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1 Y oRmEBEREOHR

Y Oncorhynchus keta \ XV 7 BV BN, VY REEEHD
PR b DAMEE NS, FOnmoOduiRIE, TP TMTIE R T
iR FE O V), dekKREMTIED FHAImE o~ > 7 oo —JIHZ
KO, BHARRY 735 OMEREIZH 25 (Neave et al. 1976; Salo
1991), THEE, T I7ABIWEICB T 7 OFAEENHER ST
VW% (Dunmall et al. 2022),

EXRFEREOY FBEEOEERBEIL, 1970 FREZEFHH
mu, EETIEHBIE ERxbmWKEZHERL TS (Fig. 1), 7
RS &, P BABEEROBERBEE LULLELB Y — 0 20R
L, 1990 % FLAMIZ 27-40 7 b OFFATEB L T\ 72nd, K
WA O 2019 F1349 23 5 b2, 2020 4, 2021 FIXEENK 17 5 b
YiZAd Lz (Fig. 1), 37 opEipER 2z iR 5 &7 27 Ml
TIE B AR 7O EE L 1980 I I ML 72 (Fig. 2), £ O
%, 1990 FFR 225 2000 FRICE—27 2l %, FHETIHBDERPIZH
Do —H, T EFHBEHICE 7 TIE 2000 FR% 0 5 E &0
B x Tnd, bR REMICIE VTS 1990 £, 77 X 1IN o
BEREML TWD—F, I FXoiEEEIIHPEmICIH 5 (Fig.
2)e TOXDICIKRFEREKTRIESGA, Yoo f.oixdeisic
BEILooH Y, MO CIXEAEBIICH D

HAREMANIZI W TIE, 2010 L0, JEEOR=EEBXIS I TRV b
LU X7 & AN RSP PE sk o g & o b 233 Ly Gk - @y 20
18) o & BT AL B KPR & AN R SEVERN Tidk, AN K SE R o 8 A



RARE Lo TWVWD OKFEMTE - ZEHME nf3 (2021) BT F
TR BRI (5 7 ) : 2/28 BLAE) : http://salmon.fra.affrc.go.jp/zousyoku
/salmon/R3comment_1428_river.pdf), ALIEE I T OVA N KM o0 £ 22
Y TR OWT, b o BliENR R & T D &, 2020 4E DL,
e E AL BIEAE 7] 2 R T OISR L, AN K TFEREM o 33 Ae W 4
BIETIHFETLTWS (Fig. 3), 22 °C, BHMMEmELIZ, Y72 4
Ffe (4 ) THROLBZSEURT 2210, BN 4 51O FEK

(EENF) ORI 2 kilEH (b R IREE IS X O ) 7% %
EAERLEZLD) OBAEERLELDOTHD OKENTE - 85 S
FRE RSB DT T OB & ORIEH K OENE S O HER ¢« hitp://salm
on.fra.affrc.go.jp/zousyoku/fri_salmon_dept/ok relret.html), 7235, —i%
Y TIFRKICERIN S, BERICHATHRIRIND Z L0 b, Fifk (4
FNFE) F1ERKITEL D,

ED X5z, TZHFEFTIERTFERKOY FBABEOEERER
NIERBEmAKEICH D50, Y7 opbEiREs T EmIcH by, R
(A% EFEl o Hissgk TR L TR, AARENTA TS MO M
FERWADBBEEL o T WD,

2 AFROVSTERORE

AARSZY 7 OB EEREES L, tEE cixds—r 7, dbiE
HARME, R=, 20 LR, 20 LD 5 M, AN TITAMNKFE
Ve, AN B AR O 2 Hilk o A G 7 Mg R B  aiv (FEE - TR 20
15), W) % LREH, 4 FARAORXE, AR, 4 FAOEMIEE R
EDOEWTFRIRMES T HIBHE TR ZERMOENT WD (FHEIE
2015), A FRIALARM K EFE O = EEHUSICALE L, Y7 54 O BRI



<, BARENTEIEEICRCHREENZ >, LirL, 2021
FEDBITALE, SHARBICKVWTIKFHIZZWRER L /> Tn5,
A PR T 1896 FIC# D TA L5 b B T4 S 4, 1905
FICEEA)NZSESE PR, NLSbBRmFEENRABINTZ, TOD
% 1970 B F TS5 D S LS N B S, HER O B EIE 1970 4
D 4600 TR 25 1980 FFRDOK 4 BRICED £ TK 9FITHEINL 72,
Z DKL 2010 F £ TH 4 ERO BB THR L7228, 2011 o HAk
7 KPR E (R A ARREL) EEO 2012 FI13BREN 2.9 B2
IR T L7 (3K 2015), ZO®%RII3I4ERZHERFT L, 2019 FFL
BRIXBRINVH OB O REIZL Y, BOMRKEN 2 BRATH%ICH D LT
WD OKFERFS - BEHE ERERICET Y7 ok b kil
Je OV 2R O #E %  http://salmon.fra.affrc.go.jp/zousyoku/fri_salmon_dep
t/ok_relret.html), & F R TlL, SMEG THEEINTZHEMIZ, 2 A6 5
A TRXE 30-50 mm O R&E S THRMINZHKkEInND, &F
W roMaidmmtt, WIICHEMEAERLE®R, 242U 72K
DN T T3 (B 1978; Minegishi et al. 2019), #E £ TIZH AN
RN RIEA A=Y 7 ESICEE L, Bk E TR L2,
ST R EE~E TBE L, RmE/KIED? 4-8°Co i T4 E
DA ZAT 5 (A 2000), TDOBRITEFICN—V T, AFICT 7
AANBENOEILBEAMRY IR L, WEFEATEN 3-5 FICE LKA LKL
RS, EFICN—U U T7ifzMN L, AARBREORII~EBET
% (J# F12000),

BRI oMY, & FRTIIELICE D V7 O EIE — B L
TR, BOMEM L2228, BURRIX Z I BT TR T LT TW5
AN KFEFEM O EFE oY i@ RO BEMEIFEEL 2D & 1990 FR 1%



FLUREIL, 5FROBETLEEL 2> TWD (Fig. 3),

RO 7rifEELZEREEE L CEToLH 2 EHMNICAEZLES,
KEFEHEREIES (PDO) DL Y —A v 7 b EXIGLTEHERT
— /L THR ARV IBELZE WS RN H 5 (Kaeriyama et al. 2009), F
7=, BAOY R, B 2 0F 1980 LI O & i3 o E8 1k pE
IMFEREEOE M E ANBTEBIORESE &b X< FIET 52 & B
ENTWD (FRHE2016), LERN->T, BAOH Yy EREOLTITEY
FHRBEBRLZTTIIRELRNEEZEZLNATWDS (FH 2020), —F
T, MHFERE OB ETEMLZRELZ V., —&KIZ, KEFESF O
BE 1 S 0T B ) H oD T R Uk B B L OVIE ¥ C oD ) (B Bk A B LS TR E IS
MW IZ EDNH B TUWS (Healey 1982; Beamish and Mahnken 2001;
Wertheimer and Thrower 2007), # FR Tlix, BFOBRERICBIT 21
HER D ST A R B 3 R O 4 F R0 [EF L L IE o fH B B4R
CHDZEeNMbATWD CaFRKERINE ¥ — 2021), Z0DZ
i, WREMKE OV rHAOE L N REN R EIREEICEEL KT
TZEERBLTWVD EBEZLNTWD JIEIE22018), 2D X 95 7%
HTErb, AFREGO BB O FERBEOEHICONTE 7
HEF DI VK O MR PEBRBE & O BAMR & R o T2 AT U8 £, Fig. 4
W2, 5 FROVIT =M oY s e WmiERE & ORREHR -
T HRATHZEI DWW T, g iThb e i (k) & % 7 HEE
RERIESE TR L, HPRROY 7 EMERRIE, 1970 FR0% 10
REREIZ 72D & 1%RITE D 3% B £ T EA L, IBEIZFES 3.5% L )
EVVKHECTHERS L, 1993 4F f it BE Tl L& @ 5.5% % st ék L 7= (Fig.
4), ZOM®D 1977-1999 F A IC BN T, & FRE 5L ARMKFEHE

O R RT, HAOR FEHEKBICEIT 5 5-13°CO i 3£ m i KR



DL EOMBERBRRRS 72— FH T, WMIKFEOF FHEHOEY A X
EOMBEBERIIA N o2 & ST WD (Saito and Nagasawa
2009), = D%, 1996-1997 FE I8 D &, FIRFRIL 1.6% F TR
IZIKF L7z (Fig. 4), I - & (2015) X, 20O L ZXORIFEOKT
X, 1997/98 EFD A — " — . T =— =z ZHEHKT DL HLX—VU 7
MIZB T2 ARICE2ER - AF7 IAEBROHE (Kruise 1998;
Stabeno et al. 2001) ([ZEK T L5 LML TWVWDH, £DHE, 2007 F Uk
BEE T 1.3-23%DK L /L THER L, 2008 4F Fc it #E 12 36 W\ C [EHF 28
0.6%ICFETRKE LI, 51T, Z0O%IE 2015 4 i #E £ T =
0.6-1.3%CTHB L, 1%% FRILZZF—2AbBRAINDILITh-T, %
LT, 2016, 2017 FMHmHEIZENIFERN S 52 0.2%I2MK T, 2018 K
TAETIL 0.04% & FH LMK T L7 (Fig.4), =% - &4 (2018) 1%, =
DM D 1990-2014 FHIHBEEIC DN THONEZITV, 3-5 AR ERDO £
A E KR (SST) & ARM K FEEM DY 7 4 F 8 E TORBHITITIEDHE
Ao LfE L TWnbd, —J, Wagawaetal. (2016) 1%, 20012013
FEIRFEIZ DWW T, 2008 FHimE LI, & FRIDENLIHE D 5-6 A
DK (BBKTh 2 HBREEAK S B AKDOBE MK TH 5 E#EK
EREBREAKOHEE) PEBLEZZ L EAETROY 7 4 FA0RFE
DB TICEERH DL E LTS, LarL, 2016 4 B #E LLEE O
R O AWM R FIZ oW TR b=/ T e,

LLEo X 91z, 1990 {5 2000 AT Y £ TO R CTliHE
ORI @mWIE O DEFER b E S RHMBMmAH 5 & S zh, 2008
FERRTERELLRE Tk, MEKIRO EANERICAOIERZ b0 & D
il 2 {k L7=, Kaeriyama (2022)1%, HERIEBE(L X 1990 I H A
DY TICTTADOEBEEH 2 TR, 21 HRGE N SIX~A T AD



WEBIZELZE LTV D,

BT IR OWINC AR T 2 7R AHEe EomKREAEICX T 2R
DR BE, Sy A g BRI O %D I £ B 2 KRB CTRYNICBEA T
HEZEzxzHNTWD (Bl 21X, JLH¥ 1995; Keleher and Rahel 1996), &
MZETH O 5 F ROV & Gite BB OY 7ix, 5540 RO k2
HWICAERTDHHEAEBETH S, 20D, WAKE LA E o EIEDRE b

DEBERINCZITRLTWNE O LEE 2 BN 5 (Kaeriyama 2022),

3 ABEDEH
2021 = 8 H v @ IPCC % 6 WatAh 5 1| IRPER & FIZ L, &
AL DOEATIZIZEMETHY, ANHEHICLLIEEICLLI D THD
Tl TR SNV & &R (IPCC: AR6 Climate Change 2022:
Mitigation of Climate Change, https://www.ipcc.ch/report/sixth-assessment-
report-working-group-3/) ., Kurodaetal. (2020) %, 2000 £ELLFE, H A
JE O O W KA DWW T, R T EM O H o 7= PDO TiE A<
DTERVEBZRL, D 2EG0KEGROEEICEEN LR
Hx v gHE2NH 5 & LT, 2000 4 LLEO B AL T o KIRZ &
WY T KERROREZ B TIXRW] LW BEHRNS

“Unconventional Regime” & FEAZ, £ L T, HMEKIEEILOEITIZ &b
W, W EICRER L7 Z & D7y X 9 72 Unconventional Regime 28 4 #
LHBLT 2 AREMEZ R L Cnd, 202 &iX, BEOBIHERELED

CBRFEABORMBANROERFEBEL TR T 25X THEETE SE
TR R-2TETWNL I EEEKT S (Kuroda et al.2020)

AR OE FROF L, mERRE L TOMMEDALRDL T,
AR ML b b, HEGRLBICER & R D2BEMEEZR S (K-



F2019), HFRICIFIALSMEBGRICE D ER ST 7 Oz B
REEIT O WA DHEET DL ERER SN TV D (Aoyama
2017, EFI1EIH 2019, = - Fib 2019), BAREINEZITH> HAET 7
FITEEMARERE L TOMEEZ b > (L. FRE 2019) O &R 5T,
PESRENR L HARE T 5 2 LIS L0, WHEND OREIE % WK ARR
~CESHREAE > T D (w2005, #IFH1E2 2006; Koshino et al.
2013), IRIBALIZANERHNWIZZ L THLIZ R LI, AZIFZOX I %R
HELRBERZLHICHESERVEBRH A 9,

BLIE O S AL BT 0 FeAR & 72 230 1X W R AN T 7 0 &
BRENEKETH S ZHEHICH ISR ELOTH D, BIERENEA
L, BRI 28E, VO E@REROEY FE2HFETIOILEND
Ho TDIHITIE, ETEHEOMERKELB T 237 &I OIGE
WNHE = EZOEREHLNIZL, ERICABE R sZ2EI#ST 2D
DXEZRFT L5277 —F BN ETHL, £, 5aFROBLEY T
ERGEINRELZRETLIREDMOLEPOFILETHLE L BN 5D,
BAE DGRBS FEIN AR ICBI ¥ 2 BEfER R E A D 22,

AR TIX, ¥ 2 e E<HBERERALZHTLPICBNT, £0
WEBERNCZTIRTVWEEZX LN D HAMERIEO S FRO Y 7 %%t
R, Y HAOBRBEZOAETFEAT -V THDH I T AXMEREDOEN
TOBRFMIKPICIER L TARICREEL X 2B RN EMH T 52 & %
BIElC Lz, Mx T, BEFSFOEPFRRE, BIORELIT O BEIZL
AERE R D EINVERREZH O NICTSE 2 L2 HME LT, Figured |2
FETHRE LmaE (A IIBES) OofBEE RS, B 1=
T, V7 ORGSR IR o vk 1 O Mg PEBR 5512 D W TR O 2 8) 12
EHL, EFEOEFROY I EREBEICKEL L 2 2 REER O



AT o To, B2 mTIE, BRiEE S OHEL O R EE 2B Ao BFERIZ

HZ2Z5EEBILUORKEALAB T TCZOEENLED LY ITEILT HONE
B O 20T Lz, RIRRZ, it 7EDOE WIS X2 EFEROZEIZ SN T
oML, 83 ETIE, WEBAKED EA L EHICEZEEO MR
MR TH LV NEREAN T IR O EWIKBICRES 5 X 912k
Sz Enb, PARNBEICEIIHROEBIIOVTORFEZMA T, B
4 BECTIEY O BREIFINICE T 284 7 Fik b EINREE,
YRR Doy AR DEE Z P, BREZAE) TICI T 2 B 2K EINE K FE 0 BLR
EAM LA, HSETE, BIEILFIETHLAZMAICKEK S
T, ATROVTZFOBRICOVWTEBEL, 7 &HZ Rk R AT
B DERITOWTHE Lz,
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Fig. 1. Commercial catches of pink, chum, sockeye, coho, and chinook salmon in the North Pacific Ocean

from1925 to 2021.

Data Source: North Anadromous Fish Commission (NPAFC).
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Fig. 2. Annual catch of chum salmon in Russia, Japan, Alaska, and Canada from 1925 to 2021.

Data Source: North Anadromous Fish Commission (NPAFC).
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Fig. 3 Annual changes in simple return rates in Hokkaido, and major chum salmon fishing prefectures in the Pacific region of

Honshu, Japan. Data Source: Japan Fisheries Research and Education Agency (FRA).
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RY': Release year

RY 1977-1999: Sea surface temperature (SST) 5—13°C was positively correlated with return rate. No correlation was observed with body size at the time of release
(Saito & Nagasawa 2009).

»

<

RY 1996—1997: Decline in adult return rates is affected by the ecological collapse of the diatom-krill system brought about by the coccolithophore bloom in the eastern Bering Sea
<+—> (Kaeriyama & Qin 2015).

RY 1990-2014: Positive correlation observed between coastal SST in March-July and number of age-2 to 4 salmon caught (Saito & Fukuwaka 2018).

< »
<« »

RY 2001-2013: Negative correlation observed between ratios of warm (Tsugaru Warm Current and Kuroshio Extension) to cold (Oyashio and coastal OyaShIO) water frequencies
and return rate of age-4 salmon (Wagawa et al. 2016). <

< >

Fig. 4. Annual changes in simple return rates of chum salmon in Iwate Prefecture. Previous studies investigating the relationship
between changes in salmon stocks and the marine environment in the Honshu Pacific region, including Iwate Prefecture,
are indicated by arrows for each release year under analysis. The square boxes in the figure indicate the range of release
and/or return years analyzed in each chapter of this study. Data Source: Japan Fisheries Research and Education Agency

(FRA).
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FB1E SFROVTERCEEZREITERORER

HFRZ G = HBIR BEBICITE RO R 2RV T H 2 8B
(ZE30), WwiEB (&), BERERCmZ, HEZhsnwbooR
Wi (BRit) 233 4viAte (Hanawa and Mitsudera 1987), Z 41 5 %k
DEBFEBLOBENSOND A D 2 LA, 1803 S 238 K22 i
MICRELEBHT 2206, ZBBHREEIZIKEOEHNKE N
(Hanawa and Mitsudera 1987), 72, & FRIBFOWIINIL, WHEOE
WA 22123 % < (BIE 0 1991), 37 O Bl A iz & % 51k
G b EMEINDZENELY (JEK 2015, ZO7H, HFEONFIID
DRSS Tz MRS DIRIZET D5 BHiE, 1 HEWN (Hiyama et
al. 1972; Iwata and Komatsu 1984) & &Zx 6 THEY, SEn 6 A
FECORBEN K+ km (2L SA0iEE O 10 HRE (ELE 5 1983; EE
(Z7> 2010) & bRl PN i B B R 28 2 <, B 4\ A B D C e g
Do Fim CBRR7Z XL D1, EFRBEBICE T 2V 7 MR oo AhE s
TEFEEE BT A MO TS CHTPRKERM & —
2021), Zh b0 D, AFROVFERICBWNT, £OEE Y
TR SN T LM b2 WA OO R EL K& %
FoAEEREVEB LN TS (JIEIZD 2018),

BHFRR O BEAEE R 2016 FF IR S 7z 2015 F Rk EE (2
019 FIZEHED 4 F L L THYR) LIk, RIMITIETL TS (Fim F
ig. ). 5aFRBEETERINLTVWLIRE Fre— LI TH T
HEF DA B EN 2016 FFI2AMICIE T L TLLK, 2021 4 F TR K%

PRV TV D (aFRKESME 2 — 2021), EFOEFRIBED
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MErEBREE & RER L OB EZHR > T KRIE OB TIE, BBAKL LD
BHf% (Wagawa et al. 2016) N EINTEY, IWFOWFERE V7
OElF LB EEE R T, L EDZ LD, RFIZ 2016 FLBEO Y 7in
kBT, Y HAOEKRFIRTICKREREEL H X ICE
REEDIEAEN DN T-, Wagawa et al. (2016) DKL, = FEiAAE
DKEFHEDOREBREHZRITZAMNREBIETH L0, RERIZBT
LEEMABRAKE -\ T —FBMEERDL, £, gFICHVWLERLTED
X 2001 726 2013 FFETOT —Z ThH Y, 2016 FLIE b BARME 3k
L TWDLONRFATHDL, D7D, a2 0B E» Ok
fe ) 72 e B DT 2L, XV i E R BIEFREOREENLE L 2 D,
HTROVIFHMAICE > T, BEOHBOREIL, DEBKH TH D
EEOKBZEILEZ L7259 (Wagawa et al. 2015) O A7 59, AHEE)
M7 o7 FoDERICHELZ G XL, BETHLIEEZEZ LN
TW25% (Yamada et al. 2019), L22L, ZHETICHEFROY 7
ROBE LB T & OBENEEHR LB,
ABFTETIE, MED D 2016 4 I FFAN 22 254k & 7 L 72 BL 85 ) o fa5
mE LT, HARFGFBBEOFESE (3-5 ) O VLR M BEE (LLT,
X BLIRERALE & M) B Lz, B O™ T O REIC TR E
ERAWLND Z ENEL, [ETIE, bk 43 ELmM, HR 141-148
FEOHIPH D 100m KR 2 5°CLL T OEBK A Bk E ER L, TDOER
fofE (hepE) i (SAmME) Z2BMEEoREL LTERLTE
D, FWMEARL TS (K47 : https://www.data.jma.go.jp/gmd/kaiy
ou/data/db/hakodate/knowledge/oyashio.html) .

