B ¥ F M R 2010, Jun.31(3): 230-238 CN 53-1040/Q ISSN 0254-5853
Zoological Research DOI: 10.3724/SP.J.1141.2010.03230

LR & X o LD g

EmEL A AL meRc, xipE
(1. TR EREBKAEAETIT KAEEDZ S RIS, widt i 430072, 2. BIFEERSE MW=, L 201306)

WE. AR ENRAE, OREF SR EE RSO AN . AR A TR B, i
&AL S BB Fo BR 0T T VT KR B R A KT RO ALK 20 AN MARIETT K R K 8RS 66 8 AN
R RARN A ZE b Ceyt b) SERPHIBEAT 04T, LU ALK G0UR 6 25K Fh i B o0 A I FRHEA T 9. 45 R
TR, AL SKHAS [R] B A TR 2 A ISR AL AR KT N 0.1%~1.8%, P30 0.7%; K EERLIL6f % S5 7 2 ) % AL S
KPR 0.6%~1.3%, V314 0.7%; BRI A5 AL AR A 78 2 8] ()8t A% 22 SR8, A0 0.2%~1.8%, P34
H 0.9%. SRFABENIEF T BB 4 F RA K B WH—B0R, EF 7T AL L6688 s — 1
R TAKERSLHEEARB B — N RR, T REREWITERAE; ALK REARN SRR, B RSF
Ro WNEE LG, BULAIKEER LRI G bt tHUkIfml, AESEDUaivkil, KiTH Rz R AL Sk ofns 4 Kk
B R BB AR VR K R, KEEA SR T R AL SR — AP R YLK RS, T R (0 R A 4 A i
A —AF R, TR AL AL SK BRI R B — N R 28 . 12O T 2R B b B A B Al
AT T e .

FHEIR: ALKEE; WIS ARERREAE; KYTUKR; BITKR

FESES: Q959.483; Q349 XERFRERS: A XERS: 0254-5853-(2010)03-0230-09

Geographical Speciation Process of the Genus Lepturichthys
(Cypriniformes: Balitoridae)

TANG Qiong-Ying', YU Dan', YANG Jin-Quan’, LIU Huan-Zhang""

. The Key Laboratory of Aquatic Biodiversity and Conservation, Institute of Hydrobiology, the Chinese Academy of Sciences, Wuhan 430072, China;

—

(
2. Laboratory of Fishes, Shanghai Ocean University, Shanghai 200090, China)

Abstract: The genus Lepturichthys is endemic in China, including two valid species, L. fimbriata and L.
dolichopterus. The former is widely distributed in the Upper and Middle Yangtze River, while the latter only in Minjiang
River. In the present study, the mitochondrial cytochrome b gene sequences were analyzed for 20 individuals of L.
fimbriata collected from the Upper and Middle Yangtze River and eight individuals of L. dolichopterus collected from
Minjiang River. This paper aimed to investigate the geographical speciation process of the genus Lepturichthys. The
results showed that the genetic variations among different haplotypes of L. fimbriata ranged from 0.1% to 1.8%, with an
average of 0.7%, and from 0.6% to 1.3%, with an average of 0.7% among different haplotypes of L. dolichopterus. The
variations between L. fimbriata and L. dolichopterus were also very low, ranging from 0.2% to 1.8%, with an average of
0.9%. Two methods, Neighbor Joining (NJ) and Bayesian analysis (BI), were used for constructing the molecular
phylogenetic trees. Both NJ and BI trees indicated that all Lepturichthys specimens formed as a monophyletic group; the
L. dolichopterus samples also formed as monophyletic group, having a derived position in the phylogenetic trees, while
the L. fimbriata samples formed as a paraphyletic group. Both L. fimbriata and L. dolichopterus are valid species in
morphology. Based on molecular and morphological data, we presumed that the geographical speciation process of the
genus Lepturichthys could be as following: during the Quaternary Glacial period, L. fimbriata in the Middle and Lower
Yangtze River dispersed to the drainages of Southeast China along the Continental Shelf of East China Sea, one
population spread to the Minjiang River and envolved as a new species (L. dolichopterus) because of considerable
environmental difference, while the remaining L. fimbriata populations in the Yangtze River formed as a paraphyly. The
other similar geographical speciation patterns are discussed in the present study as well.

