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TOFEINDI=DITHE T b D LB 2 b, H~BE L, Bl L CEERO S EBBIEN
WIS, KRUEPE=  TORE & FRRICEINERTIZIZEINS DIRBZEHR L T DL b DL
Bz b, FR T, WK CRFFREK T 28T LD, BT OEIMTEIO
B TR VR E Tz, S DITH~EAT DO X A I 7, BA~BINDLBEO Y A I T
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IO N OO, @O ER L, 82Oz VIZ<BEOZOWEATE~DBATIC
R, R TREM~OFZIIIEML TEH Y, {0 1 A4 o faMEEE =8
FREA TR 2 RIS L T D (KEET 2017 a). AT, FTEOHNND & AKEERA~D
AR HEIML TV 5. BIE, R OKEGIRICIT D 31% W EF IR REICH v,
58% D3 IE L~ L R < E T ST DT BRFIAREE, 36 KOV 11%2381E L~ L K
D bR WVE E TR - KRB TH D & S TnWd KET 2017 a). L72
2T, KREMFEBEOEIMIIEZ TWLITIE, FRICHh 72 2 #0722 K EEROE B LETH
LEEZDLND.

AL, 1 AN%72 0 OEREFAANEMEE RN 45.6kg L A TR b E <, KEGROF b
HIZ2FIHANE S D ERD HITE 72 OKPEIT 2014a,b; FEMOKPEE 2017). 1996 42 (X [E
WERPEESRARI ORI - T, NEEAEYEIRORFR LOEHEICET 2158 (TAC i) 23l
TE S, AR FE AP 38 1T DIEE MBI DO IRAFIR K OE B Oy, SARFHE ORE R
I ATHE R (TAC: Total Allowable Catch) DFRESENHE STz KEEIT 1996; H - SR
2003). F£72 2009 FEI2iE, [FEAEICB T HRENRKERI - BEOEEOH Y 7] 1Tk
WT, BEROGIFIRREICIS U BT EOH ) FRR SN (KERSIIZEE & —
2009). R EROHETIE, BMOEELE I EORBRARZHIRT 5107 v b
2 b r—/L (IC: Input Control), ZEifi X DFRECIE DM H DOHIIR &\ o 7o ==
Hil4 2727 =HhH/L=3 > hr—/b (TC: Technical Control), 31N TAC D K 5 i pEH
BA2HHTA27 7 7y b3 hr—/L (OC: Output Control) 72 & O JEfER 72 & BE T HAS,
BIROBBESOREBIZIS L TRESNLTWS ZEOEREENFHIAINTNSD. 29 LEEERVMA
F e BT, 2017 FRITITIFEO R EE L & B ICERE RO EL, 2h3{bx B L7z K
PEFEAGIH | NRE SN D70 L, EIREHOMEMETIEFIRS B I NTWD (KET 2017

b).



AARENIZE T 2B OX G & g o T S faffIiE, 52 fE 84 REEFIET D (OKFEIT
2014 a). FTH~A U Sardinops melanostictus, 7 8 (<73 Scomber japonicus, =~
7\ Scomber australasicusl), ~ 7 > Trachurus japonicus, %35 O~ Cololabis saira &>
2 Te MO /NIRRT B 22 A 23 151 <, AR OO TAC 3 %fd & L CEJRE BT
NTCWD (KEIT 20142). —H T, THHOEPFITKBELNNE D WPEERRO L U — 4 -
U7 ML T, BIRENEWMICEET5Z 0o TEY (FADL 2005; JIIF 2010),
) LTI L » TEIEN B L7256, TAC (28T HIAEENERI &b 2 &b
ENTWD (BE 2005). LEZR>TINHOEFETIE, TACHIED L HI120C Z#&iT5H &
W2, VI—Lb e T FREC Lo TEREG VA UGG, s/KERERAREZ L)Y B
Z, BARMEILEIA~DETEZ T 2 TR EHITE (A A v F o 7)) OB RD 5
N TW% (Katsukawa and Matsuda 2003; )11 2005).

INIFRFIEOT THIMEEICAL L, EETREINT 2 Rl ofEicxt LT, KPFE=
Clupea pallasii °A 717 = Ammodytes personatus & - T-FfI%, PFEIFDOERITKIE A — kL
DOEA A — P ORI ZFIF T2 (Haegele and Schweigert 1985; #ihik 1998). Z D 7=
TNHOREIZIE, KEEEICE) LY—L o7 R EORE LT, NI T O EEES)
RLNENEENC & B0 m< s, HRENEHT 5L IS5 (il 1998). L7zhi-T,
29 LIZREOERERITIE, hFRTORNEARRSCHEINVERZ ML, IC, TC &L D&
BHOE AN X > THAERELFERD, BIOMRBIEEE DT R E R TN Z En
MBIARAIR & 72 % (BB - 304 2003; Murua et al. 2003). L2>L7ZR23 5, /MR AEO X9
(BN DOIRVE DO EDEAERE, PESAEREITEF MRS CRIFMBIET 52 LN L S, 207
ORI E ERCB AR TOI « HAFRDOOAMARE R &2 T OLICHERED b TV
(GEM 2006; Fx[l 2006; FEZE 2006).

KIWEFE= > Clupea pallasiii 1%, KVEE= 2 Clupea hungas & 55=3 Bt/ NUE7

HHEO—ETHY, RN THIEEEEICOMATH~A U, UL A AT Etrumeus teres,



BLO= /> 1 Konosirus punctatus 7% £ OFEIZHEAT, WAKBIZHEIG L7ZETH D (MR
2002). KFLE= TV ATFEICIKRTLE, X—V 7, FR—Y 7, BIXOHARBIIAEL
L, REE=T 0, b, bR, v Mg, /vy =—iE, BLXOEER SICAER
4% (Haegele and Schweigert 1985). £7/-MifED = 0%, 1-34EIF L8 THRENL, FRETH, K
AW, PEIIEAZ FAE TR IRT K 91272 % (Hay 1985; McQuinn 1997). REFHA, BRAMI D4y
AR CE ARRE, BREEERIC L » TR DN, I+ A — MBI A — bV OKE
OWEIRIZ A L, FEINIC /e D LA — MU SEA A — SV OKIED I FIE~FEINRE]
54 % (Haegele and Schweigert 1985; Hay 1992; McQinn 1997; Tojo et al. 2007). JERER 72 FEIN
AT TR AR Y, K=Y 3K SmlE & OIS OB 2 PR o 2T TR
Sargassum, =27 F} Laminariaceae 72 £ DWFHE, 3 X7 ~ E )@ Zostera 72 £ DG EIZFEYH
THDITHR L, KRPEFHE= T T S 7 O 7KTE 10-200m Hy ORHEZ RO EEIN T 5 &
Ei % (Haegele etal. 1981; Haegele and Schweigert 1985; /M 2002). Wil & x4 & L7z ifa 2
1%, BRI R AEEIRENEE U7 BR 2 2R e L TR Y, ERM, i, B LOEEM
7 ETHRERTON TS, FHIRKEE= X, T7AIRT VT 4 vz -an BT
72 EALKKFEVEER, 7 LF v v 7o o7 B, 8L OHAROIHEE CTEE /2 KEER
ELTHbR, KBEE=V L, AT =0T v~ —7 R CIKGEE, =2a—7 7 KT
¥ R EHFHHECH DIV T D (Haegele and Schweigert 1985). L7235 T, {hEEKO
WEEIRE) & = C OFEEOBRIZIFFICEETH D L, MEORGRE I LEER
DEBIZONTE L OAFFENRITHOI T Z 72 (Corten 2002; Holst et al. 2002; FH 1 2002;
Dickey-Collas et al. 2010).

HARENIZEBWWTIE, 1850 AR & 0 ALWEE o A AW AFAE L7z [dkiE - ) %
B (B2 )] 2RISR R = v OWENR IR SHUT208, 1930 B0 K 0 AREE
DI FEEEINGE A ALHEE B AW OF H 0 HIHK L, GO ~L 27253572 (Motoda and

Hirano 1963). =M%, BIEF CARRHOWHEENRIET D Z L3, BlEITIR=v &



RN < DA HUT AR LT D HUSERFE O TN e ST D, 2 il E ik
B, ALRE O/ MESARF, BROREHEZF.OE L AR, MANHEER DO A—> 7
W, SRR, Ve~ A D L LRI OVKIE, B R OARINOERIE, EIHR,
PIRRDO—EBOI FEBUCFEIRENE S 5 & 41D (EE 1983; /K 1993). LinL, Z i
% 5,000-10,000 N FRETH Y, B2V U NRES N TWZE—ZIFD 1%I1F & OififE &
Lo TWD (Bl - A 2002a; HHF - @0 2002). L7235 T, 1990 FFBBIfEE T

AARERNOREE=S CVEIROKEIRA L RS TEY, 29 LeSAHFITERTS
M AREZ EDO X D IZEB L T DB BUROBE L 72> T D (B ES 2016; BiH G
2017).

KFFE= L OBPREFA~DOREZ 2B A & LTIE, 1996 25 2004 FFI2MF T TH
A= R R 10 Y 27 b A ACHEE OKEERERYS 2t 0 S S A, RO B
DWESL, PEINY; & 72 2 B85 OE Rk, BIRE HEAN O HEs &7z (JIIEH 2007, HEPIK
PERERY; 2008). T HDOHVMAIZ LY, BIRHFECHMREEZ X 2 B OEW (Fl -
A 2002b; FEHIS 2010), FEINE OBREE, 3 X OBEIFR OFEEE (RIS 2002; FJ115 2002
a,b; RS 2010) 22 ENHALMNTENTZZ &L, WO THEINCSINT 2K %2 & e A5t
DR, FEINGORBIZHE L LI B2 b d. EME BRI OISO\ T, flE
DAEFEFMN~ =2 T L &, HkZ L CORBATFESNEZ (AIFFS 2002; Ex K5
2002; AtifEE Pk ERBR Y 2002). — 5T, Y= 7 NN TORMFAORFEIT/NE L,
1997 LUK D EIR O HINNTBL A~ DO EIFAE HLERR N HUE S 172 2 &I & 2 RIREIROHN
WZEDHDOTHD LRI LN TS (LA B 2010). ZNHDZ ENLHKEHE=T Y
BIROHEIMIX, —BORKEROURGE, FrZPEINBIA - EINGORENEETH DL LB X
b, B TICEIT 2 EINEMA & EIRGE ORI OV TIE, R8I KD IREREOFY 1 X
BPRESL, BN - HEfFf D30, B L OPEINDOBR ENFHEINTWD DD, BlaDhE

3 C O REFR RN A BRIZ IIMGEE S L TWR WD L. FRISE IR D/ S BARLE N 0



BUEAREIC W T, BEEIFGROIYS & W o T /N A — L T O FEIRRIEA RE & i 2558 &
BIRMEAZ B S LTV 2 &, BIROFHRIFHOT-OIC L) —BHETH L LEX
L.

IHNETKEE=Y Y, KEE= Y UMfICE T 2 BT olEBEERIL, 5L ol
RSN HE VA, AR Y —7e EOFTEIHIBRIC L 2HE, BX
ORI 2 ol & U TR ED BV T & 7o, FRCIRE &R H A2 AV i
T, #MTOmMMED T, KR - BFERAOINE 72 &SR 22 [N A R8N 5 2\
& T & 7= (Haegele and Schweigert 1985; Hay 1992; McQuinn 1997; Tojo et al. 2007). faRERE
RS Y T — 2 AWTZRETIE, HIRNIC=Y COBFREEZMD Z LN TE, L EEN
(ZEEOME ), BRBEIE S & OBIRAH LM ST 7= (Nettestad et al. 2000; Corten et al.
2002; Holst et al. 2002; Sigler and Csepp 2007). Iz T, ZiLHDOFETIHFEFIHFET S
BEAREDTER T DR OREIES, TOEERA D Z LN TE, ARRBIZS U2 N
DR, MR & O o T AMBRRE A~ DI A 72 & BB 50 ST & 72 (Pitcher et al.
1996; Mackinson et al. 1999; Skaret et al. 2005; Pefia et al. 2013). —75 T, Zh 5D FEZF L
FENLSE R A B eI HE 2 D Z L IETE S, FEIRSIRIE N C o ml i R o0 BRAR X R #E &
ENTER, EAEMRBRTA T, BRE SIS BIA AR O 2 40 A L ik
WT 5 LT, R D RIS E TOBE) - a6 L TE L. FRCmfE
RN T < 20 b REUWRICARRR ORI A 23 T ody, (BRREZ & OREIESFTOE, [
HAR 722 EA3H B SN TE 7278 (Fridriksson 1950; Hay et al. 2001; Hay and McKinnell
2002), AFEZBNTHHEGENSEIE TOEEOBBEZEZ D Z LI TE R Tz,

29 LIefCalrty, /MNUOFHS: (7 — 2 v —) LE, FEEER (o) &
EMCHEAE L, EOITEIE WA ERICBIG T 5 A a X o IRk, A AT LA R
V—FENREH SN TS, RIS A ex o FRFETE, A2V NEEOE—%2H

WD Z L TR T O ORI U7 PRE, BRELE @ & O # A E eI s T



&, EROFEMRITEIORMEZIEX 5 Z &0 Ale L SND. MAT, "M AT LAY —
FUETIX, HEHE L ERE CEEECER A U CEROALEE R, R 2 #EE T
&, KEOBRBEORMELZIRZ D 2 ENFEEE SNTWD. ZOLDORMENS, MFiE
1%, TAVE COEGRBUTHE CIHEZ bR T EERRZH LN TE D EHIfFS
H, %L OKRFEY~HIFPNEASHHS>oH % (Boydetal. 2004). £7-2h5HDOFET
MR A ARG T D L) FHEDORHME b, HEEERIR ORI ToH - 72 1980 £4F~90 44X
TITHRDN R OHILIH, B, BROBEER EICRenTwiz, LavL, FESITHS
DN, EREEAL T 2 & TRIEE STk 2 R ATE R IS FES AV BT
% (Chittenden et al. 2009; Shillinger et al. 2012). KFFE= 1, RKEFE=VIZBNTH D
SEENAL AT VA M) —FHEOBANRR I, FFEDR R COREINENEARE & ik
JE, BXORBEEHREOBRN ) VT 2 —0T 7 AMITET D EEEETH 52 Sk
T\ % (Langérd et al. 2015; Eggers et al. 2015; Eiler and Bishop 2016; Bishop and Eiler 2017).
— 5T, BAFIOHD ZNOOETIEHERO X ) 2AERNLRE®RITIZ 2RI TN L0
D, =¥ CEPFROBMEDN KR E AEREEDPEIRMIE DFIFM AN =8, FIETHRA S5/
IR A — /L TOENEARE & BIRSEROERE O 2FimIIAThivTnin. —J
T, BROBHLI/NE <, HUIR 7 — L CRAEFE & 08 O 4 TOMT i 2 [E N O His f# (K
FHZBWTIE, FETH LN TE 5 ENFARR Z EIE BRI e i EE B ~TEH L T
WS ZENTED EHIFFESNS.

L7l TARMZETIE, "AAuX o TR EEASAL AT VAN —FEZOH Lo A
AuX T VAT LaiEH L, BAREWNORE= I B R 3 1 2 PEYNIRIEE ARG
ZEEAZAGNCT 52 LA R E L, £72ENEOBE AT LT, JEL OBREFHH
ROAFLIRRE, 3L ORI COMERE L ORRZERT 5 2 L T, 5% 0= Hisk{H
RREDOBIFRE R, RN RIRED FEBUI DWW TR S 21T o 7.

KL TIIFRICHEE, B 1 ETIIAAM A X I FiE A AT VA M) —FEEDH



LICV AT AD=v ~DEANTGIEZRIET L7202, BANER L B EREE T ot 4 5

IZHERRAEE OB, 7 — 2 OEIERIZOWTHREE L 7. 5 2 ETITERO BN ESR, EiEHE
WNTORBRIZEBWNT, = A8, BN OS2 TE R, EIMTENRE L, FEICK -
TR TELT — X ORRMEEZREE L2, 3 ETIE, 15, F2 ZHCOEREREZEE
2T, BAMRE COBAOBEIEZBH L, RFEECOERREERZH SN L. F4E=
TIIHEEBLRL LT, WO o EINENEARE 2 B A AREN O = o gl (K5 o
BHORRE TR R IRE~DRS 2TV, M A0 X 7 VAT AEISH Lo/ N

FHORNFEARRDRIICOWT L DREZ /R L.



B1E = ~DORALFaX L S RTF AEAFEORR
1. 1 %

mj

K= (LUF, =2 0), RKEFE= 25 e LTl & 1T < 20 6 32k S
NTEY, BIEIZ1980FERNSET VT 4 v o« an s B 7 ~EIELET 5 EEREO 2
23BRAA S AU (Hay et al. 2001; Hay and McKinnell 2002), %% Tid 1940 407 A A7 K&
J vy = —OfW % [alET 2 E AR A S 47 (Fridriksson 1950). F 72fE OB T, 15
AR OIER DN RE I EE TT ik, RO R Y v 7O, Ba~—nh—2 L 1%
EOBZR Y b7 SN TE 7= (Krieger 1982; Slotte et al. 2001). H AENIZEB W CiE=v 2D
RS A OFFE ST S 00, ALRECE IR CEM ORI H L5 (Ex RD 2002;
KNS 2008). —H T, NA A XL 7 FEONA AT LA N —FIEOMFE~OE A
TR ThHE o Tele, T—2u = H—0EAFIEIZ OV Tikam L7 FilldR
RN OBBLRTH D (Langard et al. 2015; Eggers et al. 2015; Eiler and Bishop 2016; Bishop
and Eiler 2017).

BRI L TOT—Zn il = A —0HAEL, FEORREL L HIZE L O
D&k, BETIE, LTFD 3 SOFENEICHW SN TWD (Bridger and Booth 2003;
Thorstad et al. 2013; Jepsen et al. 2015). 1 -2 HIL, BTN & - TRIKROIMERICHERS & 255
T OIS, 2 O BITNERESTE O W ISR 2 AT 2 NEHE AL, 3 DB I3RS
WLEDIT CTHANTEAT L HWNIHALETH D (Mellas and Haynes 1985). £ FHEICE, £
ZNHGTE 27— OHIRRC, BUR~DOAM7R EOFR - RGHHFEL, JHED BB
DAERBIIS U THFELZBRT IETHL LSRN TWD., =AM FT VAN —F
EEREALLEEOMETIE, =2 OB HPNART <N R U7l ch D Z &
EEELT, MEZFIHE L CORNEHFALELZEH L TW5 (Eiler and Bishop 2016). — T
WIS AEL, Ao A e X0 7 FEEZHOWTEGE TN ORBREREE T — & NG TE 7

WZ &R, BRUNEFOFE RN TS Z L, 6 I OMEREERF OB TN M2 ET 5 &



WO T2 REDMEET D (Jepsen et al. 2015). L7 -> T, XA A X I FREEASASMFTT L
AU —FEEGR L, EEORER LB R A RS9 2 AFEIC W T, BRI
LITRBR ST FIEOBAGTEZRABET H0ENH 5.

Z ZCAMIIETIX, SNEBEREE O FHAAS ATRE 2R SN AL G 15 & FI W e FIE OB A 1E A B
T2 L& Lle, BTN EZ HWTZIGEITIE, AIROEENT VU ABMRED 2 &, Wk
B DIEPIET 2 &, BROEERIROS BN ChFE O et 5 Z LR ENRKE L
LTCZEIF 5D (Jepsen et al. 2015). L7223~ T, INHOHEFR, FBEEOMIE CEMRS
AT EIC OWTEBE L CEAFEORBEEZITH> 2L & L.

ARETIE, BNERICT= UEKIOONTEEEE W T — 2 n i —%2E& L, 7—4

HL

i

7 I R L IR R DR, Wk ORIEZ LT 5 Z & T, ERORE,
TSR OFESAIC L DB L MGE L, SRRV AT hOBA LR L. £ EEEN
& EPAMREE T ORURFIRRIC L - T, BEROBEIE, 7 — X OREULE, 35 1L OMEERO BRI
L, BANREECTO =3 OEIIEIFERAEIZI T 2 AR X7 MEAFIEOR % T

L7-.

1. 2 B FE

1. 2. 1 BATOEAER

MO, INTEELEEZ AN T= v~ A A a X0V RIEEZEAT S BT, Ao 6ER
RTRIZBWT 4 EOBNERZITY, FERERESCHAIEE OB L3N L 72 (Table 1-1,
Figure 1-1 a-c). W OERR Y, LLTFD (a)-(e) DEBRTIEIZHE- TIT - 7= (Figure 1-2). &
BRFIEIL, (a) EEME, fHE»SEEOBRE (b) KIETORIBEITIEAY v 7 TORI®E
(c) KEHT—Xuf—, o i—niEE (d) ERAKE~OHR (¢) 1TEMBIEE E 7= IXHEIY
L L7, TS FEBROFEMZRT.

1 B H ORBNERRIL, 201544 A 22 H-24 HIZITV, HEETHHEROMEE, FEROKRE



\Z L DL MGE LT (Figure 1-1a). SEBRER (n=30) 1%, ALUFEREITINED B 1km O
MEOEEMECTEREL, 300mm FEOKM 4 FIZIE L7k, [FIERHET OERE —E U FF
BEOARE (18 1.5m, BATZ 1.5m, @S 1.5m) £ TR 1 RERIA T Tl Bt L7z, FEBRBAYA
F T, 5 R E 71T 24 BRI OB BN 2 3%, 27 BRI A XB X O EED R 5 R -
KIBT —H v H—3 FE LT —% v 7 —1 fl (LAT 1400, LOTEK #L%; Data logger typel,
Al technology 1 Micro data logger, Biologging-Solutions #:#4; ORI1400-D3GT, Little Leonardo
#H8; Table 1-2, Figure 1-3) TN ENHER LT, EBRKMA~KT L. £ 27l ikF 7
H DR 10 JIRIE, 7=/ % ) —LE 0.03%ICAIR U218 CIRBZz 8T -
BT — 2 u H—&4EE Uiz, AKMNIE 1.0-6.0°COBE KRNI IR - 7o, ik, 1Tehiss
AAEINATY, BESEMEAIT T OFEE RN L.

