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Forecasting landing of immature fresh skipjack tuna
Katsuwonus pelamis at Kesennuma port, northeastern Japan,
captured by pole-and-line fishery

Akihiko Yatsu' ", Satoshi Miporikawa', Kouji Takanasui' and Toshiyuki Koungucnr'

SANEE O A FERBI D Y & O FERRAKS R ZE 5 HICFHT 2 2 8B L7z, 20022018 4FE O KANTEE & Bkl %
ORISR AKG R 2 AR ERICL Y, KA (XAH) - 8 (BCH) - /M (DER) OKGRICEWE Lz, ENoHMH
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We proposed a new forecasting method of annual (May—December) landing of immature fresh skipjack tuna at Kesen-
numa port (northeastern Japan) in May, whose annual landing of fresh skipjack tuna has been the largest in Japan over
the past 22 years. Monthly landing of fresh skipjack tuna by commercial size categories at Kesennuma during May—
December and Boso Katsuura (middle-eastern Japan, hereafter called Katsuura) during January—April, 2002-2018
were converted into putative seasonal cohorts: large-sized (XA group), middle-sized (BC group), and small-sized
(DE group), by using estimated growth curves for these groups. In order to examine relationships among annual/sea-
sonal landing of these groups, considering an observed declining trend in fishing effort of Japanese skipjack pole-and-
line fishery, which is the major fishery for fresh skipjack tuna, original landing data for each group was detrended as
year-specific residuals from a fitted linear regression line. The BC group, the most abundant among the three groups,
migrates from subtropical waters to northeastern waters off Japan, i.e., Kuroshio-Oyashio Transition Zone (KOTZ),
during early summers. There was a statistically significant positive relation between detrended annual landing of BC
group at Kesennuma and detrended landing during January—April at Katsuura. The XA group is supposed to represent
DE groups in a previous year according to recently estimated growth curves, and it migrates to KOTZ in summers.
There was also a statistically significant positive correlation between detrended annual landing of XA group and that of
DE group in a previous year at Kesennuma. The best multiple regression model suggested that annual landing of the
BC group at Kesennuma in a given year can be forecasted with two explanatory variables: landing of BC group at Kat-
suura during January—April and mean March sea surface temperature around the southern Izu Islands, south of Katsuu-
ra, in the same year.
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Figure 1. Schematic oceanographic characteristics (indicated in italics) and fishing grounds of skipjack tuna pole-
and-line fishery near Japan (ellipses), with locations of Katsuura port, Kesennuma port, and Izu Islands.

SH T 2T 5 (Fig. 1; F, 1996; i, 2013; /N,
2013; £1 H 13 2>, 2016; Aoki et al.,, 2017; F /K, 2019; hitp:/
www.jfa.maff.go.jp/j/press/sigen/attach/pdf/180629-1.pdf, 2019
HEIAGH). T/, B - WA, S ETIZ35°N
ZRZ T LT 2 h Y Hi, HAREHEO B 5 LK
PRI ERIC 2 TIL { 94§ % (Yatsu et al., 1993; 3,
1996). 71 % O = - FBE MG~ O R I KR
% EOWMEEBRENERICEKR LTS (T, 1996; 24
(27, 1998). RIS, BFIIEARIA S MEMIZ2 T To
A (28°N D) 12 FK AR 19°C BLF K Ik s
BL7286, TORBIE34HEICRKERY, AUtk
INEBMFCHET 22 LML TYS (HHE 2014;
AFEH, 2016; FAR, 2019).

HASTHECRES 2 7Y 0955, 5-8 HICHlmm (5
W DI BB B2 TSR FRcdt L2
Y T TR TR BSESR AT LT O R BAEIRTH 1,
BRACIREE (A JHBR A E SR B AT 6 LLE) 123 A fHfRIE 31°N
DA 5 (25, 1996). F 72, BUABIGRE LEIX
1T 40.0cm, HET35.5ecm ((REIEF0.8-1.2kg) TH D,
TR T ORI B R A BT 2 A H AT
T BWVDS, PREEBEGE K TIEA 70 em (RER) 8 ke)
EENTW5D (FH, 2010; Ashida et al., 2010). —-*F (1996)
&% &, WAL (28°N#E, 45°N#E, 160°E#tE & O
BRI S RIS AT N5 i) CTIRELE
0cmPl DAY FIZIZEAEHEIN Y. ZD720,
H AR BT 5 100% B2 R rp 7 3B S RSP &
DNEWITREVER R LR 60 cm LA Eod 1 Y F 13 H AT 32
T & A EREL 2 WITREEDSD 5.

