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Twenty-four hybrid individuals between Oncorhynchus ma-

sou and Salvelinus leucomaenis were collected from 14 sites
in three river systems in Gifu Prefecture, Japan. Hybrids were
confirmed by body color patterns and polymerase chain reaction
(PCR) detection for three loci of species-specific insertions of
short interspersed repetitive elements (SINE), a codominant
marker of nuclear DNA. Maternal lineages of hybrids were
determined using the PCR-RFLP method for partial sequences
of mitochondrial control region. These results indicated that 23
individuals were F, hybrid (all three SINE loci were heterozy-
gotes), while one individual was F, or backcross progeny (two
loci were heterozygotes and one locus was homozygote of S.
leucomaenis alleles). The maternal lineages of almost hybrids
(22 of 24 individuals) were S. leucomaenis type, and only two
hybrids (one F, and one putative F,) were O. masou type.

7 5 ABE Oncorhynchus masou (Brevoort, 1856) & A
Y7 J Salvelinus leucomaenis (Pallas, 1814) (& HASDIEFHICE
B 3Kk rBaThH o, 7 I<AHD S bt
BB IUNE THARRHZ LIRS 2T 5 5 DY
XA (Y75 A) O. m. masou (Brevoort, 1856), 5]
VLA DR X A NN RIS Md %2 & D
7xd (WF<RA) 0. m. ishikawae Jordan and McGregor,
1925 L ENTW5S (R, 2018). 7S AREE AT F
BHETHSH, ZOMENENOWIITRONS LI
1920 sER SHIENTE O (g, 1977), TNETICE

S OFEFIMBHEENTVS (B, 1963; Honma, 1974 5 A
R, 1978 ; Autl, 1978 i, 1978 5 LA, 1978 5 H&iMf,
1982 ; f/jk, 1982 ; BHIEA, 1982 LJH, 1998; Sato et al.,
2008; - )5, 20125 BUERS U & BMUKEER G2 > 2 —,
2014 5 [ HE A, 2015 5 ek - )1, 2021). TNETO
e ClE, 2 RET S ERNE LT, ERINEMGELE S
NTWEWEDD, T RAOBE) Z 159 %) 15
WikEY 2 E, NANREELDERI S N 255020 (L
A, 1978 5 {2k, 1982 BEIE /», 1982 L Ji, 1998 ; [l
FHE M, 2015). Y7 I AREE AT F ORI AR D
FENE L ENDICARTHZ LINTED Uik,
1977 ; B, 1982 ; BIE A, 1982 [Adt, 2017), =3MEl
R OEHIDO KW 2 E®T 5 L EZBNS. KT, Bl
TANDOREADRKENE ENEZRFEANDEEIRKENEE
Z b5 (Wirtz, 1999 ; /NBY « Fleming, 2004). Z D7z,
IKFEB RO HEAEIE B DR BRI BV T, MO
JERMRORERL K URMZRET 5 ENEETHS.
UL, LElSefrifsio 5 bidin FifihsiiE nizo
&, HRURB, IZRIR, REIROZ 1S B X OISR 2
Mg, FSHIAICREINTWVS (Sato et al, 2008 5 HET
HEL X BMWKERSGEY Z—, 2014 ; [HHED, 2015;
Freit - 1, 2021, [Al—HEIC B THEED A ERE
INTVIELTE, BEEORHEDLEE | EOHMIC
Ko THEUCEFEEDIEAD RN D 5. Z D78, s
O FFTaEZ ERINICHETT 2 72dicid, £ < OIS Tl
I UT M2 T 2 C EMNEE LV, Z T TARIZET
&, BRIBNOZHOWITRES NI 7 I AR L A
T F OMRICDONWT, BIGTMNTIC X 2 RERHIRIZ1T0,
MDAk MRt LTz,

