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Abstract: Rhynchocypris oxycephalus and Barbatula toni were not present in the Chishui River before.
However, in recent years, both two species has be found in the Baisha River, a tributary of the Chishui River.
Therefore, their sources and future survival possibilities should be paying more attention. We analyed their
morphological characters and mitochondrial Cyt b gene sequences tracing where the two fish species R.
oxycephalus and B. toni came from and built the ecological model to predict their ecological adaptability in
the Chishui River. We got the the following results: 1) the individual size between wild and cultivated
population was significantly different; 2) three morphological characters got from the cultivated population
are higher than those of the wild population. Based on Bayesian inferences, maximum likelihood and
neighbor-joining methods for all haplotypes, phylogenetic analyses revealed that samples of R. oxycephalus
from Chishui River including both cultivated and wild individuals firstly clustered with samples from
Yangyun population Liaoning province, Northeast China (Fig. 2); samples of B. toni from Chishui River
firstly clustered with those from Inner Mongolia, Liaoning and Hebei province (Fig. 3). Moreover, the results
from the ecological niche model, MaxEnt, showed that the Baisha River, a tributary of the Chishui River, has
a moderately suitable area for R. oxycephalus (the suitability probability was 0.620, Fig. 4), while the
suitability probability for B. toni in this area was rather low (the suitability probability was 0.025), which with
probably due to the little distribution information of this species (Fig. 4). The water temperature at the
sampling site was relatively low, which was close to the water temperature of the northern sampling sites. It
could be inferred that this area has suitable conditions for the survival of R. oxycephalus and B. toni. To sum
up, these two exotic species in the Chishui River were from the northeastern of China, and adapted well to the
local environment. This result was consistent with the survey of the local farmer. In the future, population
monitoring needs to be strengthened to prevent them becoming invasive species.
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EWINIR (biological invasions) [ /& 24 G2 NERENE LR e N P PN CE 52

AT A2 A BF 78 AT #4210 8 (Gozlan et al.
2010, Guisan et al. 2014). #FRNIZFHIZTE M
JE SR 1) 20 AT X 3 J B — B X, 2 5l X
b ) A A RN 5 i B S AR S 2 B
(Mack et al. 2000, RZ% 2014). HHE
i, 7EFRE, O 500 ZF A RYIFI IR (Y
iS5 2012), AMRMIAENE TN I
W RS RN R 4 B KR R (R R e &
2001, IR TAEREK. B, =5rmlE Lm

Wi, SECE SRR 2RI SRR
LRI R P 1996); BRITHRH T4
SRADFRIIE N, A Hh W B AR S A7 B 3
A, KBV D) e 2 R K A A A (Shuai
etal. 2018),

Je3kay (Rhynchocypris oxycephalus) &
T H (Cypriniformes) ##F} (Cyprinidae)
WD I EL (Leuciscinae) #)E . 54 L#sH
BB YR A $L K8 (R. lagowskii), P
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HWIDXNLET, B RES A A — I L\ Hr S
BB AN, SR ES AN A AT R R,
YR BE, WA, WAAFE TR
Ja (BREH 1998) (B 1a). k@it —
Pl B A K 2, R EMEIE RS — K
TR E SR L X R (Yan et al. 2011,
TN 2013). EFRIE 7 BV BeIHIL.
T KIVLDA R RGBT MOARYT. IR
WA AT (B 1998, YFHE 2013). 233k
5 L 10 SR 1Y) 5 P 29 AT R TR B 0 R
s AR R B Z HAth b X R HRE .

# KRt (Barbatula toni) )& T-## H
(Cypriniformes) %%} (Nemacheilidae) i
g, 1ZE AR 11 R, R IX 5T
5 b DX A 25 8 e £ S ) S TR Wl R
JE AL BEA MR, KER
FEREER 10% ~20%; FEA/-BmMN, &
FEN EIREEE) 30% ~ 50%; _EAisE g EIE
B WRARRERD: 85 oA TR SRR
AT (g 2019) (B 1b). & RAUH 2
— PP EAE T B R T L R ¥ K
2, TR TRE W Sl DU E R
pRAR 6 NS TR Mk Al w4 DU IV Y g S i
FIA5 AR S 87T (Kottelat 2012, Prokofiev 2016),
B NR A X (1408