TOF (1996) 1%, HALTHEEE TS B S R
727 F O HBIR LR OBA G~ O 5 fF 12D
CHME—FOBHICEY, FBAERNSEZLEEZZ 0N
HARY A4 X# (Fig. 2;A,B,C,D,EH) 122V T5-11 HD
R EZHEE L7z, 72, F (1996) 13 HE B SR
RO %, BWnie A2 Tt b L2 D#E L BRI B
TR L, BRIENENBEFEECHE LTHILET
Ll ERE LA —F, I (2018) &, 7
Y & O H A ERRURNT & BB SRR H 1230 < RS
IO EBORECOREERHERE L. $72, EE
A (2018) &, P (1996) D 5-11 H O¥EEHENTZ Y72
B, AFEORKE DELEHIBHEOBRL CHIZZR
FhEEET 5 E V)G BNl S hTwaZ k2
LML, DEELEIIBEHFEICIATIDKMOXTEL A
BRI Tl 5 L W) REEZIRB L. X, A,B,C,
D.EBEDI L, EBIICEHTHY, BESEREZLED
5 (Fig.3; . 1996). %7z, DEEE ERE LSt IZ6 A
WZIE T TR ARBAREICEL T A 20 (Fig.2), =
Be - FncAE Bl U, BRI R £ o
TR, 37 b b BN AT 5 78R S IR T3 5
LENTWVAE (T, 1996). L7z25-> 7T, =R - w&ap
WA A X, A, B, CHEICIZFHI AR R ICIE U T %5 fif
AT A MEEE L WERDSRIET 2 £ E 2 555,
AT TR H A TETREIATH S (T, 1996).

7 EEGNSETEE L IS X S, AR Y i
PEMEAESIZE (LT, 8 w)) 12X W RBITFERS (N
i, 2013). ZANE#EGE R 2ERICB W TAELED v Tk
LRhSENTRDZ <, BRBEHS (DT, Bk v))
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The von Bertalanffy growth curves of groups XX—E of skipjack tuna, in relation to commercial size cate-

gories (indicated by abbreviations on the left side of each panel) at Katsuura and Kesennuma ports.

MUK S (https://www.kahoku.co.jp/tohokunews/201811/
20181121 _12027.html, 2018412 H 17 H). Wi~ K5 =
ML WELHN, MR SR~ DTG O R AS A3 2
&, L OESHMMDET LK T 2 7205 % e L
TWwb Z k& &N (https://wwwkochikatsuo.net/blank-cneh,
20184F 12 H21 H). “E$C X S izt h v A+ i
WY OIS IZKE S LA 729 (Sakuramoto et al., 1995;
AN, 2013), SANTRVE DKWL =RE - BT HE S
NI REBMEB TR EEZEZ OIS, F72, DY+
FIEH LI EWBIOCPENLMR SIS,
IAEDSERER I AL Y F OEER D 68 % )
% (http://osakana-hiroba.jafic.jp/, 201946 A 10 H ). W2
B 2 FEEIWAN X B TR Y A+ O T KGR
M ode . (Fig. 1) 2 UT, Bilis»47H, KAE
BE6-11HTH S (Fig.3). 7B, BHilE TIEXXEA
2A4FICE KRBT ENZD, ERLO X I I XXEEIT R
DAL T D ERESINE -0, =k - BT
CAETELZWEEZONS, EHEE, KAEEICBITS
XX HED K IIMD T .

H AT R D T3 Tdh 5 =FE - HEMA~D ) Rl =
MRS TS 5 2 L, RENBRERLREORE L
E, WY FERICL 5 TEELRPETH 5 (Sakuramoto et
al., 1995; 25 A13 2>, 1998). € D728, 6-12 H D 30°N LML
A0 138°E PLHGHEIS IR 975 [ A K 1ok itz dy 1) - ) |
AKEEITIZ & D IEE6 A FTHIZATbhTwd (A - ik
2018; http://www.jfa.maff.go.jp/j/press/sigen/180629.html, 2018
FETHSH). ZoTFHMORRIE, H4E5H 020N LA
D 138°E DA BT A 58030 1 H 182472 1
i (CPUE) & Tl G i & W[ o CPUE 12X 9 % I #t
HWEXTH L. 20720, FRFERKFITIEREIZSUAIERE T
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Figure 3. Mean monthly landings of XX, XA, BC, and DE
groups of fresh skipjack tuna at Katsuura and Kesennuma
ports, captured by pole-and-line fishery during 2002-2018.

