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Catch fluctuation of yellowtail species in relation to fluctuations
in the geographical catch center

Hirotoshi Smsumou' ', Hideo Sakan® and Yongjun Tian**
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Many studies reported that the catch of yellowtail species increased largely in the waters around northern Japan, partic-
ularly in the northern boundary of yellowtail distribution under the warm regime after 1990’s; whereas only a few stud-
ies focused on the catch in the water around Kagoshima, southwestern Japan and the southern boundary of the distribu-
tion. In this study, the catch fluctuations of yellowtail species in the water around Kagoshima have been analyzed and
compared with those around Japan. We calculated the geographical center of yellowtail species catch and examined it's
relationships with regime shifts, sea surface temperature (SST) fluctuations, and catch fluctuations. The results indi-
cate there was a significant negative correlation between the long-term fluctuations of catch in Kagoshima and Japan
excluding Kagoshima (p<0.001), and the former increased (decreased) with the decrease (increase) in the latter with
4 years lag. It shows that the geographical center of the catch shifted northeastward with the increase in the SST in the
mid latitudinal zone of Japan. The geographical center of the catch shifts southwestward (northeastward) in the cold
(warm) regime, suggested that the fluctuations in the geographical center of the catch correspond well with regime
shifts. Accordingly, the contrary trends in the catch between Japan and Kagoshima were interpreted as resulting from
the changes in the distribution of yellowtail in responding to environmental SST fluctuations.

Key words: yellowtail, catch fluctuation, center of catch, regime shift, SST
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LI N RO —2>ThH 5. 7 oML, g
AR 28 S BV y 2" LIHEN, BFICHEMH
KOWMETRES N, B L LI Ns. 72
SN BT B RKIKT ) A28 58 7 ) DA A 7% 7
LIWBEERIZLTWAHHb L Z s, KKTY
O, HERAPSHMICELRRHMZIERT L L1, &
W7 EOWRMED AL O FEMEH R T Y v IERIMES
IZE > THREEM LEETH L (5, 2014).

COXD EEWHNS, AHIITATE O & IG5 AE
D—D Lo THBY, WA, ERNER R L
ZHATEFEOKAE - I HEr ST s (H - B,
2014). 1990 4EAXLIRE, D 2SE 0 7 v) HHifE & T B )
THRL, 203FCEBERFONST ek, KR
EEKHEE, BMEICH B LTS TS (H - B
2014). COBEEHIMNIEEOL V-2 7 (Minobe,
1997; Yasunaka and Hanawa, 2002) & @ B # 23354 S L C
BY (ABF, 2004; Tian etal., 2012), H#EL ¥ — 2 W12
WP Z AEINADH S LI NTWD (I - B, 2014).
BB L TWAREL Y —ATFIZBWT, HHE, I
W, BFRRL 50 OB T ORI L T b
eI TS (H - B, 2014) —J5, FE#HIBT
H LR BEOMMEREEICOWTHEL ME - #ish
7eHBNE, ) B O SRR R OHE R R 5 00E
(2014) DWEDPFAET HDOATHAH. % 2 TAFIETIZ,
NI THINIEEESNTI %do 204 DBEFEBIZ BT
27 V)HOMBEEICEH L, ZoOLEEELHHT %
TR T EHEREROERE ST L2 LR H
e L, BREBRESICEIT 2 7 ) B OHER 2 %
L, EosmE kS5, £, EAE 7 HHiE R
DELERD, ZOEHE2HETLELE LI, LI—AY
7 &, P EE DR AR E B B L OV 7 ) F R A
B OBEICOWTHELET S,

MHEFE

REES

[k - A ettt (BLF, BMKERETE V)] &
BradRiZ, 1894202 F D EFB X UERBRICE T 27
VEREROHER R L. £72, BEREEBRZERAE
D7) R L EIRBROMERDSHIE L Y FET]
CCEREYVRMML Y PG ERELZZT—5 kY b 2
E L, SSHICSHEMBEPIIMEZ ThERO DL Z &I
X0 A 2 B L CREIZE R 2 i L, HHBY
AT B & MR TS XD W O R E) O B4R 2 X
7.