ZIZT, AETIE, aFRoVYIEREOENCEEL H 2 HBRE
TR ZH ST D ENT, BEA ) OEE S L T8I M RALE
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&Y lalE S o B AR 2 R N T

1—2 #M#- Gk
1-2—1 VvP—Aa37 KN

ARWFFETIL, FHB W RAEOZOE 2D 7201l LY —
LAOBHEITY, RESNEHREDOL Y —AICBIT 52T — X 2581
ST EAT o2, FHBMERMLET -2, RE)TFrbF 7 ra— R
LT —% %Mz (K% /7 https://www.data.jma.go.jp/gmd/kaiyou/da
ta/shindan/b_2/oyashio_exp/oyashio_exp.html), L' ¥ — AT 7 h DR HIZ
X, 7 AU WHEEKRSKIT (NOAA: National Oceanic and Atmospheric
Administration) " AT 5 LY — A2 7 M7 1 75 4 (https://ww
w.beringclimate.noaa.gov/regimes/index.html) # /=, Z D7 /35

LB CHEEZEL CRRIZWOME ST 52 LN A[E TH 5 (Rodion
ov 2006), LY — A7 MMERHOEOFMEIL, 5%DHEMHE T, Cut-
off Length (X 1545 & L, Red noise estimation |% IP4 & L 7=,

BL R E & B EBEOBEREFMT 5720, RISz v—
AR WT, FEBMmERAME & B AR O 3-5 A O ¥ 280 i
(LN, FHEMEREEFES) 7 —4% (KRBT https://www.data.jm
a.go.jp/gmd/kaiyou/data/shindan/b_2/oyashio_exp/oyashio_exp.html) & O
FHBE & 3~ T2,

1—2—2 Y HEFEREZHAT 2EROHENT
FTIE 1-2-1 OFEHE, 1980-2019 4E @ ) # # rd R A & 12 2 W T,

2006-2019 FE NI THOETED LY — L& BH L7z (Fig. 1-1), £ 2
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T, UKL Y- LFICHRBINTEFROY 7 20062016 4 H i
(2005-2015 F Mk BE) Z MMt E LI-BUREE T V2L L 72, BlF
BET X, —MILINEE T v (Generalized Additive Models; GAM) %
MWl YrERET — 2 IERRINT =2 THY, MM Z2RKE LT
fEMT 2 W5 2 LX) TiX v, GAM IZai A & I EL L DM
D IERIZ LR & Lk 9 5 aE /125 @ < (Guisan etal. 2002), KR53 D24
fba b L CRLAATe Z e T & 2 (2RI D 2021), MEMNTICILHEET
figEr ¥ 7 b R3.5.0 (R Development Core Team 2018) % f 7=, BI%k1x
mgev /Ny 7 — YV HNO gam A E ED, FEART A -2 L LT, HH
FEERE kIZA—N—=T 4 o T T a2MT 57203 ICRELE, WX
BRI E FIRICEB T D %7 2005-2015 EfEkEEO 4 F£AE ToRIREK L
L7z CETER 2023), 727201, 2011 FEoHA# 7 KFEEME (HAAK

KRER) OFBIZLY, EMEZBIGHNSRAHATH D 2010 F8& (NI -
THK2012) XM HERMN Lz, SAEROBEME LT, MTs4o
EARBEM LW S AV O 3-5 A O F B RALE, 4 H oA F R
o HYHKIE (FFRKESEMN B2 — &E@EKIEIF®R:
https://www.suigi.pref.iwate.jp/teichi), FIERF I O ME LY (LT, F¥
R, Fig. 1-2) B X OME R O FH R X R OKPEENFIE - Z0E Wk
( # ) (2021 ) Salmon Database ( ik i DB ( A& M & 7 )
https://www.fra.go.jp/shigen/salmon/sdb.html, 2021 4£ 3 A 1 H) ZJH W
oo FTo, BiE C&FR2023) 247y PHELTHWE, &7
WiEx T or~npme L, V7 BEECIT logitz H, LTFO 7 VET
WVEAER LT,

Catch=a+s(Oyashio)+s(Time)+s(Temp4)+s(Size)+offset(log(Release))
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(1-1)

Z 2T, Catch IHFEJIEICHBIT D 4 FRAETORYFE, o XU, s
XA 77 A4 B4k, Oyashio I% 3-5 A ® FHHHIFERALE, Time (X
g (1A 1 AR50 A%), Tempd (T4 A0S FRipFEOHF
IR, Size [LHHE R O ¥R X E, Release XMt <o 5, (1-1)
RKOBHEKRZMAEDLETCEBOTTVEER L, ThbBEKD
ETVORMIERELERE (AIC) XN ETNRD, AIC BER/NE R o7
ETNERANETL (B—-fETIN) LLE, ETFTVERRIZIEIROD

MuMIn Ny r— T 2 H L 7=,

1-3 &R

B R E O L Y — A7 RN OFE R, 1980-1986 45, 1987
2005 ££, 2006-2019 D 3 5D L ¥V — AN S, X R
MEOEKEL Y —2TENRERD Z L ICdbm T 2\ %2~ L= (Fig. 1-
1), 72, 20062019 4E D L ¥ — A TIX B R IRALE 25 5 T IR 0 i) Bk
NTEBT 2EmAMO LY — ALY & #A>7- (Fig. 1-1),
BB RALE O % LY — AICE T 5 FH B RALE &
WA O BIFRIX, 1980-1986 L VU — ATIEHAERAOHBENAL N
7= (Peason’s test, r=-0.885p<0.05), —J7, 1987-2005 4 L ¥ — A Tk
HREZMBEIEIR ) o7 (Peason’stest, r=-0.235p=0.333), = O
%, 20062019 FF L Y — ATHHFOAERAOHEBER DL T
(Peason’s test, r =-0.850 p<0.05) (Fig. 1-3),

GAM DR, Table 1-1 13- T e 5 £ A B3G5 7-, AIC " b
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INE o T B —ALE T VTR, CER B R BRALE & P A R R 28 B
B2 % & LTI S vie (Table 1-1), 2 — (1€ 7 L O W & B BT %F
T2 B PR AL E 3 K OVE R i R o R Ix v b B R &
Rk L7z (Fig. 1-4), 8 —ALE T MW T, XM RO E C ik ki
40 FELIE, BTN 4 A 8 B X0 B &Y EREIC T D %)
N~ AF AL o7 (Fig. 1-4),

1—4 H5

KT THRH SN EZHRTEDOL Y —ATHD 2006-2019 £ L 20— A
TIE, Moo L ¥ — LT A~ T B R R AL & 25 AL R 3 2 i 1) 23 B 35
Thol-, £72, 20062019 £ D L ¥ — A TIX B FRALE 23 4 F ] o
RN TEB T A2EARMMOL Y — AL bholz, S 51T,
2006-2019 4D L ¥ — b TIEOF2% 8L e R AL E & 7B B0 i FE & o [
WCAOHBEBEFRN AL D L HICZE{L Tt (Fig. 1-3), 2Zb D Z
CIREFOEFRBEEN INETEITRRIMBERKE TCODL Z &%
ALTW5D,

ARBFZEIZ K0, B R FRALE 23 2006-2016 4F KU BE O 5 F IR O
B rERBICADOEEZRIFL TWDAMEENRINTZ, KFJE CTH
AHLEETADOS L, RARMNETLELTERLEET VX, FEHHE
MR RO, EHBRRE AR AR L b O Thotz, ZOET
L ORERIC X E, B R E S L 40 B CE TR RA) X
DIRT D EEIRBICAOEREEE 2D LR RENTE, ATRICE
WCHE R 40 B CE RSN X0 b MoV T E TR AR
DK D 7-8 Bl & & de (5 TR 2023), Z D72, V5 H ) e R
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DEEBTEIFRBEDBDICHE LR A PR AFRERNAMAEE 2> T
WoHbDEHER IR, £, VB mERAE SR 413 E (F&
W) LR bAbim L7z 2016 13, FRBICHERAOZEL LT L
ez ENRMB SN, —JF, Y ENR ISR T D 8 R AL E
BRI HEIEEEZ R L, L39S EEAE— 2122 L0 b5 B ER
LENFEIRT 2 & EURE A~ RITH KT L7z (Fig.14), 2D Z &
X, BB PRI ETCHLEIFRICAOREELZ LG 252 L2 L T
W5,

HERBFBIIREBREOEELZ T LB CTH LD, BN
O 5R T BIFEI ORI ICHEE ST L LEZX BN D, Miyama et al
(2021) (ZAbvEiE - HALIH TR 23 2 BT BT 2010 4E B 2016
FECTHHEAE EMIEN D KE EAREFEECRAL TWEZ & 2#
HLTHEY, —EOWHERM TR B RO\ O T 287
itk bsboblLTWnWs, £z, HEFRHEINOHMEICBT 5
A CEEEERE K & BWAK) omAK CEEIKE IR EBRBAK) 2k 254
KN R THRIETH 2K (BARBEE WMAKEE) BEmneaF
BV rERENMET T2 2 ENHEMINTEY, 2007 4 LI TlLE
KEDEWEHIICH D5 (Wagawaetal. 2016), T H D Z & ix, BEAKE
JIMMFRV & Z 2L, BB IS Y, 2oE, Voo
FUFRPE T T 222 R-EBLTWD, LR THBE T OEET
oD BE R EIXEEHEOY FHAeOEKRO BG4 THIT 2 72
BEELCEATEL LW SR D,

AKWIETHEE LT A TiE, FHREESA 40 8H (1 41 H
NG 97 HER) KV RS 22 LRRBICADREL 5222 LRREE
e (Fig. 1-4), A FRTIZ 2004 F OV gt llB, 28 (1 A1 H
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B 30-60 HEE) ICHitan2EF G m 25zl Tk0, P
BIRREEA N OB £ - TWWd (Fig. 1-2), 2 A o likix, V7 51t
ICBW T BT OHEABENBEICR>THAIC, Bl SRICEY
W AE 70 e B R T S E (R BOR) BMIThbR /R TH D L
s h s, HF, “EHFRICBOWTEROKENA LRI L2 L
NHE I NFEB Y (Kuroda et al. 2020), T & RIEES 5729, Hi e
ZHBEHELVERDDLENIICKPEEIND, MK 2 EH 52 &
X, MBMOMMARBEOHMBERELZEMN T L2212 MND T &0
5, XV RV TOMKEAMRTFT SN I@EERH D, Lo, @
DRME—27 THDH4AIVLE N2 AOBKEEAZHESCT Z LI
HEENLETHLZLZETLAORKREFTRBLTND, 2O &TE
BRIZ, A& FREEINNICB T, BIEROBEEO KR O ESIRIZED S
T, BAOBRRBICHT D 2 ARMOMEN—BELTEP-TZZ L&
LEGHTHD (F2EBMH),

ARBF LTI B R D A XL L AL E TOET A OB ELKIC
FERIRE N2 oTe, Thid, MBITICH W 2005-2015 FfHEF 2B W
T, BRKOERF A ZARKELL LML T ot ldidtBE I bR
%, Saito and Nagasawa 2009 |X 1976—1998 LA ICB W TCH 7r#H A D
AR D EE) & O R Y 4 ORI HOWT, dbilE AR — Y Y
T X K OVAR =8 ¥ X C U i IR O R B A X o BEINX BHE B 1IE 0 %) ] &
bLeb Len, BFERZELARMKEEM CTIEBREOERY A X &0
EREBRE SN AP ERELTRY, ZhITERRICHT D M
REDARY A X P HILIZ L > TR 72D THDLELTND, HF
BARRCTRIEGE, BATO LY 2 BORRE QRS 4 X OIS W T,
KA oML, EREom i+ akahRae 5 2 Ty n Al etk
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Wo, —J7, WMLV XD /NSRRIy — LTRSS,

FEREICKE T A MR OERY A4 XOEN BB RENEZLLND,
L7=2No T, MKKHSHBIEREEOERY A4 X, H50VFZ60MAE

bELEWVWo LKA RERHIZOWT, BFOH MO/ RAED LR

HEMIZHDHEOEREE FIZBWT, TREFNOY R L2 HHERT 2 A

HER) e iR Dkt & 7 — X O ERENE ~ oI (51635) LI icEk

WTHETH D,
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Table 1-1. Comparison of the Akaike information criterion (AIC) across models. “+ indicates
statistically significant explanatory variables. For each variable, “Oyashio” indicates
the mean position of the southern limit of the Oyashio Current during March-May;,
“Size” indicates the mean fork length at the time of release of chum salmon
fry/juveniles, ““ Time” indicates the weighted average of the release period (i.e.,
number of days after January 1), “Temp4” indicates the mean monthly sea surface
water temperature along the Iwate coast in April, and “Release” indicates the
number of chum salmon released by the hatchery.

Explanatory variable

Degree of

log

Model - - - - AlC
Oyashio Size Temp4 Time  Release freedom likelihood

1 + + 5 -141.546 294.9

2 + + + 5 -141.977 295.6

3 + + + 6 -141.569 296.5

4 + + + 6 -141.437 296.6

5 + + 5 -143.203 297.5
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Fig. 1-1. Change in mean Oyashio southern limit latitude from March to May.
square indicates the coastal area of Iwate Prefecture.
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Fig. 1-2. Timing of hatchery release (bars) and the weighted average (red open
circles) of chum salmon fry/juveniles by release year in lwate Prefecture.
Timing of release indicates the number of days since January 1 (X-axes).

24



20 A

()
15 ~
@)
10 A
5 .
r2=0.784
0 T T T 1
20 -
(b)
0Q
5 o © O
—
e O
< O
57 o 12=0.055
O T T T 1
20 -
00 (c)
15 T OO
0
10 - ©
@)
5 .
r2=0.722
0 T T T 1
35°N  37°N  39°N 41°N 43°N
Location

Fig. 1-3. Relationship between the location of the mean southern limit and the mean
area of the Oyashio Current during the spring season (March to May) in the
eastern seas of Japan (i.e., Oyashio, Kuroshio regions and Transitional domain).
a: 19801986, b: 1987—-2005, c: 2006—2019.
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Fig. 1-4. Effects of southern limit latitude of Oyashio Current on adult return number
(a), and effects of weighted average of salmon fry/juvenile release timing
on adult return rate (b), during 2006-2016. Spline curves and their 95%
confidence intervals (dashed curves) are derived from Generalized Additive
Models (GAM) results. Estimated degrees of freedom are shown in
parentheses on Y-axes.
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FBrE RROWRREXMGTTCOV ST HAOKRERLE
BAEREOLEL

2—1 #f&E

AARTIX, dbifEiEs KO Z IR A o RZEARFEE o TV D,
AFRIT=EBRICBEWTHSoREEREN RS VHIBKTH Y, FH
4 BRABOV ZFHABSMEB CEE SR, 205 B 91%IE 51
N DN S v, RV ITEEICRE SN TZA TR W THR
BRI E SN RICHR SN2 HREAENITOLTE, 2D KD
IR T b b3, B FROBIEERIT 2010 FRLEE L <
WAL TWD, 2010 EREVBE DR ZER & LT, & FRMTY 7o
OB FEHKBE T ORKEOHFEENEFICADOEELE X TWVWDH A
BEMENEM I TW5D  (Wagawa et al. 2016), £ 7=, ITHF, ZFHEHE
OKIBIE EFAERICH 5 2 & E S TS (Kuroda et al. 2020),
Mz T, BH—FTIE 2006 FELIE, BWIMERMENILRFL, &FROY
FRGRBRICADREEZ G 2D EN BRI, LERn-T, BIED
B FICBIT 2 RN BAESEME T THESE SN T & ki 5 ik
EHZ SO TWVWDLATRERD D, WFEREOZICKIET 2720 BE
FORRAFEEBRETDLEND L,

— I, P RAETIRAEEREOMBIC KRR BEN K 5 L E
Z B TW% (Bax 1983; Healey 1982), A TR N FEHKICHE W TH AR
BRI KRB R BRENSEL TSI ERRBREINTWD JIEIEN
2018), 7o, P HAETIINHAOREHEICKFE LEBEL® S
ZEDBNEM SN TER (21X, Beamish et al. 2004; Moss et al. 2005;

Peyronnet et al. 2007; Tomaro et al. 2012), & 52, ZhHEMA O pk & 3 B K
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FORFET, AAROY TIZHHFEMLET D LHE 2 BTV (Fukuwaka and
Suzuki 2002, Honda et al. 2017, Honda et al. 2021), & T &2 & il &
e MR RER AL B L, eV E REFEANR E A @ LT A AR —
VIHESERNI)RENEZZ LN TS (AL 1990), & FhEND
B & Z 400 km Jb b U 72 dbifEE KPR o BAT #k TERA S o s F 1%
Mk DY rahfanbld, MEAERINHICESREELZETCBREZ
RO H LBl STV (Honda et al. 2017), Z O Z &35 F
VL Ok D S HE fa D RRR O AR A7 O AR Y B R BN ELETICAE LT TV D
L&A LTWD (Hondaetal. 2017), L7223 » T, BRELH FICE
WT, YOO MHAOPHORERENEKRICHGZALD2EENLEO LI
EALT HNDICOWVWTHLNIZT A ENREETH D,

ZIT, RETHBRBEZOY 7y HHAOREHREICHER L, X
RHELEFROEBPEEZH T TEDOIIICRRLINEMD L
EHIT, BRDLMMITENERmBIZE X DB LT,

2—2 #Met- Fik
2—2—1 EREEEBEAORK L B

1) A D Bk

A TIE, REEREORZ IO FEL BT D720, 2013 4
15 2016 FFIZ 1 THFRILEE (Fig.2-1) THRITS N7 10 O H
AR 7 v — 7 (2012-2015 Fk) ZMATICH Wz, T b D 7 L
— 7 ORI, SMEBR RO ER RN LoD E S, WP
FEOWMEFINBERDZ A I TIZOWNWTBITO HFEEZHET 5 Z
CICHE S EY CCHEM SN (Yatsuyaetal. 2018), A BREL L, &
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FRICBWT MR KR FIETH D 4 AN k3 % & (RR),

B o FHM A 1A A H O ST (AWNP) O 2 2 %)
BEELELT, ATFROMKBEHNEIND 3 AR5 A EA CEFRAN
KEAKEE M % — 2009) X0 & FFE NS Bk U7z 2 B )1
ft (RR-E), W CofMEHMAZETE O 1/4 (1 HH) (2L 1@
Mg B (IWNP), 10%E(T MU o LAIRINEEE ClilE S L7z 3
AR BEFE (RR-S) O 5 /3% — Z % E Lz (Table2-1), 4T DIk
Jit# (RR, RR-E, RR-S) &, [WHEIZHAT D) OW A»5K 2
km B AL S DA S b8 0 b E B L, MRS E R (1WNP,

AWNP) (X RSN O R 1O 2 58 300 m 1 O H SUIZ 3% & S 4 iz 1 % (Fig.
2-1) 28T IWNP (X 1 M, 4WNP (X 4 HE OMKEHET O%IZAE

5 O & BA i Litg o~ & it L7z

2) IR DR

FAEF TV — T ORI E AT - 72 2013-2016 4F12, [WHBIZHEE L
14 AT E R T/HEEME (EX 60m, LK Sm, #E 3-10mm) B X
OXEfM (D 60cm) ZHWTH Mz L7 (Fig. 2-1, Fig.
2-2), 2013 4 & 2014 1% 4-5 H, 2 AR & £ ke L7z 2015 4 & 2016
Fix2-5 HIZBWT 7-10 HEBR CTHEM 21T o7, i L 2 sh HER 1T 52
BREICIE DY, AT E T-200CTHRE LT, Mk, BAORYXE% 0.1
mm B CHEL, HFAazRovH L, EA—xtOoHEAD B, —F
I HEAIREER ORI L2 BmBEOHBIC, b5 —FHIZHMKE®R
AR E T DAL=,