KEPIEFE > TVWAEEVWIMERHL. ZOZEhs, &
MR HERFRMAEZ E0 51, BERRYY -2y 5 —
R LTS HUR O PIROZELED D Y, 2018 4E4 HITAMf
FEDFIINHE D P AT - 72 (https://www.kesennuma.
miyagi.jp/sec/s002/020/030/050/020/070/3004/2018-04-23_sui
sanka.pdf, 20194E3 H 1 H). —7J7, /N - JE% (2010) 13,
19892008 SE DAL T BT 2 58I K B B Y K
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B2 HNER HEOESICI/NIA Y+ (8-11 HOR
L 45 cm Kiili DB L ERFICHIY) R % BHE
e L7z AT o kG5, B EE R W DL 8 AR LAt 0.535
ThotzZ rn, FUITREN EGVWE L LarLl,
Szl (W37t ») BT 2 &HRF 26
WAL SINTVRVWE W) ENDH L. Thbh, FEl3
A (2018) 12Xk B DL ERIIBREICIIXBEL ARICE
nENERT 5720, BXOHEIGEESICBIT 5 EfIXC
BHEIEIBHETH LD (TOF, 199), ZOUWH O
FICBH L CHOAAERZAREBL L EEZLND
A5, N - JEE (2010) ZIhE—EDYHR EARLLS
ENS, HENLZETVEEEZONR W, F/2, RiEs
LIV =—= 3 - FAIRE)R RKEKIRO MR (R, 2014)
EWHEDE, IR R TKIRZASE) %2 FIH U7k &
FMBITONT VD25, KHICE T > TWwd (FHAlTx,
2018). X 51T, FAKITA (2018) X LEEN O LMo
W& REE R EEDOREH SN T 2 UENH L L L
TW5.

=R HBMAE L ET S F OMER TN 5
SEATHFZE4E S (Sakuramoto et al., 1995; -, 1996; %47 1E 7>,
1998; 332, 1999) IZBAED FHNIZMEH ST,
ZOHME LT, [H v+ EIRES T $fH#ERT
(&7 kiER (CPUE) 2R ELTwa I EImA, £h
ENOLATIIEDORIRGMDURORE L TR e 2720 L
Zz5bNAh. Thbb, 1) Sakuramoto et al. (1995) A3 H
L 72 T3 B0 2 WA SE O K E R & iR 0T E O
KiEZRA (TREEKEREGIEL V5 —, 2017), 2) =
I (1996), AT A (1998) B L A (1999) 25K
ELEEREANFI S Tw/z2 & (%, 2010; Ochi
etal, 2016; &3 A, 2018), 3) RELAETOEITHIRICE
W ERE S T\ 2 SRS ) & O AR O A
(NI], 2013; HA - {iHE, 2018) THh 5.

FIT, K@iXTld, 7Y ToREERSXELHIEND
Houktks X AT L AiEO EF ok, ES R
BT AR OMAEB X O Y SIS 5 ESIL R
DORMAKBO IO E, 1) KAMEE & BHHBICBY
BESIIEC X BEEES Y o O EEREIKIGE O BAR R R
L, 2) =B wRMEIGICE L, R Y KBRS
FAEICh72 ) AARIRS TH 5 XAMBHEITB I 5 5803
LB REBSORGEESAICTFNT LI LEZHBE L
7z.

MR EFHE

T — 8 HHE 5 7220022018 4 O SALEE & BV IS B 1T
BRI X B s Ok (kg) 1F, AELTE
hoB - FCHWSERS, TUNRRSERFRRLG B X O
HEEMRMLADER L 72BN L 572, 2B KBITBI)
% A B3] O K451 % von Bertalanffy B33 (Ochi et al.,

2016; 13 A, 2018) ZHWTLATF® X 912 AN &8
WZHED ko 72 (Fig. 2). A L7oRENR— 20 EA,
K1) £X(Q2) 225KD7 (Ochi et al., 2016; http://kokushi.
fra.go.jp/H27/H27 29.pdf, 20184E7 H20 H).

Lt=L {1 —exp(—=k(t—10))} (1)

Wt=5.5293 10~° L*33¢ (2)

CIT, kIZBERR (0.23), LodlEE4 (B 5B
£ (em), L 3MWREXE (6844cm), 0IFRIE=0L
B LD (—0.68), Wt lZBFHKE (kg) TH 5.

