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Mitochondrial DNA analysis of population structure in odd—year pink salmon (Oncorhynchus gorbuscha) from the
Nemuro Strait, Hokkaido, Japan

MITSURU TORAO™*' and TAKASHI YANAGIMOTO?

"Doto Research Branch, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,
Nakashibetsu, Hokkaido 086—1164, Japan

*National Research Institute of Fisheries Science, Japan Fisheries Research and Education Agency, 2—12—4
Fukuura, Kanazawa, Yokohama, Kanagawa 236—8648, Japan

In this study, we evaluated the genetic structure of the odd—year brood line of pink salmon Oncorhynchus gorbuscha
populations sampled from the eight rivers in the Nemuro Strait, eastern Hokkaido, in 2015. Pink salmon sampled from the
Sashirui, Rausu, Shunkari—kotan, Kunbetsu, Ichani, Shibetsu, Touhoro, and Nishibetsu rivers were examined using the three
mitochondrial DNA (mtDNA) regions (COI, ND35, and D-Loop). We observed no significant genetic differences in the three
mtDNA regions among the pink salmon populations from the eight rivers. However, genetic differences were observed between
the odd— and even—year lineages of the pink salmon populations that returned in 2014. Moreover, when comparing COI and
NDS regions with the previously reported data of the Rusha River facing the Okhotsk Sea in 2008 and 2009, significant
differences were observed only between different lineage groups. These results suggest that the genetic structure of the pink
salmon populations in the Nemuro Strait region have similarities within the even— or odd—year lineages. Moreover, the two—year
life cycle of pink salmon has resulted in the odd— and even—year lineages being genetically isolated in eastern Hokkaido. In
addition, the haplotype and nucleotide diversities indicated greater differentiation within the even—year than within the odd—year

lineage in the Nemuro Strait population.

¥—7—=F I3 Y TDNA, Oncorhynchus gorbuscha, #ERIEE, FHEE

#1597 N < A Oncorhynchus gorbuscha 3, ALK,
N=Y 7MW, Fr—r 7, HERESI BRI
i 5l 36 Oncorhynchus spp. @ 330 0] £ C & %
(Heard, 1991) o # 5 7 b~ A& )1 CHAL - % Lk, B
HICREHEL (K - B, 1966 5 JERE S, 2010), (i
Ty AEEI L7k, Adh—y 7 EEFH L IR
TFEICHELEET S (RARD, 1982), £ 14FEF0iffFF
AR A AR G L, 8~10 AT, FEi
RE W & Otk — vy 7 EOW N - L Z5ES
%o (T TOMMEA2E T LIRS 5720,

BRI, & SRR S A Bl PR s 2542 U B (Heard,
1991), F72, 7 RHEEHIIEIO DI EFNNIR S
TL AW (BoEH) 235> TwbHY (B2 1 Hasler
and Scholz, 1983), # 7 7 b~ AR DAL CEGlE 5 3%
ADEERE WP ADH 5 (Quinn, 1993; Hendry e al.,
2004), dLHEEIZBWTIE, BT 7 b A0 NTIALIR
AR AT ONCTHB Y, EFRITEHB L2 1E4 TR
PR SN TWAD (Nagata et al, 2012), —JiC, BT 7
b~ ZAEFTIEEFAEBRHIREROEESHmNC L OIS
N7 )22dH %5 (Morita et al, 2006; Ohnuki et al, 2015),

WrFE 5 AS41 (20174E1 A 31 HF)
*Tel: 0153—72-6141. Fax: 0153-72-5188.

E—mail: torao—mitsuru@hro.or.jp
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TS MEFEGAHIHIEL 20154298 8, 9, 17 HIZHIN
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Fig.1 Location (open circles) of eight sampling rivers in this
study from the Nemuro Strait and the Rusha River
(Yamada et al., 2012).

DNA#H & PCR

PRI SN NEED—ERF 10 mg 2 YD D BLY , AEEESH: >
A7 2 Quick Gene (Fuji film#l) % V> T4 DNA % it
L7z i SN7/-EDNA Z R L LT, PCREEICLD,
mtDNA @ Cytochromec oxidase subunit I (COI) %HI,
NADH dehydrogenase subunit 5 (ND5) %83, D-Loop 7%
Z G L 720 ND5#HIBH ICND5-F (5~TACCCCAATT
GCCCTGTACG-3’) & ND-R (5’-TAGACTCCCCGATT
GTAAGGC-3’) %, COI%E I8 H |2 COI-F (5-TAAACC
AACCACAAGACATTGGCAC-3’) & COI-R (5’-TAGA
CTTCTGGGTGGCCAAAGAA-3’) %, D-Loop THIsH 12
tRNA-Thr (5°~TCTTGTAATCCGGAAGTCGGA-3’) &
tRNA-Phe (5~AACAGCTTCAGTGTTATGCT-3’) % 77
A4 ~—& L THW (Ward et al,, 2005; Sato et al, 2001),
=< IH A 7 T —IZI1ZABI9700 (Applied Biosystems
) ZM\72c DNAW# 14L, 2.5mM dNTP#E2.54L,
10xBuffer (TaKaRa) 2.5¢L, 50uM®D K75 4 <—0.5uL,
TaKaRa Ex Taq Polymerase 0.125U (2, #mAT25pLI27% 5
I ITHEBHIK Z A PCR FUBAETE & L7ze ®WAI2947C2
CEREEME S, BUZEME94C30R, T =—1 » 7 57C30
B, MERE12C25 %300 4 7 ViTw, #&#£I272CT7
SoMERIE%E LT, PCRRILEITo 72, PCREY % 1.5
%7 #1— A% ) (NuSieve3:l, TaKaRa) TEXIKEL,
IFTVYLTUATA FEMIZE - THIEEYOWHERE L
720

2t/ Y i}

BONLWIRED» S, KEIEDT 74~ — E4507%
% 229 5729, Quick PCR Purification Kit (Qiagen
) A HWTHE Lz, BELMIEE T T > 7L —

& LT, PCRTH w77 J 4 < — kBigDye
TerminatorVer3.1 Cycle sequencing kit % FJ\2C, R340
7a hIVIHE, V=T VAR To 7. T BD-
Loop FHIBIZ DWW TiL, PCR THW 27 F A ¥~ — TR
T =BT VH/ONLEho72DT, FoNlz—HD
YRIERCH) & AR D 71 5 7 b < A D D-Loop fEI D15 AR
(EF455489) %6, #72loy —r Y AMDOT 54~ —
OGCRH (5-GTGGGTAACGGCAATAAGA-3") %ikatL
72o = ¥ ARIJBFEWY % DyeEx 2.0 Spin Kit (Qiagen
#) T F # L, ABIPRISM 3730XL Genetic Analyzer
(Applied Biosystemsft) |2 CEXKE) L CHARY % e
L7z,

T — 2R
15 5 N7-3EFERS % Blast 54T (Altschul ef al, 1990) 12
koT, #9597 F<ADOmDNA DREHEBLTH 0%



N7z, WA A& CLUSTAL W (Thompson et al, 1994)
WZEDT7I4 XY NG &AT - 72, DnaSPVer4.10.9
(Rozas et al, 2003) ZHWTNTO ¥ 4 TO5FEEFT> 720
ZOBZ, IIHS (2012) G LTwAENTOY 4 S
ZHbETHu T, FHzichBE LN Tay 17
BB Z AT 72 W OERN L ME T 5 72
B, RTTA XD Fst3HF (Slatkin, 1995) #17->72 F77,
TBILRYERIEE 2 AMOVA (analysis of molecular variance)
30t (Excoffier ef al, 1992) 12 & WIE) L7z, BIEAYZE
HOWEL LTnNT a4y 4 T4 (Nei, 1987), $E3:%
KEREE (Tajima, 1983), FI3E3EME S (Tajima, 1983) %
K7z, TS DAHTITIE, Arlequin Ver. 3.1 program
(Excoffier and Lischer, 2005) %\ 272, 73, COIHEBE &
NDSHIHOHIIEILE S (2012) DT =5 b G5DbET,
RE L 720

ARIFZETH S NHEERCS T — 7 & 2014 4FE ORIk
RREAIERTHE SN T— % (RRE - IR, 2015),
2008 4E & 20094ED )L ¥ ¥ JI[OFER (LM S, 2010) %4
b T, BBUE & HREERRE BRI =0 H B DR
N7z, 7272 L, D-Loop#HIIZDWTIE, 20144 & 2015
AE DR B MR ML IO TR L7z,

