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BASAIIRELIT, R—FENIZ IV Tl o il i ok ORISR O S I N2 172 5%
ZNLTRATDZEICE ST, MERERO L ORG-SV OEA DR TR
A SEZTHRTHD. RBRIT, EMEHRMEOEARRN TH D [FE] BEHIIC
fife L TS ETHRZRMELAGISEZ I LS TR Y, fBERR OB 2 b
REVHEAKMTIE, FRTRERREZNEZEZ BN TWS (Frankham et al., 2002;
Allendorf et al., 2013) . ¥T4F, ¥ ¥ < Biwia zezera (&) I11%7> , 2007), K3 7 Misgurnus
anguillicaudatus (37K « A, 2010), > & b L Z &' Acheilognathus tabira tabira (Hg
FEa», 2012) 72 £% < OFFETENICK T 2 BIEHHFRELOREN SN TS, L
L, Ihbid, FrEOMMTE UIBERRELZEM & LTHRE L TRY, FHOA
REYZ2 AL PRI DWW TR STV 722wy, BARAIRELIC LT 5 72 121,
AKBGOFEEEZMHAL, SCROBIGTFHBASHDLFERORES, BAZMILT 57
DOFRENET TV MERDH D, ZODIZE, BETBAOEREEZTET 79
DRURZERRFNR T Tle <, AR, TR LS ESERMALRET D LER
bbH. £ T, AR TIEFERET VAW E LTRSS, ZHE TITIEARWERA
ERSNTWDAFHITER L., AT DB NTY, FFEGRMETHD b A
EANFERTH 2 & O BEHRELAHER I TWD Z e Ul - 481,

2009), EHHHELOEREZMIA L CW 2o DRER A CTh 5.



A X FERE Oryzias latipes species complex (sensu Asai et al., 2011)i%, %Y H * # 1§}

BT BN OMPAKE TH 5. ENICE T AR, FHREOEEEICHT
TOHARMBRANCA R T DX /7 A X F Oryzias sakaizumii &, AN O KSEEEARI ) & hiE
BT CTAERT S I I A X H Oryzias latipes O 2 fEIZ K& 5 (Asaietal.,
2011). F7o, IF I AL WA D 9 FEEHO HUSER ISy b
(Sakaizumi et al., 1983 : 5%, 1990 : Takehana et al., 2003) . ASFEAEIX, /KDL
JREREEZ e 2 LD, KDY URALT 42 LTERLENTEY, HAANZ
Lo TIHFITHIGERAE NG TH S, Lo, BEGEHIC L D2ERGOIDI A A7
FRAEDHNKFEIZ L DR E OB O REREEREIIRD L, BEARL >
R U Z MZBWTHEIRGEE I E SN TWD BREEE, 2013). LUK, ANFZEIC
BOWTIEENIZAERT 2 28ERET (AZ0) AL THL.

VAR A X 1 T, (R Sk &5 2 5285 F 23 0 S D65
FHIVTUND . mDNA T A X 1 ORGP~ » 7 % {EHL L 7= Takehana et al. (2003) T
1%, BASRHL T LRI T 3 W T RAVE M o E T TR & STV 2 B s LA
SNz, Znbid, Mo 2 2 0 BERMIT ~ KGRI A Sz Z &L TEL
2EBEZLNTVD., ZDZ &G, ENTIIEHING A X T D N2 72 B8 73 52
WATONTWEZ 2R LTEY, TOREE L TRIEAHRELE L Tne 2 &3
MEnsg.

ABTNL, HREEMEICHEE SN TV = TRERA L LTH ARNEL, BIHE



REDFIZ L > TEMMERRIFREL b OWBRMESEH SN TS, THE, XX D
W R MEEIIERITHEM L TEBY, AAXDREAT I L Vo T READER 5 —f%
7R NG, X~ A X T, e B AKX T Lo T (KR O 28 B2 [EE L i E T,
ZHETHDH (NI, 2015). WRMAFEOREFIE LT, AXHOWHEERLFEFE LT
EAXHNRHIT HIDH (Yamamoto, 1975). AMFEIL, BlEMAL L TEIT TRIRE
ABAOMEAL LTHRASN TS Z e LEMTREBICEM SN, 2EOBE
B2 ETIRGES TV D, B AX T OmERElE, W0 Mxsigis 7 (b xf3iiE
L) ICKEENTWD Z ERNmbTW5 (Aida, 1921). & HICITEDOHFZEIZ LY,
12 FY R LI d D RFRIE O BEAFEORBUINND D8I (slcdba2 fHI) 7328
Re 22 LT, REREOBAFEROBEILPIE S, e AXTINEL DL LMEESNT
V% (Fukamachi et al., 2001, 2008) .

b AKX, BB O OB L - THARE~RE L TR, BEXAX DL
DI K DB ELARIE & 72> T D (PP - AB)I, 2010; dBJII, 2013). Uo4E
DHREIZL D L, BRI TORFINAR CHEM S NBEMTCTlX, BEAX NG
EAXIREZZ GNHBIETFHRHINTEY, B XX DX HEEIHEL R
ENTWD (JEES, 2000 ; /8L« JBJI, 2009 ; HiFIE2y, 2011). F£7=, B4 Tr A
Z A BENLNT N5 FH S HE ST\ D (lEEE, 2000, 2013).

b A Z I LD ERA S T ~OBACHIFLELL, IS0 O 7Z21 TR <{fk-o

T REERHETEIC L 5B L HIT oD, A X DTHEEREICIEE SN Z



LD, HARSHTA X OREFEEM S Twd (R - #MiA, 2003; 777E -

e, 2010). F7z, NERFOHBHEREICIWT, A X VITHEBOHEER & L THIA

INTWNDLZ EHLEW Caf - &%, 1994 ; SCERSA4, 2008). LovL, Zh b Dk

HICBWNT, EAZAPFHASNTOLEENTEAETHD. FBME LRI

ST AERE, BRI ~BFAHEE EFR L TSN TV D ATREMEDR & 5.

PLEDZ Ling, EWND A X DBAEMIZBWNT, B XX TED NAKB AT X

LEAGHRELA EETAECTWD EPRSND. BIARELDET TS &, FEA S

N OFT DB THERRNE—L L, WED DR SN T ZBIsZRIEDERIZH

BMNDEEZEZOND. o T, A HFAEROBIENZHEMEZREL TV H AT,

B ELCE T2 RAOERBIIAK L > TCW5D. 2 TRUIZETIE, A X 84

EHOREIZTT T, ERFH - BIRFHNRT 70 —FI2 Lo T, BcAIHRELOFERE

DR ZAT > T2, S HIZ, HBONTIFRICESNT, A FBEALERO b OBIRH

ZRRME DR BT T T R EHALCEENAN O E IR D1 E 21T o 7.



M. E XXX BELBIRELDORAE A 1 =X LDFEH

i. REOHEH

AR, BRFRIRTREIC L o THA A X HEMICEB N TE XA X W2 L 5 BB
WAL TWD Z EFHE SN TS Uhil - 481, 2009; BiHIEAY, 2014). La~L,
BARAEILO U 27 23 N AT 2 72 O ICE B & 72 2 MR ALY & ORREA U
BHOMN, EEIIRZ DL WEG D), EOLIITELDHON, LW oTmiliiixn
Mol LTI TAETE, TLHOORRZHEIEL, © XX VI X HBIRRELO R E
A=A LEMRT D720, E AX ORI TH HHEEBIZER Lz, 2O EKE
D, BEAZ IO DT HEESCEEIC R T 5 B IR - BB H - 2 D
DO ZHIE LT, RETIIE A X LWAERI A 29 % FW TS5 RO E BRI X

v, TORBEZRIELT.

i. A OER

SRR 9 2 BEEAMR D EA D BARHIE Sz rREZR R Y[Rl — 29 5 728, RFnERLL
T CHEALCE AR X Z T GBFR . 7 r AXT) L A X280 S TEH L7 M
FREE 2 MARD A X T (Fo A X 1) ZEH L7, FZBRICHE 3 2 BRI R B DE D 7
EE L, B/ER (B/B, Blb, Fig.1A) Lt A X B (b, Fig.1B) IZKBIL7-. F

BAERIRAET B ILOF, B A X I, KR 27°C, RS (B : K580 =14 h: 10 h)



D 60| AT AHRLKFE (600 x 300 x 360 mm) DOEREE N T, 1 H 2\ 10 B & 17 Fpl2fafs

BEONTEEE (BB U AEDOY, Fa—V AR 25z 7-.

iii. RFJIAKRIZET 2EDRAEL LOHEXF 0 OHEEDERE

MR T 2 KERMEE ZB®ET 572010, WERIZE A X BIZLDEIBH
FRELIRE SN TV D RBIRKFIIAKRZRAM & LT, BAX ¥ 04 BHEHE %
FEhi L7=. 2010 25 A5 11 A ZdiA IR & LT, KFJIKFRD 18 HiR Tl & #
EfM (BE 1mm) 2 HWTEMBEEZITR o7 (Fig. 2). BN AEWITEHE X
OMED [FER RV L, @A TREREARIZE L CIIE=RICRi iR o 7. 4lAl
(TEBROBMGR L, FHIABUSK > TIHREZIRE L. £z, SR TRES K
TEARIEIZOWTIE, [FE -« FHERIZZ D5 THER LT,

BREME CIE, 21I7THEOLBEIRE SN (Tablel, 2). FAH 18 HimD 5 b,
T IALIT 10 MR TERDBHER ST, AFEOR RN D, 6 FOMHEH &Y
Z 5FfE (#7 LY Candidia temminckii, X 2 Candidia sieboldii, 7~ X Silurus
asotus, = I /7 UZH Rhinogobiussp. , A4~ F/3Z Micropterus salmoides, 7 /L —
/L Lepomis macrochirus) ZiEE L. ZN6HDHH, ol bt IF I AKX D EEFT
ANCAER L TWERII A U LY GHIR) Tho7le 2 LbifaERICHE T &

FradI U LVIZRE LT,



iv. BAERIAZ DL AX IR T IHRIEDEDKRIE

DWW HIR LTI AZ T E e AZ DI, E AFZANRLVHEINTW L)
BINHE SN TWD Tk, 1989 ; WE, 2006). iS22 T, BHEICE D4
BBBZOINDN, Ak, AX T ERPIENTAER L T AEBENLAEOMRE T
WTIHERE STV, 22 THAEFERTIE, e XX TORKANHREEIZED X
IIRWBEE B2 TN DDONERAET D720, Fp A X EARMREIC L > TRE LT
U LY E W CEHEEREITIRoT.

RSEERIY, 2010412 A & 201148 A5 9 AL, FF30EIFEMm L. BT LY
DRt (BEHEAR 121.8-153.8 mm) Zfi&#A & L, M4 25 1AK% 601 477 2 HUK
1 (FEBKRE) ~B L, BIBEEZITRo7-. ERANS, R AX DS 6, BRI X
B OWERE L & A X OMERES LEA G4 8K %, KERo7mT I AF v 7 r—
Z (200 x 150 x 180 mm) (28 L, SZBR/KME O/KEINZIEN T RE (2 A X0 2 58k
SETe. FOBRAX N HFEHKEN~EAL, BYU LY OHEITE % &K T 30 77H
B Lo (Fig. 3). Bl221%, MR FOKREHE LEEADIEE 2k L7z, L)
Lo, MEICEDMEEREESZZBE L, ROICHAEE I bz, e S
AT EARIZ OV THREEE L 7.

R %EER 30 B 5 HEANALDN AR & v X X ARIOEEIY, 2 6 [F
L 24 Tho7- (Fig. 4, x2 #iE, P<001). Z05b, fEIh-fEit, ¥

R X 2 H LA (16.7 %), b XX 10K (41.7%) Tho7=. - T, B AL



AOEEITALD, HEHEITHONLT WIS 5 Z LA LNE R T,

v. BAERIAZ S L b XX I L DEBERIR

Ao B S PRUERR I 2010 4F 11 A 725 2011 4F 4 FITH T T L7z, KFEIEEL R
DE DO R 2 BBl T3 5 72 D D IRF FH/KHE (Fig. 5A, 450 x 300 x 300 mm) &
FEER A BIET 572D DO FEBUKRE (Fig. 5B, 300 x 200 x 250 mm) @ 2 FE¥H A iR E L7-.
FBOKRE OBRBESRAFIE, K 25°C, PARESRM: (BAH] : B58) =14h:10h) & L7z, &
o - B (2002) 22 EIZ LT, AEEORMICEIMTEIZBIETE 5 L9, B8BIR
FHRAKMIZX, SMllZREDOE=—) L TEY, —RERRESE2 BN Lo, Sy
DKEOWNZIEX, U —F—RZ LTS T AF v 7 r—A (200 x 150 x 180
mm) ZExE L, EIREZHEST 27200 F&EHE L.

ERROMRAAITIE, EIMTEZBIET 572010, A LE RBARA X DB LW
Fo e XX 2T Uiz, BRAOSIE, BETIEATHIZEEIMTEI 21T 72 o TV fETA,
MECITRTHICEII L T iR & Lz, £70, EEEELBE L, EREICEEZ A
Bz 1oz,

MEME AR D BB AR ERR TlE, EERBALAAT F IS RE (R 18R 2 5410 1
KA~ S, BERM TSI Lz, EEUKRZ IR E0 R o mE (R
BIAZ DB IO AZ R & LR ZRA Lz, S84 H o 9:30 7~ 5 11: 00 DfH
(IBIRE & EROKE~BE) S, BHRIC X 2EIMTEIOBIZ % 30 n T/~ 7. £

10



Tz, WERED LRGSO ZZ[E L, BIRF & BURE OMEMEZ ANV 2 T2 R b 52
i U7z, SEBRIE, MERESRIE OIS T 25 [BIRIE L.

