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Abstract The distribution range of the Japanese spined loach Cobitis biwae is in
the middle stretches of rivers in most of Honshu and Shikoku Islands. In Kyushu
Island, its close relative, the yamato complex sensu Saitoh et al. (2000), is distrib-
uted, but C. biwae is thought to be absent there. Comparison of the morphological
characters and erythrocytic size revealed that the specimens of Cobitis collected
from the Oita River system in Kyushu Island are the tetraploid form of C. biwae.
Subsequent mitochondrial DNA analyses also supported this finding. Taking the
connection pattern of drainages during glacial periods into consideration. it is sug-
gested that C. biwae from the Oita R. s. is native.

*Corresponding author: Department of Fisheries, Faculty of Agriculture, Kinki
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Y ayEHCET 5 RARART, T
NHFREOWER LA TERT AHKEKETDH
B, ARIEIFINOBRAEEZ &% B RN &/
2R NESHOIRHPIC D7) 53/ LT 5
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EEUT BEBOY~Y MO~ NV a vHEEE yamato
complex sensu Saitoh et al. (2000) 233 4i L TH D,
ZOHRBFHOEERIZH 725 LR ORI K R
ZRREMEOABIRIIELZ > Tni v (FER,
1978; #i#&, 2000). TS 2 FEIIARMIE F g
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FEHE striata complex sensu Saitoh et al. (2000) & (X
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Fig. 1. Geographic locality of the Oita River system
(A, Oita R.; B, Nanase R.). The connection pattern of
drainages in the western Japan during the last glacial
period (Kaizuka et al., 1995) (dotted lines) and the 100
m depth contour line (broken line) are also shown.

M- #i%, 1983), TRHEBETAILIZLINE
EHEOECEENSETH 5.

4, FEHEODVIUNKSEERDNARR LY 157
VRRY avBOERIIOWT RIEILE & R4 L
TR, NS VTRV a ARk ThHEI LR
R L7, E5123 b2 F1)7 DNA (mtDNA)
At G & L7oHIBRIT A K% 8 (RFLP) 04T L O
= I AGHO CORERREELIFEL. 2
NS OFER LK B B 0 EHFAHEA S,
KOSNKZD Y < N a7 4 EPHARGATH
BAREMEIZ D WTHRE L7,

MH e A
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1996 4E7 A KBRS NARTE 26 7 BHEIZL D)
PRE L 72BN GO - EREY SEFTE O
1EfR (KPM-NI 009112, PERIARE), 19974 10 /]
IZZEDX T H KT D HRE L 72y
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(1996) (2 €\ 1% DNA % & & 2 DNA % ffi i 7%,
Kitagawa et al. (2001) D 1 ¥ K 3 7 ORFFE THW
b7 4<w—+t v b (L 5-GGC TCG
CCT GTT TAC CAA AAA CAT-3', HEE#ll 5'-GGT
ATG GGC CCG AAA GCT TT-3') 2L ) NDI &
T % & 0#2.0kbp DI % PCRFEIZ L ) HEIR L
2. PCRIEIEMHI1Z94°C-120F 2%\ T,
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IV ECTERKE T2 7.

MtDNA F kY O— L b EGFREBDOY -V TV
AT

KoK R EE [ o Ay M B 2 e R i B 2 5 1)
LTy = Agefrolc. 754~ —
+ v b (L$lfll 5-TGA CTT GAA RAA CCA YCG
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W, 94°C-60F), 53°C-60F), 72°C—120F5D 3
EiBEDIEY 4 2 L% 300H, f{%IZ72°C-300F
& L7, PCRIILTR, #DEY % QlAquick PCR
Purification Kit (Qiagenft ) ZHWTHEL,
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Fig. 2. Cobitis biwae, collected from the Nanase River. KPM-NI 009111, male, 70.4 mm SL.

VUL ARIEOHIE LTHW, Y=o
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PEEH b D& HVz. DNAHERY] 055 AH D
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AF263095, AF263097, AF263098) . 175D FF
B iZ13 Kimura (1980) D2 EKET IV 2V, #12
[ DOHESULE A A (NJ) i (Saitou and Nei, 1987)
(& D AT o7z B OEEME DR AN
1000 @ D#EEN K LIZEET—Y AT v 750
(Felsenstein, 1985) 12L& DiT->7:. it &2l
SRAFSENT V7 B MEGA ver. 2.0 (Kumar et al., 2001)
W/

& S
AP KDNKRD L= FTa vEIEAR 12
& 2 TORMBEER Z B L72HR, £ THIE

Bl ge s -4 OIEEEHES b D EFEIC, o
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L 7: (Fig. 2).

