE H. octolineatus [ = 7 B2 B Kunming, Yunnan, China KI1Z03204 MZ570483 Hou et al. 2021
J\£R %5 H. octolineatus [/ Z B2 1 Chuxiong, Yunnan, China  KIZ037734 MZ570482
WS EERE H. optatus  [E 5% /1| Guizhou, China GP1885 KJ685687 Guo et al. 2014
S MEEERE H. sangzhiensis o [ #5 5544 Sangzhi, Hunan, China SYNU 08070350 MK340763 Zhou et al. 2019
AR HRIERERE H. sauteri H[E &7 Taiwan, China GP2549 KJ685701 Guo etal. 2014
5 vh B BE P H. septemlineatus wF [ Z B % ' Tengchong, Yunnan, China ~ KI1Z037706 MZ570485 Hou et al. 2021
JLAEBEERE H. venningi i) 54k I Kachin, Myanmar CAS 233206 KJ685670 Guo et al. 2014
HEVHEHERE H. weixiensis o [ = # 4k 7§ Weixi, Yunnan, China K1Z035741 MZ570489 Hou et al. 2021
2[4 Herpetoreas burbrinki o [E 745 Tibet, China YBU 071128 GQ281781 Guo et al. 2012
S4B IR HEE Her, tpser v [ 75 5% 2 i Motuo, Tibet, China KIZ06681 MW111476 Xu et al. 2021
HAEHERE Amphiesma stolatum FE) % Guangdong, China GP2239 KJ685694 Guo et al. 2014
JE Pl Fowlea yunnanensis rF [ Z # 5t 4% Jingdong, Yunnan, China CIB106884 MT199264 Cheng et al. 2020

2 R

21 BAEEBE5RGRRARSHT

FFLRIRRE Cyt b A EIEEXS 2047
RN IE BRI 2 pg ) B AR S DU )1 3h ik B Fb
BEWHBEFE B N 1.4% (£ 3), RFEJN\ZLE
IR AE SN 0 ~ 2.7%, BLELILIE
Bl (H. metusius) 2 AMAZ ]I I8 A% BE 25
1.2%, PR T A8 AP Ia AL R B 4.5% ~
14.2%. XKLL R, \LEFERS
J2 L B e AN [ [R] ) 18 A A8 S 25 & TR
WL 5.

BT LRRIARE Cyt b A R g8

A2 B 2) K, FRIAIE b ) 2= 5 )1 A
TS DU )1 BRI AR SR O — 3 (SCRHA 73 7l 2
SHR 99 / UFB 100 / BI 100), J\£&fE4EdE. B
J2 LR e DL KRR I IR B e f i — S (SCHRE
435172 SHR 100 / UFB 100 / BI 100), iX P 3 H.
NIRIR R

R FRGE A REN, RUCKRE
H = 5 I e v Eh il e e, H 5 3
JY e e A e ) A AE — 8 B A% 04k
22 EHILEEWTESRE R R

LB Hebius yanbianensis Liu,
Zhong, Wang, Liu & Guo, 2018

Amphiesma johannis Boulenger, 1908: Zhao,
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98/99/100 HEVG RE AW Hebius weixiensis KIZ035741
85/76/«‘98 v iE S50 H. septemlineatus K1Z037706

HidtRE Sk H. venningi CAS 233206

997100100 K P R 55 MY H. khasiensis CAS 221525

94/-/72 |

97/99/100<€

90/52/77

77/95/92y
89/93/99)|

L— B4 H. boulengeri GP1789
TERNESEE H. clerki CAS 215036

9971001100 BLIR LLIREHENE H. metusius GP871

LB ILEEEYE H. metusius KIZ051178
S\ Gk H. octolineatus CIB SSC1805

99/100/100<

H I\ IEEENE H. octolineatus K1Z026445

1

100/10

_l_ LI EENE H. octolineatus K1Z03204
I\ IEEENE H. octolineatus K1Z037734

62/-/-

99/99/100

99/100/100

99/100/100 |: a3

H62/56/4
99/100/100- b3 %55 H. yanbianensis CIB5334220120

LSO o e itz H. johannis KIZ014484
RSN H. yanbianensis GP4006

T E ke H. atemporalis ZMMU-NAP-07877

—— RIS H. sauteri GP2549

RF N H. sangzhiensis SYNU 08070350
R4 H. optatus GP1885
JEBERE S50 H. modestus K1Z037715