B AT LEERAZ T ORI, EIMTEIOEN RS20 Z SIFBHCHE SN TWnD
UNFRIEDS, 2012), HEA ZH1%, B3 (approaching), L7=23\ (following),
K= E@Nr (positioning), K& M #E (quick circle), & 23V (floating), 22 X (contact),
¥z (wrapping), 5% (quivering), DAL TlEE OFEIREZITR H . AT
T DITENZPEINMTEN L L, KEA X 70 231 A 2 701256 U CTAT 2 72 ATE DRI A G
Lic. £z, ENENOMEII LT L S L EEIMTEIOGEHEN L0 o T MEEIR %, K
AL TR UTEABE & Uiz, HEA X OFBF RIS\ T, FEIMTEINA DI
IR T Yy “ERRZR LT L LT

ffE A 2 77 OFUREBIUC BT, BERA X I OZ AN E R TR KOS5 b7
B ORI ZFH L, R LTEEA X D @RS RBH & Lz, PESTEIR b
minoTe e, PEINDHER SN oo Had “BIRARL” L L.

HEA X 71 OFRFRINTIE, BARA X v A2 HE, EZEi9E & 8 [RIfLH
Fe LTBRIREN, 8RR LIL8EITH-7= (Fig. 6). M A & OEUHF I TIL
BPAETIA L H & v AXINEENENTEIE 1L ERRR S 4L, @R LIZ7TREITH - 7.
EBROFERTIE, ML OICBWTY, AEEIZALNRN- T2 [ =0.059 (1), ¥
=0.053 (), P > 0.05]. it > TAFERIL, & A X D OEKENEFAE X X T & OFEIRTTHE)
REEE RSN T, ZLACHELHEZA T RNEN) 2L 2Rl TIN5,

11



vi. BAERIA X L e XX BT X BB

HAPE A X 2 R OBENATEIOE MOV TS L= fAaBiE) (2011) OFikEx
BEIZL, 201145 AN D 2011 4F 7 A2 B RS & BHEMRNTIC K 2 RENIE A ER
I L7z, SOEORENE, BT EHEE —E I Rko 72 3EELU LD 71— T
HHLEEFSN TS (Partridge, 1982). ZDOEFICHESE, KFERTII I N—TD
EfARE 2 8 fEfR (MEMES 4 BIR) ITRRE LT, £, B XX DORKGIZ L D EEE
AT D720, BAR A X9 L v A X T OEEEEIG R % 3D 7 v —7 (B
AR B AKX T1=6:2,4:4,2:6) G LT-. EBRATAIC, KR 25—27CIcfRo 72
F—H —/NAP (A 750 mm, S 350 mm) ZE% & L 72 FE8H O KR (B4R 450
mm, &S 170 mm, KA7 100 mm) ~%- 27 v— 7 %8 L7z (Fig. 7). S5 /KAE O BRI
1%, EBRPOLEAT Lic, FEBROBIETIE, FEBRKE LEICERE LT A AT

(GZ-MG275, IVC +E8) ZH L, BN ATEN & 40 Zofaldsil L7z, BENATENOBIERIT,
KT N—T7"T 2 KA TR~ Tz,

Gk U 7o @i 2 /XY 2 U ZH Y JA T, ERALEE Y 7 | (Free HD converter version 2.0,
Koyote Lab #L:#445 J2 O Virtual Dub-MPEG?2 ver. 1.6.19, http://www.virtualdub.org) (Z & -
TUTOREZ L=, ETADATORERE, NHPIRBIEZLD T v—T~0
B ER L, FEBROBIMER & TRIBRD 5 2z T bHR Lz, 5%-72 30
Sy DOENE 2 10 53 T & D/R— MT3FEIL, HF— b 1 oM OB Z S &I

12



L7z, 1 MoOBEA 05 ZLica~H L (5120 =2</4)), BEBENT Y 7 K
Image J ver. 1.45 % W CTHEABIR O JERE 2 Fogk Uiz, GHAI L2 BE R oD, 10 =
<+ 60 2~ - 110 A OMR AR S IY, Fa~WNTOR 28 HOEKHE R (mm)
AR U, T XTOMERRM B2 R R, SBEE o BT A &0 B AR X 25
[l (B-B), B:BARAL - XX (B-b), y: e AZX V-t AZHH (b-b) D
3MT AV —ITKRBIL, H7 AV —MTORERE LRI L o0 Uiz, f#bT
Z1E, BEEHEENT Y 7 B R (Ver 2.62; Ihaka and Gentleman, 1996) % VT, #ataLetic
I Steel-Dwass D J51E1Z & % 2 H Ll 2 5841 L 7.

Partridge (1982) Ti%, #f#u (school) IZOWTERSH TV, 5T, AEOR
AUIZEEDY Y (aggregation) & f (pod) 2FET S (B, 2007). FHot (2007)
X, BNV Z [HEEZ 722000 ElED ] L, AE TEVWRE A%
HFHEILIRDHOED ] LLTERLTND. REBRICTIBNT, FBAE I L7723
TORAET, Partridge (1982) TEF SNIHEN OS2 LT\ =, 6o T, K5
BRCBIZR L=/ —71%, BEMND (aggregation) <A (pod) Tid7e< TR

(school) ThH-o7z. EBRIZE D, HF7N—712BWT, #5041 (2 K1Ex3 73— kx3
= x28 [EARFEERE) OEKRIERET — % 21587, &0 7 2V —\231F D E (KRR EEE
OFEFRIE, BEEXKIZR L (Fig.8). £/ A—71C805 07 3)—M (a-Pp, By,
o—y) OFEKRMBEREDO R ZFM L, HEHUEREZITR 720, AEATHA LR -
7= (Fig. 8, Steel-Dwass multiple comparison, P >0.05). & LEFARI X 2 L b X 2 H 5

13



[ CHENE RS 256, 7 3V —af X0y OEKRIEHES, 73V —p OfF
RFEEBEDFIPHIC H D BRENT SND Z LTk D, TXTOITA—FITHBNT, 374
73U — R OBAEISH G2 22 F XA B 72 v > 7= (Steel-Dwass multiple comparison,
p>005). ZOREFEIE, b AXIOLOWEANPHENERB W TREL T e

LR LTWD.

Vii. B XX AL D BICHEIALBEDER

ABFIECIE, WRE - BEFRIR - BEAUBRICOWT, e XX IO L OWEREAR S
T2 2 DR BEREET 572012, FBRERBE TSR 5 3FEOME KA i L=, f#
BERTIE, BAERAZHIZERTE A X OIE 2 BHEF OIS <, S
T VWA A BT (Fig. 4). AFEBRILEREE F COMAETIE® 523, D 72<
ELEREOENCEDHBRIEOEITIASLNTHY, B e AXINELLRT L,
HEZICEIVIHONRT W EICERT S LEX6ND. E-T, B XX REI A~
it ST, BAEA X DR TEY BVHRIEEZ ST, KIS 3 <250
BEMEDN B B AWFZE DS R1E, 7'~ ' —Poecilia reticulata % V722 O#F 52 (Endler,
1980) Tix, AL OKE (RFRHE « FHRHL) Z2 b OEIEDIT D MR EE (FBRHE)
F U HEEHEINCT<RD &V D, KIFZEDOEFBROR R & FEROBM 2R L
TW5. Flob XX DI TADRILEE 51T TWD LW IEROHENZ X F T 5
fisfe & 7o o7 (FLE, 1989 ; db)ll, 2013 ; 23, 2006).

14



— 5 C, BOEEEINER EHNERERICENTIE, WAERMA X L A X IO
TEREIHLNRNo T, BEEERRICE T 2 READOBEEMEIZHO>WTL, 7 Uy FHE
RNTFUFO LD Al THE S TS (Milinski and Bakker, 1990; Seehausen and
Alphen, 1998). F£7-=, AX D T AV == v 7 IEHEAEIK % F\ 7= Fukamachi et al.
(2009)1%, MEHEIZ BV TIRARIDO D 72 MER S EURE 1 I W EEELTY
5. L LAEORKERIT, BOAFRWOKBIZEVBET 2 XA X DROEEIE, Bl
BB B DI 2T, BL~DZINMbES Tho7oZ &bz (Fig6, 8). =
W, BWEALDECAZDNEWEREHTHD L L TWVWD Z &, BHEIZHBWT
HUEEICBAR K FECTH D Z L Z2/R L TWD. 7z, FAEHOZH - ETENC RV T,
WTIZIETICE B R ER L 72D, BRI, SNUHEET DI P E 25889 2R
1HoTHY, BICBMITIICE T 20 ' 20T 2 %E 2645 (BH -1
H, 2007 ; (L%, 2009). 9 TiZ, FAFEIZBWTIEF ¥ 2 Carassius auratus 72 £ C
PEATENIC I DI OB 52355 ST %  (Sorensen, 1988). A X W FEREIZIBW T
1, FJINED (2012) T, BLBEEIRUICE W TE A X LEPA A 5 TR DOFERE

BORRNWI 2R LTWD. ZREDORRND, BHATEHAEAL T L e A X THFE
FTRNCW D I5E, METIESICZHELTLEI 2L AR L TVND.

A TEDRR DD, IR FIZ K > TEAAR- iz e A2 01%, AL omkan b i
BERAZ TN RENE S, HORBREOEERBITIIRESND EEAbND. LvL,
FTRTOEEBIIRS D DI TIER L, MRgdEnrolkn, AR LMEENRNLD.

15



AT LT BRI AE A X OFFAUCIR LY, BERO T CEIHICSINT 5. BHEICSN
T5Z LT AXDOBGTFNEEEFICBASH, BEHEILNELL EEZ LN
LD, T ZERLIEE A TOEEENREDD TORHTH-72E LT, 12T EHE
2 &) A X OBEFEAERR THIUL, BIn FBANEZ 5 AlaetEi3IEFicm < 22
HEBbnsg. £LT, BT Lo THBLT 2 FHRIZEAER DKL (Bh) 6o T
WBHZEND, EAXTHRKOBEETERA L THAIZH20DLT, MOVHAELEND
LSS, ZOTHRNBIDICEIISIML TN 2T, BE XX BIZLHEEBM

FEELIFARIC R A 2 WETHEIT L T & PRRENS.

16



M. 2BDXFX HEFICBITS A Z V2L HBEHEILORROIER

i. REDOHB

A BB AL O b ORISR 2 R BT D 720121, BUERE O A Z AR
BT EDOHGHTTEDOREBEBMFELAE L TN 0N EHET L MNEN S 5. ITF,
A HINCEIT DGR ELIC BT 2 MG I3k e ICEH SN TE TV A (bl - 4B,
2009; HH:AE2N, 2011; FEHIEDY, 2014). LU, BUEIZBEEHS O 2 KR (BRF
RFNAKF « e RREAKGR) OB & FHEFRHMENBRONTEY, BAHEELORREK
B2 B 24038 L X AL Cuh/eLy. Takehanaet al. (2003) T, £EO A & B FEEEICEH
(7 % MIDNA OLEMIMEIE DR T 2 DI, SHBERNAT 2B RN ER SN
7o, ZD7RNT, P AKRDNDOEERDOBAIZ X 5 BRI TOBISHIEEL R S
TWn5. L, BAOFREEDOLFEm L THY, ZOHERKIZHO W TIHith 6T
V. ZZTARETHE, B2EVVLTRAZDHEFEICBT 28R ELOBN 27T 5
eols, BRECAERTIEHAEA X D ERGE L stz L=, £/, 2T

T TCWBEBEAEEILICB W T, BRCe XX HIC L HHEICER L CRiEE21T 7o 7.

i, A DINE
HEERAIZIE, 2006 4E 5 2015 FICHAEE SH7- 105 His CEAE S -85 4 A & 3
965 flHfA (k% ) A X H 7 #i5 49 R, I3 A &0 97 #5916 k) ZFEH L7
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(Fig. 9). F7=, FEMERHMILTH 2 IbiFE R AT TEAE Sz 9 ERIZ W T, it
AL Lz, ZROOEIEICIZTRTTIO% ¥ /) — LEEZm L, AL LEZ. %
FEAR O R F 72 XD 7 =/ —)L -« 7 k)L A7 (Asahidaet al., 1996) (2

X > T4 DNA ZHit U, TE fEEEFICIRELT-.

iii. 2D DNA ~—b—%& W28 L X & 5 OB

1. X b= FY 7DNAfEYNT (Takehana et al., 2003)

Takehana et al. (2003) CTHESZ X 717~ mtDNA cytb 581k %2 iV 7= PCR-RFLP %1%, A %
AFEEC BT D HUSER O 7 v — 0 TR AIRERFIETH 5. - T, FHIRICHEA
DBIETHERCD &, HIBEMICTEROBE TR THLNE I DEHRITHZ &N TE
5. Fiz, HNED (2011) T, B AX I EMHERT D mMDNA #ERLAH] 5 2 & 725 T
WD Z b, MHIEEMTZT TR B A X DT HBIEHRELORI L B THh 5.