3) BRADOKRHE
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2012-2015 M OEFHK 7 Vv — TN 35 FADOERLE L CHIFT 5
2015-2020 R 12, f&AFJIIC IV TR A 2 B4l L 72, B 4F o Fi A 01 AT 1308
RN EZ# LT o8 TchHD 10 A EAND 12 A FTHETE L,
kS ) O A 2y 5K 300 m ERICALE T S & i sk (Fig. 2-1) (280
THiBE S8 Ao 10 AME (AF) ICHEES 50227 % 412
ML, ERECHEABIOBAERRL, BIL B A28 L,
ERREEES» O SIE# 7 Vv— 7 %8 E L7 (Fig. 2-3), BE L 7= fi H»
HAEE 2R E L T2, i O ¥ E X, LaLanee and Safsten (1969)3 L OV F
FE - A H (1998) It - 7=,

2—2—2 EEMEADREREE ST

PR AIXE NI W Tttt 1-43 BRICEBEM I sy
THEBDOREEREOSHTIL, BIER IV —T MO RS 1 EBU Lo
R BIEZ FE ok 28 E L CHEM Lz, HAHEEmICX D[R
R B 3y HT1E Saito etal.  (2007) @ FiEIZHE o 7o, B AR EZERIC X
DVREINTSER I V-7 OHA2MEL, Hafoinno Ak
WHETCOHEAEREBABITT = v 7 b BEAfLEHE To A AR
B L VA IR 2 B4 Himat il > 27 & (ARP/W version6.39, 7 b
v 78 TEMILE, BAREZRBYXRICBHAE T 272012, V7o
ROEAYRERLEBEXEORAREZUTOXERE L,

FL=axQTP" (2-1)

ZZT, FLIFEXE, OTITEAYE, aBLR bIIR"NTA—FTHhH
5o 2-1 TEIND LML EED (OTy, FLy) &R F TOEHRE D
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(OTe, FL.) D 2 A& @i+ 25 K 9 ICKFH Y 7 b D MS-Excel ((££)

~A427wvY 7 hE) DT KAV 7 b Solver # T, FL, B X N FL.
OBWE & TREOKEEFMER/NMET 52 LI2E0 aB XV b %
EEZEICHE L, AFRETIER2TOMEKICSONT, 0T, & 111.11
pm, FL, Z 20.4mm & L 7= (Saitoetal. 2009), S5 N 7=HK = & o 2-
1S, BRIBRFICER SN DB KRKBITTFT =y 7 ETOHERE, & H AW
WMETOHARERAT LI LT, 2 ZnBEilERFORYXE (FL)),

BHELPORBECORBEORYEZREM Lz, WHEAENNH OV 7
HEAOREIZIERKTH D72 (Vegaetal 2017), o= HEDR
NENS, UFTOoXRICE Y BilE#OAMEEEE (GR:mm/H) % & H
L7,

GR=(FL.-FL;)/t (2-2)

CIT, tIZBEmNIrOERBETCOH K E RT,

2—2—3 EFHBAOEFROHE

— R e PEE LS E, WL R LESEE X0 bl
WEENKRTTD2ZEREMINTWD (EEIZ) 2016; Kasugai et al.
2018), L2rL, AWFZE CIXilEH & E 2 /&) oW )IKDOZELZ T D
FOFMECEmRLEZ &, WJNCH EL7ZBAOREEZR O GEN
GETCEM LI &G, WHEEHEOM)IIE EROMKTITALTICL
WERE L, B 7V — 7 o a] i R A )1 A E TR L 72, 2011-
2015 F B O K& 7 v — 7 O I A R 2 RR, . 1% Morita and

Nakashima (2015) 2w, A TR LV RkD7-,
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RRor = (XiXjPMeyjrri CMj i+ XY PFeojjiri CFirri)FRe: ™" (2-3)

ZIZT, PMg;jeB X OPF,,; 0%, Fdkf ¢ (.=2012, 2013, 2014, 2015)
DM § (i=3,4,5) LA (=10 LA —12 A TA) 2B 2Kk
TN—T e DI, HEBAOHBRE G ERT, CMj 3 X OCE X5 Rt
t DAY G THEME S 7o, HEBL AL DM B 2 R, FR, I3
ERREE (TR D AER TV — T e O A RT,
MEADOREREDENDBADOENBIZGE X DB LT T 512D,
— AL MIZIR A €T v (GLMM) %5 L7, MESM%x oA,
U7 BB logit”E e, IWEERZZEHK IV — T OB f IR
R, SIHEKESIER V- TOMAORERE L, Fkte T
OB L LT, ERLEETFTLVOBRHEROAFEZMIT, HELE-E
TN BBAER AR RWIZEEOE T ORI E OB E TS 5
LHEWMEIS LV BRE Lz, AEKAEL0.05 & Lz, #aHHETICIER.

version 3.5.0 (www.r-project.org) ZfEH L, GLMM D /T X — X #t7F

(213 Ime4 /X v &7 — ¥ (Bates et al. 2014; Bates et al. 2015) @ glmer B
BEHWT,

HE £ o0 [ R Iy O Mg T KR & RR R O BMR 2 L 5 729, 2012-2015
FE AR D RSN 2 O EHG RIZONWT, FER/D 2-5 FHE TON
NI 2 W — R OBRER TR 22 THERBL, 7 HEAN LA
Bk LTWEEEZLND 2-5 Aom /KR & L, IWHE
ORMEMWKRKIET — 21, HFRAKEHIFE VY —DF — 4 X—2

(http://www.suigi.pref.iwate.jp / teichi /) 2O R&G LT — % & H Wi,
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2—3 ®R
2—3—1 FEHBEAOREEELBEAOEFR

BHEMOEBHER O B H R ERE ORI, 2012 F#HkH 0.59-0.77
mm/H, 2013 E#& A 0.37-0.46 mm/H, 2014 2% 0.47-0.81mm/H, 2015
FEiff A 0.48—0.85mm/H Td - 7= (Table 2-2), [A —4F KN DR 7 L
—7HOHETIX, WTOFERIZBNTS 4 ARG (RR) D
HREIREFERENMLOBE LY b Emhotz, —F, 2 A (RR-E)
O F [ Bl R W B R B ISR D o o, Vg AR RE 0 Ll T, 1 R
fAl B HE (IWNP) O 52 4 @M EHE (4AWNP) K0 & H kR ®H
& 73 /& 7 o 7= (Table 2-2)

HAORYREIL, WTFROERICENTY 4 A8k (RR) O
FlRRBAMOBEL Y bEmrole, —77 2014 kB LT 2015 FfH D 2
AN i #E (RR-E) Tl (Z£400Z 4 0.016% & 0.006%), 1 i [# g
fAl BB (IWNP) (£ F 4 0.304% & 0.010%) LV LR W ERFEE R L
72, 2012 FER B L OV 2013 ARk o0 1 EVE T R E R (1WNP) o [al)f %
(ZZ1 0.085% & 0.066%) 1%, 4 HEWETEHEEEE (4WNP) o[BG
F(ZNZEI 0.055%& 0.036%) O 1.6{FEIT1.I5{FTHY, WTh
DAEHRTEH 1 BEEHETFEERE (IWNP) ORBROIF I BNEh-oT,

(Fig. 2-4) ,

GLMM D #E 5, e 3 & pl Bl a3 o B 1L #E 30 IC A & e BIAR A
Aotz (df=1, y’=5336, p<0.05) (Table 2-3), #EE S #L72 & 45k O dh
FROM X1, FREBEM TR > TV, 20122013 FHEZICB W T, B
DENFRIIHAOREEHEEOHEME L bICKREL RDMETH - 7208,
2015 AL TIX Z oA IZ AR CTH - 7= (Fig. 2-5),
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2—3—2 EFOWmEKIELFIERR

WHEED 2 H1H255H 30 HETOHYEHRBEAKEIZ, 2013 4
73 5.3-9.9°C, 2014 4E A% 3.5-11.5°C, 2015 4E7% 3.3-14.8°C, 2016 42
7.3-14.4°CL 720, 2014 F X KEMKR S HERE L, 2016 Fixm < #HB L
7= Th o 7= (Fig. 2-6a), M) 2K OH L EFRIX, 2012 FHN
0.06%, 2013 Ffk 2% 0.02%, 2014 FE#k72% 0.10%, 2015 FF#& A 0.01% T
bole, HEFD I H, KIENKR G & HE L 2016 F 12k S Lk
2015 ko EFENE HIR<, KEPEHBIERHERE L7 2014 FI25K
S AT 2013 RS 2 F B IR WENR SR A2 R L7z (Fig. 2-6b),

2—4 EBR
ARIFFRIZBNT, BRNICART 2 RO EHE T, Ao
EURRICEONRE 5 25 Z Enbooiz (Fig.2-5), £ LT, T n»
BOEMOBARIKGIME W) /NS RFEM A —IZB T 5 E®H
MR RKOERY A XNCEEBZRIITLEDLIZ LN ER-T, HE
E2 (2018) 1%, WiFETAZHWEY FHARIEY I 2L —va v
EFHOWT, BFREPORIRINTZHAD S L, HEKRKEENHWIZE
A EBEBHETH LM ER SBICBZETCEL2BAERNZI DL LE
fE4 U 7o, U o HE S oD el B B DO B 1T R A RICKE T % (Ohkuma
2007), ZAVD O Z &%, KRG 00V PN bk T oD HE o Bl R R
WEWZ N, KA XOHKICE D&V FEKEEO#ES 2@ L TE
RICAFICEHS 22 R"E LTS, —F, GLMM £ 7 /L ClI 4 HEfa
DRERLBFAOEREOHBLOBEITFERM TRESERY, BA
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TOREREREBEIZEZD2EBIFICL o TRELAERDLIZLENRRS
N, BICHAEFEMTKENR b & HER Lz 2016 FICHIE S Lk
2015 CTIHBNTOREERENEIFRIZLIETHDRSAHABE TH -
leo E72, 2015 EHRODHEADOEREHEITE NI b b6 T,
BlAORIFRFIMOERZR LY HFE L K2 -7 (Fig.2-5), ZOHHE &
LT, 2015 AR Sl 2016 FIXHWFHBTH O, ShHLND
SA~EBELBICERNRRE LD, BEURRNME T LGNS
AbND, ZBEhFEOKEIL, BH#lZhoRczSEEAKLTEY, #
IR (F5) 1ZEZoHBORFERKRITES (B) 25|
M2 5 (Wagawaetal. 2015), B X o> TEITN D W KEE Y 7 Z
v ~ 2T D Themisto japonica X° Neocalanus plumchrus 1%, —[Ein
OV rHMAO EBREEAEHTHY, Bl ARE ZAL0EY T
FY I MHEONA A RAZIEEOHBEREFKENH S (Yamada et al.
2019), Z D= OB OFANIT Y L O OEAE & v ) Bl S BHE
ThbHLEXHND, Yamadaetal. (2019) (X, 2016 FFOHFEF O (L HE
X, WAKWEEYM T T N DA A ABIEF T 7 ORI 7R AR
TholmtMEL WD, 7, Yamadaetal. (2019) (I ARHFJE CTH
LT A DOBNEDZRXTEY, 2015 FfkiX 2012-2014 %
BWTESLEXY X% 7D Themisto japonica °H A 7 V¥E D
Neocalanus plumchrus ME & A EFER I T, ROV IZRBEMPIE W &
S FWESEPBNEMICESLSL TV EZbazdhELTWVWD, 2
oD Enn, RO D o7 2016 O FBRE LY 7 S H M
EOTZRXALXF—ARRIZHBOSLT WIRILIEsT EHEEI N, 2Ok
W, 2016 I S LML, BIEZOBNTHEES AL A
L, “FHIZKETELEbL00, BHUA~NLBBH LEERICERNRET S
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REICILIN, KRICADODEENb>T-ARERNH D, —FH, B
MARTR <, 4 HOYEKIED 6°CLL T 72 - 72 2014 1%, #HAFE T
w77 7 bR bEE ThH o7 (Yamadaetal 2019), L
L, O S A7 2013 58k o S HE fa o0 iR S0 B A D[R] )R
FX 2012 FAER 2014 BRI R TIERLS o Tnie, 7 A T
RAKBRFICHRENK T3 22 ENMHLTE Y (Torao 2022), BN
FRENTE o 72 2014 FF 1T, BENEE T B RKIR O 72 0 12 S HEf D Al R 3
MWIKTFTLEEEZDBND,

ZOXIIE, HEFREBFICBIDIEBOMAIC LD KIELE & VT
NHEAOHMEHEORICIZI ML — RAET7OMEEBNHFEEL, V7LD
REHEL, 202 o0BRNOMAEERICEESLIEEZLND,
AEEHHIR TR WT, 7 BABEOKRE RO E— 7 TR AE M
N2 ERMBAN TS (Brett et al.1969), Z O Z &%, fHEA+
B HDRE T TCHEAKBETHIIERERIZIET L, (HEHHIR T <X
MAKBRTH THHERNMETT L2222 EKRL T 5, lino et al.
(2020) 1T E FR O FHAIZHOWT, EAET (14°C) 2B W T, K
EEEL (KED 1%) TEHE SNV A, Sk (KED 4%) T
fHE SNTEHARICHERTHRE~OD T XX —F N U Fic/kh-o
EHELTWD, ThbDZ b, BEMNEETHEE LV HIEKAKR
125722014 %, BLXOHBHBTET LV b EKIRE 72 2016 FI2 ik
ENTY ThHELITVT R HEN, H2D5WIXEIE %O REHED
KTFZ@B L THEFERNMET Lz RS,

AT, VAo BABLEOREEREIZHL N TER
Mmode, TO7®, EERIZ 2016 FITHE S vz 7 S HEf O a2
AHBIETLEDEAATHD, £, KEHREOK T LY 74
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AN BRI EDERT, Y90V oa7 B ATHLEL TSN
KRELTAHATH D, TNHZEZPHLNICTT DHDITIE, BABHE
DY o fanItEEORMEICHZET 2 E ol LBHE T OEH
b A, EOBRBTERBEEDOHEAENERANOHB LR R0 %
RELEDDZIENMLETH D, AT, BAOAHE@m» S ED
—EMMICB T 2REHEZHE LD, KPETEHHITHREL -
BEEOEKELZY T NVEALTHNDLZENEHELY, ZOMEZMBRL

ILHEL LT, ¥R MEOMPICEENDLA v AT UEERER T
(IGF-1) & IGF #&& % > %7 (IGFBP-1b) ZfEIEL L CHWD Z &
THY Iy HAOKERSE 2 CE 2 2 EBWE SN TV 5D (Kaneko et
al. 2015; Kaneko et al. 2019), &%, T O X5 AP REEL H W
52T, AbEBEETOY SR ORKERIRTED RN RE{E K
DEEMICEIM CE b0 &IN5,

M E T Lo iR COMARETEZMTE T o8I E LT @E
ffFehnTsy (B 2013), FEEMERTIXIEMNE T DMK A4 X F
THBECTCERWEA, WHICREINTATHEICS O THEEZ Mk L
BRBROMMAEEMRL, BNETIRMICHK TED X I>MET 5 HE
Thd, KFETIHEWTNOFERBEICES N THMMHEERDO TN 4 H
AR RE (RR) K0 b REE L EFREDMR T T 2HmABE I
T2, SHICHEEHMMICERT 2 & 1 EMBHEHEERE (IWNP) LV $ 4
W [ R B RE (AWNP) O Rl R I EE 2Ny o 7= (Table 2-2), Z O FR
HELTERNOERET TIE, RHHEOHETICED AT EOMMIZE
MBEOBERNEL, ZOZEERETENOBAKEDOK TIZ X2 BT
FORTROEBREYOEEZ @ U T EHAOREZM$ L7zl ge
ERAbohb, £, YIOMHAOKRRIZHI ATENORMKEH Y
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DINABEEDOWEMMAREIH ZHEL TWDARERELZLND, F
Bl 1 B AU EolRfEENHOET CAEEMOBGVWERERL D
Y B2 Lk, ATENBEAKELZREELEZER, BEVE
PRV BEEL LN THADOKRE SR ANPH LT 52 &0
HZEICBWTHER I TWD (RIIEN 2023), 207D, MO HEW
DU BEZDHEEERGAICIE, MICHELEERESOEMN R A
T AN KD KM DR R R AT S U BT ' N o8 RN & R
M3 2B TOMBIEHRKREEFETLILERNS D, £72, 2 AW
o #E (RR-E) TlE, 2014 FfkdB LT 2015 FF O W4 b I~ D
4 AR R THREEE MRS, BEUREHF L Ko7 (Table
2-2,Fig.2-4), ZTDOZ &%, MR O R FEH O KIEO SIKICE DL 6§,
2 ADHBBONFEIT B L TERLS holeZ tE R LTS, K& %
17272 2013-2016 2R\ T, & F R IRMIE IR 5 (2 e 00128 8 132
FE Lo HE, B R L o7z 2016 & FrE, 2 A THE~3
ATRETH o= (FEIED 2020), 2O, BB % F
L72 2015 B LV 2016 0 2 A AITEEIREM T 7 7 F R H
BHLTWhhrolotHERIN D, EEIZ 2 oM £ L.
2015 B LN 2016 FFITHBWT, [HHETIX 2 AIXBWREIY 77
J N DBEEPE N ERBREINA TS GEHIEN 2018), 2
DZEND, HEEMT T NN ol 2 & BHEM O R #H
EOBRTEZELISE, HREFEORT~LO2RB oL EZ X BT, 2014
FEik DA EEHE (RR-S) OEEE R KO RUFERIL, 2 H Bi#E &
Db mhroled, WEEEZH W 4 AR (RR) L0 bK<,
ABFZERE R0 S X EgERR E~O R T TCE2WwWEBbn, &
7ZL, BB 2014 FROBDOETH D72, BENELLIZEGAIC
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BIRNRBRDMDITIAATH D, Lo, BEORFRE T THE, M
M~D 4 oz EAL L, WEPEEE2TO>5 6%, GEHHEHE 4
WETEH2RC THRBMBEICHEGKE T LD LN FELVEEZXLONT,
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Table 2-1. Number of chum salmon fry released and date of release.

Brood year

Otolith—marked

Number of marked
fish released

Release date

fish group (x1000)
2012 River release (RR) 496 16 April 2013
1—week net—pen (IWNP) 498 17 April 2013
4—week net—pen (4WNP) 497 1 May 2013
2013 River release (RR) 377 14 April 2014
1—week net—pen (IWNP) 408 15 April 2014
4week—net pen (4WNP) 344 15 April 2014
2014 River—release—early (RR—E) 400 6 February 2015
River—release (RR) 400 13 April 2015
River—release—sc* (RR—S) 400 13 April 2015
1—week net—pen (IWNP) 400 13 April 2015
2015 River—release—early (RR—E) 336 6 February 2016
River—release (RR) 255 13 April 2016
1—week net—pen (IWNP) 276 13 April 2016

*River—release—sc was reared on a diet supplemented with 10% sodium chloride.
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Table 2-2. Summary of recaptured marked—juvenile chum salmon in Yamada Bay.

Brood year ]E)tolith—marked '\J!S\r/zt:a;:f Fork length at capture ?;ZZ;S? Number of individu_als Growth rie
ish group captured (mm) recapture for growth analysis (mm day ™)

2012 River release (RR) 226 60.0 + 7.0 3-36 16 0.77 £0.09
1—week net—pen (IWNP) 203 59.2+£6.6 2—35 15 0.70 £ 0.08

4—week net—pen (4WNP) 328 65.1+7.1 1-21 18 0.59 £ 0.05

2013 River release (RR) 118 59.2+3.9 343 29 0.46 + 0.02
1—week net—pen (IWNP) 146 55.5+4.6 2—35 31 0.45+0.04
4—week—net pen (4WNP) 85 61.3+4.9 2—9 23 0.37 £0.02

2014 River—release—early (RR—E) 19 53.0+ 3.6 1-23 12 0.47 +0.14
River—release (RR) 87 58.4+£5.7 2—28 24 0.81+0.12
River—release—sc (RR—S) 9 58.2+5.9 2—28 23 0.74 £0.07

1—week net—pen (IWNP) 108 57.9+43 2—28 9 0.72+£0.09

2015 River—release—early (RR—E) 42 53.3+6.7 166 34 0.48+0.11
River—release (RR) 96 55.3+6.8 5-33 22 0.85+0.14

1—week net—pen (IWNP) 211 55.7+5.7 5-33 28 0.84 +0.13

Values of fork length and growth rate are mean + standard deviation.
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Table 2-3. Result of the generalized linear mixed model (binomial family and logit-link function) for
the adult return rate of chum salmon.