BEEE D

BBV BT 2 7)) JHUE R & K ARENF IR T T AE L D
KR, RRES S, EBRAICBT A AOELOH A E
(http://www.stat.go.jp/data/kokusei/topics/pdf/topi6103.pdf,

20154F2 H26 H) & RO FHRICLY, DToXN2Hw
THERELZ RO

__ Zci(pi
@ Zci

T= Z Ci; cosg;
ZC,. COS @,

ZTT, G ARRENFRICBT 2 7)) HilE R, ¢, 1, &
B O BITHIAC O, RREE, ¢, @ MIERE.LO
MR, REEER Y. MR, SEORERZ W
bo (UT, SERERELE VD) &, R 23 ERE
A & RPN 2 b o (DU, Zhee o g i
HERE.G, KFEHEERRELEVY)) 22 ThEN
L7z, Zok, JuiEd, & BRSO, KR
W, KFEMOBRG IR L. &b, SHEFROT
V) B O L T ZABERIT I E L TRES L L
PEMTIELVEHR SN2 5E B2 IEEFRICBITS
RERT 70 &) &, SABERIRO 7)) B R H A L C#E
HHR T %2 3 5%E L7z (Fig. 1, Table 1). &R ORERE, #EE
Ofiik, [biEE KPR Yy =] o [+ 5
A2 F=FRX=Z b [LEFHRT— 5 =2 | O [#E
B -REONS ETELY A bE2FH)] (http//www.
hucc.hokudai.ac.jp/~x10795/Latlonkokudo.html, 2015 42 H 26
H) 220 L, #ilillhszmE LTATLZ.

B, BHKEKENIBWT TVE IEITY, eI%
F, A URF, b LA R F RGN, EREBEORK
TR TIZ 7 ) OWHEFERRIZITITHEME (FHE, 2014) ThH
0, AR RSN AL E U IEEAT (28 3 2 i L e
WZBWTH 7 OEEBIZIZLALLEVWEEZONSL
WD, R FELOMHTICE W TR 7 ) HiE
w2 BRI L 72,

BEKR

ARIT 7 2 7 R_—= (http://www.data.jma.go.jp/gmd/kaiyou/
data/shindan/a_1/japan_warm/japan_warm.html, 2015 42 H 26
H) & 0 FASEE L 1900-2012 4 0 i 38U 7 i Bl 7
WigmKimfE = AT L, Fakofs 7 — & i & Fiko
TECTRMER G 2 Lz, 72, FaRIiCX D e S
N LR FLOME, HEORRI T — 5122V T b I[H
BV R IZE By o0 2 filts U, i3l 2 0 )~ 32 i 1 7K i
ORMES L OMRE AT < Y OIEMH S X 0 iR
N7z B, AL, THARUICHER ], [HAEEER ],
[H AR VAR, [ el ), [ ikl (56
ERE RN % e R, [olEspl], [=Feapl), [P
WO, TEEOw ], MR - 5], [AoR] 2 “K
SRR X L7 (Fig 1),
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Illustration showing the locations of the representative town or city of each prefecture used to calculate the

center of catch, and classification of water areas for the sea surface temperature (SST) defined by the Japan Mete-
orological Agency. Numbers of the locations coincide with Table 1. Abbreviations of the classification mean as
follows; NJ : Northeastern Japan Sea, MJ : Middle Japan Sea, SJ - Southwestern Japan Sea, NC - Northern East
China Sea, SC : Southern East China Sea, AS : Around Sakishima Islands, OK : Off Kushiro, OS : Off Sanriku,
EK : East off Kanto, SK : South off Kanto, OST : Off Shikoku and Tokai, EO : East off Okinawa. TWCR and
PR range specified by bold arrows mean Tsushima warm current region composed of NJ, MJ, SJ, NC, SC, AS and
Pacific region composed of OK, OS, EK, SK, OST, EO, respectively.
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B3
BIEELE