WeR 3. 2009-10-10; 2 3. 2010-03-01
FEETH . ER QARFER S R I H (307000725 40432003); 5 [F HARRIEILE I H CToL
"JHHAEH (Corresponding author), Tel: 027-68780776, E-mail: hzliu@ihb.ac.cn



34 B ALK £ SRR B ) Al 1 231

Key words: Lepturichthys; Geographical speciation; Continental shelf of East China Sea; Yangtze River; Minjiang

River

Yo oy AR Fa — N R = A o A0 T B GHT )
PR RE o IFR oL Tl 22 FEIE FE I 2 A
R, SR 2 R IR AL SR . R
ST OB AR ) 2 e AT TR RS — .
2009 “F 2 IA R SCHE SR 200 JASERT (i) Kk
150 JAFale, Bk, ST oA 5T iR
R S5 R B A T TR A

SRR EGIRZ, e e —4
R EmR R et T, RE
by BSE 25R AR B RR 25 A T OSBRI VE T . B
SEPIFNIE B — A L4, B 3 s i
Y FAS T B, AR ARTINR, AR HRIE
Bo BB (FREURIABIG D B PFR a1
A, BRES (FRELRATHG D R YR R
MEEbE (Xia, 2005). TR Lid e,
Avise (20000 INHEZTIE R HR. LR =AW
B AIERME It — AN 0t A FREFERT B Fof
B, e B AR 2 7352 o B 511 H LAk 4
Y SCRANUA A AEAN R (R AR BE BRI I P AN ) £
TEHERATH, AHHEME RRR: okt
Firb, BT AR PR SN 2525 Fh R 2 14
FhHE B o — AR, MAHEE A WA eRch—
ANHRBE. FEok, BAERRMHES, Bt A e
B — MR IXFE A R B 20k & A )
BT, AN SE TR o AR IX B3,
— AR FR, AR IER, X RS
YRR AT AR BE — MR

WEFRF G R TR IR 2, i R A
P 2% (phylogeography) & it 4 3K i 5 70 1 A=W 24 £
AR REMMGE—T 1248, EERMASTREK
BT, R I SR sl b A AR 1] (15 AL
LDy s SR Z O R, AR ) skl ) 3 &
WA HOER Ak SR I T It R (Avise, 2000; Zhang,
2003), MR AHLE . Tk, A
Rk DNAMIDNA)E A 7 FAric X s fE P 47

R, JCHAER K X R IR KR A
SZIK Z I TEAS PR, MRS B2 AT AE

A4S 6 8 ( Lepturichthys ) 3 J& T 2 H
(Cypriniformes ) #{#F} (Cobitoidea) - fig fif F}

(Balitoridae) “F-i&fifk IV R} (Balitorinae), & [H ]
FFHJE . Regan (1911) LI Homaloptera fimbriata
Giinther & B8 X &t 2 T #r 8 —— A Sk W )

(Lepturichthys), % & LA 40K AR T 25 X 1)
F Homaloptera J&. J&K, Hora (1932)I\ 4K H
JU YT 0 389) T V] B 80 (%) A Sk S s AN AN ] T 2R 1
JUE B LSRR AR A, TERAE 8 A 73 S fi 4%
HH . S RKEES ML 25 R0 HPORoE 5
P AR BE SR 73 00 KR B DY ORTT S 380 B V]
(KR Ay 44 PR Lepturichthys guntheri 1
Lepturichthys nicholsi, {H i1 BrR i % FH 145
A3 AN 2 o R ELF (Chen, 1978)A 4 L. guntheri
F1 L. nicholsi #BNEALSLER L. fimbriata (1) (R4 5
%o Dai (1985) & T K H 4 i B ~F 11— AN B
—— KA L (Lepturichthys dolichopterus).
I, BIEWCRHIE, AL R A AR AN R
SRR BE AL S if . o, ALSKER)T Iz A
TARIL A B, A HE AL SO 5 B4 A T VT
% (Chen & Tang, 2000).