M EAE

HEitE BRIEORFIKSR, ERIKSE, wd)llk
ROV I IRARE AT FIMNERET B 14 HiT (St A-N)
(Fig. 1) ZHBWT, TL7 b7 1y ¥y — (LR247,
Smith-Root 1) ZHAWTHEI NICliFEOMIEE E 2 5N
HAEA (i) DY > TSIV EINE L. BERIEDY 7
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Fig. 1. Sampling sites of hybrid individuals between Oncorhynchus masou and Salvelinus leucomaenis. Each letter of the alphabet
indicates the name of a sampling site. Purple, Kiso River system; orange, Nagara River system; and light blue, Jinzu River system.
This map was created using QGIS 3.26. The administrative areas dataset and the jsland water dataset were obtained from
digital national land information.

TRARHTOVTE, HAMBUMOARISY A, KA HY, Ma EONBNEEZENETTHS (EmED,
DIKRICT I AWMET B L ENSH (i, 2017), A 2017). ZT T, AMKTE 7LV AZKRIETIC
WL CIEmIHOKRE R E L. £z, HARHOK v, T73d /YA 8 L& T 7 I AR & &
RO TIE, Y XOERHC Y~ IORREN 5. AT HCBELTY, KRB =yay AT+

Table 1. Samples of hybrid individuals between Oncorhynchus masou and Salvelinus leucomaenis collected from 14 sites of three riv-
er systems in Gifu Prefecture, Japan.

ID. Date Site mtDNA Folk length (mm) Wet weight (g) River system
1 2011/9/13 A S. leucomaenis 89 7.0 Jinzu
2 2011/9/13 A S. leucomaenis 95 9.2 Jinzu
3 2011/9/13 A S. leucomaenis 90 8.6 Jinzu
4 2011/9/14 A S. leucomaenis 94 8.5 Jinzu
5 2011/9/14 A S. leucomaenis 88 7.0 Jinzu
6 2011/9/15 A S. leucomaenis 77 4.5 Jinzu
7 2012/6/3 B S. leucomaenis 165 60.6 Kiso
8 2012/8/2 A S. leucomaenis 136 26.8 Jinzu
9 2012/8/23 C S. leucomaenis 111 14.1 Kiso
10 2012/8/28 D S. leucomaenis 80 5.4 Kiso
11 2012/9/12 E S. leucomaenis — — Kiso
12 2012/9/12 E S. leucomaenis — — Kiso
13 2012/9/12 E S. leucomaenis — — Kiso
14 2012/11/15 F S. leucomaenis 129 22.7 Jinzu
15 2012/11/19 G S. leucomaenis 102 — Jinzu
16 2012/11/19 G O. masou 143 — Jinzu
17 2021/2/21 H 0. masou 149 354 Nagara
18 2021/5/25 1 S. leucomaenis 42 0.7 Kiso
19 2021/6/10 J S. leucomaenis 61 2.3 Kiso
20 2021/6/14 K S. leucomaenis 120 20.0 Kiso
21 2021/6/14 K S. leucomaenis 182 65.6 Kiso
22 2021/10/20 L S. leucomaenis 89 7.0 Nagara
23 2021/11/1 M S. leucomaenis 162 46.0 Kiso
24 2022/9/25 N S. leucomaenis 118 — Nagara
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F ig. 2. Photographs of (A) Oncorhynchus masou, 98 mm folk
length, (B) hybrid between Salvelinus leucomaenis female X
O. masou male, 182 mm folk length, and (C) S. leucomaenis,
123 mm folk length. All photographs were taken in Gifu Pre-
fecture, Japan. Dorsal surface of the hybrid with a peculiar
worm-eaten pattern.