2 [EH o RNIERIE, 201545 H 18 H-19 HITATV, B 1 LHRLERHRELTHZ
LT, ZORELRGE LT2 (Figure 1-1b). FEBRER (n=164) 1%, 1[0 H DFEER & RHEOIEH
BT oD E B CEAE L, INEEICRE LIt =— A okl (5 & 0.75m, B 2m) IZINE L.
FERBAMG F TIE, 8 WP DOBIBUR A% (T, BIEIEE, 50 EIRICERE - KIRT — & v il —
(Data logger typel, AlTechnology #:#l) &4 X, HEA[F —IZ LIoRET —F 1 H—, 50
TR FT BIAZ A O (Biomark tH8Y) 235 L, EBUKMEIC R L. £77—2nl
— RS RF R I W 22 o 7o KB 1-6°CRITEE O AKIRPNIZ PR o 72, &I
ITEMBLEE 2 A EINCATV Y, BEPEMEIRIZZ OEPERIL L7z, IBEN D 24 B ICEIKOR%F
AR, EREKT L.

3MEE, 4FEORNERIE, 20164 6 H 2 H-13 H & 201746 H 10 H-18 H O T
FRBERIICATY Y, EBRERIE DRI A T, RIFHY R EEREEE OB 2 fGiE L 72 (Figure 1-1
o). FEBREM (3rd:n=152,4th: n=51) 1%, 1,2 [A1H OEBRFEREOEEERT OFE EM THEL, §
BUKAET 5 RN CHIBMIM 258 72, 20k, SEEETERY 7 ~E L, AiE

BAE T O AR TTEBOKEE « MEEERAIIIE Y o % — N O KAUEBOKRE (0§ 10.0 m, BATX 5.0
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m, EE 6.0 m, FEERTFIIKEZ 3.0 m (ZFRE) T TH 10 REf T Che Bk Uiz, #@kh
IXFNCH 7 NOKIRE 10.0°CLL FIZWEIUFET, 7SS0 EIRITMEE & > 7 4h~H0 B
VW72 (3rd: n=38; 4th: n=9). FEBKIE R, W 10 EARICERE - KIET —2 e ll—k X
OV L7 — % v 47— (3rd: Lat1400, LOTEK £1:%; 4th: Data logger type2, Al Technology #1-f;
ORI-1400 D3GT, Little Leonardo #1:8Y) Z %55 U, FEBKMICKGR LTZ. 7 —% v h—HE50
WRRMI W e o 7o, JitzlE, 1TEMBIEE A B oo 3 IRefi] & & TfTVy, BESEMEIRILE OFR
FEREMY L7=. 3 B HO%ESRE 11 BiE, 4BHOERT 8 AMFERA K L7z, 4 RBIHOFEER
TIE, BREIMTEMRZED72DIT, FEVEEd HAYTEEBRBL 2 A H225KIEZ 10.0°CH»
5 13.0°CIZ 5S4, FEERSFEINT 5 72D D N THFE & /KFEN O — X1 Z 3 Lz, 52
BRRE TR, WSEERIE U CAAE L7 R 2 B KR (EA 2.0 m, RS 0.75m) ([ZINAL,

EAROITE 2 AEHNBER L. SN 10.0°CHITTR O AKIRIZHR > 72,

1. 2. 2 EEMEN, FARETOHEAZER

BN TOEAERITNZ, EEMEAN, BAREICHENT4RIOEREZITY, BARETY
ER A~ DBEANTE, T —F NEULTE 502 % fMGE L 72 (Table 1-3, Figure 1-1 d-e). &
DFEBRH BN FERIFEKIZ, Figure 122 ODEBRFIE (a) - () IZHE-72. LUFICH EBROFEM 2
R

1[EIH, 2 [FHOERE, 20154 5 4 18 H-19 H & 201746 H 9 H-10 HIZEEMAN T
1T- 7= (Figure 1-1 d). FEBREIK (1st: n=3, 2nd: n=3) 1%, ERPNEBR L [FHE O 0O E & i
THEL, M EOBIEBKMIC —FBICIE Lz, 0%, i b Tl 3 BERICRE - KR
— & 1 77— (Ist: Data logger typel, Al Technology #1:#%; 2nd: Data logger type2, Al Technology £t
H; Table 1-2, Figure 1-3) #4535 L, EEMEN~FEKE Lz, 7 —% v 7 —3E5 R B L
W2y odz. K24 e IR 2 FREIY L CERZ T L.

3B, 4FHOFERIL, 201643 H24 H-4 H 24 B & 201743 H 7 B-4 A 26 AICH
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SBREETIT o 7= (Figure 1-1 e). FEBR{EIAR (3rd: n=30, 4th: n=127) 1%, AtiEE dEHIE 580
BC BT b EEM, FECHREL, M EOBIEUKMEC —RFIINE Lz, 20k, it LT
JE -« KIET —# 1 — (3rd: Data logger typel, Al Technology #:%!; 4th: Data logger type2, Al
Technology #1:) & &> ' — (AQPX-1030P, Aqua Sound £1:#; Table 1-2, Figure 1-3) % %75
L, BARBE~IRIR L2, T — Xl —, © 2 AR FRMI O o 72, BPAMEREE
TOERTIE, BEELIIZEHTOT—ZELH LT —4uni—rr IT—, BIW

T—F&EIN L.

1. 2. 3 MBmoE

AL TIE, BERICIE L CF — ¥ a H—8 0 T —03EF 10T, MNBEEEZ v
(Mellas and Haynes 1985). BEAEDHIZETIL, HmOBEEICEHEREITHNONTE N, K
WFFETIEAN Y R Y o 7RO 2 T TSR DIEE N TED L2 EEL T, KK
3mm OFERZ A THEIEZIT- 7= (Figure 1-4). THT —F u T—KIRIZITKE T — T 25
10, 0 LI —TNE A ZBEDFHZ LT, r—INEA T —Fali—% K ks
Wi, Fon T —TERPHEEROFBRNINTEL LI, BT—TFT =T TENETNERLRLHE
AN R N el By

2EH DBRIL, MIDITEERZ AKFENDIRD L, KEZRST2A Yy —fFZDIEERD RIT
B ZETRYELZIE L. RIS, EZ2HKT ThiF L THIZZHIR LIcEE, KSHK
3mm DOFT HIK E FHTHRAROMIE D O FRERLIEMIZ LT 2. TOR~NTFT—Zulj—L&—
BlESHTer—7 N Z A AL, HllEND A by _X—%4fAT 2 Z & TRIRICHKEG
€ L7z (Figure 1-4). Fofafk T —Fnali—, A My =% EEN S5 2 & I3EE
DRIEIZ D723 D72 (Jepsen et al. 2015), B E DORINZ T v a U & BEERL D T A
— MEFA LT, IEET — % v B —% HWTZBRICE, RO FIEZ BRI ORi% —

FTCiid 2 & T, SR JEHNER)IC X o> TIREE O TR E UL 912 Lz, s

12



i, ARSI OIZOIZTEEZRE L, BIBUKREN CIRLEE [EIRRER ORI, Bk L5
WROND DEMERE LT, FRUKESCEERN, I X OEFAARE~BE LTz, JfE~D
NU T O e Vi T H70I2, HEROME, THOMRY, L OMEEROREII 6L

ROBEANTHEL T 2.

1. 2. 4 AT

HAUZ Lo TIIEOREEZ HICBIE TE - BNER TIX, HMaREESERRTEOMEL
DT, —ERM I E O BH, FiidieT Aitskad AW IATEBIR 21T o 7. Blg2 T,
SERPHAAIE & HE LT, 7 — & n U —3E K, FEEGE RIS 2 BEDEI G 2 BT D
EIEIT, AL TV DR OBEARIE A BIZE U e, F 79858 L7 ERIL, & DA FHIRmIC kT
LC, BALLT—#ui—ofH, #Eakl, KO, @ik, Kil, X 0HEHE
DRIEDOA M2 &2l L, i D OB Z N L 7=

TEENEN, BFOMBREE~ME R A ot U7z FEBRCIE, i L7 i is 0 2 & BRI S 47
R, BLOBBSNT —Z OBE L, HROWERRREICE ([FI S 7 sgsiu
T LI an ), T — & OREULER (77— 4 28 1 4T H UG T & 7B B ki L 7= 28 50)
ERE L. FBEENT =20 b EEOBHHH AR T 5 2L T, BARETO
=V OEINERFIC BT DAY AT DEATEOFEEZBGE LTz, HEHLEIZIE, #EF

fi#hT > 7 k@ R version 3.4.0 (R Development Core Team, 2017) % Fu 7=.

1. 3 R
1. 3. 1 BRERBITIERFR, KA T LoEFHMH

Figure 1-5 a-d (2N FBRIC IS 1T 2 AR D EERBIAG ) BT £ T & BRI G 2= 7.
BerOFE, FROBEICL2MELBRIELZ 1 BIH, 2 BIHOERTIE, 1 BHOERT

T —Ha H—OFRFECEE OAEIZE D BT, 24 FFEIT 90%DERRZEEIE L, k& T 72 B
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MOFHAIToH 7= (Figure 1-5a). FAREERTIL, FEIREEEEOKME Clik L, x5
DHHEFE TIZHEFOM CTRE AL T D RN Lo 72720, EEROBEESEE IR 6
7o, —J, 2[EIH OERTIE, 24 K TORETHRIL1.5%THY (Figure 1-5b), KELEE

ML O FRIEICRE L2729, Bl E £ ToNY R 7ol 7 <, BEER B

I

Bl SN ol WT RO FEER S, BEIEEE IR BV TIRROIHED DR D25
F CIOLE R I 20 MRl Th o 72

EBRERE DR, RN SR OB A REE L2 3 [BIH, 4BIHOERTIE, 3[EH
DEBRIZIBWTHERBAMG 2 A TF — & 1 U —35EE, FEEGE I 30~40%DIE T A3 L
ENTb DD, ZORITERE T £ TEEEEOTEILITIR 5T, &K 11 HOFHIN &
A7z (Figure 1-5¢). ERPBIE SN/ T — & v I — 2B B IR O WevioR FE0MF vk R EE 1, FF4E
EEEO LD LED LT, HAOBREMED, BEbBEINZ. AT, T—F¥ah—%
EREEON 3 @EIET —# n H—%EE S, SRKENT 2 BEIZEAEFL, SHRAKE
N TCTREEIMTEINBIZ Sz, 4 BIHOERTIE, F—4& ol —E5Mk, LSk
LM ERPIEINM LTI b 0D, &k 8 HEOFH 2 S/ (Figure 1-5 d). FFIZEX
Fe3 250mm LL EOERITER A ZE L TR Y, 8 HEOFHHIZIA T, IEEDFHA, 7
STEIOBILE R 2 STz, —7F, 220mm LA FO/NEOMERTIE, RERREIC L TORS
Rzl o -k AN BIE Sz (Figure 1-6). £ I-ARFEBRTIX, BESEMEK D BEICIEC 7 A
—OBENRONT-. EeT =2 ul—REIEO 1 AT, FEEEEE 2[R L LicHE
KAEN T 2 HMAR L.

Figure 1-7 [ZBWNER TORX R OBE S & A AFR R 2R, 1 B OER T,
200-280mm D EFPH TOIZIE T X TORY A X T 24 KL TOBIEN L b, 7 —#
7 SRR LIRS b RO Th o7, —J7, 3MEA, 4EHOERTIIED
KA XTHT— & 1 H—EEERR T 100 BfRTH%ATF L, £RIEEERRITS 61

L AEGFT DMEMICH -7 (3rd tagged: 141.6hours (SD 131.06), 3rd untagged: 229.4 hours (SD
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105.7); Mann-Whitney U test, p < 0.05; 4th tagged: 99.27hours (SD 72.61), 4th untagged: 151.2hours
(SD 41.27); Mann-Whitney U test, p < 0.05). &4 T b mWEFR Th o 1K A X%, 3 [H

H T1% 200-220mm, 4 [5]H TlZ 220-240mm ToH > 7-.

1. 3. 2 EEMEAN, FARECEITST—XEIREK, BET—5HH

EEREN, BAERTOEEOER - FldiH, BRI, 7 — 2 [N % Table 1-4 12
AT EBEMNTO 2 [ OFERRTIE 24 B TIE & A EOEIRAFEIL Stz (1st: 3/3 100%,
2nd: 3/475%). DT ORI D b 24 K] OWEPKIREE, BBUKIET — % DS Sz,
IR IR R IR R DlEk 2 L TR Y, BEORIERZ 7 Olivk7e SI3H 6
-7z,

AN BRBEITABAR & e L 72 SEBRClE, v U — « B0 0 — OPBRY 72 BN ER T 2 [Bl D SEBRIC
LT 20%EETHSTZLDD, NAFT LA RN —FRICLDZET X 2G0T —
2 [EIRIL 50%R01% & B> 72 (Ist: 66.7%, 2nd: 46.5%). F7= 1B Tl — - B —
FF 20 fEARD B 35 iR (SD 34), fK 130 Bl o7 — % 2B L, 2 [l H T 42 iR
5 80 B (SD 118), A SI3 B OT — 2 2B L7z, 20T O ERIZB W T
HIEEIIBGRHE S BE) L Tz, W OER S B ORIES Z 7 Ok 72 E13H 6

IR o 7.

1. 4 B8

1. 4. 1 FHAKESEEE ORE

NAFaF 7, SAFT VA M) —=FEZEAT D LT, SNPEEELREA~NEAT D
iy, HEANTUANFED 2 &, ERKREOEGINET Z &, BRI OLEERIROG - H 0 0
HIEDFREMED D Z &I EDOREDBFET D, EDI-®, ZivE TEICE AR ORI,

HEANT A, EIRDOIEGCIRTE, B X OB ORIE: 8235 ST E 72 (Jepsenetal. 2015).
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=V EBUEIC L o TEERN RTINS 2 Z L bHmEShTHND 2 &b (A
© 1978; Stacy and Hourston 1982), /~> R U 7 D HIEICHOWTHEEBENERE L /2> TL 5.
BWNIZEIT 5 1 EHOFERTIE, #aaofESCEEICADL T, %< 0K 24 K T

FELTERY, Ll L TRESIEBRR L W ot EFROREIHELZ T2t EZ b, FF

e

(2, WD &SRB AR £ TR Z @B L O Tk L7z 2 &, ERGROEE £ TIofik
WCEFEITHE TN DEENE o T B8N D, BBOBERRNE LT D EEZ B
%. 1[I H LR O SR Tl B O R WESR C Ol Z 1k, #F0M Tt 2 [l & 72 <
L2 &T, 24 BEICORTHRITITTITMA L Z ENTEL., EMBEOMERICEAL
T, <DL AT VAN —WFETITANFEND Z & TA U 2 B O E MLk % I8
D ER BRI TH S L ST\ 5 (Thorstad et al. 2013; Eiler and Bishop 2016). L 7>
L 1 B HORNIEGRTIE, MEZ T T 2205 L7k b 36-72 B TEEZE L Tz
L72ii> T, =V DRRIAN Y R 7RO R & 223K & 72 5 80Tl BTz b
DR OEBICH KT HEECHBEOFEL D &, FEHCLE R R v 7 BRI L -5
THEUDEENREN ENTIRIND. AT, 295 LB~ 5 1 B H O F2ERLIRE
PRI T, BB~ OB A B S5 2 L2k o T, ) Gt 3 X OMERREs
FTCTHELLEBR~DAMEMA DI LN TELEEZLND.

F - BHEE O R EBKIEZ TIT > 72 3B H, 4[5 HOFERRTIL, 200-280mm D7 — & 1 4
—IEEERORX RO T T, 1ZL A LR A XHEPADOME KR 100 FEFATZ A L, 200-
240mm OEEOAEFEN b EroTz, (R HEFERIROEB RO AT AL TE, #<
D HAEARE D 2%LL T THIUTTEKCATENCEEE N & S5 (Winter 1983). — 7 TFff
(2 & o TR T RITE R D (Brownetal. 2006), FES ORFZE TlIAMIMEEERED 5%%
Bz D EFEIC L o TIEFEN 10%BT 5 L oA H 25 (Makiguchi and Kojima 2017).
=K TEDD L, BREREEREOBHRIZX L TOK R T —D 2%, 5%HE &% Figure 1-8

DEHT->TEY, 3REOBNERTHW-T—F%al—Tdh5 Latl400 DEETHIL
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(X 220mm L EOMEKT 2%F &, S%EREICE L THIT LA ED = OIREFPEZ 5Tk
RCThoTe, ZOXIIMEAKROERICK LT, 7—F 0 T—OEEDN NI DT &0 b,
3 [BIH OERANERIZEB T D EIROBEIERIT RN S WY A ZOEERIZIBNTHIER 72
bLOEEZOLND. —FHT, 4[BIHORENFER THW=T — % 1 77— Tk % Data logger type2
(¥ Lat1400 &V HEENH Y, 265mm LU EDOMEAKT 2%H &, 210mm LA ET 5%HE L 8o
TWe. 4 BIHORNFEBROETEITIE, BREROKRIZEIDZEELHT2LEZLND N,
BRI & CURTERA R 672 £ 225 b, Data logger type2 O H i 4 [B] H 0 FEH
ERIZHRT LT 2%% ERY, EKkOBFLETEDFIE & > TR REERE 2 bb. £
JEEEZ CHPAMERBE COATENBBMC T2V 72 AQPX-1030P (% Lat1400 X v L ¥ ED/KHE
& 1.6g THY, HEOBLENOGIIAMIETHRE L= OEREHIPHIZIE T X TIZEH
ARETHDEEZER LN, LIER-T, ERTHW = LET L% 7 DEE & ORfR
L, BEXZBEOREICHET D THY, 2%LL T CTIHIEEEEIR & FRICS D E, 2%-
5% DI TIIIETIC DR B LAMBP > TNDHHEDEE X b,

FHHBEZR O E RO BTN Z T, KIRIZ K DB LB 2 bivle. HEEITTiT>72 1 [HH,
2 B HORNERICIEWTIE, BEHSE & F CHHROWKEHWTEY, ERIFHO 4,5 A
TIEHEAKIEIE 1.0-6.0°CHI#E CTh o 7=, BHEETO 3 [E1H, 4 [0 ORENFEER CTIIEER O
KR & [RERIZZKIR 2 FEAS 10.0°CRITZ IR - 7228, % CIEIMTEMBIZR D 7= »1Z 13°CE T
IR U7z, #ER, BE CIIATEICH AR AR, £hu U —8EEMEE T L ETRITE
Mmole. TR ZREIC L TOWRKSBEORIE, BLOX 7 OBiERENRR O, —ik
B =3 OERKIRMIE, 5.0-14.0°CHHE L SN TEY, AFOPEINRHIIEL 5°CLL F DK
BERERT 25 & SN D (Haegele and Schweigert 1985; Rajasilta et al. 1993; )11 5 2002 a). 1
[1H, 2 FEHOFERITBIBORERKENG 7223, B C O IR CTIXEEINET O RERBLRE &

T EIRIZS 5 SN TWEAREER H 5. % < OMFEIZIBNT, mRIRORRERDY KL

AT HIRHRE SN TEY EIES 1989; JE/K 2006), AWFIETH AL T RN L B
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—bhravrE5xb00, ERIICD > CRAKRICH SN 2 &0, @iz 31X
—OHBEIC L D EFETERC, v U —LEEERIZI T 5 FERTEE OREIED A & 7g > T
WorREE b B A BN D.

ZOMIT BIERD AR LT L B2 b DR L LTE, ERFOMIMKE, K1 X
MR AZET B D, =3 ATEEE A L GRS G M & R U< L, — E R AHI R 2 O
FEALCAEIG L, BENOBREZ M > TR DR LM R A T 5 CTh 57280, K TITH)
LIS AIF L0 REa A hikiiia 2 M2 T 5 2 & & 72D (Partridge and Pitcher 1980;
Larsson 2012). L7=23> T, BENDTERK SRV MEREL, BE COEBRITEBE 2o x 1 ¥—
DIHERLA L ZBEINDJRIK & 7p o> TW B H Y, 1 EIH (n=50) X 4 [EH (n=42)
DENEBRTORmMWEILRIZEEL CWetE2X NS, £ 4B OBNERTIE, £9
ERAEMSET L, (EiRO 53 2L E& 150mm LA T O M5 T, 29 LIciRd 1 Xl
RORERENS, KRERTHADIER I NN STLERO—D>ThH D LEZ LN, EED
TR =, AN LUARINIEE LIRS TSNS, BRI 2 SOFERIZENT
1%, o FEHIZ LR TERBER 2R TORIEER R -7 Z LD b, FERE AT KO

A KRR D BTN BRI N T TN B 2 5.

1. 4. 2 BARETOT—Z[EIX

=BT D EA TOBIRFEIRIL 19.7-20%TH Y, 7 —Z [BUITEIL 46.5-66.7%T
boto. INRERZE R D RICE T D 4 7 oMa O BRI 20% 1% O W 23 % <
(Tanaka et al. 2001; Kawabe et al. 2004), AWFFEOFER GIERLIZETH o7, —FHTHAA A
TUA N —FEEA L2 & T —2ORIIGEILE <, [EEROBEHFIFE 2 20 R HE
BTV LB ZBbND. 7% < OEMBYMERS BUREZICEE L T\ e 2 &R0, &k
21 HOT =2 PHSTE 2 Lnnb b, AKURICERT D EERY A XHHIZ I Tl

EMRENEARE CIEFICHEEL TWeb D EEX HND. BRI T 2 35EE
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DRIECH G OB BIZE ST, S REBIEE T il T3y 7 #5 12 L 24MER 72

o>

B lshholobBEZOND.

L7223 >, Tablel-5 D X 5 IZEPFERRTH NI 22 o 7 bifik, FHBESS & OE &L, K
IR, 3 XOFERRECBT D2 EEER EOBERIHICEET S 2 & T, =ikl Tty 7y —
A= —ITEATE, BATAA A X I U RTLARBATESZEEZ 6N
2. =V VBT AENTOT —Fali—, U H—0EAFITZETICRL, AR
BREEICR VTS 20 HLLEOBBAARETH o722 &b b, AREmMREANSIND Z

& THAMREE COREARRO N EL b D EEX HD.
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Table 1-1

Summary of four labo experiments for introduction of biologging system.

Study site Year/Date Experiment N Size of Distance and Water tank Recovery Event
period (tagged/total)  water tank  time required  for transportation period
(hour) (L*W¥*H) from before tagging
sampling
Water tank at Shibetsu 22-24 72 27/50 1.5%1.5*%1.5m 6km 386mm*@308mm 5 or 24 hours Tagging test
Salmon Museum April 2015 lhour Aeration
Beach of Shibetsu 18-19 24 50/164 0.75*¢@2m 200m 815*950*675mm 8 hours Tagging test
May 2015 (Release) 10min Aeration

Large experimental 2-13 264 10/114 10*5*3m 654km 850x850x550mm 20 hours Tracking
water tank at Hakodate ~ June 2016 12 hours Aeration, 10°C> swimming depth
Large experimental 10-18 192 10/42 10*5*3m 654km 850%x850%550mm 20 hours Tracking swimming
water tank at Hakodate ~ June 2017 12 hours Aeration, 10°C> depth and acceleration
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Table 1-2

Specifications of data logger and acoustic pinger for eight experiments and surveys.

