oottt botdgdoogtdood
ooyt

oo goooo
ISSN 00215090
oono go,oo
gg,nog
gg,oo
g,0o
0on oooooog
0/0 610 200
oooo
oodoon p. 89-96
gooo 20140110
gooo0ooboooooooboobobobooooobooo 0A° :
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council @ ut INnow |e(]9b'

Secretariat



g#R * Short Report

FARFMEET 61(2):89-96
2014 £ 1T A5 BRT

DFRIGHE

NG EREMRILEEICHIT S

7 TS RT DAATEAIR

WABERRAE ' -

ERAAR -

HEBRE' - HE'

‘?WO%W BIRIEMN LT G 2-5 BB RSN T 22 25R)
T 790-8577 EMREMILTHSCHET 2-5 BRARZEEEN

(2014451 H 7 B%{+;2014 4 A 1 HEKET ;20144 4 A 16 B2

F—U—F 177

T RT,

raYFUT

i

DNA (mtDNA), Rifthiz, EANskE

Hideki Matsuba, Shotaro Yoshimi, Mikio Inoue and Hiroki Hata*. 2014. Origin of Tanakia

fﬁ?\ g:E —?‘- 771‘:& Ed limbata in Ehime Prefecture indicated by phylogeographic analysis of mitochondrial
Japanese Journal of cytochrome b gene sequences. Japan. J. Ichthyol., 61 (2): 89-96.

Ichthyology

© The Ichthyological Society of Japan 2014

Abstract Phylogeographic analysis of the bitterling Tanakia limbata in western J apan was

conducted to identify the origin of the fish population in Ehime, Shikoku Island. A survey
of rivers and spring-fed ponds on the Matsuyama Plain, Ehime, indicated that 7. /imbata
had become distributed on the plain over a period of 19 years to the present day. Sequences
of the mitochondrial cytochrome b gene indicated that the 42 individuals sampled included
4 haplotypes, which were shared with a T /imbata population in the Yabe River, Fukuoka,
Kyushu Island. All 4 haplotypes belonged to the West Kyushu group of T. limbata. On the
other hand, T. /imbata comprising the West Seto clade inhabits western Honshu and eastern
Kyushu, which regions shared the same paleoriver system with Ehime 20,000 years BP.
These results suggest that individuals of 7. limbata presently collected in Ehime originated
from the Yabe River or adjacent waters, having artificially transported over the mountain
chain that may act as a natural barrier separating the West Kyushu and West Seto groups.
To conserve an endangered native bitterling, 7. lanceolata, in Ehime, management of the
introduced T limbata, so as to prevent competition and hybridization with the former, is
necessary.

*Corresponding author: Graduate School of Science and Engineering, Ehime University,
2-5 Bunkyo—cho, Matsuyama, Ehime 790-8577, Japan (e-mail: hata@sci.ehime—u.ac jp)

—» 7 5 R T Tanakia limbata 118 B -5 LIFE D
] A, MWE, BXCAMNCERT a1
NagEchoh (EMH, 1989), WEEHEL Y FUR
FCRERBERCEEINTVLS (BRES,
2013). —AHC, BRETRERNNREE UTE
BOMRINTVS (KR - a8, 2008). Eig
BEIZBWTIE 1979 LD THEET N, LD
HEINAREOMREESEDN TV (BER,
1979). LA L, HBIRRLEREZ EBET %
BIC I ERMEEBDERT 2728, BRTICHKE
ROERMBMARBNEET HHEEZERLTE
ERLy RUXMTCRBEERIFEE SN TEE
(BIRIR, 2003).
Hashiguchi et al. (2006) XfEME, EBE, X

S, DR, BRE, MLUR, BXUERET
BRELETT7S5R7%23IFaYRY7 DNA (mtDNA)
DO EEEINCE DO RF BN SFE M T
W—"7, REBEINV—", MR V—7D37
=TT, Zor, BREEERELT
BAWET TSRTONTaRASiE, HhEcEE
NBLEZLCNAEET 7N — T T3NS
W—TIHEENE. DTS, Hashiguchi et
al. (2006) DRAWEREEERBEIBABRRKTS
BTEHREBENTZ. LHL, TOFERTEEREE
WILEFOENE/IKRICEH TS 1 HiHDOH THRE
ENEEEEROTVWSRZD, BREOT7 TSR
TEEBEDN TN TBRAHKRTHZLEZRT DT
TRy, BRBICBSERT TR EEREE
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DEEZASMICT B72DITIE, THIKEZLDY Y
TIEENTT BRENDHS.

