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Transitions in purse seine fishing in the southwestern Sea of
Japan after the second half of the 1980s

Tsuyoshi SHIMURA'T, Shinya Masupa', Ryosuke Ut', Jun YaAMAMOTO? and Yasunori SAKURAT

The southwestern Sea of Japan, from Tsushima Island to the Oki Islands, is one of the major fishing grounds in the
Tsushima Warm Current region of the Sea of Japan. In this area, four species of pelagic fish (Japanese anchovy, En-
graulis japonicus, chub mackerel, Scomber japonicus, horse mackerel, Trachurus japonicus and Japanese sardine,
Sardinops melanostictus) are mainly caught by purse seine fishing; however, little is known about the long-term varia-
tion of purse seine fishing after the 1980s regime shift. The purpose of the present study is to clarify the inter-annual
fluctuations of the catch per unit effort (CPUE), the main fishing season and main fishing grounds of four species of
pelagic fish caught by purse seine fishing in this area. The abundance and distributional changes in four species of
pelagic fish were examined using the catch data of the four species caught by two purse seine fishing vessels in Tottori
Pref. from 1985 to 2005. In the 1980s, sardine CPUE increased and main fishing grounds were formed in the continen-
tal shelf; however, the main sardine fishing grounds were expanded to offshore regions around the continental shelf in
the 1990s. This shift was affected by higher sea surface temperature and stronger volume transport of the Tsushima
Warm Current. The CPUE of sardines decreased rapidly after 1997, while the CPUE of anchovies in spring and horse
mackerel in all seasons increased on the continental shelf around the Oki Islands. Monitoring of the ocean environment
and purse seine fishing trends may become important for adaptive management for the small pelagic fishes in the south-
western Sea of Japan.
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BempEhn (b - NI, 1979), BERBEIZL Y -4y
7 b EEN S KR AEIC KK 2 E AL 6N
T % (Yasuda and Hanawa, 1999; Zhang et al., 2000; Yatsu et
al., 2005; Tian et al., 2006, 2008). AWEKIZI5 1) B KBOHE
HBRBLIH Y Tl AT 5 NE &, ekt
ARJEE T2 ) v VEFICK > TREN I 50 % (Senjyu,
1999). A¥EiE, xFHERO R LI H Y $5 729,
KEERISERT 2 EH PR TR, Lrim<Ens
(FF1EH, 2003). F72, RBIFFESOFEERIZIE, 11F2
LMK R AR K & X B AR AV AR U O
EA, 2006) , 245 @ ARIKO R & R IR 23 A
% (Katoh, 1994). HARMIZH W T $ 1980 %Ik &
LY=LV T MKk TlFRENRESELL=2 L
MRS XT3 (Minobe et al., 2004; HIEEIE A, 2006;
Tian et al., 2006, 2008). %7z, EFDOW9ETHAREBIZHE
TAEYOLBERERERNL YV — LY 7 FORTHRTEILL
72 Z R E X Ty b (Zhang et al., 2000; Tian et al.,
2006, 2008). Tian et al. (2006, 2008) D Tid 1980 - 1%
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Figure 1. Characteristics of the ocean environment and oceanic survey area in the Sea of Japan. Thin lines with arrow (upper left) show
the schema of the Tsushima Warm Current (Naganuma, 1973). The thick line with an arrow (upper left) shows the path of the Liman
Cold Current. The solid circles denote areas where the sea surface temperatures were reconstructed from monthly oceanic surveys

(lower right).

FoOL Y -2 7 OB, 1990FRIZA D EHTED <A
Y ¥ Sardinops melanostictus 239%> U, BFERNZIRIEMED ~
7 ¥ Trachurus japonicus & 71 % 27 F A 7 ¥ Engraulis japoni-
cus ML 7282 LT3, 2D XS e PERER) 7 FFE 28 1%
DURE LT, KAMOAd, MAFEROE, L k5
T3 b VvEOEIZK S E IR TS (Tian et al.,
2006, 2008). TN X TOARMRIZ I 1) 5 ML IZBd 5
WF22 C I & & Vv BRITHR I O R 22 R 7 — &
ORBIBERICHE SO THANRSh T3, L L, WEER
O it XK MK UR D ZEAC A INZ EH D 53 A R B DIg2E
BN A2 ED K S 5B 52 TE 2,2 D0 TIEM
B ENTOEWN, RKIZ 3o CONIFER IO RS
I FE EFMIC K > TSNV 3 (Tian et al., 2006, 2008).
INRZ R FHOD 3 A3 1% DZALIE £ 2O, s,
BOZEMELTENEZ RTINS, ZZTAII%ET
Z, =¥, F XMW L UCHEE A H AR EERIC B