Data logger Manufacturer Sensor Dimensions Weight in Experiment
(mm) air(water) Number
Lat 1400 LOTEK Temperature, Pressure @11*35mm 5.2g(2.7g) 1,3
Data logger Al Technology Temperature, Pressure @15*41mm 10.5g(3.26g) 1,2
Type 1 In-situ 1,3
Micro data logger Biologging Temperature, Pressure @11*33mm 3.5g (0.4g) 1
Solutions
ORI-1400 D3GT Little Temperature, Pressure, ¢12*45mm 9.0g(5g) 1,4
Leonardo Acceleration
Data logger Al Technology Temperature, Pressure ¢12*34mm 9.0g(5.16g) 4
Type 2 In-situ 2, 4
AQPX-1030P Aqua Sound ID, Time ¢9.5*36mm 5.0g(1.6g) In-situ 3, 4
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Table 1-3

Summary of four /n-sifu experiments for introduction of biologging system.

Study site Year/Date Experiment N Size of Distance and Water tank Recovery Event
period (tagged/total) space time required  for transportation period
(hour) (L*W*H) from before tagging
sampling
Set net at Shibetsu 18-19 24 3/3 10*10*6m Om N/A N/A Tracking
May 2015 (Recapturing) Omin swimming depth
Set net at Shibetsu 9-10 24 4/4 10*10*6m Om N/A N/A Tracking
June 2017 (Recapturing) Omin swimming depth
Akkeshi Bay 27 March- N/A 30 N/A Om N/A N/A Tracking migration
and Akkeshi Lake 27 April 2016 Omin in natural habitat
Akkeshi Bay 7 March- N/A 127 N/A Om N/A N/A Tracking migration
and Akkeshi Lake 26 April 2017 Omin in natural habitat
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Table 1-4

The summary of tagged indivduals and the rate of tag and data recovery in four /n-situ experiments.

Study site Release  Range of fork Range of The number of Rate of tag The number of Rate of data
length age tag recovery  recovery data recovery recovery
(mm) (%) (%)
1 Set net at Shibetsu 3 227-262 3-4 3 100.0 3 100.0
2 Set net at Shibetsu 4 245-262 3-4 3 75.0 3 75.0
3 Akkeshi Bay 30 205-270 2-4 6 20.0 20 66.7
and Akkeshi Lake
4 Akkeshi Bay 127 215-298 3-5 25 19.7 59 46.45
and Akkeshi Lake
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Table 1-5

The suitable conditions for introduction of bio-logging system on pacific herring.

Factors Suitable conditions

Drop of scale  Transportation by un-densed water tank
Few number of hadling by net
Short period tagging

Weight of ) o
Weight under 2% of that of individual

Tag

Water Suitable temperature within 2-14°C

temperature Un-influenced temperature under 10°C

Number of o

S The number over 50 individuals to school

individuals
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Figure 1-1

Snapshots of each labo amd In-situ experiments. a) indicates the experiment at Shibetsu salmon
museum in 2015. b) indicates that at a beach of Shibetsu in 2015. c) indicates those at the large
experiment tank at Hakodate research center for fisheries and ocean in 2016 and 2017. d) indicates

those at the set net at Shibetsu in 2015 and 2017. e) indicates those at Akkeshi in 2016 and 2017.

Labo experiment

In—situ experiment
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Figure 1-2
Flow chart of procedure in labo and in-situ experiments. All experiments were conducted based on

this flow chart.

a) Sampling individuals
by Set net or Gill net

4

b) Recovery or
transportation

. 4

c) Tagging

d) Release

e) Observation or
recapture
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Figure 1-3
Data logger and acoustic pinger used in this study. Lat 1400, Data logger typel, Micro data logger,

ORI-1400 D3GT, Data logger type2 and AQPX-1030P from left to right in the picture.
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Figure 1-4

[Mlustration of external attachment of logger or pinger to herring body.

Stopper

Cushion material
L
and lubber

/ A\

Cable ti
avletie Logger, Pinger
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Figure 1-5

Survival rate of tagged and untagged individuals on each labo experiment. Respective color lines show
type of logger attached to individuals. a) indicates the results in experiment at Shibetsu salmon
museum in 2015. b) indicates those at a beach of Shibetsu in 2015. ¢) and d) indicate those at the large

experiment tank at Hakodate research center for fisheries and ocean in 2016 and 2017.
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Figure 1-6
Snapshot of abnormal swimming of tagged fish. Normally herring swim by swaying with their dorsal
aspect up. However, some tagged fish like this picture showed swimming by heaving with their lateral

aspect up.

Abnormal heaving
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Figure 1-7

Frequency distribution of fork length and average survival hours of individuals on respective labo
experiments. The black bar indicates frequency distribution of each fork length. The white dots and
black bar indicate average survival hours and standard deviations. a) indicates the results in experiment
at Shibetsu salmon museum in 2015. b) indicates those at a beach of Shibetsu in 2015. ¢) and d)
indicate those at the large experiment tank at Hakodate research center for fisheries and ocean in 2016

and 2017. The survival hours at b) were deleted due to release after 24hours.
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Figure 1-8

The relationship between the weight and fork length of herring (n=1069) sampled during the suvey at
Akkeshi. Red and blue squares indicate 2% and 5% of weight of individuals with each data logger,
data logger type2 and Lat1400.
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Hr2E U UEEE - BENICEIT BT, &R
2. 1 %

s

B RICRBT S, TR &%, RFTRICTEE T DEEERO fC, bk e ok
FHmERCUL L, —EOMEKHENEZ R HIEKT 2 EEOEE Y Th D L ah, NMlFERA
BFahhd &3 5% < OfRFIL, BENHALCITE) LAETEE 41255 T 5 (Partridge and Pitcher
1980; Torisawa et al. 2007; Larsson 2012). ZHET= 2, KEE=T BT {THT=
2 7T, AR LRLOBEN A RMRIT, RICEBHEIIESS Y - L OB EFIEE
AWTHERTONTE 2. T b DOFETIIHNLOMESZEDEIE AT vy T ay b
IR A D 2 EMNTE, FEINZR5AME « 5K IROZEAL Z 458 (Nettestad et al. 2000;
Holst et al. 2002; Sigler and Csepp 2007), ZEBLIRFEIZ)E U 7o BN O DZ AL (Pitcher et al.
1996; Mackinson et al. 1999; Langérd et al. 2006), 33 X OMSHA-PHE R & Vo T2 AL~
JEZ% (Skaret et al. 2005; Pefia et al. 2013) 72 A LN ENTE R, —FH T, ZRHOH
BIXTEORE EEMICRICHNZIEZ 2 Z E N TE T, RSN ORI R TEI D Z
{EEHEMNZT 22 EIXREECH 72,

HIETHA LTS A a X2 7Y AT AT, SR EEOITE), REBREREZ ek
52 ENTE, BRENRITEIOZ\LZFTHIT 2 Z ENFRETHD. LrLgnb, HHT
DBEENTERVBHIMNRE CITEIOE=4 ) 72D 5H121E, =3 AERIZE T 52
BIRATENORE L, T —2 e J—TRETE 27 — % ORRE TOMGEL TR LER &
H. RS, NAF X FEe =2 RSB UTEREBIIRTEFE L RN 2 &0 D
b, BGT —& LEROITE) & ORRMOBMFIINATH L EEFRD. Fle= U DRRIC
BN CAFL ZEDFIZHB VT, EEROITERED, HhoMEICbELE2 DL S
#1% (Partridge and Pitcher 1980). — /5 C, A AT L A MU —FEEZHWZBEEOHZET
by, MR OB Z P 2 72 b OIIAFET 528 (Mitsunaga et al. 2013), EEDRREF) 7217

RO L & BN OREE O BIRIEIZ DN T, BRI Z (T o 7 fliX 720,
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RETIE, BANOKRBERKEC = v ONERIKL, T—% 10—k B E&EE
DFEFATENEHZAT 5 2 & T, EROERER A TENVRE, PEIMTENVRRE L 7 — & v T —»
bIRONDT —F OBMRMEZRGEE LTz, E7EROITEGEH & AT LT, Ao T 48
LRaAATL, EEOITERM: & BN OIS & OBMRMEZREE L 72, S BIZEN TOEREE

RIS, TEEMEN T HIEER O & OREE O BIFRME 2 FEE L7z

2. 2 MEHE G
2. 2. 1 BNZER

KIOIZ, R DELBER ZATEN R, PESMATENVRE D WML, F6 X OMER DMK & BENE
DERMEZIRRET D721 2 MIORBRNEREIT 72, FFEBRIL, 1 = Figure 1-2 FLdOLLT
D (a) - (¢) DFERFIAANE> TITo72. FRFIAIL, (a) EEM, HIHE»SMEEOLRE (b)
KIETORIBE I TTEA Y 7 TO®E (o) FHET—4nl—, B —nE d) &£
BOKRE~ORR (e) ITEMBER L 72ITHEI & Lz, DUFICEFEBROFEM AR~

FERIE, 2016 4F 6 H 2 H-13 H & 2017426 H 10 H-18 HIZIT>7=. EEREAK (1st: n=152,
2nd: n=51) 1%, ALMEEBCHERITINFE K km OWMEOEEM CTEREL, HREICHREL
ToBNEBOKREC 5 REIE BSR4 3T 72, £ 0t%, 2EEEIEHRZ 7 ~IUE L, dbifhE
P R PR AR T O BRI THE B KBE - MR A WFSEE o Z — N O KRB EBKE (18 10.0m, BATX
50m, S 6.0m, EBRHFIIKGEE 3.0 m [ZFXE; Figure 2-1) F TK 10 KEf 2 TRE gk
L7z, EErRXsIc ¥ > 7 WOKIRZ 10.0°CLL FIZHm A Uel), F 78858k (1st: n=38,
2nd: n=9) [THEHZ 7 HA~HD BTz, RO ~EE, mWE 10 ERICHRE - KT —
A —3 X ONEEST —# 17— (Ist: Lat1400, LOTEK #E#L; 2nd: Data logger type2, Al
Technology £1:#%4; ORI-1400 D3GT, Little Leonardo #L%Y; %% 1 # Figure 1-3 &) 235 L, £
BRI LTz, BRER OSE I IIAN IR B2 AV, 1 ERdd oA FIRICE > 72 (1. 2.

3 BEROILE 2E). F oW FEBR T/ARRENIL 10°CHITE O KIRICIR - 7. 12 T SEER I,
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HNOHE LN 27280, EBRAKMEOBIEERNOT VXNV ET A AT (HDR-CX900,
HDR-SR12, SONY #1:#; Figure 2-1) THENEKDITEIBIZ 21T 72, ©T 40 A Z 13K
EEIZ2 BREL, BIEEBEZ T XTI AT OEANIZIND H Z & T, EBRRLED 5 ERRiE D
VET, FICBIERIIBOBENONE, [THZFRL. £ O 3K# I &2 B#IC,
HHLIZ L 2B ofTEElE 21T o 7=,

S HIZ 2 [\ H OFEERTIE, EROPEIMTENRFEZ rIHALT 572018, KO JE i ~PEINIR
ZaxiE L7 (Figure 2-2). FEONIRIL 3 DOXEZ/3T TRRIE L, T ENAN TR A RE L
T X (BRI, (B2 L 72 E AR E LI Xl (A A~ 2 A R,
BRI HERE L TWARWKHRX E Lz, Nz T, FEERBLE 2 A B2 HKIEREZ 10.0°CH0 5
13.0°CIC EH-S ¥ 2 Z & C, ARORALRET H-dDe—Fra v s w2527 £FER
DB DEZIT, 118 H TIEH % 8:00-20:00, K[#Z 20:00-8:00 & L, 2[5 H TIEXHH 9:00-
21:00, & 21:00-9:00 & L CTZALENIEZ B 7 50-1001x, & 0-101x (2 L7z, 1 [EH

WX 11 B, 2EIHIZ 8 HREFEBR 2 Mkl L7-.

2. 2. 2 TEEMEANER

EHAN~DOT — & 1 H—HEEERO R, 20154 5 4 18 H-19 H& 201746 H 9

il

H-10 HO B T2 EIFM L7z, EBREME (Ist n=3,2nd: n=3) X, RBNER & [FEROEHHET
DEBEMTHREL, M EOBIBOKFIZ—RRICIE Lz, ZO%M EICT, 1EHOFERT
X 3 fER, 2 [ HOFERTIE 4 EIRICEE - KT —% v 7 — (Ist: Data logger typel, Al
Technology #1:#; 2nd: Data logger type2, Al Technology #:#; %5 1 # Table 1-2, Figure 1-3 &
) ZAEE L, EEMNSFFERE L. B OEE TN ESEEZ HV, 1 Eiiiokd
BFMECHE -T2 (1. 2.3 &GRS 2%). £ 24 R I8 2 BRI LU CREEOEERT
— 2z L. TNOOERTOBKDOERIL, HOHBEDAY ORI &ZXE)0 (2 1 [EH

DFEBRTIT A 4:00-18:30, &M 18:30-4:00, 2 [EH TIiX H 9 3:30-19:00, &[] 19:00-3:30 &
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L.

2. 2. 3 fEAT

BNERTIL, EREIEK TR —Z KB T —0372 <, ERMELZE L TTEi& 5
T X 728K (1st: n=4,2nd: n=6; Table 2-1) ZfEATICH =, EEMIZRR CI1E, FHREIL S,
F— ZZ RN 2V MER (1st: n=3, 2nd: n=2; Table 2-1) ZfEHTIZ 7=,

MOIZ, 2 BIOBNEBRORERNG, BRI A TEVRE, PEIMTENREZ T8k L
oL ETWRET -2 X0, FERTORRIIT 0 7 7 A VEVER L, BN CEEERKGEE,
WEPKTREE DIEMER 72, 6 JOYMNE R ENERE 2 B3 5 2 & T, Kefilfr 2 & OER DT TENR?
PEOENE AL UTe. PEIMTENOREIL, BT 48T — & 5 FEINM TEh NI & 72 B[R T
ZHREE L, ZORIGORREICI T 2RET —2 b ali{b L7e. RS, FEIIHORG e L 5F
EOITEN, SR T — % LIRET —Z 2T 5 2 & C, BIEROWERET — & H> b5
L.

B 2 B B OSERBRCIE, IR R A TS LATE 236 0 L7z, S U 7o Ik EE
F— 4 a = XRROFIE T, LA, BELOETHO 3 i cRIEOB X Hko
B INE B R oy & A E DI K 2 B HOROFRIINEEE Ry OB 2 Fedk T 5 Z L A TE
% (Figure 2-3). AMFFETIE, ITEBIE TR ONTZ= v OEE OIS 2T 0.1 BEH
(10Hz) THNEEEFLSRZ B L7, SBRIC BT 208 X 3E IRV KIS TW\WAH 728
S S U7 IR EERE gk O A IR BN D5 5 2 By & 73 2 &N TE, — i Chk
BRI E IR R DR DM & 5 272, AMOLRBN REMEL LT
ELTHHT 22 R TE 5. AR TIE, 0.2-0.5 BES (2-5Hz) (AR EEES
R Lizlcw, T ONEERSRE T8RSy ), £ OMONERE % TRy &of
Wr L CTHEILZ. SEIOBICIE, MY 7 b Igor Pro ver6.1.2.2 (WaveMetrics £1:5) % (¥

2, W7 4BV V7 h@ IFDL ver4.02 (Wave Metrics f18) #H\WCE#E 7 — U =
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ATV, EEOBEEBR S 2 L. RENICHE Lz REORSE O M
(G=9.8m/sec?), IRENEH (cycle), LB (°), BRLORE (m) DOEH LITEMBIZRA RE
L, =3 roff8anfLlz. £, ST80 1 K 2L ORI AEIEE2 R L.

FLEVTIOFERIZBNTS, RN LT —4 v I —25 E RO B 21 ~T-. ik
FEIX, M- A (2002 b) OFEATHIZE A FICEBEBIZ L CHIBI Lz, AFFETIE, &K
FEBR WS 2 BEDRRA, Fe8%, 6 JUEINR O B Zor, MEOREIIRTZ T3RY O H HINE &K
B 7RINRIN R O D IRRE), 5B E TRV D72 Ip o T2 IRE & B W 72 ORI O P A3 i B 4
DARRE), FEINE L THEATEAREBEWVINER A G4, JIRA GV IREE) EEFR L. T
I, PEUNATE e ZE: DREZ UM L7-BRIS, A OmEA oD E 97 THIMTL, 2E
It % TREATERBWRERS A B4, AR ONRVIREE) LER LTz, E-EINF TP
B RN DR FROINO—E B E A Db DL, &6 6 DRI T b EAD BRI
G-,

AT, (EURDITENREME & BEN OREE DO BIRIE A MREET D 72012, BENVOBIE T — & % fifhr
L7z, BEEDOWIIE A2 BT, AR DN OERRIT THEK TR - IERGRE R —] Th
0, [T 2MEEE OEBENRYXRED 2550 bEEh TR WER) CER SN ER &
L 7= (Partridge and Pitcher 1980; Torisawa et al. 2007; Larsson 2012). f##r CTix, FEBRBIME S
3 Rl EICE T ABEREOBEG AT L, KRBT HHEEOEFR 2 L.
FEMT O FNEIZLL F O L S IZ Lz, F1DIZ, LELOBNOER DO B, Tk, 40,
B EOESRIIALE T D EARZE L, Table 2-2 DEFRICHES T, FENOHE (m), HS (m),
BN OEAEE (Ind), HRE (m?), TEORHELE (%), 38 X OEE (Ind/m?) OEFR 2 HIE L.
BEALO S AGIREE VL, BEALO bi, TG, v, ZE86ICArE 3 A0 nWia B TR, £
DRI BITVMEROREE & LTz, E 72 OERO 0whs & BEEE R O 1) £ <o FHEE
Z B BEEE (NND: Nearest neighbor distance) & L CHIIH L7z, Zh 6 DB & B TLE

L, BAVEEOR A L DB A~ v T Atek LIZB W TR O R E S
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1T, KN TORITE OB L TEILT D728, AL T, EEH13 Tae72e7 —
Zu ] —HERERDORY R, BLOKEOBRITE Im TEICRSDRE TR — /L &L
TR D BT AR A Y, A CRENOMSIE TR A FHIT 2R OMB L LTs. EG AT
WU, EfgALEE Y 7 b Imagel (Schneider et al. 2012) Z VM-,

Wiz, B UZEIVESEORE L, T — & o 0 RS ER OWERRE & O E4T0,
W OBURMEZREELT=. W01, 7 —% o H—HE R IEEAE M & RERITEK L,
[ CREN A TERLT D& MGET 272012, BN Lk, TImOERE &7 — & v I —34E
PROWEVKIRIE % o, BENO SRS T — & v 7 — R E EROMFAE LT WM & HEE L
2. WICBEOKFE Z L1z, £FEBRTT—4 n H—3EEEEO T O 2 R 2% 2 TOM
AETEIR L, EIRRELOFEKREEZ (VND: Vertical Neighbor Distance; Mitsunaga et al.
2013) ZH M L7z, 72 n il =45 ERE SRR EE LN ZTER L TV 2%
&, VND OfEIE—EDOHECHRIRFR 2 FF > & PREIND 2 &b, BELZEILIETZR
. OEFEIHE = & 12 VND OSEEESA1 & 45 VND TOmfseikise i 2 5 L7z, E-mh ok
& VND OB M, kiR & OBIRIEZ, EEMEEROEROBEKGEE T — & (2
IS, BRHBIENTEARVIRIETY, BEOMM, %O OHEEDS T &2 Bk L
o, EBEMEERTIE, AL TWST =¥l —ICBI D ENE P — DS REN R D
7z, 20154 Ci% 0.75m £, 2017 4ECi% 0.25m 12 VND OFFHMEEE, fkigiii 2 5 i L
7o BEENTICI, WIEMENTY 7 b7 = 7 lgor Pro version 6. 1. 2. 2 (WaveMetrics 1Y) % i
Wo. E R ICIIREHIENT 2 7 b O R version 3.4.0 (R Development Core Team, 2017)

i LAY

2. 3 MR

2. 3. 1 EBERATERMEDO IR

1B HOBAERTIE, 7—% 0 =35 Rz &0 EE T~ TOMEEKRRER OB T,
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WEKGRE 2R 5, BEN TR T 2B 03Bl Sz, BROR M CTF — 4 v 7 —3E5 ik
DGR IZIIFERBEIZEZRH Y, BFHES KEE) > 72 (Day: 2.11m (SD 0.79), Night: 1.68m
(SD 0.72); t-test, p <0.05; Figure 2-4). £7- 1 ] Z & ORERERBENRREIC L ARERENRH Y,
RN ENIEREA K & < 72> T /= (Day: 326.96m/hour (SD 23.55), Night: 435.93m/hour (SD
27.04); Mann-Whitney U test, p <0.05). *F L C, 2 [alH ®RNER CIIRENAER ST,
TROWEKIEEE 13 B i IR B I L TUh/= (Day: 0.74m (SD 0.63), Night: 0.66m (SD 0.56);
t-test, p >0.05; Figure 2-5). #$nERBENHFRECEL T, BATOEIR<LEHEBLTIEHED
FhR X v L) - 72 (Day: 80.83m (SD 35.06), Night: 87.14m (SD 39.67); Mann-Whitney U test,
p >0.05). RADREDT-DIZ — b a v w2 -5%I1F, RNEBBIERENE ko7
(Before heat shock: 72.92m/hour (SD 32.46), After heat shock: 86.13m/hour (SD 31.57); Mann-

Whitney U test, p <0.05).

2. 3. 2 IEERSC L ATEOSE L oM AEE
2 HOBRNERO T ARG, ROk E, KETKEFR~BET 5 1K
L, L&V B AR AT 5 TEK], B F~OZRBEB Ao TBEIT S
[ETFBE), BXORMEE TR Z B TABITKEE T ~B8T5 (5o
2| D4 ODITEIEZ SR LT (Table 2-3). £72TNENOITENE, MHEHETLGEE D 2EI L
T2 REEDIRE DR S (G=9.8 m/sec?), IREND A (cycle sec), LA (°), 6 KWK
(Mm)DEFIZ L > CTERMICHEET D Z LN TE 72 (Table 2-3; Figure 2-6).  F¢fE] = & Of7H)
OFAEIGIE, B— Fa v ZRNEEITE ETITBEINIZIE A% (5D Tz (Cruise 79.1%
(SD 3.5), Vertical movement: 13.2% (SD 5.4); Figure 2-7). E— h ¥ a v 7 %3 4¥ v 2 DEG

DAL 72 (Before : 1.3% (0.1-2.7), After: 4.6% (1.8-8.0); Wilcoxon signed-rank test, p <0.05).

