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To determine whether the population of Lefua echigonia

collected from Oshu City, Iwate Prefecture, northern Honshu,
Japan, represents a native population, we analyzed its morpho-
logical and genetic characteristics and compared them with
those of nearby populations. Analysis of partial mitochondrial
cytochrome b gene sequences revealed that the Oshu population,
together with the population collected from Takizawa City in the
same prefecture, forms a monophyletic group and constitutes a
small lineage within the Tohoku population, previously recog-
nized by its genetic and geographic cohesiveness. The Oshu and
Takizawa populations were also confirmed to represent a lineage
genetically differentiated from populations in adjacent areas. In
addition, a trend-level morphological differentiation between
these two populations and other populations within the Tohoku
population was suggested. Based on these results, the Oshu pop-
ulation was determined to be native and should be prioritized for
conservation efforts.

R " R 37 Lefua echigonia Jordan and Richardson, 1907
&, BEHERE 5-7 em FEE D HAREA OBIKEFHT, #H
VL 5 SR o HAHER A | & 5 TR 5 ZE IR DK
FERATNINC A9 2 (RS - AL, 2017 5 fliZR, 2025).
AL, SBIEMCE S NS 7 USSR GRILEM, (L
e, JbREfR, JEBISERN, mBIRURN], AGEEM,
UTESEEN]) WIS N TWS (Sakai et al., 2003; Mihara et al.,

FL e BORIES - 0 Y- JRIEER T - A2ILSERE

2005; Aiki et al., 2009; Miyazaki et al., 2011, 2018). Affi(Z 3=
WCIRHISORIR, BEEAKES, 7oia EIcERL, mnm
o BiE 2 sy (R - NI, 2017 5 ffiey, 2025),
NS DEREIIAROFE 2209 L, AL SRS
ERHTHELTWD (B - e, 2015). iz, 3
OMEFIEARLINARFEDIRN 75 & DR, Akt
TEAED AL TED, BREERL Y KU X b Tl
fEH IBBIGEEIN TS (B - Aie, 2015 5 BREEA,
2020).

AFRICBNT, RN RYavulERDHET 200G
MIEDL HRE Uasholz, HM (1957) A TIRICIE
ARSI LIRNET B —)5T, /Ml (1957) 1FETFIRE
POKFEHBREE L O, TORCAEEZDTNSH, =
{1 & 752 2 FREERLERSOAEARIT R - TR, 7z, Okada
(1960) Tl&, Hih - 8828 (1917) & Okada and Ikeda (1938)
Oz, AFROIENNCAEN 24T 2 & LTz
M, HH-RER (1917) TR, Okada and Ikeda (1938)
TIEBIREBIR, EERICTAENHRI N E
WELTHBL, AFEIMLGRELIZEDTIEERY. Z0
%, B2, W (1963) TIREIAREO % [RHRLIEE
OAMLTPUE] &L [TDH B, AMO—EPUEICD
WTIE, THLKR MY RV a7 Lefua torrentis Hosoya, Ito
and Miyazaki, 2018 DEFRI TN TV 5. LUFOEH (1984,
2001) T& [AIKE ; Hosoya et al. (2018) 18], ¥ (1984)
Tl MEARE, PEHTFERZER AN K OCPUE ), 5
H (2001) ICHBWTE [EAREL -7 a2 B < AN,
PUEEER) & &N, il (1994) Tid TRKHIR -5 F IR LR,
FlILRETOARM -« + 1 &, HIE (1995,2000,2013) T
& [ERIRZER R~ =8HIE - pURT - SR &
LTHD, SFRICEARENEARDT 2 LR TE S5
WEZ>TVBEDNEZ. L L, TORFETIE, FEE
ICEFRTHEINAFOEARIKINTE ST, R
IR NS e, HFRRL Y FU X b TlEAREZ
AT S & U TW0iah o Fo Ca T IRA TR BRIRER H SR LR,
2001 ; FrNiEA, 2015). TOX 5 RRROH, TNIED
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(2015) 12T, AFRERA TAED (2015) Tl
MEXRTLLTVBED, MIRTAELWY D 7TH (2025 £
I O AREIMRES NS RGN X5, C
NHEFEMADI > FY 7 DNA (mtDNA) @ D-loop
KO YERFES 2 PE L, BHFOAREORS & g L
ez A, HIEHICEENEZNTaxA T2EGL, Zh
SONTURA TIFTNE THEEE N TRV E DR
EETHTENHLME Tl (TNIED, 2015). TN
Eh (2015) I FHIRTCHEERE NizR b B 3 DEARE
DERIADOEEN R L DD, AANBHICHKT %
ATREME S FERR T & I 7e o, ARMEARBEOHBRIG A L LTz,
ZT 0%, TN (2025) 1T, wIRMICA, BMNTTEAR
MRS NI PG IND L LB, FERTOMEAk
BIHMBONT O XA T2 HT 5T b AR E R
TNtz —75, BINTHOMERHC OV T, BRI R R
HEFRIHELDD, BANMEHENTNS (T,
2025).

