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Inter-annual variability in crude fat content in flesh of large-sized
Pacific saury Cololabis saira and estimated biomass of Pacific saury
in the waters off northern Japan in the falls of 2012-2017

Akihiko Yatsu' ", Kiyotaka Takanasni', Kazuyoshi WaTanaBe! and Osamu Honpa'

AR LT 2 b HARILIEANO I & = Rl 5 OFRAE LR BNEMET 0 720, 2012-20174F 9-12 A 126 H AU i T 2
Ny v~ R (%A 196k &M &R (LUF, i), WKE, REZHE L BEH (£F1
HIH250MHE) LIENwOBRIIAELZAME, ARELBHEORICIZAERIEMEIAS N BiigZEg
e L, MEH, KEBXOHMBELFNERE LAERIGESN ORKE, WhH, HEH, KhE, E [{EHEEOR
HER» DM AET VDB AICIC L Y EIRS Nz, HEOY R JEPiEE T BHAOY v <ifie B L OB CPUE
EHEBRIEMBEEZR L. ZOBEKNE LT, 67 HOGHE, BERNOER, 1HAOEELREEZHIFL, sHOMKNiR
D EEHTHE T 1 O BHIAR I R R B 2 L WO RSB ZIRE L. $72, b B (58 A) IHRIIATERL E N5 ik
ZOWTH MRt L7z,

F—TU—F ¥, HIENER, mRUGOAT, SRR, REELD)

In order to examine mechanisms of inter-annual variability in age-aggregated biomass of Pacific saury Cololabis saira
in the waters off northern Japan, which has been declining in recent years, we measured crude fat content in flesh (Fc),
body (knob) length (B1) and body weight of 796 individuals of large-sized (age-1) Pacific saury captured from the
waters off northern Japan from September to December during 2012-2017. Statistically significant negative and posi-
tive correlations were detected between capture date (Cd, number of days elapsed from January 1st in each year) and
Fec, and between Bl and Fc, respectively. The best multiple regression model in terms of AIC, with Fc as a response
variable and Cd, Bl, and year as explanatory variables, indicated that effects of year-specific intercept, Cd, Bl and an
interaction between Cd and year were statistically significant. Year-specific intercept, representing Fc level, indicated
statistically significant positive correlations with Japanese annual catch and standardized CPUE of Pacific saury. The
cause(s) of this phenomena were explored mainly by using survey-derived biomass in the high seas during June—July
and age-1 fish ratio in estimated stock abundance, and oceanographic conditions off the southeastern coast of Hokkai-
do Island. As a result, we proposed a hypothesis that Fc level in August affects timing and location of the start of south-
ward migration and subsequent migration routes of age-1 Pacific saury. We also discussed potential areas where fat is
accumulated during the northward migration from May to August.

Key words: Pacific saury, crude fat content, multiple regression analysis, biomass, inter-annual variability
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Hokkaido ry Principal distribution area of age-1 fish in June and July
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Figure 1. Schematic views of the Kuroshio—Oyashio Current system and southwestward spawning migration routes
of age-1 Pacific saury from summer to winter based on available information (http://kokushi.fra.go.jp/H29/
H29 75.pdf, 2 October 2018). The Oyashio first and second branches are indicated by OI and 02, respectively.
Quasi-stationary jets transporting surface warm waters are indicated by J/ and J2 (Isoguchi et al., 2006) . Heavily
shaded area indicates approximate principal distribution area of age-1 Pacific saury during June—July, 2008-2017,
based on pre-fishing-season surface-trawl surveys. Lightly shaded area represents primary spawning ground in
winter. Thick arrows indicate principal migration routes: solid, broken and dotted arrows represent migration
routes from ca. 155-162°E, 162°E—177°W, and ca. 168—177°W, respectively. Migration routes from 162°E—177°W
presumably follow those from ca. 155-162°E with a lag of a few months. Those from 168—177°W are quite uncer-
tain, but age-1 fish in this region are unlikely to migrate toward northern Japan.