Fixed effects

Parameter Coefficient S. E. Z-value P -value
Intercept -10.884 0.530 -20.537 <0.001
growth 5.992 1.792 3.344 <0.001

42



140°E 144°E 148°E
T T

Ho do//

43N Pacific
Ocean

% Sanriku

# Coast Orikasa

Hatchery

Orikasa River

Fig. 2-1. Location of Yamada Bay (P) on the Sanriku coast (inset) and locations of the Orikasa
Hatchery on the Orikasa River, net-pen sites (%), juvenile Oncorhynchus keta sampling sites
(O), and surface water temperature observation site (X) .
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Fig. 2-2. Collecting juvenile chum salmon with a purse seine net (a) and captured juveniles (b).
Scale bar: 5 cm.
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Fig. 2-3. Adult chum salmon collected at a fish weir on the Orikasa River (a), and a
representative example of an otolith showing thermal marks indicating the test groups
(b; between the white arrows). Scale bar: 25 um.
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Fig. 2-4. Adult return rate for each release group (abbreviations of treatment groups are
shown in Table 2-1) by brood year.
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Fig. 2-5. Relationship between juvenile growth rate and adult return rate in

each brood year: 2012 (1), 2013 @ ), 2014 (A) and 2015(O).
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Fig. 2-6. Water temperature in Yamada Bay in 2013 (open squares), 2014 (shaded circles),
2015 (open triangles) and 2016 (open circles) when Oncorhynchus keta fry from
brood years 2012, 2013, 2014, and 2015, respectively, were released (a). Total
adult return rate to the Orikasa River (symbol matched to water temperature
experienced in the year of release) (b).
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BIE INECIIBRBEROY VT HHAOHR

3—-1 RS

AFROWINNCKE SN #ERTEEER, hEEZILEL, JLiE

BEORMAMNMEZBEBL CAR—Y I7l~BEHTILEEZLNTVD
(AIL 1990; Honda et al. 2017), —MIZ Y 7 B ABILAETE L O IZ
BWHELRERRT D EE25NTEY (Healy 1982; Bax 1983), fii &
TREHEEEOS VWALCLEROFELRERO —D2LEF X LA TWVD
(Beamish and Mahnken 2001; Collis et al. 2002). H AR TliL, ¥+ 7 Hfba o
REMAEE &L CHERLELH D DX, K v 7 Pleurogrammus azonus,
t 7 A Paralichthys olivaceus, 'V 7' A Pseudaspius hakonensis, ~ /L%
Pseudaspius brandtii, 7 7 7 > / % A Squalus acanthias, A X %
Lateolabrax japonicus, 75 5 7 k= A Oncorhynchus gorbuscha, % 7 5
~ A 0. masou, 7 A~ A Salvelinus leucomaenis (Nagasawal998),
v /N F Cleisthenes pinetorum, 7 W7 Y A Sebastes schlegelii, =2~ A
Eleginus gracilis (& MZ 2> 2013) OFF 12 TH L, W ba FR
THRESNIZETHIN, ZNHOBIZHONT, BFRTOYV A
O ERWICET 2®EIT R, BEYRHEREE LA TH D,

A, =R E2BIICEB W T, <% N Scomber japonicus @ I 1] B 44
e O BHIE A © TR D (BEANIE2 2023), & T TIx 2015 4 LLRE,
4-5 Hiz, EEMIZB W TN EWNT~< YN Scomber australasicus (LA
T, MBLT ITHNE L)) BECEIND LHICRoT2, £
DFEFR, FIT 45 AlCliisn s rHAOIRER-EHMEEERD,
Ve NEPREBECBVWTEHBET OBSAH{RL TV D aREN D
% (Fig.3-1)o &2 FRIBFICHMT 5 AL, ~ P ASAKRFEFERFELE 2

49



P NKEERBETH D, VNI 2 AW EEHE L TCHAT 22,
ARMAETH D AEKEETIX, ~ VN W ¥ 7 F A U ¥ Engraulis
japonicus XU, HA T VHSAXFT I[N FBREE K&
T D (FEREIED 1968), WX 7 F AT FI~H NOFNEWY
HHLEER SN TWD (FFRIFH,» 2010), 2ok, P EHITdEER
B O HAOBENZRBREE IR I2EE2x20Nb, MR
ORI BN -3 R 2 AHOBRICERBE RIET Z &0
FH A TWS (Bax 1998; Tsou and Collie 2001; Worm and Myers 2003)
PAFEXINETHTOMEBEL L THRESN TV DIMAELERTE
WENZ WD, YANBEICEI DY RO & ITRFERTOMHA DL
CZzBELYTrERBDO—KERDAIEEND 5,

Z 2T, KRR TIE, PANBEICL LIV I HAOHBEOA EEZH o
T 5720, AFRENBICENT, A ORFERKEIZEEIC
FOVERLEY NEHOBNEMEZHRHAEL -,

3—2 ME- FHiE

3—2—1 BARAEDHE ORI

HTPRELBICEBNT, PAEENRICHBICLIBERHAELZIT- -
(Fig. 3-2), sRAHPH TV 7 AN BRIEBZ ISR NEE BB 5
CPHEESNEZEEBERRENASBEOHE L, #HETY FrHADORR
WkRFHI B2 b5 2021 4F 4 H9H, 20H, SHI19H, 26 H, 6
A1HOE SHERLE, P NEIKMEICEE LW & (PHRIEHN
2010) RC[EJE DO KFEFEY /N S, scombrus THH FHFNHLBHEHOHOHE T
WCHANEWNB AT 5 Z & (Darbysonetal. 2003) NG SN TWVWD Z
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EMND, WTRORAED HOHBZIZITY, BRFar 7 K246 L,
EAICET Le, 90 icH i S - ABEE Mm% (FCV-1100L, %%
AL ZMEH LT, ABEZERL, KIEBAORTEFRA v MW
T, BPEEHWEZENVICE Y P NEERR L2, BREBL 72 EARIT
BOHIZHEAKKEESTL I =T =Ry 7 A~NEIRNEF L, HoNTER
FWEAOKIZIR T 2R TERE~EBXL, YO BLICH T W
BAE T e, ML AT, H1EHEE 1 IMAERLEEXED
RICEZ D~ N T~ NE2XH L7 (HEH 1999) .8 X & (FL; Imm
HAL), (RE (BW; lg BAr) #HE L-#%, B2kl L, BN
KhuEery FTHEYY— LV ECRYEBL, BNEHWERE (001g
HAL) ZWE L, 0%, ARBIZICEIVHBNTREZRS DIZHON
T, AWHEzEEF-EFBL VTR LE, FHTZ2E 2> b,
il ) 32 13 A 55 8 4R = & |2 RNase AWAY (Thermo Fisher Scientific #£ %,

USA) ZMHWTHaoiwkiL, Y7 ABomdzlh< ks,

3—2—2 DNAHWNICLAZBENEYOREEE
1) DAN i HEEA O fER
VoA EHEL TS ANEHOBRERER LN T 272012, B
NEYOBHBEIZEWNT, REOASLIHE 2 & D5 AR & Y
FHATH D ARENEWEE X BT 27 RIK (Fig. 3-4) (2, &
AP OREOMHAW A 3 MIEOSGE 30 RIEEZ oL L L, ERE
0.01 BAZCHEBNZHE L, HEME2LHH 100mg OFHKW ALY H L,
BEABAKTE SR L TDNARHHEA LS L (A7),
P ARNEORMEEHLNICT 57202, DNAFHEARDSO2TDH
NEWEZEER BT =L, KB LEBLEEY S A P — (T25
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Digital, IKA #L#, Germany) (2 X 0 ¥ L, DNA MIHEAR L Lz
(BB 7)), MR ESEY T A A LEZHENEYIZ DNA
FhH &£ T-80°CTHRTFE L 7=,

2) DNA O #iH

A Y~ 7LD DNA IZ, PCRlysisbutter (¥ 7 7 34 A48 % H
WTHIH L, BAEH Y > 7 i o0 Tk, A R (VD-250R,
TAITEC ##) L~ Fv—Xv g v h— (ZHHERER) 2k W
TEELMEE - M EAT o T2, O Lo L IT Lysis Solution F (= v 4R
YU U ED) 2L, B L7 E3E 25 MPure Bacterial DNA
Extraction Kit (MP Biomedicals %, USA) % M T DNA Zflifti L
72, DNA X QuantiFluor dsDNA System (Promega fEH, USA) &
~A47uv7 L — kY —X— (Synergy Hl, Agilent Technologies ¥,

USA) ZHWTHIE LT,

3)DNATFATZ YV —DERL MiSeq > — 7 v 7

SFa Y RYUTDNADY 7o —L CAFUHF—F - HTa=y
K 1(CO1) OEsFfHIKE DNA A X N—a—F ¢ > ZITICHEH L
72. MiSeq 77 v v 74+ —ALH® DNA 741 7 7 U —(%, DNA "—2
— T AT TITA I A T v A EM A A DY D 2-step
tailed PCRIEIZ X W R L 72, i o 7L D) PCR KIS IE, 0.4
uL @ Gflex DNA polymerase (% 77 7 /N A A 4E8), 10 uL @ 2xGflex PCR
buffer, 0.5 pL @ forward ¥ & O reverse 77 4 ¥ — (4 10 uM), 7.6 uL
DIWEREAK, 1L.OuL DT > F L — | DNA Z & ¢ 20 L B E THEE L

72, COl i&fsf® forward 7 T A4 ~ — 21X —&KIZfHE DI TV 5 HEF]
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(Leray et al. 2013),

5'-ACACTCTTTCCCTACGACGCTTCCGATCT-GGWACWGWTGAACW

GTWTAYCCYCC-3'
ZH\VY, reverse 7 7 A ~ — (21X CO1-HCO (i F 5 K& & #2034 A 72
5| (Fujiwara et al. 2021),

5-GTGACTGAGTTCAGACGTGCTTCCGATCT-TAHACTTCNGGTGKC

CRAARAATCA-3'
H 72, PCR ORGSR 1E, 94°C 1 3 O HIAENED #, 98°C 10 #,
55°C 15 %), 68°C 1 43 % 35 %4 7 ViT\, REKMERAT v 7% 68°C
S5t L, BREWY 7 VDiH]IO PCR i, 0.08 pL @ Ex T
aq HS (TaKaRa Bio 1), 1.0 pL ® 10xEx Taq Buffer, 0. 8 pL ® d
NTP (45 2.5mM), 0.5 pL @ forward 3 X O® reverse 77 14 v — (% 10
uM), 4.0 uL O 7 0 v ¥ 777 4 ~— (10 uM), 1.12 puL O K 7%
BAKBIO® 200 o7 7L —F DNA 25T 10 uL A& CTHEi L
=, 7avyx 7774 ~— (5-AAACCCCTGTTCGTCTGAGCAGTCC
/3SPC3/-3") ZH NAH D DNAICH KT DY — FEZH O 372012l
M L7, PCR OIGSEMEIE, 94°C 2 5y o WIHIEME D%, 94°C 30 7,
61°C 15 %, 52°C 30 ¥, 72°C 30 B % 35 ¥ A 7 ATV, K&ME X T
v T 72°C 5y L, ABLIOBERNREYMY 7 VORI D PCR
FEY) % AMPure XP bead-based DNA purification (Beckman Coulter £t
B, USA) ZH W THRL T,

HABLOERNEY > 7o 2B H O PCR KL, 0.1 uL @ ExTaq
HS (TaKaRaBio), 1.0 uL @ 10xEx Taq Buffer, 0.8 pL @ dNTPs (4% 2.5
mM), 0.5 uL @ forward 3 X U reverse 77 4 ¥ — (4% 10 uM), 5.1 puL

DIEFEAREAKKLR2.0 pL DT > 7L — F DNA Z &8 10 uL A& THE
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e L 72, forward 3 & O reverse 77 A4 v — DO EFIIZ,
5'-AATGATACGGCACCGAGATCTAC-Index2-ACACTTTCCCTACGACGC
-3
B LW,
5'-CAAGCAGAAGACGGCATACGAGAT-Index1-GTGACTGGAGTTCAGA
CGTGTG-3'
M Wio, PCR O KR &AMFIE, 94°C2 5 O WM A D%, 94°C 30 F,
60°C 15 Fp, 72°C 30 B & 10 721X 12 ¥4 7 VAT, KM EAT v
7 & 72°C 5 45 & L7, PCR PEMIL AMPure XP bead-based DNA
purification (Beckman Coulter %4, USA) (2 £ v % L 7=, QuantiFluor
dsDNA System (Promega ft#) B X O~ A /72y L — U — X —
(Synergy H1 Agilent f:%4) Z W\ T, fEfk &7 DNA 74775 U —
DREZXWE LI, 7477V —OWMEILX, 777 A T F T4
— & dsDNA 915 Reagent Kit (Agilent fE#) % H W THEFR L 7=, MiSeq
v3 Reagent Kit (Illumina f:%) ZH W T, 2 x 300 bp OFKFETY— &

YT EAT o T,

4)3E B 5] o s e

FASTX-Toolkit ver. 0.0.14 (Gordon and Hannon 2010) {2 335 S 71 T\
% fastaq barcode splitter Z W T 7 7 A4 ~—E ¥ 2 HIER L, B4 O
FIGONER LT T4~ — LRI —%T DY — RELH DO B % i
L7, Z®D%%, Sickle Tools (ver. 1.33, Joshi and Fass 2011) % T
AV T 4 —ED 20 RO ZEVERE, 40 B EUTORS &2
ST EZDORXT AN ZREFE L, KRIZ, XT = N — RNiEg A

27U 7 K~ FLASH ver. 1.2.11 (Magoc and Salzberg 2011) % H W T, &
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BEOU—FREALEZHESLE BEEOSRME, A% ORSE 310 # 5,
U— FORLHIR 225 K, RIKOEZRY 2 10EEXE L, iR 7
L DFEABLFNIZ DT, BLASTN (ver.2.9.0) % H\CAHIRMER TR 217
ST, BNEWMY T iz 0T, 55 17- DNA BB 2 QIIME
2.0 (Bolyen et al. 2019) %= H W <TTF 7 /b b & & Tt F i 5
(Operational Taxonomic Unit; AT OTU B4l & FES) (27 v —7{k L
72, TERCE 47z OTU Bl % NCBI (National Center for Biotechnology
Information) nt 7 — % X— X |Z%f L T BLAST M #1417\, RHHLE
ATol, TD& &, OTUERSI OV — RE 100 LL Lo % FE &
HIp LTz, b NT-E %7 — %X DDBJ (DNA Data Bank of Japan) (Z
BioProject 7 7 & v v 3 %5 DRR353432-DRR353435 & L TXH &k L

7"/,
— o0

3—2—-3 BHAYHTOI TEXROHEEBLIVCERAEEEBRAE ED
e 7B

DNA HTIC & 0 7 Hefa & HE S - FEEICBWY T, | EEZRE
ETOfETCYSHSAELLSh, BEXEZEEHI TN TER
Mmolo, TDH, BHENEK> TWAEKICOWTHAEZfME L, H
LA L u WAL CTEHAIL 72, Saitoetal. (2009) @ ¥ 7 e o H 472
BLEXREORAMRNICESE, BAAYLLOHE LY A DEX
RAHE2E2-2-2HEFAKROFTIETHE L, HEEI T 7 HA
PDREXE LI IF#AEHAE LY NEORXEZHKL, MAHE &
BEOY A XK TR LT,

A A EH L 72 2021 FFICEBNT, aFRTESMEG L O Bt Sz
Yo G 2 18 3200 52) D95 bLEED 12%I2MH Y95 2800 77
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BAZHOWT, EAREEDS %2 LT ST b (Hidaetal. 2022),
ZTIT, BARHHEINT-BAENSESGBEENE I D EFHRDL DI,
BFRiREE#HoFELER LT,

3—-3 ®HR
3-3—1 SN NEORFME

4 H20 AZBRE, WTFhofEICBWN T AAEHAERRS L, A5
166 fE K DFEAR NG S L7z (Fig. 3-3) RSN 72H TV d =il

T

BOELDOH»THY (Fig. 3-2), KEEIZX 29.0-74.0 m, ¥ AKX 9.7-
14.7CTH o7z, (Table3-1), TRl S NIz H NEHO I B~ "D HED 5
HEEFTEEKRT 913% Thole, v I ANBILRAHT NDPHREXE +
MR (FPH) 122N Eh 32426 mm (185-432mm), 323+30 mm
(256-360 mm) T& o> 7= (Table3-1), £/, BXEMN 280 mm L LoD
A & A S EAR JIEIE 2 2017) OFEGET~H N, I~ h

I 92.2%, 92.3% T » 1=,

3—3—2 ¥ RNEHORELIINHAOFE
HANEY T O REG AR O DNA B ik, £EEORY — F&o
#iPHIL 10686-18888 TH Y, kb % < WG S L7 i & L4 oA [6] 14 #k
KORER, 30 R 29 EED 99%LL EOELLE T 7 L HE I iz
( DDBJ/EMBL/GenBank 7 — % X — X, 7 7 & v ¥ a v &
LC094478.1 LC09471.1 LC094479.1 ), 5 A 19 BT~V "N 97 B 4 &
OEMNLY AR RE I, AT A3 ELLIIHRE IR0
oo SH20 B~ N30RF 52, I~ TREF1ROENLY
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SR &7 (Table 3-1, Table 3-2), 4 H 9 HE 6 A 1 BIZHHE
SN R T ROENGIE, B oA ITRB I T,
SAI9BKOS A2 HICERMENEETANAEOFANEYHRERIZHD
LY THAOEEOHEGITZZNZEI 2.5%, 29.0%Th o7, F/3HEHLL
Gh OB TIEX, T A A Hexagrammos otakii, 2 7 L A Eopsetta
grigorjewi, T A N)U Sebastes taczanowskii, ¥ R A /N)L Sebastes
vulpes, 7 5 Y 71 Stichaeus grigorjewi NP S 7278, HHBRIZEB W
TWTFNOENEMIZL Y 7FHAIEED D h o,

PRI — SN ANEOENEY D DNA BT O E, 97%
LW E oM FEMEZ > OTU U — Rk 40230-57113 TH -7, 2D D
LEETHDL~H N0 OTU U — FIZiE 1286-9421 U — K3 & Eh T
BY, TNENEED 2.4 0005 23.4%% o TV 7= (Table 3-3), #
YL OB FE TlE~ A Y ¥ Sardinops melanostictus, 715 7 F A U L,
B+, A4 N X T Gadus chalcogrammus, ~ 7 ) 2 Conger Myriaster
mEBRBmHENTE, BWEZI7TFAV RN TETOHERICENT
S, MEMHESHY TIEII~FY 9 a3 Jassaspp. T LB T
¥ Caprella spp.72 E DRI B, Y / F A4 %7 2 Euphausia pacifica,
7 7 7B Sz (Table3-3), FEERIZ, BHRBIE CHRA I
FLREBEX, AUy, WEITTFAUY, U, 7T (LT
N TV AEAE), A B, FEE (AT e, AXRTIHE, b~
FVIaaxztHl, VLB ITHTHY, WIiLh DNASH TR S
SEBICEENLTWE (Table3-3), &k, v AN FETOH T )
biah7zicb bbb d, BRBIETIT -EbHRINLLN o T,

P REOBNEYIHOHBL LY T HMADO I H, BFANHHTE
EEIZ 29 BT 16 2 ThHoTc, HANbHEI NI rHAOEY)RE
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N E+iE#e R 2= (FPH) 1% 66.4+10.0 (54.3-86.9) mm T - 7= (Table
3-2), VU MAEHEL TV NEOEYRE X RHAEERZE (FPH)
(3 331+17 (302-350) mm T& ¥ (Table3-2), EAEEDOFLHREXE
EWHRTERDD LTV o iz (t-test, p=0.372), V7 Hf % Hf
BLTWEPNFHORXE LY FHAEORXEORIZIX, WEHAICH
EHRMBIIR 5o 7= (Peason’s test, r=0.063, p=0.809) (Fig. 3-
5),

B B R ik e 58 o R, 16 K 3 fE K (18.8%) 22\ T, Kk
AHERS S vz (Table 3-2),

3—4 EE

AWK, PN E LY T HAOEENBHHMICENTAELT
WHLZ RGN ERoT, ZTHNET, BARBEICEIT DY oM
OfEMAHE & LT, Nagasawa (1998) (2 XV 9 f&, =2 (2013)
LD 3FERHMEINTVDEIDN, ZNHICETIARYI N TH
FNTWVWARNZ END, b 2 FIZONWTIEH I HAOHIEHE L L
THT- R L 2 D,