HOMERESBSERDOINR 4 TOMEREEAR
(n=6) (22 CitlIH (1936, 1937a) (23D & fig 3k

24

22 | [ ]o

8
g
L HO[C
©
S 20f [ J9]@|@
s [ ] |9]|®@
5 18 f |
N
pd

16 |

18 20 22 24 26

Number of abdominal vertebrae

Fig. 3. Vertebral compositions of Cobitis biwae,
collected from the Oita River system. Numbers of in-
dividuals are shown in circles. Open and shadow areas
respectively indicate the ranges of C. biwae and the

yamato complex sensu Saitoh et al. (2000) reported in

Sawada and Aizawa (1983).

PO K DR E 2 iTo 1R, =T
MEWEILTHY o= P aybEgE S,
fEME - BB JUBEONE EAD
TRACILTED BT 72 11 AER ISV TH X AR S s
%?1“»\%@&1’-‘ BHER O B L O EEDOALE Dfif
lkiro7. FHEERIIRHEHIRE 2 &0 Tit#k
L, EHE - BHEDX 45 (34X EL (1955) (2fE o 72,
Wl—f\)bf’”” 5T AARDEHEE RO
BEHE - EHER DM Fig. 3128 L7z, A EfS
BARH - HIE (1983) DY T FyameYe by
TR avoflitbikTs e~ N aTnfEil
K< L. EHEEDON EILER] - #HiE (1983) (2
EO X, THEDF | HEEFVIFATHEHT LD
biilzd sHHF AW L. RSNAKRD 11
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Fig. 4. Position of dorsal fin origin expressed as the
number of vertebrae in front of the first proximal
pterygiophore (mean*SD). The number of Cobitis
biwae, collected from the Oita River system (a) are
compared with those of C. biwae (b) and the yamato
complex sensu Saitoh et al. (2000) (c) reported in
Sawada and Aizawa (1983). Asterisk indicates signifi-
cantly different from others (P<<0.01, LSD test).

BARIZ B SEHEMEIX 16.6+20.5 (FEH#ERZE) T
Holz. TOEITEH - i (1983) DG Loy
v FJavDfl (164+0.8) ILEHLLTEY, ¥~
M2 Y a vl (154+0.7) L OBICEEED
RO LT (P<0.01, LSDIRSE | Fig. 4).

B8 £ 12FKRIZ OV TR EBIREAR D 5 H
MmMEREEELHELEHER, £ oM
15.0-159umT & - 7= . Z @ fli {Z Sezaki and
Kobayasi (1978) @ # & L 7 2f% K & [ o {i
(10.54-12.63um) Tix & <, 4fF K £ H o i
(14.84-16.03 um) DFPAANIZdH ) 2 T4REEK L HIE
i,

mtONA @ PCR-RFLP #5#7 & 12 ff{RiIZ2 v
TN ETo 7R, 3EHEOHRERIIBNT
ETHE—OYKRZRL, HEIZHwY< by
YNV av ERRLLYMAEIZIR L7 (Fig. 5). L
72 T, NEEREERAT E AR & B RO E AT
RETdH o 7RI (n=1) & MEBEE (n=4) b >
< N3y LfAE SN HEEA & 7 U mtDNA % b
DI EMNER I N

mMtDNAF by O — L b ELFEED Y -V T
VAT Kitagawa et al. (2003) (& E &b SR
£ L7227 FY a7 OmtDNA DI EEH A S8
MztEL, ThOAPHRHE - THHA - SH03
WiRETH L CBENLEET TR I L, F
7oA 35 & OSTUE o0 i PG AT )1 2 rru O 2T
CHMLTOBARBERENADPHHARD 7L — T
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qs;\\&%\ S SV AW A o o
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Cobitis biwae from the Oita River system

Fig. 5. Electrophoretic patterns of mtDNA NDI re-
gion of Cobitis biwae, collected from the Oita River
system, digested with Haelll. Asterisk indicates the
yamato complex sensu Saitoh et al. (2000) from the
Chikugo River system, Fukuoka Prefecture. Both sides
in this gel are DNA size markers (100 bp ladders).