AR TESNIZA T 7 b ADHEEERIZOWT,
S (2012) E&JER - MiA (2015) TEHSI N TV
WL DEDNA T —F N—RIEFHF L7 COIOMMP B X
FTONTUSAT T 7Yy ¥ a s FELC145744—
145755 C, NDSD17h624£TONTOAZ A T2 T 7k
T a YT FLC145756 — 145763 TSk L 72, 72, D-Loop
B DOWTIE, 2015412/ 5 NRIERYIT X T2 T
7% v v a ryFFLC147661-148001 THESEL 726

B R
COI 1%

RSB CTIRES N T 7~ < 243K
DWW, COIFHIE D 486 1L H % Pesg L7 (Table 1),
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Blast S DFEH, DNAT—F NV 7 IZBHEENTWDE T
77 b~ A COIFHEIOIEARLS ] & AR <, BHWO
I OIERBT DG SN2 e h o Tz, HENT
NCOHLIEEH & MEHELZ 551 T AMOVA 5 % 47 - 724
B MR OZERIZ055% £ 20, 0LV AEEICEWEE
BhShholze METEENZVWDDEEZ SN
¥, LT O CIIER o iR i 2% A b 77—
¥ &7z, WINERB 720 5~9foNTa s 4 THH
L7 NT U A TEHEEEEL0.439~0.626, T IEE
#85130.638~0.983, H AL £ 13 0.002~0.013 ThH o 72
(Table 1) NTOY A TOMBHEL LD L, NTa¥
A TAEBDELTEELRS A TTHY, ionTay 17
F1EMCI 2@ LrHER LW F =Ty 4
T THotz (Table 1)o XT T A RXFsrPM 2470 7245 R,
LRI IZZEA 2 h > 72 (Table 2), T 72, AMOVA
DI ERAT - 724558, EHIBOZEROEE130.58% T, 0
IVEBEIIEHNMELE RS R o72 (p<0.01),

Table 1 Haplotype frequencies based on the sequences of
mitochondrial COI region by sampling site.

Sampling sites
SHK KUN ICH  SHI

Haplotype SAS RAU TOH  NIS

A 18 17 7 3 16 15 10 18
B 33 37 35 28 28 35 43 30
C 1 0 0 0 0 1 0 0
D 1 0 2 2 2 4 2 4
F 1 1 1 1 0 0 0 0
M 2 1 1 2 1 2 1 3
N 1 0 0 0 0 0 0 0
(6] 1 0 0 0 0 0 0 0
P 1 1 2 0 1 1 2 0
Q 1 0 0 1 0 0 1 0
R 0 0 0 1 0 0 0 1
S 0 0 0 1 0 0 0 0
T 0 0 1 1 0 0 0 0
U 0 0 0 1 0 0 0 0
\% 0 0 0 0 1 0 0 0
w 0 0 0 0 1 0 0 0
X 0 0 0 0 0 0 0 1
Total 60 57 49 41 50 58 59 57
Parameter
H 9 5 7 9 7 6 5 6
HD 0.601 0.497 0474 0.529 0.593 0.572 0.439 0.626

K 0.866 0.638 0.951 0.983 0.882 0932 0.755 0.930
T 0.002 0.013 0.002 0.002 0.002 0.002 0.002 0.002

Sampling sites: SAS, RAU,SHK, KUN, ICH, SHI, TOH, and NIS indicates rivers Sashirui, Rausu, Shunkari-
kotan, Kunbetsu, Shibetsu, Touhoro, and Nishibetsu. Haplotypes of A-N refered to Yamada et al (2013) and
Torao and Yanagimoto (2015). Haplotypes O-W appeared in this study. Parameter: H, HD, K, and n indicate
number of haplotypes, haplotype diversity, average number of nucleotide differences, and nucleotide diversity,
respectively.

Table 2 Estimates of pairwise differentiation for mitochondrial COI haplotypes in collections of pink salmon from the rivers
of the Nemuro Strait, eastern Hokkaido. Fsr values are shown above diagonal and Fsr p values below diagonal.

Sampling sites

SAS RAU SHK KUN ICH SHI TOH NIS
SAS -0.002 0.021 0.027 -0.016 -0.010 0.035 -0.011
RAU  0.369+0.058 -0.002 0.000 -0.007 -0.004 0.002 0.015
SHK 0.072+0.026 0.279+0.046 -0.020 0.009 0.000 -0.016 0.033
KUN  0.072+0.030 0.360+0.056 0.991+0.003 0.016 0.007 -0.017 0.040
ICH 0.937+0.028 0.423+0.043 0.198+0.038 0.126+0.024 -0.016 0.022 -0.012
SHI 0.649+0.052 0.505+0.043 0.297+0.041 0.261+0.048 0.874+0.027 0.013 -0.008
TOH 0.054+0.031 0.288+0.038 0.829+0.018 0.910+0.029 0.099+0.039 0.171+0.025 0.052
NIS 0.757+0.028 0.126+0.024 0.090+0.030 0.009+0.009 0.721+0.038 0.621+0.031 0.036+0.015

No significant differences were found after applying sequential Bonferroni correction. Sampling sites: SAS, RAU, SHK, KUN, ICH, SHI, TOH, and NIS indicates the rivers Sashirui, Rausu, Shunkari-
kotan, Kunbetsu, Shibetsu, Touhoro, and Nishibetsu, respectively.
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DWW, NDSHHIE D431 AR Y % Pusg L7z (Table3)o
Blast 3T D5 S, DNAT— ¥ NV 7 IZBEENTWA A
77 b Y ADONDS EBOMEIERS L HAESE L, BRY
DEBOIEREENN DGO N2 g ol, H6L7:
TRC OIFERE & MEHEIZ 51 T AMOVA 3 #T 217 - 72
R EMNOZERIZ088% %Y, 0L WEEICKER
ETIE ol 2O ENS, METIIEN VWL D
& LT, ERIMOHEBIIEMEREZ &b R T vz,
WHERB 720, 3~7THONTa 5 4 THRHIL 720 N
7% 4 TEREEIX0.425~0.663 TdH o7z (Table 3)o F
Y ¥ FEE 03 0.435~0.848, Y HE 4 KE 2 13 0.001~0.002
THo7z (Table 3)o NT U A TOHBUHE Y A D &,
NTOIATVE2LDELEELRIATTHY, o
a0y A I3 L2EE LW A F =454 T ThHo
7z (Table3)o X7 7 A X Fa/3Wi %47 o 724GH, 114
B ZED 2 o 72 (Table 4), F 72, AMOVA T %
fFo kR, EHMOEROEEIF132% T, 0LV EE

WCEWVEE 2 5% h o7z (p<0.01),

D-Loop #E 1k

MREHEBIN | CHREE SN2 5 7 b= A 341K
DWW, D-LoopfHIS 7D 431 HE FE L5 % Ph5E L 72, Blast
SR OFER, DNAT— I Ny 7 ICEEENTnwbEH T 7
I~ A ® D-Loop $HISOIEIEALY] & AHFEHED S <, HIYD
MO REETNDPIE O NI e g ol BT
T OIFHEEH) & MEHELZ 531 T AMOVA 34T 247 - 724
B, EHNOERIZ147% &), 0L DEFICKEME
Tl o2 P LMETIIEN VW DL LT, £
1 D B I MEHE % A b8 7285 B % V720 I IT4ER
H720, 3~1HoONTOF 4 THRRR L, NTOy A
T4 REE130.425~0.663 Td > 72 (Table 5)o “FHIEIEE
#155130.435~0.848, 3L £ 13 0.001~0.002 TH > 72

Table 5 Haplotype frequencies based on the sequences of
mitochondrial D—Loop region by sampling site.