4%k Herpetoreas tpser KIZ06681
SXPWRIESENE Her. burbrinki YBU 071128

99/100/100

0.05

E VG Fowlea yunnanensis CIB106884

HHESENE Amphiesma stolatum GP2239

B2 ET CytbF5l (1107 bp) MWEKIBAMRIERG X AN
Fig.2 Maximum Likelihood tree topology based on Cyt b gene fragments (1 107 bp)

PR RfE: 26 SH BABMA LIRS (SHR, %) /FEIR EH RS (UFB, %) /Wi EIMZE (BL, %). s/ T 50 MIAREI«-".

BB ROS RGER B RE, Romrh e Z2 55 .

The tree nodes present the supporting values: Shimodaira-Hasegaw:
Bayesian posterior probabilities, i.e, SHR / UFB / BI (%). The supporti:

of ML tree, indicating the differentiation between species.

1998. Populations of Huili and Jiulong County,
Sichuan Province, China

Amphiesma octolineata Boulenger, 1904:
Zhao, 1998. Populations of Miyi County, Sichuan
Province, China

B DU R e T Ehi B AR
k (101°35'E, 27°13'N).

HRKAERRAS: DU)IE TR B A S i
(CIB14320 ~ CIB14323. CIB14325). K51
9 I 4 #fE C(lfE: CIB8261 ~ CIB8268. CIB8271;
JifE: CIB8269. CIB8270. CIB8272. CIB8273).
SHT DA 2 M (CIB8331. CIB8332).
thil B 4 SkrA (YBU15018. KIZ040120 ~

a-like approximate likelihood ratio / ultrafast bootstrap approximation /

ng values lower than 50 are displayed as “-”. The scale is the branch length

KIZ040122 ) , = m & &= I & 1 if
( CIB5334220120 ) . & {1~ & 3 iz &
(KIZ011301. KIZ012344. KIZ012345).

K RIRFAE: PN EEOK R, T B
19-19-17 47, BE®E 159 ~ 175 ¥, J& Rk 67 ~ 90
XFo T TH BAE LB (B, TEREEESMI S —
KB = AP, X LSBT N EE

TEARER: A/ N, R4 K 48.2 ~ 83.6
(+) cm, I 359 ~622cm, B 123 ~
214 () em, BK52KZHWRTERE N 25.5%
~36.2%. (+) FoRbrAWiE, SEPREUERKT
(+) AT EAE

SREER X 7 1, AL T ST . Sk
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£ 12.33 ~ 19.16 mm, k%% 8.70 ~ 16.82 mm.
Sk 1 A, B ST 1 M (CIB14321,
CIB14325). {5 HE Fi 8%~ i — #e sk il
— Mtk Fr 3ENE (CIB8270 A1) . BERTHEZS Ky
2 84, 0 1A D (CIB8261. CIB8265.
CIB8270) BL#{l] (CIB8272. CIB8331) A 1
Ko, AE 1S PAMBERTEE Y 3 M (CIB8271);
E Gk 3 M, XA 2 SHMIESBEA 2
(CIB14321. CIB14325). HifHEs LR L HE,
ZR2+1+3, HeHfyELF 1+ 3
(CIB14320 Afl). 2+ 1 (CIB5334220120 45
. 2+2 (CIB14320 A, 2 +3 (CIB8331.
CIB8332. CIB5334220120 M), 1 + 1 + 2
(YBU15018 £l CIB14321 4l CIB14325
FEMDL 1+ 1+1+2CYBUISOI8 A, 1+1+
3 (CIB14325 Al CIB8272). 2 + 1 + 2
(CIB14321 =, CIB14322). 2+1+1+3
(CIB14323), 2+2+2 (CIB8262 ). 2+
2+ 3 (CIB8262 £ifil]. CIB8265 41 1ll]. CIB8266
2. CIB8273). 2+3+3 (CIB8265 Zfl]).
LIEEZ N 8 M, HAE 3-5 . £ 4-5 BN
HE; PEEUNILER 5 ShrA (CIB14320 ~
CIB14323. CIB14325) W L5t A 78,
HoHr g 3-4 ONHE, BRUEPU)IK S (CIB8261)
IR A I ISty 7 M, HA s 4 fN
IE. FESHMZ A 10 ¥, HEHE—X TS
MY, A 1 S4AMA 11 # (CIB8272), A
PSP 11 M (CIB8265. CIB8266), 1f
AARABMTES N 9 & (CIB14321 .
CIB14322. CIB14325. CIB8261), HH 2 Shx
A (CIB14320. CIB14323) A{ll S A 9 #
BN TSN 8 M. LMk 23 ~ 25 M, &
IELVEE RS N s ]