Bl 4ekéy (a) MRS (b) (XKD
Fig. 1 Rhynchocypris oxycephalus (a) and
Barbatula toni (b) (Photo by LIU Fei)

FRATE AT A R — S0, 2
MRS I MR A 2R E KR E AR X
M E AR, ARYFECONEE . X EE
(2020) 7£ 2007 % 2016 5 7R K] 7R KHH
AT ARG R 3 AT BN, RS
#5133 F. ZRERESE (20100 XFAR7KH
A A 4 R DL AR s Bk Ak (B
H 2003) AR, ARAKERIRIL > A A 2K 160
RFN, ABTEFTA P T B R R Ik
WHFIEE [ . E 2018 Fl 2019 FAAIAETHE
AR 28 22 FE I R A 100 E ST ), 7EAROK
TSI VD] R B P 4 AT T SR R 2,
HAMmAEERMEEE, (HXHAYIFIE AR K
TR0 S SR F 2R 2 I s TR R AR
gk, HENJE TIEA RSN b,
I Y IR P B U AR, SRS T
2017 FMNE @G ANIESKBS Y] 90 000
B, FfA 100 kg, QR AT AE A e A e Hop
=GIPNIR

LRAAMPEED (Cytb) FEFANAE
RGP AP AR ()AL ZFEE, (RIS tA] DA
BB F B FPRE A PSR E R R, MRS
SERFAE AR 2 T AR FEMLRE AN AR 75 S M AR
TR EAR, 5 FIEmEE, HREit4Ems
P (B AH G B ) B AR CESCE S 1981)
IeAh, W A A E BAAEEEE, RSA
B R W] DL RCTII ) B T AE o A X 3
(MacArthur 1972, Peterson et al. 2002)., F%
LRGP RN AR BT 00 A ) V2 SR X R R ik 4T
T (Phillips et al. 2006, Boubli et al. 2009),
40, Negga (2007) {H MaxEnt 4528 % 4] %)
SF 10 BRI =2 e 7 b [X LA R ik /N A 5 R IR
Wi JE (Trtiturus) #)#F T. marmoratus I T.
pygamaeus BEATIELES AR XM, 45 R BN,
EAE A Tk R B 7 55 B BOR N R KR
(4485, Zank 25 (2014) F)H] MaxEnt F%8 7
WY 24 FHESEREE DA X FRKD AKX H
I, AHAHLGEERHIEEY . T TRAFK
A SRS HT 798, AR KRR i 93k
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BANHE [RAUBHEAT SRR, I i AR
RitE, TN HAEAF AT RENE, oRKIT A Kt
B DA BE B AR 2 AR

1 MEETE

11 HARRE

AHE T TR AT 2018 & 2020 4K A 77
ISR BV, 4577 XTI, IR TR
AP FrHESE 7 N LIREMBEANE . BT REA
REEBRIE RS IEATHILEE, FEEH 95%
PR AT E . RAAK (body length) AR
£ (caudal peduncle length). i (caudal
peduncle height) 3 MEATER, X 7Rk 9k
BT AP RREE 38 NMFEA, N TFRGEFEE 33 M
KRBTSR . FEXE 57 A AR ZM R
11 AN IR7KI N TFRFEFP RO SR A, 3 MY
JUT™ 70 ESRFIRFRE A DL K AR 7K 14 /N2 IR0
B FEABEAT Cyt b FEIIIT . A8 A 21 BA AT HA
W TR RS2 AR FOIER 95 2%
SRS (R 1, Yuetal 2014), 34T T &
GiEbEL, APREHEH E4S (Phoxinus phoxinus,
GenBank ¥ 35y MG806683) Flili#y (R.
percnurus, GenBank &35 5 AB207022). T
IR AU 11 NSRS ERRRRE 21 45 s AL
5| (£ 1, Chenetal 2019, FRiE 2019), BZ
figh fif ) 4% fifk ( Paracobitis anguillioides, GenBank
k5N HMO010501) A it ( Misgurnus
anguillicaudatus , GenBank % X 5 A
AF051868) AHMREE.
1.2 AR EHIERE

BHLBRMRENAGEELRE, LR
S5 AT K 445 A, Horb 310 oA EdE kR
A A AT AR R 5k (Yuetal. 2013), K
SRR IA) B LR 1998 & 2011 “EHAA]. AHF
FUHTI 135 oA s, EEORIE T4k
(BT AN 2T o B 2R 23 AN A BiE Aok Bk
LWk (Chen et al. 2019, [ 2019). T F
I S M5 FIEE IR AU IR) 70 A1 B8 4 - MaxEnt 3K
PR EER, R 44 DL R o AT s 2 45 B

B AEIN Excel H )G, ## A EEIRBE
CSV #%x.