FREDFMH 2B F 7203556, % H O LK
HHP & Rl RO, S KGR Z 2HICRS L7
COFEGIMF2HOFHERELETMEL L, UM
PREHIPH & BE FH O BIRASETE DK & & EHBARICH 5
EE L THro 72, BlZIE, AREE BEEOBEFUREH Y
o DR TP O _FAL20% 123 o 7235, MR DK
HmD ) B20% % ATE, 80% % BEICEG L. Ll
COPGE IR B HEOHEE ARG RICEREZE U S LMD
HAh. KHOKGEMECHKELZN ESE D20, 0
DIFENE % % 28 % S HHWEE R LT, R A4 XML
Tl Lo TREREZHREL:. Tabb, XA
B XBEEABOATH, BCEE BELCHOATR) BX
O'DE# (D#ELEHOATH THDH. T/ SABHEOK
K (XL1) $MLLE, BRE#soR L) iR Eicid X B
LNy RBoMEE (DT, XXHELWI) PEEhs.
XX B EANB O ARG BIEI TH 5 6 A IZI3KE 5 kg FE 1
(BAF60cmAEE) IELTHBY, KL THM L7k
ERIZRELE 60 cm FREELL ECRUME (kL o Hig L
X EOBLR) 234 7%  BllE &k R o T HEDE L
(B3, 2018). L7z, EXRZAREsS kgl Lo
A BISEAR KGR IE T 2 ICEMASA 5 TH 5 72
W, FHOXHEE ATEORER % XBEOREITINE L /-MH
XXBEDOKRE L 27 L CTKEEE S5 L7 (Fig 2).

DE B3 S ANA# & R 0 20022018 SE KB D F
FN8% L 3% EEHDLITEE LD o772 (Fig. 3), Fill
L Lo 7z, XXBZEANEHE & Bl o FER I
B BKGEOZENENSY% L 23% % o7, HWET S
LA DRI ED B XX FEOE SIS LR,
BRH PSB85 XXBED KB IH & i 24 Ho R
WL CTh 5720 (Fig. 1), Fiko X )12, Bk
KT EN B XXBEDZ AR TH 2 W RETED R <
ZRE - EEMICIL B 2 RIEBER OB G 13D TH v
LEZOND 20, XXBELTFUHRE Leho7z

FRD XS ICH Y TGO =k - EEA ot EERR I
&, 1) FRICE BRI 2D 28°N LUAL D B & DU [ E
TICHBLT 240D B 5K G4 HICHRABIBE L 22 3)
PEBRICHEBRLTwAZ L, 2) FHlZSHICIT) 2 &b
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Figure 4. Trajectories of original and detrended annual (from
May to December) landing of BC group at Kesennuma port
and those (from January to April) at Katsuura port (A, B)
and detrended and modeled (see Table 1A) annual landing
with 95% confidence intervals of prediction (broken lines)
(C). Regression lines are indicated for original data (A): a
solid line for Kesennuma port and a broken line for Katsuura
port.

5, AR T3 H L4 HICBIT 2 EKHKR D ik Tl
DOFERE UTHE L7z, SRS 7248 H IR R
1EETE H B oS-35 F i KiRI1E KR T O COBE-SST  (https:/
www.data.jma.go.jp/gmd/goos/data/pub/JIMA-product/cobe_sst
glb M/, 20184E 10 H23 H) 2> & 4472,
REFZETOTFRHEE, 1) BCEHOIL EITEvy, KALE
WIZBIT 2 BCHEOMERAKEGRE (HWER) 1ZBHECs
\7 % BCREDFAE 14 H ok (DUT B, SEEE) &
WEAHBE 2SS 5 &) G, 2) Hi4E O DEREDS U4 O XA BE
RS 5 &) I (2018) DAGHICHEY, SAIA
BB S XATEOERM (5-12 A, LFFEER) oxisE (H
MZH) L FRERTER O DER OKEGR LR 0/
Rz, 38 &4 3 oRKuEKRDS FTPHZEHE 3 2 E )G
ETFNVIZE 572

SAAVRIZ BT 2 BCHEOAER (5-12 H, LLFRER) o
KGR L BHBEICB T 2BCHOME14HOKEREB X
O RARVEIC BT 2 XA BEO ALK = & 4R s B0
% DEBEDER AL R OMERIE, B L 2255 b s
R L7z (Figs. 4A,5A). 72, EHOHEERICHIE
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Figure 5. Trajectories of original and detrended annual (from
May to December) landing of XA group in year y and those
of DE groups in year y-/ at Kesennuma port (A, B) and de-
trended and modeled (see Table 2) annual landing of XA
group at Kesennuma port using entire data period (2003—
2018, C and without 2010 data, D) with 95% confidence in-
tervals of prediction (broken lines). Regression lines are in-
dicated for original data (A): a solid line for XA group port
and a broken line for DE group.