I = RUZDNA T, Fhrua—AbfEkastgs LTINS TA~
—+t v b (Forward: 5°-AGG ACC TGT GGC TTG AAA AAC CAC- 3’, Reverse: 5°-TYC
GAC YYC CGR WTT ACA AGA CCG-3’) ZfiM L TPCR (94 “C 120 #[H DEVZEM:

D%, 94 °C 90 FP[H], 55 °C 120 F[H, 72 °C 120 ¥4 30 1 7 v, D% 72°C 60

3

BOREME) 217720, BOSEIR A iE L7z, 5 FEOSIREEE (Hae 77, Mbo I, Msp
I, Afal, Tag) ZfEfH LT, 4 PCREMIZ 37 C 90 43 (Tagl ®F 65 C 90 47 i)
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DOFIRERZ i LT, D%, 3% 7 Ha—AX L EC3spMESKEL, I KU 2
J—etals LOVUV BEIREICE o TR S Ic Ny RONLE Z g Lo, ARAF%E
Tl, Takehanaetal. (2003) OFHILAICEH LIz~ A ¥ A 7% [BAR], A%
L7pnW~ A "NEA T % AR L LTz, RSN THVDHIEAX IO hayv R
U7 DNA L, EIZ~A F¥A 7 Bla & B27 THEINTWD (MUIED, 2011).

W-T, BABDO I b~ A ¥ A 7 Bla,B27 % e XX W8 L L, ZRUSND~A

oA T MR & LTz,

2. EXAXHEARREETF~—5— (b-marker; HFiEh, 2011)

b A X OEEET, REOBCREBLZWEH T 2 H— 0Bz FE (BELET)
BT LML T bBaT) I2X->THELT S (Aida 1921; Fukamachi et al. 2001,
2008). b v—nh—I%, 2O BB FAENE L TERINZBIEF~— I —ThY,
HPERAZ L e A Z2HRTHENARETHD. £/2, b~v—T—IF3EZ DNA %
KRE LB F~Y——ThHobI &b, ZHBEETHL~T afifk (Bb) %k
M T& 58T, mDNA LITERRLFEEZHLTND.

S 7-4 DNA 28 & LT, ¥ DNA %5 12 HFY ik b oK@ K& s % %
Sl L TR SNZTF4~—% v ; (Forward: 5°- GGA GCA GCM TCT GTG AGA
ACA- 3°, Reverse: 5°- GGT CCT CTG ACA GCA GGG TC-3°) % i\ ZT PCR (94°C 120
MR OBIEIEDH, 94 °C 30 R, 70 °C 30 i, 72 C 60 M4 30 41 7 /L, %
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D% 72 C300 OB E) #1772, BRMEEZEEIE L7-. PCREMZ 3% 71
7—A 50 BT 35 pRERKE L7k, I U7V =8 (BRY =17 47 A
Hil) BXOUV EERZICE > TERINEZAA FOMNELZHE L. b~v~—b—

DFERIZOWNT, LUREEAEMZ BT, e A Mz bEaT & L.

3. BUCMRHTRE R

AW TIE, BROZ SO A X HERN 10 Him 5 20 FEIRERE S, TXTo
ERND b B FORER L b A X DRGSR ST

XK )AL HTIE, 6 HIA 49 ERZMEITICHE L7, I v KU 7 DNA T,
RTOBENEFAMER LTz, LL, IWBEO 14 (St.2,Fig.9) TOHA, 1
BN S b~ ——ThBEETFHAMM I (Table3). IFIAX I THE, B
Wr %4772 > 7= 98 Higi 925 fH{KD 5 &, 35 HifH 205 EE D e A X HA L EZ L
BAR TR 472 (Fig. 10, Table 3) . flt g 25 ke tH S AV 7= fEARIE, 3 HitR 15 &
RHERENTZ. b~——"TiL, 16 H 41 RS b BT OHPBE SN, 2k
=2 KU 7 DNA EHT T, 25 Him 118 fi{A2 B v A X HFUD~ A~ F A T DIHDH i
iz, bEInFR IO AX DO 72 A L TV ERIE, 15 R 31 BT
& o o IR T H 2 AbHRHE TlX, ~ 1 h ¥ A 7'Blads K UBLL 3 g 47273,
b BIXHERE Sz inoTe.
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AWFFETIX, ~A ¥ A 7 B15 + Bla N BRMT THREICHRIE Sz (Fig.9, 7 A
BURT). vA N¥ A7 BI5 idLfzE X OAGE LN L TS ICHGE S, b
OHEEDIERR L SN T 5 (Takehanaetal., 2003). £7-, ~A F %A 7 Blald, t
ALHRD 15T 5 & RIS, B L OS5 JE O ek T4 & 5 . Takehana
etal. (2003) OHETHREM T TCINDO DO~ A M A FIIMERINTODR, #Eis
FBATHL S TS, LR, AR THALNTEINLD~ A
A 7, R ORFHATHAONLRTHY, S HITo e A X I REE T (b 4 -
~A NEA 7 B27) LIZRIFFICHRH SN o7, BB CIERE 2 HIBHEI R ATEETH

DM, R TCIIEE S BIT A5~ A1 N2 A4 7BIsB L UBlax RiEE L L.

iv. 2EICBITSE XX DL D BEHHEELOBIN & EH

1. A X HAEMIZBT 5 BEHRELOEZER

EAGHRAT OFE R, BFE A & 7 105 Hi 974 fR{AD 5 6 36 Mt (34 %) 206 kD>
HeAX BT bBETFBLIOE AXVA) s, v XX DAERT
BRI THD L, 25 i T3 fEK (24 %) 726 b Bz A RS0, Ik
22 KU 7 DNA AT OB OFEFR T, 29 Hi 164 fE{K (28%) 7225 b X X AN
iz, E£7z, bBIETF & e XX BRIOW G D MRS S 7o @diE, 15 HR 31 ER
Tholz. £Te~A NEATOEIFITERT DL, B AX BB 29 #His 149 fEIK

(91%) faiE4u, 3 HuR 15 fEK (9%) ALt Cd -7z, BARAIRELDMLE O
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£H (St.12,Fig.9) TiX, I FIAXDORMIRIIFZ J A X ATBBAIIL TV,
LL, NBBRETTOBATHY, AT TELLZZLIETEXDLO TR THL EE X
bid. BISHTORE, BEREAA LN T X TOMBATE A X HE (b B
FRIWE AX DA B Ehi. 1o T, REO A X EAERIZIIT 2 BIEH

RELOEHRNL, RILV ERAF A THD LEMNT ORI,

2. AZHEALMICE T 5 BEHOREELOBIR

BIEMEATIC LV, RETEEBORILSHRE S . BEORELOMRM E LTiE, K
BT HHR D K 5 22 BB RN R, A X O FEHIRRFHFEM T 2 F R - RE I
DJE CHEICRI S .

AR, EAZBEZHERABRTHHIN TS, b 2IEARMLMEIL, BEMAELT
NGB EL, ZL<DANCHEBEENTWS, Elz, TrRUTROT— A7 Lol
PEOBH MDA E L THWLND Z NG, BIEAL T TRHEALELTOEEDL
REWV., ZOXIZRAMIZHXIG LT, #fETlEe A X 0 FEORIEWER Z 755 1
ANTHZENTED.

I HIZ, EAZDITHEERRIZB T LB OEMER & LTEISFHEND. K
INFRETIE, BBt O Y F 2T 2070 MmOt LIS AEMOlHE - %
JEEESHETN D D CUMAEE, 2008). ZD#HM & LT, RHICEITE, B
B CINREDHRN TED AL IPRETELMBHINTEY, FFICHEME L TE X
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ZANEZLFHSN TS, LrL, BMERNTRHHINZE A XX, BHuoodH
kR Tl b, FAESLTEEEIC K o TEBEOTIA~HGR STV % ATREMED V.
RS E L I, [RIRFIZBAFEIC L o THAEA X I OAEBMED S OB LTS
ZENZ. T, FHEEICAERT DD B EA X A RAET DT OGS
FHITIT RO TWD. LavL, 2D OFEE) TIHEARSCER O & Dl - A
NHOEVBEINTELT, AIHSNOEEOLZ BEAINTZEAX I THD. £
NS DO - HESNIRHERE LT, A0 Te A 40 % BT
BEFNHE SN TS (HAE, 2000). 25 OEEAER T T O KRB B IRH
WRELIC DN o7 & B2 b, EBRICHRIFEE ST RbEo b A 605 (ilEE,
2013). DLEDZ EMNG, B XX AIORIRIC L DY X7 RBISHIEELOR AL, BE
M CHIR DR, BIEMNE OB L Vo7 NETEEY D L~ L & FEIHA] LT L <
WHEEBEZLND.
FHIRCRRBIRICIE, @A A X IO R FRIHEM Th H9RE M & RFEL LT3
BENTND. AXHOFEMIL, KHEZHEL TELRTZLONREL, EEIE
ZITHH T E D& 72> TV D (il - JBJIT, 2009). FREFOHKZR ENAEL D
& IR KD A, A PHO FIKBELW) 1 ~fdviATe. 24 & [ARFICERGE S 0T
TEAZTIMRH L, BAEAX T RS 52 & TREIRELDNAE LT EEZI 6.
b A XN KD BABHIEEELE, UM RIS & 2 RS e £ o 5 E (St 100,
101, Fig.9) THAL TV, FoRMATIE, M - v 2 X BRI L FRIFFIZ~A B
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24T BUL DS SN, ~4 ¥ A 7 BIL X, AKRBEEHGICERD~A V& AT
Thd. fEoT, ZHDHBEETORILIL, THOHTT S OEEOBATIERL,
BHH T 26 3 CIOB AR ELZ R L 72 A X 03 2 IRIDICB A ST /s R, Bian
WENAE LB BND. BEEO NFIEENIL, Ml T/hanetEzx 6h
L0, TOXOIR LIV THEBIREZ S SIS+ 2o Tns 2 &
MRSz, 70, ABEORAEZL (St 1,Fig.9) T, M & FERIC~<A b
Z A7 BIL 3R S, BMER & FEROB AR O b 72 b STV D & HERR
Sdc. 2oL RHEFTITE - ER (1981) IZBWTHALNTEY, JLiEEKAE
MCTRESNTAXIDBRBARZE LTz, ERLTWD. 65T, ZOLH 7
BANZDR0 EPITRoN TN EEZILND.

—J5 T, 5T MR OERIITEROBETRHOLEZFLTEY, BIEOL A, B AKX
TN X DBBRRELSAE T TN Z LR I N, 2 b OEHITREA I/
BLTEY, BiRELAA OGN TR > Tz, 8o T, (REDOXF LR
BHEFEDOEERX X DT30S TEY, ZOEH0RREIEENTbivs Z & T,

THOEAERXZ T O OBIGHIZEEDIREELITELIND EEZADBND.

3. BN FHEICB T MBI DE N ~w—H—& LTOFAE
AWFFE T, BISROEELZ B 5 72912 mtDNA @ cytb fE81 & 5% DNA O b ~—
—%FEH L. b~—I—ZA X D ORIMEZRTELE T THLHBELET (BEAX
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ADbBIT) ZXRELTHABINALFETHD (FHIZH, 2011). £E-7T, b
V==X > ThBERETFPBRB INTSGE, T A X DI L 58 EBEHELTH

CHEHBEMIZIRETE D2 EBFETHD. LnL, e XX TOERAERT b EiET
[T CTHLD, AEFICHEINST VWD L, AOBINELZ T TV 5 AREtE
23V (Nakao and Kitagawa, 2015) .

MtDNA 5T, BFAERI O B AR 2 5EM 32 2 L 23 Al ie Td % (Takehana et
al., 2003). ZhE, b~—A—IZIFZRVWHETH Y, MHIEIR OB AW T H 4]
MHRETH D ZEHRLTWD. LinLaed b, RERELROERNAZ & 5 mDNA THh

LZEMB, HEAZ DG DOBIFBA LI/

/

FMELTLES. AT, AETESR

L7 XX R (Bla & B27) 1%, EAXBZDOLDERT~A XA T TlE7e <,

FREIZIITHIRD b A X B kR 2 Ml 2Rk L TV A I3 7220 U bE7)», 2011).

DFEY, ZO2MEOA M A T EAERMIT S OHIRTIE, R ANOHG] &

THILENTER.

ARFIZFHB T, mDNA T 189 K, b~—H—T 36 kL, M EAEIICK 5 72

BREDOENL LN, 2O ENE, b~—h—|ZHXT mDNA fETIC L A A &

AR TFOBE B E WL IICHRD. LInLARs, bv—I—0AHTHRIESH

TWAEIR G A LILTWNAS Z Lk, /bl - A1 (2009) THEfE <172 & 9 72 mtDNA

DHDIEHTIZT TIE/e <, b= = GDETHNT 21T 2L T, EAZDITX

LBISHIRELOBN A X EfECERET 2 2 énTE o LEZ26N15. LnL, &5
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SO —=H—IZbREDBHBLND Z LD, BIHEELZ LD SVEE THRETE 2

HH D DNA ~— D —DRRB RO BN 5.

4, AZIBELEMAEZREL TV 2O ORE

AREOBISIHMTIZ LY, (REOFG LR DB EA X P EEAFEL TND Z &2

HonERoT, =T, BIBMITIZELY B A X DI X 5BEMHELOIIR & £ DR

MY ZET D ENTE.