R Lo RN EHE TS &, &EO T Fift
PRI BE IR 2 A 0 K U 2 2% S B ) THER L 7z o\t
L, BEVRE o B3 IR A R 0 K L A5 5 kA ) ¢
Heg L7z (Fig.2). &BENZE <\, 19904E 6 A & B 7 84
hEmZ2/nR_LCB Y, TomEERBIBAEN %R L7
19701990 4E B i #£ DA LR TR ENEK#E, IS
BEEARIETH o 72, 1950-19704E G, RiEOEMRICIE
NCEENTEALE, REREBIKIETH - 72 FRHNEHE
L ABE, 1947-1952 FEIZEFE A ML 72D 125t L,
19531957 SR G HE WL B 13 A L 72, 19731977 4R BHIC &
AR L7z oIzxt L, 1975-1981 4E G I B B s L
72, 1977-1979 4F B L EDSH I L 72D 12k L, 1981-1985
SRR B L7z, 19831985 4R EHIZ A EI AR A L
eDIZxF L, 1986-19884FBICEW B L 7-. T X
IS, EFEELERBRO 7 ) FEigERE, SE2H X

) 35 ERERENA B T aHEmzEO S, P
O, MEDOHKDF 4 3 ¥ 71%, EEOBEIHD S HAEEN
THEE IR 2@ 0555 2 Lo 272 (Fig. 2).

EENCB W THFE R RN Z /R LT 5 1990 451X
DB (Fig.2) Z#0C, ZoWEHo 7Y 54 otz T
& B A L AR T B R B BT B R 02 bR
AR L, JLHEE I 1988 4E D202 b ¥ A 5 20124 D
7,337 b KI8T I L T a oz L, BEER
3,507 b A5 1,583 b UANROSERIZEA L TE D, ik
IS B B RO E X D LTI BT 2B K
WEHETH -7z,

EEB X OEEERO 7)) FiEEo RN A O MR E
AIzE T H, EELAEZRO IR O ORI
—0.56 L I bAFHEATK & <, ARELZADOHEBRTED
b7z (p<0.001) (Table2). F7-&EOH#ER (C) »
CEEBROMER () 2Tl 57000k C=
—0.0469 C; —132.713 H B (p<0.001) TdH o 7= (Fig.3).



SREAE, Bsed, Wk

Table 1. The representative town or city of each prefecture and
their latitude and longitude used to calculate the center of

catch.

No. Prefecture Town/City Latitude °N) Longitude (°E)
1 Hokkaidou Hakodate 41.769 140.729
2 Aomori Aomori 40.822 140.748
3 Iwate Miyako 39.641 141.957
4 Miyagi Ishinomaki 38.434 141.303
5 Akita Akita 39.720 140.103
6 Yamagata Tsuruoka 38.727 139.827
7 Fukushima Minamisoma 37.642 140.957
8 Ibaraki Hitachinaka 36.396 140.534
9 Chiba Kamogawa 35.114 140.099

10 Tokyo Shinjuku 35.689 139.692
11 Kanagawa Odawara 35.265 139.152
12 Niigata Niigata 37916 139.036
13 Toyama Himi 36.857 136.986
14 Ishikawa  Kanazawa 36.561 136.657
15 Fukui Tsuruga 35.645 136.056
16 Shizuoka  Itou 34.966 139.102
17 Aichi Toyohashi 34.769 137.391
18 Mie Owase 34.071 136.191
19 Kyoto Miyazu 35.536 135.196

20 Osaka Osaka 34.694 135.502

21 Hyogo Kami 35.632 134.629

22 Wakayama Taiji 33.594 135.944

23 Tottori Sakaiminato 35.540 133.232

24 Shimane Hamada 34.899 132.080

25 Okayama Okayama 34.655 133.920

26 Hiroshima Hiroshima 34.385 132.455

27 Yamaguchi Shimonoseki 33.958 130.941

28 Tokushima Kaiyou 33.602 134.352

29 Kagawa Takamatsu 34.343 134.047

30 Ehime Matsuyama 33.839 132.766
31 Kochi Kochi 33.559 133.531
32 Fukuoka  Fukuoka 33.590 130.402
33 Saga Karatsu 33.450 129.969
34 Nagasaki  Nagasaki 32.750 129.878
35 Kumamoto Amakusa 32.459 130.193
36 Oita Saeki 32.960 131.899
37 Miyazaki  Miyazaki 31.908 131.420
38 Kagoshima Kagoshima 31.597 130.557
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Figure 2. Annual changes in catch of yellowtail species in
Kagoshima and Japan. Shaded area represents the catch in
Japan. Bold line represents the catch in Kagoshima.