WA 22 A E A 25380 S (5-11 H o - 0
20024E D 5121 205 2016 4E D 3376 FA - iEHE, 2018).
ZOEHIL, FHOKGRORMN 2 ZNIMES RO
WPIGEL TWBEEZ NS, 22T, £HOKGE
DAEEEEN %2 A L CHA R Z IR T 5720, UTo
fERT TR EO KGR OEMREGEAN L DEE S - T, &
EMEMERE L2kEET—5 (LT, KiELn)y) &
L7 (Figs.4B,5B). %3, ZOEMEIFRDOxIZ1-17T
HY, WEEE L, BREER17E L. FRWEKRO PR
X, BCHEE XATEOZNZIUIOWT, B4R % B
F L HWERE FHERMDOEOREME3H & 4 H o
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Figure 6. Correlation maps between one-degree block (latitude and longitude) mean monthly sea surface temperature (SST, °C) for
March and April, and differential of detrended annual (May—December) landing of BC group at Kesennuma port from detrended Jan-
uary—April landing of BC group at Katsuura port in the same year during 2002—2018 (left panels) and those between mean monthly
SST and differential of detrended annual landing of XA group in year y at Kesennuma port from that of DE group in year y-/ during
2003-2018 (right panels). Solid and open circles represent positive and negative correlations, respectively. Circle size is proportional
to correlation coefficient (see legend at bottom-right corner of top panels).

JEREEE 1 A H B O FH R KR O BAEEO B OB~ v
7 (Fig.6) ZMEH L, & F HT19°C A O 5 A I % BV
B AT A HEE O X R e W IEA B AR
L7z A LR K RKE % FE L7z,

MBEREIE, T 22007 — & MICE A BEARTED
L, oM T—% L SIERSME AT LA,
Pearson DFE A BAREL, &N LA DA 1E Spearman D JIE
AN BIAR R I 72 (T, 1990). 434 O IE BB e 121
et ) D1 2 © Shapiro-Wilk #5E 25HESE S T % 728,
Iz FEKEESY% & L CTH W7z (Razali and Wah, 2011).
RHEEH 2 G ERGESTOER, EEOERREB L 0%
i GREDIEH AN D &) G554 O nide 4t
ZAHiT 5 Q-Q 7 u v b & EEAE (Mfit) D% Gl
3% Cook DFME) 134 (2017) (2HEo 72, EIER TS
B AL EIEEORER NS 5720, FHHEROKAE
DOBMED S E N ENOEEOBIPE DTG %2 7 L5
TraME L7z (RTH, 2008). F 7z, £ ILHEOHI X
VIF (variance inflation factor) {2 & Y 47 - 72 (K3H, 2010).
WG AT & 2B HGRIUCIE, FEREAD 20T TH Y
ETNVOBRENERIAIHE) &AL Sh/720 (i),
c-AIC & w7z (HE¥F, 2001). & 512, o zFllE
FIVDFUEZWRET 572012, BOLEDT— ¥ % 1-34F
BBRE L2381 on T, Mo FiETRdZYLE S
FUMEFTVEHNT, FHMESBIMEL LR L2 2B,
RAEEMOBREIBH L 727 =718 LT T- 72, 2hbd
METIAATICIZ 7 ) =V 7 F 27 R (ver. 3.3.1) Z W=,

B 2

SAE D BCHE & XAREDO KRB BT IEBL AN D & Az
SN2, Wrilivs O BCBE & SALE T © DE#E O K5 = X
EBGANHE D LIxAR SN h o7z ERYRGHTIAE
L 72 5AIAPEC B0 5 BCHE DR R & & MR
BT 2BCHO 14 A OKEGEOBIIIAH B2 IEAHBHFE
W o7z (Fig. 7A). F 72, KALBEHBIIBIT 5 XA O
RIS & FERIEICBT 2 DEFOKIGEOMICH HE
LA 2SR B 7z (Fig. 7B).

Wiz, M~y 7 (Fig.6) 12X D #ET L72k%, BCHE
TIX3 HD28-31°N, 136-144°E (LLF, 56w il ik
L) FHEICBW TR E W EAHB 255 57z 7z
9, 3 H O M R o - FIE KR D SHE R L
LTz (Fig.8). 72, HIWEKLIADOMH LR
RO K AKIROMHBIZAE TH - 72 (Fig. 7A). XATHE
TId3 H?33-35°N, 155-159°E 3 & UF35-37°N, 158-163°E
(CAF, Bt e v 9) fHETiWIEMBE 2550 5
727-® (Fig. 6), 3 7 @RI BT 2 FIHERE KR
bEBHEKE LT L7 (Fig.8). L2aL, HIE#E
3H O BB O RAKEOHBEIZEETIEhh o7z
(Fig. 7B). % d, Wikt b4 TIE A v TGS ORI
WCIEB S5 L AE SN (Fig. 1) TlRIZEALH
RIS SN h o 7272 (Fig. 6), SiBAZEE L3
L7Zdoi:.