EAZHL, BIESESERMABRTHH SN TEY, BBk S Aol s A &

B RN BT 2 BIARELO EHK L > TWD. 1> T, BHA~DEAF D

Mz <2 ENTEE, B AZ VI X D BARAIFELOYER 2 RIg (a2 2 &

MTEDLEEZLND. 2D, BUEL A X AR L TWD ANx (B - 8

BAJE - BIEFH 2 L) [Ce A DL DBABHHRELD U 27 LB OV TR L

TWSRERDHD.

— T, EAZ D EFRRRIZZ a A X LIRS ML Z A STV D,

IR AZTE, BWEAZIOEKREEZ L TWLRETHL. L, AL OBEF

RERRITE AZ D LRERTH D, £o, BRGFETEHESNTWDAZIIE, FALD

REAZ DR EC AL DLINIOE BT D, TO LD pifllE, v X270 Lk

DERBL THEIE - POESNTWD Z &N D, FRICEANFH L, BarHEEL 25 &k

ZLTWDAREENRDH L. E-T, %%, 7uAXA e @iotow B mfEic &5
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BRI ELIZOWT Y, FHli L TS BERDH S,
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IV. BE—FIRIZEBIT 5 b X ¥ HALEEF OILEEI R OIEE

i. REDOBH

ARBFIETIE, HIME CEREICERT 2 A X W BAEMOBRIT 217720, 2FEIC
BIFLBHRELOBN & £ D FHR LW ST D 2 k. —7 T, 2EH
BEORKRBEZIRET D2 DORETH D Z LD, 55 3 HEORERITAII O R E HLS
DR TR DA E R L TND. KA THD A X OWEIER 28 - 5y EEiPHIT K
RICEENDIIN R SEPH, 772D ARTIENENL L 72D, 65T, BALTE
HKBIE I ONWTHEBTEICEDIRNB D 2522 &1C72 ), BASNTZERLR T,
BRIZBW T EORENE L TWD 00, EOXIITETT 20052 L T 2
ENEETHD. TO0, HE CEREARELAHER Sz o0, B
DFIED T TOBABIE TR D NIER DS, FHZ, H—OWINZBT 5 Efnd T
METEEDEZEORN (R 2BV, FESHAICEIT D A X W AELE T O
BIEERETDILERDH D, B—OKREMNRLE Lzt & LT, /- 48)1l (2009)
TR bR IRKR)IIKR E, BHEIE2 (2014) ORERRENAHITSN5.
LL, ESNTEZNEDKRIL, B AX T OEGEFEMD 1 >ThLHERE & F—
D~A NEA TR E S OHkIZE £415  (sub-clade BVI ; Takehana et al., 2003) . #¢
ST, MARE BICHAERME v XX ABRO—HE (Bla) BFEI—THD I b, #
- DYLHT) 70 EBARHIFTELO B 2 IEFEICHE L ST, fE- T, Tha itz
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THOITNE, v A FDRGE T DN ALERIIBA S N ERICE S (TR TE L)
HIBETHMEND D, KETIE, BH—W)INZBIT 5 A X DR OERE 2
T 2720, HRHEZE)IDKR O TH L8 )INCEB L.

BPIE, HEERZ Ui 2 ZEENKR IR O—f&im Il (Fig. 11) TH Y, wmEOHFHAE
TIFIAFIOERDPHRE SN TWD Rk /R, 2015). E7E)IX, FII
BEDRERINO B AL LD BEHHRELA R SN TR Y, A THAR OB 71
RO A X HRGEGA DN EEN TN &0 D, BIREEELOHIBI ERELC
ITZ 2R TH D, RETIE, HEEZE)IKZREINZEBIT Db A X I XD
RELOILBAEPA A IR T 2 2 & T, ZOBREICONTELE L. 7ods, REOFAL,

EFREE BORFHE A OB EIR B SO K & OLFENFETH S,

ii. ML ik

1. #EADINES & ORIGHFIT

ARETIE, 201405 2015 FEIT/IT T, BP)IARTED 8 M THE SN BA A &
71 215 AR 2 fadsa & U7z, AR CHAE SV RRM 22 A0 E, Fig. 12 12 LTz,
fE {72 & > DNA filiHF6 J OARIENT ORI SV TiE, SBIE & [FARRDO F{EA A
7o, KEIZBWTH, Takehanaetal (2003): —E L7-~A b2 A THEBLOb~—7
—DBEEFEHAER, ~A N4 A7 Bla*B2T 2t AZTUBLIRb~—I—Db
BT, EALSS O s R 2 fil ik R & L7z
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2. FINTRIT 2EEOEEMRE

BIMERAL & T LC, BINCR T EEMMAZ N Lz, MAOmEIL, B)Io
B & e ¥ RARKE (St 1, Fig. 12) 70 bk T it OEREM S TH % =2 BKHE (St. 8, Fig.
12) £ TL L, HREMAOMIAFET 2EFEOREMOF LA L. X, 7]
INZ 53 s 2 — RN ZRIE TR <, AT OBE ZHET D RERH L b DEESR
L7z, 1€o T, ORI RO HLESR®, AT K JiiE D R & W HLEIS

DONTHRRE L.

iii. B)INZ31T 2 BIEHIHEEL OB

BAREHT DGR, 215 @A D 5 B 119 fEIA (55 %) 7~ 5 b A X R A <47z (Fig.
13). F7z, St.2 TIX 2015 b A Z B afRns 1EAERIE S, WEInFRETE A X
AT LTz (Tabled). ~— I —BNC{EAEE A TH D L, mtDNA 75347 T 113
fER (52%), b ~—HF—"T2LfE{K (10 %) 722D b A X BRI S iz, BARNT,
MtDNA 7347 C 95 fE{& (44 %), b~—H—T 194 ffH{K (90%) ThH-o7=. F7/-St.5
(Fig. 12) TiX, ¥ ¥ /) AX D ERT~A MEA T AL B S e, B A X AN
8 ST R C TR I, FIERAERTE A X DL HBBIRELAET TS Z N
BHOMNE o7, 72 ARFPHA Tk, Takehanaetal. (2003) THRESINI=~A bF A
LB LW s AN 6 IR A D AT,

30



HHUR M OEEDFHE T, SHURMICHAET 2B Z L, 319 [HoREE
W ErER LT, SR oBEEY O$IX, St.1-2:51#, St.2-3:2{#, St.3-4:0{#,
St.4-5:51#, St.56:3f#, St.6-7:3f, St.7-8: 1fHTH o7/, EEMIILDAHF
71 DBENAE 2 REET 5 72012, A2 CTIEA A DO b ~— 7 —3F L O eyth 734112 &
DIFONTBEFHZ TS ELKIC L DML 21T~ 7-. ZELKRIZIT
Steel-Dwass D J7{k % HV, & HUS TH L NV BET O R EZRE L LT, HisR Ok
WaATiao e, BHERICE T 2B FHEOEELRELIZE 25, T XTOHEMH
THREMBICABEZITA SN2 > 7= (Steel-Dwass multiple comparison, p >0.05). it
ST, BN W THURFIC A DI EEMIC X DB TR~ O BT A S v
ZENHLMNE RS

b A F DB DI SR LT D 2 &0, BINCBIT 5 A X 0t
M7 B AP DNT, KFETIIFET D ETICEL R o7, LL, EEYOR
INTIE, FEEEOE LS A X D33 L DI ITNEE R @ NE < AZIT6hD. b0
EEMZRVEZ, FIEEND B E TA X AR L L T DIFFEFIZHEETH
HEHEHIIND. - T, Dl b BRIHET, XX OBRBBEICTRD
ATV rTREMRIE V. £, FHEOBLGEFHERSEEUL TWDH 2 b, B0
BEHE T A APBIRSIVTWE RSB X 6N DD, A X BB HELT
MEOEmE, 2FV, KROBIEFRBALLLGAOIHENOE I 2R L TND.

ARBEOMREND, BINZBIT DR %28 LI B ELOBIN & v A &7 g
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G OBRBEZET L2 LN TS, AEORRIT, 1 TH 5 FAHE) | Z2 i

e LTRONZLDTHS. BN, BRI Tt E CTllle L TEARX X I RER

OB B RAERRE THL Z L3, ARIOFREZLIZL LILERNTHL EEX

LD e T, I OHEERLARL, £ D2 < DBRBERMENFER D)V TI,

AP LT D RN H Y, AHOBE 2 5ERICINE§ 2R ERFEET S

R, ARBREED BRI TIIRWKH 2 P55 13, BInFBAN LV HIRSH 5 6tk

LD 5.

Lol A% A X DB AL OREIZTT T, AR R EZ G L T <BRIZE,

THIFRIENZITE) I TH L O b Tm W EE ) D ATRENEZ, 1 SOIEEIZ L TE X

TR TR B 720,

B OB ALMNY, BISHIBELAS KIS HEIT L TWD— T, BRI A X DA

BEFICEES DS TLESTEDITTIEARV. BRI TV OIBAROBE %2 2

NLLEHER XN, B A X DR IR T 72kt iR 2 & > T

BN 5.

32



V. ZFO X ¥ HEHIZRIT 2 BB FREORE

i. BEAFHITE B AT IBEHA~DOBICHEELORAE L HEH

AFROFENEIZLY, b A XTI K DBIRARELAFEA T 2 FERIZOWTH 55
Lipote. F7-, BMETITEGIEILOEERNE A XD Th D2 L 2HMT, &
IVETiI b A X DB T ORI IO S 27 L. DLEORER LY, BAOKEREE
NBASNIEE AL ARED LI L TRIsMIEELZ B ESE, EOXIITHH LT
WL Dy, FDFERER Fig. 14 1R LT,

E A X BESA~BA SN L ERTIE, OFEHRIEC L 250, OFF - thaIEH)
2 X D, @b - AL DIV R ERHITF 5D (b1, 2013). i
BOFERIZE > TRALIZE XX UL, O ENDEEANDIFAEA XTI HAFE
B LR HAERCEHICEVIHESNST VI ERHLNE 2> TS (Nakao and
Kitagawa, 2015 ; i, 2006). ZAUZ XV, HotIiict XX 7 OEEEIE, Kiglz
BT 2 ETRENDD, TRTOREEPHEEICLIVIEIRIND Z L3R, &5
FREOMEKITAEKRT D, 2O A XX, i LN TEET DEERA X T OFN
2SI L, ZHEicE 9% (Nakao and Kitagawa, 2015). ZEiIC /2D &, A X BT
X HEINEZATIR ) 20 b, Tt AR LT A X T OEEEN D TCh T &
LThH, MWERTEAXDERRLTLEY. #AETLHTFOMARTITE A X HRE
BT a2 BT HWEALPFEAEL, A X DIALEFICE T 52 BEORELAEAET .
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T HARDMERIL, WAERXA XD EREOEGOE HESZ EnD, BE XX DX D IEnd

RIEZ I HZ LK AKRT L. 2L DOMEIRIC L » Titlleii~ & b 2 Z G

FAPERLL TS 2 & T, BIsAIEELEIT L, BAEEMN b OB F R R % (12

EAX B TFICEZ D> TV, ZOXI RFEPEETHRETLHZ LT, &

[E[ DA Z A TEREDOE T D BIKIZERIED B L, FERANISIZEBIVE TAH b 2B D

E ORI EEIZER>TLED Z IR 5.

— 7T, BMEOMRENS, BEIFRELOFEERN AL TH D Z & A fami T

BNTWD. o T, BIGIHELD U 27 2 BEANEIE L, FRRIRE A X T DBA -

Wi T B 2 & ANATRE L ARAUE, A X 0BRSS 1 B BRI BERLOETTIL,

KEEIZHH S n EHEI SN D, F72, FMETHE, BAEMNSZHFELTWDL D

EMH BN TG, ZEDOHERIL, A X DFEEOBMLEIIZEEZRE L T

TEDIZHEART R TH D, £z, T TITEARAMEELZ 5 1 TODEH DD Hun-e,

AR & DX Z DT D720 DFEICONTHER VRO TW LERH 5.

A B HFEREL, FRRDP O E CIASART 2RO METH L. AT

REICART LT XTOBEAL IOALEBMEZ, AR T L IZREL TN 2 ENE

FLOR, REICHTDZLEDOTELETENRLNTNDZ Enn, BERNRET

(T, AEBHEAL BFIPA 2 KT T2 B OFERED 1oL LT, KR « MBIHALD &

Fonsd. i, KR - EHEA TEME 7 V=L, FARKRTMILL ThhEer

172> TN Z L2772 b, fFEHIZB W T, BEID ATHEZR ) ORI 7227213 ) Th
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HACRE L ORIRIE, 7 —TbD 1 o0HEHEL LTZYETHL LI IcEbhd. L
MU, BIVEORREND, BAINIZE A X DERGEETIL, £ ORIENIZT A
RPIEH L T ZEARENT. 65T, KR - itz HAL & LTIZHES, KR
NTHNLZ 3T T2 856120E, TOPICEBIRELAE CENRE TN 541, U
2T BIEFIZEm NS D LD, o, ENIZBT2KROBIFIWRKTHY, ZDKEK
121 5%HALE LTeGE, RBIIHT LA IELELZ D EEILND.

Z T, RWIETIEIAFAFERED b OBICHIZER L ZOZHEMITER L, B
RIS WIZEHAD 7L —F 2 E2E L~V TER LTV . 27 r—71%, 2F
LAUL T A DR OBEBHIZHRMEEZREL TV T2OD L OO 70D, AKX T
FEREIZ BV TIE, Takehanaetal. (2003) 33 2 ONFIR (1990) THE{mAUZERIZHE-S < H
WEMMPRINTEY, TNEHREMAORAEL U CTHIBIREHER EOBEFR LM 2 Tl
ZENRETHDHEERD.