BfE, ATFRTEAADO LB, MR & HEMTio 2
MDA NSKR ST R auh#REINTEh, i<
& BRI AR T 2 AR IS BRI R R I DN T
kAR LTHRD b TV BiA, 2024 5 1T,
2025). LA L, BMNHICAERT 2 EARHICE T 25675
THHRISMRIARIHTH 5. FYNTHOMEREED RN 72 ]
Wid B 7z0IE, ARMEARBEOBEIREZ ST itz i H
EHPLMCT ZRENDH S, ZT T, AWIZETIE, HINTH
DR FY a3 7IicDOWT, TBRENRZEL, ZOF
L OMEARE L LT 5 & &8I, TNHDEAD
mtDNA D k70— L b (cyt b) EIEFREEKZ S LT,
MHAARBEDTERMEIC DV Ttk 5.

MR EBE
EFEBNTIC T 2024457 H 22 HE 2025456 H 4 H
WKHEEINE R N Ry auzfiGlfae Uiz, £z, g
MEE LT, GFRmEIRT, SR, R, (pRicT
PAE U TARAZ - Te. ARIHZE CIRMEHARERE DB S
AFEDPREH 2R Uiy, 2024 I ERE S Nz S MH
HIZDWTIE, EDHETR ) —)VKIBRICTHEEL, %
OB DI LTz, ZFOMOEAIZ DOV T,
HRORIEEZYID D , 99% T % J — )UIC TIRTE LT1%IC,
falkz RV KBRS CTIEE Uiz, RIL= Y VIKIAIR
I THEE ENTZBIRIZ, ZDRICT IV I—)VIKIERIC THR
FEN, NS OEARZEHL - FHION G E Ule. AWt
WA, RSN YRR AR BEA  (TKPM-P)
ELTEREINTVS. &8, 2024 FICTRESI NI 5
KicoOWTE, Lok iso, RN HOmEZ I L 7=
DHTH-Tz7z8, TKPM-P & LTEEL TWiRL.
REAS O 3 ME & LAY D 5T 151D W T Hubbs and

Lagler (2004) I, HHEF OFHEUTIEIC DWW T (1983)
12, BHNGEIC DU Tid Hubbs and Lagler (2004) & Kottelat
(1990) IcZNZE N> Tz FHEL - FHNDBKITIE, AHRSE A
MBI 2L, 720/ F AT 0.1 mm AL E TEE
WL 7z, SRR EIC DWW, EAZY A7 =2 T )—
TRNCR LTI U, i50E, BliE RiEOERE
HHEFICOVTIE, MXMEHEZRT LTt 1
#EfKE (standard length) (& SL & ZKFI L7z,

AT REMNTIC TERE S NI O BN Z
HEMICT BT, TIN5 DA (TKPM-P 27530 : 10
i) &, SFRERTD»SHREINTEAR (TKPM-P
27531 1 1K), EHRIRIC THREE S NTAEAHE (TKPM-P
27540-27542 1 G 24 ff{K) ZXRIC, FHEUEB X T, SL
H B VFBHEICHT ZEHIEOEE (Table 1) 12DV,
Bonferroni D52 T P %2 ffi IE U 7z Mann-Whitney U &
EIC KD ZEE 278 o7z, HEHENTICIE, R software
ver. 4.5.0 (R Core Team, 2025) % JH\ 7z