SANTEPEIC BT 5 BCHEE XABEDERAL =T 5
HAVR IS 5 c-AIC 12 X B EFURIRDOFE R % F 2
N Table 1 & Table 21Z/R L7z, ZD X I, HMEHMD
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Scatter plots and Speaman’s rank correlation coefficient among detrended annual landing of BC group at Kesennuma port

(NBCdet), that at Katsuura port (January—April) (UBCdet), and March SST (°C) in the southern area of Izu Islands (SSTizuS)
during 20022018 (A) and among detrended annual landing of XA group at Kesennuma port in year y (NXAdet), that of DE group
in year y-/ (NDE.ldet), and March SST (°C) in Kuroshio Extension (SSTKE) during 2003-2018 (B). Unit of landing is 1000 tons.
Histogram indicates frequency distribution of each variable. **: p<0.01, *: p<0.05, n.s.: p > 0.1.
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Figure 8. Trajectories of mean March SST of southern area of
Izu Islands (28-31°N, 136-144°E) and Kuroshio Extension
(33-35°N, 155-159°E and 35-37°N, 158-163°E).

RHAER BN SN, $72, 2HEEHETEIRO LN
o7z (VIF<10). &8, RUfEOTXTOET VO N
B0 AHBEICIRBER S h o720 (Tables 1,2), /NE -
% (2010) OFWETFT VIS L TR L2/ ICHET 5
ﬁ:ﬁ%ﬁﬂitﬁﬁ‘o 7.

ZABEO TR TH 5 BCHOKGRERTFMETIVIZ0.1%
KETHETHY, BNEBOLEDDT1% 2 TE 72
(H H B P2 £2%20.707) (Table 1A). F72, BCTHO
BUNAE X 17 4R 9 124F (71%) 237 ME D 95% 15 FEIX [ 12
Ao TWw/z (Fig. 4C). QQ 7T v MIMEMA T 1 Ha
S AT DB S IZMIE L THB Y, Cook DFiMED HAT
036 TH o7z, Cook DHEEA0S5LLETHNITET IVAD

WENPKEL, BREMETHLIUEEIRBINS 720,
COEMEETIVTIEREMOTREMEE 2 & HIRr L7z
(&, 2017). F72, ZOEEIFET NS RKEKIREFH
EEPOBN L84, BNEROLEB D 51% LA HH
TELholzl &h b, KRKROEEMENRD STz
(Table 1B).

SABEE BT B XABEO KGR THETFIVTIE, c-AIC
WX D HISEDO DEBEKBG RO ADFIAL K E L TRIRE L
72, ZOMEYFETIVILS% KETHE TH - 7225, HIWE
BOERD20% L1 TE Zh o7z (Table24). F 7z,
XAREDOBMAE X 164 H 64 (38%) D A DT MAHED 95%
B I A > TWw7z (Fig. 5C). Q-Q 71 » MIZEM
TH - 727% Cook DWilEIZ 2010 TR 1.0TH - 72720,
WG T VAN D EEDIFICR E IR S Lz £
DD, XAFOTFHMETFT VIS 2010EF— 7 2 RrELL
#i % Table 2B & Fig. SDIZ/R L7z, TN HI2L 5 &, XA
FEO B AT HE D 95% BFAX I A - 7z Erid 154
54F (33%) LRRIET L7200, HWEBOEEHD31%
rUTE, RRT—F2RET 501 20%) LV FHBT
& TFI L7

FONLTFUETVICH LT, REEDOT—F % 134
B2 L2 E 12 2on T, SABHEIC B 5 kS mo Tl
fii & BIE % Table 312LbLHE L 72, Z R, BCETIX 14
M (20184E) B X OV24E [ (20174F & 20184F) O F— % Z K
F L7286 37 UM S BIE %2 25T 1ol - 7225, 2016
20184ED T — % Bk L7z a, FRMEIZBINEORK 05
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Table 1. Results of multiple regression models for detrended
landing of BC group at Kesennuma port from May to De-
cember (panel A). Results of a regression model without
SSTizuS is indicated in panel B. SSTizuS: sea surface water
temperature of southern Izu Island in March. UBCdet: de-
trended landing of BC group at Katsuura port from January
to April. Explanatory variables were centralized.