Takehana et al. (2003) <CEisR (1990) CURE - HusER X, FEML L TH
JRFFAIC DT D, To b 20, BAARRL L M3 A MR RN,  BALHT O SRR
AL E B E CORERFIAVEIFHEZ D 5. ZORFHE HD 2 HAARRE 15
DEALE LTREL TV, EHORERLE NEOR D ZRET LR TEHLOHT
WEHTHD. 1> T, AFVERED LY RN RBISHIZHRIEDORE LT 5 T2 DI
%, BT #RAE O TERIBER 2 S Bk L, tRe25 1585 CT& 5 HAL
DOHIENVILL 7275, F Z TAMFFETlX Takehana et al. (2003) T/RENT=~A ¥ A
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ZIZEH L7, Takehanaetal. (2003) TlE, 264 FEO~ A F XA 712K - THKHUEK
EMZRER L Tl Y, HIBERMNIZITERO~ A N2 A TREER TS, HUIRER
N THALZ M LT DERICI, 2O~ M A T EEEE LTHERT 20
HUThDHEEZ D, Fiz, BAEEMAO LY ZERNZERITTNT T, RE I HAL
DOFND EDEMIMRRES N 20T 200, HiELE 5 T TEHEZ SO X 5 Il # 5
DD, EVSTEBREDREEIT R OMLENRD D.

T ZCH I EILRE TR, A X VR OBISRIZHRMER RIS T BALOREIZ O
T, PRAEHAL (Conservation Unit) OFSIETH 5 THELAYIZEE R AL (ESU) | B &
O MEERHAL (MU) ) OB 2 FIZH TUIH TREL TV, 61, RELREH
MLNIZ BT DEBIEEREDFIEIIOWTIRE T 5 2 & T, LV EERANREERZARN

REOFEOHN 2 HIET.

ii. £EOXZAEBICEIT HEANCERRBAORE
1. ELAIZEERBAL (Evolutionary Significant Unit, ESU)

BUEAREIC STV DHES, Tt ahlc OB E L TEHL TV BLERH D.
LorL, BNIZB T 2EHICOWT S, BIESEOBRT THLLEBEADL LN TES.
b LMW THEREISH LB LR A b 556, £z @hloE(k
HRFNE LTET 2 Z & e EZY THS (Frankham et al., 2002). £7z, Moritz
(1994) (2B T, HALANS /L LN, EHOBIGEBRLETH L & &
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NTW5D. 2O K5 728L8M11%, EkrIZE 22 B (ESU: Evolutionary Significant Unit)
EREERLD  (Moritz, 1994) . Moritz (1994)(% ESU & fn -~ — W —Il X > TIRET D
ZEEREL TS, HFMHMTIIo&E 0 & LebZRL, 72 mtDNA THIRFME
oL, BB TETT U VBEICHABRR MR H O D56, Fi D OERITES
DESUIZHYTHE LT D. F72, ESUERET S Z &I, FEMOELHITE 5
RLEMD b DB FRERLDIARMEDEM, 70 bbRIMZERIEDOIREICI T 2 A+

PEDFAZ BT 5 2 LITORND.

2. EEORAF HTEFIZET D ESU OFRE

BENCART 2 A X WL, BUEERGER TEICEE SN TERY, TORENT
Blioo T, ENICAERT LA X FEEICHBWT, N TR L5
U SN2 2 E BB DL o TS, JEE (1983,1990) 1%, 7 w¥ A A0HT
RV IFIAF DA OO MGERN CGRH AR - FOHFAEL - PEl= A - Lk
A JEER LN - AT - KR - pEEEAY - BRERAY) ITHISy L7z (Fig. 15). —7,
Takehana et al. (2003)35 L OMAHE (2010) 1%, % /2 A X GRFEA) « ST IAXD

GR#E B+ C) 243, % /7 AZHTIFEME (A-1-A-lIl), I FIAXTOFKAB
T1LfEE (B-1-B-Xl) O% 77 L— R{ZfipLTWwW5b (Fig.16). ZD Xk oiz, A4
TR TERIIC R 52 OEMEGATE Y, B REBERNZHREEZ AL TV,
BRI H 70 2 AR IXER O BB E BN MLETH S, L, BUEA X BRI

37



BWTESU O X9 AR m =g/ 7 v — B JIER SN TE LT, BB
REROHZDRIESNTND. 2O, AXAREHEO L OBBHIZEREDO R AT

F- RSO L ZAFEE LTV, ZOZ Sid A X DREREEZ RS LT
<HZTHERMETHY, RARMRNLEEND. £ TARETIE, #HE (1990)
THE S M 12 ST, Takehana et al. (2003) - 7746 (2010) 12k » CES
ENTEADGL AR Z = MA TN T LT, AXHRERIZE T D IRBHAL A RE
Lz, ERARETIE, AZVEEOREIALO 5 5, ESU ICHY T 2 HALZ Takehana

etal. (2003) DKM S Fig. 17 D X 51T, A& L TIL Fig. 18 © & 9 IZEE L7z,

3. XF I AZT Rk A)

XX )AL TDOHAIL, FRENOEPRIBETCE SN TS, 1118 (2010) Tk
EINTNZ—rDHH, Hft AXER (1990) OF % 7 A&7 (IRLHALER) O
AREE X< =& LTS, M{E (2010) @ mtDNA ZHEHITH BERHENME, T7205
1 SOHEMAEN LR D FRMHEARLTEY, AlB LA THFERENA RN D
END, XEZI)ALNTZORFEAZLODOESU (XX ) AFH) L LTHRTZ
ENRUBTHD.

SERACGETIX, ¥ A eI FTIAFTTIONAT Y v REMNRHELI, ~A
NEAFTIRY 77 Lb— AR5 LTS (Fig.16). LinL, ZOAA TV v
REFMOEDY T NZDONWT, BIED & Z ABFERIEIENR /2N LD, A E 2 oMk
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WZOWTIENA 7Yy FMEFIOHUE L LTINS, ESU ORENHITERA LT,

4. IFIAZH (GR#EB)
WIZ, P16 (2010) DR B IX, I T IAXIOERIBICKHEL TS, IFI A
1% 9 FEEHO MU AR IC /iy S5 2%, TR (1990) THRIE S Ml e D 5 5,
HH AR RAE B-1 - B-VI, BT NAL & PEEE T NSRS B-VIL,  KFEAL SR AT B-
VI, AGEBIUNEL & | LR P A3 %68 B-IX, [LFRA AN R4t B-X, A - pEEEA -

BRERTUD /M B-XI & ZNEh—FH L T\ 5.

4-1. XFIAFH FEHEAE (R# B-1-B-1V)

HAARL, RHB-1-B-VI ETHATEY, HAAMOP THRARMEZ R L TV
%, JER (1990) TRESNCHAAML, SFRNO-HRE T, BLOLEEHE
W & FEFINIRFP A2 5 T2, Lo L, Takehanaetal. (2003) Ok 5T = EIRFETH
(F#t B-VI) & HABE GREE B-V) OHEMICHOW TR ZRBEA MR 2 6 47z
ZEND, AR TIZZORAARNG Z0 2 EMEZRI LTZ. EY ORAARTSH
%5540 Bl =B-IV X 1 DOHRHEEL MR LTIV, FoMEEWHE T B-1 23 A &
NTWDHZEND, ALTLIOOESU GRAAR) LLTELODLILNRYTH

2.
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4-2. IFIAF KB RHEB-VI)

A B-VI X, REEFEEIC i L 7oAl B BERIC A B IV D R8T 5 . Takehana et al.
(2003) DFEFRTIE, HHAABORM Gafk B-1) 23%#E B-VI Ok CTixiz & A LA
BT, HHI (1957) 1%, HRAEHRIC K o THW S U UE O KRR R
TUND—EB 2 Z DT KK 2 BHIX & U, A& IZR R 5 MFFOHBIX TH L & LT
5. Fln, ZOPRRMEERERER E Lz ZEIRGFEE T & REEFHUT O I IR K
FRBRICKRE 2RZEN/H D, REEHT OMB KGN E OO THEF TH D Z L 23 fiafH
STV D (UTFIEA 1997 ; JEIEFD>, 2000). 6D &, REEFHIT X <
ORREES NI CTH Y, Z OHT TOHMER S 45 B B-VIZEAPED SV RHE
ThHI VRTINS, 65T, AT, —ZEREk7)ILLEE 2 & Fnak (LR

JIEToOMIEZ 1 >0 ESU (ReOP) &L, RAARNGSHEELT.

4-3. IFIAFAH wmAE GRit B-V)

FfE B-V 1%, HHEER LS RAGENEM OB CHRBINDRMTHD. R
VL, MO A AR O 5340 5 BT LR B BRI R & < FREE S LTV 5
AL, ALOVRL & [FRRIC, OIRAEIERRIC Ko QEFNHEL & TR S L Tn b, F
722D X 9 43R, v~ R a UHERE Cobitis biwae species complex (1 &1%7>, 2012)
THLNTEY, EmMmIZN—>7 (¥~ K a7 Cobitis sp. BIWAE type D) 1%,
HARZV—7 (e~ KYa v Cobitis sp. BIWAE type C) & ilrkxCTdh 25 (b,
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2010). FTHETIE, ¥~ RV a UEHEOHRCTERO L5 ITEEMA DT LIRES
L, BWEAMNZAE L TWAZ EDRENTWD., (o TARIFZETIE, 573 X
A HNTHEMEE « B 72 bR L TWND 2 e, @iz 5 H ARG

SSEEL, BBV EZ1HoODESU (Eafl) L L7,

4-4. IFIAFAH WFAR GR#E B-VID

e B-VINZ, AN DB REEREIE KR 6 1L A RAGH 22 2508550, 3 L O
[ 105 D LG KE HLds ) & G T £ C oW R, ROy IREHCE BRI E TIA <
DA LTV D, F7R6 B-VINE, {#E (1990) (Z331F 2 B NAL « vl - N &2 &
TS, —J5C, Takehanaetal. (2003) TILHTE DB FHERICEITA LN, W
P TIE, RA AR L [FRRICRERN 2~ A N2 A TR LTV D, B
ST, AWFZETIETESR (1990) OREOWFNM A2 E L, 15D ESU GEFHNM)

L L.

4-5. IFIAFAH KRR (Rt B-VID)

Takehana et al. (2003) DFERICFESE, EWRFR—> WK RLLEE 2 6 K- &
WEERE, MrBIcART5%EM% 150 ESU (KFERY) & L7-. Takehana et al. (2003)
DRFRIZIBNTE, KEEIH RN A R L TER Y, HER (1990) ORI L X
{—HLTWD., —77, R (1990) THEHME SN TWERETR - BEBHT, K
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BpO~A M IATDHPBEHESN TN D, > T, ABIIETIEZ D 2 52 KRERIZ

Z 7.

4-6. IFIAFA ALEIUNE GRHE B-1X)

Takehana et al. (2003) D#EFIZHAD &, W7 VAR O 1L O RN EART LAVE 2> 6
SR B A, B ASHEAR o0 B AR VR 5 )1 EAPE 70> & 556 36 L OB IR RE T 3 C o ik
WERTLEMEZ 1 >0 ESU (EEJUNR) & L7z, 1ha R TOEREREO—EHTIL
IO~ A A TR SN TWD Z D, JEEUMAIE, R (1990) @
PEHE NS X ONLRRT 2 —fa ATV D . 2D & 9 Aa45AiiE, Watanabe (1998) T
RS TN ARG & P E - PUERS O SR OFREMES— 3R (P~ ho~= FY
= UFERE Cobitis sp. “Yamato’ species complex - 7V 3 3 / 7R U Rhinogobius flumineus)

WZBIT A EER RS S K<~ L TEBY (dB)I1EH>, 2008 ; Shimizu et al., 1993),

AFXHIZBWTCHRBEO O R T 2 EIT% U ThDHEEZD.

4-7. XFIAFT  LUEE GR#E B-X)

Takehana et al. (2003) DfERICEEDE, PHE - (EEHUBLATE 25 B 5L O B AR
AN AR D A R L Lz, [ifaild, R (1990) ozl —E L T
D, R, ~A 7Yy RER, WP, AGEIUNEL L B LTV D83, TN

B I E LTI W S CWD. — T, A 7Yy RERE JOARE LN
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B DBEFIZHONTIE, S%ABIZL TS BERD S,

4-8. IFIAZH AHE GR¥E B-XI)

Takehana et al. (2003) DOFERN G, KRR IS KT ESE 2> A VI T
ARTLHEME 1 o0 ESU (BB & Uiz, AL, R (1990) JbE LA
D—H L AHAWPRIZ G A TS, —JF T, Takehanaetal. (2003) T, A AR - GEEERY -
BRERMI T O~ A b Z A TRERIGER DA DN, RERONZ =12, [\ - &
A (2006) 12X - CTIHAE S L7z b B 2NE Periophthalmus modestus 0 18z i [ 15 f#
frndiFons. beENBORREL, PlETEAONTn XA T 2B L TE
D, FTBEZ L— ROV TH B2 0 M RSN 2 L b, Ml & o
ARG RSNz, L, MESNINTaZ 4 7Ry FU—27 T, il
BT N =TI D 7 —FICNE ST, TihvE 51T TC, mdE - A (2006)
X, #HEAREEOHIF AN E N OO, BSIIHSLL TWD Z &b, MR D 7 v
— 7% 1 OORERMA L UTRM LI, AHFIRICEBN TS, 7 ¥ A L5047 Tt
INILTND T &, MR BEA & U TARER LN & 1358 1T, 3P AL L 13
JUN LT, iR OpEEER & XE I THgIC oS TnD Z &b, FHMA

12D ESU & LTHH-7-.