W, 19804 B DL Y — 4y 7 IR, STEERO
MEOMRE KT AKEAED LI IZEN L 200 &N
7o RIS, FEMOEAMT — & & O OMIEEEO B
W 2 BT B e & 72 0 OfER ) i KORG8 E O
FRICEZL-O»EZBH S 2L 72,

MR EFHE

BEIRET —4

R EBEGIT M & HRT, WA <, JEE 8RN0
JIA, 1974), WEORGRIZEAURIRO - 22155 0 O
Bk ko> TBh3EHEZ2 5N T W5 (Kawabe, 1982;
Katoh, 1994). % 2T, ARWZE CTIIxt BIEHR O i g O B ik
ERTHEL LT, [T H— 4= (http//www.data.
kishou.go.jp/shindan/e_2/maizuru_tsushima/maizuru_tsushima.h
tml 2009 1H7H7Z 272 2) 2B WTABRXZA T3S
F =405 B, 19852 5 2005 - DN % V72, 19854
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725 2005 -0 1-12 H Ol & £ N FEY U CTHEF-3590E % 3K
Wiz, ZOKEE (TWC) 1, i HD 100 m %A 10°C L
LOWHROEFE (x,) % 19712000 F-D % H DO F¥ili () &
HEff2E (o) THEME(L L 2 flie LT PRt TR Eh T3,

X, —Xx

TWC, = X100

(o)

FiiAKET — 2%, 1L - SR - BE - SR KO
] K P JI S B3¢ i g D GRBRAR 1= & - THT b7z 19854700 5
2005 - O EHHFHEEIE R O 5 5, wEEIREH X 5
TEDLNTWBRTHD27H Y H 13HICBHIX 7z
DEFWT (815, 2003). Zh6OWHEBHITIX,
P EATES - REMICET IR TS 720, FHHBI
ICHIE IR 217 - T, dERE35-370, MR 130-135)% D
B DOWTHEE - RIE300 D77 — ZIZ&|m L. Z
DT 7 — 2 O V3% A KR E Uz, 1 HIdimeesil
BIrbhThaEnWD T, 12H &2 HOMEA» & SR
Ko THRINIRL TRD 2. 1-12 HO A KR E & 6
I U TR K & SR 72
EAMMEF
H ARG rE PH I 12 d5 F 2 Kb 2l & & d, M1 &,
PR 28, AN 2 E T UMM AR L, HRF 2KV
TR AT . BB R - BEGH R 5 &
WF UL B VT I AR T d 5. i ki, K
W, KRMWEE L EORBETENTS720, AFvy=v 7Y
F = R A IO CRBHER M TbN 5. RN
AR RS 2 L KPERIT 2O TERL, f@nrzo
PR A T B . YN 7 D3 TR R AA L, B
HOWRSEE st AR R, SR UL IV | A UL e & PR
KRBT 5. Zho DKGED 5 B/ O K E
B S L0 (BMOKER, 2009). KT TIE, /h
PR RO B S RGO R 22 Z LIS DN THHNR DB 728,
BN & U CRHURET R IC R AIGT § % Kb Al & X2
WM AZEA 7. FAEEEIX, 1985-20054-0 1 H 114445
DN E I KO AMERNRIER Ch 5. FHAT R AT,
FEHECTEMEINE YA TY, HETFATY, v
73 Scomber japonicus, ¥ 7 YD 4fHE Uiz, BEAANIZ X 5
TRENT=T — &0 5 K RO B ORRFELA A TR
2728, RO R A2 EXEIEETH > 728 DR
WU CPUE (b)) & L7, X, &fafo w0
ZBEFND OERER T 52, A2 (12H,
34H, 5-6H, 7-8H, 9-10H, 11-12 ) oiffEs#H4&
ERMLZ. 610, WMIGEROZLEHNS 720, %Ki
X (FEEERRE304) O HARRERO 2 » HAGHE & EREH
SERCTEI S Z LISk D A mEE AL, KX TRS
BAEIE D o 2kl A 7 OfX OE Lk LT~y
Yo Lz, RWZETIE, WG & G021 b L o
NS 120 WERE SRR AL AR TR B
H£TH 52005 F 2 NEKF & UTHTL 72,
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Figure 2. Annual changes in mean sea surface temperature in the
southwestern Sea of Japan (SST; solid circles) and strength of
Tsushima Warm Current (TWC; open circles) from 1985 to
2005. The dotted line shows the mean temperature from 1985
to 2005.