Salvelinus leucomaenis pluvius (Hilgendorf, 1876) & Y < ~ 1
JJ S. I japonicus Oshima, 1961 DR L TW5H, KT
EmRAf b Tz T & RO X BN EET B 2 Huls A 2
=& (A, 2017), ARETREBETIC T1T7)) &%
EERER

MIEDHIR ATRBICKOIEH LY T /<A
AT FOMOIEFIICITREE O HREBWVIRBHRRA TN 5
TENHMBENTED (ARES, 1991 ; ZHBEIE A, 2000), H
RECTREINEMRICE O TLRBOKMD NS T
ENERETNTWVS GEH, 1963 BJiZh, 19825 /i
i, 1977; Honma, 1974 ; AR, 1978 ; 75k, 1978 ; (LA,
1978 5 ARHH, 1982 ; {/cfE, 1982 ; LJ&, 1998 ; [HHiEhH,
2015 5 H% - )0, 2021 5 ARWESE, Fig.2). 2O b
TEBOBERUCIED E D & 5 O —JCH] R 72 B TH e
Uiz, JefE &1 U7z ki, FA-100 (DS 77— 7 =
SOUNVARE) 2 W T L 7%, REEEX 7z 1dEiED—
2R U Tz, BRELL 72 Y > TVI& 99% 2 J — )b
THREFEL. &¥B, ML HRIE N e ffifkic DnWT
HEZ RIS, £REE U TARIZMERED £ S5 D ich b 5
FHHITHGR Uz,

BEBORAUCHE D W THERE & & 2 &5 Nl fidkid, m
HiEh (2015) IZHt> THDNA OB —H—TH
% SINE (% 85 5 AE [ 12 Bl 71
elements) OFERFEI I A% PCR T LT, MfETH
5T MR LTz,

DNA filiH 1%, DNeasy Blood & Tissue Kit (&7 4 >/ %)
ZRAWTITWY, 73/ VYA AT FZ#RHITE% 3 M
$0D SINE 315 7M. (Hpa-461, 423, 445) O PCR Z{7-7=.

short interspersed repetitive

FRE T FEDEIER 75 A4 < —+ v & Murata et al. (1996)
WX > TE&RFFENEE D%V, OneTaq Quick-Load 2X
Master Mix with Standard Buffer (=2 —+A > 75> KN A
F 5 R4 ZfH LT 94°C 30 ORI DL MEF%, 94°C 30
), 55°C 1747, 68°C 1 D&Y A 7 )L7% 35 [E#EDIKL,
68°C 5 M DmABREZT1T > Tz, WEIEEYIEF LIS >
T TAE X 7 7 —ZHWT 2% 7 H 0 — A CEL kN,
SYBR™ Green I Nucleic Acid Gel Stain (% #5351 F 1)
R, TIXIVAATTlRE Uiz,
d“ﬁB(J)B&fﬂ? & SINE OB An T80 5 HEfE & IR Nz
Y7L, PCR-RFLPEICE -T2 I FU 7 DNA
(mtDNA) OFRKZHIF LIz, o4 —+1 v M L15927-
Thr (5’- AGA GCG TCG GTC TTG TAA KCC G-3") (Miya and
Nishida, 2000) & H16484-CR (5’-GAG CCA AAT GCM AGG
AAT ARW TCA-3") (Inoue et al., 2005) Z{#if] L C mtDNA O
AR B U 72, PCR (& SINE & fn 1 &[RRI T o
feo 7RO/ YR AL AT F DO mDNA ZH[]1T % 728
ORIEREZEE, HED (2015) THRE E NIH LR
([E PR A S 7 — & N — Z INSDC %5 §% % 5 LC043132-
LC043135) IZHDNT, Wifdi THR& 2 Yl 2— g
5N % Afa 1GEHKECH GTAC: 2 51T 34 A0 Z{EH L 7z.
TP, ERIBSHTRELZ7 D /<A 50 flke A
7 22 itk VT, Wik mtDNA A Afa 1 &k > THI
MITESC e HanciEil Uz, HIBBBEROKIGE, (T8
D71k VITHES TITY, SINE BEFRE & RIS B
VKB LT o Tk, TV ZIVA AT TR L TRiER L
7z.