mtDNA cyt b D 79 #r i&, & F IR BN i TR 2%k
ENTEEA Q0247 H 22 HICHRE S N5 i1k
& TKPM-P 27530), &, FH S WA FRERT, &
WO, PR, WERICTRELLEAZ S E L
7z (Table 2). DNA Ol IHIC DWW TIE, 9% T X%/ —
WA R EE N Mo GO MiE» S, 77>
#1: © DNeasy Blood & Tissue Kit % fl L\ T{77% o 7z. PCR
Wi U7z 79 A4 < — &, Forward (loach_cytb_F1): 5'-
CAGTGACTTGAAGAACCACCG-3' (fi 5 1E A, 2021) &
Reverse (H15915): 5'- CTCCGATCTTCGGATTACAAGAC-3'
(Xiao et al., 2001) T&H %. PCR Ko DR EY A 7 )V,
94°C 10 B DINEAZ T8 > Tet%, 94°C 158, 55°C 157,
72°C 2 5y DIRFEY A 7 )7 30 [FFE DKL, 94°C T 5 5H4
DIRRMEZRITR > /2. PCREMIZZ v EY « V=it
@ Isospin PCR Product Z L THEBIL 7214, <7y o >
Dy Ry GHEHER) ICEFEL, WHEBSZRE L. 875
NSRRI ERRESERCS 7 — 2 X— X (INSDC) 1Z¥f
BrL 7z,

BENTHRRSNS, INSDCITEERE N TV 5 BRI
EBRCWBRED R N R a7 ORd%| (AB080142,
ABO80155, AB080156) &, S & LCFHAHLARFT R
Y a v (AB080IS3) BEXU LYK M7 RV g7 Lefua
nikkonis (Jordan and Fowler, 1903) (AB100919) D417 A0 %,
MEGA X (Kumar et al., 2018) I NJi&K & 11 C\>% CLUSTAL
W (Thompson et al., 1994) % F\CHEEEIS| O £ ¥4 7
150, NTazxALTRAFI L. NTazA THOR
MBIFRIE, MEGA X 7% H W\ CHRBES G5 I THEE L Tz,
IR G2 s Rk (NTRD OHEEICIE, Kimura
2-parameter model 2 V>, &+ v 7Id Complete-Deletion &
LTt L7z, BRDOLZRRICOVWTIET— AT
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T (1,000 [B]) I &Ko Tm U7z, BMHB K Tkl
I (AB080142, AB080155, AB080156 # & 1s) MHE56 N
TR R Ry auon7Ta A FI2DWT, PopART 1.7.1
(Leigh and Bryant, 2015) 7 F\»C minimum spanning network
IR LTz, Rz, FHH S DERE LT AR DA Z R RIC

Ito et al. — Lefua echigonia in Oshu City, Iwate Prefecture

Table 1. Counts and measurements of Lefua echigonia in this study.

(AB080142, AB080155, AB080156 |Z DU T I FREEH A D#E
JEREERDAHTH > 72728, SR L),
KD 7 ) —E 7 D8I, SAMOVA ver. 1.0 (Dupanloup
et al., 2002) % U T Spatial Analysis of Molecular Variance
(SAMOVA) #1775 7. SAMOVA I3 /7 3V —¥ K=2 /»