5 R ZHRHa AL, AL S A2 1 A
TS, A M RIS SRR AR IX
WK . ALK 0258 H T 1A Jm 2
TR e N PRS0 IR 23 A et R ] 45 i 8 )
T H FE A WARTE o

Pt Zekifk DNA (mtDNA) 7EH1T %
IR A (P 0% 28 AR ) b B 22 SR o] DUAE R — MR
R Fhnid. iz b eyt b) PRI E
B E, Har o) Tz s TSRk a2k
FEMIP R AGATE 5T (Ul Perdice et al, 2004; Xia et al,
2005; Yang & He, 2008; Zhang et al, 2008; Yang et al,
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fift(Sinogastromyzon szechuanensis). | ] # I fifk(S.
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HEPRIZH DNA IR HUCR H i Eh il 275 (Tang et al,

2008), FERFA Bk PCR § 34 f4. 44

FH5 1904 L14724 F1 H15915(Xiao et al, 2001).PCR

BN SRR A 60 pL, K4 50 ng #3514 DNA

VE AR, [ NAR R HE: 10xBuffer 6 uL, dNTPs

R 1 MRFAAHEANYFHE. KBS, ML KEHMR GenBank FIISEHEFR

Tab.1 Species, symbols, sample size, sample locations and GenBank accession numbers in the present study

HAGS MK 3 )
LYELES KA FrlEK R GenBank /7715
Symbols of Sample
Species Locality Drainage Accession nos.
individuals size
DY)k KT B GU084234, GU084233,
LSI-LS3 3
Leshan, Sichuan Upper Yangtze River GU084228
BEMIARK KT 13
CS1 1 GU084246
Chishui, Guizhou Upper Yangtze River
At
GU084226, GU084227,
Lepturichthys
il Bl nsrg | K iz GU084229, GU084231,
fimbriata JK1-JK15 15
Jinkou, Hubei Middle Yangtze River GU084232,
GU084235—GU084244
I U KLl
TY1 1 GU084230
Taoyuan, Hu’nan Middle Yangtze River
AR R [B)YT7K & GU084245,
(SNt MJ1—MJ7 7
Jianou, Fujian Minjiang River GU084220—GU084225
Lepturichthys
RAN .
dolichopterus AY 1 AY281279
Unknown
VG 1] e
YIPRIT KAT_F3F
Sinogastromyzon 1 DQ105213°
Leshan, Sichuan Upper Yangtze River
szechuanensis
IGIE S
U Ky
Sinogastromyzon 1 DQ105215°
Taoyuan, Hu’nan Middle Yangtze River
hsiashiensis
ERaAILE 7S
AR5 .
Hemimyzon 1 AY392478
Unknown
formosanum
EENLES
AR5 .
Hemimyzon 1 AY281280
Unknown
taitungensis
AT ,
TR R AR KA
Sinohomaloptera 1 DQ105216°

kwangsiens

Yuedong, Hainan

Hainan Island

"R/’ GenBank FEIUTH: © k5] A Tang et al (2006)[1F51: I b Bl v

" Denotes a sequence downloaded from GenBank; ° indicates a sequence cited from Tang et al (2006), others are newly sequenced in the present study.
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Fig. 1 Sample locations for the genus Lepturichthys in the present study

FEARGR S0 AL AF S . CS: ARk (BEMD: JK: & GElEDs LS: SRih (PUJID; TY: BRI GBIRE): MJ: [ETTKR RN,

ZHIBARERAIIEA, B AR R EE AL SR A

Abbreviation for localities: CS, Chishui (Guizhou Prov.); JK, Jinkou (Hubei Prov.); LS, Leshan (Sichuan Prov.); TY, Taoyuan (Hunan Prov.); MJ,
Minjing River (Jian’ou, Fujian Prov.). Triangle represents Lepturichthys fimbriata, dot represents Lepturichthys dolichopterus.