A
Adjusted R?=0.707  p<0.001 c-AIC=96.687
Factor
Estimate Std. Error ¢ value p
Intercept 0.314 0.798 0.394  0.699
UBCdet 8.198 1.677 4.888  0.000
SSTizuS 6.596 2.002 3.294  0.005
B
Adjusted R*=0.514  p<0.001  c-AIC=102.956
Factor
Estimate Std. Error ¢ value p
Intercept 0.000 1.025 0.000  1.000
UBCdet 9.038 2.134 4236  0.001

Table 2. Results of regression models for detrended landing of
XA group at Kesennuma port from May to December in year
v, with entire data period (from 2003 to 2018) (panel A)
and without 2010 data (panel B). NDEdet: detrended land-
ing of DE group at Kesennuma port from May to December
in year y-1. Explanatory variables were centralized.

A
Adjusted R*=0.201  p<0.05  c-AIC=66.718
Factor
Estimate Std. Error  tvalue  p
Intercept 0.081 0.405 0.200 0.844
NDEdet (y-1) 0.692 0.311 2229 0.043
B
Adjusted R*=0.314  p<0.05  c-AIC=61.807
Factor
Estimate Std. Error  zvalue  p
Intercept 0.035 0.401 0.087 0.932
NDEdet (y-1) 1.113 0.409 2.72  0.018

Thol. —F, XABIZOWVWTIEZ, &TORETTHIMHE
ENAE % LA - 7

Table 3. Results of retrospective analysis of regression models
for annual landing (1000 t) of BC group and XA group at
Kesennuma port in target years.

BC group XA group

Data Target
period year

Model Observation Model Observation

2002-2017 2018  9.53 8.93 3.58 2.23
2002-2016 2017  7.34 5.23 3.35 2.06
2002-2015 2016 5.31 10.84 2.45 1.39
z =

WL DT — % & 1-34EMBRE L7z %4, BCHO T E
BUEOBIIE—E L72Emid i oo 7228, XAR
TIE—H L TrPHlfEA B % ko572 (Table3). Th
5OHGIL, 2002 2018FEDET—F B Lz FMET
WV OKERE (Figs. 4C,5D) &—# L7, L7225-TC, XAH
DALAEDTFAME LB K EHAM & 72 % vl R PEARIE S 7z,

XABEDOKGETFIIEESD, BCHOZN LY 172
BHICOWTIE, T2 MR EZ NS, $1
2, BISEQWMIRT (LMH 2 12H) o BEOMM
W SHEAE6H) FTOMBES 2R ) EWZD, 20
B HKIETS, BELCE FEHDSOHEICLS) 2
s & 2 oM HITER I OB AR LR & OELETHK & Wil
BEECTH 5. 2 DERIZ/NR O 72D flif& AL L, KAl
DI AFAET B Y IR I/ NE i & i L 7
W2k (AT CESRIR O R SHEHY, 20184F
2H19H) TH5. &b, WHAEAKEKIALz20114
IR i E RS o7z (Figs.4,5). ZOBHE L
T, ZABHENBRBIHEEL TR oD h Y+ D
KGREALLET T 0, EfE S v F O KIGRE & S8R~
DR A, BEBBEICEIFE IR EDEZOND
(B8, 2014; JIIES, 2015)

XABEDOTHE TV TIE 2010 5E DD FF AL TH 5 W hE
AR < R STz 20104E D EAE D XA T DK
RGP 72Dt L, HEFRVEICH T 5 DEREO K
BAFRBHICBOWTRKTH 72 (Fig.5). T2, #id
DX HIT2010FET— 2 DRREIC I D ETNOFHIIHH
T ELZ ZhooZ &ns, KGETFHNICIZ20104E
F=FEMH LW ENZYEEZLNS.

Sakuramoto et al. (1995) {2 & ) /R &7z, 1977-1993 4
1-6 HIZ B 2 T-ZEE.0 7 o WA & & [ 45 b
WSS Y WEREATRCIEMBEEZ AT 5 2 8 1E, EYN
oI R (Fig. 1) RBERMNCTRIE L7227 Y +257-9
HICZREMAIE L7z & v ) R TR 1T & 2 021
(HAR, 2019) L#EASL, AWFZEICLY, BlBCBT5
BCHD 14 ADKGEPHME L L GRRENIZZ L
ERFL TS, 72, KBEICE ) BCHEOENIEET
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SAWEDFEFIRIEIA T Y A RO Fll