Sampling sites

Haplotype SAS RAU SHK KUN ICH SHI TOH NIS

CR15-1 9 9 2 8 14 7 7 8

CR15-2 5 1 2 5 4 7 6 3

Table 3 Haplotype frequencies based on the sequences of CRI53 1 0 0 0 0 0 0 0
: . : : : CR15-4 14 17 6 8 14 25 22 10
mitochondrial ND5 region by sampling site. CRISS 9 10 7 ) ) p 3 )

Sampling sites CR15-6 3 2 0 0 2 4 0 1

Haplotype SAS RAU SHK KUN ICH SHI TOH NIS CR15-7 1 0 0 0 0 0 0 0
1 19 21 12 22 22 17 15 27 CR15-8 3 0 1 1 2 1 0 2

2 34 36 37 25 25 25 40 29 CR15-9 4 0 1 1 2 3 3 0

4 0 0 0 0 0 1 0 0 CR15-10 2 5 1 2 2 1 5 0

14 0 0 0 0 0 2 0 0 CRI15-11 1 0 0 0 0 0 0 0

17 4 2 1 1 2 5 0 3 CR15-12 1 0 0 0 0 0 0 0

18 0 0 1 0 0 0 0 0 CR15-13 1 0 0 0 0 0 0 0

19 0 0 0 0 0 0 1 0 CR15-14 1 2 0 1 2 0 0 2

20 0 0 0 0 0 1 0 0 CR15-15 0 3 0 0 2 0 0 0

21 0 0 0 0 0 1 0 0 CR15-16 0 1 1 0 1 0 0 0
22 0 0 0 0 0 0 0 1 CR15-17 0 0 0 0 0 1 0 0

23 1 0 0 0 0 0 0 0 CR15-18 0 0 0 0 0 1 0 0
24 1 0 0 0 0 0 0 0 CRI5-19 0 1 0 0 0 0 0 0
Total 59 59 51 48 49 52 56 60 Total 55 51 21 28 47 55 56 28

Parameter Parameter

H 5 3 4 3 3 7 3 4 H 2 10 7 710 9 6 6

HD 0.569 0.508 0.426 0.529 0.548 0.663 0.425 0.571
K 0.663 0.533 0.445 0.549 0.585 0.848 0.435 0.637

T 0.002 0.001 0.001 0.001 0.001 0.002 0.001 0.001
Sampling sites: SAS, RAU, SHK, KUN, ICH, SHI, TOH, and NIS indicates the pink salmon populations
from the rivers Sashirui, Rausu, Shunkari-kotan, Kunbetsu, Shibetsu, Touhoro, and Nishibetsu, respectively.
Haplotypes 1-14 reffered to Yamada et al.(2012) and Torao and Yanagimoto(2015). Haplotypes 17-24
appeared in this study. The parameters H, HD, K, and x indicate number of haplotypes, haplotype diversity,
average number of nucleotide differences, and nucleotide diversity, respectively.

HD 0.835 0.818 0.790 0.799 0.794 0.740 0.768 0.738
K 1.604 1.658 1276 1.439 1.630 1274 1251 1.339
b3 0.003 0.003 0.002 0.003 0.003 0.002 0.003 0.002

Sampling sites: SAS, RAU,SHK, KUN, ICH, SHI, TOH, and NIS indicates the rivers Sashirui, Rausu,
Shunkari-kotan, Kunbetsu, Shibetsu, Touhoro, and Nishibetsu, respectively. Haplotypes appeard in this
study. Parameter: H, HD, K, and r indicate number of haplotypes, haplotype diversity, average number
of nucleotide differences, and nucleotide diversity, respectively.

Table 4 Estimates of pairwise differentiation for mitochondrial ND5 haplotypes in the collections of pink salmon from the rivers
of the Nemuro Strait, eastern Hokkaido. Fsr values are shown above diagonal and Fsr p values below diagonal.

Sampling sites

SAS RAU SHK KUN ICH SHI TOH NIS
SAS -0.014 0.013 0.003 -0.003 -0.006 0.007 0.004
RAU 0.95540.020 0.012 0.001 -0.003 0.000 0.002 0.005
SHK 0.063+0.019 0.207+0.031 0.075 0.066 0.043 -0.014 0.076
KUN 0.252+0.056 0.333+0.033 0.045+0.020 -0.020 0.002 0.054 -0.017
ICH 0.414+0.047 0.477+0.049 0.009+0.009 0.991+0.003 -0.004 0.047 -0.018
SHI 0.423+0.051 0.324+0.049 0.027+0.014 0.279+0.044 0.441+0.034 0.037 -0.001
TOH 0.225+0.046 0.216+0.034 0.775+0.024 0.090+0.024 0.072+0.030 0.081+0.032 0.058
NIS 0.243+0.047 0.243+0.024 0.018+0.012 0.892+0.021 0.991+0.003 0.333+0.019 0.045+0.020

No significant differences were observed after applying sequential Bonferroni correction. Sampling sites: SAS, RAU,SHK, KUN, ICH, SHI, TOH, and NIS indicates the rivers Sashirui, Rausu, Shunkari-kotan,
Kunbetsu, Shibetsu, Touhoro, and Nishibetsu, respectively.
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Table 6 Estimates of pairwise differentiation for mitochondrial D—Loop haplotypes in the collections of pink salmon from the
rivers of the Nemuro Strait, eastern Hokkaido. Fsr values are shown above diagonal and Fsr p values below diagonal.

Sampling sites

SAS RAU SHK KUN ICH SHI TOH NIS
SAS -0.008 -0.004 0.024 0.017 -0.007 -0.006 0.037
RAU 0.694+0.053 0.001 0.032 0.014 0.002 0.000 0.039
SHK 0.586+0.060 0.297+0.056 0.102 0.077 0.025 -0.019 0.122
KUN 0.108+0.023  0.063+0.019  0.000+0.000** -0.022 0.033 0.076 -0.023
ICH 0.099+0.032 0.126+0.034 0.027+0.014 0.964+0.014 0.022 0.061 -0.020
SHI 0.721£0.041 0.351+0.037 0.144+0.034 0.036+0.015  0.072+0.026 0.009 0.040
TOH 0.568+0.058 0.369+0.034 0.721+0.038  0.000+0.000* 0.009+0.009 0.225+0.037 0.102
NIS 0.063+0.031 0.0364+0.015 0.009+0.009  0.928+0.027 0.901+0.019 0.054+0.020 0.00040.000**

**indicate significant differences after sequential Bonferroni correction. Sampling sites: SAS, RAU,SHK, KUN, ICH, SHI, TOH, and NIS
indicates Sashirui, Rausu, Shunkari-kotan, Kunbetsu, Shibetsu, Touhoro, and Nishibetsu, respectively.

(Table 5)o NT'B ¥ A TOHBBHE L A5 L, CRI15-,
2, 4, 5, 10OMIHEN GG FERNTOY AL TTHY,
foN7a sy 4 TREM L rER LW~ A F =55 A
T THo72 (Table 5)o T T A X Fse 3T & AT 1245 R,
HAN — L)1, R —FXTE 0, R — 415
D3ERN5% THEEDD - 72705, MOLERBEIZIZAED
o7z (Table 6)o F 72, AMOVA M %17 o 724G 3,
EFBOEEOEAEIZ1.54% T, 0LV EEIIHWEE %
5%tz (p<0.01),

REERET & T HFREFO LR

20144 & 2015 4E 12 FR4E S N7 AR B iA BT 4R,
BIUW T XD 20084F & 2009 FED 442D\ T, COI
FEIZ B L ONND SIS DIE IR & 5 RT T A X Fao 5HT
EATo 2458, WINOMHEBTHEI LD N0,
HRE IR )1 00 2014 4F & 2015 4F, ARZE ML=
D20144- £V ¥ I 20094F, ARZ G ESA) D 2015
LIV ¥ )I120084E, B XU+ 112008 4F & 2009 4E D
4DDMAEDLETH 572 (Table7, 8)o F 7z, HWEiHE
BRSO 2014 4F & 20154E12D W T, D-Loop FEH D
HERHTNC L BT T A X Fa 3 AT o TG, AR
DD BT (p<0.01),

Table 7 Estimates of pairwise differentiation for mitochondrial
COI haplotypes among the year—classes of pink
salmon. Fsr values are shown above diagonal and
Fsr p values below diagonal.