TKPM-P 27530

TKPM-P 27531

TKPM-P 2754027542

Oshu, Iwate Takizawa, Iwate Miyagi
n=10 n=11 n=24
Standard length (mm) 38.9-54.4 30.2-53.3 44.7-68.6
Counts
Simple dorsal-fin rays 34 3-4 3-4
Branched dorsal-fin rays 5-6 6 5-6
Simple anal-fin rays 3-4 3-4 3-4
Branched anal-fin rays 5-6 5 5
Pectoral-fin rays 11-12 10-12 10-12
Simple pelvic-fin rays 1 1 1
Branched pelvic-fin rays 5 5 5
Caudal-fin rays 13-15 13-15 13-16
Total vertebrae 37-39 38-39 36-39
Abdorminal vertebrae 20-22 20-21 19-21
Caudal vertebrae 17-18 17-19 16-19
Measurements range mean+SD range mean+SD range mean+SD
% of standard length
Lateral head length 21.9-23.8 23.1+0.6 21.4-24.5 22.9+0.9 20.2-22.3 21.5+0.6
Head depth (at posterior of supraoccipital) 11.0-12.4 11.7+£0.4 10.9-12.6 12.0+0.5 10.0-11.8 11.0+0.5
Maximum head width 13.9-15.8 15.2+0.6 14.4-16.6 15.5+0.6 14.2-17.4 15.2+0.7
Body depth 12.9-15.2 14.0+0.7 12.4-15.5 14.4+0.9 12.5-15.0 13.6+0.6
Body width (in front of dorsal-fin) 8.0-9.7 8.9+0.5 8.0-9.6 8.9+0.5 8.3-10.2 9.1+0.5
Depth of caudal peduncle 10.2-11.6 10.8+0.4 10.4-12.1 11.3+0.5 10.4-12.5 11.4+0.6
Length of caudal peduncle 14.8-17.3 15.8+0.9 14.2-15.7 15.1+0.6 14.0-18.6 16.5+1.0
Pre-dorsal-fin length 61.9-65.1 63.2+1.0 62.2-66.7 63.7+1.2 61.2-65.7  63.5+1.3
Pre-anal-fin length 75.7-78.2 77.0+0.8 76.0-80.4 78.5+1.1 74.1-79.2  76.3%1.3
Pre-anus length 71.4-75.0 73.8+1.1 72.3-75.0 74.0+0.8 70.4-75.7  73.2%1.2
Height of dorsal-fin 6.4-8.6 7.7£0.7 5.9-16.3 9.0+£2.6 6.4-9.9 7.8+0.9
Length of dorsal-fin base 7.2-8.3 7.9+£0.4 7.2-9.6 8.3+£0.7 7.4-9.2 8.4+0.5
Height of anal-fin 10.7-12.8 11.9+0.6 7.7-14.6 12.3+1.8 9.3-15 12.0£1.5
Length of anal-fin base 6.0-8.1 7.1+0.7 6.9-8.0 7.5+0.4 6.6-9.3 7.6+0.6
% of head length
Snout length 42.3-53.3 48.7£3.7 41.2-52.0 47.0+£3.0 454-61.8  52.1+4.1
Orbit diameter 19.3-24.1 21.6+1.5 17.4-21.8 19.4+1.6 15.6-22.3 18.7+1.8
Interorbital width 49.8-60.0 55.7+3.4 50.4-66.5 59.7+5.1 56.4-74.4  66.3+4.8

Table 2. Sampling locations, accession numbers, mitochondrial haplotypes, and number of individuals of Lefua echigonia in this

study.
Location Accession number Haplotype ID n  Reference
Mogami-gawa river system, Higashine, Yamagata LC909294 Hap 1 3 This study
Akaishi-gawa river system, Nikaho, Akita LC909295 Hap 2 1 This study
Akaishi-gawa river system, Nikaho, Akita LC909296 Hap 3 1 This study
Fujishima, Yamagata AB080142 Hap 3 1 Saka et al. (2003)
Kitakami-gawa river system, Takizawa, [wate LC909297 Hap 4 8  This study
Kitakami-gawa river system, Oshu, Iwate LC909298 Hap 5 15 This study
Natori-gawa river system, Shibata, Miyagi LC909299 Hap 6 3 This study
Natori-gawa river system, Shibata, Miyagi LC909300 Hap 7 3 This study
Sunaoshi-kawa river system, Miyagi, Miyagi LC909301 Hap 8 1 This study
Sunaoshi-kawa river system, Miyagi, Miyagi LC909302 Hap 9 5 This study
Kitakami-gawa river system, Osaki, Miyagi LC909303 Hap 10 8  This study
Yamamoto, Miyagi AB080156 Hap 11 1 Saka et al. (2003)
Sendai, Miyagi AB080155 Hap 12 1 Saka et al. (2003)
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Fig. 1. Fresh specimen of Lefua echigonia from the Kitakami-gawa river system, Oshu City, Iwate Prefecture, northern Honshu, Japan
(TKPM-P 27530, 48.8 mm SL).

5 K=6 F T1775\>, Number of initial conditions % 100 & L,
simulated annealing % 10,000 [@]3Z{T L7z, NI XA T 3w
7 —27 B XU SAMOVA OFERM 5, E IR A — T,
ERURALE, AR, ORI, (ORI PEES — R R A
LZNETNRESNIAEARTNT O R A THEED T )V—
TRIEKT 2EMDHEREE NI/ RS, Arlequin
ver. 3.5.2.2 (Excoffier and Lischer, 2010) % T 7 )L— 7]
(AB080142, AB080155, AB080156 & &d5) TDI T/
#r (AMOVA) %177 -7z. &5IC, MEGA X IC TV )b—
T X CHM T & FEIRTTOMEARER D p-distance 7 FH
LTz.