WZBWTHEICAE B RBIA L L GEIRS 23 H
OGRS, RO T 2E05H
%M AKIR19°C KM DG AR OME (28°N LIk, FEHRh
P HME) S1FIF—F L7 CAHIER, 2016). T L
&, NEEGEED SHEEEICHo T ET 5 7 Y i3
K& T CTERT S L), iHE (2014) RFHA (2019)
ORIV E TR X Z MRS E DEAT L. b, A
i3 (2016) &, HARBOFEAEE IR INIE & F-ZEER
DAY F LBIEROMICARE R IEME»H 2 2 &, FEFE
AAEICIIAHBEPE E TV L 2R L, BAROREIC X

DAY AHEPEHANBE L7220 T35 &) Birifse
RREEGLTWAIEEZMLA., S5, AU
KIEEZFER LTI ET A2 2128, BABORAEEIE
THEEORMMEONIH P EN LTRSS H 5. Z0Y;
&, TEEOMEH &R R A R A OM
BIR4RIZ 3 5 & L 72 Sakuramoto et al. (1995) & 3459 5.
L7255 T, IEOmEGEREE /R U723 H O GEEE b
DOFEIMEKEE, =PRI~ D BCHRED KR b Lk
WoE#zE T, KABEHEICB % BCHOER KSR
B LRSS E L OIS,

AEEE D (2018) 12X 5 DEFEDSEAED XA BRIHRET 5
EWI)RBICHE DX, XATEOEMAKGETIE TV 2K
AT L7zRE 9L, Hi4E o DE B OAE K m AR IS A B 2
FERE LUTBIREN2 720, T ORGIZZEY & HI S
N7z, F7z, wikod X9 1 HHE O AN G KA H B
L724E 237 v odb RIS@ KB OB % 2T 555, XA
FEDJL ML ICE LT 3 A o Bkttt o £k
By A~ v 712X DRI E e (Fige). L
ML, B L ZORiBO/N S Y F O55 A - R
MIZL2H SN TWRWnizd (23, 1996), FHEEO XA#E:
DBAYHIAMTH 5. BUE, BEHNIBIT /05
O R A RSN E TS L VIR S hTw b (Il
LR K i SR BR  / AR R — Bl = AR 98 HAME, 20194E3 H
8H) Z&»5, 3HDORMKIIBA A RSl A L L
TEIRE N Do 2B XAFEO L B & o BR O f#]
BFES NG,

TNBLAMNS, SAIET & Bl o ELE 7 kRIS
WEES 2 HENE LT, 7Y FOMBITE OERERR
EERNCERIEE (A 2 FATY) OMERENERZD
N5 (Sakuramoto et al., 1995). ¥T4E, H ¥ 7 F 4 TV KF
ERBOBEE LR ITHA L (ERIEFH, 2018), &
B LTI O A TR Rk TH L (GAIET
THY A WFERREN OSSR, 20184E4H25H). %
B, BEREMIIBO LAY 7 F4 T Y OEHE L
HIGEEL Y DS o2z (EMIED, 2018), SO
WA & 2 o 72 REME IRV & 2 55, RIFZEC
W77 =7 OB SN T2 s, SHLKE
e REKRT— 7 2B L, SJABEOKE =T o

BEPEICOWTHELR IRV LENSL. ZO%E, 7V FD
MR R RIS E (SN SEWEARIEINO -1
TETBEBEINTVSL72D (T, 1996), HAEICHI
EF A EROESIEET 2 REEASH ) 2z, 16
DAFHEGFER ESIMET 5 2 LI & ) PR E O L)
mfFcx 5.

U ED XS, GABHEICZBIT 5BCE L XAROKE
X, ZTNENHHBICBT 5 N84 14 HOBCH O K
B LGB BT 5 DEREORTEKGRICIMZ, BCHT
X3 A OMEHEMITORIKELY HALEKE 35 HEE
FMZ LY, SARBEBCRIBT RSN DO 5 HIZT
WL XL oz 72720, XAHOFHRE L
v, KO TFMET VOREICLY, HY+DOZITA
NUBEL O B R il i D FLIA AU U 72 AL e oM B
X OGO ETFEOMR R ENBIICHISTE 5 &%
AbNhb.

E

AR BRI B T 248D v X OKGRET— 5 2R
ML TF & o2/ oB -  CAMERE, SAE
WSER AL G 3 X OWHCE T AL A, A 7 S0k g T8
TR\ 72 72 72 R LK R G BR o BE W P (24
Ff), COBE-SST D HTIC T & THW 22 EE Y — ©
At vy —oH JEIEREL, HEFBSITICET 5 S
Z TR BERTSE - BB BERE T JOKBERTJE T O R AT Bl
+:, FCEME AR T AP IE AR L CT X o2
AL K R SRR O /R EE — B SR H (4B B
WA DR A SERE B o oMY
L DG\ EH T 5.
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