Table 2. Correlation coefficient, coefficient of determination
and p-value between the catch of yellowtail in Japan exclud-
ing Kagoshima and that in Kagoshima with 06 year time lag.

Tzr;leeaia)lg r R? p—value
0 ~0.28 0.080 0.002
1 —0.38 0.143 <0.001
2 —0.47 0.223 <0.001
3 —0.54 0.292 <0.001
4 —0.56 0.314 <0.001
5 —0.55 0.304 <0.001
6 —0.52 0.273 <0.001

®
080, o
Cy = -0.0469C, - 132.7 % o Y
R?=0.314 18
p<0.001

-15

Long-term fluctuation of catch in
Kagoshima (100ton)

Long-term fluctuation of catch in Japan excluding
Kagoshima (1,000ton)

Figure 3. Relationship between long-term fluctuations of yel-
lowtail species catches (five-year moving average catches of
yellowtail species after retrieving long-term trends) for
Kagoshima and Japan excluding Kagoshima. Dependent
variables were shifted to 4 years later.

DABERE e 1) %2 78 L7z (Fig. 4a).  [alAk OO 1A 1300 6 B2
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Figure 4. Annual changes in the geographical center of catch,
latitude and longitude, of yellowtail species in Japan exclud-
ing Okinawa (a) , Tsushima warm current region (b) , Pacific
region (c). Bold and broken lines represent latitude and lon-
gitude of center of catch respectively. Vertical bold (broken)
lines represent the regime shifts (not regime shift but abrupt
transition observed in the gridded SST field of Northern
Hemisphere) (Yasunaka and Hanawa, 2002). Horizontal
blank and bold arrows represent the warm and cold regime
respectively, referring to Tian et al. (2012), Yasunaka and
Hanawa (2002), Minobe (1997).

PLEo#ERIE, 19104520 5 1920 SEAHTFE, 1940
B LD B 1960 412, B X V1990 4R LI, il
BOFRICHRTELODPIRFY IH -2 L2 ERT
5.

F72, INOHEMEEOPICET D IH - 7R L FETE
HVICHoEROUNBEDLYDS L IV 7F, LY—24
¥ 7 b (Yasunaka and Hanawa, 2002) 2354 L7-& ¥ b
FEE—HLTRBY, HERELPILESE) (FEEFY) 12
HBHREHNIMEL ¥ — 2] (EHLY—20]) &—HL T
W7z (Fig. 4).

BEHKEZEEHREEEOCOETHOREFR
SEEERELOOMKE, BREORMZE, xhEgRTE

REEIRREIEC, s <2 MR L o g T K i 0 R 1 2
B 3A B LMHEANRD SNEVEENLVOITR L,
HEOWIRE 3AHBRHEPEO SN GEV L o T2
(Table 3). [FARDMEIE, R HBRGTIR O 1 KR & xf 5 BE
T R G, RSP ERIR I 0 W R & AR A
HREOOMIZBVWTORD LN LiL, ZOX)H I
BWE T Tams5ZEIZL2HLNRMEO LA TS
SN7A o 72 (Tables 4-5).

Z £

TVEREEEDDEHERBEDOL Y —LIT b
ARIFFEOMGR, FeASEE A O b EE O i KiR O B2
Bl EOLOME, BEORNZDIL £ OFH,
MBI B W THBEZIEDOMHBBIR2GED 5 1 (Tables
3-5), RPFEGBEURI, AV A L Hh R S o i T K T
M EAT 2 L RO TNY 7 N T A0 H
LEEZLNT.

