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Long-term Variability in the Abundance of Pacific Saury in the Northwestern

Pacific Ocean and Climate Changes during the Last Century

Yongjun Tian", Tatsuro AKAMINE and Maki SUDA

Long-term variability in the abundance of Pacific saury (Cololabis saira) in the northwestern Pacific was examined
using catch data during 20th century. SOI (Southern Oscillation Index), NPI (North Pacific Index) and MOI (Monsoon
Index) were used as climate indices to examine effects of climate changes on the abundance of Pacific saury. Abun-
dance indices of saury both in weight and in number exhibit decadal variations with large interannual fluctuations, sug-
gesting effects of long-term climate changes on saury. Power spectral analysis showed that the abundance of saury has
cycles around 4-7 and 16-17 years, tending to respond to decadal scale variations in atmospheric-ocean systems in the
North Pacific. Significant negative correlations were found between the abundance index of large size group saury and
SOI, indicating that El Nifio-Southern Oscillation (ENSO) have marked impacts on the saury. MOI also showed high
correlation with abundance index of large size group saury, indicating winter monsoon affects the abundance of saury.
Linkages between sea surface temperature (SSTs) and SOI, and between SSTs and MOI demonstrated that the large
size group saury is directly forced by the SST fields through large-scale climate/oceanic interactions. Whereas there is
no evident relationship between NPI and large group saury, abundance index of medium size group saury is signifi-
cantly correlated with NPI, indicating that Aleutian Low maybe affect medium size group saury in decadal scale. Inter-
annual and decadal variations in the abundance of saury seemed to respond to ENSO and oceanic regime shifts, respec-
tively. It is important to determine decadal-interdecadal oceanic/climate changes in understanding the mechanism of
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fluctuation in the abundance of Pacific saury.
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ST 5A (HlAIE, Yasuda and Watanabe, 1994) , EH
EHOREIZ DT L L b o TiyAELy, Matsumiya
and Tanaka (1978) {&4 ¥ v HO K % A 4 a3 FHEE
OREREIZBER L, BIHEO B EA IR IGRIE T L L ek
LT3, 190FERIZEVTY v v DIEEETINREL
TWBIZE LS, 1998 5FEDIMER ZHTHFDFLIT
ZER L, BEEROBELERE L TWE, TFEO
T v VR s EOFRERFEORMZTH X X#EL
WEHBIBII X Eh2ZeNbroTER (Hl2 T,
Francis et al., 1998; Beamish et al., 1999, 2000; Yasuda et al.,
1999). &fELV Y -4y T PRI - = g BIRIZREX
N5 KRR FFREORMENI T 7 v o+ v b fHE
TOWMHFLEERIIHELRIETIEAREEN TS
(Sinclair and Tremblay, 1985; McGowan et al., 1998; Sugimoto
and Tadokoro, 1998; Welch ef al., 1998; Zhang et al., 2000; Reid
et al., 2001; Sugimoto ef al., 2001). H ¥ < 3L AKFEHEO TR
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ELT, BA, viry, BEDRELEZZ T3, GEE
DREHFZEAKIZLS. S5 H vz ORMARKE
FECHEEEROHEHEOMIZE £ ->Th 0, FOEELH
BRED RN > = OB BT RO RS K O KT
HERAROBEERBICEE TH 2 EE L 515 (Chikuni,
1985; Tamura et al., 1998; Spring et al., 1999).