2. 3. 3 ESMTERMEORIH L
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ETFARERE Y, b— hia v 7% 24~36 R T 3 RO B BIZE S, Rl 6 A 14
A 20 [f 53-58 3 D TIE, HR_1702 OF — % v —HEEERB A Z B/ 5 A L
X DOPEIIRA~EZ 290 OF, HokEd 286103852 S 472 (Figure 2-8 a-d). RS T BRI
IZRWTIE, EARIIEEIN 1 FFERT ORI LR Z1TE R L, FEINDBIEE S L7z Refil i
JE TR~ 5 o3 KRS 2 450 STz (Figure 2-8 ). B 7 ARiek i, MEME KD FIP
ITENIBEI CE R o Toy, TR THRITIZA TIEEX DD 572 HOIIA R Sz
(Figure 2-9). EDW 12.3%D 70 HOINIZRE L, RO E TIOHAEDHEA TV, E
BRik T T — & v AR O, 1 [BIH O FEBRTIXEIIE D 10%72 5 72 D%t
L, 2B H TiX 70%M I Th o7 (Table 2-4). F7= 1 [FIHDOEBRIZK N TY, LB
TH) 48 IF[EI#% |2 2 # /KN CRESRAN L &, 2 [B1H D FEBRFEERIAEIAR DS PEINR ~MEZ B L <
ZT VDT AT R ET ARG DB I N, EOBEOINIIFE A EBS N TIHE FIZE

AT BTV, —EBI3UKIE OBEm FIC b8 ST,

2. 3. 4 HNET—Fu b —EEEEKOTEKRERF

1 [ B ORNEBROHIRF, kSO Hitks X OTFROMEOTEKEENIC, 7
— & a J—HEEEROWEKIRE D 92.4 %3 E > Tz (Figure 2-10). F72BHK TEOEIE
XL U, K O T ISEERL D 53 AR EE N D> B AL DI 8 > 7= (Day: 95.6%, Night: 89.1%).
2 [ HOERTIE, 2-3 JENFEHT L CHEKT 2RI S boo, FEEEDEHE
ZFH T & DB OBEAUIIZE S U720 o T2 FRITAR Y A X723 150mm LU T O LA EIRE
WK DFRFAN o2 hoTe. LIehR-> T, 2 HOERTIIR T —7 — & L HEAUED

I TR o T,

2. 3. 5 HEEEOEENL

1 B H ORENER CTORENOMEIL, ZNENRKE TEIL LT (Table 2-5). FEALDE
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S, fiedite, BIOEBIIIAERENMAEL, HPHRICEE LA S —
7, NI IR > 72BN &2 2R L T 72 (Height: Day 1.4m (SD 0.6), Night 2.0m
(SD 0.4); Wilcoxon signed-rank test, p <0.05; Width: Day 2.3m (SD 0.6), Night 2.1m (SD 0.5);
Wilcoxon signed-rank test, p >0.05; Aspect rate: Day 70.2% (SD 38.7), Night 98.3% (SD 29.7);
Wilcoxon signed-rank test, p <0.05; Area: Day 1.6 m? (SD 0.43); Night 2.3m?(SD 0.63); Wilcoxon
signed-rank test, p <0.05). F 7= FEALN OEAREUTEAR TEA 2 <, FH5 50 fEAR THER S
NTWeize, KHEICFHENOBET/NE 720, ERFEERHIRE <72 -7 (Number of
individuals: Day 57 (51-65), Night 53 (48-60); Wilcoxon signed-rank test, p >0.05; Density: Day
37.1Ind/m? (SD 10.2), Night 24.1 Ind/m? (SD 7.90); Wilcoxon signed-rank test, p <0.05; NND: Day

0.16m (SD 0.05), Night 0.23m (SD 0.06); Wilcoxon signed-rank test, p <0.05).

2. 3. 6 T—&u—EMEED VND

B ORI T, T —% B —3EEEEIIT D VND IE, TOMEENMNRRR -7, B
HFCIE, 0.5m £ TO VND I[ZHHEED 493% 25 HBLL, Im £ TITIE 84.1%2 HELL T iz
(Figure 2-11 a). — &M TIE 0.5m £ TO VND I[ZHEE D 34.5% 08 HBL L, Im £ TIZ 69.5%
B L 7= (Figure 2-11 b). ZHZ410D VND O Kik#se iR (Figure 2-11 a, b) 1%, B&E
HHH 0-0.25m OFPHTRELS, HHFRHERE TH -7 (Day: 620sec, Night: 220sec). 0.25-0.5m
OFPA L 725 LHELL L 72ME (Day: 180sec, Night: 140sec) & 7210, VND DJLA Y & H(ZHke

WFfR] I L7z,

2. 3. 7 BEMENTOT—¥ o —EEREOBEMER, VND
EEMNTO 2 FIOERIZIBNT, EROEKEEL, BNERFRICER CHERZE
BHY, HHPESKMED > 7= (Ist: Day 3.60m (SD 0.97), Night 2.30m (SD 0.86); Mann-

Whitney U test, p <0.05; 2nd: Day 4.22m (SD 1.31), Night 2.85m (SD 1.51); Mann-Whitney U test,
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p <0.05; Figure 2-12 a, b). — 7 CianERBENRREIL, 1[I H OFEROBKRIZED -T2 (Ist:
Day 43.7m/hour (SD 17.2), Night 56.7m/hour (SD 23.7); Mann-Whitney U test, p <0.05; 2nd: Day
77.7m/hour (SD 9.9), Night 76.9m/hour (SD 3.4); Mann-Whitney U test, p >0.05). 1 [0 H D38k
@ VND 1%, BEA&HE LT 0-0.75m, 0.75-1.5m O#iFHIZ 80%LL EOBEENEH LT
(Day: 92.3%, Night: 87.4%; Figure 2-13 a-b). LU, &IZ7/2%5 & 3m LA ED VND IZ 4
FERHLAL T (Day: 0%; Night: 3.4%). #FeRE & [FIARIZ, 0-0.75m O TR, HH
g T > 7= (Day: 980sec; Night: 680sec). 2 [FI1H DZEERTO VND %, HH 0-0.25m,
0.25-0.5m DOHEIFAIZ 49.6% DFAFENEF LT3, "MIZ/2 5 &R CHPHIC 1T 258 1%
38.9%IZI8 Y, RV IZ 1-3m OBEEREENN L 7= (Day: 15.5%, Night: 30.2%; Figure 2-13 c-
d). MEFEREREI, B9 CHE LT 0-0.25m F CTOHiPH TR Mk’ Lo 4v7e (Day: 130sec,
Night: 230sec). F£7- HH T, 4-6m ® VND T ik d - 7= (4.5-4.75m: 90sec, 4.75-

5.0m:70sec, 5.0-5.25: 60sec).

2. 4 BE
2. 4.1 MRE, MEET—F v H—IiC & 3 EHNRITHRMEDOTHEL

1 [FEORANESR, 1FIA, 2 BHOEBM@ERTIE, BROREH CEEOHERET —#
N OSEENIFRIREE S ENE U TR Y, EEBEIREEC AN R SN Z L, K
2 X DATENRRNE, TRENEDZ LA TRE R T —IZ K> THH L TE 2 LB X Db, HEKIRE
DHBERIZONWTIE=, KEFE=Y Ul TH S OIFER 2 S TR Y, WO
AUEAEYE KAAE (Mackinson 1999) X/ /LD = —{f (Huse and Korneliussen 1995; Misund et al.
1997) T% HH 200-300m OEEFEIZEE U, &MNITIEFREI O LNH#FHIZ 53 #ed 2 m 23 i
SNTWD., —RIIZZ 5 LIANT, SREEHICB T 21TEBOREZLTH D L shTEY
(Blaxter and Parrish 1965), B3 2 < ff&FHIZA2 0 L9 WO B IR EOREBO/D 703

Gk, WO SO WKBIEIRBIICEE LT 777 N R EDOEETREREL
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BEIT 5 & STV 5 (Mackinson 1999). ARFEERIZIS 1T 5 /KFENIZEFAMRER 26T L CERE D
A=A HPNE L, FHEFERRMNOESEL RN o120, BETOREERHD Z L
T, BRT LEED=2 o OITERHE, HEMEOZ (bR bbb EFZx bbb, LM
ST, WEaH—OFT —20nbiX, BRSIT a7 7 A VEERT LI EICE-T, BRARY
TOBRBEEMDBE N LD = AR OITENRE, IEBIMEOZE A, Kl Z & OFBRE
LWMEBEEROEL LTHRIHT 22N TE D EE R bNIE.

—7J7, 2 BIHORAFERTIE, BEIZ L DEKREEL(, shEBEHEREOEN LT,
AR DI TENRF TR BN EIZIZ B LR o T2 b D & B 2 BTz, ITEVRFECTR B I 21k
MEHNIRVMEANZ DO WTIE, 2 DOERMNLOREEREZ bivd. 1B IXERD R
IZRDHETHD. RKIEFE=V BV T, FEINERNCR 5 LB EING OPRR & B 5L
L, BEEGRRSEZBNOIRBICIAS BEIT D Z LA SN TWD (Slotte 1998; Langard
et al. 2014, 2015). 2 [A1H DR FER TIXEBRBALAD K 72 K] TIPSR E TV Z &,
FIAERIEIRF D 70%DEENBFEIIR Ch o7 2 Lnb b, ERBHARHTITIZ < OfEER
PENERT Ch o7 LHEZRIND. — T 1 HHOBNFER TIE, FEBKE THROSEE AN CE
PINEE TV Z &, ERERED 40%MRKMATH 72 Z &5 bR ERIR O BT
ATWehrolebDE TPHEND. LTeRo T, 29 LICRREOEWREE L, 1TEIRHE,
TEEEDZENEC Do b D EEX B, BER T —0TFT —Z bR L7 SEElEkiE
FECPRERBENEREIC b E NS LTV b D EEX BILD. AT, 2 2HDERITHE
BRABRDE L VA XHARIC L DB TH S, 114 ERZERICH W 1 BIHOFERIIK L
T, EMEEOHN LT 2 [FH OFERRIT 42 MR TOERTH 7. 51T, 2 FIHDOER

TIXFEBREAR D 22 8D 100-150mm OYEMATH Y, 7 — % 0 I —EEEEE & [ A XD
AL 20 A CTH 72, AT, F—F v —4HEREZ SR X R 200mm LA _EOEE
TUE, 2-3 EAROEEIROFEFHA RS- H DO, 150mm LLF 045548 O] Tl iEik o FFH A

B SN eh otz K= OFENICEN TR, BERNOEEREY 1 X, sRAEIZ X
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S THNEEROITENREN LA SN DHE S H D (Skaret et al. 2003; Langérd et al. 2006;
Makris et al. 2009). L7=23->7C, 2[BHOER CTIIRAEIC L 20BN A T, RFEL CilE
VKT DAEBED D g0 T2 2 L, BEROTERE X OVREE O A E A8 LI /TREME S
EZOND. WEa T —OT =2 nbIx, BEE, EREEREOEBICOWTRGOER %
T D Z LIXTE R o720y, Bk o B EAREBE OITENRFME & k5 2 & T, B ER
BIZBWTH OO BARETHZENTEDL LB LN,

F72 2 [BIH OFERTHESG UICMHEERERD O, FEORRD 4 HOTEZ 5T 52
LNTE, BAMRERICRE W T HINEE LG 2 BG T 5 2 L2 K> T= 3 AR DITENEAL
AHEETHZ LN TE D WIS, R, ITEIORMEIEIE, 80%A3 KT, 20%7° 1
TBETHE SN THEY, HERRICBEE TRERITHOZLITR NIRRT, —F T,
SRERH], B =2 E, 1 BIHORBRWNFERO X5 ICBREK TITEIZ A E 5 &2 b,
FATIT L VITEES IO NEND DL PSS, Huse and Ona (1996) TiE, X
PE= 2 ORBAGAPEIIRELLIE LD T EEHRE L TEBY, F&MIZ K
=22, REFE= Y UlTEICB W TBEIOEAAmEDL E SN TWVDHZ &6 (Misund
ctal. 1997), SREMH], HAMIOBIEREE Clx b FRBEICHENK, 4 > v = OF SR AN
LOTIERWNETFREND. M TERFIL, b— bia v 7 R%ICEK ¥y a0dlE
WH 2 THRY, FERMNERIL L TWD T ERNRINTo. RET — % v 7 —Citlll S - Edp
At DITENT (Figure 2-7e), WML <IREBEI AV KL TEHY, 8T A THHAEIC
EREELIRE) ST LB SN2 &0 0, FEIRMEEIND Z LN —H & o TilF
WKy v a ODBIGPEIM U ATREE R H 5. — T, b—hvavr&2522% 2 L THHA
RHET 5 0705 (WIEZR 1989; TE/K 2006) 1%, = > d X 9 e KMEORIEIZ W CILE
AIBADOAKIBIZIH S D Z L1172 5. —RENT/ NI T, BERRZ 72 EOARED R
B LTEHE, 10 BRVEREZ RO THREIERIL L, WioREN ERA-T2 2 R EnT

% (Domenici etal. 2002). AWFEICKITHE—Fa v 7, = OBEKIENGHEND
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Bl ThH-Tolzd, Z9 LIEREE» Gk 2 BH THEKSF v ¥ 2 OFIEHEIMNL T
THRMELEZADND. 2O Ll b b, MEERERAIET 52 LIk - T, ko
TEEWEDZAL 2 3 S NIATENOERIE D DRFANCHEE T2 2 & 240, PEIMTEIC ST

BEHEET D LU N TEDLEZLONS.

2. 4. 2 BRE, MEET—F oH—iC X 5EIMTEEHEO L

BT ARER CBIEE SV FEIMTEN L, I E OIS DA R Z EIRIZE Y (T
WD), MU IREFEIVRA~ED (11T %) L7 —2 L7z (Stacy and Hourston 1982; J&
1£51997). £ HOITENL, EET —ZNIZBW T, FEINRI%OKERE D KRE
TOEBE), HR TR ORI 2EH TOMMEL LTELETD Z LN TE, o

BT D UEKIREE AL & Rt N B A o T 728, TRET — X N GBI T X 5 A[REMENRE 2
b, FRC, AFRO L D=2 o OFEIMTEI 2 ERAICBIZE LA, WEE THES
NTEHT, SR TOTHOMREZ BT 5 A TAEMRMR LR 5LEZ2bN5. *
Te AT BN TIIINEE T — & v T — %255 LI BEROEIMTENI R b2 o7 b D
D, BEET — 2 0 HEIMTENIT OBEEKIIAIE TR LI [ v 2| OBEKITHEELL T
Tz, LIedio T, PEIMTEIRHIT R OPRE T — 2 ORI Z T, & v ¥ =2 ORpPEIEE
L7 IME R8N D 2 & N PR S 4, BPAMREE CINEE 7 — % 2 G CE L, LV
MZRATEI ORISR TE D D LEBZZHND.

FLARFEFRTIL, MOEIMTENIBE TE o7 b DD, 572 HOIRA N LR 5 [A]
INE4L, 10%ZEDINTZRE L TWeZ b b, HZMR L 6 A 14 H&E LRI
PEIMTEN N E TWebD e EX bND. R LTZINDOREITIT L A E Rk BIEDOFIR £
THATL TR Y (WIFT 1958), EOHRE BT 5= L IFOM L £ TOFREF KR & H
LTH (FJIIS 2002a), 6 H 13-14 BIZHEIINE X260 L HEER IS, BEEOMIEIZE D

T, = OEIMTEIT MRS LT, AT~ ) SFITITECHR 2 820 (41 517
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BNROND EINTNDZ &N B (Stacy and Hourston 1982; BAE D 1997), AHF4E CTHL
SN HED BOEATENRIER IS, MEOPEIMTEN G IRET — &, MIHET — Z 1 X 2 FFk 722443
H2EIREENn 5.

$72 2 [BIH OFEBRIZIHB W T AN LIFELS ORI, st A~DREINTZR <, EIRAYIZfE R
MANTHFEZPEIUR E L TR L T e ZE 2 bife. —H T, 2016 FEDOERKME CTORE
IICIE, NTEEASOINOMEN EETIEH > 70 b O D, KIEREEIZ b EIINBIEE ST,
2O LEHERITIAARTOME FCHHME SN TE Y, MEFELUSORIHECE ERE, A OB
RETOMERHD (D 1978; FM 5 2008). 2 [RIOEINREDOENEZET D L, |
[6] B 0> F2BR T\ KB BR BN TR DB S @V RRE TSI & TRV, 29 LIE

JERNRDIEND S N TIFE LS OBEEIZ b EIIN R SN b D EEZBND.

2. 4. 3 H—T—E)bOBENEEDHE

WES /RIS S A A a X 0 T FE, N AT VA N —FiER E OGN & 255
T2 FENEASNTEY, BWYRSEME T CIEEOEEEE ) I TIPEEER & K& < Eb
SRV EIRIE STV D (Tsuda et al. 2013; Miller et al. 2014). L2>L72n 5, [RIFTHIZ2BREE
ZBWCT — & m i — G MRS SRR RN A TR T 500 8 D DNIRERES LT
W72 hro 72 (Mitsunaga et al. 2013). ARFEFRH, 7 —& v —2EEERIIIFEAFERICE T
ST—DOOMNERHR L TEY, FNOREFRANICT — & 1 5 —5EE EROBRIRE )3
BB G TNV 2 &R ML B BIERRIC R > TWeAIN B b, FREEERER
ERBRICHENZTER LATEI L7 b0 BB, 29 LIeFEREL "M ArX 7, A
AFT VAR —=FEZEANLEERIZEBWN TS BAREE T CiofEd & [AERIZITEI L,
BENZTRT 2 AREOINTH Y, SEBEBFEERSCEN O1TE) 2 M 15 TRl L T <
ECEMRNOEERIGERE D EZZABND.

1 EIEORBWNERTIE, =V OFNWEENBE TREISERY, BRICHMERICEELE
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HNZIR L, — RIS IR > TN Z TR L Tz, RpHF CTREAL O S
MET D Z EITHARTICBWTHBEINTEY, FEAUNOMEROITEICAPREE A K
ML CTWDHEEZHNTVWD (Huse and Korneliussen 1995; Misund et al. 1997). EPNEBR D
FERIZBNT S, APOMERICEE LEHFIVESEE, FHAUNOERCESSELBE), &
MR R L L TR Y, fliREOMN o8z Bk D B OITER M EZ S L T b &
BEZoND. FTRMORE UBAVEEIL, X0 BAVELOIRWEIPH OERRIZRHME L T
BY, BECREEEIT O EEROITEREN KB SN TN D EE X HLD (Mackinson

1999). Mz THIA—MIZIBN\T, REDRZR L EE CIIFNAOERIBEICHW D HmE N
FI2 D Z LR BI TV D (Partridge and Pitcher 1980; Larsson 2012).  H H SRR 1
DS SN D T DR OREREERET L 0 < R oHAICH Y, —F TREITHEE O D

DITHFROKE MBS SN D720, B XV HEREEEBEO ISV & 72 DHIANICH 5.
L7eD3o T, EEROITEMRHEDZEA L, ETHNNOERIZEICHN D EDOZEIZ L - T
FENOEIIRES B LT bDLEEZEZOND.

BT RIp o T RENORSEIR LT, O T —% 0 —3#4 Ao VND IZHH 1m
TO VND ([ZHED 80% 13 L, —H&AMIT Im ETICTHEDOEFITR SN D DD,
30~40%I3 Im BA EOSARIZ /L CTuviz, £ 72 VND OffkfeefdiE, HH 0.25m T 10 43LL
B2 DIZR LT, & 0.25m TiE 12 D DOHDRFE ThH 72, TN bORERNS, H
HITEWEERECRE < VND 2MR7- 2 OISkt LT, &M% VND 23A < B2k L T
el EZ%. 29 L7 VND O, BEENG, RIKHEHHIZIEHT DG OFr
PERKMm LT EB N5,

E I EEMN TOMFET b B T VND OSEE A IZFRR O R RS, KEICZR
D L FEOCERBEDBEENY , JROFIFHOBENEIML Tz, Lie-> T, BHBIENRT
ERUVEBEMNIZOWT S ERDOT —F v 7 —2EEE{KD VND & VND fi Ok & 5

HT 252 8T, BBENESESOHBOHEERNRETHD EEZHIND. —J7T, VND D
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FEBERER I DWCIE, 1 BIH O EMER CIXENER L FEROBEThH 7= b0 D, 2
[ H o7& B F2HR TR TRk I 223 2 <, BHCIE 3m £43T D VND (230 T 100
Bl Ofkpins oz, BANFER L EEMENZ SR CORRTRARDEHRL LT,
KGR LD EMEHNOHBENRES BRI ENFEToND. = VT REIZB W
TR RERBENEZERT 2 Z LB MbNTE Y, WMEOHRE TITEEMA T 200m?
D= DRNERZTZHE S H D (Mackinson 1999). = 95 L7-BENOFIELIX, ABFFED
ENER L T 5 L 10-100 [FOHBETH L. FTEBEMADOZEMIZONTS, O
THMARE CTRAERO4EOREITHY, L K&V ONLOER OB ZE
BINICFE LT Z EDNMEETE S, 2017 AEOFER T 3m AL D VND Ik R S 2
&b, BRFERLITZEMA T — NV ORRDFENDPEEENITZR SN TN TH D A
BRMERD D, ELAMETIE, BNERCTONLOEIX 2 BT 4508 L0 2 Roco#hx &
LTHRATD, FEEOEARE CIIRAORE SRHE b =RIeHIICHREI T2 (Torisawa et
al. 2007; Larsson 2012). =3/v, RIEHE= B WTHBEORREZ T TR, i
Fr oML~ DIGE & U THENOREED =Rt kT 5 Z ERME SN TEY
(Pitcher et al. 1996; Makris et al. 2009), AHFFED EEREEERIZIV T H VND 0% Ok et

B LI TRSNS.