AR TIE, PANFICHEIALLY 7055, 3EKIZOVWTHAIR
EERPER SN0, EINTY IS bE il ko EE R
BENDLDZEDBH N o7, L, IR O T S TITHEE D i
SNTeOLTTIERLS, FE#OZWEKICONTIE, SMEGHk»BE R
FEINH RPN AP TH LD, MBEOHGIZIAHATH 5,

AR THEREN T ANFHII T AR EERTH -T2, HARADRE KF
FEIRFEND TEIEMICIE 0MT 5~ P SN KREHERBEOEJIL 1990
FERD B 2000 FERATHAT 2T TEIBE R ICH 5 (B EiE2 2021a),
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VY NKEFERBEORAT 4 AND 6 A2 T TH I TREIN
L, EINRITIE ELTENSKICH T T =@ dbiiEE i TR 5
(FFHIE D> 1995; J£381E 2> 1999; Watanabe and Nishida 2002), — 75,
R FNTF B PO S CBA T S (IR 1968), RWFSE THE I LT
P RND I 9Q2%NREXE 280 mm L ETHY, RAFHKESZSZH
Nz s, EIRRIChELZIELEL 4 A6 6 AT TEFRIEB
IRELTWEbDEHEREND, —F, I~ ANREFEREI
AL bRV OMEIZ ML (A - BF 1998), B D
ERoMABITEMELEE XN TS (B EiE2y 2021b), L L,
HAL 2 S ACHEE B 5 O g E KR O L LB JRE OB MY, 2001 4
DIRE, B BRKIT T T 1 s & 2 v s = b <o by E o
L TWwa (Ul - f1# 2008),
VrHREHAEL TR SIS H8 08 CaM s, $EET
DKEEIL 34.0-683m Tho7o, BB INTV FHEMAIT, KL
KT OHAMENE > TOWDEAENZEL S (Fig. 3-4), HIE2EAL T
ol s, IESFTELEBE THEISNIZATEERm W E S
AN, ZTOEHEEBRNIZIAT D)0 6 Kt S e o Hefa
WA ~LBEIT DE, Ho5Widtim ko a2k FE 2zt L
BEHICENOMAT T NEEEBLEBR RS gsn-,
Vo ERlERE T ERAAIEE XL BN TS (Moulton
1997), ¥~ ¥ N TIEZ A HIXESG AR LEDR, B TKIE 0-130m % HE
BEiT 52 ERHEIN TS (Yasuda et al. 2018), I~ /N TH K
B Ko TIEAKEE 0-50 m £ CAMBEICHEBD T 2 FAIEESh
TWa (FLH - =8 2006), ZNHDZ D, V7 HEADOHEEITE
JBAOETHEL TV RSN S,

59



AR THLNZERICE T, PRz L Vi EKod
Gk, MAERZEICRELS, v AN THRKR16.7% 30RFT 5 Z), =
v ANTRK143% (TRF1RE) Thole, 2 OV NENY 7 HE A
UANADOAEYZHE L TEY (Table 3-3), ¥ 3NHEHIC X D KB 72U 7 FE
ROWLENDEL TV EWOGEIIE BN R o7z, £o, KUK T
BohETF— 22T, BhBIcB T2 rfifanmaEIcoNT,
UTORENRREZR AT, 2021 FEFO RGOV &7 O ikIE, 4-
S HOBIRB R 2D 1% % L (F ¥R ERMEES, BAIE), Rit#
OV rHLITEHBRNIC I PARERK T LS TWLZE CG5F
WL 1983) 2n 6, 4-6 HIZ KRBT SN ANEHORBELL VI HEMAD
R EEHE L, 221 FOEHEANB I OB AELOEEMEB L O
Bl L, 4-6 AlICRE SNV NOEIT 281 b Thote O
FROKEHM & & — KERFMEE > A7 L7 https://www.suigi.p
ref.iwate.jp/shikyosearch), # /N 1 B4 7= 0 O E¥IKRE T, KT
BONTERDELME 331g & Lic, P ANEREROAFHHE 281 Mo %
PoNHE 1 RY -0 OFEYIRE 331g THRLT, BEHBICBITD 4-6 A
HOFNGHBEERE LGS, 849 HIRLFEIND, R DRE
o, YANEERAT O LY AL HET 2EEKOF G E 16.7%

(R KME), 1 RY 720 NP RET D2V s oz 72 (5 KIE)
ELEGA, ThoolzE BB 2 HEY NStk 84.9 TRIC
FELTCHIMLIE 46 AR A ORI, 999 TR EFHES
Nic, TOHIE, 2021 F OB A S0 6 O Y & MR B 2
500 T D 4.0%I2HH Y LT,

—J, YREOFroER ST A OHER X RIL 57.2-86.9
mm EMRES, AEEAORXE L FHADORBRYXEOMIZIZHE
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FBIBEIFR I A D ey o 72 (Fig. 3-5), 2021 28 &5 I AT 5 H
W) B S Avie 7 HEFKD 2500 TR D 5 B, 99.6%0 % N OD
BNEM L OBREINTY rORRKEXEK 86.9 mm U T DY A X TlK
SN TWD (BHREHBRAMLES, FMME). 2o Lnb, YAAEOH
BRAODVPEWIZD, VI HEMOERY A XL ITEBARICHE TE & H#
ga3niz, £, BHICL-> T, YN EOHFNEWICEHD DV 7
ROERERHEDN 29.0%E HWVWEISGICOEL T —ARNH D5 L HRH L

7

Elole, TNHDOHRERRET, 4%, WBAKIED LEFICTHEWT ANEHOETF
BB FE~OREBZ RN L 723546, WREEKT O 7 Ha o E%IC
STHRNEIZLDHWEITEME RV IDZLEZREL TS,
SREHIERIC BT 2 AN E Y I A ORERB R o MOERE L T O
RELTOF Ao, YABERAD =ZEKFEERTO S/
B LICE VAL TEY, BFEOWHFERBICOLEZ 5 1F TV DA
PN dD D, BEiEs (2020) FHRALTEBO ~HF NIZBWT, BEFITH
WA ILE L7286, BFo ZEESITmKRICRY, ZoEEL
ST TEFENOKFICT TSI T 21538 8912 A6 12T L
ENDHELTWD, HFEOERFD ZFEREL, BEBHS0D, B
R R ANAEHR L, KIE2 EFF25MmI2&H 5 (Kuroda et al. 2020), K74
VFEY AN TIHIRBBALICHE O oM OILR A BLE ST % (Overholtz et al.
2011), & B, /vy = —il TREBHEERRBEOZEZZ T TREEY
NP AER E R RIRICHET AR oW FEILRL, Fo/E, £h
URNMZIE A O o T FEN = VM AEDO RBBEREENAEL, &
RSB a2 K L& LTW% (Utone et al. 2012; Skaret et al. 2015) ,
— %, REREIER OV ANJEOSMIEIL, SABOKIBROHR LT, A
HOBERORKE IOME, A SAR, thofEE oM A ER
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EVWLSONPDHERIZL > TRESND EZZHNT WD (FEEIZD
1975; Asthorsson et al. 2012; Sveegaard et al. 2012; Utne et al. 2012;
Nottestad et al. 2016), 1 2 C, Kamimuraetal. (2021) X, fEN, FEfH
BEOWMMMA M AKIBEOEICHBELRITTZLE2EMLTBY, %
BRI T 23 E A 3 O~ Y8 O oy A KR 8 I 4E O~ BN B B o0& JEHE I
~ AU VOBEREMOEELZ T TRAKRFIZCZ L TWNDHZ &%
WELTWD, ZTHLEZ b, ZEHOEFEZEOBWATRO LR
b7 bR O LA &~ oNE IR RIS A KR O ARIE b o
MR N EFRICB T D ANEEAOSMO R LEZELLSETWVD
EHEEEIND,

ARFHETIEY— A 2B LB FHATKEEIIHAL NI TE
o le, HEEEZLED DZOIIE, RMikick T o AL
Y ANHOBGFEHIMZ, WO SO BEEE LM 2 0ERH 52,
AFRTIEINLOFEREZEONL TR, £, B TARESH
W72 MR ERIENVAEYEAEBET L Z LM (BPRIE
2010), AMFEMRLZDO LA XFL TV, S NEHOEEY DL
X, P HAOHBIEICEELRITTEEZLND, BEKTY 7
REflET2REOMTIE, MOEEMNR D (ZV) R T TIE
MM ~OMBEEITMAIAICHEMN (BF) ¥22 &M TVD
(Wells et al. 2017; Phillips et al. 2021), L7 > T, ¥ — X HFOH
BEZHPONDICTD7DITE, YRNEEY I HADOBFERBL L OO
DER ORI, PN Z2 &0 £ AEAWHEREEREOED
EDXOITH T HAOERRIIEEZXITTNITONVTO XD FEMAR
HHREDGTD2LERND D,
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Table 3-1. Date of sampling, sea surface water temperature at the sampling location, fork length
and body weight of chub and spotted mackerels.

. Mean * standard deviation Mean + standard deviation
. Water temperature . Number of fish .
Sampling date . Mackerel species . (range) of fork length (range) of body weight
(°C) examined
(mm) )
9 Apri 9.8 chub 17 285 + 20 (255-320) 236+ 60 (147-374)
spotted 0 - -
20 April 9.7 chub 0 - -
spotted 0 - -
19 May 125 chub 97 326 + 25 (185-363) 343+ 79 ( 54-534)
spotted 3 331+ 20 (313-359) 403 £ 80 (330-514)
26 May 135 chub 30 318 + 23 (264-352) 303+ 67 (184-421)
spotted 7 329 + 20 (292-350) 392+ 85 (270-504)
1 June 14.7 chub 9 332+ 41 (270-432) 394 £ 205 (215-948)
' spotted 3 300 + 44 (256-360) 365 + 177 (203-611)
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Table 3-2 Body size of chub and spotted mackerels that preyed upon juvenile chumsalmon, and body size and presence of otolith thermal marking of chumsalmon preyed upon by the mackerels.

Sampling Mackerels Ratio of chumsalmon Weight_to Chumsalmon
date mackerel stomach content weight
No. species Fork length  Body weight (%) No. Fork length  Sample weight Otolith-marked
(mm) @) (mm) @)
1 Chub 312 296 133 1 57.2a 23 No
May 19 2 Chub 335 342 343 2 74.1a 4.6 No
3 Chub 345 369 50.0 3 ND 24
4 Chub 334 387 312 4 59.5a 24 No
5 585a 23 No
6 54.3a 28 No
5 Chub 332 375 52.4 7 66.7a 24 No
8 725a 2.7 No
9 57.8a 16 Yes
6  Chub 302 275 254 10 ND 15
11 ND 14
12 ND 19
13 ND 14
7 Chub 342 393 92.1 14 ND 13
15 ND 21
16 ND 15
May 26 17 ND 2.0
18 543a 0.6 No
19 70.1a 24 No
8  Chub 348 392 94.8 2 ND 18
21 ND 0.8
22 ND 13
23 ND 2.3
24 75.8a 3.0 Yes
25 713a 21 Yes
9 Spotted 350 499 82.9 26 66.3a 19 No
27 575a 1.0 No
28 86.9a 2.7 No
10 Chub 310 269 81.8 29 82.8a 3.6 No

a fork length estimated from otolith radius; ND: no data.
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by DNA metabarcoding.

Table 3-3. Prey species in stomach contents of mackerels on each collection day estimated

Species Common name 9 April 19 May 26 May 1June
Fishes
Oncorhynchus keta Chumsalmon 0 4679 v 11734 v 0
Engraulis japonicus Japanese anchovy 14378 v 18709 v 4023 v 6660 v
Sardinops melanostictus Japanese sardine 474 12841 v <100 10803 v
Scomber japonicus Chub mackerel 9421 1351 1286 2644
Gadus chalcogrammus Walleye pollock 1060 <100 <100 0
Leuroglossus schmidti Northern smooth tongu 831 0 0 0
Conger myriaster Whitespotted conger 0 0 686 v 272 v
Pterogobius zacalles Beauty goby 0 0 0 1428
Physiculus japonicus Japanese codling 0 0 200 0
Gadus macrocephalus Pacific cod 230 0 0
Diaphus theta California hedlightfish 0 444 0
Microstomus achne Slime flounder 130 0 0
Molluscs
Squid
Todarodes pacificus Japanese flying squid 0 5480 v <100 111
Crustaceans
Decapoda
Telmessus cheiragonus Helmet crab 0 <100 136 v <100
Euphausiidae
Euphausia pacifica Pacific krill 11890 v 308 v <100 0
Copepoda
Acartia sp. - 0 0 0 197 v
Podonidae
Evadne nordmanni - 0 <100 218 <100
Amphipoda
Jassa spp. - 0 2637 v 13662 v 8250 v
Caprella spp. - 0 738 v 4715 v 10168 v

Polychaetes
Nicolea sp. - 0 0 0 1609
Echinodermata

Sclerodactyla multipes - 0 0 0 434
Cnidarians
Eutonina indicans Umbrella jellyfish 787 6757 0 0
Agalma elegans - 407 <100 0 0
Sarsia tubulosa Clapper hydroid 0 101 0 <100
Aequorea sp. - 0 1949 0 0
Algae
Gloiopeltis sp. - 0 0 1197 0
Analipus japonicus Far needle 0 <100 655 <100
Stephanocystis geminata Chain bladder 0 0 138 <100
Chloroparvula sp. - 113 0 0 0
Others 509 1119 1644 1087
Total 40230 57113 40294 43663

Values indicate the read counts of operational taxonomic units (OTU), and “v” indicates taxa
that were confirmed at the species or genus level by visual observation. Taxa with read counts
less than 100 or taxa with no “hits” the in the NCBI nt database were grouped as “Others”
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Released juveniles ( X 10* fish)
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Fig. 3-1. Changes in release number of chum salmon (solid line) and catch amount of mackerels by set nets
(gray area) in lwate Prefecture. (Data from web site of "lwate Tairyo-Navi" by Iwate Prefectural
Fisheries Technology, https://www.suigi.pref.iwate.jp/shikyosearch)
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Fig. 3-2. Maps showing location of the (a) Sanriku region in northern Japan and (b) the sampling

area in Miyako Bay (inset). Locations of pooled survey points where mackerels were
either captured (solid circles) or not captured (crosses) during the survey period

67




Fig. 3-3. Representative example of chub mackerel caught in Miyako Bay (Fork
length 33.2 cm). Scale bar: 10 cm.
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Fig. 3-4. Representative example of mackerel stomach contents comprising juvenile
chum salmon identified based on visual observation. Scale bar: 10 mm.
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Fig. 3-5. Relationships between mackerel length and the length of chum salmon preyed
on by mackerel.
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BAE VUERBEAINCETIEEY 7B EROES

4—1 #E
AR, dEMEOWNCE N T, ERNLEZOLN TN LD HIAW
HPAT, Z< OV BRENNER I LTS (FEIZH 2011, FH
1E7> 2013a), £72, HRFEINHKOB A Fr NIREBRICLHEET 5
ZEDPHLMNIRY OO H D (FRAIEH 2013b), ZDOZ b, BA
VI OREOEENREE > TWVWD, KMLITEW TS HAMEM (Iida
et al. 2018), KM (Aoyama 2017, EFIEH 2019, WEE - Fil
2019) (B W T HRPEINI KO E RPEIN Sk o B & 5 7 HEfa o (FAE D
WESINDLOICRY, HFHRAFEHIL-DO2OHD, LML, ThET
AR KSEBER O Y 7 FERFAT NI B W T, BREINZAT O V7 # B
REINREORFEEHMNHEMICE=F U v 7 SN flixdzn, Fig,
TEDREZEH T THrofERBLPPRICELWEFRTIEZ, AR
PEIIFI ) O T EAFE OB A BB E SN 20, ZOHBITI A TH 5,
Ry BREHRFREMAT 22T, BRFEEELZITO T
BER & L CoOREREME (K- &ZH 2019) OR7RLT, BEN
ININD PICHEGFICHBRT A2V HANLLZTOHFEAEERITRE D,
HREINZAT O 7 OBGFRARECEINERICEHT 2RI, Thbi
REL TV D A TRNERWE®RE 2D, £H (2015) 1%, Sk
JAN AN LR BEREICEIST 25 2 &1 X 5 F Mt (domestication)
WAL, Mt IRERETLTWD EEMLTWD, &biZ, i
FEOMMERBIRILIZCLY, TOZENRIVEAELLLTVD EDERML H
» (Kitada and Kishino 2021), FAlOEELZZ TIZ<WEEZD
WD HAREINCTEENTEEFEO G ITKRMAME TR LB ¥ —
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YaERTHEELH D, — 5T, BREELB) T TR A FERICE IR K
DPLTVL0THNIT, RRCMLIORERZHLELILEDN D D,
Z T, KETE, BRENMINOY 7y OFFREZHS TS
2, HFRBEOY FIEBBANICENT, 8o Ll X
OENKRBOFELEB ZHM~T2, £, REOERICKHERIE®R & 70D
S A — VA BT D BEINR O 1E R B & REA L 72

4—2 #M¥ - Fik
4—2—1 {MIOBEEFE

AL TIEY 7 O BAT oI TR W Th 512018 L OH
ERN & AR R & U Te, AARTINE R IERA 14 km, ] O fFir 0
) 8 m, HHE)INIIMIEIER A 5 km, {fl AT O FEEJJIE 5 m D
NI TEH S (Fig, 4-1), RADINZIEZE A 226 it 4.6 km #5012
BHE LR, )i 0 s Bk 2.0 km HSIZ/NERH Y, 2R Eh
Voo EIRRT L o> Tnwd (Fig. 4-1, Fig. 4-2), £ 2 T, M
MoF a6 ERAE TEZMEXHMES L, 2016 7056 2021 D 9
AMNSOEE1TAETTOMMIZE T 7-10 H OMHEE Tl 2 £ L 72,
AEXMICEBWNT, WNEZEEL, VY78l ffls X0V 7 EIR
HBTEHE L, RS LA E & BT GPS(GARMIN £, USA)
B L, SEOREICEVNT, BABIOEINKITIEHEZFLT
1 b LT, 7ok, REDIEB X OEIINILT 7 EINIR & A8 28 X
SFFEINK ZER T 2V 7 7~ A Oncorhynchus masou 4 B L T
WD, WMoY 7 T~ 2A0EINEHIZ 9 A6 10 A, E—271% 10
HEANGHAT, —YroEIRRHEEEHL TWVWD (kx RERE
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K)o o, MEOEIRROY A XITEEHET S 00 (35 2000),
—HRIZEINR DO RE SN BLLREZHENT L2 LT LW, 272 L
ARBFFE TIEEINSIHE P ICEMA R BE 2T, Yo Eikixd s
T~ ZABMEPEINIRDN Y FTBIESIND Z LB E 0o Tz (Fig. 4-3),
ZDTD, Y orBALE—LI TBE SN EINR Z Y 7 EINR &5
L, v~ —F 7L, REOFHEURITHEADARETH > THEE
BEOMBEIZLY BRI NS NEIZRD2ETYH I ENKRO AT 2 FIZ
GOl BAOHRN TERNP o TEINKRITFEAHEINRE LT T
PESRIRICEZ O Mo Te, W 40 0§ &4 & FlAS B pE DN IR E ik 4 o pE O
R EHB S N8O 5% FTH o,

4—2—2 HABEBBIUCEINREOHE

ARWFFETIE, BB EIRREICODWTEHEBEELF LTI Y b
L7, 22T, OB LZEE LICHIE HIETH D AUC (Area-under-
the-curve) £ (Hilborn et al. 1999) 2 XV V7 BlAa# itk L OGE

SR (BE) ZH#E L7,

AUC = TPy (t; — tiq) x E=1) (4-1)

E=42%, (4-2)

TIZT, G iFBEOWREHR, x(TiFHOREBICB W CHERL-H
FBOETITEINRE, sITBAOFIMAE BB EZIXEINRF M, vid A
B Rz R, BAOWINER B, WINEARNPLHELTT HET
O &L, ke GFEE 2000) #2510 15 B & RKE L=, EIR
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Fanlx, 2016 FF IR ATINICE W T, EEO Y FEINR 10 # % 8
PEIRIR DN ERR SN B0 EEBBEOMEIC LY HEH N REIC D
EFTOHEDOFEHHEZRD, HOFEFIZONTH Z DOEZ Wi,
Elo, AEMNNIDEBERINTH A7, BEICEIV 2FKE2 < E42L<
BETEHZ L, AW O KK Z T, IR EEICR 2 %
KEFIZDOHAT ST Z 06, v & 100% & RKE L7z,