KFE TR ENSO (EI Nifio-Southern Oscillation) 0%
FREEAOZEB LI 105F ~ B0 ERBEO RIAZE 2 2 7E
G5 ENHLAIZA D (Trenberth and Hurrel, 1994; Naka-
mura ef al., 1997; Minobe, 1999), SIEDL ¥ — 4 7 MZ
XY B UL RERDIRE A EREY - KREBHEEOEE AR
&> TV (Mantua ef al., 1997; Beamish et al., 1999;
Hare and Mantua, 2000; Zhang er al., 2000; Sugimoto et al.,
2001). /GE (1994) EH Y~ DER LM T I v o+ v
IS X2 ZADRMBOWERI» 58T 7 v o+ 34 F
VARG Y EIRE XA B IRREOBEIC L5 LERL
7. BARS ROHACEEEOBH T 7 o b vs4F < A
FRBIICERE - SRBERICEE IR TWE I LG
T3 (KE - /NE, 1995; Sugimoto ef al., 2001). L»
L, # Y OEFEEIHIIOOTE I E TICRE & R
BOFESENEZhTHW2600, BENLBEEEREY
SRR A TR Eh=fInRehiwn, v vndk
A1~ LA S UMR, 2000), KE L BEFER
BOEHOEHERZBNLIA LIV TRENDEELZON
. KRR, BRI REY v DR T — 4 K
UHARADRE - WERE IR BERT 20 <22 DK
BRKERAWT, EAkFEE BT 29 Y vEEROEHE
R RET A L L I0, FOEHIRITTREELD
HEIZDOWTRET Z1TIEDTH 3.
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HIZHT €, SHEIEICk 1 2 I0EROFIE (1) &SR
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Figure 1. Yearly change in the catch of Pacific saury in Japan from 1894 to 2000.



B 7REE, ZREEIERR, ZHHFR
4 12
:r ?
x
[
E 2
o
)
c
31
c
g i
3 }21 i / mé
2 \}/ /
!6-1
Z
-2 —o- Normalized Anomaly 178
—o— CuSum
__3 L 1 L L L L I 1 1 _9
1900 1910 1820 1930 1940 1950 1960 1970 1980 1990 2000
Year

Figure 2. Anomalies (open circles) and cumulative sums (CuSum: solid circles) of the normalized abundance index

in weight for Pacific saury from 1900 to 2000.

P HRREAR

PRS-y v~ OBRERRIZDONTIT —AXS |
JUIBHT & 4TV (Tsal ef al., 1997; Yndestad, 1999), &g D
FHREH AT, kb, F—202EEON10% (&E
EEENTIRE, HHEEERKTISH) TS T3
ZISVTARY PLEBEOY YA F 79 A0¥ELET -
7=,

SIRIEH

SIERE L L TREBORERS & L TOR BTN R AL
AFEELELCIIAARIOREY 2T L ORFEMEEEL
T SOI, NPI & MOI# 3% A 7% . SOI (Southern Oscillation
Index) 4 EF & & —7 4 YOWEIEZE BB
TAEREDE) L LTEH SN, ENSODIET, BuA
(F) ORI L=—=g (7=2—=v%) HAEET.
ZZTHWAERNESONE, A — A b F Y 7 DCSIRO At-
mospheric Research(Z & D 2t E 172 & D T b % (http://
www.dar.csiro.au/nino/SOItable.htm). NPI (North Pacific Index)

AL A TERED Hguts (160E-140W, 30N—65N) (236 (T 5 T
KEOEHWETEREIN, 7)Y v VEREDHEEL

7 % (Trenberth, 1990; Trenberth and Hurrel, 1994). & 7z,
MOI (Monsoon Index) (&4 7 — & LIREBE O WX

T, WEISIC BT A0 (XFEEHR) OMXDIEETH
%, REZFHIFIZICATFEO R TOMBERA ICKIT TR
Bhrkx<, BARIORE - BRICEREERTE S 5
(oA, 1998). v v OEFEEIHEH & OISR 2 RETT

DWTEZE (FidE12 A -4
DWTENSOA XYV FDFEE»LIH

{Z¥7= 5T, NPI & MOIIZ
2f) o, soIi

WETOBRE,SSA-BHEAIADFHEEEFHE LT
W= (W7 - 55, 1990). Ak, 320HFHKEHTRh
& 1900-20004F- % T 101 FERDIETH 5.