2. 4. 4 BIRIEICE T DITEIRHORE

REORERNG, WET—Fah—%H0T, BEFRCAILRIEC X 5 @k T8k
PE, IEEMEOZEA L, B X OPEIMTEI 2 BAMREBEIC W THRH TE 2 TREMER R S 1
fo. FTMEET —2aH—% M5 Z LT, HRITEZ3HMIC o TE, FEM7RTEEh
DEALRCBREE WA~ DOIRE, FEIMTBORHAFRETHD B2 LN, RLTIRHD
FIEILE - T, BAMRE TH =3 v DOENEARBZRGETE 2 AR RN - 2.

FBAEOITE L N OWIEL, RET —F LBIET — X DN b b2 OB BIR
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DREE S, VND R Offffeifi 2 BT 2 2 & T, REDNRBENOMELHET D2 L
LA THD EBZ LN, R, "M ARXTRE N AT VAN —FECLLD
TTENBIA T, RET —Z a7 —OEANRS a2 MRPLOTRMAER D 5720, 4%
BAIROBAGINE A5 Z & T, BHMNREE TOBREMEE, FENOITERHME S FEH L T Z
ERHIFFEND. L LRnn s, WA TOFEMARENOTET=2 Y - 7I20E, ol
BEDHIER 3 IRTLTT DR 12 ELBET DLENDH Y, RET—XIZX 77—
FITMAT, IHET =% 0 U —CTORETEORERL, TEFE BIOKTI AT %
MWTHNBEDFENLE TH L EEZOND. TNLOERLEET L LI, AOF
GED XD ITKEFEIZI T DHENEEDOREN 0 N —F — 2 IR I D Z L 2R T2 2
LT, fRRMICEATHEON D =T —Z ZRNOTEIE L TRHMEL TS Z &N TE

L EMRFEND.
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Table 2-1

Summary of individuals tracked enough time to evaluate the activity patterns at each experiment.

Date Individuals Fork length
(m)
Labo 2-13 June HR_1601 215
experiment 2016 HR_1602 220
HR_1603 220
HR_1604 250
HR_1605 270
10-18 June  HR_1701 235
2017 HR_1702 225
HR_1703 230
HR_1704 265
HR_1705 225
HR_1706 235
Set net 18-19 May In-situ HR_1601 227
experiment 2015 In-situ HR_1602 245
In-situ HR_1603 262
9-10 June In-situ HR_1701 262
2017 In-situ HR_1702 245
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Table 2-2

Factors of school and definition in the analysis of video record.

Factor Definition

School Same swimming direction and speed
Distance between two individuals less than twice fork length of individuals

Width
- Distance between individuals located at right and left end of school
m
Height . o
- Distance between individuals located at upper and lower end of school
m
Individuals s .
The number of individuals in the school
Area o . .
Multiplication between width and height
(m?)
Aspect rate . .
Length rate between width and height
(%)
Density s I
Number of individuals within 1m?2
(Ind/m?)
Depth Depth of individual located at the center of school intersected the line between mouth of
(m) individuals located upper and lower end and that between right and left end.
NND Nearest neighbor distance between mouth of individual located at center of school and the
(m) those of neighbors
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Table 2-3

Observed activity of individuals and the criteria of classification by dynamic and static acceleration.

Activity Definition Behavioral factor Criteria
Cruising Slow speed swimming Amplitude of tail beat -0.2<x<0.2 G
with nearly horizontal swimming angle Pitch angle -20<x<20°
Cycle of tail beat 1.0sec<x
Swimming ) o Amplitude of tail beat -0.6<x<-0.2 G,
High speed swimming
with nearly horizontal swimming angle 02<x<066G
Pitch angle -20<x<20°
Cycle of tail beat 0.5sec<x
Vertical High speed swimming Amplitude of tail beat -0.6<x<-0.2 G,
movement  with the change of swimming angle 0.2<x<0.6 G
from horizontal to high or low Pitch angle -20<x<-90°,
20<x<90°
Depth Change more than
0.25m
Burst Fast start of swimming by body oscillation Amplitude of tail beat x<-0.6 G,
and strong tail beat 0.6<x G
Pitch angle dynamic change
within -90-90°
Cycle of tail beat x<0.5sec
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Table 2-4

Maturity level of tagged individuals on each experiment. Individuals spawned at back yard water

tank after experiment in 2016 were included to the category of ripe.

Labo experiment Maturity level

2016 Before spawning 40% (4/10)
Ripe 40%(4/10)
Post spawning 10%(1/10)
Unknown 10%(1/10)

2017 Before spawning 0% (0/10)
Ripe 20%(2/10)
Post spawning 70%(7/10)
Unknown 10%(1/10)
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Table 2-5

Factors of school and feature values on day and night time. In the statistical analysis, paird t-test and

Wilcoxon signed rank test were used

Factor Feature values
Day Night Significance
(8:00-20:00)  (20:00-8:00)

Height (m) 1.44+0.61 2.00£0.39 Day<Night; P<0.05
Width (m) 2.30£0.55 2.1240.46 N/A
Aspect rate (%) 70.17£38.74  98.28+29.71 Day<Night; P<0.05
Area (m?) 1.62+0.43 2.34+0.63 Day<Night; P<0.05
Number of individuals (n) 57.29+11.51  53.63+13.22 N/A
Density (Ind/m?) 37.13+10.23 24.06+7.90 Day>Night; P<0.05
NND (m) 0.16+0.05 0.23+0.06 Day<Night; P<0.05
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Figure 2-1

An illustration of large experiment water tank at Hakodate research center for fisheries and ocean.
Water depth was set as 3m during labo experiment in 2016 and 2017. Two digital cameras for

observation were installed in front of windows of tank.

Surface

vV
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Figure 2-2
An illustration of installed artificial seagrass and laying net to observe selectivity of spawning bed
on the bottom of large experiment tank at experiment in 2017. The rest is used as control area.

Partition net has installed to diverse the area of water supply and drainage.
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Figure 2-3
An illustration of 3-dimentional axis and acceleration. The double headed arrows show dynamic
acceleration derived body and fin movement. The rotating arrows show static acceleration derived

gravity which depending on the body angles.
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Figure 2-4
Swimming depth of four tagged individuals in labo experiment in 2016. Gray shadow shows night

time, 20:00-8:00, when the light intensity within 0-101x.
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Figure 2-5

Swimming depth of five tagged individuals in labo experiment in 2017. Gray shadow shows night

time, 21:00-9:00, when the light intensity within 0-10Ix. Yellow shadow shows the period of heat

shock from 10 to 13 °C to induce spawning behavior.
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Figure 2-6
Decision tree of acceleration of tagged individual, HR 1701, in labo experiment in 2017. Four

swimming behavior were classified by amplitude of tail beat, pitch angle and cycle of tail beat.
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Figure 2-7

Swimming depth, amplitude of tail beat and activity budgets on lhour intervals of tagged individual,
HR 1701, in labo experiment in 2017. Each color on the activity budget show four activity classified
by criteria of acceleration and swimming depth. Gray shadow shows night time, 21:00-9:00, when
the light intensity within 0-101x. Yellow shadow shows the period of heat shock from 10 to 13 °C to

induce spawning behavior.
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Figure 2-8
Video snapshot and recorded swimming depth during spawning by HR 1702 in labo experiment in
2017. a) - d) are snapshots when the individual release the sperm and go through the artificial

seagrass. ¢) shows swimming depth when the spawning is observed by video record.
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Figure 2-9
Distribution of egg on installed spawning ground in labo experiment in 2017. The white value

indicates the amount of eggs and fertilized eggs in parentheses.
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Figure 2-10

Distribution of swimming depth in 3 hours intervals of tagged individuals and upper and lower end

of the school in labo experiment in 2016. The red circle shows swimming depth of tagged

individuals. The broken lines show the depth of upper and lower end of the school derived from
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Figure 2-11

Frequency distribution of vertical neighbour distance (VND) and maximum duration of each VND

in labo experiment in 2016. a) is at day time (8:00-20:00). b) is at night time (20:00-8:00).
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Figure 2-12

Swimming depth in the set net of three and two tagged individuals in experiment in 2015 and 2017.
Gray shadow shows night time, 18:30-4:00 in 2015 and 19:00-3:30 in 2017. a) indicates the results

in 2015. b) indicates those in 2017.
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Figure 2-13

Frequency distribution of vertical neighbour distance (VND) and maximum duration of each VND

in set net experiment in 2015 and 2017. a) and b) indicates the results in 2015 at day time (4:00-

18:30) and night time (18:30-4:00). c¢) and d) indicate those in 2017 at day time (3:30-19:00) and

night time (19:00-3:30).
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B3E HRTTHT 2EINEEEEOREH
3.1 ##

s

=y v, KW= v OESRERECE L COMZEIY, EYSCREEEHRE AWl SE
A, B X OEBMTREIC L > THELS 0 DiThNT& . —FT=v ik, KlgE=v

ATHAR TR O Z < EOWVHHK CEIN AT 5 72, IR C o EIER R & R R BY
DT D DOIXINEE L %2 53 C & 7= (Stacy and Hourston 1982; Haegele and Schweigert 1985). =
O LIEBUROH, IEFFENA AT LA MY —FER=V o ~NCHEND XD 0, B
DRENT T A7 ETIRERTOREBEENH S22 Y >>5&% % (Eiler and Bishop
2016; Bishop and Eiler2017). L2>L, Z U5 OAFZE CILIBHRC& B RIEED A 7 — Wk LT
=V OBFFERIAKRE <, BN TE ZEIEARED S ERSEOEEIZ OV T OHKR
FTHONTWRWONRBRTH D, —FH T, HRENO = HsERRED L 5 (& PR
DINE L, NS IR D 2 — LTl & FAEPEO TR THOIL TV HIRIUZB W T, h
R CORNERFEO R RIT— B EEEN & <, FHi 7223 CE IR O B b R NE
TEHEMESND.

H AR PN ALYEE B OO S8 EA AL, WK EVUKBREE 21T & kT 2D =
HUE A FEMEAE L Cds 0 (2R 1944; SR & 1999; #F 1 2008), FIZEIIHD 1-5 AIC
1-40m DIKZEDIR FEBUZ BV TR E EMEIZ L DIREN RSN TWD (e 1944; #Rh
5 2008). AMEAEEL, 1950 4E 5 60 ERITET b o B H K 15000 b & # 2 5 il %
HolobDm, 1970 FRCIEIZIRES IR L 10 Kl E CHRERE BIAATE (K L
2008). = 9 U724k 25210 T 1980 4EA0> B I /K EER B ZE & o & —bifE XK BEERFIEAT &
HUOCHE i DAEPE & RN A B, RO B EWHIREZ T 5 2 & THEmf O Ri#ED
fThnT& 7= (FF Lk 2008; #5H 5 2017). Zi b DR H - T 2000 FRIITHE oo
BB ClBRRIE LTl Y, FEAIFENSKT LIZBTETH BRI R H v

2015 4%, 2016 SO I T U E 1000 F URETIZARE L7 MESN TS (v xRy
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I AEHEE; http://www.fishexp.hro.or.jp/marinedb/internetdb/fishdb/rfish_yearasp). L7 L7273 5,
2012 b o TARMHR CORE Bt FEITHK T L TR Y, BEEROEBITIAES O &
C—EERTWEORBURTH S, LIzd> T, LEMRIAE 2% DRGSR 2 FI A L
TAT NI, RSREDUHEC 3 2 Bl D REIR RN A RE 2 BRAE L, BUEDWEEENC BT 5
EIRBRE~ O BEZRGET 2 2 & T, TR ERERO T REBRL TV RETHD
EEZOLND.

UEDOEZRLOARETIE, "M AuX TR EEASAL AT UA RN —FEZIH LA
AFAaX T VAT LEERL, =¥ VR R T I D FEIRRIEL B LT, E 7z
BEE LT UC, JEL OBRBEE MR O ABRIREE & OBIMREMGET 5 2 & T, AEREEC

B 2 pEDNRIE A RE A R B BT LTz,

3. 2 MEEGEE
3. 2. 1 FAEMEE

JE SR, ALVEE SR O KNS ALE T DR Th V0, KPEFRICHE T 2 /E R &
Z RS VORI DI R B Rk S (Figure 3-1). JEFEIRE DD & 72V T K 30-
40m &R TH VD, EFINTEEAKERN 2m &R THRWVIDIREREE & o> T\ 5. JEEIH
ZIXAEES > B BRI T TRIZER )N 240 & LT 3 FWIIOWARSH O, WOIFFE LM T
AFRDOEIELT v EDEFRRON D70 E, ERARKBERESZRI LTS FRiA S
2008).

=3 R A TR AR D Ih & 0 BRI & RT3 2 HUBRIARE C b 5. ARMEIREET

FEEVN T 1-5 A OEIIAZE I L, 5-12 A ZAF THE & —5TRICI = CRET], B

R

I T U7k, REDOFEIN O 72 IR I~ TR EERIET 5 AETE R 2 Fi> (i 1944,
FFE 2008; Figure 3-1). JERIZHT 2 EREINGL, JEREMICE T 27 ~ 502 =5 el

DRI K DB A 52T DU L RB I N TR Y (i 1944; ZR[E S 2008), MEFAIXH

K
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FECHL - BB LT, AL ST, 2 AN LEINCEINT 5 & &b, AEERRE
RIS W THERKERR E SN TERY, 13 AI3ME ToERME, filiE, &
FOWRIK LRI CTOK TR LM TigE S, 3-5 F 3R REORIMES/ NMUEBERIZ L - T
WS D (HE 1944; SRH D 1999; #F E 2008; 5 5 2017). ARBFFETIE, ARk TO
Bl OENERE & BRIEZER, d6 JOVERRIRIE & OBRZ BT 2 72 DI, Bl RISk
WELTHBEINT HE T, ELENEZKZ THABE) L T < E ToRNERTE 285 L7z,
AL 2016 FEC 3 H 24 H-4 J] 24 HOMIMTHEML, 2017 41X 1 H 19 H,2 3 14 H, 3 J]
7 H-4 26 HIAT 72, BIAE 1-3 HiE, PESRSG & LTI S D EFEMSHOK L TS 7
W, NAFT L AN —FETOFRERBENEBNIE A ORAE (2016 423 H H14),2017 4

4 A91R)) &Fi-> CRAR L7z,

3. 2. 2 EBEZERORE, YU — T —Ful—0¥EE

NAFT LA Y —TFETORBEBHOHIZ, 2016 4, 2017 4£0 3 A FAICEEDE -
JEFEWORFEDALIEID, AFTETHTT 2 FEE L T —D/ VA %325 TE 5 BERZE
% 2016 =03 12 %, 2017 4=0% 19 #ERRE L7~ (AQRM-1000: AquaSound #:84; Table 3-1,
Figure 3-2, 3-3). BEAEDMITEIC KV, = R MR ARRE O ITAE O FEIRG 13 R 78 ot
ThHHEREEINTNDZ ED (KRS 2008), EEEEEFHOHAD NBEIFCX 5 X
INCRENBEZRE L. REHOANAITITEEOZEE 2 AE ICHRELZ & TRIET D
Z LT, ZEORHRZEIC Lo T —EEMROBE 50D K ST Lz, ZEHKO
F i HEPH I 500m TH Y, JERE, JERHIPN THREE L 72358 BIRIEROD 500m 7> & OF
BN LTz 72D, AR TIEZ DO EEOMRE TR 72, 2017 F CIIBEIRORE IR
HHA®L 7 —# 2B T& 7z 12 A MfTic vz,

V=T = adi =i, MERERLOEERM & R TS s ERICEEE L

: Pinger n=23, logger n=7, . Pinger n=48, logger n=79). JLC N —
(2016: Pi 23, 1 7; 2017: Pi 48, 1 79). AW THWZE
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(AQPX-1030P: AquaSound fL#; Table 3-1; %5 1 & Table 1-2, Figure 1-3 Z/) 1%, ID & FREfH
DIF @S VIZE R 2 — [ OFESRFIZ 0.05 R T 2 VAR5 LT, 4RI
AEY LEMBEGOBGE ETREOA X — L% 20 ICHRELE. F—X% 2 H— (Data
logger typel and 2: Al Technology fL#; %5 1 # Table 1-2, Figure 1-3 &8) 1%, AE U NITHE
FE L AKIR O M A BRI T 2 2 LN TE, T o b AE Y L MM ORER TRk
DA o Z =73V % 30 RUITRRE LTz, B o3og13, 1 Eil#fllo FIRICHE, SEE1EE
AWz (1.2.3 #&oE 2R).

fIE, SEEEIENCT TITo 7= (Table 3-2). 2016 4E1% 4 A 12 BT 4 R{K 26 C
AE T 2 & HHIX S, 2 EIR A B AL ATE S 2 FIEF X 2> b Bt L 7= (Figure 3-4). 4 A 13
HIZIE 9 B, 20 HICiE 15 R A PIER X L 0 it L7=. 2017 4F1%, 3 A 21,23, 28 H,
4H3,5, 6, 11, 15, BEO17 HO9ENZAT T, MIEHIK, SHMK, 3L OFEmEHhE
BEE TR Z AR Lz, B U —3E MR, &RE L= E#ICna <, bk
WRAEEERERITOFEM [DHDNE) (5 MR, €8 11 4) ZHAVTZERD
BT EITo7-. BT 2 VAR O B B 2 FOITATV, 1B, ORRED
MR TZIEI S 5 A 5 T L CRi L 7o (Figure 3-4). RIS E IR S 7z

Yrtr, MEE L LR 2 L7,

3. 2. 3 EWMBRET—F, RESBRONE

2016 4, 2017 FEOFMAIZEFEN L RFHHNZ ORI, EEME TilESh
UEREMBREL, UTOT—ZZNE L (BXE (mm), BHiE (g), YER, EHEREE
(), Fn, AAE, BIXOHENEY). 7—#i, FEBREIMOKETE LWz 40 {8k
ZHRICIE Uz, BRI 3 BERC#io@E Y, &M - A H (2002 b) OSEITHFIE & S iERE
BELTHRILTZ (2.2.3 fi#tT Z8). BIROER, e BXRZEICHE L.

M2 T, JEEE, IR 2REEHRE B Lz (KR (°C), #i5 (psu), #WINL (cm),
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BEROBE LI EIZ T DIV A ). KIRIE, ZERORESINCET HKE 1m HiS
\ZARBE LT=/KiE « BBJES— % 1 5 — (Hobo pendant temp/light UA-002—64: Onset L) |2 X
S THEHM B EIC 1R & S ZFHI L7=. #531% Cast away CTD (Sontek #E#Y) % 52154
RESIT RO THATEEIC 1 E], FROFHEM 15 HHNWI ] 2o TFT5HZ&T
BIE L7z (Figure 3-4). WINLIE, KRBITHREOWNLT — Z BUH S O P Che b R R ICUTV  Hils
TOBIRT — 4% % iz (FZA7; http://www.data.jma.go.jp/kaiyou/db/tide/suisan/). % 722/
JEROWEE T, I OEBNC X o CTREM & BB & ORI RAET 5720 (lizumi et
al. 1995; Hasegawa et al. 2008), WITZALIZPE - 72N DREICHOWT HIEH L. MBREORF
RILHAE & HIRABIAE L T 2 BTV, BEMA T L OO 5 OF 4T~ 7-. FREM R
I¥, CTD # FHE THE OB > 72804y (4 Hut Figure 3-4) &, N CTD # FHik &
L7z (9 HuR). BEFIEE, 1-2m OKEHUTIZBWTHIROFEE M 15 Hdb ] 20

e B2 B#EEA OV TTY, BhEEH—T 572018, 1 #RIco& 3 FEAT L.

3. 2. 4 fEAT

RETIE, PIDIERRET —2 50, BEOFER, BYXE, BIORRELRRST
R7 7 AN ERTZET, FEICEIT S =2 VR R E R O SRR, EEIRRL A
R LTz, ET7eAEMBRELIT RS, EREMO 2 M8 CF —2 2734 2 LT, HuH
TOEEROFHE, BXE, BIORAEDENZHRGE L. HEANEWIL, JEEE, JEEH
FNEN TR OREE Z LB (RRVE L O FNEWHIHIBL U IR &
& DORROEERE*100 (%)) Z/RL7T-.

KRERZEHK, BIORMUEZEROZET —21X, T—2NO A X&BREL,
HZEEA—DID T =2 2RI L ICHE L., #ZE#RICBW ey T—07F —4 %
92 2 & THROEICK L TOZEREZEL L, {0 T —DRNDOZIE & KED

ZAS ORI HIEBIFM A2 B H L. S OICEZEHR COZERM A RR LIl ~2% 2
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LT, B —EEEEROKERBEMEN 2 HEE L. £ T —DRIENZE SR
OERDBFRRIE %, R L T =0 SR e S D 2 7L ADEIER O 20 BHEE L
To. AW THEM LI T —IC K OHEEDOREIL, HEA—/L 50mICk LT 1%e S
ALTEY, 0.5m ONMEETH S, HEEITIZLL T ORE H\ie.
WEKIREE (m) = a = (((t2 — t1) * 1000) — b)
ZZTab 3B H—IcB 5B AREEZRL, t1, RIZFELCE S T—n5REIEFC

I INDHDDOFW & 2B OEWOZAGHEA~D BB R 27~

HEE SNTBEKIREE N, 24 RERIOWERE| T 0 7 7 A v BITR$ 2 LT, HEARRIREL
fLEMRaE L7z, 72 1 DO AIEEIEEDS FETHNSAAE L2856, S EIEROEEKTE
JEZIERINT 0 7 7 A RS LIRS, HERHO VND, 3 X U% VND Ok i 2 5
4252 &T, FIVEEOMELHEE L

T = ui—iE, BN S BE BRI L T oG ORINERE R Lz, £
TR AL & RIS & ACERE B OB ZHEE L, SRS EI S 7z 3 & 5
No. RSS2, EKEE & RBUKIREZRSRS 7 e 7 7 AL BITR L, EREO
KR E) & D BRI & REE L7z

S U7 BBt s, JERE, EREMOKIE, ¥y, W OEERHEZ R 2 & FEE
(B —HERIE, T — 2 v SR OITENRE & D E T o7z, KRR, PEIRRR
[FE DG 78 EDRFEITEIO X A X v 7 LEBREEROBRAZRIE L=, AIFEICHIT DT
T OMEHLENZ X, #EHENT Y 7 b @ R version 3.4.0 (R Development Core Team, 2017) %

7=,

3. 3 MR
3. 3. 1 fEEBEORERIE, PEIRRIT
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2016 48, 2017 FOFEMIM S, = > OiffEid 2016 4 THEINTAT, 2017 FTIE 1 H L
ICHO THER S, W 4 A T E T, SRR X EIE 190mm 75
320mm OFPHNTH Y, WEL S 4 H FAICH D> TRXEN/NS < 72> TWho 72 (Figure
3-5a,b). FRZ 2017 0TI, 3ASHEELS 4 A 1HE, BLO2EB IS T, Y
BXEDORX 72BN A Sz (Mar 5th: 291 mm (SD 1.4); Apr 1st: 253mm (SD 3.0); Apr 2nd:
226mm (SD 1.0); Mann-Whitney U test, p <0.05, Mar 5th and Apr 1st; p <0.05, Apr 1st and Apr 2nd).
F - WEOFH AR P23 1 DAFEERLARIL 2 70> D 73% THERR & LT 7o (Figure 3-5a, b).
RiRFITHD &, FhkA I A 4 H FAIZMD > T 2-4 i O I EROEFIE A3 2 Tl
BMZH o7, R 2017 FFOMTIE, 3 A2 ENSG SHE ETEL OHEEL 5-7 KO
E N O TV (81.1% (SD 4.5)). - PHWREXEICENH T3 ASHEENS 4 A1
W EICHT T, 5- 7Ol fan b7 < 720, 3-4 A HEL L TV /2 (Mar 5th 5-7year: 87.2%;
Apr Ist 5-7year: 32.5%; Mar 5th 3-dyear: 12.8%; Apr 1st 3-4year: 52.5%).