200
---@---Sardinops melanostictus

o —— Engraulis japonicus

150 ',’..""' “‘__. - % - Trachurus japonicus
L4 e, —+—Scomber japonicus
\.\
L

100

CPUE (ton/haul)

Figure 3. Annual changes in catch per unit effort (CPUE, ton/
haul) of four species of small pelagic fish caught by purse seine
vessels between 1985 and 2005 off the western Sea of Japan.

R
BEREOBREZI
1985472 5 200540 21 4 [ D - 35 2% i KR 1% 18.8°C T
H o7z (Fig. 2). M AB L, 1986-1989 4 F TIX T
PIT7Z 5725, 1990 F 12 KM 28I 5 L7z, 19914
25 19964 F TIdAKME L5-& TRABDIRL 724, 1997
FLIE I 2003 F DA RN TELL E L s> Tz, &
FEHEWR DB & R I, 19854F (—126%) »* 5 1986 4F
(—163%) (FFVAY, 1987 L LIFREA ) & 5%, 1990 4F-LIFE
121996 4F (—49%) %R T 1-142% & 58h - 7=, FEifiKiR
ZAb e BRI & MM L 2B A2 L CnWBZEns (H
BAERE=0.72, p<0.01), X HIRFDFE DI K & AW L
ANEMRIZHZ > TWBZ AR LTS,
INEDOERD? 6, WHRREESRFEN 2L ERL
1986 4% (X FyBER D BT 35 < AKIR) &, 1994446 K O
2001 4F- O IR FR OB Ak < &) #REF & L,
FEFEREOCLETE
v 4 7 YO CPUEDEBHINIL, 0-171 (CF1 + B {5
=112*111) TRELHRL T3 Z EAUR S 7= (Fig. 3).
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AU AME L XS BRI D BT A3 7> - 72 1985-1989 4F- & Tl
(Fig. 2), CPUEIZ 140 b » /#LL L CRIAKHEIZ & - 7= (Fig.
3. ZOMDOYA T OERBIII-12AL 147257
(Fig. 4). 1986 -0~ A4 7V IGIFIRILEE S 2P0 &35
KEES R KBEMEAER IR & T 7z (Fig. Sa). KR
25 s Uxt IR OB ) 235k < 75 5 72 1990 -4 5 (Fig. 2),
VA 72O CPUE IR Lt 1992 4 LI L M 7y D>
AN R U C 1994 4F121 100 + >~ /8% Tl - 7= (Fig. 3).
1992-19944F-13 5 7 —10 A D EHEEI A A8 L, (ZIFRF
VATV ERIEL Tz (Fig. 4). 19940~ A 7 i
1, 14 FIEORFEM FISE R & T2y, 5-10 Fiddbs
38 LD M £ THIG AR T 7z (Fig. 5b). 1995
20 5 1996 - 13— HERY IS KU AMIG < 3 BBz D B4 & 55
<70 (Fig. 2), 1996%F-i&~ 4 7 ¥ D CPUE 23X LI
1-4 A OHHERIA M E L 7 - 7= (Fig. 4). HOKED LA L
KEIRIRO BT D350 < 75 - 72 1997-1999 4F-1F (Fig. 2), ¥4
7 2@ CPUE DA L 16-25 + v /M THERL L 72 (Fig. 3).
1997 413 1-4 H O HaEHIA1E 50% & FHID | 1998-2004 4F-
E5-10 AR T & 7 > 7= (Fig. 4). 2000 F-LIFIZ~ 4 7
O CPUEIXT b v /#ELL T CTHER L (Fig. 3), 20014F (Fig.
5¢) & 20054 (Fig. 5d) 12V 4 7 ¥ &R E 3 553K
Y ANQRY T/l