Sampling sites

Z =

2015 A 12\ L 7o AR \Sn = om o A 7 7 P < A
TEAEREEIZ D W T, mtDNA D 3 D DOFEIE O REES %
HAWCHIERB OB E TR 2 AFEER
oS NE, BIEAICIZ 1 DOEM &£ 2 Sz, Wi
W8T B BHEEIZB VT, IR CEiE 74
FERASE LB 720120, W EROE VI X B BRI 7
FedlE<c BE 1 RS & 2 HERRY 7 Bl e &, AETHPREEAS A
AN LETH L, L2L, 777 VAR TE
BHO PR TIEHEN R AL TN LM S (Quinn,
1993; Hendry et al,, 2004), dtKXDH T 7 b~ A TITHE
AR A &) B £ F R CRERIRRAE LT b
(Gharrett et al., 1988; Shaklee ef al., 1991: Hendry et al.,
2004) . ITEOFAETIE, HEEIZBNTHH T 7 MR
DRAEOEB S RET L7y ESNTEY (HBE,
2011 ; JER, 2012), ZMASREMEWS AN BYET 5
EFHM OB R —MEDOER & 7 > TV BIREED S
%o F72, B57 b ADO NI T, SR L
MANOBREREAHE A TN TV DL I L b EE L Tn»
BB AR T 45 F B Tz 7 75 2
WERONED o720, EEICBITAN T 7 M~ AL
TEBY N OFELE R TR 5, &0 s e %
R L CWwaiRERdH 2 (¥ S, 2008, THS, 2010

Table 8 Estimates of pairwise differentiation for mitochondrial
NDS5 haplotypes among the year—classes of pink
salmon. Fsr values are shown above diagonal and
Fsr p values below diagonal.

RU08 RU09 NMS14 NMS15
RUO8 0.487 -0.007 0.446
RU09 0.000+0.000 0.510 -0.001
NMS14  0.811+0.038 0.000+0.000 0.460
NMSI15  0.000£0.000 0.333+0.039  0.000+0.000

The populations RA08, RU09, NMS14, and NMS15 indicate the Rusha River
in 2008, the Rusha River in 2009 (Yamada et al., 2010), the rivers facing the
Nemuro Strait in 2014 (Torao and Yanagimoto 2015), and the rivers facing the
Nemuro Strait in 2015 (In this study), respectively.

Sampling sites

RUO8 RU09 doto14 dotol5
RUO08 0.345 0.002 0.399
RU09 0.000+0.000 0.287 0.002
dotol4  0.189+0.034 0.000+0.000 0.381
dotol5  0.000+£0.000 0.297+0.047 0.000+0.000

The populations RA08, RU09, doto14, and dotol5 indicate the Rusha River in
2008, the Rusha River in 2009 (Yamada et al., 2010), the eastern area of
Hokkaido in 2014 (Torao and Yanagimoto 2015), and the eastern area of
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Ando et al, 2010) , BFEHERDL N E SNLILBED S
77 MY AOENBETHS 2T S 20I121E, HRE
JIDAT N TV BMIRE L 58 FEElO 7 77 < A
EHIZOVWT D, 4EROBRFEPLETH 5,

R MR R NN EE L72h 9 7 b~ 2 DIEHEER
T (20144EMYF) & ABEERTE (20154E01F) OMIZH
LAEREME L2 2 A, ERTERTIERN 528
FHSNTz, F7z, IHHES (2012) D 2008 4F & 200940
VX NDOTF—% % AT, REWERIREIER L
BL72EZ A, FRICHUEE - FBERENTIIAER
EIIFROSNT, e B EMRBERE O TEMLN 2 2EED
RO L NI, WEAE & VB AERRIE R C AR 2 =053
SNBEVHFERIE, kRO Y TOHTT PYATD
%L OEDDH Y (IR, 1991; Aspinwall, 1974; Beacham
et al., 1985; 2012; Olsen et al,, 1998; Hawkins ef al., 2002),
BT T MY ADERBEEE LT HNLbDLEZILN
o — KT, koA T 7 M ATIE, BREREELD
b RN TOREWERMEI R E W E OFEDDH
% (Beacham e al., 2012; Seeb et al, 2014), RZEHEGE
NEROBEAEREE (RE - MK, 2015) & A E4FER
HE CRBFZE) 12812 mtDNADNT O Y A TEHREE L1
ELRE T L ABBERBICB W TE WD A SR,
kAT 7 P AERORBREIRL D, SREIEICD
WTIETF— 725 TIERVwb oo, 120 REMEE LT
1, BREREOHEL T LWL D 5, WEEX
2B BRI ER 2014 4E A5 63,000 B, 20154F &
322,000 CH Y, 7 T EFo2EMTIE, &
RHZE RN E WV & E 2 S NARBEER O BFE R EH
Yladol, £72, MREBXICBTE 7T 7 b~ ADE
I RER D D, B EAERREE TR YRR AT = A
RROLNTEY (BRE - BEAR, 2015; 2016), EZHELEE
PEICEE L TW a2 b e v, 4%, dtiEicsir s
HT T NRADTACTILL v 7)) ¥ 7 e it R
ERBIZWEHEER RIS L DI, T TFYAD
PRI AR R0 ok ARRRE 7 & RE & ORI % & 60 THESE
WD LLEND S,
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Overwinter survival and smolt run of masu salmon stocked in upper old—growth and lower clear—cut reaches of a
river in northern Hokkaido
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In this study, we compared the overwinter survivals of the juvenile masu salmon (Oncorhynchus masou) stocked in the upper
old—growth and lower clear—cut reaches of the Masuhoro River in northern Hokkaido, Japan. Two size groups of the hatchery—
reared masu salmon (mean weights were 13.9 g for the large—sized group and 9.3 g for the small-sized group) were stocked
in the Masuhoro River in October 1998. In the spring of 1999, the numbers of the downward—migrating smolts and resident—type
parr were surveyed for each group, and their overwinter survivals were estimated. The overwinter survivals of the large—sized
groups (19.2% in the upper and 14.1% in the lower reaches) were higher than those of the small-sized groups (9.4% in the
upper and 10.2% in the lower reaches) in both reaches of the river. The average survival rate of the fish stocked in the upper
reach (14.3%) was slightly higher than that of the fish stocked in the lower reach (12.2%). The mean smolt size of the fish
stocked in the lower reach (13.0 cm) was larger than that in the upper reach (12.5 cm). These results indicate that the
instream habitat conditions, such as the abundance of instream cover, affected the overwinter survival of the juvenile masu

salmon, and the canopy conditions affected the growth of smolts in spring.
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7 F = R Oncorhynchus masou ) OFKZFERGIL, X
TEZEOMNNTOWEWIZ L DFID %R (DS, 2002;
Miyakoshi et al,, 2009), BEZFEDMIOAFEIIN X HHlF %
Z W EOBEBNS, F 7T~ AGFHETHO AR 7
FERO—DEEZLNTE (EIL, 1992 ; SHE, 2006).
1990 4EAALIHT 2 AL il N C M S N7 RO TIE, &
MAOREBIMMII~oOEFEDHES N (HILS,
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DEFRENE L, AEVMRL Y bFHAFIA PR,
VbIETE ORI 2 i A& L CHIfES T w
720 LA L, ZFORIESNIZKFRFTOME D F 1T
EEVWLD LI -TELT (FHES, 2006 2008), fit
MHEOHET ETITIEE> TV, Z (1992) 133
BRI ORGSR IED SRS 2 EIC DWW THEL  EE
LTBY, Z20%kd ZOMRTEDOHLIZIITTE LD
FAEIATDIL G, 1994; 1998), HitH 4 X & Ak
OFBRERLIMEREDERINT: (BIES, 1999;
Miyakoshi ef al, 2003), L72> L7245, BB %
BEIZZ < (A, 1998), HUGLImHT OBREL L AR O
7 EIZOWTORENIE T L IIE 2 R0 o72,

RIETIE, 1990 FACIC AL iRE LT DM THEfE S
ToRERIBR A &, AR5 B I & i 2E & A
BEMR SRR S N2 T OIS HGR L 724 7 9 < A G ok
MEOBE), L&FMOERE, BEOXEN O A X
WZoWTE SN REHET 5,

AR EHE

AE AN

PAASA T & A BRI FR & = A BRI L,
H AL O =B 1 0E CTEEIER: 23.6 km,  JUISIHAITE 120
km? O/NEASTICH B (Fig. 1) HEMRII O sl Zimeg
Mz EEROIREITE SN TWABAS, W12 588415 km
OWEF TOTFRIBOTIRIC IR SR AR SN TH
D, AR D 72D EILEARL S D 7 S E A
ThTWb, ZOWINGHEX  ORIERIZIZIET T
FARESNTBY, B D DTHICYFFH (Salix spp.)
PEAELTWLRETSH 5, BBRIOKIERDEFLEE O
MEERE <, THREBTIEEFITE20T 2 B2 52—, 4
FEO12~3 I TZOCEL FTERT T %, DR
B (1996~19994F) 13AF2I13 % <, 1~2 A 1213455
05 m*BE T THAL, 4 ADEOBEIZ XY 4520~30
m® F CHINL 7,