HR (R - BB DR & BB T TR L ATh
N, FIAFBOHBG B TORERI LV EEZZ LTV
(Watanabe and Lo, 1989; S 11117, 2016). F72, FEIIEIX
WHGHIROPTH HAREHFIZE S W EHEE SR, 4% (1-3
H) 2B DA O 55 A5 % B L 146°E LAV CHF 127 W s
HA B, B B L T £ IR A, 2
NS e BB AT B MR (Fig. 1 D JI,
J2) WX FICHAINIRE S NS UMK, 2000; Isoguchi
et al., 2006; Iwahashi et al., 2006; Kurita, 2006). Z D72, ¥
VW ATIR A MERE S A, PEIRIENEE & S H T 5 1S
T, WEERR) B E CE2DIFL I EPUETH 5.
IO LE, MEWICBT L REMA (%A OBETE
WIT EWI G 2SS D ISR S A A (Yasuda and
Kitagawa, 1996) &AL TW5.

SRR & AR IC B B v~ D5, Ek
T, R &R 5720, KENT - HERK
FEBCALIX K BERFFERT 14 2003 470 & M5:4F 6-7 H K g b o —
ViR (LUF, lmrid s vw)) %, 11X (143-162°E),
2 X (162°E-177°W), 3 X (177-165°W) T & 247 -> CT& 7z
(http://kokushi.fra.go.jp/H29/H29 75.pdf, 2018 4E 10 A 2 H).
ZORER, REFFE TSR E L722012-20174E 2B 5 17K

fUE T2 42-46°N,  155°E-168°W T 9 % 2 & 25
Lk o7 (Fig 1 DIKEER 5 http:/kokushi.fra.go.jp/
H29/H29 75.pdf, 20184F-10 H2 H). 8 HIZIE, TS
SR E) L CAb B AT Rt L, 9-12 FHISBUHEE 1 594%
L2 A T LoD S B 25, Atk E i
TFaHENBNDEEZ LN TV S (http:/kokushi.fra.go.jp/
H29/H29 75.pdf,20184E 10 H2 H). 512, Miipiadic
B2 1 X504 5 2R3 2 XORE L ) BN B A5
NKIET B 5, 3K A HIEGAEITIE HARTIGIRE L %
EHER ST % (http://kokushi.fra.go.jp/H29/H29 75 .pdf,
20184E10 H2 H).

B < IEFEFS O BB T L BB v
TEXTIFENATVEELEL, BHELZAVF—%
FICHEW & LT A, M FmEEEES#IHEHT2  (Kurita,
2003; Sugisaki and Kurita, 2004; KJ&, 2016). ZD7z8,
v EEORIRI AR (% LUT, BRiEE VWD) 39
WHITHLHICHDE L, EINENTH 5 4FI2NMITT
T35 (F- WM, 1953; LR 4, 1953; Kurita, 2003;
AN, 2012). F 72, < ORRIFEIZAE & IEOHEE
A H I EIZHLNMIZENTWEY, EHE LKA MA
DIENG R ORFEBIW A IS L2 SN TB 5, 4



o KRBV ORUIRIT & & SRl i O FRAE AL )

EEIOMHT B ITbTwawy (F - 1M, 1953; HREIEF»
1953; https://www.hro.or.jp/list/fisheries/marine/o7ulkr00000067
pk.html, 2018 4E9 H 7 H). — 7, 19704484 5 2001 4 (2
B TREMA O H AR & AEZIEAHM D %
WIF KIS BRI E B L 2R AR 2R L7 UK,
1986; HEEF 7, 2002).