4-9. IFIAFD REER (GRE B-XI)

43



Takehana et al. (2003) DOFERN G, [E WLILIHILIR OREVE S R & BABIZ T TE
BT 5%EM% 150 ESU (BEERLD) & U7, pEEEANY, R (1990) OREEER L —
LTRY, BABREO—HEEMEE A TS, EERIZOWTY, A8 L R

WCHIFRAREE A Z B L C, 1 ODESU & LTH-oT-.

4-10. XFIAF A BRERAEL (GR#E B-XI)

Takehana et al. (2003) DFERICIESE, EWEKEGLLFEN OIS IZNT TEET S
A 150 ESU (BRERTY) & L7z, BRERANZ, 5 (1990) OHRERA & —FH L T
%. —J5C, Takehanaetal. (2003) (23T HERERMLIZ, R#E B-XI, §720bbH FFl TE
F LA - EEAICE FNTWA. BRERTZ 538 L - LM lIC ST, A8 -
EER LK TH D, £z, MEIEIZE, EBAETHLY 20F 2072
Plecoglossus altivelis ryukyuensis <>, Bi¥k%I|E57Ek & 415 # & 7% Monopterus albus
¥ L V7 ) Carassius auratus 72 &, AR & (3587 2 HERES RIS, Zhb sk

FRE L, AW TITAE IR IR O 2 FE LN B orBE L 72.

4-11. XFIAFH CH (R#EC)

IFI AL CHRUTEERM T O—EH TH O, £ OMEIIR A AR IZEZ T
5. CHUTI = FU T DNA OHRITRIBIFE WA IR TEFRRMTH 0, 7R
HHAIZAER L TWEEHOAKETH D & I TWD (11fE, 2010). CHIIHAER
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AN LA BIEREE 9722 & T, TORMERR0 RHPRE /oo TV 5.
F7z, CAUTER (1990) 227 v¥ A A ORENGIL, RS20,
W->T, AFETIZCHREZESUD 1 HO>THLIHRAAMIIED L ENRYTHD L
L7z, LoaLZedi s, CHIOMFEE, HAAMNTEEREAMN (MU) 238 LT

BRI, FERICEHBERERE DL LEEZLNS.

iii. A X HBFEEMAOREICTT - ERBMORE
1. FHEEAL (Management Unit, MU)

Moritz (1994) Ti%, ESU DIEZEBLHL (Management Unit) (DWW T iR~ T
5. ESU LR e e b ORI ZEER T2 -5 T, MUIEI har FUTEE
(I DNAICB T 57 UNVBEDER « a2 28EHZEHRL TS, Z0ER
1%, 7V IZBITLRMARMBEMEIIARETH D, Mo T, BLARE R 2 ) L
RIRNZ s, EHIF TH LN DB TR OERIZ L > TMU 2RET HZ LA
AHETH D, £z, Moritz (1994)i1C L 5 &, ESU RS EM O (clade) 1245
HL, BEHHREROREITIEN L T OIZxt L, MU IZBITEOEM ORERL (grade)
ZBEMA L, AR RE - EHORMBEICIY HOERICFIHTESE LTS

AR TIX, ARRORNEND A X HBALEMICEB T D ESUZRE L. LaL,
RE LT ESU OHIZIE, ZRRRBERFANZSEENTEY, ZOZHEEZO L E
EDIZTEDLHOTIHR. Fi2, AX DBHALEMOREIZEY MHIeEE, ESU DXy
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[TIERTH Y, ESUNTO XV BRI 2R HUENE 2 B8 U725 Fi R Xy s b8 & 72 o T
5. ¥, MPHTH DAL AEHEOBLHIZHEELZREL TV 20T, 3<
(R FTREZR I e R D T2 D OIENR MBI L 70 5. £ 2T, ZITIEA X IEE
LRI T B0 08T (Analysis of Molecular Variance, AMOVA) (Excoffier, et al.,
1992) Z M2 MU ORREIZ DWW T HEIZH M H THE L 72 B AL H O BLR D> 5 4

At L TR~ Tn <.

2. ESUND XA X AWBAELEFEZHR L Lic MU ORE
UIZBUEOEM O A BER L CTRET H. 22T, BEHAICE END BT
RE AN BN DD, AR TIE, FIETHOLNZEETRERO 5 H, mDNA
T DORER T DEH DO~ A 2 A THERLZ VDT MU OFRE &7 72, MU OFRE
ZiE, PBAVEHT (REBW - BB KRB - 5ERAT - Fndki LR - FeER) o4 (13
RHD) B RLOBERMST (RIS - THER - ) R (17 £H) 2 L. &
M2 ET LR, TEROBETFRND MU ZRET H72OI2, 3 TIZBEEBMIBEL
AT TG & SRS OWTIEBRS L7z, BTG T, ERICRIT 2 HEL
DORRENRKREL, BALH EZ X ONDELHD D7) -7 Z L5, Takehanaetal.
(2003) L0 REMUAATET D 5 EHABRM L, BTN 2. ABFIETIE, FREE
& (HEHEE) 026, SEHEOBHSILORETH S Fsr 2B L7Z. Fsrid 0
MH1OEAEE Y, 013 <IE CEMEEN <, DT EHR LM TR
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LI TRBEE SN TWD, D VERBENTFET DI 2R d. MU ZRET
L7120, £7T FarZ2HH L, LHIM OB FRER OBV 245 L-%, %
MBI OFELEN SR LTz Fss CAREEN CREM I LI/ NV—T 3T 217725 2 &
T, AXABHAEMICKITDS MU & LTHRE L. ZD% AMOVA #H\, &RiE LT
MU D24 PEIZ DUV THRRRE L 72, For OR M FS L TN AMOVA IZIE, f#HT Y 7 | Arlequin
Ver. 3.52 (Excoffier and Lischer, 2010) % i\ 7=. AMOVA B X O Fst DRI BIT 5 H
BAEORIEILX, T2 10000 [H0 permutation test #1772 > 7-.  Fst 3 X 08 AMOVA
12 & - T4 ESU WICREE 72 MU 1E, ESU D72 I Rl & om 34 MR E 23
FHETDHZEERTIEEL 2D, £77, 15O MUIZEENDEEIL, HiE-7-8
GTHREZALTNDZLITRD. (6o T, AXIHEBEOHT H-ENEHMERS IO
KM O b OBEBEIHEAEEZREL TN I AT, RESNT MU Z2HEL TS
DRRYTHD. Tob xE, MAMOEEES IV 2R N Ho72L LTH, TOHIK
2 MU OEER MBI 2 TW DD THIUE, IO MU ICET 24ERTH Y,

DIELEOTHREINDNE TIER.

BIPEH G2 351F D Fsr DR % Table 5 1Z/R L7z, A h¥ A 7O E b L 1T, &%
iR C O [ E R Fer & B L 7oA 2R, BTEHOT D 2EHIE, KE < 250 MU(MUL,
MU2 35 KOV MU3, Table6) (243727 (Fig. 19). MULIZHREBR, KR ORI
SRRILROER 2 FZTe. MUL TlE, PN Z2RETLH~1 ¥ A7 TH% Bla
WZE o TRES T 6N TS, 2 bOEHITK L, EEWIE)IKROEHIE, MUL
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WZxF L THEICE L TWie (Fst=0.640-1.000). £~ C, EEWM - 1€)IKRDEH
AL TMU2 ERE L. MU2 OFEFITIE, A &2 A 7 B2X°B38 &\ o7
B - IR DO~A A TSN TWD. £72, MU O 4%
AET A0, FEMEZ MUL & MU2I2F &, MU [T AMOVA 2177~z L Z A,
MU [H COZERN R 87.26 % & Ky Z L7z (Table7). MU3 X, MUL & [Flkk
DB FHERR TH o122y, FRHITH HEEEM - TEIDKRPMN L7 MU 26D &
b, HERREFRLER L TMUL LoEELTZ. 16> T, ARBFETIE, BEEHITIZE
FHAZ I EERAZ 3OO MUILZITHZ R THLEEZEx BN, —)T,
JVETT (No. 9, Fig. 19) DM, MU N TARABRZRER & 72> TERY, HEKEH
TLd & OBICHEBEEB AN hoTz. LavL, NEliZ MULIZED TGS, &
BOEDLEEGMET L2 &b, NETOERZ MUL 255501, EFZO MU2
~EfmA L7z, BRI W TS, BIEARELOFEE N K& 2l H v, 4O
fENT TIXZE D L D el ZBRIN L T 5. M NELCIE, fEEIR - Rk EoNE
W NI S SCE B B O — 72 E b EE TV 5. AENEFRAEHFE ) O L7
P, HERRY 7R [REEZ 3 D T [RIER O 2 Efi 4 5 2 & T, WA NRICKIT 22K
MU OREMNFIREL 72 5. 788, REBICOWTIAEREERZZO TWRNo72 2
ED, AREEERMBO MU ICEDTZ. ZOEMICONTIE, 262108 L2
BT 5 MU BRES LD EHEZE Lz, BTG ICOWTIE, BERMNBERZR\ TR
HEHOREDICAERT DEMZ Y I EEEI L T Z 8T, LR
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BERRREAED Z LN ATRBIC 2 5. F7z, WANAUCE £ D EFIO Y 7V E A N
S, BN E ENDWINE L DO~ A N F A THEROBELEZ A L T 2
& T, AERRE LTz 3200 MU OALES T 0Mi = WA KIZI1T 2 MU M OBER B %
BHONITHZENTEDHEHEZD.

BISRHL S C & RIBROfRHT 2 0 L, #5534 Table 8 12, A O S % Fig. 20
(R LTz, T ORE R, & oA (No. 2, 3) Ch k& O B (No. 17)
T, R THERSKE S BAZEMBL LN, By AL OW T, FECTH
FHIFAER D ATREME A R & X7z Bla TS D EMTH 0, HH AR ORFEM
oA NEATThDBIL 2R b, RES bl EHERIS T, FEik
PEOEMIZONWTUL, BEFRTH D CHITHMRINIEMTH o722 EBEKTH
HEBEZDLND.

—J7C, BAVEHITT &RV For OEICHIENE RN Do Tz, Eiz, BRMITIC
BWTITBEEMHESEIT L TS Z ENEMETHL N E o TEY, MITICIEER
BTIIRL B AX RO Bla #E A TS ATREMENR H S, AT, Bla BIEOIENRME
IZOWTHABRBEEDORMNE SN TWND. DI, AW TR G IZE T 5
A7 MU OFREITIEX T2, A%, BIRHGICEBI1T 2 Bla DFESH L MNIZR D Z &
T, BIARELOFEMZBNAHIETE 5L L b, MU OREDAREIZR D &5 X
bivd. F7z, MU OREICHLEERIROBSF I 2 & O D2 #n S & T
WS ZET, B O MUDBERETEDHLEEZD.
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ARBFFETIE, FH1E L TRMHT 3 X OB AT DR AR 265 & L7c MU DRk
ExEITIR -T2, ZOFEICHONTIE, ko8 AL FRRICHEH T, &k
TREZITR> TV Z LT, AFVBHALMICE T 2B SERIER 2D X5y 2 B
ST D LNTE D, AR TIHBAES SN TV DHEHRND MU ZRELTND Z
D, RONIZHLEESEAEE D D IR B ORIE 21T > T\ D, ik, RATH
RECCTERE ML TV 2 & T, KDEEMZR MU OBRENFIBEIC D & TR

2.

iv. MURODXZ ZEELEMADOREDETLEDORE

ARETIE, AXABAEERICE T 2 2 BEOMREHL (ESU » MU) OFEEIZDOW
TEMh L. 2O ORBHAIX, A X WHEEHAOFT HBIENZHEEZ RS L T
W< D RT, BERBRIEICRDEEZ6ND. KT MU X, BEX XD OBIR A
L, BEHIOREZT2 > TV EOICEETHD. L L, HFMETHIRZ L DI,
BUEA X B AL TR e A X O NBII 7R BURIC & 2 BIsAHRELS A T T D
ZEnD, ABEMTBASNICBETRENZ RSN LTINS, A X
A OREET, BRI MUNOEEM T L ICHEREL, REShEZENZEEL
W Ll S, MURIZE END TR COEMAAERHEA TR L TV ITE
ZRRTFNIDBDETHD. Filo, HEZERL TWDEEROBEIZ L > TE, T
DEMEREL TV ZERRERGABEID 2 5.
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Bottrill et al. (2008) 1%, fREOMESEE (Conservation triage) Z#H#EE L, ROLNT-E
Wi - 5N B DI TIHRA BERICT T TRRIROBIR 2 ER T 272012, EWEIROE
HEEREL TN ZETHD ERRTZ, Fie, BEEOIREIZLHBNCHED A
KAIE, DR LRRAERICHE RS LB BND. ZOFEL, mPfETHL VT
A %Y = Pseudorasbora pumila pumila ORI H#EH ST\ (N, 2010). &
FTAEY TIZONWT, EHENDRNE D 2L, REOEZERITIIMTHD &L
TW5h., —FT, KEMZRAERHIZONTIE, REEROAHRES 2T, MOFHIR
DLRHNKRTRO AT, IS ERIE R E 2l L & L TR ZIREL, THROER
WD ANTN ZE THMRAEZRL TS ZENTEDLBRITND. ZOF
EIE, SHUBEOBIRH) 72 ZARMER R ST Y, BEMITIC L £ b STEk
P« JEESRVEDHIWT A FTREZR A X DFEREIC b TE 5 B2 bbb, & 2 TAMSE
TlX, tREDOESEE (Conservation triage) % A & B BFALEMIZH TId 5 2 & T, MU
DA ST B AR %2 L0 DRIITRE L TV 72D DFHEIZ DWW TR TNL.