F7, MERE.LOWERBEREDOL V=227 b (Yasu-
naka and Hanawa, 2002) D PRfR%Z A 5 &, R E.LANE
AN H o 7L B D IZH o 72EROY Y Brb )
DIALIVIE, VI—D YT IR ELESNLEE
—HLTHY, 2515, BERFOIHULHEE D ICH 5 R
FRBEL V-2l E —F LT (Fig. 4). HBEREFE.LH
BVEE D 12D o 72 1894 4E 7> 5 1910 4EACHI 2, 1920 4R #2
5 1940 EAHTF, 1970 FEAAHTE 2 5 1980 4EALE 1
TV YA H20, EEO7 ) FiEER %O
LY — AN AR THIOKETH D, SR
BCIdmA#ETH 72 (Fig. 2).

=4 (1960) X, 1894-1959fE D& IE 0 77 ) FHIfAME B A
By T L ACFEL T L, HAREILIX & FEIBHEX T
FEXISA T B EAED b &, B X OKRFEEIL
X EHXOPIZEOMERED 5N DL Z a2 LTy
5. F72, INFE TICHEHTIN ST X 7B A
OFER, R L > TT) oBE NI - SARPEIEL L
TWhZERHPHFINTEBY B2 WP, 1972a,b,
1973 5 A1, 1992 5 J2TE, 2003), B2 IEHARMEIZBWT,
IR L 2 — AT H - 72 1960 4RI I HE 1 5 DAL~k 9%
BN E TT ) 0-1 i OBAHESHER SN Tn -0l
XL, EBELY—2THo721970-1980 SEA I 1T REE P
BUMANE Y 7ML EPHMESRTWS (IR,
2007). E 5 (ZTianetal. (2012) 1%, HA{EILERIZBIT S
AZEO R & 7)) B R DL B O AR % AT
L. 1990 4% IRE DR L ¥ — 2 W2 A KR 25 b~
PR U722 EAHE - T7) o [ 50 PR <2 B A HE I AT L~
KLUZZTMREEZHE L2, 2hLoHERwEhy, Kl
BREOZBIE, FHATHEALICEE) L T2 HEE 2R
BLTW5b.
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Table 3. Correlation coefficient between long-term fluctuations of seasonal mean SST around Japan and latitude and
longitude of yellowtail catch center in 1900-2012.

Tsushima warm current region Pacific region

Area Winter Spring Summer Autumn Area

(Jan—Mar.) (Apr—Jun.) (Jul-Sep.) (Oct—Dec.)

Winter Spring Summer Autumn
(Jan—Mar.) (Apr—Jun.) (Jul—Sep.) (Oct—Dec.)

Latitude NJ -0.03™ -0.03™ -0.07™ 0.16™ OK 0.23* 0.27** 0.13™ =0.10™
MJ 0.35%** 0.56%** 0.38%** 0.48***  0OS 0.35%** 0.56™** 0.45%** 0.30**
SJ 0.47%** 0.33%%** 0.38%** 0.33***  EK 0.43%** 0.46*** 0.59%** 0.35%**
NC 0.37%** 0.20* 0.55%** 0.45%**  SK 0.53%** 0.427** 0.717%** 0.66™**
SC 0.21%* 0.34%%* 0.26™* 0.11™ OST 0.55%** 0.31%* 0.66™** 0.67***
AS 0.11™ 0.12" 0.27** 0.10™ EO -0.11™ 0.38%** 0.17™ -0.02™

Longitude NJ —0.06™ -0.03™ 0.02™ 0.26™* OK 0.05™ 0.28** 0.18™ 0.09™
MJ 0.24* 0.43%*%* 0.41%** 0.36***  0S 0.23* 0.36*** 0.37*** 0.24*
SJ 0.39%*** 0.18"™ 0.35%** 0.23* EK 0.36%** 0.42%** 0.65*** 0.27**
NC 0.15"™ 0.01™ 0.60*** 0.44***  SK 0.40%** 0.59*** 0.54%** 0.45%**
SC 0.09™ 0.25** 0.30** 0.03™ OST 0.33%%* 0.28** 0.41%** 0.31**
AS 0.07" 0.01™ 0.20* 0.11™ EO -0.12™ 0.26* 0.20* 0.00™

p>0.05, *p<0.05, **p<0.01, ***p<0.001
Abbreviations of the areas are shown in the footnote of Figure 1.
Areas are deployed in order of northern part from upper to lower.