HAOY =i, HARDS A FHZHIEOER(L
CPUE (BL'F, CPUE& W 9) B X OMMIEHAIC L 0
E SN2 E W RIX 2010 R EHD S L, FEIZ20174FE D
FEE L 1970 4F DUREIRAR, 2017 4F O B 3 2003 4F DLFE i
. Td - 7= (http://kokushi.fra.go.jp/H29/H29 75.pdf, 2018 4F-
10 J 2 H ; http://www.samma.jp/tokei/catch_yoy/geppou29 12.
pdf, 20184E9 H7H). F7z, MMIaidA&IC X 2 1 XodEE
BIRED 2010420 5F L IR L, 245 A%155°E DIHUIZ R
SN MAELBEDN A SN TV 5 (http:/tnfri.fra.affrc.go.jp/
press/h29/20170804/20170804sanmayohou.pdf, 2017 4% 8 H 28
H). 2o X912, HAOMME R DS TIE T M A A
BT L 1IXE2KOF R L REFMTICEAING.
N TSN TE 7 RESRMIE, OB H208°
SRR IL DA E 2 & OilEdl, @M, O (k&)
M TH D (fF K, 1958; K, 1986; Yasuda and Kitagawa,
1996; JE#F 72, 2002; Kuroda and Yokouchi, 2017; http://tnfri fra.
affrc.go.jp/press/h29/20170804/20170804sanmayohou.pdf, 2017
8 H 28 H).

DB E 2, AW7Eix02012-2017 F#kF 0 db H AR
2B 24 < KRBAOMRREICOWTHRE L ER B
K OEAE & DBIfR RN, QNI & R & A S
DIRFEE L TIL H AT O R & & RS ORFELH)
OMRERGEIT A2 FHWE Lz, £/, AL B
(5-8 H) IR ER S bR E H 2§ 5720, 4l
L7z B o Bl s O REMOREAE T — & & BIRERERE L
1EETH B B o MK & B4 f ORRAE 7 — & WO
<y TRERL, KREBHICHET AR E GbETELE
L7z

M EFE

WEITAE L 72 30KHE, 3648°N, 141-154°E TX A 2
AR F 72132 EMIC L D 2012201748 9-12 H I s 1,
LN AKIBTEN T < TH 5. 1HOWEICIE
KA 2 3 o5 MR, &t 796 itk (WA 29.0-34.4 cm,
KHE95-215g) ZHiH L7z B, WA TGS
REEWEIABE TORSTHL (UT, hELWV)H).
KA P DR EA29.0cm Pl EEEFR SN, 1%
W23 % (http://kokushi.fra.go jp/H29/H29 75.pdf, 2018 4
10H2H). BUEHTMMERE T INICKE S, HERIE
AKFIZE D ITIE—BRE IR T EZL 6N 5.
PaIAE O E X R — & 7 VR RN G 2EE (FQA-
NIRGUN, ¥ 7Y kit (k) ) % FH v Tirve, JEEA (o

AR AR D T3l & A AR IE it E oo g il),
EHERERAREBEBOL—F =X - =27 VITHEo 72,
WAL, RS ARMRE TG L, WOt 0%
A6 & 0 IR %2 BsISE 5 i Th B (KI, 2016).
T L7298 513 748, 808, 892, 924, 948 nm, I EMFRT 1 200 ms
T, MEMRIE Y TVHEWR) oS hizd <o
bOEMA L7z VBRI 2 008 B U e AL T
MEZETTH Lo2KAIC3mE L, Anftind -7
B AL ET 2 CHEEMY R L7, &od, REE
W2 X AWML, RFEHA ST S mm F TON®EZE
FTHEEINTEY, MEATIIIERAENKENWT &2V
2ENTYD (HN - H6, 2007). F72, EGEEICRET 5
JeATIEZE (R, 1986; JEHF#E, 2002) (& KA O A % kf 5
Ll Z0k0, RIFZETIZEN TR 2 KA 2
L e L7z SERO MR X 1000xAE (g) fkE (cm)?
ELTHBL, SEONEILE (1986) IV UTREEIC
B B KB 2RO % v 7z,