HeE SN REI B X REIN OV rBlaoReEEIIZoONT,
B DO N LSBT & g3 5720, A X OE L)
(Fig. 4-1) oV @ (—MEEEFRIT - T HEEBS
11l 7% £% U 3 9 - http://www.echna.ne.jp/~isz/sokuhou/sokuhou.html) & @ Ff
BT 217 - 72,

PEINIR O & 5 pr & I A B & O xS 72 7R3 5 729, Fi A X R IS

BIsEGE L™ WINARE I —/0 3D #EK (ver.9.3.3.23881
(9.3.3), http://www.kashimir3d.com/) # X OVE H#HHEFEFKITO 5 m

A vy atET — 4% (https://www.gsi.go.jp/kiban/) Z AWV TR D 7=,

4—3 R
4—3—1 BABELEBEOFELH

2016-2021 FITHEE S V7o Bl A O &P TR FT)IIT 35-1014 &, &
FINT5-366 ETHY, FICIVBABIIRES R -2, RELH
DG =%, BAENBEXOCESINE BIZHEL L, 2018 F 2 —7 (1
2019 FELABRIXFE 2 WA LTE Y, 2021 FIITHEEOF TR DRV E
WO RXE— T ofz (Tabled-1), AT X OEFHI)I OB A% T
B S AL BT 1 oo B )1 38 X OVER SR oo 0] )1 il 48 4 & bl U 7o 2R
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WTHOFNZEB TS 2016 F D 2018 DO E— 7 IThiF TN L
7o, 2019 FLLIFEIX 2018 D 50%LL FIZAaH L, 2021 F I ik &
RBLMEM LI EE B SN — 2 &R LT (Fig. 4-4) . /281103 F ¥ &
PO X, &)o@ B s BRI o) ERIC Tz Z

NAEREOHBENER® S 7z (Spearman’s rank correlation, 2 71)I| vs

B F I p=0.89, p<0.05, H&B)Il vs E /L) : p=1, p<0.05),

4—3—2 PBEESNIRE & EINERT

R EIRR X 15 B (i 10-28 A) TH Y, Z O % K
FmOREME LT AUC HBIC K DEINEKOHEEFHEICH W,
2016-2021 F|ZHEE S N7z IV IR E o 6 D 1T AR AT I T 29-432 K, #
HINTBH-182KTHY, FICLVREE R o, FLABHO N F —
X, BAKEAKO AN =L, Wl &b 2018 kb %<,
2021 ENK b7 (Table 4-1), PEFIIK 2N HEFR & hu 7= W 1%
AT TiE 9 A s 1 Afa, H&IITik 10 A s 1 A R
BOHEHME TH o7, HEXMOWKAE L, AT TIZ A58 1.6
km #i5, FHH)ITIE 1.1 km #RICBRKED R 507 (Fig. 4-5), FE
FRPRIVEAT 22 5 1km 3 K 0 & Fyflic , WA omIl, FIi2E
WTHYTEHAOB ERAM S EICERS D 2 &3k o (Fig.
4-6, Fig. 4-7) IR A B O FR K A L0 T flic &5 @ 2 BEINIR O HI 51X,
AN B W T 9-10 HiIZMmo A L HEMELS R r@EmnH 0,
2016 —2017 1% 40.0-60.6% CTh 7=, —JF, 11 ALIKIX, 2017 4
D 84.4% % RE, WTFNOFMAESE, ATV TH 90%L ETH -7,
FHERJITiX, 2016-2018 4= ClE 10 AIZ 89.4-97.0% ThH 7=, Th

S IE AT 100% Td - 7= (Table 4-2),
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4—4 EBE

ARIFFERER NS, EF ROV 7 IR W TEREIN AT 9
Yk, EESWMICEOEERMSL LTV, FEINRERSINL, #E
RE ORI b b F, A5 1-1.56km f13F F TO Ttz % <
ERINHDZ EDHLNE RS T,

AW EOFEEB NF — X, O S AL FCF ) o3 )1 5
EHBPDONE =R LT, REDITEBLOEHIWFH oIz N
TH 2018 4FE D B — 7 BFICH T 2020 E TIXENEF N 13.1%, 7.1%,
2021 £ TIiX 3.5%, 1.4%IZFE TR L TE Y, SBEH)IFEEIZ B
REEIINNZ BT 28 A0 EH L REIBHLTWD Z LM
Lo,

ARBFZE T INEE R A 156 HE LTl EAH#E L7, Nobata
et al. (2022) 1%, AFRIKFOY 7RI TH 5 KEE)INZHB W T,
PEIR 1 U 7= W o B A o0 i IR BB ORI N O RS B T 0 U T REHA I
TeREF, oV A LB c#E EL, WITEAZITED
[ZPEIRSGG ~ L M WEIITEY 21T 5 7o, WINEE B 0L 7 BRE L
HELTWD, RBFRICEWNT, FHICER I 7 EINR O
FFLRE IS, B A DS BE P R A& 3% RR P 2 BE DR 1% o0 fE A3 PE IR IR & (R L C
WbHEWS I —2ANEno7- (Fig. 4-3), &L 7-10 H H M CTEhE
Lo T, BREP)IBIOEIINICB TS 7 wmiE A%, A »
5 10 HEBREO S LICEIITEZHBELITEZ TV & Eb
Nb, LiNo T, KFFECTHRE L 15 HOWJIHERKIZiEKTH
HAREMEN H VD, T OGAITHEE L2 EBULEE L0 b/ NG
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5, LU, IRICBEBOWIMIAERRZ 7THERELEZSA, Blx
EE ) OB AEIT R KM Z 7 Lz 2018 4728 784 B, f/MEZ R L
722021 FEN 10 R EHEESND Z 0 n, W EHAEBWMITO R 2o
TWHZLITHEEETHA D,

AT B L OFEEINOEINEE L, Wbl s R UL %
— &L, 2021 BICAWMICBAL L TWVWDLZLERAHLMNE RS
(Table 4-1), AMFIECTHE SN -EINKFMIL 15 B TH v, L
EOEJINC BT D e TSR (Bl 1997) L RBROME CTh o 7=, ik
AR =BT LY T EINR OGRS T, A, EEE I HE
FEOEINRBOZEFIC L ST, HEXMICI T DK AE OMEK R K
D RWRMANZZ L 0T 52 LN B0 E 7 o7 (Table 4-2), {7 JK 4 AL
ORI EI) TR A2 1.6 km, F#)IT 1.1 km (ZHFEET D Z
EMDL, WTFABIIO TR TEIINZ T TSI LxRL
TWb, ZOZ &L, P 7BAaNMINCHEANT D & & DRI E D T
SHEboTWa EEEXOND, ROV 71T LK THJINC
A4 % (Nobataetal. 2022) 72, RuECHCKEE Tl I HE A3 2 412
WARTHEDTED ORI XL X —2BH 2, REilE X O0F
IO ERXIZE W T, WIKRARLOMK R LY A, Eerbod
77 20 m f2 TIIHIIRIEOEMZ R L, Al BRI 72 5 (Fig. 4-5) 129,
FNORHES B D, LER->T, WNNc# EL72Z o 7ix%
DL GmETH LT 52 &<, WMIKRARDES DR TEINT
HEFEZDND, BB EWMINTABALMEEL S S, BEEN VI
MW (PUE 2 2019) 720, ARSESCOLZRXE OB A E W &
BAOW)IE AR ORRACRELHIRER & 220, Y7 OREINGFT AT
FiIicERLTWDEEZLND,
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—J7, WJINZ B W TEINIR O M IIERF B 2 2 A oh, 9 A
R10A L WO EINH O BIZIX, WRAEOMK K EZY b Bl o
ik CREIN T AR bR S udm. IR CEINT B K0 KT v
FTHOMITH 2016 FRNL L, OFETHLHEIIDRWE DD, FEkD
s Ao, LaL, 2019 FLIRIE, A EEoBD Iy,
ik D FE IR IR O FIA MK T L, A Ai)I T 2021 4, & H#)I1TiX 2020
FELBETIER BN < 72 - /= (Fig. 4-6, Fig. 4-7), b E o ¥ 7 T,
BHNCH B U728 AT Bk o RIS 2838 W AT (& ZFI2KIR
PAET) WCEINL, B8 L2 AaIXTmEDOEKPEHNT 55
AT (A ZRIZKRIRPIR T L) IR AT LTHIAT % (8K 2008),
ZOZEITkY, Wb ® EE TICEST S BEN Bk TIEE<,
T TR I, WIRWVEINHIZX LT, Hifa o BRI 2 I s+,
HoWBEimESICEECE 2 LOWHisnL TV LEEZLNLTWD (&
K 2008; Lisi et al. 2013), #AFIITIX, AFOWJIKIED 0Cir < I
HlH, O LIEHEIN TR TWDARIEES H 505, FEMIETAH
Thd, —FH, MR- FHiL (2019) 1, BFRBEOY 7 IEKGERII
Toh LD/ NT, EINGHTORMREND D La2REL
TWD 2y, IKE & # T RPAEHT 550 & OIREENLEEIZLE
RELSABRL, KBRIZIRCZEA S TIIIEEEETRWAIREEL® D
ELTWD, Wizl Th, BHICH L, FymEk CrEINT S FEIK
(XN E AR R CTIEERERBICEL TR WX, Hixd
WHDOD, O LIEEEHEOFEZRBEL, REOHRLE L THRHT
L2 LHLHEETH D,

PLEX Y, ai)li X OFEEIN T, ZEINE o g5 12— 56 5 ik
SRR SN D PEINR S & 5 25, HUERAY B R X OVBL M oo A B A R LIS
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XV FWBICEINRNER L THEBRINDZERHLNE T, =
VR ORI O FHREIZFMINREN X ZEIND Z E R Z 0D, FEIN
REORBIZHMITILZIY —BOBEERXNLETHDL, —JF, FHICHR
Wzl B L, EINTOIEEES WD Z X0, Y OREINIC & E T )
O A 1T B OB FE LW B TIEM O G EFOR BELZ T 5120
(AT 19995 3EA 1999; A WE A 2009), FEINREOR 2D DX
THBOADERE2ZZINVIETRWVWDIT Tl <, WA EZE L TH
B RRERAN T2 ENEETH D,
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Table 4-1. Estimated number of adult fish and spawning redds in the
Matsumae and Otobe rivers.

River Year Adult fish Spawning redds
2016 219 179
2017 556 194
Matsumae 2018 1014 432
2019 222 117
2020 133 75
2021 35 29
2016 88 57
2017 299 102
Otobe 2018 366 182
2019 157 79
2020 26 22
2021 5 5
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Table 4-2. Percentage of spawning redds on the downstream side of the local
maximum point of the riverbed gradient within the study section. “ —”
indicates that no spawning redds were observed.

Year Month Matsumae River Otobe River
September 40.0 -
October 60.6 89.4

2016 November 98.1 100.0
December 100.0 -
January 100.0 -
September - -
October 42.9 93.2

2017 November 84.4 100.0
December 99.3 100.0
January 100.0 -
September - -
October 80.3 97.0

2018 November 96.4 100.0
December 100.0 100.0
January 100.0 -
September 80.0 -
October 90.1 100.0

2019 November 94.7 100.0
December 100.0 100.0
January 100.0 -
September - -
October 90.7 100.0

2020 November 98.2 100.0
December 100.0 100.0
January 100.0 -
September - -
October 100.0 100.0

2021 November 100.0 -
December 100.0 100.0
January 100.0 100.0
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Fig. 4-1. Map shows the location of the Matsumae River (a) and the Otobe River (b)
that were surveyed in this study. The Akedo River and the Omoe River are
neighboring rivers where artificial hatchery releases are conducted. Blue bars
indicate hatchery capture facilities. Red bars indicate the upriver distribution
limit of the adult chum salmon, corresponding to (a) and (b) in Fig. 4-2,
respectively.
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Fig. 4-2. A weir on the Matsumae River (a) and small cascade on the Otobe
River (b). Both features represent the upriver distribution limit of
adult chum salmon.
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Fig. 4-3. Photos of survey river and adult chum salmon. a: Matsumae River,
b: Otobe River.
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Fig. 4-4. Estimated number of adult chum salmon that migrated to survey
rivers (open circles, a: Matsumae River, b: Otobe River). Bars
indicate number of adult chum salmon caught in neighboring
hatchery rivers (a: Akedo River, b: Omoe River).
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Fig. 4-5. Elevation (gray area) and riverbed gradient (solid diamond) of the
Matsumae River (a) and the Otobe River (b). Arrows indicate the

local maximum point of riverbed gradient in the studied section.
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Fig. 4-6. Spatiotemporal distribution of chum salmon spawning redds during

2016-2021 in the Matsumae River. Contours indicate the observed
numbers of spawning redds in each 200-m stream section. Dashed and
red dotted lines indicate the upriver distribution limit of the adult
chum salmon and the local maximum riverbed gradient in the study

section, respectively.
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Fig. 4-7. Spatiotemporal distribution of chum salmon spawning redds during
2016-2021 in the Otobe River. Contours indicate the observed
numbers of spawning redds in each 100-m stream section. Dashed
and red dotted lines indicate upriver distribution limit of the adult
chum salmon and the local maximum riverbed gradient in the study

section, respectively.
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BHEE KRAEEH

5—1 REZBHTEBIT2EFROV I OBR

B 1T, JEF (20062019 F) (ZBEIRER A LREMICH Y, A
FERNFERCTHEBERALEEHL TWDE L, TOME 3-5 A0 FHH MM
PR & & Y 4 HE £ o0 B R B A% 20062016 4F i B O 5 TR o5
FEUFHICEBERBLIET 2R L, B2 BT, ATRHFIC
BWTEFICHAB NI ET 2FOKREBIE CTIX, 7 HADOREER OB
NTOREERENEOIEEBRAONFIERRENEL 2V, HFEKIRD
AR BN LSRRI SRR R m < R DM SRR S T,
— 07, WRICHENEEL 2 WEORBREEETIX, BN TO/ME®EER
FNEE RS RIE T EORFRIT AR 0, I8 KR & WVAEICRE
WMLIEERETH> THMINERERENES D22 EBHALNE R o T,
F, 2OXRBMEBSOLEEH N RE VIR TIZEWT, 4 0l
R T MR ERE LD SIER RS B L TE <, e E Tk
4 BB EIY S | BEETHEOWMIEIFEREGW &P BN E
oz, & BT, WIRFEREETIE, 2 A B BE O W EFE =R 1% 4 H kR
LV "BLTEWZEDHALNERSTE, B 3 ETIE, HHED
EIREWEME T FEORMBPR L L HICAET TV DR EEKE LA OR
BICXY, PAREOKREO RHIIES S RO ENEL T
HIEBRFHOTHOEMNERoTo, & 4 HTIE, HFRIBEOIFBIRN
JITHRENZAT) BAF 7 O&IE b SMEBIEA L FEO L") N2 —
YTREAL TS Z e onE ol

LLED s, BHFRONLSHIEASTI AV 7 o &R0 R K
MOBWMOZHNEIEFLo TWnWD b0 LRI, THEITHM N
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WMy dZLT, VYHAOKBEBR TOERE, Fi-2laE o Bk
EaBULTHEBE~DADEENBEMALL TN DLIbDEEZEXL LN, K
WFoeix, HAmERMIRkicBs T 2 7y BRI % T 2R EE L ENICH
BN LERVIOMALEWZD12H 9, 5%, BIEREAS S L ICHE
TLIESA, AMECBRIN-Z L L HEUT2HERBAEO Y &7
DEEMTHLAMEEICHGEK T DAREERN DD, TOEDORINE T
DRFT 2B, RIFFEORFEITEE M 252 EMfrsnd.

5—2 RRHEBRERMA~TT 2R

A FRTIE, 2011 FoORIEH T K EEHRE GRAARRERK) ©
BRIC, BRICX DV 7S bR ol zhhn, Sz £ L -
FNTIE, SMEBIE N ERE TE 2o 2L b 2011 4 FF RO
BanzlmmLil tRmEINL WD (db)ihEn» 2017, 2o
i, BERERICH T O25MBRFEOEEL LD OO TRTHO
Thd, FEAEOKENS, BURTIIAKRENZIT S V7 oKL
FEFITD RS o TWDH Z &, RMERZRTIINZ WA F R T
PE IR IE H 28 B3R CAETET 2 Toh - TH Pl TomEIN N H 0 i
BB —ANSZNETRINDGI D, EFROVPTZTERICEHED S
FHARFEIN 21T 5 BlAOEIT AN LS & X ThRn 2 & PR
SNb, Lo T, HPRICBWTIZHREINZ T TlAE R % HF
THZLEHERETHAS, ThbDZ &b, HEFRICBWVWT, 7
OENF R EZ B, BRAFGEOICHAT 2 72012E, AL bk
CRDOWMB I OMBENR L ETH DL EEZOND, £, SMbiikA
IR IBEHFE LR OVREEN D D HFAEROREIT, EENE
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MRIEZMER T 2B AP0 ETHL, TRLDOEENL LT T
KR THO N E oA 2 L2 LT, Frfe R EWRFI MA@ 7
Bt 217 9,

5—2—1 MWHEDOKR

B2 EOME LY, Vo HMAEMER DO DT D EE M O P
EWVWINESRIFEMA T —VIZBIT 2V HADOKREERENFRO&
WY A RXNCEBEERIFILGEDZERRALNERSTZ, ZTOZ L1E, A
Tz T, AR TROFMBEZEINRTVDL I EE2ERL
TWbd, —FHT, BEFCHWMPIBREICHEEL RV 2016 F0 X 5 RERE
TUE, BRI O p R B 3 V20 T, BRI B~ DR A S
LZONHELWVWEAENDLL I ENTIBREINT, TOHEKDO—2& LT,
Yo HADOEERER LR TWDLBEREYM T Z 7 b OB N
BN, ZOX)REEBDRVRESKIRET I SHE, HED
CTHRMMEOFEAZRE T H-OICHE ERBEEE REL YV, I
CTHMMBER LD Z EbABMLERMANFETH D,

M E 24T O BRICiE, BURo 4 P EESETIE 1 EMOE
PRI BEICHE R CREERENEFTL, FURERNMMET T2 ERNRBREN
oo LER-T, BURERLZE TSRV ZDICHEYMZ 1 HMREE
DB T 20, MBS 4 HEICEASESCRETEORO ELHM
AT T AR B EENBBEIZ LR WE D ICEREFIEL R ET
5, BWIEN (2023) o LHic, EFEOMEEEHEOBAVWERTE
DEFPTCRERODICEIDEZLIBREDLRBPMLETHAH, —HD
fRIT—HOBEZRRIC LEMBICTERVWD, AEOBEZZ AT
L2 FRIZBNTIE, EBHTEL P —ATEHLL LIS 5,
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FIEOMREILY, MREFTCOLIYAAFHOMAER A E S, BLRO
Yo ORBEY A X%, SANEOMRAREAICE END 2L AR
I #L7c, Beamish (2022) 1%, fFREICEEZIERDY, EINEIFT 2 arRetk
Db LEEOHREL, UIMICHS 2RV F—DIFMATE T, A
WELTHRRAECTL2EMTHLLIEAROHRE LIS NDNELE L
LTW2, 2F0, BEOMBIRKMWITITHENECOERTH D
B, KEMICIFEEREZMREHE T H2EZERTERVWENI D TH D, K
MRETERABELZHEREIHER SN TN &0, HEFRTIETAAHE
DI FE~DORFED T L 2015 FLLAT2 & BHRRITIE T Ll T
Wbk (Fig. 1) 5, $NEHIZ X 5V 7 HfEfa o g &IOS BLE O A
MEERTOEROKRE 2T 5 & 1TE2EHEN, L, P NEHD
EOICEBRENZ L, MBENDZRITITWIHER LOEBIX, KK
ThNFo XNV X -5+ IEFAEETCELEToOEAKLERINT
LESFAREENRHDH LWV RICEETRETHD, aFRIE~DY
NI ORIEFHIT, BERBEOEETEL TWVWD Z ENREIN,
S, WIFEERBAOEITICE b2V, Y HEAORFEHEKMICEY £
KO NERRETLAREN DD, TOXIRGA, BIAELY Y
THA~OHBIENG LI AEERS DL LICEEL, 4% bEIME
BHLTWSBERND L, 4%, Tl Ess AELL, 7
ROAEKRICEZ DREPBEHR TSRV LI SLEITE, X
Y HEAOERI A XBEORETH NI NEOWRERICAH TH
DL VWo T ERERGL, BIEKOERY A XIS E DL, #
BEBROBMEPLETHAS S, WRERELZEMICEED 2720I121FM
E R TR [N N~ S SO TR = AR I WY AN R X1 Al - AR [ 3/ NI/
Thd, KFTIEINOWTNOHLNZIT LI ENRTE RN
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D, PANFICLLD2V T HAOHEERIIAT+SICLAABEL ATV AR
W, A%IE, BAICBT DY A ORE, E &b~ 7z S B
MNHE AT D BB DNA (Minegishi et al. 2019) <0 & & £ BE 48 4%
(Minami et al. 2022; Sawada et al. 2022) 72 EDOFEEZH WD Z LT &
D, WDy R L B O TR A R ICIE T S LN TED
EHRfEIND, B I3IEOMKENDS, FAHOE HEIRESO BT
AKIRAY 10°CLL BIZ R 2 ENHEIC R D EHE SN, EFEOHEFRB
FECIE, MEKIRZS 10°CICe 2 EHIA 4 A b S A TRAITHD Z &
MEZND, FIZL-oTIET I TAUERZR2DZ X H D (5 2 & Fig. 2-
6 bZ M), LEn- T, ImEKIETHE®R (# 21X, FRA-ROMS I 2¢
B TR 28 (B 830 o> #E ¥l > A 7 A : https://fra-roms.fra.go.jp/fra-roms/)
LARIEH L, AKE2 10°CEL B ER T 2R1ICHIERI ZHE 5 2 &
FHETVOBENPOANTHDLEZEZXZOND, T22L, B 18, B
2ETRLELOIC 2 ADoK ITEYERZ 1\ LS 580 R P HFFTE 2
WDT, MK ZROTERVWEIICHEERLETH D,