< /3D CPUE DZE B HiH I, 14-74 b v /M8 (P =
PEHEfR 25 =33+50 b v /M) Tdh -7 (Fig. 3). FIfi %
bWl 5 72403, 1985-19894F-, 1991-1994 4, 1996 4,
2003 TH D, TN 5 DAL 19924 & 1994 4 & RN TK
WAMKA 5 72 (Fig. 2). < 9/NE, £ Z®E L C5-8 Hi
i, IFEACHE N, 140 L 9-12 HOMERHAENL
7572 (Fig. 4). 93532 TOFITHE U TRk EE
BRDARLINEHO KEEM LIRS h b Z e hnEn -7
(Fig. 5).

h Ao F4 7LD CPUEDZEBHPHIZ 12-60 L ¥ /i
(B + fmdE RS =39+39 b v /fH) T, MIHZE# N K=
W23 1998-2001 AR I HEME R 235588 &5 7z (Fig. 3). 4 2
FA T OFEHINL, 1985-1991 F- & Tilifg L T 9-10 H A
Fia & D (Fig. 4), FEEERDNEIGNEK ST
W7z (Fig. 5a). — 7 1992-2005 FF-0 144£-00 5 5 741 14
A2 EW &0 (Fig. 4), Bk 5 R 5 K &
U7z (Fig. 5b-5d).

v 7 VO CPUEDZEBHPIZ3-62 F ¥ /M (FHy i
UefizE =23+30 b ¥ /#d) T1991-1993 F-1Z 3% L T 50 b
VWM EOENME AR L 72 (Fig. 3). i 1985-1988
HFETIZS5-10H T, 1991-1993 41 11-12 A 2 i &
7% o 7z (Fig. 4). 19944F-DIFE 1% 7-8 2 2 0y # A 134
B 55800, FIFHFHEME I T, 1986F-D~
7 V5% 7-8 HIZ D AR g 1 36 T/NBUBH S T B &
NTHD (Fig. 5a), CPUEIZRKIE /R L 72 (Fig. 3). 1994
FAZ~ 7 U FEEROWEIGIIER T h - 72 (Fig. 5b).

2001 - & 2005 -1 F4EKEEM T~ 7 ¥ F 1R D 15 A A
PHIZI & & LT 7= (Fig. 5¢, 5d).

/NI RE AT D CPUE & W BRI D #4)) #6 K O i K
HEDHBBEBRARE L., v 4 9B~ 1D
CPUE & xf BEEROE S 36 K O K AKR & ORICHE 5 &
DOHBIAEE 67z (Table 1). 2D Z &id, FERABIRT
VAT ETHINDCPUELHEINT S Z 2R LTW5,

ZE

AHRIZ BT EMREORED AL 55 T 2v 4
7 ¥ CPUE X 1988 4% ¥ — 7 1294 L 7= (Fig. 3). ¥4
TYOEINRIZL Y — AT T b AE X - E %D 1990 4 A
5199112 Hh 0 THAR L (%0, 1998; 4R - /N4, 2001)
1986 - % & — 7 12 —5UZ A & < 72 > 7= (Hiyama et al.,
1995; Ohshimo et al., 2009). Th 6N b7 A TV E
WEMRD L7221k > TRBIKIZE TS24 720D
CPUE A L7 F 2 6515 (Fig. 3). 1990-1996 -3 K
W KU ERER OB SI O REHIZE ) 25K & 5 - 72 (Fig. 2).
AUAME A 5 72 1996 13— Wiy 22 = 4 7 & CPUE DB 48
B oNTH, T D CPUEIRND LT~ 4 7V EFED
WgE R L7z, &7z, BIEAS < W HBETRO ST 2355 <
FE KRB 5 72 1986 413~ 4 7 > O T T 4K
Bt L ICTER & v Ty /= (Fig. 5a). LA LEEABIIN L X
FEREFR DB AV < R AKUERAE 2 - 72 1994413 6-10 F
2T A U VGO IR GRS 57z (Fig. 5b). v A
7 L OEE, BARMARRCILEE - EH PR O R
WWIBE SN ZEBMenTWS (BH, 1992). 2D Z
ENB, FRFIIEHAKROEFIC K > TSRO A1)
BIRA D AR E 0 IRNFEDT D ISR S, IR
I3 2Em2nH 2 EFE2 505, 1980FRE17 5
1990 FFARAT 12 21 TIRIE T, ~ 4 7 > O ifasE &R
IXIB LT, B LY, s LY, YL & O - i
BN CEH OB LA e, KREEM LD R 2 ey
5 72DICH I U 72 BB Hic~ 4 U o i
ERTOAEZERREIN TS CKHI, 2007). w4 7
> OEFRE, B, WSO MMAIATEINZIZE
BbH 53, 19904FRETFICENTY A T VIHOWO R
B RE LT, BEO~YA 7 Y ANDIRIEE N ED» 5 7=
ZENERELTHITENS,