HEENLBIENFTMREORVERKHTH L =
ERRLT. ABIFRIZE DB LN RAIIIKRE
Y= NYa v AtEEROEERY| T — ¥ % Kitagawa
etal. (2003) DT — ¥+ v PN ZABHE & S
L7c#ER, KONKRED < NP a7 4fE ki
D AEREN 2 5 A B ARME I E TN/ (Fig.
6).
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SEBELNIKFINKRD L < FY 3 7 EOH
oy b, HEEEIZOWTIIEEIEERE E O
KPS = R ay C biwae TH5HEFRETET.
¥/, WEPOIIEELERENHETH KK
AEARCHEMEARIZBNTY, B - BHEROERK
BIUOHBEOMELHELZHELL mDNAD
PCR-RFLP 73 #if e 4 & MEfEA & FARIZ> < K
TaThbEMESINS, FoMmEkY 4 X5H
2mtDNAD Y — 7 T AGHO#FENS, Ko
KB S5 NEERDIERMN B L CTUE O BT AN
WREEIIE ML TwDE < KV a v afE
KEMEMENDLDTH A I LHTRIE SN,

[Ly FF—=%7 v o BBW] (KoEAFR
BEERAEIREREEGE, 2001) T, AWfECTHEL:
KONMKRRIZWEY = = R a9 /m L Tw
LEREINTVA, LAL, RIFFEOFKREITA
KEDI2 KT aupvy<hivlavk LTk
FEINTVBIHEEERL TS, IHIZBIT
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Orthrias barbatulus

Interspecific relationships of Cobitis biwae based on the cytochrome b sequence (748 bp). Neighbor-join-

ing (NJ) tree was constructed based on sequence divergence by Kimura (1980). OUT of the Nanase R. enclosed by
square is analyzed in this study. Asterisks indicate individuals from the tetraploid populations. Bootstrap probabili-
ties (%) with 1000 replications are shown for each cluster. Locality and group names correspond to those in Kita-

gawa et al. (2003).

A5 N avonsfizonCiiBEIZibH
(1937b) 3 & UF Okada and Ikeda (1939) A EEH:ER
BHEBORIRIZESOTKDINKRIIBITE <
FyavopgHfrt@mEL T, LaL,
Kimizuka and Kobayasi (1983) 25K5 1AK% D H15F
TR % I SE LT H AR O TR & AR 2 D
WTHBIELY~ M7 NV awbFEE L TLUE,
JUMIZIZ = P awdinfi LT nk DRE
DHEDLCFITANLGN TS (Hl4, 2000; &
%, 2001). KHFFEOFERIZME (1937b) DL %
i?—r L, Kimizuka and Kobayasi (1983) D[l %

BT25DTH5.
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VR NY a4 RIEIEAN B L UEO#EEMN
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£ LRI 2 R TEORAIE LT MR T
HAHEFW SN TS (Kimizuka and Kobayasi,
1983). £ 7: Kitagawa et al. (2003) O mtDNA 7 — ¥
i, IO I~ NV a 74P B (54

FRURELD) B LBEOD RIS AT > 722 &R
LTWh., ThobnZ e lh), HankEDi

RIZ & B I EREA Y < N a v afE ko gii
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FIIH (1995) 13K BT 5T N H#L 5 D)
NoEERR A HEN L, RAENIEEEBLZ KNS
WIS ZDORKRICEEFN T EH#MELTWS
(Fig. 1). ZOX) il omEERER 4 ZEB T 5L,
AN - TUE DT PR AT INIER L TWB Y
< FYa v AR KSINARRICHERSAR LT
TLEBMLL RV, INSPERGTHIUL,
COMIKIZBITHBBHOMT ERE ML
BEZERIIND 9 5. 4%, KSNLEBEIIN
DWTHFEMAEMNELITHILENH 5.
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ZIAG/Z, SZISREL CTECHEFLP L BT 5.

5l B X @k

HEHTE. 1981, HiEHH 2 518 507 Cobitis taenia.
BHHFMEEE, 28 187-192.

Asahida, T., T. Kobayashi, K. Saitoh and 1. Nakayama. 1996.
Tissue preservation and total DNA extraction from fish
stored at ambient temprerature using buffers containing
high concentration of urea. Fish. Sci., 62: 727-730.

Felsenstein, J. 1985. Confidence limits on phylogenies: An
approach using the bootstrap. Evolution, 39: 783-791.