5—2—2HAEYVFOBRECRH T R

B4 ETI, AFROFEBICINITHKREINT 207 OB WL
TWHZEPHEMNLE o, BEEWNEZERELTDL Z LI1E, ZHHEIK
CMiER S D721 T, MERBOZENMILEMT2LEE26N1T
Wo, BlzIE, TIATOXR=HF S EFRITEL MK TR ST
BY, TRZTNOEEEIIRAFERCERREN R D LI A
ZERMEDFET D, 207, BEZBII 3 2 EIREE O Z 1T E~
DOEEFICE VR, ZOZERREFEFICBTILR—F7+ U 4%
B (OEEEICLDY) AZEE) K- E&HERZL, BEEZSEKD
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LZEMICRKESHEBRLTWD & WO a2 H %5 (Schindler etal. 2010),
F, BWEARAOEBRLRTFEZALSEBRAIZEAT D Z L THFEROIK
Tzl TE2MENE D DH LWV O HERM S H D (Sahashi and Morita
2022) 2O RO BRBENL, BEF S E2REL TV Z LT, Sk
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ENRT VI LT R EEARALET D) Lo boThHDL, AHTR
IZEBWT, O 20T, BUR TR I8 R 228 5HE 0 =5 LLT 0k #E
LB E-TRY, WERAORE D ZEET D 5B RE %
EHIZETTL20REELNEEXOND, LL, RERBMAK (7
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(Nobata et al. 2022) & & —FH L Ckbv, =EW)IloLickE@ET 5
boL#gEsND, LL, TlREBIZMINEENLESND Z S
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TR T O FHLik Tk, 2011 4 0 & SR O HEE O A T 5 5
FNAZ K 2O AKIC X i SN 72 R ENEROEIRO D,

KR EIZE bR IMBERECINIEZILET 2 LER L EfMELT
W, BEFFE OGN TH D EHI GG TiEe <, 2022 4 (R
FelE 2021 4 F T) 2O IR IEIR T2 ARRAL L7 R, W1 o KEN
¥Yjl—fb s, 2FmicE< 2o/ (Fig. 5-1), & OKEIZEIN#E
OV A OKE (20-25cm) O¥HUTERoTWHIeH, M EIi
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=7 v U X Anguilla japonica, UV 7 A, U ¥ =3 VI Gymnogobius
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Fig. 5-1. View of the lowest reach of the Otobe River. Before (a: May 19,
2014) and after (b: March 7, 2022) river alteration.

98



B

AR EHED Doy, dbilERFITEME T 4 —1 FRYE

v H—ERREEMET OB TR EERICIE, RGEBYRL THE
THIREAZB Y, KX OFEAELFOTHETE L, MMAEZED HITH
20, WEICEm LYLbIEEDLZZ b LR, TOEITHIIC

MY THRICES THWELDL ZE, HFREMET 22 ENTEEL
leo DEVEIMEAEL EFES, At 7 —EERREZRIERTE
i FERR Bz, Rl v ¥ — WEAKREBBERICII AR LORAEEZ B D T
HE, BELRIE2HEHEELE, E<H#HALHBHLETET, £z, H
U —ERRETMENT Y M OBEEMBRICIEIRRCORIEEBE D
THLS BT, BUTEHERIHEELZOELOSETE R 2 M
LCTHESELE, LEVEIHLRL BT ET,

KPERTTE - BB MK EG IR JERT I\ A =Fi X, wF5EsT
B L TRIEAER RIS 2ELS LI T AREICEZ KDL D
WhETHEE L, £/, KRXHAE ULV ARLR IS EHEE
Lic, ZO0HEZMEY TESBILH L BT ET,

IHARAL X KEMIET ERARZBFRICITLHABE CREL - Ml
FOBAOFAREEROBERICZ R IWHHEZHEELL, O &
DERALB L EFET, BEFRKEREMNE 2 — HKE— LFE M
B, SN oRmRAaOERT — 2 2Rl T2t
W, IWHBICBT ISRy TV TREICS KD ZH e Wiz
EEL, DEVBILHBL ETEF, £/, HEFRAKEHINE & —
WMEBFRMOER, FBEMKZIICOE T2 2O 20 ERR M
BRI N TS bG o BRI, IWHE ToOY AR ESH

99



BOHA, OB TEZRRL2IH W EZHESELEL, 2225

LTBILEL BT ET,

IKPEREZE « 20 B K PE BN AT FE AT 16 K R, /& R il £
VARFORESLHNEM I ZHAOTES L EBIZ, AR IHhEZ
B ELL, RLSEHLEZLET, IMEBRZIZICLOD LT D, FHE
WOKEGRMER S HTEOBERI T ETHINBE O 412X, 7
NHERLT NFHOREB LI OBENEDOITICEL, 2 KR035 THH%
HEFE L, DEVESBLEL BT ES, REEEMEKESIFIET S
T EEEE RS SV — T ORM R, AL, BXO
[ B A K PE B AT A ZE T AR ER I i, A A ERREY A~
THEEME~DOTHEEBY, WOLBELOSEELENT TCHZE
Lic, £7, RAUBERFEKERYY -V FHERRE X — 12
AAFLHEMAIRIZIE, HHETLICOVWTAHBRRIMELZTHE EL
oo FMICHERS BH T L ET,

KPERFZE « LB BBOKEG IR mlHE 2 LI, FFRIC
BWTHITMMREEZBEOLEoNT 252 TWEREE E L, 3<EH
W LET, 7, BEBREEFZ~DZ o T 25X T ES o7 H
PR K EE IR JE AT JE B R £, FERGICH D EE 2 X
STHE, WoksEELHE L, REHNTZLET,

A A OERR I, YO HNEY O DNA 51
WTC I AhzEEHEELLE, 20520 TBILHB L ETFET,

%I, WICENPSRSFORHRIT TS NZR EHR, IR D 5
AL L ETFES, 2L C, BREICEDI LS AE LR~ L W
NuEniiZnwizE TE, HELTInEEEL BHICLILEH L E
R

100



ARWFFEIL, RAWRKESINEHELEZLFE [REEERKEEDOTZDO
Fein AR EE] THONET 20 —MAEMHEH L E LT,

101



SCHR

Aoyama (2017) Natural spawning of chum salmon Oncorhynchus keta within
a hatchery stock enhancement program-a case in the Otsuchi River
at the Sanriku Coast-. Coastal Marine Science 40(1): 1-6.

Astthorsson OS, Valdimarsson H, Gudmundsdottir A, Oskarsson GJ (2012)
Climate-related variations in the occurrence and distribution of
mackerel (Scomber scombrus) in Icelandic waters. ICES Journal of
Marine Science 69: 1289-1297.

WEME - BH T mERIT - IR - BE & £ AR Z (2018)
MEETNVICE DY I HERORIEY X 2L —va v LA
Yy 40(5): 453-458.

Bates D, Maechler M, Bolker B, Walker S (2014) /me4: Linear mixed—effect
models using Eigen and S4. R package version 1.1-23.
http://CRAN.R-project.org/package=Ime4.

Bates D, Méchler M, Bolker BM, Walker SC (2015) Fitting Linear Mixed-
Effects Models Using Ime4. Journal of Statistical Software 67(1):
1-48.

Bax NJ (1983) Early marine mortality of marked juvenile chum salmon
(Oncorhynchus keta) released into Hood Canal, Puget Sound,
Washington, in 1980. Canadian Journal of Fisheries and Aquatic
Sciences 40: 426—435.

Bax NJ (1998) The significance and prediction of predation in marine
fisheries. ICES Journal of Marine Science 55: 997-1030.

Beamish RJ (2004) Evidence that reduced early marine growth is associated

102



with lower marine survival of Coho salmon. Transactions of the
American Fisheries Society 133: 26—33.

Beamish RJ, Mahnken C (2001) A critical size and period hypothesis to
explain natural regulation of salmon abundance and the linkage to
climate and climate change. Progress in Oceanography 49: 423—437.

Beamish R (2022) The need to see a bigger picture to understand the ups and
downs of Pacific salmon abundances. ICES Journal of Marine
Scinence 79: 1005—-1014.

Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet CC, Al-Ghalith GA,
Alexander H, Alm EJ, Arumugam M, Asnicar F, Bai Y, Bisanz JE,
Bittinger K, Brejnrod A, Brislawn CJ, Brown CT, Callahan BJ,
Caraballo-Rodriguez AM, Chase J, Cope EK, Silva RD, Diener C,
Dorrestein PC, Douglas GM, Durall DM, Duvallet C, Edwardson CF,
Ernst M, Estaki M, Fouquier J, Gauglitz JM, Gibbons SM, Gibson
DL, Gonzalez A, Gorlick K, Guo J, Hillmann B, Holmes S, Holste
H, Huttenhower C, Huttley GA, Janssen S, Jarmusch AK, Jiang L,
Kaehler BD, Kang KB, Keefe CR, Keim P, Kelley ST, Knights D,
Koester I, Kosciolek T, Kreps J, Langille MGI, Lee J, Ley R, Liu
YX, Loftfield E, Lozupone C, Maher M, Marotz C, Martin BD,
McDonald D, Mclver LJ, Melnik AV, Metcalf JL, Morgan SC,
Morton JT, Naimey AT, Navas-Molina JA, Nothias LF, Orchanian
SB, Pearson T, Peoples SL, Petras D, Preuss ML, Pruesse E,
Rasmussen LB, Rivers A, Robeson MS, Rosenthal P, Segata N,
Shaffer M, Shiffer A, Sinha R, Song SJ, Spear JR, Swafford AD,

Thompson LR, Torres PJ, Trinh P, Tripathi A, Turnbaugh PJ, Ul-

103



Hasan S, Hooft JJJ, Vargas F, Vazquez-Baeza Y, Vogtmann E, Hippel
M, Walters W, Wan Y, Wang M, Warren J, Weber KC, Williamson
CHD, Willis AD, Xu ZZ, Zaneveld JR, Zhang Y, Zhu Q, Knight R,
Caporaso JG (2019) Reproducible, interactive, scalable and
extensible microbiome data science using QIIME 2. Nature
Biotechnology 37: 852—-857.

Brett JR, Shelbourn JE, Shoop CT (1969) Growth Rate and Body
Composition of Fingerling Sockeye Salmon, Oncorhynchus nerka,
in relation to temperature and ration size. Journal of the Fisheries
Research Board of Canada 26(9): 2363—2394.

Collis K, Roby DD, Craig DP, Adamany S, Adkins JY, Lyons DE (2002)
Colony size and diet composition of piscivorous waterbirds on the
lower Columbia River: Implications for losses of juvenile salmonids
to avian predation. Transactions of the American Fisheries Society
131: 537-550.

Darbyson E, Swain DP, Chabot D, Castonguay M (2003) Diel variation in
feeding rate and prey composition of herring and mackerel in the
southern Gulf of St. Lawrence. Journal of Fish Biology 63: 1235—
1257.

Dunmall KM, McNicholl DG, Zimmerman CE, Gilk-Baumer SE, Burril S,
VonBiela VR (2022). First juvenile chum salmon confirms
successful reproduction for Pacific salmon in the North American
Arctic. Canadian Journal of Fisheries and Aquatic Sciences 79:
703-707.

L #kEE (2002) MAHREDOTD ORENIE—A( U EflE LT—.

104



(2N E BEE) EWe R, =IHR, B, pp67-117.

Fujiwara Y, Kawato M, Poulsen JY, Ida H, Chikaraishi Y, Ohkouchi N, Oguri
K, Gotoh S, Ozawa G, Tanaka S, Miya M, Sado T, Kimoto K,
Toyofuku T, Tsuchida S (2021) Discovery of a colossal slickhead
(Alepocephaliformes: Alepocephalidae): an active-swimming top
predator in the deep waters of Suruga Bay, Japan. Scientific Reports
11:2490.

Fukuwaka M Suzuki T (2002) Early sea mortality of mark—recaptured
juvenile chum salmon in open coastal waters. Journal of Fish
Biology 60: 3—12.

Gordon A, Hannon GJ (2010) Fastx-toolkit. FASTQ/A short-reads
preprocessing tools. https://hannonlab.cshl.edu/fastx toolkit/

Guisan A, Edwards TC, Hastie JT (2002) Generalized linear and generalized
additive models in studies of species distributions: setting the scene.
Ecological Modelling 157: 89—100.

B2 (1999) MEXR LH 1 HEEERIKEIC L D HREL. (F Rk
PEMFZERT M) ~ W NI~ PG~ == 7 v &) pp
10-15.

Hanawa K, Mitsudera H (1987) Variation of water system distribution in the
Sanriku Coastal Area. Journal of the Oceanographical Society of
Japan. 42: 435-446.

Healey MC (1982) Timing and relative intensity of size—selective mortality
of juvenile chum salmon (Oncorhynchus keta) during early sea life.
Canadian Journal of Fisheries and Aquatic Sciences 39: 952—957.

Hida Y, Ohmoto K, Yatsuya M, Sato S (2022) Releases of otolith marked

105



salmon from Japan between summer of 2020 and spring of 2021.
NPAFC Documents 2028: 1-22.

Hilborn R, Bue BG, Sharr S (1999) Estimating spawning escapements from
periodic counts: a comparison of methods. Canadian Journal of
Fisheries and Aquatic Sciences 56: 888—896.

Hiyama Y, Nose Y, Shimizu M, Ishihara T, Abe H, Sato R, Maiwa T, Kajihara
T (1972). Predation of chum salmon fry during the course of its
seaward migration- Il . Otsuchi River investigation 1964 and 1965.
Bulletin of the Japanese Society of Scientific Fisheries 38(3):
223-229.

Honda K, Kawakami T, Suzuki K, Watanabe K, Saito T (2017) Growth rate
characteristics of juvenile chum salmon Oncorhynchus keta
originating from the Pacific coast of Japan and reaching Konbumori,
eastern Hokkaido. Fisheries Science 83: 987-996.

Honda K, Sato T, Kuroda H, Saito T (2021) Initial growth characteristics of
poor-return stocks of chum salmon Oncorhynchus keta originating
from the Okhotsk and Nemuro regions in Hokkaido on the basis of
scale analysis. Fisheries Science 87: 653—663.

Iida M, Imai S, Katayama S (2017) Effect of riverbed conditions on survival
of planted eyed eggs in chum salmon Oncorhynchus keta. Fisheries
Science 83: 291-300.

Iida M, Yoshino K, Katayama S (2018) Current status of natural spawning of
chum salmon Oncorhynchus keta in rivers with or without hatchery
stocking on the Japan Sea side of northern Honshu, Japan. Fisheries

Science (2018) 84: 453-459

106



lino Y, Kitagawa T, Abe T, Nagasaka T, Shimizu Y, Ota K, Kawashima T,
Kawamura T (2022) Effect of food amount and temperature on
growth rate and aerobic scope of juvenile chum salmon. Fisheries
Science 88: 397—-409.

ATLFEZ (1990) g 6 A6 A3 o 5 & Me £ o [a] 3k (2 B 9 % £ 18 2 B A
FE. PE IR XK PE B JEFT A SR 681 1-142.

G HE - PEDE= - KIEE - PR KL - @RS - SR - U
F - A WG R (2009) PR O 25 AL 23 I ME f k0 oo 4 B BR B3 1
FOF 3 528 & M IR 0 48 Je 1A T 7o Bl E B oo FEA . S AR
e T2 12(1): 57-66.

RSN - A HEATIE (1998) HIC K DS - ST HOMOFE & F
e AL AE . K PEAFJE T SR 350 131153,

Iwata M, Komatsu S (1984) Importance of estuarine residence for adaptation
of chum salmon (Oncorhynchus keta) fry to seawater. Canadian
Journal of Fisheries and Aquatic Sciences 41: 744-7T49.

A F R (1983) I BERIJHMIIGAA. W 56 F K S0 £ 3 & P KR
A A pp 1-38.

A FR(2023) 2BUR=ROBM. TRITEESsTFROST - £4ICH
35 &k, pp 1-38.

= FRERANKEAKESNE % — (2009) V7 Sl EEHOFI & F
B 20 4 BECCET K. pp 1-33.

R ROKER T 2 — (2021) (1) BK¥ 7 BB 5598, S F 2
ERE A FIROKEH N % —4FH.  pp 2-5.

Joshi NA, Fass JN (2011) Sickle: A sliding-window, adaptive, quality-based

trimming tool for FastQ files Versionl.33) [Software].

107



https://github.com/najoshi/sickle

Kaeriyama M (2022) Warming climate impacts on production dynamics of
southern populations of Pacific salmon in the North Pacific Ocean.
Fisheries Oceanography doi: 10.1111/fog.12598.

Kaeriyama M, Seo H, Kudo H (2009) Trends in run size and carrying capacity
of Pacific salmon in the North Pacific Ocean. North Pacific
Anadromous Fish Commission Bulletin 5: 293—302.

Jm eSS - R EFH (2015) =B FEO e ¥ EEREOEEICHIT T.

(EHZEMR) =FRoY 7 —@HloO >R —JuifEE K7 R,
FLI%, pp85-99.

J@ LTS (2005) 7K A2 R R 0 W) BT a0k L R 7 9 0 9T [ ol A oD B
HARAEREFRFE 55: 51-59.

Rz - BREY - A & (2021) FFEMEHETAVB IR Ry
77— VAST O E & EBRKPEE I~ O Ji S, 7 A KPES
238 87(4): 334-337.

Kamimura Y, Taga M, Yukami R, Watanabe C, Furuichi S (2021) Intra-and
inter-specific density dependence of body condition, growth, and
habitat temperature in chub mackerel (Scomber japonicus). ICES
Journal of Marine Science 78(9): 3254-3264.

Kaneko N, Taniyama N, Inatani Y, Nagano Y, Fujiwara M, Torao M,
Miyakoshi Y, Shimizu M (2015) Circulating insulin-like growth
factor I in juvenile chum salmon: relationship with growth rate and
changes during downstream and coastal migration in northeastern
Hokkaido, Japan. Fish Physiology and Biochemistry 41: 991-1003.

Kaneko N, Torao M, Koshino Y, Fujiwara M, Miyakoshi Y, Shimizu M (2019)

108



Evaluation of growth status using endocrine growth indices, insulin-
like growth factor (IGF)-I and IGF-binding protein-1b, in out-
migrating juvenile chum salmon. General and Comparative
Endocrinology 274: 50-59.

Kasugai K, Sakamoto H, Miyakoshi Y, Nagata M (2018) Returns of chum
salmon released from net-pens and rivers in Eastern Hokkaido,
Japan. North American Journal of Fisheries Management 38: 24—38.