#w =R

AW TIE, RENDKR, BRIKSR, #ud) kRO
A 14 T (St A-N) D5, B ORI EDIE 7~ T/
YIALATFTOMFEEEZ 5N % 24 fiifk (ID. 1-24) ®
Y > TV EINEE LTz (Table 1, Fig. 1). 5 OfE{AKIC
DT, 3D SINE A1/ (Hpa-461,423,445) DT
NTIBOTNANT BHEADOBE 2R Uiz D 23 flilfk
(ID. 1-15,17-24) TH -1z T D 23 fl{kDE}HR% PCR-
RFLP {72 O CHIAT U 7eA55, 22 flilfA (ID. 1-15, 18-24)

O mtDNA 14 7 F ik, 1fi{k (ID.17) x7~d,/%v
RAHNRTH -7z, O D 1k (ID. 16) OESIKFIH:

&, 3 FEFEHO SINE s 7D 5 5 Hpa-423 & 445137 <
d/ V< ATV e AT FET ) )VDONTOEE, Hpa-
461 1EA T F T VIVOREE G DN — 22k LTz (Fig.
3). TOfEKD mtDNA 37~ O,/ v~ Xk L HHIEh
7z (Fig. 4).

EERROMRENRIEE NIzDIE, St A (7 filA), St
E GfiEK), st GBXUK (F2fEk) O4HiHTHD,
Z O 10 HifA TS 1 EERDERE S N, HEBOMME
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Fig. 3. Agarose gel electrophoresis patterns of PCR amplified
orthologous loci of (A) Hpa-461, (B) Hpa-423, and (C) Hpa-
445. Hpa-461, Hpa-423, and Hpa-445 are short interspersed
repetitive elements (SINEs) with insertions in Oncorhynchus
and without insertions in Salvelinus (Murata et al., 1996). All
samples of individuals suspected to be hybrids between O.
masou and S. leucomaenis, except for ID. 16, showing het-
erozygous genotypes with and without SINE insertions at the
three loci.

MEEENT-4HEDS B, SLA EBLUOKIZTRTD
AR DORRANA T F L HBIE NIA, St. G OO R R
UGN TF, &5 1R~/ v~ A L HFIE
nr.

ZE =B

ROAEYE T~d /YA AT FOBRIMERD
RERHIRNZ AT AT 80 5 B, 3 Hl 4 i TldRER
A T F (Sato et al,, 2008 ; HEUERE U & SEMOKIERS
YR —, 2014 HkE - )il 2020, 1B 1 TR
ROBTA /YA THo (aHEh, 2015). LAL,
INSOFFITIX, ZNFNOWRICHENT | HipiEzid
DEOH B OREN XM ZF R INTED, H4L
DHFEFNC I ZHERIE 1 [0 F 72138 n OB FLRER

M1 2 3 41617 | s jeucomaenis
ID. O.masou

Fig. 4. Agarose gel electrophoresis patterns of PCR-RFLP. mtD-
NA fragment lengths of ID. 16 and 17 matched those of On-
corhynchus masou. The mtDNA fragment of the other hybrid
individuals matched with that of Salvelinus leucomaenis.