Lo, BAEoHE (% -1, 1953; TEIZ2, 1953)
W2 & B R LRI IEMBE S X 0°9 H LIREIRIG & 2584
T5ZLx5NORECHER L. 2B, MR,
RE§ 52007 — 5 HIZEBERIED S, HOH
F—7 B IEBGA & AR DAL, Pearson DAHY
¥, F LA DA 1 Spearman O AL A B AR £ 2 H v
HEENTWAEH (B, 1990), AT TIRERELD
%< (N=6) IEBEDP AW 6 S = (1992) IZHEW
Spearman D JEM AR I % H W72, B, IEHMEOKE
W3 T D12 B Shapiro-Wilk MUEDEIE X T\ 5 72
», &MV (Razali and Wah, 2011). KIZ, ZDiE%E
R E Z TR OBELB 2SN T 5720, kL
HHEH (FEO1THIH2S0RGBHE) B X OHIEE (4
TIVHNER) HHWAERL T HERIESNEIT 72
WA AHICIE 7Y =Y 7 P77 R (ver.33.1) #Hw
72, RICEBZENMEM %2 &L ERRASTOER[LE AICIZ
X BERERITE (2017) Wt 7z, REMEM % & EN
Ja A ATIC BV T L EILRIEORME % T 5 720, #Hin
MTHHELHENIZONVT, 50 LOZEHEOBI
filin: & FNEFNOEREOFIMEE 2 LT L 72
(A, 2008). F 72, % m LM o H 71X VIF (variance
inflation factor) (2 & 047> 72 (KIH, 2010). B, #57T
UhNVEREEHEERZEDRICE ZEMFHIICBNT
X, WAE 20124F) ORI OEICHY T 5720, &
AE DY) F & Table 1 DARELIZ 2012 4E DY) 2 4L L 724l &
%h.

20122017 4E 12 B 5 KiEE E B HAD S A 2
HAROERIENE L, HEBRY— A2 ¥ =12 X Bk
5O/ XY A, Sz HER X CPUEIZEINIE D
(2016), http://kokushi.fra.go.jp/H29/H29 75.pdf (2018 4E 10
H 2 H), http://www.samma.jp/tokei/catch_yoy/geppou29 12.
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Table 1. Parameters and their statistical evaluations of the best
multiple regression model for crude fat content. Capture date
and knob (body) length (continuous variable) were central-
ized (Cd2 and BI2). Year is a categorical variable, and a co-
lon indicates interaction between variables.

Adjusted R?=0.3715 AIC=4240.6

Estimate Std. Error ¢ value P
Intercept 20.548  0.345 59.502 0.0000 ***
Capture date (Cd2) —0.134  0.012 —10.724 0.0000 ***
Knob length (BI2)  0.393  0.141 2.787 0.0054 **
Year (2013) —2.565 0425 —6.034 0.0000 ***
Year (2014) 0.981  0.429 2.285 0.0226 *
Year (2015) —2.667 0.583 —4.571 0.0000 ***
Year (2016) —2.482  0.466 —5.326 0.0000 ***
Year (2017) —3.547  0.504 —7.043 0.0000 ***
Cd2: year (2013) 0.104  0.020 5.138 0.0000 ***
Cd2: year (2014) 0.079  0.015 5.093 0.0000 ***
Cd2: year (2015) 0.094  0.025 3.696 0.0002 ***
Cd2: year (2016) 0.072  0.017 4.262 0.0000 ***
Cd2: year (2017) 0.131  0.019 6.821 0.0000 ***