—77, LSRG ERIR Ly U X MG
HIBEHELLTEHEBENTWVWARIBOYY X+ I
Tanakia lanceolata ¥ £ B U T W % ( Z g &,
2003). 77IRTEYVAFILRIALIRE FTR
RIEHEZEDOMEBECZTENREINT VS
(85K « HELA, 1986). Hashiguchi et al. (2006) &
MRS ERL) K RIS TY YA F T EE SN {E
s, 77IRTEO mtDNA ZHELTED, 2
FORZHERBLTWVS., YURFIEDRMENT
TIRTDANBBAKIOVELCTVBELIE, TV
2F KT B ARENRBENSRETHE720,
TTISRTEBYNCEBLTYV XI5 H#ETS
DENDHS.

ZTTARMETRE, 7T5RTDEEDHER
NTVBMILEFeEIcinZ (BRI, 2003),
FRBRESIAMO LT TSR TZREL, 7
TFRFEBENTORA T 2y NI — I RHETET
ETRILEHOT7 7S RTOmKEZRFLE. X
Tz, MLFEICSE S AT BV T fRE
ZITW, BE QOI3E) KBWIBT7TIRTD
1F « RIEERPELMCT B HITEBEDTHRE LLig
Uiz,

MK L FE

HOTIWVRESKUDHRAE LILFHEZHRN
BEE]IKSR, BEiE)KR, BRI, K&k
ZD 47K%R 59 g, BIOTEKM 42 i (B
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Fig. 1.

Maps showing sampling sites. Abbreviations correspond to those in Table 1. Squares and circles

indicate sampling sites and spring-fed ponds, respectively. Tanakia limbata collected or recorded indicated

by solid symbols, open symbols indicating absence. Three groups of 7. limbata based on mtDNA (West
Kyushu, West Seto, East Seto group) indicated by dark gray color, oblique stitch, and light gray color,
respectively. X on Shigenobu River indicates collection site of 7. limbata in 1979.
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Table 1. Localities, sampling dates and numbers of specimens of Tanakia limbata.
Individuals in gray shaded rows morphologically classified as 7. limbata
but have mtDNA type of 7. lanceolata suggesting putative hybrids. See Fig.2a and text for detail

River system Abbreviation Locality n Date Accession number
Ehime Prefecture
Kunichika R. KNa Masaki 2 Sep. 2011 AB907119-31
Kunichika R. KNb Masaki 14 May 2011 AB907119-31
Kunichika R. KNb Masaki 2 May 2011 AB920290-91
Kunichika R. KNc Masaki 3 May 2011 AB907119-31
Kunichika R. KNc Masaki 1 May 2011 AB920289
Kunichika R. KNd Masaki 10 May 2011 AB907119-31
Kunichika R. KN 3 *AB108980-82
Nagaodani R. NDe Masaki 6 Sep. 2011 AB907133-35
Shigenobu R. SGf Toon 1 Jun. 2012 AB907145-48
Shigenobu R. SGg Toon 6 Jun. 2012 AB907145-48
Kagawa Prefecture
Doki R. DK Marugame 5 Oct. 2011 AB907110-11
Kyoto Prefecture
Yodo R. YD Kameoka 9 May 2013 AB907114-15
Hyogo Prefecture
Muko R. MK Amagasaki 5 Dec. 2013 AB907104-07
Okayama Prefecture
Asahi R. AH 4 *AB108968-71
Hiroshima Prefecture
Ashida R. AD Fukuyama 8 Aug. 2012 AB907102-03
2 Jun. 2013 AB907102-03
Numata R. NT Mihara 2 Jun. 2013 AB907108-09
Shimane Prefecture
Gounokawa R. GN 8 *AB108972-79
Yamaguchi Prefecture
Fushino R. FS Yamaguchi 5 Oct. 2013 AB907160-61
Kotou R. KT Ube 3 Oct. 2013 AB907162-63
Koya R. KY Shimonoseki 8 Sep. 2013 AB907164-66
10 *AB108958-67
Oita Prefecture
Yamakuni R. YM Nakatsu 10 Feb. 2013 AB907139-42
Yakkan R. YK Usa 4 Feb. 2013 AB907136-38
5 *AB108953-57
Yasaka R. YS Kitsuki 10 Oct. 2013 AB907143-44
Fukuoka Prefecture
Onga R. oG 3 *AB108935-37
Ima R. M 5 *AB108938-42
Nagasa R. NG 3 *AB108943-45
Chikugo R. CGhm 5 *AB108921-25
CGks 9 *AB108926-34
Yabe R. YB 8 *AB108913-20
Yame 10 Feb. 2013 AB907153-59
Saga Prefecture
Matsuura R. MT 7 *AB108946-52
Kise R. KS Saga 6 Feb. 2013 AB907149-52
Kumamoto Prefecture
Midori R. MD Kumamoto 4 Oct.2013 AB907116-18
Kagoshima Prefecture
Kojiro R. KJ Izumi 5 Oct. 2013 AB907112-13
Takamatsu R. ™ Akune 5 Oct. 2013 AB907132