ORI TENCHR T ZR[EMEN D 5. —75, AW CHEIR
TR U7 MERRIE, St A EBXUK THEL LD
#110al, St.GT2[E, ZDMo 10 Mg TH 1 [0 OZGETT
NSRS B 728, Din L& 15 15 ORI & UL
ETEREEZONDS., ZN5DHEORRHIFIORER,
Wi & 13 A (St. A-G, I-N) OEGHETENC HIsk 3 5 3
i, AUFHExT7~d/ Y AMOHABTDLETED
TeEZBND. TNHDOT EMND, ARICETBIRE
R X CfriigRic B8 2 thofIicsWT, 7~d /v
SAEAT T OFEMAEDOZ IE, 1T FHEHEEES>T
WA EAVRENTL.
HEOBRHIAI7FICRE>TVWRER MEORRN
AT FImBPERNE LT, XRDIDDFEHNEZBNS.
(D) AT FMEx 7T/ Y= RAEOMRED T H A D H
BOIRBERDEE T > ) Y J IO B ECE, ) 7
XA/ VAL ATFOMTHE U SEMITENCE T %R
ffi - LEOHABDEIED XD, 1 TFMEx 7~
O/ < AEOHERED J7 M Z DWDMAEDE K D & 458
BNEWDICHEORERICIH O DT, 3) AT T
x 7/ YR AMEOMA G DR ORMBITEND, ZOWD
HAEDELIDEZEL, HHEORRICHD WECK.
(D ITB L Td, N TARRL 21T - T 28k > (2000) 13,
Y AMEx A TFREE AT F Ml < ¥ AERFRTE S
REM R 2 RIS b Nah > T LTV, Eiz, [\
EAh (2015) 1373/ V< AME < AT SO T
WTEREL TV B A, B TOMREDOHIHNIIREID A T F
R x 7= I/ AEOMR OB L FALIT 2 T &I
HOXToTW05. INbHDZ eh b, WMHMOHAED
BIC K> THE DB HE IC IR 2 T L ld R nEeEEAD
N3, HHOBEIHD < —XHFD RO D I B
Ao TATHEMEIEV. () ICBL T, ALRRZIT- 7
Suzuki and Fukuda (1971) OSEERFERICH D 17 HIHE TO
AR EERT DL, AT x50 T AR 42.6%
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THZDITHL, Y 7T~ AR < 7 F X 20.6% T
H%. TR, MEOERRDOECHREROR D I
LlzrlRetEnd 5. 3) Bl T, chETicry~d/
YA L AT F ORFE T ORI TE) 2 E RIICHE LTz
FHNE 7RO ARE(1982), 5 (1998) 3 K T ajHiE A (2015)
W&, WREO AL D 2N HMED T IMEIC 8 S AT hE
P25 CTWBM, BT ORI FE 0D 720 B R O Bid
BATENOMERRIZIT > TRV, Ll > T, ERRR DR
TENC B B - REOHAGDEICR D W d 2 TG
NHY, 5%, BHNHAEICKXDERDRETHS. £,
i@t (3) DEFEMOEMBITENC I % RHE - KD
BOEORIE, WKt () OMFEDETRRD 2 & HEh
T, MADHEL TSRS H 5.

F RfEDRRME M 24 (81D 5 B 23 fi{kId 3 FkD
SINE 5 FHET R THNTOHEGTH D, F ML EZ
BNz, LA L, #d@)lI/KRO St. G O#MEfE ID. 16 T,
3 fBHO SINE BT FED 5 B Hpa-423 & 445 [3N\T %
BGTHD, Hpadol TEATFHRTVILOKRERES &HIH]
SNt Flz, MEID. 16 O mDNA 7~ O /v~ X
REHpENZTzD, ID. 167 ~d /v Al x AT F
MO TH U2 F, mtDNAWR T I,/ Y~ X) MEHLA
Tl & R L T TROAEEEN D B, chE Ty ~vd /S
VAL AT F OMFEIEIEROFEENE L  EOTed A
RTHBEENTWA (hnik, 1977; 5G§, 1982;BiE D,
1982 ; [, 2017), fiE R T T < DDA D
FHENTW3B (Suzuki and Fukuda, 1973). 7~ d&FVU 4
F (VY=< b AT F ORUBEARE) OMERE 15 (H{KICDNT
5DODBIETIEDA 7Y T T4 k7ZiiX7z Sato et al.
(2008) Tix, 13MAKIEF, LHEE I NH, 2fikiIE2D
DBETETTIRFEDOT VI)VHRIF TN 728 F, LA
[ CHBAREMNREENTNS. DT ENDD, K5
JE T F, ORERR URHENE: U T W el fEENE 2 5
N5. TOHA, FHORELHBEEDO NS hHhE DR
LRMIC K> TE 3 DOBIEFIET N THANT aHE O
W E TR S 720, AWIFETF, Ml & e U 7R B0E
WAHEEOAEENEE HB. LA L, F,RRELUMZ RS
T BEETRHOMAIZ ID.16 O 1 EAORTH O, fhicE
D XS B G PR OMKIIIEE S Nixho Tz, F 3
DN FRZIRTHERINE DN EEZEZBNS. Lizhi>
T, 7)d/ YA AT FOEBHIC K ZEIE RS
RBEEHEELDLN B RN EEZ BN DD, —)
T, FEAELRROF MENECZ T EIIRMEICE ST
Ik OB LIRS, 5%, HMEHORMITEIC BT %
B - KEOHAGDLEZHOEMNCT 20ENHZ M, K
e OFERTIE, MMOREIZA T F B2 olzicd, 1
KA TFOLEREADY < I,/ V< ADRRIE, A7 FH#H
HREEANDE D E R RIE TR D 5.