BERINASIR D%  IIREKHIZIRE S N TE Y, i
M7 SN2 X BKEEY OIS AELIE SN TV A,

AERADEE &R

AEHUH oM A1, 2EINCHELEY 2 S
Y AP RE L L, 1997 FERKIC b8 K ER L AE
A3 GRS F - NKIRKIERBRIGER ) T
RSN/ HPES 7 T~ A% 7o SEHRER % kil 7k
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WS SRR, 2011 4EBEYs) ik L, FEfoF L
PORIRE TORK 6 A, RS THE Lz, HE
T LEE» S REBA L 2B, WREERERET S
LWL o THBEDHREE DY A ZIZEWDSTESL LD
fE L7z 19984E9 I3 B~ DR T 1T 5 72
KBTI TEOR LI AL, AT EOR 0
YR L7z, S50, KERE, NUFEZLZROLEIT
RlE EIEDEME I ) A — MUK L, TR0 0¥
WFRIETEORMRE IV A= PV LA, Zhi
L0 RAEE, SnICENRENE 2B, FHABEICRERITE
D& )RR L 7o EERRVESERE I BB L BR V72, 1998
FI10H 1H, o gz dbifEE b o Bme) 1 ~%
L, Rie Tz Tt L7z (Fig 1)o RROBGRYS
FTZIREAR DS ST 5 BRIITOXETH Y, Tt
DR AT S8 S 72 K o i 12 WIFT T
H5b, LB L OTHROHEANORR R IE RN 8,500
B3, &b¥T17,0002, L Tiikil34,000ETHh->72,
Tty O & BRI O R LR & SR E I Table 1D &
BOTHo7 RO RME L IHBEORIEB I
HREOEHEDOAEIIFEETH -7 (BLE t=1681,1F
HIt=1653, BXELAEEVTND df =398, P <0.01),
WD KIRIZ 10~11C Th » 720

BUR 45 B DB D EENIRR
W25 45 B2 L 7219994E11 B 16~18 H, &I
O LR S TFTWRISHTF TITHE T 7 T~ A5 2 3l
L, BRmOBEIRNE TNz, BE OO Lifl~0
T 72 ADHIR S NFz 708, Bumits X 0 & T % dol
(ZEACH S R T 7 (Fig. 1) o AAEMAIEZNZNIER
50mé& L, TiAS ERICHEY > TESME (Model 12,
Smith—Root#l:, Vancouver, WA) % HWCTEHIHZ4T- 720
SR A CoE BREEIE 1 B ORI (Seber and
LeCren, 1967) 12 & D H#EsE L7z,
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P, C,y-Cp
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Fig.1 Locations of the stocking, tagging, and recovery sites of masu salmon in the
Masuhoro River, northern Hokkaido. Circles indicate the sites surveyed for masu
salmon in November 1998 (O), in July 1999 (@), and both in November 1998 and

July 1999 (@).

2[R & LRI 24T - 7oA L 12 BT 5 1 i H Ok
WREEK, CldfiEsj B2 20HORBRERTH 5,
ISR HEE T 5 720D 2[R0 D B LI, £< D
WA SERA S N7z LR O s Tl o 720 SR s
WAL EEYIREEAL (Table 1) % AERE L C, BUmhEx akil
L7=0b, 8L R L7z,

W OFRIFEED D o 721k, FREWSEIZBIT B
7 T ADBEBREE R FHITT 5 720 OBREENE 247 0 72,

7 T AEIIERARRAE D 2, MRz itk
ETHEDE LS 2> TVBBITTHAT A2 Lh s GEE -
b, 1968 5 B, 1988 ; 5K 5, 2000), #&FRATHLL
2B DK = (BIFA, KA, ROz <)
DEAHRHLIE L7z, BMAREOSBEIISHE M HO
REDHEREN T BARPAN—DEFRHETEST I L &
L720 TOFEREDMIIKIRIF1I~3C TH 72,

Table 1 Number, length (cm), and weight (g) of juvenile masu salmon stocked at sites in the upper and lower reaches

of the Masuhoro River on 1 October 1998

Release Size Number of Fork length (cm) Weight (g)
Mark given by fin clipping
site group  fishstocked Mean SD'! Mean SD
Posterior part of dorsal fin
Large 8,500 10.85 0.73 13.92 3.03 and upper lobe of caudal fin
Upper site Anterior part of dorsal fin
(undisturbed reach ) Small 8,500 941 081 018 241 and upper lobe of caudal fin
Total 17,000  10.13 1.05 11.55 3.62
Posterior part of dorsal fin
Large 8,500 10.83 0.66 13.88 2.54 and lower lobe of caudal fin
Lower site Anterior part of dorsal fin
(clear-cut reach) Small 8,500 9.44 110 942 311 and lower lobe of caudal fin
Total 17,000  10.14 1.14 11.65 3.61

! Standard deviation
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5 HagIzid, 25105 km B O —5 1) —
HXAZ1)2—+F v 7 (EG. Solutions 1, Eugene, OR)
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D% 7R E CTHkRE L 72 BRI S 7SR BB YRR
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PHERBELZ50BDAEN FD) b 2AKE TIZ1EDIE
CL, y70B%EII1IBD oy Z22TLRMMNT v T
o OIEHERIZ0.98 (49/50) % Fe U CHORRBE EMiIE
L, ShZzAimESRE L TEARMEEICH W2

(Table 2) o
A E N bEETRIEOHEE |23 Petersen {72 Chapman |2 &
HIEIER (Ricker, 1975) & v 7zo HEEfls & 0V
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it %)

C:.THIFNIYyTFTTORAEN N (AL E
&) AR

R . T b7 v 7 TOEMMAOHEMEHR

Petersen (%12 & A EAEHEZ BV CUE, BT S
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Table 2 Summary statistics of the data from mark—recaptures of the hatchery—origin masu salmon smolts in the Masuhoro

River in 1999

Upper sampling site

Lower sampling site Fork length (cm) '

Release site Size group Nymber of Tag Effective Number of fish Number of Standard
. number of fish tagged fish Mean .
fish tagged  retained recovered deviation
tagged recaptured
Large 456 0.98 447 283 84 12.59 0.68
Upper site Small 147 0.98 144 76 19 12.03 0.76
(undisturbed reach ) ma ’ : :
Total 603 0.98 591 359 103 12.45 0.74
Large 496 0.98 486 238 99 13.17 0.79
L it
owerste Small 228 0.98 223 131 41 12.73 0.76
(clear-cut reach)
Total 724 0.98 710 369 140 13.03 0.81

! Fork length of smolts measured at the lower sampling site
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Fig.2 Relationship between the distance from the river mouth
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Fig.3 Densities of masu salmon in the Masuhoro River from
16—18 November 1998 (45 days after stocking). Cross
marks (X) indicate no fish was captured in the sites.
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Fig.4 Number of the masu salmon smolts captured using a
rotary—screw trap at the recovery site in the Masuhoro
River in 1999

ZEN MEARBS LUOH A X
AENMISA208 25 7R 12 BIZATCTHRFi s
(Fig. 4) o WURHATEVTN L AEV F ORFIHE O ¥ —
736 4 PAICA STz,

B4l E N2 2 E )V MR OHEEE % Table
3R L7z R UHATICHE L7z 2® 2 lbigcs 5L, BT

Table 3 Estimates and variances of the numbers of the 1+ smolts and resident fish in the Masuhoro River in spring 1999

Release Size Number of smolts Number of resident fish Number of survivors Percent
3
site group  Estimate Variance SE' (CV? Estimate Variance SE (&% Estimate Variance SE (&% smolt

Large 1,496 18,225 135 0.09 138 4,947 70 0.51 1,634 23,172 152 0.09 91.6

Upper site
(undisturbed reach ) Small 558 11,025 105 0.19 237 25,603 160  0.68 795 36,628 191 0.24 70.2
Total 2,054 29,250 171 0.08 375 30,550 175 0.47 2,429 59,800 245 0.10 84.6
Large 1,164 7,744 88 0.08 38 736 27 0.71 1,202 8,480 92 0.08 96.8

Lower site
Small 705 7,921 89 0.13 165 4,609 68 0.41 870 12,530 112 0.13 81.0

(clear-cut reach)