* denote citations from DDBJ.
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BT Y88, 1994, 1995) K T2011ESAM DS
2013 £ 10 RICFH, BXBELLLEEVFVE
ZHOTT TSR TOREZRBT.. £D55, 3
KFR 11 R, B TE K 3 #R DFEF 14 IS
BOTEH4s BERDOT T RTHFEE N, Tt
g TN LTENINR, EBR, KER, =
#rf, AR, KPR, GEE, EEE, BRS
BEBIURARICBOTLT T I9RTDRERET-
7z (Fig. 1; Table 1). 733, HNRTRT7IRF
BHRER1E LEBR, RER, HEF, EBR
BEBIUERAETRELERAERICIEEIATY
57z8%, TNSOMIE TR — DDA TREM
EEE I AFBELITE L. RELEZEAKZEDIC
99%LX/—)VTEELE BREEH
(2013) OEICH ST, Fiz, 42 HEOEK
BV TRBKAEETY, 775K 7DE -~
EZMR L. COREBER, 202F 12AMS
201347 A D HAIC, i D& 1B, Uchida
and Inoue (2010) ICHEHL TRV ISV I E
RITITo. ZUT, BEARMOBIAENGEHRE
NTWVWBXE (BRBIIEYEE, 1994, 1995 ;
Uchida and Inoue, 2010) h5 X F IO Ex
ZHHL, AFEOHREILW L. &, Bk
1 DB P KA E D F5 1S DV TR Uchida and
Inoue (2010) LHEFRIZH (2014) ICEEAREN TV
5.

mtDNA 94 X/ — VEELE&HRELDA
BREE D —E 2 Y0 H L, Wizard ® Genomic DNA
Purification Kit (Promega) 7%\ T DNA ZHiHi L
7z. mtDNA @ cytochrome b (cyth) FHIICDWVT
7S A4 —% vk Forward : NEW-FOR, 5-AGCC
TACGAAAAACACACCC-3' (Gilles et al., 2001),
Reverse © cytb-Rev, 5-GATCTTCGGATTACAAGA
CC-3’ (Hashiguchi et al., 2006) % T PCR % 1T
WEIRLE. HREENEIEE Nz PCR EYICD
T id ABI3130 (Applied Biosystems) (& 0 # &
BFEHRELT-. 1B5N72EI%]1Z DNA Data Bank
of Japan (DDBI) IZE&HL7z.