0.75 uL (10 mmol/L), 5% 1.5 uL (10 pmol/L),
Taq DNA A 1.5 U, IIKEAZEKE 60 pL.
PCR N 4MFH: 94°C A8 3 ming 94°C A&
45 s, 52~58°CiEB-k 45 s, 72°CIEMf I min, J& 35
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WL RE DR s m AT A4 BT, SR 59 B F 5 10t
[FIS = AT T . JEAIEAS GenBank, 343117
5 WA 1.
1.3 HIELER S

DNA J7HHESIME A Clustal X 34, FFAE
SEAVIEW Ry it e o AT T T . il %
FEPERVZ T IR 2 FEE I S8 1R . DNAsp4.9 A
(Rozas et al, 2003, AL 2 [A] 0t FRIGgAE i 2
F RHE N BT R 1R 38 a8 A 22 S 15 L AE. Megad
B A (Tamura et al, 2007) H K H Kimura XS4 15
RBHAT U Fe o SO e B8 e i DL AE
PAUP AT G o0 P8 A% R AR
FPE 43 By &l ik %) % ¥ Ctransitions, Ts) . Hi4ft
(transversions, Tv) 14axf# H Fligifh 5 2 24T
BT ORI 456 5 H Fisi % 26 851 7E PAUP 4K
PEHR AT GE 0T ) o 7 R G 1 A 3R AR 2

(neighbor joining, NJ) 7% F1 Ul i 17 7% (Bayesian
analysis). 2FH1KH Megad #k 1, #0XWEG
JEFAKH 1000 X H 3 HT(Bootstrap analysis) 1T
HEERE . WML K MrBayes 3.0b
(Huelsenbeck & Ronquist, 2001), %43 32 [ B 45 FE LA
Ja XMt (Posterior probability) K& 7R,

R
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LT3 HT ) eyt b FEHFPHIK A 1074 bp. 20 N
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B L REME MR 0.643, TR ZREMERF
BIMEA 0.00349. AL A0 10248 FLAd L1 43 A0 1 Dl
W 20 FEEHAEAT, SRA )R LS HHEE D
(ANAAEAES LAY (LS2 A JK2 JLe gl
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FERS (TY1 M1 JK14 L5857 Hap3), W1db4:
FHEANAR T A7 A L S A5 7 (Hap7, Hap9), F~
17 A RAAE T R AT, o 1 AN SN IRIK A

WA, e 6 MAMIILE HI/AMAIIA . 8 MK HE

BUOLAEA T, A 5 MRS A5 hapl,

oz 3 MNP R

F* 2 BIHEGLBRFINIMIER
Tab.2 The information of haplotypes of the genus Lepturichthys species

o B R () A4 AMEHH
Lt
YiFi 4 Species Individuals included in the Sample size included
Haplotype
haplotype” in the haplotype
Hapl CSl1 1
Hap2 JK2,LS2 2
Hap3 TY1, JK14 2
Hap4 LS1,LS3, JK8, JK11 4
Hap5 JK3 1
Hap6 JK4 1
ZL3LHH Lepturichthys fimbriata
Hap7 JK5, JK13, JK15 3
Hap8 JK12 1
Hap9 JK7,JK10 2
Hap10 JK6 1
Hapl1 JK9 1
Hap12 JK1 1
hapl MIJ1, MJ2, MJ4, MJ5, MJ7 5
hap2 MJ6 1
KAEAL L, Lepturichthys dolichopterus
hap3 AY 1
hap4 MIJ3 1

O REA SR RS . CS: ARK GRID: TK: 40 GHIAED: LS: Skii (PUID; TY: MRS GHIFG): MJ: [

TKFZR GEEERD. AY: MGenBank N4,

® abbreviation for the localities of samples: CS, Chishui (Guizhou Prov.); JK, Jinkou (Hubei Prov.); LS, Leshan (Sichuan

Prov.); TY, Taoyuan (Hunan Prov.); MJ, Minjing River (Jian’ou, Fujian Prov.). AY indicates sequences downloaded from

GenBank.

X AT SR AT I A B A B R AR AT
FFBNT, g R BoR, ZEETH R BP AL CL G
T (K &5 00 51K 28.0%+29.6% - 14.4%F11 28.0%,
A+T M58 (56.0%) B i T C+G 15 5(44.0%),
[F) IS B0 Y SR 2L A G B 2 PR 2 17
P, JUILAESE A R IECA W, G ME =IOy
3.4% . JIT A 7 4 B e 4 L (Ts/Tv) 197 39 R
521, 15 1074 M girh, R 5 217 4, Hp
R4 BAL A 108 Ao JPHI i AR I i Al
PO HTEE RN, By AR A (2D,

It BT A IS T T R KT 0.