Lefua echigonia Jordan and Richardson, 1907
KéTFY3av
(Figs. 1, 2; Table 1)

PEZA TKPM-P 27530, 10 ffl {4, 38.9-54.4 mm SL, &
FRBUNT, Jb BJIKSR, 202546 H 14 H, T-Hd.

FoE RSO - AHIEZ Table 1 IR U7z, A1
FIfERIC, ARERTE AR & AN MR L, AR
b9 %. AR SRS T T % 0oMic b

U, ZO%, K& ZFITLRD, RBIEETIGET 5.
PRHE RIS TSN B R IEEST & TRl & 1ZIZ T TH
. MFEERAE OO FFICAiEd 5. MIEHED, 5 H
Z M. INE L, #ilshi T, s AR O &
DEFTTTHS. OBEEDHLNT, EEOIEFICYINGA
HF7EL, PEOERICYINIAANS S, NIOC (inner
rostral barbel), #4103 (outer rostral barbel), 21O
(maxillary barbel) MZNZFNLEL 1B, NEOUTIE
BHIHETEZ & FHRmzb I MOEZ, SO0
EHROHLAHEIGEL, EHOO TERIRO®Y 2D h
ICZ 5. fismfLEeBEafLIEBEN, RisfLIEHR & Wpth oo
M mfhEicfiiE U, ZEfLIEIROERORRE S ICiE S
5. AiESfLIZEIRT, ZOMRmEOFIRICHET . Bl
EROD B e MRRICIZF—IVAD D, FHgDOF—IVIdREEH
JEDORRHTFMBIECED, RBEICHEHIL, TaOF—IV
SEHERERIMERZRN DI XD, BEICERT 5. B
BRI T 5. iz r< . HiE L BEORREB XU
fig, BEO MHIZM. EHEREEIEYG & © & REEREIC
<, MREERCEROHERR L K D &0 AIET 5. ALM
S EHEEIE RIS T B.

AR AR, BRI AVR K, SR, (I,
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Fig. 2. Diagrams of cephalic sensory system of Lefiia echigonia from the Kitakami-gawa river system, Oshu City, Iwate Prefecture,
northern Honshu, Japan (TKPM-P 27530, 48.8 mm SL). Lateral (left), dorsal (center), and ventral (right) views. Gray dots indicate

superficial neuromasts.

s Hap 8
ss' Hap 9
Hap 11
* Hap 12
100 Hap 6
“"Hap 7
z — Hap 10
100 Hap 4
100 Hap 5
% Hap 1
Hap 2
100 L{ Hap 3
“I' Hap 3 (AB080142)
Lefua torrentis (AB080183)
i Lefua nikkonis (AB100919)

Fig. 3. A neighbor-joining tree based on genetic distances estimated using partial mitochondrial cytochrome b gene sequences (1,026
bp) of Lefua echigonia and two outgroups. Numbers at nodes indicate bootstrap values based on 1,000 replicates. Haplotype IDs
correspond to those in Table 2. Scale bar indicates 0.02 sequence divergence under Kimura-2-parameter model.

RN OPFEES B RAEMEDKED SR E NS (Fig. 2).

fhe TS & ERERES, RANEROMI B L U IOt
FE DD - T RET, S E SR, RO D
FICHROD DS TEABETH %, IROER T SW)EHIC
TN 1 ADHECORMAN D 2. WEpE i1 /7 D
IRREIRICHE D D B . PR & AR T T 35 & T
I, g G R ISR R EET 5. KiE
DIESRIEPPH DD D, AHHERT P2 A 2. g
DFENE I B AL Tl E D - T2 HEH] T Z Ot E
B, REE L E OB T EY]. OB
FERAHE TR T Z OB EAEN. RIEOfERI L
AL TR BN D, BTICmh S I ONABER L
5%.