Significance codes: ***<0.001, **<0.01, *<0.05

pdf (201849 H 7 H) B & U http://tnfri.fra.affrc.go.jp/press/
h29/20170804/20170804sanmayohou.pdf (2017 4£ 8 H 28 H)
PO L. B, CPUEIROSAL 1A EAbE/S
AEBRZTHOBIED 720 iR () T, 201740
KRAETH 5., HIRIRHEIC X G HE (ZOEICT
HAEMIORET 5 L g 3N 2 BBErla42-46°NIZ BT
S1IXE2KDb @, TR B igfodsd (1-3
X OB IRENHTT 5 b D) 13 http://kokushi.fra.go.jp/H29/
H29_75.pdf (20184F10 H2 H) B X OHALX K EWFFERT &
FEETEA - WAREI V=7 (2018) » 551 L7,
F 72, KE100 m DK 5°C % F7EE & 3 % B R R (http://
abchan.fra.go.jp/gk29/20170728.pdf, 20184 1 H 31 H) & %
HERAKBL DA 181X 44F 8-10 H O A2 33 1) 5 FRA-ROMS
DO FHEHTAED 5 FE AT - 72 (http:/fm.dc.affrc.go.jp/fra-roms/
index.html, 20184E3 H 8 H). 89 H ¥ ¥~ i O iR
RIS % KM KIR 18°C FARE, KGUTOMER L7z
304E O BRI AT KA 5 5 AT - 72 (https://www.data.
jma.go.jp/kaiyou/data/db/kaikyo/clim/norsst_ wnp_mon.html,
201849 H 10 H).

YU IIH NI RIS 24, 8-9 H Ol
WX EMIEKEI0-15mIZHMT 5720 (GEH - I,
2004), ¥~ ORMERIEAL FE o KK & BB O %
BrxibaeZzons (F-HA 1953;Ito etal., 2004,
2013). £ Z°C, HEE oKl &t o KK & BB A
KEOY <~ ORISR RIFL T EEL, D

TofrziTo7z. T&bb, EELERRHIICBIT 5K
WETFVOYR (LUF, Grev)) ofEF—5E, 2
MASHHIS T 22 B T 5 5-8 H D JLP AP o KKk
(°C) EAi—WwAEER (mgCm™> H™ LN, HEEEER
w9 OB - REEEREEE L EETHH BT — & O NERLA B AR
B~y 7ML, O L RITKIRIZEART O
COBE-SST (http://ds.data.jma.go.jp/tcc/tcc/products/elnino/
cobesst_doc.html, 2018 4F- 1 H 22 H), FEA%/E pE & 13 Behrenfeld
and Falkowski (1997) O FiEICHEDS &R SN R % 4
L T ML RFEDAB L Tw 5 A Bl Standard VGPM  (http://
orca.science.oregonstate.edu/1080.by.2160.monthly.xyz.vgpm.
m.chl.m.sst.php, 2018 4F 1 H 22 H) 251572,

B 2

[EEL AEB S LUHRREDERE TN S DRELH)
Walhie, ##EH, HEDB X OMRHEE 7 — & ZIEBO 25
I EFARENL Do /27290 (Shapiro-Wilk B %), i

Hiow 3 26 EB L OEEOBBREENC, T
ABNZ L7 AR AHBIAREL & 2 MR B % Fig. 212
ALz BRI b ey <, MEH & IRDREORICIZA
BERAMBE»RD bNzD, fEH EAREOMBIZAERT
Ehehore. —F, RELEHREOBRIIEICEIDELS
A, AER AR LA ICIZAE R IEH D S
h7z (Fig.3). 51T, &AFEZ AR L 7MW E & PRl
DFNITA B AR IEABAA SNz (Fig. 4).

AICICE D@ & SN7-EHEFETVOHEE/NT A —
¥ — LN OMEHAEHI (Table 1) 12X 5 &, Uk,
RE, R, 4, LR OZEIEH AT RT p<0.05
DRETHELRRWERE LGRIREN:. B, hEL
HEAORIMLIZE Y, ZOEBUFEFIVIZBIT S ZED
YR oM, ¥y~ alE ok LR OFHEIC B
LEEOREREEYET. HRRIZOWTIIIEORBRERE
B H I AOHBRREADERE S, Figs. 2, 3 DOf#EIA &
BHELTCW, F, IhOREMEHZEGHAZEIZIE
% BmALHPE O REIL 2w EHI S 7z (VIF<10). iEH
DK FEAERPRD N2 R, OAPS 12 HITHh
FCORRPEOWDRIZEICL ) R LMRENDE. £
FUDOBEEIZONWT, BEOQQ Ty b EANED
B E Cook distance (42, 2017) WX DR L& 2 A,
FRICHIEIZRED S h o 72,