BT Kimura XS EOBR THE 1 AL Sk 6 02
PSR 2 TR R B AL AR S DR B, AL S BRCAS ) LAy
T2 () () AL AR KR 0.1%~1.8%, 1R
0.7%, A HEAL L5 FLA% Y 2 ] (R AR S 7K R
0.6%~1.3%, P30 0.7%, AR M8 AL 3k ofk o
FE B2 [l s A 22 A, R 0.2%~1.8%, 1
305 0.9% , IX FNAL A S A IE AL S B pA) B T2
)11 22 S 2l AL SR I £ R AP A AR 8 e
) WA A5k i S A ST 8k TR 1)1 38 2 R, ar il A
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BRI SCRE (NT B A A 100, BI W)
BWMEEA 1.00). 73 T IVTK R K AL Sk R
WM—ANRR, AT REKGWTREALE, T
NJ PSR RR AN, AU 49, 76 BI W SRR A
1.00. A A SR IGFEARANY R R, 12T It
Z, HAR qmdee: 0w A~AME JK9 F1JKD
P T AL Sk A 2R () B A, LT AL SR AN A
T RGBS, ALK X Fh RSk
H LR NI A BT LT 22— 301

3 i i

3.1 EIAHERLMMFENE

AWFILEG R G 7S, B 2 AL ST K
BEAL SR PSR IR] 38 % Z2 5 8, JLP AN
ol AN RIS A TR (R AR AR AT 2 o 70 T R 93
B4 RG], A BERL SR K AT OB B &,
(HADLER RN RER N AR, ALK AR A
HREERL A A LR G R R XA DIRIE
B AT R0, OB AR ZE 5 K KN EANBE T E D)

TRy, DRI A AN [RI ST (R A e ) B A ] 6 DR T st A% 2
AR RENE IR K. 358, PR R o AN BE B
B DLy S S R b B (Xia et al, 2005) . K MBEFL SLAf
FALSLRAE LA FAPAE R E X AR IE: KgAK
A EE I, RN SR 4.1~4.8 % (VS.
6.5~7.9 1), MIREEK 1] 4.8~5.7 fi5 (VS. 6.5~8.3
%) MEEE R BRI (VS. JEfER
i fof1 23 M6 8 2 T R A A TR PR 50 s LT 140
G 168 8 48 R A A 55T ) 1) 2/3 IS (VS AT e MR g i
T E L SRR 2/3 4b) (Chen & Tang, 2000).
Tah, AT P TR A AR AR BEEAT T AL,
RIMAAERL SR AR A B —, 171 A SR AN AR e
R KEERLSLFEA A GBI BB A, Baisik
HHEE 7~8 MHFIETE RPN (G
FORTTs ALSKIRFE A AR RS (A BIR R A,
T BESCH 4 R eSS, A1 2 BEIR
B, AINANBEL, HRMBELSAH . XHA
WIRTE LA PARAE B3 IRE, A XA AT
S, DU TN IX SRR A 20k . H AT
SRR, IXPAYIRA I A 22 ep, FR
I, K AE AL SLAHRT B 2B 74k R 1 — A2
Fifto PREE ) U P BOALSL I — N R AR B S
RATHR AR, AR IR B R K I )
KRR HE 2= 5. MRTIEHIRZ A BAAAE
2SR AE b 2E AN R i, JCILAE AR
T BTN A X R G A ke, A IR e R
) Ry A% 22 e /N, AHAER 2 30F (Meyer et al,
1990; Wilson et al, 2000) .
32 RIHEELMYFSLTIE