FZREEEER DUNMIC THRE I NTaA L, HIMRICT
FRESNTHEARRE (TKPM-P 27540-27542) ORICIE, 98
£ (P<0.001), FHgm (P=0.004), FBAEE (P=0.011), &g
HIEE (P=0.049), HE£: (P<0.001), WHERIMS (P<0.001),
T HEBIRISEEL (P=0.035) ICTHEAMHREEINZ. X
To, BUNTHORAL, WIRTTOEADMTE, ALMEiE
(P=0.008) CHREE (P=0.024) ICCTHEENMEZR I NI
IR ORA L, BEIIROEARORIC &, B (P<0.001),
g (P<0.001), A (P=0.014), JB#E (P<0.001), &
fERTE (P<0.001), WE (P=0.004), WIERIRE (P=0.005)
ICTHEAMERE N,

BGRB8 K OB B 15 5 Nz 48
RDR R R 3 70 mtDNA cyt b fiidls 1,026 bp OFH[H 7%
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Central-Southern Miyagi Group

Hap 11

)

Hapk

Northern Miyagi Group

Iwate Group

(10 samples)

1 sample

. Yamagata (Higashine)
O Akita

Hap 5 . Yamagata (Fujishima)
@ Iwate (Takizawa)

@ iwate (Oshu)

@ Miyagi (Shibata)

@ Miyagi (Miyagi)

. Miyagi (Osaki)

. Miyagi (Yamamoto)
O Miyagi (Sendai)

Eastern Yamagata Group i

Wy y,, | VVESTETN Yamagata-Akita Group

Fig. 4. A minimum spanning network for haplotypes of Lefua
echigonia based on partial mitochondrial cytochrome b gene
sequences (1,026 bp). Pie charts indicate relative frequencies
of haplotypes, with chart size proportional to number of indi-
viduals. The number of lines between nodes represents num-
ber of nucleotide substitutions. Haplotype IDs correspond to
those in Table 2.

HELROY 2P USSR, 10 figHO N T T 2 1 T HVH]H
N7z (AB080155, AB080156 & s & 12 fifHD/ N7 T X
A 7" Table 2). BN OMEIAREE, 15 AT XTHET
NnN7axA47 (Hap5) Thoie.

INT TR A TR ORJMHAEE DRGE, BN DA
ALNTeNTTO R AT (Hap 5) &, FIRTOMEAKREICH

SNFNT TR AT (Hap 4) LY TV F AR —%
WL (F—FA RSy 7l 100%), TOYT 7T AR—
EEBIRD S TEBOEEEICADNINTa x4 T
(Hap 6-12) S22 T T VT AZ—bHIc—DDI TR
Z—ZI Uz (77— A RNZw 7l 97% ; Fig. 3). /N
TaRA Ty FT—7 T, EERA -, R
&, AT, LIRS, (LIRS — AR TN T e X
A TIEIR 2 T IV—T 2T 2 DR E Nz (Fig.
4).

SAMOVA IC X% 7 )V—E VT T, 7IV—T4 6 (K=6)
T Fet R ARAE (93.85%, P=0.0909) L7xb, I )—
TS5 (K=5) TFet R EUME(93.59%, P=0.0127) Z 7R L 7z,
Fet TNV —TE 6 IR TRKEL, DOMEINCHET
HBTEND, TIV—TES G — i, BRI,
ATFR, REEEE, LR PR —RREHIR) AVEY &
ENTz. ThB S5 T )IV—1T5F T AMOVA 21175 - 7z
LT A, BRUEED 93.59% W ) —TRINCAFEL, &
IV— T NOAARETIE 5.89%, EARENTIX 0.51% TH-
7z (Table 3). 5 7' )L— T D p-distance DFEH(E + FEHE(F
FEUE, EYRIR R —FEER vs. BRI ALES 1 0.010 £ 0.001, &
BRUR P — RIS vs. ILBIREREER © 0.053 +0.001, SR p—
FAES vs. (IR PEER —RRHIUR 1 0.109 + 0.001, EHEEH—
AR vs. 5 T 10.040 £ 0.001, EIRIEHS vs. [LTZIR AR :
0.053 £ 0.000, EIRUEALES vs. (LIFEILPEEE— R  0.105
+0.001, FIRACED vs. AT 1 0.043 £ 0.000, (LI
B vs. LT IRPEES— R ©0.104 £ 0.001, [LFEUREES vs.
AHFIR10.050 +0.000, (LB PEE— BRI vs. 5F-1£:0.109
+0.002 Tho7z. BN & FINTHOMKEER D p-distance
l&, 0.003+0.000 TH- 7.