AW S A AR BT N P T TR A R E
SRS T2 F, Yu 5§ (2013) 18
TR AN 19 NSRS ST 5 5
FrRIl, A 15 NEAS S BA — AR,
TEEGE, Hp4 NMEEARREEMEE,
A TR FIRA BB ZE M PER 4 MR
A&, BIIREE HE % (bio2). R HHEER
WEME D (bio3). fdd A AKEFE (bio6)
MR R (biol2) 1EN MaxEnt B8 {3 5L
A B SR TIIN 92 Sk R # PR K P E 73 A o 4 A
IR B HE RIE T WorldClim K3k Chttp:/www.
worldclim.org), N#EJSTE ArcView GIS 3.3
4 FR R A7 MaxEnt 7] iR 5/ ASCIT i g =K.
1.3 4 DNA H4REL. PCR ¥ 8 K&l 7

S ZH DNA 132 HUR ki 32 2%

(Aljanabi et al. 1997). 43k#5Cyt b FE K31
A5 %08 GluF (5-AAC CAC CGT TGT
ATT CAA CTA CAA-3") Al ThrR (5'-ACC TCC
GAT CTT CG ATT ACA AGA CCG-3") (Doadrio
etal. 2002). FIGFEF A, 94 CHIALNE 3 min;
94 CAE 30 s, 55 CiBK 45 s, 72 CHEfH
1 min, 35 MEH; 72 ‘CJ5 &M 8 min. = KA
fifk Cyt b FEF G54 AW 751 ¥4 L14724

(5'-GAC TTG AAA AAC CAC CGT TG-3") Al
H15915 (5'-CTC CGA TCT CCG GAT TAC
AAG AC-3). ¥ 7B KR 56 C, HAR
IR GR35 AR T A A - PCR =Y 0.8%
T MW s R AR, T J s I P 2 ) 56 B
Al Ak AT .

1.4 BIEALE RS

B RHEIIEESFE AR, RABTE
BRI R B8z lli= A IR AR, =
P B AR R RO, 1 F— A& AT AR AR A
K. BWK. EBWE 3 NEMMIR, SE R
£ 0.1 mm. i SPSS 25.0 #ATALFREAE, it
RPISME . AR BORAE DA S I/ ME

DNA 71 EEX) Calignment) {3 Clustal
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Table1 The detailed information of sample locations and Cyt b gene sequences information for
Rhynchocypris oxycephalus and Barbatula toni
KFE Kkt LRRRLE IKFR KREH A
Systems Location Haplotype (N) Systems Locations Haplotype (N)
234 Rhynchocypris oxycephalus
KT L ) BIHL WL RIER 1
Yangtze River Anji, Zhejiang Qiantang River Daqinggu, Zhejiang
il CLESCY 1 HRIT WP 5
Yellow River Baoji, Shanxi Qiantang River Kaihua, Zhejiang
KT e P8 37 i ) BRI WRTE 4
Yangtze River Jialingjiang, Shanxi Qiantang River Wuyi, Zhejiang
KL WA o Bumr S s
Yangtze River Chibi, Hubei Qiantang River Sexian, Anhui
Kt B 55 ) i L B |
Yangtze River Fuping, Shanxi Xinjiang River Shangrao, Jiangxi
it WA | WifiT LR A
Yangtze River Lichuan, Hubei Cao'e River Shengzhou, Zhejiang
KT awiiiE: S | YT el |
Yangtze River Wuyuan, Jiangxi Minjiang River Wauyishan, Fujian
it SR . AL WAL A
Yangtze River Huangshan, Anhui Yongjiang River Fenghua, Zhejiang
KT P Ie 2 BRI WL S {
Yangtze River Guangyuan, Sichuan Oujiang River Jinyun, Zhejiang
1L L miE 14 e} LR B 3
Liao River Yangyun, Liaoning Grand Canal Lingyin, Zhejiang
i Lt 10 TR Dy 7 1
Liao River Shenzijie, Liaoning Chishui River Gulin, Sichuan
L L 27 _ POl 9
Liao River Gaizhou, Liaoning Gulin, Sichuan
# [KZ)Uff Barbatula toni
o SESEE YN 4 i LT R |
Hailar, Inner Mongolia Liao River Huludao, Liaoning
FATELL BT IR 5 BT EARTER 5
Songhua River Harbin, Heilongjiang Tumen River Wangqing, Jilin
il P ;e AL )
Yin River Chifeng, Inner Mongolia Songhua River Dunhua, Jilin
LR RELT ST . il LR .
Hailaer River Hailar River, Inner Mongolia Hai River Baoding, Hebei
i P i L L ;
Liao River Chifeng, Inner Mongolia Hai River ChengDe, Hebei
_ EH , ki Ui 0
Jilin Chishui River Gulin, Sichuan