Total 1,869 15,665 125 0.07 203 5,345 73 0.36 2,072 21,010 145 0.07 90.2

! Standard error

? Coefficient of variation

* Number of 1+smolt divided by number of survivor
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Fig.5 Mean fork lengths of the masu salmon smolts captured

at the recovery sites in the Masuhoro River in 1999.
Vertical bars indicate standard errors of the mean.
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Fig.6 Estimated overwinter survival rates of the masu salmon
smolts stocked in the Masuhoro River in October 1998.
Gray bars indicate the numbers of fish migrated as
smolts, and black bars indicate the numbers of fish
residing in the river as parr in the spring of 1999.
Vertical bars indicate 95% confidence intervals of the
estimates.
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180

%

2004

A. tamarense :‘f-‘ﬂ]ﬁ@%g
MEE RS hiERE
MEMHES A RS

880

143.2

2005

A. tamarense ’ﬁﬂﬁﬁ*"‘?
HEMHES ThERSE
REMES - ARAHEE

40

24

2006

A. tamarense :’Hﬂﬁﬁ%g
MEMER S PiERE
REMHEE RS

200

108.0
29

2007

A. tamarense HRAE fE
REMRS PHRSE
HEMHES - TRHSE

630

122.3

23

2008

A. tamarense ¥ARAEE
MEMHES DRSS
REMHES-ARiEE

30
10.3
2.7

2009

A. tamarense :ﬂ]ﬁ@g’g
MEE RS hiERE
MEMHES RS

960
104.3

2010

A. tamarense ’ﬁﬂﬁﬁ*"‘?
HEMHES DhEREE
REMES - ARAHSE

730

2011

A. tamarense :’Hﬂﬁﬁ%g
MEMER S PiERE
WEMEE A RS

2012

A. tamarense HIRAE fE
REERS PHRSE
HEMHES - TRHSE

4
144.8
9.4
60

35
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2013

A. tamarense ¥ARAEE
MREMEE - TEREE
REHES-ARiEE

150

2014

A. tamarense HARAEE
MEERES - hEREE
HMEMHES - ARHEE

2.8
£7T<20

2015

A. tamarense HIRAEE
HEMHES THEREE
REMES - ARAEE

2

2016

A. tamarense :’Hﬂﬁﬁ%g
MEMER S PiERE
MREMHEE - TREE

20 - -

- — £T<20
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B U % Alexandrium tamarense M3 E B DEREH & R ¥ 7 7 A 12 BT 5 M H 5

DR 3 & O] SR O A IR il
HERs @ AP MAEDNER SN R o7 H, IREES D RECHRE» TSN H, BEil

EOBHEZB A7 2R T. — : 20164F 10 A 31 H I B CHA R A D I HE

ENTVWEWT EERT,

BB L7280 53 7 AUANOREEH R (TBIR,  amarense MINFHE & REIEH#E (B, TAK) &

WAER) O

& OBICIE, FiERE L O ERNGE DN IEDOMEADERD bz 728, ZD2HFHDKY TH

ELICHBELZMBIERO SN ah o7 HIREE LS A28 AMEMERFEOFREZ B X & A tamarense
%ﬁizwm%4ﬁﬂw;ﬂmﬁﬁtﬂﬁ%%izﬁz MRS & Sk 72,

B9), M & hiEhtE R & O THE TAFRHHTIC B 5 (1) Kb oKD= FROIEMEEE
WRO LN o722 LIZDNT
DIFEREMEA 100 ML LKA o7212d b5, | EMEORMIIEIARN#ELE > 2720 Loz, 20

0.085, p>0.05 ;

Tl DA f

13, 20074 DM BI10IZR L7z 72721, 1984~1991 D7 — # ZTFiHlD

HAS135.0MU g & 12 7 4E TR &> BHIZTT V27 b VREORIEYSH LB o722 8 (1984

P EWERO—DEEZERONL, T72, MREELT  ~19884F), MEMEHBEOBIGIEZ B 2 2 RellH34 H LLaj

R OB CHE P
Bk L7-& 91

OOENLEhol-Z LIZDOVnTIE, HDHWTITITEEHT SN TWA2Z & (1985~1987,1989
o R O TR
WIZEDRERDOD—DEEZ BN,

HORZ DN TV ~19904F) 72k, 19844E L 19884 %R CETTTI V7 b
Y IRARDIEN S A FNIROE M R E O BHMEz B2 Tw

MEMEEDORE & Z8, ¢ N & Alexandrium tamarense DO THD (M3)o 1992~2016FED T — 7 H 53K
MIREE  FIETHERIT S X OAE MBI 5 A. O FRDOIEMERE X, A tamarense ML EDT110~170
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X7 JNZ W W2 BT 5 Alexandrium
tamarense fNIF B DF I B & Eh
PHIL724A 2535 AUADKRY
T AN BT BRI E O
HEOREME (LX) B XA
HmOREE (FH) & oBE%
A EEORB R AR (<20
MUg!) I FoMUg' & LTWw5,

BRI BT B R BREAEOTH 25

HINBL DFFIZ84% Tic b <, BT R EMa%E 34
B 10MBL Ml E 2%, 110/ L E% HiE
DREEFHT LM EE L RE LBEOFR L EL
IR T o MlEE B2 A0 G802 ELL FHEILAT— A
X, 257 FEON, FHElEEZBZ S EFHEL, 202~50
Hft (CF524 H2) (CHHIE LM 2 7245558 7 4, Hiifl
HEBRZLETFHEL ho24E12, BElEEZEBZ 2o
AN 2 ETHY, BT 2 HER o7, TDOHE
FUDIEHEEE1L84%, ZDMMOF OGRS % 4THH
DEIEIZTI~93% TH Y, WIFNb TEEEZ T (E
2)o

JCEITMIZ BT 5 2000~20164ED T — 7 B3RO 72 F
WO ERERE L, A tamarense ML EE DT 160~ 180 L L
DIEFIZ94% Tl b & <, BT REMiamEiidzd L
b160MA L P e 25 (K11), 160/l DL % Hi
OFEEX VT L2MBEE LRE LB EOHN %33
IR T, HlilEE B2 A220E8 0% ELL FHILAT — A
i, 17HEON, HElEEEZ 5L FHIL, Z07~81
Hf: (P41 BiR) (CHNIE L2 72E057 7 4, Hlifl
BEBRAETMLh o721, BEEEBR 0o
TAEN9 HHETH Y, HFETI6 #EL o720 ZOBFED
FMOIEREEZ94%, EDMOTUOFFNIZEES % 41HE

BN Alexandrium tamarense BRI MBAH L', BIEMESE MU g

3

HE-REEE

1A 2R 38 48 5H

68 78 8H 98 108  11R 1280 &=

2005

A. tamarense HIRAEE
REMERS PHIRSE
HEMES - TRiEE

16.2
2.7

£70

2006

A. tamarense FARAEE
MREMEE FEREE
REMHES-AREHESE

1,180

2.1

82.0

2007

A. tamarense HIRAEE
MEMHES 1EREE
HEMHES - TRiHEE

100

|

2008

A. tamarense IR E
HEMHES DERSE
REMES - ARASE

150
14.4
2.6

2009

A. tamarense HIRAZEE
MEEREES hiEREE
HENEE ARAEE

970

104.2

2.1

2010

A. tamarense HARAEE
REERS PHRSE
HEMHES - TRHEE

460
13.3
2.3

2011

A. tamarense FARAEE
MREMEEE TEREE
REMHES-AREESE

1,400
68.6
2.2

2012

A. tamarense ¥R E
MEMHES DEREE
HEMHES - TRHEE

160
6.6
2.6

2013

A. tamarense IR E
HEMHES DERSE
REMES - ARASE

420

15.5

2014

A. tamarense HIRAZE
REEREE hiEREE
HENEE ARAEE

20 20
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2015

A. tamarense HIRAEE
REMERS PHIRSE
HEMES - TRiEE

2016

A. tamarense FARAEE
MREMEEE fEREE
REMHES-ARHESE

5.7

£7T<20
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26 EHHF, &K

DOFEEI1L88~100% TH D, WTFNL8EZH2 Tz
(£4),
w7 4 N & Alexandrium tamarense B3R D& B
ADOFIR BB B B R HFEO SR
I BFREFHA OWFHENE, 1992~20164ED 25 # 4ED
W, BrETERINZ (K1), FFRBHITHES
FREEE H B D Z 4 2 B T X SRR 11ofa L DL I
%, WATHH 2 T A MlEEE L LT, BB
WAV E0EG 225 1R, HATEHOF LI
LLFHL7r — AL, 25 #4E0R, HAHEEIZFIL,
ZD1~43 Hix (P20 HER) (MBS W7z 4577
74, HAFHEE T L 2 h o 741, HITHRET S
Mo TEDR N #ETH Y, P TISHIEEL 572,
COBEDOTMOIEREEIL 2%, Z DM T MO
BT % 4THH OEA1354~92% T, Tl OEEH354
% LA o7 (R6)o TORKEIZ, 19924 & 19994121
T FRH T o0 C MR T H B B O BHIE 2 /2 7o 724°
(F1), BKBRFREHECILAMX THEEZ B2 72729
AR SN2 & (3RS), 1995 SFIIZAAR BT W<l
FANCHEEZ B2 5 2 e 2T L72A (B, BB
WELHEIE CIX T HI D )5 25 A. tamarense 73 110/ L