Z =

AT RY 3 7IEHAER OAKCR TERREELME, K
THRMIOKR TR ETRUMICHARS L (7S, 20135
S - Wi, 2017), 5 TR TR & BN T O HH
SREEENTWVS (BiK, 20245 71N, 2025). A FIR
ICBEFZ 9 % s 513, AR R 7 3 SR R
JESEM, RS, JERERED MBS NTHED (Sakai et
al., 2003; Mihara et al., 2005; Aiki et al., 2009; Miyazaki et al.,
2011, 2018), ZARFFZEIC K2 NI R 5 E, b OHisEE
MRS Nz (Fig. 3). BN SRR S e AR D N
TazA T, R SEREE NIiMAONT O R AT

Table 3. Analysis of molecular variance (AMOVA) for cyt b sequences of Lefua echigonia.

Source df. Sum of squares Variance components % of variation Fixation Indices
Among groups 4 726.952 21.5012 93.59 0.9199
Among populations within groups 2 22.486 1.3538 5.89 0.9949
Within populations 41 4.833 0.1179 0.51 0.9359
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CHRMBEZ R L, C OHRMBHI H IR S fEEIRIC
AT B AL Lk BEfR & Ao e, KT, BN
X UOWERMOMEARE CEFRITIV—T) LIRS K
Z—REE, B EWlikBafR & &> 7z (Fig. 3). ARED
mtDNA 0 D-loop FEI D57 MBS (907 bp) x5
ST LITNIE D (2015) THEROBHEMESNTED,
AWFEUITTNE A (2015) DEER U I RMBIRZ S F5 T %
I, BUNT OREARHI IR OMAREL & > & &3k
THsZ WD BN,

NTBaRA T3y NI =T BXUSAMOVAIC K % T
W=V TTE, AWIETHM LR M B2 a w Ofiifk
R, EORIRH — RS, ERAEES, AR, IR IREE,
HERIGE— R D 5 7 )V — T2 5 iz (Fig 4).
AMOVA T, fEABENOBEENMEE LT, chnb
5 7N —T O TERIENMENKZNT ENHLEN RS
7z (Table 3). F7iz, BMTOMAKRNE, FEIRTOMEAKEE
EHITHEFRTIV—T 2L, U&7 — 7B ALEE
T2 EWRA—FH 7N — T BIOEWREILE 7V —7
®, WEENTH 2 (LRRFE Y I)V—7, JREEMTH S
IR — R IR 2L — 7 LGB B b LT3 T
EAVRENTZ.

BN SRESNTZR N Ry avonTazs s
ETERTTOMABHIC A S NN T O R A T L R
e BT L, TNODOMEERENSKSETFIRI IV —T1E
B O EARHER TEH 2D, ThHD7)L—T
LB ELIEMADRK TH S T &b, BMHE
K ORI OMEARHE, G TFROMKREMAEEEEZ BN S.
riED (2015) T, FEIRTTOMREARED KR TH > 7255
B, TN EAEORBEN GEMER D 5 WidaF
LMD & UTHILEERD B #ES 2 M EDIC DWW T D
DORAEEZIRTL T B, AREOHIC 6 RN GRIESE
M, JEREfRl, JCPHSREE, rEP9sERM, RSN,
) 7 HH U7 Mihara et al. (2005) Tl&, E{Z0 - HiB
I & < S NI BRBEDOE E  Z MR & U CHLD
P> TW5B. F7z, Aikietal. (2009) Ti&, 1LTEERAREES
Dix L)IkFR GREFEE O LR Cafid 258, T
WEEF DR F)IDKSR (REPEK D FRED 1cofd 2k
EH TRk E < B b, JERERERIK O & LR
it DI A OBICRI 2 6 5 2 LD, ek
FUTEHEM E Uz, AIFZEICI51F % mtDNA cyt b FEIBK O
IEHERYNCED S RN T, STFRIV—TICE X
N3 WM I K OHEIRTT OMEAREE, SRR 255
WIRH —mER 7 — T B K CEREIRE 7V —TIca g h
ZARARE L HMRRBEZ IR LTz, £z, ATFRI V-7
FAHERICE £ NS Fadd 2 Z)L— 7 LIdEmic b L
TWVB T EMERINIEEDOD, Thb 27N —T LD/’
@ p-distance [“FHE :0.040 (R —REE) —0.043 (&