BEERFNZDOWT, ZOEEEE #HRMIHO L 57
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Figure 3. Anomalies (open circles) and cumulative sums (CuSum: solid circles) of abundance index in number for
Pacific saury by size group from 1951 to 2000. (A) Large size group saury, (B) Medium size group saury.
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Figure 4. Power density spectrum of the abundance index series
of Pacific saury. (A) Normalized abundance index in weight
during 1900-2000, (B) Abundance index of large size group
saury in number during 1951-2000, (C) Abundance index of
medium size group saury in number during 1951-2000.
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Figure 5. Anomalies (open circles) of three climate indices and
their cumulative sums (CuSum: solid circles) from 1900 to
2000. (A) Southern Oscillation Index (SOI), (B) Winter
North Pacific Index (NPI), (C) Winter Monsoon Index
(MOI).

TEAEIC NPILOZEBNCBIR L, KB L rhBURE IS %
FTRRERPREED L AR S,

SOI & AMBEOBHERRK L OBIC1ED 24 L 55T
FEOMHBEBBRAR NI M6, I I TSOLDMERHE A
fEERzE L D KX\ X ENSOF &KL, MFK 1R
DNWTCIIL=Z—= g4, T2 —= 5, EHEEIIXSL,
BUEOHEFEER - OBRE2 ko7 (Fig. 8). 2O X I 1,
AEHERERICEREERINIE8Ic, Tr=2—=5
FIZEEL, 72— Z v FIEOHERERLTWS,
ERIEBICOWTHRETF — ¥ OFRHERMEN D 5720,
BOWERIZEE L B0, 1951 F DGO EFHE

B, T2 g P T = - =y FORIE, FHEF
DIWIsFEEmL, Th=—=3 (F=—=v) OFEER

KETES Vv EFICIE (B) OBERH 5 I L &M RE
T3, 77, 19502000 12F 1 58250 ENSO A XV
bDHH, ThZ—Zg (F=2—=v) IZHLTEEDK
HHFOGFEEHELTITEH L0 E N (KV») EER L0
204F (80%) T, ATTFOBFAB) A EVEIA TENSOITE
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Figure 6. Cross Correlation Function (CCF) between the nor-
malized abundance index of saury (dependent variable) and
three climate indices (A-C, independent variable) during
1900-2000. Dashed lines indicate significant level at 5%. (A)
Southern Oscillation Index (SOI), (B) North Pacific Index
(NPD), (C) Monsoon Index (MOI).

HEhBZL%ERL (Table 1), ¥V ~vORFELEE % FPHT
% FCTENSOVEEAEEIIASEELLNS,

Z B

TR FEEO Y Y v ERIIRELFAEHERLEAD,
R 10FE~ B 10 EREOEH AR oz, TOX
B3 474, 16-17TFE RV 30AEORHEALFET 5.
F— 2 DEEA» 5, 30 EORBIZ D W TR DRI
BELN, 4 7EE 16-1TFEORHOEH REMT 5 &
ZbN5b. 77, Y ~ORREEK L KRERE OB
2o, FYeOBFEEEIKEERICKR NS Z LAUR
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Figure 7. Cross Correlation Function (CCF) between the abun-
dance index of large size group saury (dependent variable)
and three climate indices (A-C, independent variable) during
1950-2000. Dashed lines indicate significant level at 5%. (A)
Southern Oscillation Index (SOI), (B) North Pacific Index
(NPI), (C) Monsoon Index (MOI).

XN 2T, KEELHY VyOREEHICES T
O ZIZDNWTEET S,

IN=—Z3DOHE

WY OEEERERECARBRORRERRIER S L BIZT
NZ—=gz (5=—=%) ok (hxL), Tr
——z g (F=—=v) ORENYYEREHICE (B)

DB TIFT 2 L ARIE SN, Y v EHEEDO FEEK#
R OCEELEBHOTHET 25 2 TEELF A2 D /L
L#EZ 5B (Fig 8).
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Figure 8. Distribution of abundance index of saury by ENSO
events. Three bars represent the average of abundance index
during El Nifio (SOI=-SD), La Nifia (SOI=SD) and normal
years (—SD<SOI<SD), respectively. N represents the num-
ber of ENSO years. The solid line indicates the regression
curve. (A) Normalized abundance index in weight during
1900-2000, (B) Abundance index of large size group saury
in number during 1951-2000.