BonTzcyth BB OEEBRH T —XICMAT,

DDBJ DU L7 YA MPET T5RTD cyth B T8
HE LU THFRENTVELET—2 %5 [HUTHH
Uz, SABEICIE SR (AB108912, AB108906), 48
R IR KR I K % (AB108852), @ [ & i 2 I
(AB108874), FAILEEIEIII (AB108894), BHRIAEM
JII (AB108903) @D ¥ U & J g% H \», Clustal W
(Thompson et al., 1994) ICXDBEEY|BIFo7: T
NHODIEEEFGF—&2%E L1, MEGAS (Tamura et
al, 2011 IKXDETFIVEREITD, "TABHER
#E - KD E IR E N7z Tamura-Nei + G model 2 F W,
BLECEEZRMBEFRE LU £8iconT
WA, BRAH, TNZFNT 1,000 OS2 H
L YUV EBT = ANy THERE R D
fo. ILEE CTRESNIENTORXA T2 ZH I —
RiZDWT, MEMEEMREHIEICEDIINT a7
v hJ—2% TCS1.21 (Clement et al., 2000) IZXD
EBIUTz. &5, ARLEQUIN ver 3.5.1.3 (Excoffier
and Lischer, 2010) %AW THRILSEEOT7 75 R 74
I DXRT7TA R Fst {8 (Slatkin, 1995) ZEHLZ.
£ HM D5k D%F E M & Benjamini and Hochberg
(1995, BH #%) 12X % False Discovery Rate (FDR)
BT ol PEZEHNTRELR.

] R

BEBMUTEFICEITETIIRTORHEE

BAKMICBIBDMREORR, 7771771
2Bk 2 #iE (Fig ) O35, FEJIKR,
EREABNKZREIORETXIE (Masaki area) 1L
B9 % 4 HREHERF)FROKBXIEK (Toon area)
KBTS 2MEDREF 6t RIc L. —
77, 1994 4F, 1995 4F, 2000 fEIC AN HE
T3 29 #LDFEKAM (55 2 #mDFEKHA
2012 FF 12 HETIZHEER) TR, Fo0Tinhbe
T T IRTFIEHERINT VAR (ERIRAT EYIAE,
1994, 1995 ; Uchida and Inoue, 2010). ARF %% T
013FICT T IRTRMERLIZINOD 6 HIHD
TEKHIE BT IR D 1 H S % BR VT B FE 20 H#ipR
DEKHICEENS (Table 2). F/=, 2000 £y

Table 2. Distribution of Tanakia limbata in spring-fed ponds on the Matsuyama Plain, Ehime Prefecture

Year Number of ponds Literature
Presence Absence
1994, 1995 0 25 Ehime Prefectural Museum (1994, 1995)
2000 0 13 Uchida and Inoue (2010)
2013 6 36 This study
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JEFIDOERBDHERINTOZRIERKIERD 1 #if
(Uchida and Inoue, 2010) Tl 2013 i3V 2
JERLNT, TTIRTFHEREINTE.
T7SRTDRBEME  cytb HIBOEREES %
RELTT 75 HT 146 fA{KIC DDBI A H5[AH LT
0 BFEMAZ, A5 216 BENSELNE 1,016
EENZHEREEE UTHEITICH W, TOMFEE
KBOTHARRBICKZEERIEDZ ALK
{, BERBBICI>TRHIENS 87 FEE D mDNA
NTaRATHRBHEINTE TIT5RFIE
Hashiguchi et al. (2006) EFEUEBF I —7, 7
BRI V=7, WHAMNMTIN—TD 37 —Tich
ohiz (Fig 22). THZENDYIV—TEEL
T—hALSYy TR RUTHERRENSIREEN
fe. BAMTNV—TLREBER TN —TLOBERIE
Hashiguchi et al. (2006) AURUEHERE—TSE
DTH-1H, BREERERNDEMIIE R
JNEBERIBORIB M NV —TIcEENB L
R, BRERLEIBHRKEZEZVTEETS KD
HTEEYE BRSNS IR D EEF 7V —
TICEENBZCEFTICHEM R Te. Ee,
Hashiguchi et al. (2006) TIXRRRHETH -7z
PFEE, RSNV —OERLNES N TR
LERBRHINEEBINEDOBICHBIENREN
fo. —AT, MILFHTRES N 2 @K TN
THAMT NV —TIcaFEENT. COFAMT
=T BV TR ZAREEICISZN Tz
AT XY T =T RERLIZETD, BERTHDS
Nz4a@BEONTORZATIE, TOTXNTHER
BEE)KBRTDARALND 11 EONTORALS
D& ENT (Table 3 ; Fig. 2b). BRI E
DI_ETH S Fst flild, MAIXKBANOEM/IEE
BRNNKRB T -0.085 £ixh, HETBEEHS