Table 5. Correlation coefficient between long-term fluctuations
of seasonal mean SST of Tsushima warm current region and of seasonal mean SST of Pacific region and latitude and lon-
latitude and longitude of yellowtail catch center of Tsushima gitude of yellowtail catch center of Pacific side in 1900—
warm current side in 1900-2012. 2012.

Table 4. Correlation coefficient between long-term fluctuations

Winter Spring Summer  Autumn
(Jan—Mar.) (Apr—Jun.) (Jul-Sep.) (Oct—Dec.)

Winter Spring Summer  Autumn

A
(Jan~Mar.) (Apr—Jun.) (Jul-Sep.) (Oct—Dec.) rea

Area

Latitude NJ —0.19™  —0.08™  —0.23* —0.11" Latitude OK —0.03™ 0.21%* 0.32°%* 0.27*
MJ  0.57%%%  0.62%**F  0.18™ 0.64%** oS 0.16™ 0.29%* 0.49%**%  (0.20%*
ST 047***  0.38***  0.18™ 0.45%%* EK  0.29%* 0.36%**  0.67***  0.30**
NC  048***  027** 0.43%%%  (.45%** SK  0.36%**  0.55%%*  (0.56%%*  (0.48%**
SC  0.38***  0.50%**  (0.32%%*  (.28** OST  0.28** 0.24* 0.38%**%  (.4]%**
AS  0.20* 0.32%* 0.17" 0.17" EO -0.10™ 0.13™ 0.18™ 0.08"
Longitude NJ —0.20* -0.09™  —026%* —0.18™ Longitude OK —0.07" 0.22* 0.39%**% (. 42%**
MJ -0.20* 0.61%**  0.14™ 0.61%%* oS 0.11™ 0.20* 0.41%**%  0.26%*
ST 045%**  036***  0.13™ 0.37%%* EK  0.24* 0.33***  0.64***  0.25%*
NC  0.48%**  (27** 0.39%**% (. 39%** SK  0.24* 0.44%*%%  0.56%**F  (0.42%**
SC  0.35%**  044%**  (35%**  0.26%* OST 0.12™ 0.08" 0.35%**  031**
AS  0.23* 0.32%%*  0.18™ 0.18" EO —0.19™  —0.04" 0.07™ 0.01™

p>0.05, *p<0.05, **p<0.01, ***p<0.001
Abbreviations of the areas are shown in the footnote of Figure 1.

%p>0.05, *p<0.05, **p<0.01, ***p<0.001
Abbreviations of the areas are shown in the footnote of Figure 1.

BIEEDOL T —A Y7 MIT 5 7)) GO 4 B O
ZEZ WL THY, EIEIIZEEREEE X 0L oM

AP L -2 L 2R B LTEBY, IhbBhosh
E—HLTWA, 512, 19904FEDBEDOREL ¥ — A

BN B 2 7)) A Bk ER o> 770) B R AR L 0 e
ORI T S THh - 72 F921F, KR LEFIHEDY 7
Vo AREROdL B LD b, dLROJb L EE O ) a5E
CEERBRTL. DEoZ RS, 7)) HEERELOE

THAE LS 2%, diE & D BREOI EEEA N 2D ITH
R QHEPHDER L, AU - TEESBIINS 5 72
DI AE TR 52—, EEHRTH 5L
B TGRSR R T 5 72O HER SRR T 5
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L# 25N (Fig.2).
2ECERBEDREELEHOZ21IJTDTH
el & YR SR 0 7 ) Fei A i 0 RIA B O BN IR
MICHEZAOHBEBERIRO bh, 2EE4ERORER
B OB T b BRI OAMEREDS K & 22> 72 (Fig.3). T
mbh, EEBN L) $55 43I0 7054408
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