1990 F-fRIE = A4 7 WA Ly Tz 2%, 1993,
1994, 1996 412~ H /30D CPUE A L T\ 7= (Fig. 3).
Hiyama et al. (2002) (% 1993-1997 412 — Y 7 ZKIBAK T 1
Ko To YDA FERINFED EA LEEAML 722 &
EWME LTS, 1990 FAHTE T 11-12 HIZw A4 7 2 D
BEHA DD L TOBDIZ3 LT, v/ OifafE# A 21
ML Tz (Fig. 4). 7Y OEINE 24 HIZ N &
WY Fh -FEEIC B W TiTbN S (Yukami et al., 2009).
DEoZens, w49V EEREDWD # MiET 5720
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Figure 4. Percentages of monthly catch (every two months) of four species of small pelagic fish caught by purse seine vessels between
1985 and 2005.
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Figure 5. Monthly distributional changes (every two months) of the fishing grounds of four species of small pelagic fish based on catch
per unit effort (CPUE, ton/haul) in each 30° latitude X30° longitude fishing block in 1986 (a), 1994 (b), 2001 (c) and 2005 (d). Each

block was filled by the species that had the highest CPUE.

Table 1. Correlation coefficient between oceanographic indices
and catch per unit effort (CPUE, ton/haul) of four species of
small pelagic fish off the western Sea of Japan. SST indicates
the annual changes in mean sea surface temperature in the
southwestern Sea of Japan. TWC indicates the strength of
Tsushima Warm Current. Single asterisk indicates signifi-
cance at p<<0.05.

SST TWC
Sardinops melanostictus —0.52* —0.45*
Engraulis japonicus —0.08 -0.19
Trachurus japonicus —0.03 0.21
Scomber japonicus —0.50* —0.53*

1990 4 Hij - (2 B IE A —HERY ISR L 72~ 23 25 F [l
7 5 PENIRHNC R I S h 72 LB A 5 h b,

1997 4F- IR 1k = 4 /¥ O CPUE IS KA BV CTHERE L 72
A, 199847 6 2001 4F-12 % &% 2 F 4 7 ¥ D CPUE A ¥4l
L 7= (Fig. 3). 198043 H & 7 F4 v > O iz o-10
H7Z o725, 19904127k 5 & 1-4 H & ifdiE < I 7z (Fig.
4., ZOZ NS, 1990FLIFED 1-4 A Y35k~ 7

B F AT ON MR NEM U 72728 CPUE B L 7= &
EibNh5b.

< 7 Y ® CPUE & Kifids &K O BIEHR O & ORIk
THEIRIER2S5R% 6 e 2 > 7= (Table 1). L2 L, 7Kk &xt
IR DT B RAK & 7 > 72 1986 413 (Fig. 2), CPUE &
RIKTH 722 &h 6 (Fig. 3), Midii 2 1AW
ANORERITWAD T B EEZEZOND. £z, 1990 F-RUC
AD~T7Uid12HE 1I-12 HOWMEEIE 2 < 5> T
7= (Fig. 4). & 512, 20014 (Fig. 5¢) %2005 4F- (Fig. 5d) &
7 7 U FEROUES I b7 > TER S T, L
roZens, WEHEROTESEN U REAKE2? EA L
721990 MRR L LEIZ~ 7 VB REERE I NS K512
KolztZEiohsb.

KIFZEDHEE A 5 198544 5 2005 4D B2 FEEFR D
TREAHER LRI AR ER L7222 L2 &k - TREEZEEN
I, AEABOBELO DL L CEBEFRO TRk ZE
b2 % Z L HRiE &,

2009 -2 & HAMVEER - NPk~ 7 ¥ (9 -
v 4 UY) BEBEEICK D, £ E#EGES RO
Trat & EEINBIFAE O R A HEL T3, ZOHDMAD
e, NI AR IS & B AT IR R A )
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