A Wl - ERRE R - R BE - BEREH - R - WA HE 5 (2020)
A T WA O D I Sk R IS B D T Hypomesus Japonicus
FHEAEOHIADEE T O LB HER. HAKEFZIE 86(6):
450-459.

N % - FARIERE (2008) LPE K FEEICE T 2ILF O T~ P NEJFRO
B L 1 sl Eosy A, [\l B o8 R ENE 9: 61-66.

JIEE fE(1968) ~ B /S KRR BERRA D AR ST iR XK EE
W FEET A ZE T 550 59114,

JIE R - 35 KB — « KEE - [HRIK K (2018) ZREHFEICB T 55
TR DA, AERRE &BAER. WBIE L ALY 40(4):
342-345.

JNE W e - A e - st (2017) BAMEEEREE Bz~
NOEWRETEOHFNME. KEHM 9(2): 45-51.

Keleher CJ, Rahel FJ (1996) Thermal limits to salmonid distribution in the
Rocky Mountain region and potential habitat loss due to global
warming: a geographic information system (GIS) approach.
Transactions of the American Fisheries Society 125: 1—-13.

Kitada S, Kishino (2021) Population structure of chum salmon and selection

109



on the markers collected for stock identification. Ecology and
evolution 11(20): 13972—-13985.

AEJNE L - I B - B E - AR - DY oT s - RAT R - F Il
M- e & (2017) @ LBEERICK T 2B K ORE. B AK
FESF A GE 83(4): 681-684.

e 3By - p B e miIDERE] - ANEEA T (1995) WA v g ma~w
DFLRE ST AN 3 2 KIE O Z BB L OHEKERIC & 54 L
ZE W OME/NTRL BAEYIRE 1(1): 1-11.

Koshino Y, Kudo H, Kaeriyama M (2013) Stable isotope evidence indicates
the incorporation into Japanese catchments of marine-derived
nutrients transported by spawning Pacific Salmon. Freshwater
Biology 58: 1864—1877.

Kruse GH (1998) Salmon run failures in 1997-1998: A link to anomalous
ocean conditions? Alaska Fishery Research Bulletin 5(1): 55—63.

BH E-FAYT - - REKK - EBHE— - Rl E - 285
Bt R - mHE M- mgE— /8 - AN =0 (2018) %1
B OEFRN EOO ORI GIEORIE. (PR - g S
Jem) =Bt o Bl R o 72 0 o R B O s EE AL 32 REAF 5E

GRS E, ENLAT SRR FEVE N K ENTTE - ZE A, R

pp3—51.

~

Kuroda H, Saito T, Kaga T, Takasuka A, Kamimura Y, Furuichi S,
Nakanowatari T (2020) Unconventional sea surface temperature
regime around Japan in the 2000s—-2010s: Potential influences on

major fisheries resources (2020) Frontiers in Marine Science 7:

574904.

110



Kuroda H, Toya Y, Kakehi S, Setou (2020) Interdecadal variations of the
Oyashio and extreme cold water events near the Japanese coast from
the 1960s to the 2010s. /n: Chen C-TA, Guo X (eds) Changing Asia-
Pacific marginal seas. Springer, pp217-244.

LaLanne JJ, Safsten G (1969) Age determination from scales of chum salmon
(Oncorhynchus keta). Journal of the Fisheries Research Board of
Canada 26(3): 671-681.

Leray M, Yang JY, Meyer CP, Mills SC, Agudelo N, Ranwez V, Boehm JT,
Machida RJ (2013) A new versatile primer set targeting a short
fragment of the mitochondrial COI region for metabarcoding
metazoan diversity: application for characterizing coral reef fish gut
contents. Frontiers in Zoology 10: 34. doi: 10.1186/1742-9994-10-
34.

Lisi PJ, Schindler DE, Bentley KT, Pess GR (2013) Association between
geomorphic attributes of watersheds, water temperature, and salmon
spawn timing in Alaskan streams. Geomorphology 185: 78-86.

Magoc T, Salzberg SL (2011) FLASH: Fast length adjustment of short reads
to improve genome assemblies. Bioinformatics 27: 2957-2963.

Bl ke B R - KSR ER (1983) AFFIIEEY & o A REFH AL 1980
R Y 1981 4F A Ji it HE f o0 [ 3 78 Bl & 90 72 4 C O 4y A Bl
evgiE S F - E TS HurEEE 37 1-22.

Minami K, Shirakawa H, Kawauchi Y, Shao H, Tomiyasu M, Iwahara Y,
Tsuda Y, Takahara H, Zhu Y, Miyashita K (2022) Estimating target
strength of young chum salmon (Omncorhynchus keta). Canadian

Journal of Fisheries and Aquatic Sciences 79: 195—199.

111



Minegishi Y, Wong MKS, Kanbe T, Araki H, Kashiwabara T, Ijichi M,
Kogure K, Hyodo S (2019) Spatiotemporal distribution of juvenile
chum salmon in Otsuchi Bay, Iwate, Japan, inferred from
environmental DNA. PLOS ONE 14(9): €0222052.

A AL - il M (2019) =ZBICB T2V EFERBOBEE. BAE

B2 EE 69:201-207.

B2 s KHJETE « R - BRI B - IR (2013) JeiEiE R
MMEERFICBI L2V IrBLON T 7 b~ A HEA ORI
B AbvEE K PE R BRSO JE W 83: 41-44.

B - IR B - EERRAK - K DG (2016) AbilEIE BE O I &

Mg R U e o oo Bl &)1 bR b i B K E R BR 5 0T

g
fmv

<t

B

Jom s 89:9-15

EHMEE L - NERIE - KR - EEHEAN - FILE S - A - KA
OB KHESEEE (2011) deEIE ISR T D T o B AR E IN{E 4R

sy CERE) . BB K EE R BR S5 T JE i 80: 51-64.

Miyama T, Minobe S, Goto H (2021) Marine heatwave of sea surface
temperature of the Oyashio region in summer in 2010-2016.
Frontiers in Marine Science 7: 576240.

Morita K (2014) Japanese wild salmon research: toward a reconciliation
between hatchery and wild salmon management. NPAFC newsletter,
35: 4-14.

Morita K, Nakashima A (2015) Temperature seasonality during fry
out—migration influences the survival of hatchery—reared chum
salmon Oncorhynchus keta. Journal of Fish Biology 87: 1111—-1117.

AR GE RS « AL 15 - N AT - @il - KE 55+ KAE—1E (2013a)

112



W E TINCRB T2 OB RBAEELDR. BRKESS
58 79(4): 718-7203.

AR M EERRS - =i B - KREE—IE - KR F (2013b) A LS AR )1
BT 2V rBAROEASHTE. BARKEFZZE 792): 206
213.

FRHEMEKREE (2015) WEoRMEE EYomE)s. (AALEESWR) ANH
HBy & AERRR. SRR, BUAC, ppl49-166.

FRHEMEAKES (2016) AMTEE OB SL &g ELT. (HALEEBESHR)
M ERR S, WU, pp206-208.

ARHEKE (2020) V7 &2 BB LTV HT 272010, HAKES
£ 38 86(3): 180—183.

Moss JH, Beauchamp DA, Cross AD, Myers KW, Farley EV, Murphy JIM,
Helle JH (2005) Evidence for size—selective mortality after the first
summer of ocean growth by pink salmon. Tramnsactions of the
American Fisheries Society 134: 1313—1322.

Moulton LL (1997) Early marine residence, growth, and feeding by juvenile
salmon in northern Cook Inlet, Alaska. Alaska Fishery Research
Bulletin 4(2): 154-177.

R & =4 B - FAR—BE (1995) 1 B R K OV B AR A 1 12 JE S
S NKPFERREO EINV OHEE. KEMEHFE 59(1): 11-
17.

Miihlenberg M, Hovestadt T, Roser J (1991) Are there minimal area for
animal populations? [In: Seitz A, Loeschcke V (eds) Species

Conservation. Brikhduser Verlag, Basel, pp 227-264.
R OCHGE » MEEE - FKE — (2023) AFRILAEBICRE T 29 7 HA

113



O T F T iEO W RRER. 5 FRKESIN 7 — b E#E
10: 7-10.

Nagasawa K (1998) Fish and seabird predation on juvenile chum salmon
(Oncorhynchus keta) in Japanese coastal waters, and an evaluation
of the impact. North Pacific Anadromous Fish Commission Bulletin
1: 480-495.

AR 4 (1999) & LAEEM KD O BT EIRBIC 5 2 2 8. IS HE
HE L% 2(2): 125-139.

ORI EE - )l 7 - EZHE B - PR EEE - [ A R - RBIST IR (2010)
BB BTN LB T2~ A ABL T~ ¥ A
OFPEHEE L B HEEEOHEE. KEMWENIE 74(2): 105-
117.

M —th - =R EEL (2006) & FE I E DO =~ P3O p &K
KPEMRAHIEE > & — s 4: 9-124.

Neave F, Yonemori T, Bakkala RG (1976) Distribution and origin of chum
salmon in offshore waters of the North Pacific Ocean. International
North Pacific Fisheries Commission Bulletin 35: 1-79.

Nobata S, Sato K, Houki S, Ito M, Aoki Y, Kitagawa T, Hyoudo S (2022)
Straightforward upriver migration to spawning sites by chum
salmon Oncorhynchus keta homing to coastal short rivers in the
Sanriku region. Journal of Fish Biology 100: 748-757.

Nottestad L, Diaz J, Pend H, Seiland H, Huse G, Ferno A (2016) Feeding
strategy of mackerel in the Norwegian Sea relative to currents,
temperature, and prey. ICES Journal of Marine Science 73(4): 1127—-

1137.

114



HA W -ET T (1998) I~ oS B AT (F) &GTh (%4 9 -
A ). EAEMEAR, A, pp 844-855.

A JE - KB — (2012) RHAREXLD L OEFR S THEIEFEXD
B EIREIE OE. BARKEFZSFE 78(5): 1040—1043.

Ohkuma K (2007) Coastal migration and survival of juvenile chum salmon
estimated from laboratory analysis their maximum sustainable
swimming speed. North Pacific Anadromous Fish Commission
Technical Report 7: 64—65.

WyE W M e s RRNRI - B RER - Wk B - B BEER - B
o PR - BAEEB L (2020) BALTEIC B T D~ PN
B & AKIRE B O BIFR. KEWEFENZE 84(4): 271-284.

Overholtz WJ, Hare JA, Keith CM (2011) Impacts of interannual
environmental forcing and climate change on the distribution of
Atlantic mackerel on the US northeast continental shelf. Marine and
Coastal Fisheries 3: 219-232.

Peyronnet A, Friedland KD, Maoileidigh NO, Manning M, Poole WR (2007)
Links between patterns of marine growth and survival of Atlantic
salmon Salmo salar. Journal of Fish Biology 71: 684—700.

Phillips EM, Horne JK, Zamon JE (2021) Characterizing juvenile salmon
predation risk during early marine residence. PLOS ONE 16(2):
30247241.

Rodionov SN (2009) Use of prewhitening in climate regime shift detection.
Geophysical Research Letters 33: L12707.
doi:10.1029/2006GL025904.

Sahashi G, Morita K (2022) Wild genes boost the survival of captive-bred

115



individuals in the wild. Frontiers in Ecology and the Environment
20(4): 217-221.

Saito T, Kaga T, Seki J, Otake T (2007) Otolith microstructure of chum
salmon Oncorhynchus keta: formation of sea entry check and daily
deposition of otolith increments in seawater conditions. Fisheries
Science 73: 27-37.

Saito T, Nagasawa K (2009) Regional synchrony in return rates of chum
salmon (Oncorhynchus keta) in Japan in relation to coastal
temperature and size at release. Fisheries Research 95: 14—27.

Saito T, Shimizu I, Seki J, Nagasawa K (2009) Relationship between
zooplankton abundance and the early marine life history of juvenile
chum salmon Oncorhynchus keta in eastern Hokkaido, Japan.
Fisheries Science 75: 303—316.

WHEFFEZ « MARZE - xR & (2015) ABARRY 7 O LW FE) R,
KEERBGMHIIE® > ¥ —HEJE @ E 39: 85-120.

TWERZ B HE (2018) ERFHEICBT 2V rBHEBEOEIFEIRE.
WrE & Y 40(4): 319-329.

e Z (2000) BRANINZ IS T 290 O BRER - fhod B
DOEINKRIEE O EHEREE. S0 - FTEREHEE ¥ —WF%
WA 3: 15-24.

BUOGKR - o INE IR - AR Bk - R — (1991) 5 TR /NI o §R]
A FEE. K L% 5w S0 35: 217-224.

Salo, EO (1991) Life history of chum salmon (Oncorhynchus keta). In: Groot
C, Margolis L (eds) Pacific Salmon Life Histories. UBC Press,

Vancouver, pp233—-309.

116



VRS-, AR EZ (2015) AARRY 7 OB EATERIE. KIER
BT o — WIS 39: 21-47.

VEJR -, ZRMMEKES (2019) dbvEiE 2310 2 W 7 B A M 0 B A Fr
. AAAEFEREE 69:209-217.

e — - R - ABREESE (1975) HAbiE X E B L O
7

DAT D~ AN 2D < D AFEMB B, B X K FE M 78 4 5
W 35:1-13.
W — - RE R - /g — = (1968) WALyl X IC BT 5 ~

Pneumatophorus japonicus (HOUTTUYN) O ifa 3 4 W) 5 7 R 4
(Z2W T HE XK EE B FE AT AF JE A 280 1-50.

Sawada K, Matsuura T, Fukuda Y (2022) Target strength of juvenile salmon,
Oncorhynchus keta, for acoustic monitoring. Journal of the Marine
Acoustics Society of Japan. 49(2): 46—67.

Schindler DE, Hilborn R, Chasco B, Boatright CP, Quinn TP, Rogers LA,
Webster MS (2010) Population diversity and the portfolio effect in
an exploited species. Nature 465: 609—-612.

B R (1978) RABATIEICR T % 7 O ARE-T 95 7380 ] 1 7 A
DR & BB EY . w5 R SN 8 K EE RUER 5 B A 4: 10-18.

B TR (2013) & £ 9O N TRAL oo (2 B3 2 By 4 s ()it i)
K PEH R 6(1): 69-82.

HAKE— (2015) HEFROeFripEOER LBR. (LHZW) =
eV 7r —1HE O R —JhifEiE KRS, FLIR, ppll1-16.

Skaret G, Bachiller E, Langey H, Stenevik EK (2015) Mackerel predation on
herring larvae during summer feeding in the Norwegian Sea. ICES

Journal of Marine Science 72(8): 2313-2321.

117



Stabeno PJ, Bond NA, Kachel NB, Salo SA, Schumacher JD (2001) On the
temporal variability of the physical environment over the south-
eastern Bering Sea. Fisheries Oceanography 10(1): 81-98.

gk (2008) BARBAEZFMHA LY FERIMAE~ORY M.
SALMON f{§# (2): 3-5.

Sveegaard S, Nabe-Nielsen J, Stehr K-J, Jensen TF, Mouritsen KN, Teilmann
J (2012) Spatial interactions between marine predators and their
prey: herring abundance as a driver for the distributions of mackerel
and harbor porpoise. Marine Ecology Progress Series 468: 245-253.

m Il EE e RAARRREAE - N - ERRIETE - & EFE KR (1997) B E
2 Y OBV B O HEE FIEIZ DWW T oRE. fLR T &%
N & B EHEE . 9: 49-57.

EF Ml - REAG— - xR F -\ =F (2019) =FEHF/NAIT
MLICB T 2HET T HAOEREE LKV A4 X, AEPH
BB 66(2): 211-216.

Tomaro LM, Teel DJ, Peterson WT, Miller JA (2012) When is bigger better?
Early marine residence of middle and upper Columbia River spring
Chinook salmon. Marine Ecology Progress Series 452: 237-252.

R F-MTHBE -ex KEE-FHH A LE - KB (2010)
YIRS RB T 207 7 b~ AR & BAROERARE. dbifE
K EERL e E 64: T-15.

Torao M (2022) Effect of water temperature on the feed intake, growth, and
feedng efficiency of juvenile chum salmon Oncorhynchus keta after
seawater transfer. Aquaculture Science 70(1): 97-106.

Tsou TS, Collie JS (2001) Predation-mediated recruitment in the Georges

118



Bank fish community. ICES Journal of Marine Science 58: 994—
1001.

AR (1999) # A OB MR IZ G 2 58— L% Kk
DIKE RS — . ICHARE LT 2(2): 103-112.

WAEZ (2000) HARY 7FoREEREESZONIERE. ST - F
TEHEREHE X —=a2— A 5:3-9.

Utne KR, Huse G, Ottersen G, Holst JC, Zabavnikov V, Jacobsen JA,
Oskarsson G J, Nottestad L (2012) Horizontal distribution and
overlap of planktivorous fish stocks in the Norwegian Sea during
summers 1995-2006. Marine Biology Research 8: 420—-441.

Vega SL, Sutton TM, Murphy JM (2017) Marine-entry timing and growth
rates of juvenile chum salmon in Alaskan waters of the Chukchi and
northern Bering seas. Deep-Sea Research 1[I 135:137-144.

Wagawa T, Kuroda H, Ito S, Kakehi S, Yamanome T, Tanaka K, Endoh Y,
Kaga S (2015) Variability in water properties and predictability of
sea surface temperature along Sanriku cost, Japan. Continental Shelf
Research 103: 12-22.

Wagawa T, Tamate T, Kuroda H, Ito S, Kakehi S, Yamanome T, Kodama T
(2016) Relationship between coastal water properties and adult
return of chum salmon (Oncorhynchus keta) along the Sanriku coast,
Japan. Fisheries Oceanography 25: 598-609.

Watanabe C, Nishida H (2002) Development of assessment techniques for
pelagic fish stocks: applications of daily egg production method and
pelagic trawl in the Northwestern Pacific Ocean. Fisheries Science

68 (suppl 1): 97-100.

119



EBTET-WHFs BEREEL - KBER - AK & (19991 B 47
DHEINBICI DY NOBREHT. HARKEFLZIE 65:
695-702.

Wells BK, Santora JA, Henderson MJ, Warzybok P, Jahncke J, Bradley RW,
Huff DD, Schroeder ID, Nelson P, Field JC, Ainley DG (2017)
Environmental conditions and prey-switching by a seabird predator
impact juvenile salmon survival. Journal of Marine Systems 174:
54-63.

Wertheimer AC, Thrower FP (2007) Mortality rates of chum salmon during
their early marine residency. American Fisheries Society Symposium
57: 233-247.

Worm B, Myers RA (2003) Meta-analysis of cod-shrimp interactions reveals
top-down control in oceanic food webs. Ecology 84: 162—173.

Yamada Y, Sasaki K, Yamane K, Yatsuya M, Shimizu Y, Nagakura Y,
Kurokawa T, Nikaido H (2019) The utilization of cold—water
zooplankton as prey for chum salmon fry (Oncorhynchus keta) in
Yamada Bay, Iwate, Pacific coast of northern Japan. Regional
Studies in Marine Science 29: 100633.

MHIER - WNER - FHEHR T (2006) dbigEdE BEE)INICEB T 5 v e
Yo OB FEAR — W ERERRIC LT RE. ISHAR LY
9(2): 167—-178.

Yasuda T, Nagano N, Kitano H (2018) Diel vertical migration of chub
mackerel: preliminary evidence from a biologging study. Marine
Ecology Progress Series 598: 147-151.

Yatsuya M, Sasaki K, Shimizu Y, Ohta K, Yamane K, Yamada Y, Moriyama

120



S, Nagakura T, Nikaido H (2018) Effects of duration of net—pen
acclimation and timing of river stocking on early growth and adult
return of chum salmon along the Pacific Coast of Honshu, Japan.
North Pacific Anadromous Fish Commission Technical Report 11:
127-128.

A - By - RRJIIRA - FHAERE - ERRER - BERY - K
B - RN - KRR - B LEER] (2023) =B - W
B T DI EKRE A0~ VN EEEO BB T ). K

A g

FEFZIT 15(2): 13—19.
P b - PE S OK - B RVE T A RN E S M ST (2021a)
a2 (2020) FE~ Y oNKVPEESREE O G PR . 35 E 2D
AKIG D e B PRAFAR . K BT - K E ST - BB B, RO, 53 pp.
M BE R - PSR - EATRRVE A A RN E - I ST (2021D)
B2 (2020) B A~ YN KOEVERBEO G M. 28 [ E
WK O B WRREAMG . K E T - K EERF I - FOE A, B, 47

pp.

121