KA, MG, RS X O CPUE XM HIZHHDL.
L7-RAEEF 2R L7z (Fig.5). IhoofmT, Ok L
Wi X UNCPUE & O], QB & s & DI
HRBROIEAB A A b7z (Fig. 6).
BRTRIFE, EXR - ZEBEADORES KORIFTK
WA I & 2 32 BIR R 1220122014 4F 12 B W THIEK
M2 E LT\ 7228, 2015 SERAREIRA L, 4122017 4E I RiT4E
DPGFUUT & o7z (Fig.5). F72, HIPRTERAICB T 5

_
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Figure 2. Relationships between capture date and knob (body) length (top panels) and crude fat content (bottom
panels) during 2012-2017. Each year is represented by a combination of a specific symbol and a regression line.
Spearman’s rank correlation coefficient and its statistical significance are shown for the pooled data of 2012-2017.

LS OB AL 20134EA370% LI TH ), TOHREL I
WAL, 20174E1326% TdH - 72 (Fig. 5). HRT#AAIC X
L E R &R & OMICIIE R RV IEMHRES A S
N7zA%, CPUE L ORBIOMBIIAE Tld %2> 72 (Fig. 6).

CPUE [H @ AL HHBIFR 2 1%, F 1210308 X 180.06 T,
AT o7z (p>0.05, HIZEWE).

WA A B 1 2 48 B IR ASIEARE Tld K HE TR
LTV 722012-20144E 12 BT, 20124F & 2014 4F 13 01w
FAEICBU 5 VR OB G TR > 725%, W, It
WEEE, UMEE B X S CPUEMEKIETH Y (Fig. 5), 20134F
X0 LSOV - BT AR A - 72 (Fig. 7). —J5, 20134F

D 1A OEFIZ 20122017 FFICBWTHRE TH - 7275, 4]
Fr, BEGGEE, sl X OV CPUEIXK/K#ETH - 72 (Fig. 5).
F 72, 20134F B EE 1 0 AL AT 2014 AL AT HEEL T

D, PIEIPBEAKIE D ¥~ OVEHER Wi T 5 (1T LRI
LT ozbon, #GONETEN, LIS
25 B> TR F L7z (Fig. 7).

—77, WA B 2 BFEE LKA OH & %
2o 7220152017481, s, CPUE, Yk, JEGE o
WENHEAKEETH Y (Fig. 5), 8-9HICBIF L HGOW
AR, 20154F & 2016 4E 1 S M BE K IR AN E B IS BE R
@I H o722 &b b o T, B 208> CTERE
A F L7 (Fig. 7). EICAWTH - 72201741, 2010
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Figure 3. Relationships between knob (body) length and crude fat content during 2012-2017. For other legends, see
Fig. 2.
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Figure 4. Relationships between condition factor and crude fat content during 2012-2017. For other legends, see
Fig. 2.

4D SRRFEYIAEAE L T 22 9K AR R AT Z= 120 L
(Fig. 7), HIIRTFALIC X 2 1 KofEEERE (KI5
1) LRIEDICH b Y5234 K by ~NEHmML 7%
Z &5 (Fig 5; B X K ENFFERT & I BEER IR 4R - v
%R 7V — 7, 2018 ; http://kokushi.fra.go.jp/H29/H29 75.
pdf, 20184E 10 H 2 H), #1038 B~ 0 Jeil 12 LRI
RifF & B b7z (Kuroda and Yokouchi, 2017; http://abchan.
fra.go.jp/gk29/20170728 pdf, 2018 4E 1 31 H). L4 L, %
K212 89 H ot o THEANE <, FiS T HB5 SR
25 ALT MU B ORI 22V T & B 2 0B o TR
a7z (Fig. 7).