&

I BB K FERFFEFTIC I Y > TV B L L T a2 & %
Ufc. 7z, SOARVEEHIC, HOHBIRG, KEARK, $AR
SRR BHOREICH I LT ilZE X Uz, il -
TR )3 - S B - AR L - B R - sl 1 D23
RGO 2IIZIREZTT S ETBIVEI bWz
EF L. ZTUT, Iehthy HEZROANHEREB I UE
B R D@ ARFER I I AR U CHEY) Al S 2 THE X
L7z, TTICREUTHERICES LR L FTRd.

51 Rk

R FEh. 2018, U &, pp. 140-141. HEAER G /INARR DX Z.
HASARE. /AR, st

AR, 1991, AT () &7~ () RITOMMICHSHN
FoIEHEM, AEALAAIRH. KPERSSE, 39: 77-82. URL

JEHEEZ. 1963, JLHEEFEOMER “ AT X 7 ITDWT. JuifiEsiK
PERRALIGI TS, 18: 41-43.

Honma, Y. 1974. A specimen of a possible hybrid between Oncorhynchus
masou and Salvelinus leucomaenis from the Ohkura-gawa River, Sado
Island. Annual report of the Sado Marine Biological Station, Niigata
University, 4: 1-3.

ARIFIE. 1978, (EEOLZDD L DA T FHAFE, WKA, 4
139-146.

Inoue, J. G., M. Miya, B. Venkatesh and M. Nishida. 2005. The mitochon-
drial genome of Indonesian coelacanth Latimeria menadoensis (Sarcop-
terygii: Coelacanthiformes) and divergence time estimation between the
two coelacanths. Gene, 349: 227-235. URL

FHBE A - 51 o 2021, (EEBRABEIIDKRD SR ENA T F
&7 AR, TR EEIAZEIRE, 31:43-48. URL

IngEsEE]. 1977, ZEE)I LR CERIE S NIz Y 7 RO B SRR,
FUEPPMERE, 23:225-232. URL

FEOORAE - FEEPT. 2012, FROHHE T RSO TREH) | SCRIEIC B B
SO, s ERIRLR) BRI AT STy, 57: 1-10. URL

deva @ R E - IUARRE - HTRE - RHERK. 2017, 9
T AURDRIRIC BT B9y 3 RIS K B RURIIHEL. AAK
FESFZ3EE, doi: 10.2331/suisan.16-00082 (May 2017), 83: 400-402 (May
2017).

/NBIAAT « LA, Fleming, 2004, 552 %52 Sl 5 R 7o R ik A
DiESL, pp. 71-106. HIDER () U7« Y ADLERE Lk
XAk, #E.

Al B 1978, AT F &Y ADERIME. GOk, 4:154-157.