* FoR5IH Yu g (2014) HIFFESI, # Rl B (2019) P, — FaRRAKR, QM@ HZRARKIISKEFE SMFHEATA T

TR

* Indicates a sequence cited from Yu et al. (2014), # indicates a sequence cited from Chen (2019), — indicates the unknow river systems.

Numbers @D and @) represent the wild and the cultivated population of Chishui River, respectively.

X ¥4 (Thompson et al. 1997), f# HERAKIZ
Bk 'E, HE SEAVIEW 27 (Galtier et al.
1996) il LAF TAZIE. 4§/ DnaSP #fF 4 ik
B 5, R A DU ik (Bayesian

inferences, BI) . & KMLAR#E  ( maximum

likelihood, ML) F12[#7% (neighbor-joining,
N HWESTFRAEKEM. Bl 57 H
MrBayes3.0 (Huelsenbeck et al. 2001) #K {4,

PLEIGAER (posterior probability) KK 7s#%4)
SCIAIETE, ML #1NJ 434 7E PAUP 84 it
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7, R XMWERFERH AL &
(bootstrap analysis) = E G .
EPRERIE (MaxEnt) A= A7 A5 T 4
A X o Ko A B R A TAL B AT A B 4 N
MaxEnt, FHHLIEH 25%) 7 A6 s AE it 4
(testing data), IR 75%[1) 540 mAE AU ZREE
(training data), TEMEEZEE I TIY)
7% (Jackknife ), %8 X% iE ( cross-validate
replicates) WHEN 5 X, HAWSEEE L K
P ERNAE, A4S FLU 4k T 7% (regularization
multiplier) 1, {E5iaAT K HEE K
( maximum iterations ) N 500, Y& SX R 1H
(convergence threshold) >4 0.000 01 %%,
MaxEnt #5281 7= A4 1 25 B R Logistic #% 20
ASCI & B E, B e M B AR
FAEZ X I AR & A R P Csuitability
assigned to each pixel), {HI N 0 ~ 1. 7E
DIVA-GIS 7.3 (Hijmans et al. 2012) {0
# MaxEnt iB1THISER. R TSR GHMEAE
GO, TR EIR A G N BAE AT IE A FE R
B2 H Ak & A — B st i 7 55 92 1) br 1
(Liu et al. 2005), ¥ Aranda 5 (2011) 3C
BRIRIE, FRAME T A T AL B, R
BEME 0.8 KPPAiA By iid AR X, 2%k
EP = 0.8 HIRIEEX, 04 <P<08 K
EAEX, P<0.4 AREEAXBFRE A X .

2 SR

21 RLWFHEETEEAER

AW FCIE T AR B AR RN N T35 58
FiHE 3 NMEATENR, FREEMEE 33 MEAGKK,
EARKFEME 25 (120.13 + 41.21) mm
(64.45~188.43 mm) . (29.07 +10.76) mm
(14.53 ~ 47.56 mm) F1 (12.70 + 4.10) mm
(6.74 ~ 18.98 mm) , HFHMFHE 38 ANFEA 53701
9 (58.67 +16.63) mm (35.06 ~ 104.10 mm) -
(13.84 +3.87) mm (8.54 ~ 21.78 mm) 1 (6.52
+1.89) mm (3.19 ~10.10 mm) , PFAMHEEA
K. BWK. EWEETIRERE, ZRE
F (P<0.05)