1% 19-19-17 17 SARFT BN 1 8L 2 47
6, HARE BGH S gk, AR B
A R BURAN 1 8L 2 /T8 B 59 4%
HARggHE, hiEmBGER: SiEBRE 1
B2 AT B SR B, HR IR 59 Bl
Eehg . IEHTHE 1 ~4 M, MEEE 159~ 175 8 2

% 67 ~ 90 XF; JLEE 4> (R 4).

KL E BEABE, BN kM
PR, S PRy B, SR
B EtrE th, TR A T (B B
REBRELL, HRECRIIRAE MO L. E
A A OCECEE G, HARAERECRTG (R
B ; 7E MR AMI A — KB = AL,
IXLEHE R IR R IS T Bt B A A
AR R AR AR, oA L4
EE3EE D,

3 W

SR N e AN [ MO R FR R 2 R — g
&4, HARIAASEE v & 58 A — AL 5,
{BETRHE SRR e, BRI/ MASY, B4k
i 19-19-17 47, % 159 ~ 175 ¥, B T % 67 ~
90 Xif; B AR TH AR B BiAE S, TE B EE M
FH-NMRMBE=AIER N, XLHE %R
JEBE 5 AR e B ) H AR 23 FhAR T ISk e
BRI S S AR ZE R, RERIER
K&Kz, EHHTH. R, BT
HHIEL IEEEA LAERHME (2 5) (Inger et al.
1990, Zhou et al. 2019, Hou et al. 2021, Li et al.
2022).

SEAARSCHI AR, g i S A
AL 6 AL, WIREICA Tz oA, X
TG ST 2 AR TR LA R . AR FURTR
LI IEEENE (CIB8331) /M ATk 2 460 m,
5 207 2 1) 1 M B e o o A i 1R
1974m (YBU 15018, Liuetal. 2018) #tt,
HAP AT T 500 m. ZIX R E, #h
NG R N AR VAR XM S A
IRV T R AR T L RRE T L XA,
[ R 22 = 5 v JE P CakoRAE 2011, itk
Ab, TR NEEENE A 2021 4F (R EAE L FE
PR A S-TRATAND) Wik (KRS 2021),
DRI LG A ST 72 1A i 75 Je 5 %o A= A R 3t
ITVPAE, AR R SR, B B S AR
XoF SR 4 it
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K3 ZEAR)IEHiaEeEE (C1B5334220120)
Fig. 3 Hebiusyanbianensis (ClB5334220120) from Binchuan County, Yunnan Province
a. GRS b SRR o SR d Sk

a. Dorsal view of body; b. Ventral view of body; c. Dorsal view of head; d. Lateral view of head.

W zN ) S
Dorsal view of body Ventral view of body Lateral view of head
% w““‘ S ( ]
10 mm ’

10 mm

B4 AESA Xt e e

Fig. 4 Hebiusyanbianensisfrom different location

a. ZHAR)IEL (CIB5334220120): b. WU/ &E N (CIB8256): c. PUJIIA LIS (CIB14321); d. PYJIIAK 55 (CIB8270).
a. Binchuan County, Yunnan Province (CIB5334220120); b. Huili City, Sichuan Province (CIB8256); c. Jiulong County, Sichuan Province
(CIB14321); d. Miyi County, Sichuan Province (CIB8270).
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