i~y 7

JRIG R 5 20122017 4E DY (Table 1) & W o
5-8 HOALVE KRS B0 2 M EERREE 1 BE T B I 2210 K I

BLUOEBEAEREOBRFLHOMBE~ v 7% Fig. 8 IR L
oo B, ZORIZBWT6-THDEMIEFig 1ITRL7
FHEDOGAIE, 8 HOKRVHHRILFig. 720 0HEEL728HD
BBXZOWBMETH Y, 5 2B 5 EHOGAEIL,
THOREBLVRREMICHIEEZOLNS. SADY)
B oM~y 7B 5 2 O CIEERAKR, JEE
PEREE D I0ELLR CIEMBEZRTHHBE  Ab7:.
6-7 HIZBVF 5 5 TR L KIROBERIENE %
AT THED % 2o 7228, Y LA EROMBE~ v 7T
136 I 160°EfH i R CIEMBE 2R §HH AR L { &
LN/z0IZH L, 7THATRESABOKT G CEAMHEE R
L7z, HROY =it omiaicd s HI, i
Wit X OV 43°N PLAE 522 163°E DL o i 17 112 B W\ T,
YR & FKIRB X O F & JE8E 4 R o I IEA B & R
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Figure 5. Year-to-year variability in the intercept of the best
multiple regression model and annual mean of condition fac-
tor of age-1 Pacific saury (top panel), Japanese catch and
standardized CPUE (ton per fishing operation) of Japanese
stick-held dip net fishery (middle panel), and biomass by
survey area and ratio of age-1 fish (% in stock numbers in
Areas 1-3) estimated from pre-fishing-season surface-trawl
surveys by the Tohoku National Fisheries Research Institute,
Japan Fisheries Research and Education Agency in June and
July (bottom panel) during 2012-2017. Standardized CPUE
is unavailable for 2017.
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Figure 6. Japanese annual catch of Pacific saury (top) and standardized CPUE of Japanese stick-held dip net fishery (bottom) in rela-
tion to the intercept of the best multiple regression model, annual mean of condition factor, and age-aggregated biomass in the pre-
fishing season in Areas 1 and 2, from where Pacific saury migrate to waters around northern Japan (see Fig. 1), during 2012-2017.
Spearman’s rank correlation coefficient and its statistical significance are shown for each panel.
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Figure 7. Year-to-year variability in locations of Japanese stick-held dip net saury fishing operations (black dots) in August, September
and October, with 5°C isotherm at a depth of 100 m in the middle of each month during 2012-2017. The 5°C isotherm represent the
Oyashio southern limit, i.e., the Oyashio first and second branches (O and O2), and a warm core ring ().
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Figure 8. Correlation maps between the intercept of the best multiple regression model and mean monthly sea surface temperature (°C)
and net primary productivity (mg C-m 2-day~!) for each 1-degree-block (latitude and longitude) during May—August, 2012-2017.
Grey and white circles indicate positive and negative correlations, respectively. Circle size is proportional to Spearman’s rank correla-
tion coefficient (see legends at top-left corner of each map). The boxes indicate principal distribution areas of saury during June and
July (see Fig. 1). The bold curve in August represents an approximate area of fishing ground adopted from Fig. 7 (left panels).
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Figure 9. Schematic panels showing estimated migration routes of age-1 Pacific saury in August (broken arrow) and September onward
(dotted arrow) . The migration routes are estimated separately for fat (left) and thin (right) individuals. No warm core ring (W) is
supposed to present near the southeastern coastal area off Hokkaido Island. Thin curves east of Hokkaido Island represent locations of
the 30-yr mean 18°C sea surface isotherms in August and September, the approximate upper thermal limit for Pacific saury in these
months. Schematic abundance of Eupahusia pacifica and Neocalanus spp., the major prey in the Oyashio area is also shown. For oth-

er legends, see Fig. 1.
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