22 IR HBEZHEMNE

AT T I IRAF AR KT 9 S BH Y ARl 57
o N LIFRFAFPREE 11 26F0 14 FF 5 IR 1 25
Rtk Cyt b ZEFFH . KX 513 29 L8557 1l
£ 1097 bp, H RAIHKK 1 140 bp, /F5+H 3570
BB (R N BB G o R 7K T 2R Sk BT A/ o o
AP B, A 25.6% T 30.3%-
C27.0%. G 17.1%, A+ T K& &N 55.9%, G+
C MEEN 44.1%; NTFHRBEILBFEN A
25.5%. T 30.3%. C 27.1%. G 17.1%, A+ T
&N 55.8%, G+ C HIFEN 44.2%; HEI
IR IR N A 24.0%. T 29.1%. C
28.10%. G 18.8%, A+ T K& &N 53.1%, G+
C MEEN 46.9%. MM G 1&EHHRAK
LB A R IR B R () D £

IR KT 9 Sk 5 B AR B A, AR S A7 AT
(number of mutations) 55 4>, 5L S
5.01%, 2915 B AL (number of parsimony
informative sites) 25 1, &5/ S E] 2.28%:;
N LFRFADR KB FEEAR S 60 1 23 A, 7 SRR
1 2.10%, FRZMEEALS 134, i st
19 1.19%;  FR7KI] #E B2, A5 547 14 46 ),
AL R 4.0%, TRZEEALE 36 A, b
ST R 3.16%

TR EFAMPREE 57 AR SLESRE A L AG I
B 32 N EAERY, B R 2R AL IR 2 A
4358 0.964 F110.006 51, N TFRFER B FhE
SR E] 9 AMNERAERL, BfE T SRR RIAL T IR
ZFREMESY BN 0.964 A1 0.007 36, 757K i) B A1 Fil
S N THEMER AR 3 MEERER, 5
Fofth 21 N ERARECIEE AR AL ARKI 14
R FE RN ILRGI Y 9 NPT, BARERI Z R
PERZERE Z REMEN 0.879 A1110.011 90, H. 57
bR M | ML E RS,
23 HTRERERR

K I (BD. SR BRVE (ML)
FELFEEE (NI F3 7RG R 2R Sty 1 2 P2 )
PREMAGREM. 3 FOES IR RI9k
850 T RAR BRI EEA 2 (B 2).,
FITE OSSR E AR RN — 3, AR KT AP |
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1.00/99/99,

1.00/95/98]

@)1 &7 Gulin, Sichuan, 3

@157 Gulin, Sichuan, 12
@VY)1] v # Gulin, Sichuan, 4
@I Gulin, Sichuan, 5
DY )1| 5 # Gulin, Sichuan, 13
VY1 # Gulin, Sichuan, 14
)i # # Gulin, Sichuan, 15
P41 # Gulin, Sichuan, 16
DV JI| T 7 Gulin, Sichuan, 6
P4 )i 2 # Gulin, Sichuan, 17
P9)1| 1 Gulin, Sichuan, 18
PUJI| & % Gulin, Sichuan, 19
DPUJI|#7# Gulin, Sichuan, 20
U157 Gulin, Sichuan, 21

@VY)I[ 77 Gulin, Sichuan, 22

@VU)1| 1 Gulin, Sichuan, 7

@u)IE 7 Gulin, Sichuan, 8
@I # Gulin, Sichuan, 23

LTz Yangyun, Liaoning, 30
{:‘LI #i2 Yangyun, Liaoning, 9

I T#ia Yangyun, Liaoning, 2
I [[FL?%L Yangyun, Liaoning, 41

)

|
(OO

Fr

1

LTI Yangyun, Liaoning, 42
1L T2 Yangyun, Liaoning, 43
T T332 Yangyun, Liaoning, 44
L TH3& Yangyun, Liaoning, 45
{:J\IT%L & Yangyun, Liaoning, 46
T T332 Yangyun, Liaoning, 47
u {[LT*Z}L Yangyun, Liaoning, 48