MAMEE. 2000, F¥avE. RHER (), pp.
272-277. HAREMEMRFE—EBORE, H2M.
BRFEHME, HHR.

R & 1978, IOBICBUIE T FYavREIzon
T. WRIRA, 4:110-114.

WHER]. 1936, ARE FF v 7R EE0OM Y L
H5HIC®T L FF X7 Misgurnus anguillicaudatus
(Cantor) & &= N % 7 288 Cobitis biwae Jordan and
Snyder, Cobitis taenia striata, subsp. nov. B F ik,
48: 983-994.

WHER. 1937a. HAERE FF v 7 Cobitidae BN
B 205 EOELE (). Cobitis taenia japonica
Schlegel I2FET. W2EMEzE, 49:4-8.

IR, 1937b. FUfRNIKE (FRERELY DK OAHIC
RoONDRKERGEOBMIZK T, EYWHME 35

(60): 108—118.

HURPEE - Ul & - KEBF - Mb—2Z. 1995, H
KOFEH LR, ORAOBEKR4, BKEE, HH.
248 pp.

Kimizuka, Y. and H. Kobayasi. 1983. Geographic distribu-
tions of karyological races of Cobitis biwae (Cobitididae).
Japan. J. Ichthyol., 30: 308-312.

BFEFHE. 2001, > FT a7, JIIMEhiEE - KEE
= - MEHE (), pp. 392-393. HAODWKE, &
3. Il EEEH, WL

Kimura, M. 1980. A simple method for estimating evolution-
ary rates of base substitutions through comparative studies
of nucleotide sequences. J. Mol. Evol., 16: 111-120.

Kitagawa, T., M. Watanabe, T. Kobayashi, M. Yoshioka, M.
Kashiwagi and T. Okazaki. 2001. Two genetically diver-
gent groups in the Japanese spined loach, Cobitis taka-
tsuensis, and their phylogenetic relationships among
Japanese Cobitis inferred from mitochondrial DNA analy-
ses. Zool. Sci., 18: 249-259.

Kitagawa, T., M. Watanabe, E. Kitagawa, M. Yoshioka, M.
Kashiwagi and T. Okazaki. 2003. Phylogeography and the
maternal origin of the tetraploid form of the Japanese
spined loach, Cobitis biwae, revealed by mitochondrial
DNA analysis. Ichthyol. Res., 50: 318-325.

Kumar, S., K. Tamura, 1. B. Jakobsen and M. Nei. 2001.
MEGA2: Molecular evolutionary genetics analysis soft-
ware. Bioinformatics, 17: 1244—1245.

REE(UR. 1955, BHOTE MR AGEE, ®
. 789 pp.

Okada, Y. and H. lkeda. 1939. A revision of the Japanese
striped loaches, referred to the genus Cobitis. Sci. Rep.
Tokyo Bunrika Daigaku, Sec. B, 4 (69): 89-104.

Ry B AEGREREGHRER. 2001, Ly F7—9%
T I BBOI—RFPEOEHDBEND D LA
W—. ROBBRREFHHESHEEDEMNS,
K5E. 507 pp.

Palumbi, S. R., A. Martin, S. Romano, W. O. McMillan, L.
Stice and G. Grabowski. 1991. The simple fool’s guide to
PCR, ver. 2. University of Hawaii, Honolulu. 45 pp.

Perdices, A. and 1. Doadrio. 2001. The molecular systematics
and biogeography of the European cobitids based on mito-
chondrial DNA sequences. Mol. Phylogenet. Evol., 19:
468-478.

Saitoh, K., T. Kobayashi, R. Ueshima and K. Numachi. 2000.
Analyses of mitochondrial and satellite DNAs on spined
loaches of the genus Cobitis from Japan have revealed re-
lationships among populations of three diploid-tetraploid
complexes. Folia Zool., 49(Suppl. 1): 9-16.

Saitou, N. and M. Nei. 1987. The neighbor-joining method: a
new method for reconstructing phylogenetic trees. Mol.
Bol. Evol., 4: 406-425.

CEFHEME - ANEME. 1983, Y FJPavoFHIIDON
T. BEFMRE, 30:318-323.

Sezaki, K. and H. Kobayasi. 1978. Comparison of erythro-
cytic size between diploid and tetraploid in spinous loach,
Cobitis biwae. Bull. Japan. Soc. Sci. Fish., 44: 851-854.