AW TIX, A X DBHALEMICBIT 2REOBEEZRE L TN DI, F1i
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VI. Summary

Genetic disturbance, mainly caused by artificial animal introductions, has caused serious
problems on loss of genetic diversity of wildlife populations, and is especially serious in
freshwater fishes that have higher level of genetic differentiations among local populations.

The medaka (Oryzias latipes species complex) is a small freshwater fish inhabiting marshes,
ponds, and irrigation canals of rice paddies in eastern Asia, including the Japanese
Archipelago. In Japan, 2 distinct species of medaka, Kitano-medaka (O. sakaizumii) and
Minami-medaka (O. latipes) are recognized. Recently, wild populations of medaka in Japan
have been rapidly decreasing because of some environmental pressures, and listed as
“Vulnerable”. On the other hand, the orange-red body color variety called “himedaka” is the
most popular and easily available in markets. It has been considered that himedaka artificially
released in natural environment might cause genetic disturbance to wild medaka populations.

In this study, in order to understand mechanism, current status and impact of genetic
disturbance caused by himedaka in wild medaka populations, the ecological and genetic
analyses were conducted, and the conservation strategy for genetic diversity of wild medaka
populations was suggested.

1. Ecological experiments to clarify mechanism of genetic disturbance in medaka
To examine whether survival, reproduction and species recognition would be influenced by
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this difference in body coloration of himedaka, we conducted 3 laboratory experiments

(predation pressure, mate choice and schooling) using wild-type medaka and himedaka. The

results indicated that himedaka received higher predation pressure but were able to easily

mate with wild-type medaka.

2. Current status of genetic disturbance caused by himedaka in Japan

In order to reveal the current status of genetic disturbance in the whole of Japan, genetic

analyses using 2 kinds of DNA marker (cytb gene and b-marker) were conducted for 104 wild

medaka populations. The results revealed that himedaka genotypes were detected from all

introgressed populations that would be 34.6 % (36 populations) of wild medaka populations.

These results indicate that genetic introgression was primarily caused by artificial

introduction of himedaka. On the other hand, the native populations remaining original

genetic compositions of each locality that can be significant conservation targets were existed

throughout Japan.

3. Genetic analysis of wild medaka population within a single river

To estimate the spreading ability of himedaka genotypes, wild medaka populations in

Nogawa River, Tokyo Prefecture, were analyzed by using cytb gene and b-marker analysis.

Himedaka genotypes were highly found in all sampling sites throughout the river. This

intimated the high dispersal ability of himedaka gene and the high risk of genetic disturbance

within a single river.
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4. Conservation of genetic diversities of medaka species complex

In this study, the primary cause of genetic introgression was concluded as the artificial

introduction of himedaka into the wild. If the escape and spreading of himedaka into the wild

IS prevented, the expansion of genetic introgression in wild populations could be reduced

considerably. Therefore, people who use himedaka need to be aware of the impacts and risks

of genetic introgression by himedaka

To effectively conserve genetic diversities of medaka species complex that is remaining

thoroughout Japan, conservation unit consisting of evolutionary significant unit (ESU) and

management unit (MU) in wild populations of medaka were suggested. It was also suggested

that the conservation triage among and within the conservation units should be determined by

environmental condition of each habitat (existence of alien species, current status of

population, and demand in local society) to maximize conservation goals under constrained

resources.

This study using medaka species complex can be a model case and be also applied for

conservation of genetic diversity in other fish species.
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Fig. 1 Photograph of two varieties of medaka Oryzias latipes. Individuals with black coloration are the wild type cultured medaka, and

orange-red individuals are the commercial variety called “himedaka”.
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Fig. 2 Field survey sites used to select a representative predator of medaka O. latipes in Yamato river system in Nara Prefecture. Solid circles

indicate the sites where medaka were observed. Open circles indicate the sites where medaka were not captured.
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Fig. 3 The apparatus for the predatory pressure experiment in which a predator’s preference for medaka coloration was tested. Black and gray

fish indicate wild type medaka and himedaka, respectively. Large fish represent the predator, dark chub Candidia temminckii.
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Fig. 4 The experimental apparatus for the mate choice experiment. (A) The tank for the chooser that was maintained in the dark condition. (B)

The experiment tank that was maintained at a daily 14: 10 h light/dark cycle condition. One day before a trial, a chooser male (wild type medaka)

was transferred into a plastic case inside an aquarium (A).
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Fig. 5 The experimental apparatus used to examine schooling behavior of medaka. Black and gray fish represent wild type medaka and himedaka,

respectively.
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Fig. 6 Columns show the predation pressure of wild medaka and himedaka in the predatory pressure experiment. Solid and open columns show
the number of wild type medaka and himedaka individuals. First capture indicates fish that were successfully predated upon by the first attack of

the predator. Asterisks indicate statistically significant differences between the wild type and himedaka (x* = 10.8, P < 0.01)
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Fig. 7 Columns show the result of the mate choice experiment. Solid and open columns show the number of individuals of wild type and
himedaka, respectively. (A) The result of male mate choice experiment. (B) The result of female mate choice experiment. In both experiments,

there were no statistically significant differences between wild type medaka and himedaka (x* = 0.053, P > 0.05).
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Fig. 8 Box plots show the distances between fish of the three groups in schooling behavior experiment, which determined differences in

schooling behavior between wild type medaka and himedaka. Each box plot indicates the dispersion of three association categories based on pair

type: a (between two wild type medaka), B (between wild type medaka and himedaka), y (between two himedaka). There were no statistically

significant differences among box plots (Steel-Dwass multiple test, P > 0.05).
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Fig. 9 Collection sites of wild medaka (Oryzias latipes species complex). Broken lines

indicate the geographic boundary between the two medaka species. Details of each station are

shown in Table 1. Asterisks correspond to collection sites of himedaka.
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Fig. 10 Geographic distribution of native and introgressed populations of medaka (Oryzias
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himedaka mitotypes, or both were found. Asterisks represent populations where the mitotypes

B15 or Bla were found without other himedaka genotypes (b allele and mitotype B27) in

Kanto District.
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Fig. 11 The location of Nogawa River, Tokyo Prefecture. The Broken line indicates the

boundary between Tokyo and Kanagawa Prefecture.
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Fig. 12 Collection sites and number of individuals of wild medaka O. latipes in Nogawa River,

Tokyo Prefecture. Details of collection sites show Table 4.



b marker

Nogawa River
St. 2

bmarker mtDNA

oD

Tamagawa River

Central Research Laboratory, Hitachi, Ltd.

b marker

-
-

-
-

Tokyo Pref.
mtDNA

B wid type
I:l Himedaka type
|:| Other local type

Not Defined

bmarker —mtDNA

QN

bmarker ~ mtDNA

®Jd

St.5

St. 4

miDNA

Sengawa River

St. 8

bmarker ~ mtDNA

o>

b marker mtDN.

St. 7

mtDNA

Kanagawa Pref.

b marker
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Black, dark gray, white and gray colors show the rates of wild type, himedaka type, other

local type and not defined type, respectively. Number of genotypes in each stations show in

Table 4. There were no statistically significant differences of genetic composition among all

stations (Friedman test, P > 0.05).
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Fig. 14 The mechanism of genetic disturbance caused by artificially release of himedaka.
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Fig. 15 Distributions of local populations of medaka O. latipes species complex in Japan.

These local populations are referred to subpopulation defined by Sakaizumi (1983).
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Fig. 16 Geographic distributions of mitotypes of wild populations of medaka O. latipes

complex in Japan. This figure is referred from Takehana et al. (2003).
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Fig. 17 Classification of evolutionary significant units (ESUs) of medaka O. latipes species
complex determined from neighbor-joining tree of the entire cytb gene (1141-bp) constructed

by Takehana et al. (2003).
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Fig. 18 Distributions of evolutionary significant units (ESUs) of medaka O. latipes species

complex in Japan that is detected in this study.
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Fig. 19 The case study of defining management units (MUs) within ESUs in wild populations
of Minami-medaka O. latipes in Kansai district. Black lines show rivers in Kansai district.
Solid circles indicate the collection sites of wild populations of medaka. Rough broken lines
show the boundaries of each Prefecture. In Kansai district where is distributed in eastern

Inland sea ESU, these populations have been separated to 3MUSs.



Fig. 20 Station details of Kanto district detecting management units (MUs) in wild

populations of Minami-medaka O. latipes in Kanto district. Black lines show rivers in Kanto

district. Solid circles indicate the collection sites of wild populations of medaka. Broken lines

show the boundaries of each Prefecture. In Kanto district, MUs have not been detected in this

study.
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Fig. 21 The flow chart of determining the conservation triage within MUs in medaka O.

latipes species complex. Considering with environment around habitat (existence of other

habitats and access to habitat), current status of habitat (population size and existence of alien

species) and importance of habitat (social demand in each locality), conservation triage is

finally determined within high triage and low triage, respectively.






Table 1. List of native fish species collected by field research in the Yamato River System.

Scientific Name FH™ St.1” St.2 St.3 St4 St5 St.6 St.12 St.13 St.16 St.17 St.18 SR

Oryziatidae

Oryzias latipes Omnivorous 107" >20 >20 >20 >20 >20 >20 3 > 20 5 1 —
Cyprinidae

Cyprinus carpio Omnivorous 8 9.1%

Carassius spp. Omnivorous 1 >10 >10 > 20 5 3 >10 63.6%

Tanakia limbata Omnivorous > 20 9.1%

Zacco platypus Herbivorous 5 >20 >20 27.3%

Candidia temminckii Carnivorous 1 1 2 >20 >20 45.5%

Candidia sieboldii Carnivorous 1 9.1%

Pseudorashora parva Omnivorous 1 > 20 >20 27.3%

Gnathopogon elongates Omnivorous 7 3 18.2%
Cobitidae

Misgurnus anguillicaudatus Omnivorous 1 1 1 >10 36.4%
Siluridae

Silurus asotus Carnivorous 1 5 18.2%
Gobiidae

Rhinogobius sp. Carnivorous 2 5 18.2%

" Food habitat of each species.

™" Refer to Fig. 2 for location details of stations.

. Sympatric rate of habitat with medaka in each species.
" The number of fish collected in each station.



Table 2. List of alien fish species collected by field research in the Yamato River System.

Scientific Name FH" St.1” St2 St.3 St.4 St.5 St.6 St.12 St.13 St.16 St.17 St.18 SR
Native species
Oryziatidae
Oryzias latipes Omnivorous 107 >20 >20 >20 >20 >20 >20 3 > 20 5 1 —

Alien Species
Centrarchidae

Micropterus salmoides Carnivorous 1 >10 18.2%

Lepomis macrochirus Carnivorous 3 2 18.2%
Poeciliidae

Gambusia affinis Omnivorous 3 5 18.2%
Cyprinidae

Rhodeus ocellatus ocellatus Omnivorous > 10 >20 >20 27.3%
Synbranchidae

Monopterus albus Omnivorous 1 9.1%

" Food habitat of each species.

™ Refer to Fig. 2 for location details of stations.

. Sympatric rate of habitat with medaka in each species.
“™: The number of fish collected in each station.



Table 3 Collection sites, sample size (N) and observed genotypes and mitotypes of medaka Oryzias latipes
complex. Numbers in parentheses indicate number of individuals representing each mitotypes and genotypes.
Refer to Fig. 9 for location details of stations. Bold letters show himedaka mitotypes. Underlined letters show
introgressed mitotypes originated from other localities. Asterisks show that mitotype Bla and B15 found
without himedaka genotype in Kanto district.