I T#%38 Yangyun, Liaoning, 49
LT%:L_ iz Yangyun, Liaoning, 50

- 38 Yan Liaoning, 51
-@%HEJET Gulmgjgﬁzlhuan 24 &
PYJI[ 7% 7 Gulin, Sichuan, 25
OJi| 1 Gulin, Sichuan, 26
Oy)I] 7 # Gulin, Sichuan, 27
OPU)I[ ¢ # Gulin, Sichuan, 28
{— JI| 7 Gulin, Sichuan, 29
7)1 %5 7 Gulin, Sichuan, 30
. @)1 7 Gulin, Sichuan, 31
@)1 Gulin, Sichuan, 32
Om)I 77 Gulin, Sichuan, 33
@pY)i| 7 # Gulin, Sichuan, 9
O)il 7 # Gulin, Sichuan, 34
OPY)I|#7# Gulin, Sichuan, 35
@)1 Gulin, Sichuan, 10
Om)!] 77 Gulin, Sichuan, 36
@I Gulin, Sichuan, 11
L Q91| # Gulin, Sichuan, 37
L Il #§ Gulin, Slchuan 38
O] ¢ Gulin, Sichuan, 39
L)1 7 Gulin, Sichuan, 40
1T T4 Shenzijie, Liaoning, 54
L T4 Shenzijie, Liaoning, 55
LTm)‘I‘I Gaizhou, Liaoning, 63
LTm i/ Gaizhou, Liaoning, 64
}‘H Gaizhou, Liaoning, 65
L.T 5 Gaizhou, Liaoning, 66
T T4 Shenzijie, Liaoning, 56
i1 T3 M Gaizhou, Liaoning, 67
l_TmJ‘H Gaizhou, Liaoning, 68
i Gaizhou, Liaoning, 69
LT_unJ | Gaizhou, Liaoning, 70
L T3 Gaizhou, Liaoning, 71
1L 73 M Gaizhou, Liaoning, 72
1T T3 M Gaizhou, Liaoning, 73
:L.TH “F4 Shenzijie, Liaoning, 57
i Gaizhou, Liaoning, 74
LT_u;nJ'H Gaizhou, Liaoning, 75
LT AHFHF Shenzijie, Liaoning, 58
LT # M Gaizhou, Liaoning, 76
T T3 M Gaizhou, Liaoning, 77

(B2, BETIO
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V)

(H2, £330
i T4 Shenzijie, Liaoning, 59
T A1 F#7 Shenzijie, Liaoning, 60
T 1M Gaizhou, Liaoning, 78
T % /N Gaizhou, Liaoning, 79
LT M Gaizhou, Liaoning, 80
)M Gaizhou, Liaoning, 81

o

(=

1.00/100/100
0.81/-/-

=S
H"‘T:%J'H Gaizhou, Liaoning, 82

T 15 M Gaizhou, Liaoning, 83

T %M Gaizhou, Liaoning, 84
LT A4 Shenzijie, Liaoning, 61
117 3 M Gaizhou, Liaoning, 85

i T4 Shenzijie, Liaoning, 88
LT 35 M Gaizhou, Liaoning, 86

T

e

r

N Gaizhou, Liaoning, 87
THF#5 Shenzijie, Liaoning, 89
. T T3 M Gaizhou, Liaoning,90
L {7 7% M Gaizhou, Liaoning, 91
Yﬁﬁhz‘%ﬂ% Chibi, Hubei, 116, KM675158
Jt7R%E Chibi, Hubei, 117, KM675159
%; L.77BE Chibi, Hubei, 118, KM675160