Miya, M. and M. Nishida. 2000. Use of mitogenomic information in te-
leostean molecular phylogenetics: A tree-based exploration under the
maximum-parsimony optimality criterion. Molecular Phylogenetics and
Evolution, 17: 437-455. URL

MFHEE. 2017, Y HY 78, pp. 124-125, 128131, [fHEE ()
UGG AU DS, I TR & A T 77 R R, I

FFEE « TFF 2 - PERIRE - RIEE - =WEd - % i
JOBHE— - EARHERL. 2015, IEFLIMERE) RIS BT B 4T T
&7 dAOZHER DI RES K BRSPS, 62
149-156. URL

Murata, S., N. Takasaki, M. Saitoh, H. Tachida and N. Okada. 1996. Details
of retropositional genome dynamics that provide a rationale for a generic

division: The distinct branching of all the pacific salmon and trout (On-
corhynchus) from the atlantic salmon and trout (Sa/mo). Genetics, 142:
915-926. URL

B, 1982, UOKRDO T < d 4T F O HIRHERIC OV T.
BOKFIEH] Y= X - 7 dREE, 172-174.

FEG. 1978, AT F LV AOMR L BbN 2 k. Bokf, 4
102.

FifE—Z. 1982, YA LA TFDHELRLMICDONT. BokEHEH
YA 7 dRHE, 167-172.

Ichthy 27 12022 | 49


https://www.jstage.jst.go.jp/article/aquaculturesci1953/39/1/39_1_77/_pdf/-char/ja
http://www.fish-evol.org/images/Inoue_etal_2005.pdf
https://museum.bunmori.tokushima.jp/kiyo/2021/%E4%BA%95%E8%97%A4%E3%83%BB%E5%8F%A4%E5%B7%9D2021.pdf
https://www.jstage.jst.go.jp/article/jji1950/23/4/23_4_225/_pdf/-char/en
https://www.fish.rd.pref.gifu.lg.jp/kenkyu-houkoku/pdf-51-60/57-001.pdf
https://www.sciencedirect.com/science/article/pii/S105579030090839X
https://www.jstage.jst.go.jp/article/jji/62/2/62_62-149/_pdf/-char/ja
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1207028/pdf/ge1423915.pdf

Taguchi et al. — Maternal identification of salmonid hybrids

Sato, T., K. Watanabe, M. Arizono, S. Mori, M. Nagoshi and Y. Harada.
2008. Intergeneric hybridization between sympatric Kirikuchi char and
red-spotted masu salmon in a small Japanese mountain stream. North
American Journal of Fisheries Management, 28: 547-556.

B K7 - R 58 1982, Y RIS 2 R IED
REHERE. JKPEFHE, 7:31-33.

JEMEEE L « kA - REIARL 2000, 179 &Y< AD— ML
1T & Bk KPERE, 29: 69-80. URL

Suzuki, R. and Y. Fukuda. 1971. Survival potential of F, hybrids among sal-
monid fishes. Bulletin of Freshwater Fisheries Research Laboratory, 21:
69-83.

Suzuki, R. and Y. Fukuda. 1973. Sexual maturity of F, hybrids among Sal-
monid fishes. Bulletin of Freshwater Fisheries Research Laboratory, 23:
57-74.

HREE LU X BMWKFERG Y 2 —. 2014, ZE)[7Z2XD 15, H
HIEE U & BMOKERAEE Y 2 —F—LX—Y w2y 2—{fiD
ZPE]IMED . URL (16 Nov. 2022)

LA 1998, FEJI| « FEk% A L BTz v A & A4 T ) O
FICDOWT. RE LRI AW, 5:10-15. URL

Wirtz, P. 1999. Mother species-father species: unidirectional hybridization in
animal with female choice. Animal Behaviour, 58: 1-12.

ARG, 1978, HhliD & Rz RHEf O, Wk, 4:150-154.

Ichthy 27 12022 | 50


http://suisan-ikushu.jp/archives/FGBS_029dl.pdf
https://www.ifarc.metro.tokyo.lg.jp/archive/22,17636,44.html
https://nagajo-junior-college.repo.nii.ac.jp/?action=pages_view_main&active_action=repository_view_main_item_detail&item_id=21&item_no=1&page_id=13&block_id=17