%

Table 3. Haplotype frequencies of Tanakia limbata

collected at sampling sites on the Matsuyama plain,
Ehime Prefecture

site n haplotypes

22 25 26 28
KNa 2 0 0 1 1
KNb 14 3 4 2 5
KNc 3 0 2 0 1
KNd 10 2 3 3 2
NDe 6 0 3 1 2
SGf 1 0 0 0 1
SGg 6 2 0 0 4

fkixBEonkzhofz (BHEICKS FDR Ff{EE P =
0.802). —F TREIXELEEREOMD, Eik
JNERBRIE, EREANEHERXEHOMTIE Fst
i 0227 £ 0280 £7xh, EHLLDEMAMTEHE
BEhEENSESRELN: (PE5EBHEK KD
FDR F%% P=0.041).
T7SRFEVVEZFIEDORMEE  cytd FIH
DIFRFH| 2 RE LTI O T 75K T 45 @
#HD5E, ELIIIKRO KNb TRESNTZ 2 ik
& KNc THEINZ 1A, YUEFIDER
FEIZEE-TW 2 (Fig. 25 Table 1). ThHDMEK
&, BIEREEED 32, 33BKU35THY, HIIREE
#3236 (15, 2013) LWSTTIRTDEEIK
—5L, BRREEE 36-39 LWV S YU RFTLIE—K
Lixhofz. chbDyViFrIo2nNTazxl4)
X, BLfEskOY) 2 dEGRL BRFRE L
7z,

Z e

WIUETFOT 7 IR T ONMIE, BEKEHEH
T BMILCEERR R OMET XL EEF) KRR
DEBBXIHO 2 KFIZELN TV, D2 K
THRELETTIRTIETNT mDNA DRMICE
WTHILNT I —TcgEN Tz 1979 FIZERF]
HFREE (Fig. 1 O X i) THIHREI NI
EHO7TTIHRT (BIRE, 1979 &, Bkuic
BUI3BEOREHEDO BN S HEEILAL
TWaZEREZLNT (Fig. 1. EIXKEICIEK
HAZ<AbN, EEAOEMZKEMICXD,
BN EIENTOS BRI EYE,
1994, 1995). Fiz, 1979 77 TR T D HIFERR
ENFEE/OMEALCIORBICEEFNS. TOK
BMOT TSI RTVHEREINBE/KMTE, BT
ZREDFANNCEZLDT 7T RTEERSR, EIKE®
ZAVHAR _KAPERLTVS D (M,
RFEX), 7TIRFECOKBHENL DGR
LFiEEZONS. FORER, BEORIIEEES
JNDEEE RGN ERMEB RN G o7
EZZibNb. —7%, MUEFICBWTTTIRT
DHERRE N7z AT X I & SRR XI5 & o N I e
WixnfNRLENT, D2 KEOMEKERM T
BEATZOMES RSN, Z0Mke, BIRKIEA
DORFEHOE RIS ENZREEHS BN ELZE
EZOHNDN, NANEBEOEENRDONS.