Y11t 7RBE Chibi, Hubei, 119, KM6751601
JL77BE Chibi, Hubei, 120, KM6751602
#iJEFREE Chibi, Hubei, 121, KM6751603
“ WL IREE Chibi, Hubei, 122, KM6751604
. " #idbaREE Chibi, Hubei, 123, KM675165
———— JLP5 %505 Wuyuan, Jiangxi, 129, KM675173
%‘Zﬁiﬁ% Lingyin, Zhejiang, 92, KM675122
-WITLAR Lingyin, Zhejiang, 94, KM675128
WYL R[5 Lingyin, Zhejiang, 95, KM675129
HTIT44 Anji, Zhejiang, 93, KM675126
W12 Anji, Zhejiang, 96, KM675126
WiVLIgeM Shengzhou, Zhejiang, 100, KM675135
WL Shengzhou, Zhejiang, 101, KM675136
“‘FBT‘[EW‘ N Shengzhou, Zhejiang, 103, KM675138
HrTLGEMN Shengzhou, Zhejiang, 104, KM675140
WiVLZ4L Fenghua, Zhejiang, 97, KM675132
WL Z=4}, Fenghua, Zhejiang, 98, KM675133
WTZ+4k Fenghua, Zhejiang, 99, KM675134
- WiVL#4L Fenghua, Zhejiang, 102, KM675137
WL AIEZ Daginggu, Zhejiang, 105, KM675143
WL Kaihua, Zhejiang, 107, KM675145
WITLHF L Kaihua, Zhejiang, 108, KM675146
WIVLFFAL Kaihua, Zhejiang, 111, KM675151
- WIVLFF 4k Kaihua, Zhejiang, 112, KM675152
WiVLFF ¥, Kaihua, Zhejiang, 106, KM675144
WL X Wuyi, Zhejiang, 109, KM675147
— Wi X Wuyi, Zhejiang, 110, KM675148
LR X Wuyi, Zhejiang, 113, KM675154
LR X Wuyi, Zhejiang, 115, KM675157
WIT4% = Jinyun, Zhejiang, 114, KM675156
YL.P4 b 15 Shangrao, Jiangxi, 128, KM675172
EL Sexian, Anhui, 126, KM675170

S
4|:L G EL Sexian, Anhui, 27, KM675169
R4 11| Huangshan, Anhui, 125, KM675168
%%f&%m Wauyishan, Fujian, 124, KM675166
BepuFEBR L Jialing River, Shanxi, 131, KM675178
P 249 Baoji, Shanxi, 132, KM675176
@Eﬁ?lﬁl Jialing River, Shanxi, 134, KM675175
[ 7 ik 3¥ Fuping, Shanxi, 130, KM675174
B 57 Fuping, Shanxi, 133, KM675177
PUJ1|J°~JG Guangyuan, Sichuan, 1

W1JLAJ1| Lichuan, Hubei, 135, KM675181
118 Rhynchocypr is percnurus, AB207022
E# Phoxinus phoxinus, MG806683

1.00/100/100

0.83/98/99 |
1.00/99/99

1.00/99/99

B

0.99/70/69
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B2 #EFCyth ERBEARMRKEIRIERE M

Fig. 2 Phylogenetic relationships of haplotypes based on Cyt b gene sequences
W R AR EUE Dy D (BD AR KSR (ML) /4882 (NI AMATHISCRESR. ((URR KT 50% MR , S KA s S A AR

T4F1 GenBank ¥3x%'5, O FRIRAAKIMISKESE S FEE, @ FR/AI N TIRGAFE .

The numbers above nodes represent Bayesian posterior probability (BI), and maximum likelihood (ML) and neighbor-joining (NJ) bootstrap

support, respectively (above 50% are shown). Tip lable represent collecting site, haplotype code and Genbank accession number, respectively.

Numbers D and @ represent the wild and the cultivated population of Chishui River, respectively.
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H 3 M SCRERAR S, 200008 1,004 99% AN
99%. 3 MITES TR IR E RIUH 7> 1 RGR
REMMI L EEAR 2 (3. rA#EK
IRHRE AR SR N —3, ARk A S Sk Bk,
LT RANFEHFREEG R R T, HCRE%R
B, AN 0,991 100%F1 100%.
24 BILHEE

FIH MEGA7 #44+ # Kimura’s 2-Parameter

0.99/100/100

0.54/76/82|
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1.00/100/100

1.00/100/100
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[

BTSRRI B SRR . N T FRGE A L
fAhEEZ IR LIRS (3R 2) o FR/KInEF Ak
ot B AR Al e B 2 TR) (3 A5 PR BS AE 0.000 ~
0.059 Z.[i], Horh, FRoKEFSMFRERI N T. 3756
FREEIEEIE N 0, 5 TMiafhi (At
FEEEES N 0.003, 530 7 56 MM AL A 24 P
V) P38 4% P 25 20 1A 0.021 110019 & FC AT
AN [ M R (] (1) B AL B 25 WLER 3, AR /KIAT A
TR FL A P 2 [R]85 BE B9 AE 0.002 ~ 0.090