TS S AU IR OB 1X, REH & i S TR & < e o> TUuh/e (Figure 3-6a,b). 2016
FETIE, 4 H 2B D b5 TREEINE ORI LD 62.6% (SD2.3) %5, —J5 THTIEE
B & PEORRTOEAAME 5 LTz (87.6% (SD 1.9)). 2017 4E T, 1 AT, MiE b oM
IR W THEBRTOMEER LHBET, 2 A THIE TILEINRTOMEIE S L (94.5%),
ACIESERDE R D 45%% 5D T2, 3 AICAD &, B CIEEINGTE 72 135 2@k
DMEL LT 2—J7T (99.2% (SD 1.4)), #ITIIEIRZ OBEEAHELL, 3 A 5#EHE ETH
BUBEE D 57.7% (SD 11.1) Z DT, 4 AITi3E, MW CHEINRT, SERAOEIEN
B2 TR, PEIIE OMEIRIT 16.1% (SD 14.0) LD 7oz, IR P00 & it L
TV D EARIZFEAE TR S 7223, 2016 FTH O TR G, 2017 FIXWERTRONT.

HNAY O HBLRITERE MR & RRE Z LI e o 72, T, mAEEINAT, e
THHENME L, EII TRnyo 7= (Pre-spawning: 25.5% (SD 8.9); Ripe: 14.3% (SD 14.8); Post-

spawning: 53.5% (SD 0.3); Tukey’s multiple comparison test: p < (.05, Pre-spawning and Post-
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spawning : p < 0.05, Ripe and Post spawning; Figure 3-7). #TiX, M43 < TORHE TEIZ
PEARTHBEEMRVMEMICH 572, AFEMIET IR EERTH Y, ZoOMIc b, 3ax

B, =0, BIOHEZENHB L.

3. 3. 2 KEBBSE

2016 0%, 3 MIOKE T v A —23 flifk, v W —7 EEEKRL, o T—DTF —2%5
HKIL783% TH Y, v —DEIUHET 28.6% Th 7. V1 W —TOERFHIL, F1 35 kF
il (SD34H)TH Y, K 130 K TH o 72, F£72 2017 1L, 9 [RIOSLE TE > A —48 fE1IRK,
n =19 R Z R L, Er A —DF =2 ZERIL8IS%THY, vl —DEIRIT 13.9%
Tholz. B A—ToOEBHEEIX, V¥ 80 KFH (SD 118), K 513 K ThH 7.

U H—DZET =2 L7 —4% v —OEIGFT ) b HEE S B RO K EBENE,
2016 FEIZIXETO 1-5 H OWAE & WI~DOBE 2 L 517z (Table 3-3, Figure 3-8 a). 2017 4F{Z
X, BTo 121 HOWLE, M~0BHE), BIOMOKREE, MNGE ToBBRBEIN
(Table 3-4, Figure 3-8 b). LN, B (H~0BH), Hh~0BH), BLOETOME) =
LTFE A R

W~DOBENZ, 2016 FITE 2 H—HAEMIEK 6 fHE (#1616, #1605, #1602, #1603, #1606,
#1608_2) 75 LA, 2017 FFITITE I —HE AR 2 ik & 7 — & v 7 — 25 E R 1 ER
(#1722, #1748, #L87) B A B 7=, FHi D 12 REFLANIZ S1%DER I HEA L, 48
EEI LAN T 90% D E A 2338 A L TV 72 (Figure 3-9). — 5 C, #1616 1315 THI 96 BEREITHE L
TeBICHEAN LT, W~OEARIL, B0 —235 K 3 8 #1605, #1603, #1722) &7 —
& 7 —E A 1 ER (#L8T) TIBICKUSOmHlAN A DAy, #1722 13 150 HFRHEITHI LI
1EL, RIEOHRZER Dol ZOMOMERIL, N TZEIXR LR T. #1606 DI
13 48 IFEITAN CTHE L7 ICHIA RIS HEL L, BB 8 L7z, I TRIRAS FEEIR S 47z

B (#1605, #L.87) 1, #1605 23k, #L87 1X5ETH ~ 7=,
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~OBENT, 2016 FTIFBIZRTE T, ZAEHPHZ AT 72 2017 4£ Tl v U —HoEfE ik
10 B (#1702, #1711, #1719, #1720, #1730, #17417, #17411, #17412, #1744, #1745) °5 7.5
ATz, SR 32-96 W[ TEIEMR (-8km) 76 KEE, /INEGETO (-15km) BEIN A
iz, REBEOTOZEHMEIT 1-15 R Th v, RHOMETR L2 -7- (Figure 3-
10). #1711, #17417 1%, KESEL F TOBEZR BB T OV FEEICEE L T
INHDO T N—T7TIX, X DMEERD RN 72N> 7z,

BTOMER, 15 HMZB22EH02 b0 L 1-5 BRIOFENZ2bORR O, 8l
FHIL 2016 FTITRONT, 2017 FETE A —HE[EME | FEikE o h—EEEE 2 #Eik
(#1703,169,1L36) 75 R 507, %EIL, 2016 4RI & 7 —H5 K 12 #IIK, T—% vl
—HEFEER 2 ER TR B4, 2017 RIS B B — 25 A 16 8k, 7—% nH—3E5EFE A8
ERTR Oz, BREOMTEE, s, (BBHGE TR O, TRENOHED D
BENI Do T2, FHREHIAERREIE, 400-500 FFRE] (16-20 H) T - 7= (#1703:513hours,
#L36: 410hours, #69: 458hours). FEHAMIZ2AEIX, /it T 2 JE 578 O 15 B P §4E
WTRO, MEh, SHIGE BIOEHM~OBENR 6. ZE131-5 A TEN
DEDOHIEDNG b7 7eole. BIRDFEIR @K (2016: #1607, #1608, #1607 _2, 2017:
#1704, #L15,#L21) X, #1704, #L15, #L21 HSEEINRT, RHIAEZ 724136, #1703 235¢

B, LT#HI607, #1608, #1607 2 1ZpEINE T - 7=,

3. 3. 3 ShEBEMRE

B2 W — DS AZ W2 HHEE U T BEHR OBKIREE &2, Lk oK B8 2 Liomd (~o
B, Mh~0BE), BIOVE COME; Figure 3-11 a-d).

WHA~OBE) I, FIHIRER Y 0.0-18.0m TH 0, BAMEILWRER Z2F]H LTz (Day:
4.06m (SD 3.27); Night: 4.75 (SD 3.34); Figure 3-11 a). IZHEA L TH 5%, KEDAZEN

HY, 038-1.85m DIFEEH ZHH LT /= (Figure 3-11 b). Jh~DOBE) TE, FIFHEER N
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WM~OBEIH LV H)R< 0.0-29.6m T 7= (Figure 3-11 ¢). HFZ B o 3R] FHVEEH 23 HE

L, WEITEE~ERTHMHEICH -7 (Day: 8.24m (SD 7.71); Night: 4.84 (SD 6.30); t-test, p
<0.05). ETOMIERIL, FIAGREOHPIX 0.0-12.7m TH o724, FOLAICFIH L Tz
FAPH M OB EYRFIZ LT < 2.0-3.0m 7 ICEEH LT (Figure 3-11d). £ 72 H HI3HIH
BERE DS MHIZH > 7= (Day: 2.35m (SD 1.94); Night: 2.53 (SD 1.26); t-test, p <0.05).

FHEI SN2 T — & 0 =0 b5 DIV KRR - RREBRKIRT — % %, KFEBE) 2 & 1Tk
RINT 17 7 AV EIR LT- (HL87, #L36, #169, #L29, #1.22, #L15, #180, #L.21, #LA47, #L34;
Figure 3-12 a-c). WI~FEE) L7-#L87 1L, Mt LD &5 48 W CEAMIRT R D1 7
Z o VINE £ THEN L T2 (Figure 3-12a). it H oo H HIE, EARIE 1.8-7.9m OIEEHY
ZFAMA L, Bk & & IZRBITTE E LoD, F#%I213 10.6-13.9m OIRERF~BE) L Tue.
FEENLEAAT HF TIE, BEEFDIC 02-10.1m OIRER 2L ghiEBE L, &
T TAITIE8.7-13.2m DIRERFIT M EER SE T2 HEDOHHIE, 13& AL 7.8-13.2m
DERERT A LTV e, Y 512700 ERMATRER OF L3 51, 0.5-8.1m O#iJH TEE
B R oz, R, 1.04.5°COKEEZFIHL TV, 2 HEDOY G XD, 4.0-8.0C
OFEKEBEREET S X 212720, WAL SHET Sz, WINTYH 8.0°COREKIRE
B L7203 5 1.0-1.5m OVREE AT CHIDRIREBE) 24 0 I L Tz,

ABFFETIE, Wh~BE) LI f8R0 5137 — % 1 A —ORILE R H o 72, BN OALBBEE &
TRIIAE L T E#L36, #L69 OfEAR) 51X, AR B ESNEBE N EE S /- (Figure 3-
12b). BHIE, ERBICHMAER S, KHICRD & REZ P LICEREBBI A28V IRL T
7= (36 Day: 2.89m (SD 1.77); 36 Night: 2.87 (SD 1.03); paired t-test, p <0.05; 69 Day: 1.09m (SD
0.87); 69 Night: 1.09 (SD 0.79); paired t-test, p <0.05). KIEITWFHOMEKS 3 A 1 0.0-4.0°C%
FUMZRIA LTl 0, BT H H1IZ 4.0-7.5°COKIREZ R L T2, /24 HICAD L 12 H
EWV o I T 4.0-7.5°COKIRZRRIRT 2 X D278 o7z, B CEBITHTE L TV @

(n=7) 1%, #L21 L#129 725 0.3-20.1m OVEER CTOSEBEOMH AN R S0, ofE
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IRITIEVKIRE DAL A R ST (Figure 3-12¢), JEHEICOMEZEF SETHDHONREN-

7-.

3. 3. 4 BENEBEOHE

ARFZETIE, FFTHNCEEERORGEZ L TO2IC b B 69, iR IZZ < Ok
L, R L TR SHEFIZEE IR TE e o7 (Figure3-13). —J7T2017 44 A 11
H Ok, PIEHOZEHST S BEO &0 =88R EE 0, 1 RS L HFTHY
(23K LT (Figure 3-14 a-c). 2 DB VND 1, 0.42m(SD0.16)Tdh b, HHiZ 9:49-
9:59, 10:21-10:36 DOFFE 1L VND 23F 12 0.5m LA FIZfR724 Tz, VND OB, 0-0.25m
WEBTH Y, 0.75m £ TOHPH TRIED 90%% (58 TV 7=, VND OfkFERERH $ 0-0.25m T

BE 720 OGN R 540, VND OB E S TR LT -,

3. 3. 5 BRIEERLOBK

2016 4, 2017 40 4 HICH T 2R FEBEOKIRIL 1.3°C 6 5.5°COFFHTH Y, T
IFEREE LD B HIZ 2.0-6.0°CREV KIS FERER STV 2 (2.6-10.7°C; Figure 3-15a,b).  jI%&
WA AAHE T S HIZEKIROFENBEE Th 572 (4.9-11.1°C). H53 1375 T 33.1-28.9
psu OFIPHCEE L, VKM TH DEFIHTIX 18.524.6 psu TEEY L T /o, F 72 EEHRE
fEO XA I 712016 45T 3 AA)-FRITZ 572Dkt L, 2017 45 Clk 4 A LA & Do
7z

DT DZACIT > TE RV L TR Y, JEREKE T ClIn| iR & - K
B A~IED H L T DR BIEL S 7= (Figure 3-15 a, b, Figure 3-16 a, b). T AUIZFEW,
WV DEAL L IO Z A X 72 2 &, SRR DX A I TRY TT-K
M O H IR ICE T T DI H > 7= (Figure 3-17 a,b). E7-pEII & L CTHIRF S D8 =

B CTOREDORRARST —Z 2B, 51 & &l O O Tl 28 1k E > T 5 RIS
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o,
WE= T OINOFE LT2BELL, EREMNOWALE TR 57z (Figure 3-18a,b). F7=

2016 FFIXENOILHTINETOLREEZIT- 7208, INOFRRIT -7,

3. 4 EBE
3. 4. 1 EMBRET— 20 OHE S D EINEEREE

EARERIROKE L LT, ARAEP TlT= > O 2016 4 THEBTHET, 2017 4Tl
1 A B TR S, 4 O TRE Tkt L7z, BEOWMEITIHNT, [EFEEDEE
ICBDAEFEFZO=  OIFRERIL, 12 A TANLIBED L SN TEY (L 1944),
HAEDIEIZ OV T HIERRO WS S IZIERBEOER TH D Z EBNbhd. EERBHO
BTIEWThoWmEd 5 AL LTEY (LR 1944; &R 5 2008), AFZEIZBNTE 4 H
KRICEELFE STV TINEMRT D LITRETH S22, 20 BRBROMHN TH -
TeEEZLND.

1 A2 5 A OEEFERIEROKEOH T, S D EROFE, BXRIX 1-3 A2’ 5-7
iR ORI E R ORI L, 4 1% 2-4 O/ UL OMIKAE 5+ @ Ech -7 =
o L7 aZEWN T, dbifEAFHE (G A 2002 by @il S 2010) ORI A
(RE 1997) T, EATHLT VT 4 v - anE7 (Hay 1985) TROLNLDHRE, KA
FEEOREEN R TH Y BHIORIET 2 Z id= @ L m Th b & E X b,
U723 > T, il TOWME FIERIC = 2 V2 FEHUE ARV TS, IR~ OEREE D
SR, BT MRS D ERCRE DY A XX > TEBTH L EZ 5Nh5 (Hay
and Kronlund 1987; Winter and Wheeler 1996; &l & 2010).

RNCT — % 2 Bf% T & 72 2017 O REEIR ORI IER 2 &, MIEI3RE Uik
72 1 AT, &TOMEENREINFTCRANPETT L TE LT, £72 2 A THEINZOERIT

Roieholz. 3175 L, WITHO TEINMEAHELL, 4 A0 E THENEL L
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OO, BT 3 AFAE CTEIRIOMA LB Lienotz. 29 LIERERNS, [k
FEIT A U7 RS CIIRA L X > TR BT, 528, FEINE TlTip/ilic fo ) TR 2 22
THIE, FEMCTEICEIINEE D ZEIRBRINS. M5 (2008) IZXHHETYH,
UTAE DR ISR T 5 = OREINE 3-4 AN E—2 ThY, T OMEINGITIERM,
BEROEOVEE R 3K DL T DM TH 2 EHELZ SN TR Y, Bk OB 2 3
FTxstotExons.

PEIRTR DA BIZE S 4072 2017 4R 3 A Oz Is T 2 s E, PEINEMES L7z b D
D, 4 AD1HEAPORES BT 2MHAITH o7, 728 L < 4 A SBINICHEL L 73
KIZ, WE L COWeEINE DR L ITRXE, Fls R0, W23 APITBNICHBIL T
W AR EFERLL Tne, ) Licflimb b, 3 A SEENG 4 A 1EBIZNTT, B
ETOEKDRERANED Y RH -T2 DEEZLND. i (1944) (2L, EE
DR DSRARE L, K3 ~FEH T 5 L HITHNO =2 3B~ 2B dh v, 7z
Motoda and Hirano (1963) CTHH/KDOBEIE & HICEENBEITLZ L2 EH LTS, E
BRIZ 2017 A ClE, BEEBORERFFE LY bE< 3 A T~4 AfIDIcEETBY, 29
LIZBRBEOEMIZ L > TB LI TOREEKO ANEDLY BbosTbDEEZ2HND. —FT,
IR DVE N CIIAEAREERE R, A IC R E REKITR L, NN OBEI L LE 260D
PEINE DMERITR S pino T, ZOMEMICIE, 2 SDOBEROZEREZ bNS. 1 SHIX
PEIRRE DMERIZ IS 1T DATEVRFEN L L TS 2SI K ETH D, EYRET —X &
D, BNICERT 2 EEINE OEIRIL, W L T LR, F 72 EEIRT ORI TS
ICHNED OB @72, LIed o T, EIRIZPEIN) & R EE~ LB T 5178 2 21k
SETNDLEEZLN, 29 LIATHRMEOZ( DS, IRFHNOHRRIBE LD T
BN ETFRIND. £220H & LT, RIRITENICHIE L TO A EEFEOREIC X 5
WENEZDND. 2017 FD 4 7 1B ZES LT 34 Ao, Bilizm

LCEBETHE L TRY, AMEAKEIZRIT 2 FERERETHD Z LRI ND. —T5
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T, 3 AICWIZE S L7 EINE OfRIE, 5-6 OEETHY, OO IZIZIZEA
CHBLZWHRIZH 572, 2H LI b b, BB 5 3-4 i AOMEERE OB K
&L, W BEIREOEERIBE L Th, RROFEIEMCCRARE ITIXZE N D in ol
DETREIND.

2017 ED 4 AR ORI, BRROMIOMEN LT RE < e, &, #RRIZE2E

WHREE L., —FHT, ZORENLT—X 2 845 L7z 2016 4 CIEE 2 lH 58 CREINE

ﬂ

DAL L7z, FRiE 5 (2008) 1%, & THVEEO RN 537K DB AT 21 T O
ONRTREMEZ R L Tl Y, Z OWHECREIN L EENHE Lo it b H 5. —FH T, 29
LU T2 EDNE ORI OB 1%, 4 RO O TR TR L TR D, F 72 R OFH%
FECIE, 1D CREEINCSINT D EER S HBLL T2 Z &0 D, [BEEERRE L COREIINK
bOITESL Z & T, EIMEOMEIES L TV AREESE 2 bd. 2017 4E T, 4 A
KIZA S THERAOMEEIE L LT D, EEEERAER T 2016 4RI12% L CREIRRFH
DENL TV E THEINS.
ERROFERNO GEMTET — & L0, EIERREREO KGR 2 06D, FM - @Y1 X

(2 K2 R D2, F6 KOV RCBRELNE HIC & 2 R DWITE, BEVMEN OZLD RS
.
3. 4. 2 YUH—, T—Fui—EEREOM~DBE

2016 4%, 2017 FlcHEm L CE U H—, F—F i —EEERITN~BE L, N T=v
YIRDFER, FEIRTF O YL — AR OFA R b Lnh, 2 b OBENTEIN
DIE=ODITE TH T EZOND. BT, © B —3EB RN Lz s (8 ALE-
HER) RAER D PN 8> > 7o il GHIBRRED) 13, MR OREIC L > T= 2 VIR HERR S 1L
THR L ERY, TDOMEE FEREIYE LT L TW e TIE Ryt FRS

N5, EEMECBOTHINTIE, WTNORAEIZBN TS BABEYMOHBRNMES, A
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WHE T2 L2 WMEA AR <R Sz, KIEPFE= S OMETH, EIREATZR 5 &
IXIBEE D B PEING ORRIATE 20 0 B2 5 L SN CTH Y (Langard et al. 2015), =9 L7z
FTEVDAE 2B b COREIRD ATREME A /RIS 5 Z LN TE 5. B U —EEEKROW <
OWAEHFEIT AR S A TH Y, E72#1606 1 48 R OWAERIZ, WA DIZHBL
LBEBA~BEHT 22 R Lz, FIRORBEDT —Z 2B\ Th, R L 7-%121%
PERE DMRMAITIZ L A LN HB L TR 53, 29 L, ERIMOBREERNEEL
TWbHbDEEBEZLND. FRICREREE DR FEMOBREIX, BICHXTKERE (2.6
10.7°C), FEKOEENSIE /) Th 72729 (18.524.6 psu), = v OHAFARDAFITITHE
LTWeboo, BAICE > TUIB LY bEKREZRRT IR o T tBZE 2z b
L. LIedo T, ERITEEBIRRSE & 5| S S BN TREIIZ L TWeeBZ2x bbb
DO, PFEIRITIEFEHNG T ICBHT M7 EZX 6D,

B DI~BENT 2BRIE, 90%DEEKAS 48 FEFILINTIICH#EA L TR Y, F-BKIC
B4R 70 < WEPKVRFE 23S COMAERF L 0 B0 15m £ TORERICEHIEL Tz, K=
DU T, EESREIIC B RERERBENAVE e S, SERE CIXBR IR 72 < SRR E) & PEIN~
OBENR LD L S5 (Slotte 1998; Langérd et al. 2014, 2015). AHFE TR OB H
—HEEEOKEBE), SMEBEOMMILZ S LEeFFICELLTRY, = VB LOER
HUBAEIARTEIZ B T H 5eRMR ITITZPEII S DIRR, BEIAEBET 20D LB DND. Bufis
BIA~DOHEN F THEFAICFOEE T X 724189 1L, Mtk 12 FEf CREZ PO & LI-ShER
RO, JEE TOMREZ R RICERETOOMERE) Z L OOl EAL TWe. £/
HEADERITIX, WOAKIEH RO E/KIEZ R L TR Y, TR Tl S 2 £ TRkl
R L TNz, RITE= 2 v O3RE T, 58 ORBOKIRZKIZ X - TEIMTEIME S
N5 ZEMNREENTEY (Winterand Wheeler 1996), #L.89 (23T b ENEBENIC L - TE
LIFRRDAIDOEKIRZRER L, EINRFER SN L TEING L R DR ETERE L