St. No. Collection site N b marker Mitotypes
Non-native area of medaka complex
1 Obihiro, Hokkaido 9 B/B(9) B11 (7), Bla (2)

Kitano-medaka Oryzias sakaizumii

2 Higashiokitama, Yamagata 7 B/B(6),B/b(1) A9 (7)

3 Himi, Toyama 5 BI/B(5) Al (5)

4 Maizuru 1, Kyoto 14 BI/B (14) Al (3), Al5 (6), A18 (5)
5 Maizuru 2, Kyoto 5 BI/B(5) Al5 (4), A18 (1)

6 Hukuchiyama, Kyoto 3 B/B(3) Al (3)

7 Toyooka 1, Hyogo 10 B/B (10) Al4 (10)

8 Toyooka 2, Hyogo 5 BI/B(5) Al4 (5)

Minami-medaka Oryzias latipes

9 Kesennuma 1, Miyagi 30 B/B (30) B11 (30)

10 Kesennuma 2, Miyagi 10 B/B (10) B11 (10)

11 Sendai 1, Miyagi 10 B/B (10) B11 (10)

12 Sendai 2, Miyagi 10 B/B (10) Al (4), Ad (4), B27 (2)

13 Iwaki, Fukushima 10 B/B (10) B11 (10)

14 Kasumigaura 1, Ibaraki 10 B/B (10) B11 (9), Bla (1)*

15 Kasumigaura 2, Ibaraki 10 B/B (10) B11 (8), Bla (2)*

16 Tsuchiura 1, Ibaraki 10 B/B (10) Bla (10)*

17 Tsuchiura 2, Ibaraki 10 B/B (10) B11 (7), Bla (3)*

18 Tsukuba, Ibaraki 12 B/B(8), B/ b (4) Bla (12)*

19 Kashima, Ibaraki 10 B/B (10) B11 (5), B15 (2)*, Bla (3)*
20 Inashiki city, Ibaraki 11 B/B(11) B11 (9), B15 (2)*

21 Inashiki country 1, Ibaraki 11 B/B(11) B11 (7), B15 (1)*, Bla (3)*
22 Inashiki country 2, Ibaraki 12 B/B (12) B11 (4), B15 (5)*, Bla (3)*
23 Inashiki country 3, Ibaraki 10 B/B (10) B11 (6), Bla (4)*

24 Kashiwa, Chiba 12 B/B (10), B/b (2) Bla (11)*, B27 (1)

25  Inzai 1, Chiba 25 B/B (25) B11 (14), B15 (1)*, Bla (10)*




Table 3 Continued

St. No. Collection site N b-marker Mitotypes
26 Inzai 2, Chiba 11 B/B(11) B11 (6), B15 (1)*, Bla (4)*
27 Sakura, Chiba 5 BI/B(5) C2 (5)

28 Nagao 1, Chiba 11 B/B (10), B/b (1) B11 (6), Bla (1)*, C1 (4)

29 Nagao 2, Chiba B/B (5) B11 (3), Bla (2)*

30 Nagao 3, Chiba B/B (5) C1(5)

31 Isumi, Chiba 11 B/B(11) B11 (11)

32 Minami-boso, Chiba 10 B/B (5), B/b (5) B11 (7), B27 (3)

33 Mitaka, Tokyo 11 B/B (10), b/b (1) B11 (3), Bla (2)*, B27 (6)

34 Komae, Tokyo 10 B/B (10) B11 (3), B34 (1), B15 (1)*,

Bla (4)*, B27 (1)

35 Hamamatsu, Shizuoka 5 BI/B(5) B11 (5)

36 Nagano, Nagano 5 BI/B(5) B11 (5)

37 lida, Nagano 5 BI/B(5) B11 (5)

38 Kasugai, Aichi 5 B/B(5) B11 (3), B40 (1), B41 (1)

39 Tsushima, Aichi 4 BI/B(4) B11 (2), B40 (2)

40  Aisai 1, Aichi 5 B/B(4),B/b(1) B11 (1), B12 (4)

41 Aisai 2, Aichi 5 B/B(5) B11 (1), B12 (4)

42 Yatomi 1, Aichi 7 B/B(3), B/b (2), Bla (6), B27 (1)
b/b (2)

43 Yatomi 2, Aichi b/b (3) Bla (1), B27 (2)

44 Yatomi 3, Aichi B/B (3) B12 (3)

45  Yatomi 4, Aichi 19 B/B (14), B/b (1), B40 (10), Bla (1), B27 (8)
b/b (4)

46 Yatomi 5, Aichi 5 B/B(5) B40 (4), B27 (1)

47 Matsusaka, Mie 10 B/B (10) Blc (10)

48 Y okkaichi, Mie 12 BI/B (12) Blc (12)

49 Tsu, Mie 3 B/B(3) Bla (1), B27 (2)

50 lga, Mie 5 B/B(5) Bla (5)

51 Mizuho, Gifu 10 B/B (10) B12 (6), B40 (4)

52 Kani 1, Gifu 4 B/B(3),b/b (1) B27 (4)

53 Kani 2, Gifu 5 B/B(5) B40 (4), B27 (1)

54 Otsu, Shiga 3 B/B(3 Bla (3)

55 Kameoka, Kyoto 6 B/B(6) B22 (6)




Table 3 Continued

St. No. Collection site N b-marker Mitotypes
56 Nishikyo-ku, Kyoto 29 B/B (16), B/b (13) B22 (26), Bla (3)
57 Sakyo-ku, Kyoto 5 B/B(5) Bla (5)

58 Minami-ku, Kyoto 5 B/B(5) B22 (2), B27 (3)
59 Keihoku, Kyoto 15 B/B (15) Bla (15)
60 Fushimi 1, Kyoto 45 B/B (44), b/b (1) B22 (41), B38 (3), Bla (1)
61 Fushimi 2, Kyoto 1 B/B(1) B22 (1)
62 Kyotango, Kyoto 5 BI/B(5) B14 (5)
63 Kyotanabe, Kyoto 5 B/B(5) Bla (5)
64  Seika, Kyoto 5 B/B(4),B/b(1) Bla (4), B27 (1)
65 Kizugawa, Kyoto 2 B/B(2) B22 (2)
66  Takatsuki, Osaka 15 B/B (11), B/b (4) B5 (2), Bla (10), B27 (3)
67 Suita, Osaka 9 B/B(7),B/b (1), Bla (9)
b/b (1)
68 Yao, Osaka 3 B/B(3) B22 (3)
69 Nara, Nara 15 B/B (14), B/b (1) Bla (12), B27 (3)
70 Ikoma, Nara 10 B/B (10) Bla (10)
71 Yamato-Koriyama, Nara 10 B/B (5), B/b (1), Bla (5), B27 (5)
b/b (4)
72 Kitakatsuragi, Nara 5 B/B(3),B/b(2) Bla (5)
73 Tenri, Nara 10 B/B (7), B/b (3) Bla (5), B27 (5)
74 Sakurai, Nara 5 BI/B(5) Bla (5)
75 Yamato-Takada, Nara 10 B/B (10) Bla (10)
76  Wakayama,Wakayama 13 B/B (12), B/b (1) Bla (13)
77 Mikata, Hyogo 5 BI/B(5) B29 (5)
78 Kobe, Hyogo 10 B/B (10) B9 (2), Bla (8)
79 Awaji, Hyogo 4 BIB(4) Bla (4)
80 Tsuyama, Okayama 15 B/B (13), b/b (2) Bla (1), B27 (14)
81 Okayama, Okayama 10 B/B (10) Bla (10)
82  Gotsu 1, Shimane 10 B/B (10) B15 (7), B29 (3)
83 Gotsu 2, Shimane 10 B/B (10) B29 (10)
84 Shimonoseki, Yamaguchi 5 B/B(3),B/b (1), B15 (5)
b/b (1)
85 Uwajima 1, Ehime 10 B/B (10) B1d (2), B27 (8)




Table 3 Continued

St. No. Collection site N b-marker Mitotypes
86 Uwajima 2, Ehime 35 B/B (35) B1d (35)
87 Itano, Tokushima 5 B/B(5) Bla (5)
88 Tokushima, Tokushima 5 B/B(5) Bla (5)
89 Nankoku, Kochi 5 BI/B(5) Bla (5)
90 Fukuoka, Fukuoka 10 B/B(10) B23 (1), B15 (9)
91 Ureshino, Saga 19 B/B(19) B23 (18), B24 (1)
92 Kakara, Saga 14 B/B (14) B17 (14)
93 Sasebo, Nagasaki 5 BI/B(5) B24 (1), B26 (4)
94 Yatsushiro, Kumamoto 10 B/B(10) B4 (10)
95 Kamimashiki, Kumamoto 3 B/B(3) B23 (3)
96 Tamana, Kumamoto 8 BI/B(8) B23 (1), B24 (7)
97 Miyazaki, Miyazaki 14 B/B (14) B4 (14)
98 Isa, Kagoshima 10 B/B(10) B23 (10)
99 Ichiki-Kushikino, Kagoshima 5 B/B(5) B24 (5)
100  Yakushima 1, Kagoshima 8 B/B(7),B/b(1) B24 (7), Bla (1)
101  Yakushima 2, Kagoshima 18 B/B (14), B/b (4) B11 (5), B27 (13)
102 Kakeroma, Kagoshima 2 B/b(2) B27 (2)
103 Amami, Kagoshima 5 B/B(5) B24 (5)
104  Ogimi, Okinawa 5 B/B(5) B24 (5)
105 Kunigami, Okinawa 8 BI/B(8) B24 (8)

Total 974




Table 4 Results of genetic analyses of Minami-medaka O. latipes in Nogawa River, Tokyo Prefecture. The ND in mitotype shows “"Not Defined
mitotypes" that mismatched the classification of mitotypes in Takehana et al. (2003).

b-marker Mitotype
No. Collection site n Wild Hybrid  Himedaka Wild type Himedaka type Other  ND
B/B B/b b/b ~ Bl1 B15 B34 B36 Bla B27 Al3

1 Kuraone-bashi 26 22 4 2 1 4 17 2

2 Nakamae-bashi 27 25 1 1 12 1 5 9

3 Yamabe-bashi 25 22 3 10 3 12

4 Izumi-bashi 26 25 1 14 4 8

5 Otosaka-bashi 28 27 1 18 6 3 1

6 Nogawa-bashi 32 25 7 9 3 3 4 10 3
7 Shinmei-hashi 25 22 3 9 2 7 5 2
8 Kitami-ohashi 26 26 3 1 3 10 8 1

215 194 20 1 77 8 6 4 56 57 1 6




Table 5 Result of pairwise Fst of wild populations of Oryzias latipes in Kansai district. Refer to Fig. 19 for location details of stations.

No. 1 2 3 4 5 6 7 8 9 10 11 12 13
1 _

2 0.000 -

3 0.000 0.000 —

4 0.245 0.245 0.294 —

5 1.000*  1.000* 1.000*  0.805* -

6 0.835*  0.835* 0.849*  0.640* 0.008 —

7 1.000*  1.000* 1.000* 0.781* 0.000 -0.017 —

8 1.000*  1.000* 1.000* 0.781* 0.000 -0.017 0.000 —

9 1.000*  1.000*  1.000* 0.707 0.000 -0.111 0.000 0.000 —

10 0.000 0.000 0.000 -0.091  1.000*  0.759*  1.000*  1.000* 1.000 —

11 0.000 0.000 0.000 0.000 1.000*  0.775*  1.000*  1.000*  1.000* 0.000 —

12 0.111 0.111 0.137 -0.043  0.780* 0.672* 0.765* 0.765* 0.728* -0.086  -0.026 —

13 0.054 0.054 0.082 -0.069  0.846* 0.704* 0.832* 0.832* 0.794* -0.167 -0.099 -0.125 —

*: Statistically significant differences between each population (P < 0.05)



Table 6 Management Unit (MU) of O. latipes in Kansai district detected by
pairwise Fsr-value.

Nara, Wakayama, Kobe group (MU 1)
Ikoma

Yamatotakada
Wakayama-1
Wakayama-2

Kaizuka

Awaji

Kobe

Himeji

0o N oo O A WO DN P

Lake-Biwa, Yodo River group (MU 2)
Kameoka

Fushimi

Hikone

Kinomoto

Yao

g B~ W DN B




Table 7 Result of analysis of molecular variance (AMOVA) of genetic structure
among wild population of Oryzias latipes in Kansai district.

d.f.* Variance % Total ¢-statistics p**

Between Mus*** 1 0.437 87.25 pct=0.873  <0.01
Among populations 11 0.001 0.25 9sc=0.020 >0.05
Within populations 78 0.062 12.50 ps7=0.875 <0.01

*d. f., Degree of freedom.
** P, Probably of variance.
*** MUs, defined according to pairwise ¢sr.



Table 8 Result of pairwise Fst of wild populations of Oryzias latipes in Kanto district.

No. 1 2 3 4 5 6 7 8 9

1 —

2 0.612* —

3 0.630* 1.000* —

4 -0.008 0.802* 0.717* —

5 0.040 0.894* 0.865* -0.012 —

6 0.599* 0.000 1.000* 0.792* 0.889* -

7 0.038 0.836* 0.778* 0084 0.002 0.829* —

8 -0.090 0.680* 0.697* 0.020 0.020 0.667* 0.073 —

9 -0.076 0.524* 0.565* 0.033 0.145 0.508* 0.088 -0.032 —
10 -0.100 0.613* 0.630* 0.008 0.040 0.599* 0.038 -0.090 -0.076
11 0.063 0.512* 0.535* 0.145 0.308* 0.497* 0.198 0.143 -0.038
12 -0.078 0.571* 0.656* 0.090 0.127 0.555* 0.158 -0.087 -0.054
13 -0.045 0.447* 0.593* 0.111* 0.137 0.438* 0.160 -0.042 -0.038
14 0.225 1.000* 1.000* 0.120 0.010 1.000* 0.100 0.238 0.327*
15 0.016 0.680* 0.616* 0.029 0.111 0.667* 0.093 0.030 0.038
16 0.004 0.440* 0.700* 0.252 0.384 0.417 0.357* 0.027 -0.046
17 0.630* 1.000* 1.000* 0.717* 0.865* 1.000* 0.777* 0.697* 0.565*

*: Statistically significant differences between each population (P < 0.05)



Table 8 Continued

No. 10 11 12 13 14 15 16 17
1

2

3

4

5

6

7

8

9

10 —

11 0.063 —

12 -0.076 0.107 -

13 -0.045 0.105 -0.072 —

14 0.225 0.452* 0.350* 0.283* —

15 0.016 0.151* 0.056 0.085 0.266* —

16 0.004 0.073 -0.084 -0.063 0.662* 0.143 —

17 0.630* 0.534* 0.656* 0.593* 1.000* 0.470* 0.700* —

*: Statistically significant differences between each population (P < 0.05)