F1 AR BT B Alexandrium tamarense ML EE
(110ME L LE) ZH\Wizk s 744 ORpENEH
FIEH D Tl 5

1105 AT AAD
A BRI maliagE BHTH BNTR

FOUBMEHRBAL jesipre oM

DEIFS
=418 Zt#)H

1992 (@)
1993 (@)
1994 5898 6878 29H O
1995 588H 58108 28 @)
1996 O
1997 @)
1998 O
1999 (@)
2000 O
2001 (@)
2002 68178 X
2003 7H98 X
2004 48198 6H3H 45H O
2005 @)
2006 58228 *? 5H8H X
2007 5878 X
2008 (@)
2009 48208 58118 21H O
2010 58248 68148 2180 @)
2011 5A9H 6H28H 50H O
2012 (@)
2013 6H3H 68198 168 O
2014 @)
2015 5H18H 5H25H 78 O
2016 @)
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MBI BT 2 MREE R EO TN 27

=2 AT BT B dlexandrium tamarense MNLFEE (110MIL ' D) 272k 74 4 OB RHRET

N2 RE 9 % B

ad) b® b/a

B H FRILEROANE E EH (%)
FHDOEH#E 2REF@QON, RHELZBAONENEELITALLE®D) 25 21 84
BEDFRE REBEEEZDETFRLF@QDA, FRRICREIEZBZ-F0b) 9 8 89

FERBNDFRE REMETBZSEFRALEN-F@DA, RHEMETEZ LGN O-Fb) 16 13 81

FRIDRE
FRDREE

HEEEBA-EQ@DN, BAREEEBALETAILI=E®D) 11 8 73
REEEZB RGN 2I=F (DA, RHEEZEBZSEFRILEMN>=5FDb) 14 13 93

=3 NENT W BT 5 Alexandrium tamarense i 5% &
(160 L L E) &2k y 5 7 4 RN

FFEH D Tl 5
ESIP REATHAD

e e B EE FNFH FAEA

g WRFIEZE BH DEIES

= Z1-#18
2000 O
2001 @)
2002 O
2003 487H 68278 818 O
2004 4F28H 58208 22H @)
2005 O
2006 58248 ** 5A16H X
2007 48 24H 58148 208 O
2008 @)
2009 48138 58268 43H @)
2010 58178 7H5H 49H O
2011 6H208 682780 7H @)
2012 O
2013 @)
2014 @)
2015 5H18H 7H218 64H O
2016 @)

X1 : Alexandrium tamarense
X2 FREMEEEMNRHIEZBALEIC, AthS1604ERIL™
LI EHBLTEY, BRIFRIIEEoTLVEL,

PLEHHHT AR L D B o2 b (F5) 12L&, Hifr
B ZEH P CTELDo72720THb, T72, FEHH
DF MWD 65% LM<, ZOFERADFI®RL721992, 1995,
1999 4D — A2 & 5,

R EB TS IC B 5 MR HEORAIC L 55
T A DN, 2000~20164ED 17 2 FEDOH, 97
FECEmS N (K1), NENICES N7 R E

DI BT XSS 160/ L LR %, Ml
Hlz P 2MEHEEE LT, MBS ESICH
BE0HEGEERTITRT . WABHOFEEZIEL < TFHL
72— 2%, 175 0N, HeEklEFEL, F03~44
Hfx (F¥23 HIR) ICHABH S 2 EASS » 47,
B2 T L 22 0o 724812, HAFEE S e o 724E DY
8HETH Y, i TI3 #4572,
ZOBEOTFUMOIETEILT6%, Z OO TR O
BT 4 4THH OEE1E56~100% T, Tl DIEEE D56
% Lo Tz (£8)o TORMEIL, 20044 & 20074121
AZERMCIIHANIHGEL B 5 2 L 2 FHEIL72A (R
3), MEGBETEEL M CIIEATBEI D D34, tamarense 75160
ML DL 2L D B o2 & (327), 2005
FIIAZEN W CTIRIREEHZEORGEL B 2o
7os (3R3), MEACEVEFRME CIIAbH X CHUGIE % 8 2
Tole ORI SN2 & (RT7) 12k D, BarhzE
HFHMCTELDo727:0TH b, 72, EHREIOTHE=
b67% LM<, ZTOFEMEDFIE L 722004, 2005, 2007
FEDOr—2I12L 5,
SHEROEE AFTIE, A tamarense WILHE % H\W T,
R T A OWLATHE & ERNTHIT & 2050 & MG
TLOORBERZELIEEAME Lz, K7 T T
LIZBT L RREEEFZEOIRE % ZEW T R E A tamarense
MR R RS % W KB BRI Tl 1T0RI L DL &5 &
1992~20164E D 72% DAET, TEEEETIZ 160§ L
PIEE$ 5 E2000~2016 DN T6% DLETZIEHTT

F4 NZNMIZBUT B Alexandrium tamarense MILEE (160fFL L) 2 M2k % 7 4 1 ORENEH#H38E TR
2B %

E B FRLARONE ik AR G
FRADEHEE 2RABF@QDA, REBEEZDINENZELSFRILI-ED) 17 16 94
REDOFAE HREEZEZDSEFRLEZEQDON, FRRICRHEIEEBZ-FD) 7 7 100
FERHDFRE REEEZEZLSEFTRLEN>F@DA, REEEZBZ TN >T-Fb) 10 9 90
FRORE RAEEEZBA-FEQDA, FRTIHRFEEZEBZLEFTRILI=E®D) 8 7 88
FRADHEE REEEZBALEN>EFE@DA, REEEEZSEFRILEN =) 9 9 100




28 HHF, &K

=5 M KB W SR B S Alexandrium
tamarense MINIEE (110410L" DL E) % Hw
72RREMEH IS L AR 7 A B oF
LSS

AT H10MIBE RETHAD

F b HEL HEEH 0N f;;%’ﬂ“ %?}i’ﬁ“
=¥ 8 1B%1 8 =
1992 4H18H X
1993 O
1994 5898 68148 36H o
1995 5888 *2 48258 x
1996 O
1997 (@)
1998 @)
1999 48298 x
2000 (@)
2001 (@)
2002 68178 x
2003 78108 x
2004 4F198 48208 18 (@)
2005 @)
2006 58228 *2 5A9H x
2007 5898 x
2008 (@)
2009 48208 58150 25H (@)
2010 58248 6818 8H (@)
2011 5898 6H21H 438 (@)
2012 (@)
2013 6838 65200 178 (@)
2014 (@)
2015 5H18H 5H26H 8H (@)
2016 @)

X1: Alexandrium tamarense
X2: HBEHREI A B SN =RIZ, AvpS110MERaL L L
HIBLTHEY, BFIFRICSIEE>TUL,

K6 MBI BT B Alexandrium tamarense %R (110 L ' LLE) #H W/
WREMERBICX D55 7 A OB 7R BE 3 5 37l

ad b® b/a

5 B FHLERONE EY EY (%)
FRADEHE LAETF@QODN, HERHOFELELIFRILIZE®D) 25 18 72
HEOFRE HERFISHIEFALLZEQDORA, FRZRICHARHSNIZED) 8 7 88
FERFNDFBE HERHSADZEFRLEMNSI-F (DN, BEHRFIShEMN ST (Db) 17 11 65
FRIDEE HERFISh=FE@DORA, BRIICHFARHSNIEFALI=ED) 13 7 54

FHOREE HERHSWENLE@QDAN, HERFIShIETFRALGNo=F0) 12 11 92

+R7 MK T E W I IC BT B Alexandrium
tamarense IFLEE (160MIFIL ' LI LE) 2 H
T2REPEHEIC X A5 7 A BarBsloF
HESES