7O TRV EFREINS.
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FWNCHEATL G, #L89 TIXEVVEEH (1-1.5m) TOSMEBH N A SN, AW
BETOE T —EEEES, MR THIELOOER (1-1.5m) IIofMzEh T, 2
PNEBRCREIMTE 2 FFBL L72BRIC b, FEIRRTRICIIREN DIEE £ COMBEBBN L oN,
BHEDH A I v 7 TR ~OEFGERIRMEN ROl Liei-> T, N, TR
ZHOITENE, BEEWINICK T HEIMTEI CH > o raetEn H 5. L, WBRIZEBIT S
AKERIT 1-1.5m & IEFITHE S, ARIEERFERROITEIOHRNINEE TH - 72, FrIZAHIZETH
WIZE U =T, WREOSERED 0.5m Th o7 2 & 2D b 2 RN B B 2 f)
BT HZ LTIV EBZ O, X THLEY DIRET —# 1% 025m DOfREETH Y,
BEHNZ T — 2 G TE TV b OO, Z OMERITIAR TR ST\ e7o®ls, EINFTE
DITENE OIS TE T, [TERIORHILTE 2ot LT, 29 LAk coE
IMTEVORHIE, 178 B K72 e < FEIFRTD ©H EEIRE £ C ORI 7R RE T — % OBt
WX THBLOMRENRESE D EE LT

BRI & BIROEEO g Tl o — M, 7 —4% v —EEE KO~
ANZA I VTN, WEBHEHME 2 5RMmICEF LW, 7TV Ty vacarrs By
T=Y U OBEZ B TCiE T, WIS T IR O I & =2 OB E) 7 I BEfR
BV, R E ZRA R ENCHESE T TV B ATFEMEASRIZ STV % (Lacoste et al.
2001). JEFTIE, MW OZEMMIC L > TEFEMOAA THRWENLAAE LT THY  (lizumi et al.
1995; Hasegawa et al. 2008), fE{KA G| E DX A I 7 TiER<WbH#O X A I o 7IT#EA
HERIEIZZ LI1L, B0 AERET, M~OFZ R L7 RBR 22 B8NS - 7o v]
BN D, — T, EADZA I T D 0%, LRS- KEOKFTHY, Z 95 LI
M 2MH B B O MBS 72 VR 72 B @ 2 R L TV TR E S B X HiLd. FRZ, B
JELHRE TIX B =H % 7Y T > Phocavitulina \Z £ 5 = v OIEHRENEFREINTE
D, WERTORMEY 27 13E0nbDEEZLNS (MMES 2013; PTH S 2017). F 72355

TlE, 4 EROHRHOZEN RSN, TOF A I 2 713K M O RT#% ORI E R
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LTWe. £ OBET, =y, KBEFE= Y OEINIER-FEIcE T35 2 & 2URg
SN THY (Haegele et al. 1981; Haegele and Schweigert 1985; Hay 1990; 7% 5 2002; )11 5
2002 a, b; LD 2010), £ KWELE= D2 TIEEIROIE £ - 72 KO EE A3 720 RIS,
PEIRRF DOSZRER D EHIZ 703 % EHEEL X 1TV D (Hourston and Rosenthal 1976; Hay 1990).
O LIEESEND S, ABIEICIS T 2 KD EEINE~ D H LR [ 254 ] O Tl i 1 B2 L

TWEDOTITARWNME TSNS,

3. 4. 3 H~OBB
=y, KWEPE= Y RIS T, FEINRSKE T LiiklE, oA RS Th 0 R, #
KW A S A ORICBEIT 5 Z E A BTV D (Hay 1992; McQuinn 1997). J& 5 JH

WIEETIE, EBERREY, BAGIIHEES L TWRNA, 1-5 A O@RHILIATI3E, Wiz

b

SRR CHRENRLONR LS RD 2 b, MOBEFRRIZHE~BIHL L0
EEZDLND. NI CHEINZ X T EERIE, 2017 4E TR R @RS 5 £ ClCR £
DAEMIZ B o 723, B2 TR E L TB~BET 2 H T LB b5, B~

BEikix, v —EEEEOBEBENN DS, 14 B CRES, NEREOME E TBE)

LTHEY, B OITHENENM TR D £ B X bz, 77 A7 0 Prince William

Sound THTHN7-MFZE (Eiler and Bishop 2016; Bishop and Eiler 2017) T, PFEINFEIXPEINE

INH=U R LG 10 B &V A CBEIT AMmICH o7 2 EAWRE L TR, A

BEETHEBROITERER A bR bDEEZX b, 29 LcATER OB B & LT

4 A LABRIZCOMAED L SR 2 L L RIS, 1RRIRIC 1T 2 @Ko & OIS

L2V R PREZOND. BRO L 9IS, BRELBRCII =TIk b=

DIRFERENBRE SN TBY, WEOEMERE A RS LT D2 ARFDHFIEIC L > T, IhFERO

R AZIIHELV bRREL Lo TnH b0 EEZLRD (MEDB 2013; FED 2017).

BN O BRI RS TR o 7223, FrICPEIR OMER CTIIBEE IER & <, a8
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92 CEIRIIFEMAIC R Z T 5 b D EF 2 bvh. FrIZ, PEINZOEIKITIN, K10
BHICE > TELLEERNFD L TEHEY, KREFE=  TIEEINEZIZMEEOLET S D
N5 EESHTWDZ LD (Stacy and Hourston 1982), Tk /L3 — D RIFFH) 2 i S 4 BT
Hol=EZOBND. Fi=, EIMEOE TIIE B —3EEEEROTKIREN K E < HEZ
THEMICHY, 25 Ll &b, EINMROMEEKITIAE IS = 3L F—Dffidl LU R

VAT I DORREEZEET DL PRI,

3. 4. 4 BTOWE

ARHFFEDAEYIRET — 2 b, BRITIR RIS EEER b9 SICEIIT 2 0 Tide <, B
ETICHIMAZES 2 Z LR aniz. EBRIOE TORMOMELTE L2#L36 b, 18 HIH
DT =2 EBFLIZb OO0, EIRORBEIERTH Y EINE LTV Rholz, AT, W
(R E) L7 fE8R, BB LB RT3 b 1-5 B ORI TITEN A& T LT
ZEMnB Y, #HL36 Hhh, #L69, #1703 OERORBIMEIL, FERE 72 5 F TOMIELIM
ThHoL RN DD, ZOMM T, Er—8EEMk, 77— ab—8EEEENFho
WEKIRE S <, 1.0-5.0m ORER 2 FOISHM LTz, £724L36, #L69 725 IE[R TR
A COBE 2 B RSEE N BIER S, — ISR CORELIL, MaFOiho
WAORNE, BLXORBRICEELZTT7 7 hrOMANRHEBE LTET LA, =3,
KELE= N2 B W T H R CBA NI IXFEEOITEIREN R 5015 (Nettestad et al.
2007; Sigler and Csepp 2007). — 5 C, #L36, #L69 O RA7-IREZ(IL, FIHEEHR DS 1.0-
5.0m LS, HRERERECRANCNRATH - oI Th D, RIFZEE 2 = CkIEE
3.0m (ZRRE L7 REVEBRKIE CEBREAITSBRICEH, 29 LIRWAR T — /L COBEKIRE
ZACIER BT, AN EE DT, B X OOFEIT <, REZGITRIER L7AT
B, IEEMEOEE TH o7 e B X biLlz. Ledo T, #L36, #L69 O WA= IREZ L

b ERC RO R E L AR & LIEATEN Tide <, SAMPREZ(E~DISE & L TT
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BRI EMEN L L2 b O TH D AREENRE X LS.

PEIRET OB DR IZIE, mAKIRIZE » THENA L, FRHICKEE=Y  OWE T
(Langard et al. 2014), HL#lZ2 KR ORI L TR <, FHEIZ bR &ETRIUTEENEEN D
ZENRAERT & SN TWD. EFREDWETIE, FrIBKPMIK DO 2 K& < 20T
DMOKEA RS EAKIRTHY, = ORRAEIZEEL G TVLbDEEZLND. F
VY DEALD 8 > T-BRIZIX, W BB ~KDRD H UIBNITKIRERE A AEEFN TV, =
9 LT KIR ORI ISR B T <, SEBRIC 1.0-5.0m DR TRENIE L T /2#L36,
#L69 NRFHIC K-> T CERAIS L7 KIE L W b EKIREZRBR L CWeZ énbh, 295101
T AR DO BEE BN -T2 b D L PREND. £722 5 LIZKIROZEN D, EEHIC
A A CHE VAR D R 53 /K JEDDMEI AN EEIR S & L ORI SN TV D D L THREND.

BT OB TR T L7, it 3 I S @RI, EIRRTCREIRR 72 &
BRBBEBENRES > TWeZ &N, BT LSBT L TWIEk & 1 3iE T 72

Moo, FRCANIZE TIZEIMTE) & i ~OB B O 2 B L, EAOZEHM - ZE5HE

mm
e={111¥
B

BREEDMEIN o 772D, FHMNG 2 BT 20km 1 EBEN T 5 EROB BN - B,
ECTERPOTZODLEEZIDND . ETWD b ORI L E L THEEN AREZR— 57T, #A
HCTOWBENES T LOTHRESND Z L b EnoTclc), EHTERAZ KD LER
T2 OIZITZAZHP - SO AT, MhE TORRARTOMER 2R & LTk & 2/

A LTS RERDD.

3. 4. 5 BENTBIORKH

ARWFFETIE, BEEAEOFBTHIRIES & 3 WEIKIRE T — # 1 bR SR O BLAL T
BEFT S Z LN TE . AMBET — 2000, 1-5 A ORI O M THERCRB X R O R
22 D EEDERHICHBIL TWe Z &5, BRT THEROBENIFEL, BEICEIN 2

ToTWDHDEER BN, SROBEEEEDIRE T — 2%, FA~DAE, 78 EZRLT
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W FREMER D D . E A Ok, VND ML, MRS 10 5 & Enoizizw, B
PSR T b L D AL BRIE O i O BRBEIC KRG L7 B R BN ORE 2 TR L TV 20 Tl
METRIND. LIch> T, B, EEMA THREEL 72 VND, VND Okl O B3 1,
BAMREEIC BV T BN O/, BROHEZHEE L TV ETo—hERdEE2HN
7z

AWFZEICENTIE, £< &b 1 EOKFT 10 [EAFRE DR 2 BRIE & L1223, Kk
Bz, EENFER L TR 28R RO N otz. R TORRTIE, £<
ORISR R, TR T STV, Lt »> TA%, RIEFMOBENL OB %
FEBLL T, BERHES IR O Mo A A RIS L 36, W Coliiz L

HREFTL TS BERNH S

3. 4. 6 = ERHISAE AR O REIRENERE

AW T, A FaX U TFREEAAALAFTT VA N —FEEZA LA AaX T
VAT W= R FEHISEARREICIE AT 5 2 & T, FRCMERO KSR E R 22 BIEREE, BR
BEIGH & OBRMEAZMREE L, £ OPEINENEAREZ IS SN2 Lz, BUTFIZ, A58 TH
5N 72 o T BRRED BEIR R R 2 £ & 9, 5% ORBEDORE LR LTz (Figure 3-19).
AMEAEREL, 2016 4F, 2017 4F361C 12 AK-1 ARIDICIRERH Y, 4 ADfkb 0 £ il
BRONTEZ NG, ARBEEEOEEMITBEDORENOE(LL TV RNED EE X
Bivle. ETEEEEOT THFEMIC L > TRIED X A I 713 8RR Y, ElOEd» 7 <IC
ki U, FwEEAITENTRET S & Sz, 1 ORI, BRI L X > TEDL
T, 2-3 HECRRICHIMZET 260 B2 b7, AEROBIMERNOG S, BRI FERHR
DI DITIE TR L TW AR R S, B TORGEEE ORI, H<PkK kD
FKIRORB~OEY HLUBNEET D B2 bz, eI, EWRET —4 06 bEk

DIBHRERN GG, WITEIRMTOND LEX BN, WA~OBENT, FEIISZBA® LT
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Table 3-1

Specifications of the acoustic receiver (AQRM-1000) and pinger (AQPX-1030p) used for behavioural

tracking

Receiver (AQRM-1000)

Pinger (AQPX-1030p)

Compatible pingers

Data storage

Battery Life

Max depth

Size

Weight in air

(kHz)

MB/day

Month

(m)

(mm)

(2

62.5

500

®64x300

1200

Frequency

Transmission cycle

Source level

Max distant

Size

Weight in air

(kHz)

(sec)

(dBre 1 uPa)

(m)

(mm)

(2

62.5

20

155

500

©9.5%36

1.6

91



Table 3-2

Summary of release of tagged individuals in the surveys in 2016 and 2017.

Year Date Time Number of Number of Total

of survey pinger logger

2016 12 April 4:00 n=6 n=0 n=6
13 April 5:00 n=9 n=0 n=9
20 April 5:00 n=8 n=7 n=15

2017 21 March 4:30 n=0 n=12 n=12
23 March 5:00 n=0 n=30 n=30
28 March 4:30 n=0 n=13 n=13
3 April 5:00 n=0 n=18 n=18
5 April 5:00 n=20 n=2 n=22
6 April 5:00 n=0 n=4 n=4
11 April 5:00 n=7 n=0 n=7
15 April 5:00 n=20 n=0 n=20
17 April 5:00 n=1 n=0 n=1

92



Table 3-3

Summary of tracking data for the sampled individuals in the survey in 2016.

Tag ID Release  Release FL Estimated Tracking Tracking
Point (mm) age Period (hour) Events
#1616 12 Apr Tomata 240.0 3 130 Migration to the lake
#1604 Monshizu  230.0 3 122 Remaining in the bay
#1605 210.0 3 26 Migration to the lake, Recapture, ripe
#1601 13 Apr Monshizu  210.0 2 4 Remaining in the bay
#1602 220.0 3 17 Migration to the lake
#1607 220.0 3 24 Remaining in the bay, Recapture, post-spawning
#1608 210.0 2 25 Remaining in the bay, Recapture, post-spawning
#1610 240.0 3 54 Remaining in the bay
#1617 235.0 3 12 Remaining in the bay
#1618 235.0 3 3 Remaining in the bay
#1603 20 Apr  Monshizu  230.0 3 68 Migration to the lake
#1605 2 205.0 3 43 Remaining in the bay
#1606 235.0 3 113 Migration to the lake
#1607 2 225.0 3 25 Remaining in the bay, Recapture, post-spawning
#1608 2 220.0 2 36 Migration to the lake
#1609 270.0 4 49 Remaining in the bay
#1612 205.0 2 38 Remaining in the bay
#1619 220.0 3 13 Remaining in the bay
#1.92 235.0 3 24 Remaining in the bay, Recapture
#L16 220.0 3 48 Remaining in the bay, Recapture
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Table 3-4

Summary of tracking data for the sampled individuals in the survey in 2017.

Tag ID Release Release FL Estimated Tracking Tracking
Point (mm) age Period (hour) Events
#1.36 21 Mar Senpoushi  298.0 5 410 Remaining in the bay, Recapture, Running
#L.69 285.0 5 458 Remaining in the bay, Recapture
#L.15 23 Mar Monshizu  280.0 5 29 Remaining in the bay, Recapture, Immature
#L.80 28 Mar Monshizu  280.0 5 37 Remaining in the bay, Recapture
#1L.22 270.0 5 26 Remaining in the bay, Recapture
#L21 Senpoushi  290.0 5 48 Remaining in the bay, Recapture, Immature
#L.87 3 Apr Monshizu  270.0 4 52 Migration to the lake, Recapture, Ripe
#L.34 248.0 4 57 Remaining in the bay, Recapture
#L47 220.0 3 130 Remaining in the bay, Recapture
#L.29 Tomata 280.0 5 72 Remaining in the bay, Recapture
#1701 5 Apr Monshizu  245.0 4 43 Remaining in the bay
#1702 235.0 3 26 Dispersing to offshore
#1703 240.0 3 513 Remaining in the bay
#1704 260.0 4 3 Remaining in the bay, Recapture, Immature
#1705 245.0 4 27 Remaining in the bay
#1706 265.0 5 2 Remaining in the bay, Recapture
#1707 250.0 4 2 Remaining in the bay, Recapture
#1710 250.0 4 2 Remaining in the bay, Recapture
#1711 250.0 4 49 Dispersing to offshore, Recapture
#1712 230.0 3 67 Remaining in the bay
#1713 235.0 3 3 Remaining in the bay, Recapture, Running
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Table 3-4

Continue
Tag ID Release Release FL Estimated Tracking Tracking
Point (mm) age Period (hour) Events

#1716 240.0 4 19 Remaining in the bay

#1719 220.0 3 119 Dispersing to offshore

#1720 230.0 3 75 Dispersing to offshore

#L22 2 6 Apr Tomata 250.0 4 72 Remaining in the bay, Recapture

#1730 11 Apr  Monshizu  225.0 3 53 Dispersing to offshore

#1721 220.0 3 17 Remaining in the bay

#1724 220.0 3 9 Remaining in the bay

#1727 225.0 3 9 Remaining in the bay

#1722 225.0 3 196 Migration to the lake

#1725 15 Apr Monshizu  220.0 3 186 Remaining in the bay

#17418 230.0 3 20 Remaining in the bay
#17410 2 215.0 3 54 Remaining in the bay

#17417 220.0 3 70 Dispersing to offshore

#17411 220.0 3 39 Dispersing to offshore

#17412 260.0 4 49 Dispersing to offshore

#17415 240.0 4 62 Remaining in the bay

#1744 240.0 4 58 Dispersing to offshore, Recapture
#17409 2 235.0 3 58 Remaining in the bay

#1748 215.0 3 26 Migrating to the lake

#1745 235.0 3 100 Dispersing to offshore, Recapture
#1744 2 17 Apr Shinryu 240.0 4 46 Remaining in the bay
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Figure 3-1
Survey area, Akkeshi Bay and Lake, for the migration tracking and illustration of spawning migration

on pacific herring found in Akkeshi region. The color arrows indicate estimated migration flow. Red

arrows indicate migration to coastal area and those of blue indicate migration to offshore.
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Figure 3-2
The location and detection range of installed acoustic receivers. The original detection range is 500m

radius. The location of blue circle and dots is for the survey in each year and that of red color is for

that in 2017. Figure in Tomiyasu et al. 2018 has been modified.
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Figure 3-3

Acoustic receiver and receiving station used in the survey in Akkeshi, AQRM-1000. The receiver
was attached with the rope of receiving station. a) indicates the reciver before attaching to the rope.
b) indicates the receiving station made by pole, float, rope connected to weight and flag. ¢) indicates
the snapshot of connecting between the station and weight. d) indicates the snapshot after installation

of staion.
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Figure 3-4
The location of release point of tagged individuals, casting point of CTD and acoustic receiver, and
sampling point of seagrass. Gray circle shows release point. Red broken line circle shows casting point

of CTD and acoustic receiver. Black star shows sampling point of seagrass from research vessel.

Figure in Tomiyasu et al. 2018 has been modified.
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Figure 3-5

Time series of fork length and composition of year class of individuals caught by gill and set net
during survey period. Each data show at a week interval. Black line with white circle end show
average fork length and standard deviation. Seven color bars show each year class within 2 to 7
years old. The period during gray shadow have been no data. a) indicate the result during the survey

in 2016. b) indicate those in 2017. Figure in Tomiyasu et al. 2018 has been modified.
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Figure 3-6

Time series of composition of maturity level of individuals caught by gill and set net during survey
period. Each data show at a week interval. Three color bars show each maturity level classified as
pre-spawning, ripe and post-spawning. The period during gray shadow have been no data. a) indicate

the result during the survey in 2016. b) indicate those in 2017. Figure in Tomiyasu et al. 2018 has

been modified.
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Figure 3-7

Foraging intensity of individuals on each maturity levels, pre-spawning, ripe and post-spawning
during surveys in 2016 and 2017. Bright color bar shows the rate of foraging when the some pray are
observed in the stomach contents. Blue color bar shows the rate of empty of stomach contents. a)

indicates the results of the survey in 2016. b) indicates those of the survey in 2017.
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Figure 3-8

Horizontal tracking route of tagged individuals by acoustic pinger and data logger in the survey in
2016 and 2017. Three color dots show the location of detection of pings and broken line show
estimated migration route. Red color shows the migrating to the lake. Blue color shows the
remaining in the bay. Green color shows the dispersing to the offshore. a) indicate the result during

the survey in 2016. b) indicate those in 2017. Figure in Tomiyasu et al. 2018 has been modified.
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Figure 3-9

Time series migration process of tagged individuals showed entering to the lake (n=9). Black square

indicates the location and time of detection. Each location shows release point (-2km), bay (-5Skm),

entrance of the lake (-8km) and far side of the lake (-15km).
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Figure 3-10
Time series migration process of tagged individuals showed dispersing to offshore area (n=12).
Black square indicates the location and time of detection. Each location shows release point (-2km),

bay (-5km), offshore (-8km) and Daikoku island (-15km).
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Figure 3-11

Swimming depth distribution of individuals attached acoustic pinger during 4 behavioral phases. a)

and b) indicate swimming depth during migrating to the lake in the bay and in the lake. c) indicate

those during dispersing to the offshore area. d) indicate those during remaining in the bay.
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Figure 3-12

Time series swimming depth and experienced temperature of individuals attached data logger. Color
scale show water temperature within 0-10°C. Gray shadow shows night time, 18:00-6:00. a) was
observed on individual entered to the lake. b) was observed on individuals remained at Akkeshi Bay.
¢) was observed on individuals recaptured soon after release at the bay.
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Figure 3-13

Snapshot on release of tagged individuals. Though 5 individuals release at same time, they show

unsynchronized respective swimming.
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Figure 3-14

Time series swimming depth and vertical neighbor distance (VND) of five individuals attached
acoustic pinger. a) indicate time series swimming depth. Each color indicates respective individuals.
b) indicate time series average VND and standard deviations. Black dots and bar show VND and

standard deviations ¢) indicate frequency distribution and maximum duration of VND.
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Figure 3-15

Water temperature at the surface of Akkeshi Bay, entrance of Akkeshi Lake, mouth of Bekanbeushi
River and Akkeshi lake during survey period in 2016 and 2017. The logging period is within 5-27
April in 2016 and 6-24 April in 2017. Each color line indicates each area for logging. The temperature
at mouth of Bekanbeushi River were measured only in 2017. a) indicates the temperature in 2016 and

b) indicates those in 2017.
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Figure 3-16

Vertical distribution of water salinity on ebb tide and flood tide at Akkeshi Bay, entrance of Akkeshi
Lake and Akkeshi Lake. The sampling dates are on 19 and 25 April in 2016. Each color indicates the
value of salinity. a) indicates the distribution of salinity on ebb tide bring the flow from the lake to the

bay. b) indicates those on flood tide brig the flow from the bay to the lake.
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Figure 3-17

Tidal dynamics and moon phase in Akkeshi area in 2016 and 2017 and timing of entry to the lake by

tagged individuals. Black and white dots indicate the timing of entry and remaining at the spawning

ground of tagged individuals. Upper circle illustration indicates moon phase. Black circle shows new

moon and white circle shows full moon. White and black mixed one shows half-moon. a) indicate data

in 2016 and b) indicate that in 2017. Figure in Tomiyasu et al. 2018 has been modified.
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Figure 3-18

Herring egg distribution in Akkeshi Bay and Lake in 2016 and 2017. Black cross shows the area found
no eggs and yellow star shows where found some eggs. a) indicates the result in 2016 and b) indicates
that in 2017. Akkeshi Bay and center of Akkeshi Lake were searched only in 2016. Figure in Tomiyasu
et al. 2018 has been modified.
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Figure 3-19
An illustration of spawning migration on pacific herring found in Akkeshi region reflecting the

results of survey in Akkeshi. The color arrows indicate estimated migration flow. Red arrows

indicate migration to coastal area and those of blue indicate migration to offshore.
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IR LTWD. WAEIZEW TR, HROH T AKEEROFESLEEN S, ZhEho
TN B2 D EWEN B A FFO72 0, LFLD X 5 REEFEN L AHIZB WD TR 2 EIE
BOFLEZRINL T Z ERLEENSD. F7= Charles (2007) <° Hadjimichael (2008) Tl
H—FEICL2EHI0 b ERFELZHAETEEEITO 28Ik o T, MFENFEPTIIC
{FAET DU O B IRENREC B A FERAE 2 B F 2 7o RO R E N EBL LG5 & BEN S
THEY, BIROMSHIRE~DT 7a—F 121 TER <, BEDRR EHE O IKEFERRK
DHALA % AR Z T2 E PR TH D LB bND.
ERNO/NIFRHFEICBT 2EHREROFI L LTIE, TAC IZLD~A Ty, =7, B
H, BLOY o ~DOEHITNZ T, FEYETOA HF TEIROEHER - [FEHINENTH 5.
AWK TIL, A 7 TEROEBRK 2 RWiies, FEHm, HEE, BIOEmnilick
% 5O N2 W 25 N #E 72 25K &, HIRG AT ORI E 2L, B X OHELE & vo 7o frs
BN K > T ANBRIHIEI 2 ATRE 2R ZER L2531, TOEBICIRY A TE 2 (IS
1997; fivBk 1998). HFriZfH ORI TIE, MMERGIOmE & L TRRBRFEDIRZ 5= TR0
AR ORI 2 AT S D MR A OIRE 2 W, F IO R OH T, HEIRRT

U N DEWEBOEE DIEHRORENTOTEY, EEOAEER T OB A HEAR
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DOAREZE L INBR L7z ECEBIDNHED 5T\ 25 (IvBE 1998). JIEE O @\ R EEOE R
IZBWTCE, FEREAC LI 2BROLETHZE=2 ) 735 LT, EFRO XD iy
TOFMBRERTFEOBEANPMLEL > T 5. AL TIE, 29 LIEEREBOF 2 5T

=V UHUIBEERREDO S HROE IO H Y K akRitT 5.