WIS TiREAicinz, mIITRELET
NTOT7 TSR AEDEEREEORE KR
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Fig. 2. a: Maximum likelihood (ML) tree of Tanakia limbata in western Japan based on 1016 bp of mitochondrial cytb.
Numbers on branches are bootstrap values (shown only above 60%) of ML and neighbor joining (NJ) analyses with 1000
replicates. Numbers following # indicate haplotype code shown in Fig. 2b. Abbreviations denote rivers listed in Table 1;
number of individuals given in parentheses; Gray shaded individuals in 7. lanceolata clade morphologically classified as T.
limbata suggest putative hybrids; *, citation from DDBJ. b: Statistical parsimony network of mitochondrial haplotypes of
T. limbata belonging to West Kyushu group. Circle size reflects number of individuals of each haplotype. Periods indicate
missing haplotypes, each line segment indicating a single mutation between haplotypes. Code of each haplotype corresponds
to that of haplotypes in Fig. 2a.
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WKRONBT T IRTEKBEENNT Oz TEHE
Uz, TNSRBENMNTINV—TICETS. BiEEE
BT AE/NR, LBERSHEIETEEEFS
J—7DEEEED, (LR, JEBRBEH)ILIA,
KOE, BREEERTOEME (55, 2006)
BHEE IV —TOEEHENERL T, BF
NTEERIE, W2 FEMETHRELZEFNEEZS
BIKENFEN Tz ENE HBEF NJIIKR%EH
BLTWEEEZBNTWS (B, 1959 ; BAS
AL, 1987 ; dBJIE A, 2009). —7%, FuMl
JEES TR ZER LM - FE LR TREHESE
T (P EIEH, 2006), ZKHFFE S Hashiguchi et
al. (2006) THLZOMLUMEAETY 7 IR T MHNE
BTN —TIEDHhNBTENRENTVS.
=ERL M - B LD R o T E DM TE R
M EBEC TV ARl ioABICE RSN, AX
ATREBRRICERTAEEAFILORPRT R
DEEEEFA—DINV—TIBTE—HT, BN
WBINEEA) | OEAEIEZFNLE RERIzo 7T
V=TI T BTN RFEHEENT THLD T
T % (Takehana et al., 2003). Z D7z, #ILF
HBTREINTETTIRTOMEEED, ERED
EOREN DA THENZNTOARATEEDDIE
TERTHD, =B« 2222 L0t o 3 Ry fR At
A TANBRICETbENTBEHTH SO EE
HEDLHTH.
YUEFIETTIRTHARPICERLTNS
AMNALER T, 77 IRFIEYY 2T AN IIE
DI WIBFEFCEPMENT VS (Onikura et
al, 2012). MMLEFIEHBEL/NEL, FHHTE
HUTHECTR) N B E R RILA L.
ZOES NN T TIRTFICE > THRENTE
B cHy, 7ITSRTFOSHEIERERRICL
TVWREREZOMELNEV. I, MILFEEIC
BOTE, 779 R7ERYVZFIEDOMICE
MENELTVWBTENREEN (Hashiguchi et al.,
2006), AWZETHEN/IIIKR#HE/ (KNc) T1
fEfk, EENIOKEEZSEEFR KNL) T2
Ak, BIREABERTRT7I7IRTFIISEEINS
EELD, WILEHERDOYY 2+ TE D mtDNA
MR ENT. BE, BILEFICBWTT 7 IR
TR ERILTB—HT, YUEFIREHICE
BHZEDETETVS (BEIEN, 2014). BFE
DYV FOdEEREZRET 57=01CE, NABA
RO EEEN LD TERVRILFEHFDOT T IR
TOfEGEREZBRICEHL, ThUEDOANENE
BHEENCE, ¥ 2BOBEGETRBICOVT

FEZRZVT LT CEDRETHB.
AWFETE, BELEZTHHAZEL mtDNA % FH
WD FRIGEHTICKD, \RARETREIKSR
MODBARBEOFEENEDLDTEHENTTIR
THRLUEFICBNT, EFERRICHHEEILAL
el eZHELMICULTE. 72720, mDNA IZERIE
M8 A XD EBETLONEL, DO THRILFEFIC
INRIRDERT 7R THEADEELRED, B
ML —FOEAEIBEINEZCET, 208K
FRINEMACEEESN AR ESETER
V. BERVYVERFILTTSRTEDZMER T
HDILH, ERTTSRTEEEPRREROEEN
KETBLEBFITZHICE, SR TOHR R M
FREFTERBHEL, XFIEOANENILEER
X, fERVYVASIDREIBDEZNENHS.

‘i&:!_l

&

AEFFEE, REZREMARSHER S,
4RFd-1201 IKEDWTIThbhiz. AMEEELD
BiCHizh, BIRAYORZE L, JIIFERK
g1, ZOMOMEBEOER, BEEEMKET
FAOBKZEHEL, AMKZORESHEBEELIC
THIERWEEWE, DXOEEEL EFES.
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