BESLH32 A3 A T KT Bk, 2 Biprd
SR 119 3 A ¥ BB VT K R 0390w ] e il 2 DY )1 5%
Wo FIBZMXIEG 2 (Guo & Liu, 1995). 5K55%%
(Zhang et al, 1996) A HAELL VU BH I K 5 HIAELL
HH AT AL SR o AT o BB AL S AR PR 20 AT T4 2
YLK FR o ABTLARIE T2 A8 A M Rl s 1
T ARG AT 1 F K, VK R AR T
FIARR . Bk, ALK R RIS R
5 VTR R I RIR AP K o AT 5T AL SK ORI 11
RESKH RS T 2 A AR 22 5 0 0.2%~1.8%, 1%
cyt b FERITEIR K P g R N B T 4E 1%
4 (Durand et al, 2002), F L BFNH BE AL KR A=
S TR AE 0.9~0.1 71 I4ERT, J& T8
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Hap3 AY Lepturichthys delichopterus

FL3L6fk L. fimbriata

Sinogastromyzon szechuanensis

?‘— S. hsiashiensis
-Hemimyzon formosanun
100 H. taitungensis

S
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1.00

1.00
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loptera kwangsiens

A AL
Lepturichthys delichopterus

Hap8 JK12
Hap4 LS1,3.JK8.11
Hap5 JK3

Hap3 TY1,JK14
0.62

Hapl CS1
Hap2 JK2,LS2

L Hapl0 JK6

~ Hap6 JK4

Hapl11JK9
Hapl12 JK1

AL L. fimbriata

Sinogastromyzon szechuanensis

S. hsiashiensis

1.00 |

Hemimyzon formosanum

H. taitungensis

0.1

Sinohomaloptera kwangsiens

Bl 3 T eyt b SR AL KR R A L ) 7 7 R E R R
Fig. 3 The molecular phylogenetic trees of the haplotypes identified from the genus Lepturichthys species
A: K Mega BAAEEIAT R B: SR MrBayes BRI DUk o b 2405 5 R 35 2.
A: NJ tree constructed using Mega; B: BI tree constructed using software Mrbayes. Abbreviations for the localities are same as Tab. 2.
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SOV 1 R, AT AU R A S ST 1 (17K

RNV o T AL SRR B8 AL S8 (1) T £ 7 Ak
AR/, 150 B LR 25 (1) I TR AR A o 0o 1 PR 2 A 6
TG, TR R B N % LR K (Liu, 1984), £RPUZE
VKI R AE W A i o DR, 61 A Sk ke 412K
R i ARV @ T S S I N
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RO ARSI LA R UK Iy s k), AR SO AL
K £ SRR o A R W R HE s 7R
(R B T B AR 2= RSB IR TE , ATAE S it A S
PRI (AT AR oK, T a0 A THRITK
FRo (RIS TR, W FmpE, &
AL R BRI 100 m, ARG R SEER H g 1A il
b, FBA/KARATREAN B 51E (Li & Fang, 1990). 47
A T AT R B AL Sk SRR W R AR R VR I
IKFR . (EROKI, AERAERDE, Wi BT, K
Bt AWl K e, UV IR K R . ALK R T
PRI ORI S, AR ORI I R R A K
(R T 8 A fie 9 A 52 RS O V5% U 997 A0 %) I ) 225K o A
I, AL DI K R PR B Rk, WY
IKFR e T VTR RGN 22 5, § B VTR R
(R S B PR b i A — 26034k LIS NGB IR ER B, A
M AT K BE L SR ARG R, K BEAL S f R
I BAR IR a5t A Z A6, oA | T2 I AL Sk AR A
HY A F &M 2, HER— IR,

TEAREFUA, FRATIHEDI A S S8 4 s A2 2 N
KT MU g oK Bl A ) B AT 10 . SRR
T KB B4R A AT B A2 1) B 1 A LA Sh ) b A
RIE, WAL RV R 5K ) BRVL R I R 5 55
HUK9 L (Li & Fang, 1990), UV LIS IREN
i (Cai, 2002) %%. {ESSPYLEROKIIYIE], &4 70
In) B AT % B TREAE T I ISR B A IV, T W i
KBt B2 P el ) B I 1) — A T AR

KT R ILRE, Avise (2000)I\ Kk — f 75 2
ZPINE REBIFER TR R 34K EMT B . Zhang et
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