4. 2 ERFAIEEHTO=V U EROEHE

JEREELAMERIC I T 5 = v O RIE, 1950 £ D 60 AEARICET 2 B K 15000
NoEEER DL ST b DD, 1970 FREFRITFRENFIR L, 10 K E THRBIA
ATZ (FFE 2008). =D, KEMRAIIZEY v 2 —%& il b LTRSS OAERE & iR 23k A
S, WREITEE b T U TORBEOZH 2 VKL TS (v Uy M
WEIE; http://www.fishexp.hro.or jp/marinedb/internetdb/fishdb/rfish_year.asp). JiSEE DK T L
BRI, B0 BV EHHET 5 2 & THADKRENSED LN TITND DD (HHS
2017), BIROBEHTIFAEEOKR B AESINTWDEIONBRTHD. LEN->T, I —
JE R AT 30T D Bl D PESRRIIE AL RE O BRAR 2 0D, 0 RN Z2 RS B, Fifpi rTRE /e 4
FHL TV RENR D D.

BUEDEREOEHRIC B NTIE, =V & LT 5D EIC 3 FEORERERIRNE
595, 1 DHIEIKESLY AR TIThn 20, KRMEEYE, 2 SHITERE - B
WO TITbh 2 HlfERE, 3 DHIZFRECLE - Tfrbi s EEMEAETHD. ZD
91T 3 FOWEITHEST DN RR D720, WEOXEG & T 5 EROBSEREITEIO
FENRRZHD0EEZLND. LTER->T, 2o 3FEOREICBIT D=V ERA~D
BEAENHE L, ThENDEETORBIZEZ 2 TN Z &N, RN EIRE I HE
ThdbeEZLND. LLF T, AR THLE R oL EIREEO M RLA I LT, &if
EROERA~DEELZ R L, SH%OBH - RiIZOWVWTIREEZITo 2.

IOIZ AT ORINE - K ARMEIESEIZERE L TiE, 1 AR D=3 ORlED YN b 15
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DT, IFIRIRES 2 RTOEIRS ERIEEOR L > TV D, FrlZfilfERETIT
BRORE S, FOBITS U THERX ARV, 1 F2@ L CORENTFI SN TND Z
&, KA X D@V REENEAEL TS, — T TARFEORER LY, [EERORAE T
L2 HIZBWTIZE ALK L TE LT, 3 AWDNLEINNIEE > T e, 7RIk
T DERIT, EEOKRIATHY, FEINCCIBEDEINRR D b, B CORIET 2
fER LY BE -2 BOINAEY) 22 RERIZEATT B D AIREMEZ & % (Slotte and Johannessen
1997; @M« AIH 2002 b). 25 LB S, AREEITBAOEINOE D & & IR
TORENRRKRENE , FEBAGIREH 72 £ D TC ORER, —EBDOEINZFRE D L )T
OC DEENANTH L EEZEZ LIS, —HT, LILOFEINRT v v L O @Bl AM
<, FHCRA LTMEE R o+ © [FRb=3 0] OMLICEE S NDMEMIZSH
% (Er K 2002). Lo T, BHAOKEESFTICESEZLYTHOTIERL, BEORDIC
L DM LRWRIEB~DFEBIZ BEE L7 ECORROETRLETH 5. FlAE, ok
ZxtG e LB 21T > COLKGEEITIE, LIS HEER Y A XHME 572 R 38 e R
DOHIRZET, ZNLSNOREHITITERZIT > TV R E, BRI FEITHRZRNTH D &
FEZAOND. AT ORI LR EE DRI T 2 =2 v DREO R %2 5D D
Zlinb b, BBROWRRTOFI L NT U ALZEY, BRI 2D TITS 2 L NE
HThdHLEZOLND.

RN TR « SRS OO0 Stk C O IR 2E T VTS, TRV C I R 0 Bl
23 72 <AEHEMT DAL, oS T RS RYIZET L TV D o0, EEIT— A hiEd
ICRE SN TWDREBIZH D . AEOR KLY, = VEEHEEAEIC ST, Kl
=2 TOWME & RBRICAAVE IS U ClEKIRE & BEIOBM AT 5 LR S vz,
Frio 528 L7 ARITEER L CTRE» L EE £ TONEBEI 2/ RIEmICH Y, —F
CREDNRG, FEIREE ORI A R EME D 2o T, LIeio T, BIEDRRIKICEIT S

A TIE, AHIEERMERD IR > TRIEED U A7 B3> TnD LEZBND.
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29 LIRS b, BRI OFIMR2 &0 TC 23%F 5 Z & 03, FEYNERTOBLA DR
ICHGTHEEZLND. MATARBIZEIZENT, 2D OMEKITERIK CREINS ~B B+
LMD -T2 Z b b, FIORSIOFN T HEINOREIZNRIH D LSS,

BTV - I COEBEMBIZOWTIE, BIFE3 H THnD 4 AICBIGS, BERORE

CEOoTRTRIDNIRE D720, RITES AP TEENRAOND. 25 Lo, AR
FeEAT o TR, B O BRI BV T, 4 A TR S 5 BN ToiRk ko E &R T,
L% 50-100 mm (2SR U7z Mk K IZiaE S TV 2 BUIR2S Az 1 H vz (Figure 4-
). T9 LEBMRIT, YADAKREICRESEEL TS LEILN, ZThE THIEDH
BAVHHNC X > TR SN TEBAOEIMEEDD R E, RECHERI D LER->TWH
LAREMED D D . [ENO BARMHA, AR —>Y 7 XIZBIT G0 = VKRMERTIE, &
JREBNER O —> & LC220mm LA F O =3 UERAEEY D 105D 1 UL EZ& S 7354,
BT IEL, WIGEZBET AHIREHIT TV D (R ES 2016, #5H D 2017). 29 LH
B2 6 b, JEREBEIWEEIC IS T b B A DIREN & - 72 IR i CIROMK TR 2 B 19
LIRERMZRTHZ LT, ZRHDOEEDRELZED TN Z LN TEDL LN,

LLENG, BIBIEICRT HEEOBUIR, BIRA~OKE, I X OBHOHEZIT Table 4-1 O
EOICE LB, TNENDIRIEICIV TR D EH, MEAVEDFEROREL ST 52
ENTET. LIER->T, WIFR»DIRIEIR > THREl 20T 50 Tide<, ZbokR
ZAAT U CEEBERIIC NG L, F7-F 08 Z & OEERED Kbz - FEIFIR DTS U T b &BLHl O
FRET AR E LTV 2 &0, FIIEICRIT 2RO, R LREBIZHORNDL EEX
bibd.

F7Z O LIifERENCIN A2 T, BEMROMREDORE D b EPE B OKH] 258 L T
W ZER, =D XS le/NIFABROEIZIIEE CTH S, FFICAET=vr0F
IRPEYIYG & U ORI SRR A B e, BIFEDANREIE, Rk 5 FE LY T ALY — 5K

IZBER SNVEBROREMES N TS, LI L6, BRI - e O 13 d
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52 &T, WoMmEIIE, KEAECEMBAT, F X OB RR X DRENEHEIZAE LT
WHEZZHNTVWD EARD 2004). HIZ 2016 FEOKITITRE OB T T LT
52 &T, REDYKRPNINIRIVAZ, WINTEILSN TV X7 B U OEFITRE 2
BN RN, = 2B W T B - RO Sy - SHRKIE, EINOZ A I
2T, AR OIE c EFICHORESEET LI EEZALNDL 2D (TS 2002 b;
Langdrd etal. 2014), ARHEKOREIFTIEFICEETH L. £722 5 LIERAIEE LW TL T,

BREEEEN, SUREB ORI R E=F ) U T &fiit 5 2 & T, = UVEPIZEE N E LY

BITH, FHISHERHOREZEIT TR 2EAD ENHEETHDL LEZADND.

4. 3 tfEEFE~ORERIFIM

AR THER & Ul =3 VR MU AT, 1t OvEEk & UK OB BR 58 2 R 1
DIEERECH > T2 72, FRCRBROBREE 25T L T 2 EIRREZ W TRl LA A 205 ©
THLEZOND. AARENICBWTEIEMEOMEARTRE, FICEGER, BB, o<l
CITAFELTWD (EEF 1983; /AR 1993). 5 (2 JRUH oD 1 (A 2R SR ARRE & O B sAY
HEECHEL A DS 1999), B LIAEERER>EEbhTnd (i 2009). £72=
¥ UREEOHITHES EROBRERMTOILTER Y, R EICMA T, AlRo Y
I FADMFET 2 BRI T 2 000 2 2 & X0, FESID & - 72 il 2 2583 FETNIR
ELTHWD R EDRERN 2SN TS (I 2009). Z 5 L7oEElIZB N TS, AWFET
HOENE oo Bl OEINRNEAREZ RO LY, MELZANEHL T RETHD
EEZOND. ETMFREE S E & 138722 5 AFHE R e EOBIKREIC B W T, Hillko
BREETH, B HREAET 22 L2 — L LT, TN OO & ARFFEORE R A g L T
WS 2 ED, FERIBAOEINENEARROIIRICORNR D EEZ HND.

F72 2016 4, ALMEEILAERTIC CT=2 C ORERN R ONGEE L o7 (B HH =2

104 FE550 (CREskE  dbyEE 7172 https://mainichi.jp/articles/20170301/k00/00m/040/096000c ).
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ZOEINE, ENTEN O TERTH o 72 =2 UEFRITHT 2 HIFHRUIIE R (25RO, ST
UM T, AIMETT ORI =2 O, TR E: —foA X Me3 25 2 & Tl
BILELTOFERRFENREEALTHDE B D (IRES 2013). L7cai-> T, HulkZ &
DEPREHIT I TR BRI OB O 2 Tl <, Ml D SUEROME R FEIT, KEETR
ZFIH L7 iR 2 B9 5 2 L bR TH L L BERADLND. KA TR -T2 &
9 7R PEIRIRIIE DOREFELHIR & v o 7RI LT, IEEEIREI O HE ) 6 BE R 721 TR, #Hilko B
BELDORNBNYBNEHETH Y, FEBRIIHIBTAETET 2 Ax BNERLE OORE IR 2 RO
ETHAEHTHL EZEZBND. LI - T, fERRZ BRI U T ERH 2 320 L T\ <
&I, HECORR DR IL A FEMGAIICAT 5 2 & C, HUgREL - ESEEOm D b B O

EHAIT> TWIT 20 TRV EHIfFESND.

4. 4 NAFaXUTVRT A X DTBORBEOFREE

O TREOW AR, BLOBEEA N RIITTbh Tl FnFx o 7 F
B, " AT VAN —FEOERZ, WESC/NRAHICOISHANAREE R TEE
(Chittenden et al. 2009; Shillinger et al. 2012). AWML TIE, NUFRHIHEONREK THH =
W FEEZHA LA A X IV AT AEZBAL, BATORA~KT+HEA7r—10
HRERRATENBM A2 EHL U7, AV E /MR O RIEARRIL, SRR KA &
DAF YT ay NROWET — X IZ X > TEIHESNTE 7D, HHFADOAr—LT
TEIOE AR TE 722 &1, NRREOEIEARBIIFEICE N TRERERELFOL
EzxbhD. £z, ENTIE=3 AR THO TR OITEREM DS EZR SN2 FF ThH 5 &
Ex, T—HAul—% AV TARREORAE = & OEBEICHEINTEN 2 1BV )T 7= H6X
HHFIZ BB 720, Elo=2 0D K5 Rip o/ N RBUTIRE LN & <, BIREDNAE
EENCRE KB LZT CTEHT 720, i &R0 IR COREINENEEREZMD Z &

TR R ERRIRICRE LS FLHET 2D LEZLND.
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—HTEL O/PNRRRIAE, AU, YO LD IZEDAEIERDIZE AL ZIHE Tl
ZL, EIBHAETITO bONIZEAETH LS. ZNOOMWAEMEORIT, BEIZ L5 EX
D HREVFHFREDOEEC L > TEOERESLHAEELZLH ST L2, 295 LIEH
(ST HIE LT E N T\ % (Katsukawa and Matsuda 2003; )11 2005).
Nz T, EW=HIErR R (ABC: Allowable Biological Catch) 7 & DfafERE %2 5% 1T 5 ERIC
3 T & OFEIFAEREIIMEDEHRTH Y, FFIZEINBIAE (SSB: Spawning Stock Biomass)
EHEET D ETIE, W< B EANRE COEINERROBRGENE EN TE 72 (i 2006). =
O LIRS b, AWFFED K 5 12/ NP A T e 22 TENBBI S rlEE & e, Zh
£ TORE T COEINERRCIN - MR DM OERITIMNZ T, BEAOITEIOEN S b st
R COEINEREZBfRCE L MENEED. BUIEME FTIE, "M ArX 72T A
TN R O PEIMTENVRAEIZHEA T Y (Tsuda et al. 2013), EFALTOE AR & TH
WMESNDZEDRMFTED. ZH LEEAOFINREMNT 52 & T, MEtEo/ NI ESEIC
BWThH, FEEMHE COREINCE R EOTEEZRIT 5 Z LR WREL k> T HThA
9.

TEDNAA AT TFRE, NAAT VAN —FEORRERITFL L, B 20 FOMIC
RO/ ML, EREGIC K > THEATE ZMOPMMEIRE S HE>TWN D (Boyd et al.
2004). LU, £y, =2 MORBENGRE O OEEZH D Z L DO TE DI
BRONIZKT:, B DOLTH Y, BINOBIRIZEWEETH D, FITARBIIED L 5 I,
G EARRE & W o T R IC B S L7 B IR Z R, ZOEEEZHED T <ITiX, #iFokEE
ROKFERBRYS, B X OVEERITE LT/ &L OW IR RERWD. Lich> T, 5%OHEI
DOFBIZHFFT D & & b, FIEOZAFOEMN, LB X5 e TR & o 2
D, FEOEINT, a2 MREEZ TT TV ZER, SHRIBBIIIEFETHD.
WA, Bl o X9 B o b & EgEA L, E2a X MORBIEEZ FTIF2 2 &2 AL L

7 ny =7 B AARENTEITLTERY, Y% 045 ROEEN/IFGTE S (EL
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WFFEBRFIE N A BN IR B BRSO RNENT7EHEE S 3 CREST 77— & milaliesR 4 J281
TONAF X T« AT LDOWE ~FHROWEIREE - BEE S A T X 7 2RIk e~ ). fF
SKRHGIZIE, HITHEBAIC X Do sk Ol &S, A A e X T FRE, A AT LA B
U —FENRY D 2 B E THEINOE R IZ85 0, %< OMGIZHBIT 2 KEERO A REH

fENE DRI OTN ZENBIFEIND.
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Table 4-1

The summary of fishry of herring in Akkeshi area and suggestion of regulation

Fishing Oeration area Operation Main target individual ~ Suggestion of

gear period Regulation

Trawland  Offshore End of Large and old fish Operation period (Start)

gill net Dec-Apr Pre-spawning Allowable catch

Gill net Coastal area Jan-Dec Each individual Operation time in a day
(Bay and Lake) including ripe

individual

Set net Coastal area Begin of Each individual Operation period (end)

(Bay and Lake)  Apr-May including 1%t year

individual

124



Figure 4-1
Snapshot of cathing large number of juvenile herring within 50-100mm fork length ranges by set net

at Shibetsu on May 2017.
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EfaE

AWZE D HI2HT2 0, ALRERFAT EWE 7 4« — v PR o 2 — AR R BN R
oy By e PR EEERIIE, RN D Z K5 THREZHiELZ Y, KXo TEhx
BOTHEE Lz, DEVIEHE L L ET. [[Y o ¥ —8 RS AT R MR 2
%, [Al s 2 —ERREET 8 AR R, BRRF=ATF 27 U =it ¥
—RELBZUTIE, II%E - AT 5 TR L ZHEEBY, KR ORI Z D TIH
EELZ. EHEILH L ET ST bmERFALT EME 7« —L FRSEE o 2 — R RE R
ZEENRAT 0 B B AL HRHEBD 2, BB HE — I, PHEORTmE & ZHEE %
HE, Z<OMELEMT DICHIVERRDL THHEZTHSE L, RIEHOFEEZRL
ES

BEY —F RV EAERE R A BOE 1203, RN O BNERR M 2] S CIEE,
FIEEDORE, FR~OZRLDTHHzAEE L. LXVEILHA L LT3, HE
KPR EUEPERFZETE BRI R E & o 2 — A IR ARy B A 5 L e, mH K
F7 4 = NREREE W v 2 i R PR A R S o B RO HME e R,
HRZFRZFEGNE WA IR R W R W BB e e — A R ERNE B, SO
REAMHEGIR T RV — AP AR BR, ka7 77 ho s MEglEidt, k
FOEIRAEALE T, HHECHAIC DWW TO ZEZTES L3R, HEICLEREM O
MR E A THATHES L L. LIV EHOFZ R LES. [ESLHMTERIZIE AKET
Fe - B AL DOKPERT ZEATIR FHIRGE B IR IE & o & — il AR R 70— 7 RS T
&, B ALTEE DK PERT IR L PE SR T AR PE AR ) /L — R L, RINFFERT S0 %
FTEPEE VAR 7 — ARSI L, RIS EBRK EE IR IERT < A £ < AETPRES
A TEE <A Z V=7 HIg L, STHlEKERBRG USSR, FRBRGHAEN7E
MRS EER L, PR ERRARERE L, EENEERAEEIR, PROKERER Y 25 H

WFZETER, JERAT ) S HE o — R IE R, SIEH OK BERIT I M AR ST P AR B I,
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BLOEH S CRITITHEROREICH ) L TIHE, B TOMREITECEA L TOARLER
CHEFHEEELL. LEVEEERLET.

ALMRE R AT A 7 ¢ — v RRS R & — R R SEBR T Rl P B R B,
7] SEBR S R AT B | DT8R, /R R i R B i IR B R SN 2 G, AR BT
IRBGR —AEZFK, FHEBEEEERK, NIDRK, BABEK, SOEEZK, MMadrf
K, WEFERER, KRZRK, PEEZK, EEEZK, KIRFEREK, MERK, RBAmAk
R FERL S BMER—IK, PR, ZREMRK, 3 & OUFEERER RS OB D
Wlc ko T, BUGTAE, AIROMMR - ok - BRI ZED 2 2 e TEELE. LD
DK AZ R L BT ET.

AR KR e BR R e A W B B S BOK B A o — A A RER A B AT 43 Byt
AT IR, RIRSFKEE A G IR PR LR IR, 3 KO KRR
PERTFERT E BRI et oe & o & — ARG IR AR oy B 1 i AR AR AR A 8T RIS, Bl
OItE, BLIOT—ZONEICH L CTHEE Lz, LDrbo#EEZRLET. £l
ERFACTEWE 7 4 — N FREE o 2 — R BT AT R E O Bk, v ¥ —
JZ J B SR BRI E AN 78 BRSO — 1, B O EAR, 3 L OB KPR KU E T
BTN B RHTAR 7 B FALFERE IS, R P 2 AR O ZRIG B P IS B (RADIC & A A
AN IR XA TIHEE Lo, EEHEL £

BB E ZET ZEZENISMELTTEY, FRHCHETH LWIIEEZ 52 TN
T TR LD & B L £

AHFFEO—ERIL, JST, CREST, JPMIJCRI3AS O 3$%, JSPS BHiffE 17102165 DBk %

ZF=b DT
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