WURIEERD ] E AU & DR DEIC T e K
TVEEFF ARV, 51T, BB X OHEIRTTOMRKRE
&, BEWIRIGT V=T E E N A AL, BT G5
FIRZIWV—TTiE FRMACERIRILE 7 )V — 7 Tld Tl
) TEHBEDOD, [F—KFk ULE)IIKR) K5 LT
BO, HEMIC K DEEN TS EEE ARV, Tnb
DT D, HAFRIIV—T1F, FIEEMOPO/NER &
UCThiEN T B0z L e Nz, BB K TR
ORI, TNENRSNIZHPRICOAERL, fio
AR SINZL T WS, TS DMREENE DX 51
EDRRZ KT BICE S e DM EH S MY %728,
1%, AT ORI AR OBRR L 5D, LbZ<
DY > T L FRITR AT IED < R A Y 2R B TE D04
HTH5.

BNTI D S RE I NI AR, HILERICEEN S =
PRUR AN & FREE & NI AEAHE (TKPM-P 27540-27542) I LB,
FHERHE, IR REL, BWEYBERRE,
ARREFE AP X/NE < (Table 1), FEEERBRIRIRSEL D 00
TBUWVEANCH B T EWERE NI (Table 4). X 5IC,
IR B ERE T NIAEA (TKPM-P 27531) & &, AL
ELIRROETHEREENRD LN, LHL, ThHOfHE
FOITNEREEBELTED (Tables 1, 4), BIEHEALL
LIRONTVS TS, HRAAER L IZOVZ R, AT
&, &< K THMERRER T OMEMBYSTERER 2 B OIF/EN
REENTOHTHY, 5%, REZE>LT, Tnb
MG 208D S .

AFRICBIZR N RV a oo 2 kR, mtDNA
cyt b FEIE O HEIRASNC IE D < RIRMNTIC T HRIRE
CEFRIN—T) ZIEKL, BEMICD 7 )V—7" &1k
MELIRMTH o7z, £z, WREMICIXMOHEILER &
DN RN SEAI R A R DMEET B [ REED R X N
Toe. ThHDTEND, AFROKR N FY 3 UHEKRE,
HEALIC EE B 72 BV (Evolutionary Significant Unit; Ryder,
1986) ICHIYM L, HERMBEMNRE LTINS RE LH|
Wichz., oI, BINTOMARHC AL NTaNT T XA
T, WEIRTTOMEAREHCHA S NN T TR A T e bIThiC
B> TEHED (p-distance : 0.003 £ 0.000), FLEEMIC &
REEBAHENEND S T2, TS DRI ZTNFINL
ICHEDZ T ENEE LV, AFRRICHMTER T RV g

Table 4. Frequency distribution of simple anal-fin ray counts in
Lefua echigonia.

Simple anal-fin rays

Registration number  Location n 3 4
TKPM-P 27530 Oshu, Iwate 10 1 9
TKPM-P 27531 Takizawa, Iwate 11 4 7
TKPM-P 27540-27542 Miyagi 24 14 10
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&, KRTERATNNC B TARROILRRIC 27 5 EARRE
THO, EYHIENC L EEATD, FREWVRENEX
ns.

A 353

R M R 9 Lefua echigonia: TKPM-P 27224, 3 @A,
27.7-32.8 mm SL, [JBURHMHT, % F)IIZKR, 2021 4F 10
H 22 H ; TKPM-P 27531, 11 {f{{&, 30.2-53.3 mm SL, 7
FEFEIRT, db EI/KSR, 202249 A 24 H ; TKPM-P
27540, 8 ik, 47.5-59.0 mm SL, F IR E AT, W4 117KR,
2022 4F 9 H 24 H ; TKPM-P 27541, 9 {fi {k, 44.7-53.2 mm
SL, B H{IR K, Jb BJIIKFR, 202249 A 24 H ;
TKPM-P 27542, 7 {il{k, 48.9-68.6 mm SL, = I§IRLEHTR,
LUK, 2022 4E 9 H 24 H ; TKPM-P 27543, 2 {li {4,
70.2-73.3 mm SL, FMHEICHIET, SRGJIKR, 2021 4F
10 A 22 H.
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