ACDUI60MRE RATHAD oo s
£ Cpemme Smson po T SATE

%18 LEE=!
2000 O
2001 O
2002 O
2003 487H 582180 448 O
2004 4F288 ¥  4H23H X
2005 48288 x
2006 5248 %2  5A17H x
2007 48248 % 38268 x
2008 (@)
2009 48138 5A1H 18H (@)
2010 58178 6A11H 25H (@)
2011 64208 6H238 3H (@)
2012 (@)
2013 (@)
2014 (@)
2015 5H18H 6A11H 24H (@)
2016 @)

X1 : Alexandrium tamarense
X2: HBEHREI A B SN2, AvhS16058RaL LI L
HBLTHEY, BFIFRICSIEE>TUVEL,



MBI BT B H B0 T 29

+F8 MEKBVGER MR BT B Alexandrium tamarense IR RE (160HIBL ' D E) = HW/MEMEFICLI AR5 T4

A O AT B2 B9 2 3FAfl

add b b/a

IH H FRILHEROAR w0 EH (%)
FRADE#E £REFQODNA, HERHFHDOEREZELSFRILEZED) 17 13 76
BEOFRE HERGIShDIEFRLI-F@DRA, FRIERICHRARTSN-E®D) 5 5 100

FERHDFRE HEREHSNEEFRLEASI-FE@DA, HARFISNGENOF-FbL) 12

67

FRIDORE

8
HERHE SN =F DA, FFIICHFARTSNSEFRAILEEWD) 9 5 56
FRAOHEE HEARGSNGEA=F@DA, HERFISNHEFRLEMN>1=F(b) 8 8

100

W OF A o722 2R LTz BB, RED10
B ERAUE, T E D129 ETFRA R o7
(%5, 7)o

A1k, A tamarense MBI E % W 2 BESEON
LT =TT LE T2 &R T5E 012, EBICHE
AP TE22EPEEEDLT THRAET 5 2 L PLET
bho T/, HEHSH (2016) &, XAFpbEFORKE
MHARY T I A OWATEEE TR TFMT E etk %
RIELTWA, A tamarense NI & F\ 5 i & K
B CRBERE 2lHAGLE S 2 LT, FHMOIEMHKE
ZELICEOLEEDIZ, TDRVENICTFITES &
INCTBHIELHEETH 5,

JLHEE TIX A tamarense S 100MAL L DB 12380 L 7235
&, R THA ORBEIERTRO LA ZERT 52 LI
o TWwb (BHKEE, 2015a), BT 10041fLL"
Db, ifgma, HioBRESEOREEAR D S HEE
LCHRESNIEIETH 505 (LilpdE KRB TR KRR
ERRE S ), A, BAEORME=Y ) 7 THES
NBENT =00, WD TEOZLMEPE TN
=P W

I

ERBE TSI 7 VDY) U TRE D o 72
IR EEEMTE B 8T B & UK RERYS O Bk B O 515 121
L ET, 2, BELAT-SERMELTEES
7 Av B e AL A A 2y, LB K E R SR E R
TREERRE R RS ) — 7B X OSBRI gk g 58k
BB RSB RIS 7V — T OERIZIL LA SR A
AL ETFFES,

51 F3Zak

W7 SRS AT BOE NACHRE AR S e - JbiEE. Pk
22~ 27ARBARE - KRR T T v 7 b P BTG

Internet web. Download from: (http://www.hro.or.jp/list

/fisheries/research/central/section/kankyou/kaidoku/j 12 s
220000000 dgw.html (2011~2016)) (2016.4.1)

JeiEiE. BRSO AR ~ R 16 SE R - S¥k 7T » 7 b
P EIRAEGEE. ALIE. 1985~2006.

AbiEE. SPREOT 2R - R TT 2 7 b O TER
k2. Internet web. Download from . (http:/www.
hro.or.jp/list/fisheries/research/central/section/kankyou/
kaidoku/j 12 s 220000000 dgw. html (2007 ~2010) )
(2016.4.1)

JeiE. LB B B A HSEO HEE P (P
27456 1 HHEOE, “PH2747 1 8 H—HLiE, P
274610 A 1 H—HBSUE) . ALIBE. 2015,

&l 7 TiE RS - ALiEE A, 13720
TN N7y 7 CPE22HFEESGETM) . ALIR.
2011; 208 pp.

ISR EERE Y. AGiREIRRC BT 5 HEEowse (H
F7OY 7 MEE). ACEE K E RS
#, A, 2000; 3: 69pp.

Imai I, Shimada H, Shinada A, Baba K, Kanamori M, Sato
M, Kuwahara Y, Miyoshi K, Tada M, Hirano K,
Miyazono A, Itakura S. Prediction of toxic algal bloom
occurrences and adaptation to toxic blooms to minimize
economic loss to the scallop aquaculture industry in
Hokkaido, Japan. PICES Scientific Report, Sidney. 2014;
47: 7-16.

LS. B HEEE 2 X 0 #H L L7 HE ORI
2oV T (CPE274E3 H 6 HAF T A%580306 55 1 7,
JE AT @A R AR A e R A . A
2015.

MOKER. “HHAFORBED ) A7 EHIZHT 57 A
K7 A ».2015a; 29 pp.Internet web. Download from:
(http://www.maff.go.jp/j/syouan/tikusui/gyokai/g_kenko
/busitu/pdf/150306_kaidoku_guide.pdf) (2016.4.1)

RMOKRERS . A REHIEIZ B 5 Hig O Fith i OV B E
22T CPR274:3 3 6 HAF 1 2611455 6073 75
JEMOKPEAE R - RAIRFMEM) . HA. 2015b.



30

T, S5

T, R

ik

A, ARt dbiEE, GBI BLT
AR RN 77 ~ 7 b ¥ Alexandrium tamarense

DTN — AR ERIZOWT (R, dbkaT#
2016; 89: 27-40.

1R BKEWEB L OB A2 REEEFICL 587 704 BT o B & 5 36 H
PR U b el e S T R LA B B S R B & O E K BE RS SRR SR AR B R iR AR S B OV — T8
#HE D, BEHGHIE IS (1985~2006), dbifEE (2007~2010), HGMAATEE NAHEE LA ST 7ER%
B - iR (2011~2016) 3 & UGB K EME S K B R K EEA = iR AR B 7V — T8/ R L D IER L 72,
3 B A GERE A T8 A T B % =
B 3 #5 fl EEZSE EEg5E EEZSE
BtEH 2R A Bth B 2R H Bth B FAEYE] BtEE 2R H
1986 3/1 12/26 6/6 12/26 3/1 12/26 5/31 12/26 B 7 B BR B (I G S
1987 4/25 12/18 3/12 12/18
1988 4/21 10/22 7/23 10/22 3/12 10/22 3/19 10/22
11/10 FERREGED 11/26 FRRkEGD 11/8 FERfED
1989  RIFEKLY#HE 5/3 BIEE & U #E5 2/10 5/31 F RS IE:EDES 5 5/3
5/9 F Rk 6/21 F Rk 6/8 Rk
1990 B4 &Yk 12/11 A &Yk 12/11 AIELYRGE FRSGET SIFELVRE FRSET  SEEE0 B8 TE5IEIR
1991 3/6 12/13 4/4 12/12 AT &Y 5 2/8 AT &Y 5 2/8 %1990.6.20~1991.2.7¢&F
3/8 12/13 3/13 12/12 SHELHY
1992 4/18 9/26 4/7 10/7
1994 6/14 10/8 7/1 10/8 3/24 12/12 6/10 12/13
1995 4/25 11/10 3/8 12/14 4/21 12/14
1998 3/27 9/29
1999 4/29 10/22 4/6 11/1 4/24 11/1
2003 7/10 10/10 5/21 9/27
2004 4/20 10/14 4/23 11/11 5/11 11/11
2005 4/28 9/29
2006 5/9 9/29 5/17 10/27 5/19 10/12
2007 5/9 9/20 3/26 10/31 5/10 10/4
2009 5/15 8/13 5/26 8/13 5/1 10/23 5/21 10/23
2010 7/2 10/28 6/1 7/2 6/11 10/1
2011 6/21 6/23 6/23 10/15 6/23 6/28 6/28 12/1
2013 6/20 9/27
2015 5/26 6/12 6/12 7/30 8/7 8/12 6/11 8/7
7/30 8/6 8/6 9/17 10/3 10/17 8/12 10/3
9/17 10/8
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