BRIV FRHRE LIS KL TOHE2LLELLN
3, WETOF UM B 5 9 v v OEIEAIREIZRS
N30, BESBERESE/NEMN SR 2 TRESH 5.
191819 SR I I TS EER], & 7213 194047 FIZ TP O
BHDH-T, EEOGEEKENSFig 2k D EEIERX
T3 (S, 1979). MiNIZkiI 2295 LAERZH
LI A, E6I1Z1951FEHUBIZDWTRETORFE
T8 (Fig. 3A) A B IZ 0V ~ BEOEXY S E — v B HER
fLL, ENSO & iR U 7= (Fig. 9). MV TjL = — = g IR
245 L) Bfe < 1904-054F , 1911-14%F, 1918-194F, 1923~
254, 1939-414F, 1986-874F & 1991-94%E 13 F h ZFh ¥
VY BEFERREDE O —%4 5, FFIZ 1988971
B AEOEEKED, iR ERELEDHIS 1990-95

FOINLZ—Z gfflmE & —3T % (Trenberth and Hoar,
1996). %7z, 973FIZH T3 ABWELOR LEVEY,
1972/ 73 FEDMNTIL = — = g 12T 3. 1973 FE 2T

W, ¥ Y2 OKRBIFERIZ 1960 XD 1T H 5 1970 (%
DFFEETRGEVFHTH 24, 2R TR
TE—Sy R KRBT 5. X51T, YUY ORFR

AR S

Table 1. Catalogue of independent ENSO events and the re-
sponse of catch for large size group saury during 1950-2000.

El Nifio La Nifia Abundance Index in Next Year
Events Events Number (X 10%) Trend
1950 2.13 -
1951 4.96
1953 11.43
1955 3.84
1956 13.80
1957 20.43
1963 11.10
1964 2.14
1965 11.86
1969 0.68 :
1970 0.31 -
1971 2.68 -
1972 23.79 +
1973 2.34
1975 1.34 -
1977 11.25
1982 11.57
1987 20.93
1988 9.52
1991 11.80 +
1992 16.37 +
1993 10.79 +
1994 13.61 +
1997 4.71
1998 371 -
15events 10 events 20/25=80%

The “+” (*—") represents above (below) average catch (8.84X
10% over 1951-2000. The shaded “+” (“—”) represents the
years in which the catch level were not corresponding with the
trend predicted from ENSO events.
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Figure 9. Schematic diagram showing the response of the
abundance of Pacific saury to ENSO events during the last
century. The black (white) bars indicate El Nifio (La Nifia)
for ENSO and high (low) level for saury abundance, respec-
tively.



2 v BiRORNEEHE & ULl

IRUEAS 1998 4E 7> & {EAKUEHNIZFEIT L TV B D %, ENSOA*
1998 4RI T L = — = g {EfA A 6 7 = — = v {HAICfrdk
Lz e—3¥5. 7=, KEBOERRERELIZ 1953/
S44F | 1963/64%E, 1972/734F, 1987/884F, 1997/984FD K
5 EEWTIL D — = /7 = — =y BAICEEHER R
g b2 L EHEICETS (Fig. 3A). Plbkrszil=—
Z a2 DL Vv EFEOF L LB EE KT AT T

<, FORMGAEBERIZEBERTI I L TR T 5.

kB, 4V BEEGICEBT S 4-7FEDRBAENSOIZ
WIETHEDTHHELEEALLNS.

v IRBEEKE TOXBEREFRORAKBETOESE
CRRERAEBOI OO IF - FHARS R, 3K~ DK
BLAEBRMIKZ BRI LRESIN TS (BBIED,
1990; Watanabe et al., 1997). BEIHRMANDZE I & — | D
50EARb o THRVY, BRFOUE TREENRT
DEAEREFHSRENVEEERLZ LTS EREEINDD
Z (B[, 2001), KB EEIASOLZRERITHS
35 L84 X LT\ B (Tian et al., unpublished).