LT & Huludao, Liaoning, 20, MF770517
V)17 Gulin, Sichuan, 21
i 1) Gulin, Sichuan, 22
[PN5% i 7R Chifeng, Inner Mongolia, 16, KY451915
ryAdt &% ChengDe, Hebei, 19, KY451919
Al JL7& 1% ChengDe, Hebei, 18, KY451918
PU)ily ¥ Gulin, Sichuan, 23
|‘IEJj LA E Baoding, Hebei, 24, KY451917
JU)I 5 # Gulin, Sichuan, 25
P9)!| &5 ¥ Gulin, Sichuan, 29
PS¢ IR Hailar River, Inner Mongolia, 17, KY451916
]t 7&f# ChengDe, Hebei, 15, KY451914
%% AR Chifeng, InnerMongolia, 9, MF594794
)11 & # Gulin, Sichuan, 26

PUJ1 5 7 Gulin, Sichuan, 27
PO & Gulin, Sichuan, 28

- T MKIETH Wangqing, Jilin, 12, KY451922
7 AK Jilin, 14, KY451924
| < 5k304k. Dunhua, Jilin, 11, KY451921

T ARIETE Wangqing, Jilin, 10, KY451923

Tk Jilin, 13, KY451920

521 7RI Chifeng, Inner Mongolia, 7, MF594793
M S 7714 Chifeng, Inner Mongolia, 8, MF594792

100/100 | - py 5t ¥HHI/R Hailar, Inner Mongolia, 2, MF594788
WS H ¥EPL/R Hailar, Inner Mongolia, 3, MF594789
WS HL/R Hailar, Inner Mongolia, 4, MF594790
WS¢ h #RI/R Hailar, Inner Mongolia, 1, MF594787
BJy T /R Harbin, Heilongjiang, 5, MF594791
)y YT W /R B Harbin, Heilongjiang, 6, MF594786
L1 L4 Paracobitis anguillioides, HM010501

0.10

VB Misgurnus anguillicaudatus, AF051868

K3 #HT Cytb EFAFUNERIAMRAKEN
Fig. 3 Phylogenetic relationships of haplotypes based on Cyt b gene sequences

T RUC B Ui (BD /KR (ML) /4853 (ND AT SR (LR KT 50% 050D SO RAEH % B A5 T4

pass =]

H4F1 GenBank &35 .

The numbers above nodes represent Bayesian posterior probability (BI), and Maximum likelihood (ML) and Neighbor-joining (NJ) bootstrap

support, respectively (above50% are shown). Tip lable represent collecting site, haplotype code and Genbank accession number, respectively.
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# 3 ET Kimura’s 2-Parameter ¥ K2 Cytb FFI B IEHEE
Table 3 Genetic distances of Cyt b sequences of Barbatula toni base on Kimura's 2-Parameter
1 2 3 4 5 6 7 8 9 10 11 12
1 17 Gulin
2 Y47 R Hailar river 0.004
3 f#5 Baoding 0.004  0.006
4 7K{#E Chengde 0.002  0.003  0.001
5 W5k Inner Mongolia  0.003  0.005  0.004  0.003
6 i/ % Huludao 0.009 0014 0.016 0013  0.013
7 7%V Chifeng 0.031  0.040 0.044 0.040 0.041  0.036
8 VFi# Wangqing 0.067 0075 0.074 0069 0075 0.074 0.048
9 4t Dunhua 0.071 0079 0078 0.073 0079 0.078 0.051  0.001
10 4k Jilin 0.069 0.076  0.075 0.070 0.076  0.075 0.049  0.000  0.001
11 W4 /R¥E Harbin 0.090  0.099 0.105 0.100 0.102 0.096 0.007 0082 0.082  0.082
12 M4/ Hailar 0.090  0.098 0.104 0.100 0.101  0.095 0.006 0.081  0.081 0.081  0.000

LA 9 7% 7] 2 PR ZH L LA AN R S A 2 T i A B

Boldface is the genetic distance between populations from Chishui River B. toni and other populations.
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Fig. 4 Predict of the potentional distribution of the Rhynchocypris oxycephalus (a)

and Barbatula toni (b) using MaxEnt

AERESEEIX; OO EEEX, RS OARG O AREMIEELX.,

Red indicates the most suitable space; orange and yellow indicate areas of intermediate suitability; dark green and light green indicate areas

predicted to be unsuitable for existence.
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