KEFFHMERR L 2 At A D ZmAMR (SST) F— 2 & v
b A OB TE, Y v ORI RERRO B
3 (28-35°N, 128-145°E) DE&ZFE (1~3 AFH) SST &
EOMB AR LADICH LT, PEEFIRALIALD SST
ZRBEER L, KTURE L rh RO BIR B KUES T T R B
Tu v MEe EES T T MROWERTICRE BERT
2 7 L MH 5 AT 2% 5 7= (Tian et al., unpublished), ENSO &
ABQHEBE 7 0 Y MEOAREIICAE VRS RITT

ZERELMeh TR, BEKEOKREZL=—=3
(7=—=v%) FIZIFE (A) OREELTT (Hanawa,

1989). 1950-20004E12 51T 5 SOLIFEHIAIRD X FESST &
OREIZAOBHBEBEHRY R S L (Fig. 10A), TL=—
=3 (5=—=x) FFITIZH v v OREEINHHROKIEA
B (EL) AAEmMARL TS, ZTDKSIZENSOE
B 7 o v MRO KR RIETEBERIC & - TR
YU OEREHIIHEARITTEOLEEEINS,

HELFA4TURTA T LRGN EDOFREFRIT
EXOMEBEIZE ENSODBERER I LT3
(Sinclair and Trembley, 1985; Tsai et al., 1997; Kim and Kang,
2000: Sillett et al., 2000; Yatsu et al., 2000). ENSO DEfETE
FZH LT, BEBEROIRE /8 — ¥ BIFZERIIZEE S
7%, FRERICRITTHED A X LHED B, [k
Ko kBT E AR 0 FA 7RI NI TE L= —
Z 2 OBETY Vv LR BT O Y MO KRS
FEFNICESE ST VY OEHE S LTI
L BEHEREND (Tsal ef al., 1997; Kim and Kang, 2000;
Sugimoto et al., 2001).

—7%, KEIFEY v <204 5 MOID##E (Fig. 7C) 122
WTId, BIE R UV O X ZEMOL A B #IAURIC B 1T 5K
EIEE DR 64% & BT X 5 Z & 6 (Fig. 10B), ENSOD
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Figure 10. Cross Correlation Function (CCF) between the sea
surface temperature in Kuroshio Region (28-35°N, 128-—
145°E) in winter (Jan.-Mar.) (SST, dependent variable) and
two climate indices (A-B, independent variable) during 1950
to 2000. Dashed lines indicate significant level at 5%. (A)
Southern Oscillation Index (SOI), (B) Monsoon Index
(MOD).

BEREEEO &S v v DX EEINE T b 5 BRIKEO
SSTH#ATLTRIFT D TH B LRI N D, LEFHM
FAEATFREO TSR COMERA L EREEICHE T L
AR TWE (I2A, 1998). XZEEHMOFE ()
F D FBEEKIROKEDORM (KT) 2872565 ILTY
VBEORM B LR LELONS.
KR L ONPIOBES RN -l i, K
TN TRE 7 0 v MEOSRREICHEIhS I L2 H
BIICRLTWAEEZ5N5, NPLET ) 2 — ¥ v VK
SEDHERT, 7Y a—vy VEREDOHE LB ZT S
DETEHE 7Y METHELEEALNEPETHD. &
& STEREY 12 hBIBEIZ D T ENSO & MOIDEE AR 61
B oD, NPLIZ&K 2B ER L Lid, BRI
DSSTIZE > ThEL it Eh B3RP R D, PIE
BRSO SR - IR EIh s LR EShD. &
O 553 ENSO O bR {EF A HEi#E 7 v v MRICRS 1,
TS oy MEOKEOEHEFRHETE ARV IRE
» 5 & EMIT 5B (Nakamura and Yamagata, 1999).
10 EHRBOEBELY — LY T b
VitE | dbATERETIE ENSO O RUERIZ B IS, 1052
S IOEHBOEHNHERLETSIL HESNIZED
(Nakamura ef al., 1997, Minobe, 1999; Nakamura and Yama-
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gata, 1999), EERNDEENFEM SN T3 (Francis e
al., 1998; McGowan et al., 1998; Zhang et al., 2000; Sugimoto
et al., 2001). Vv EFIZHEHBET 3 10FHBEOEIHIK
IE-MEPEEEDL Y — LIBT3 2 & 47RIET 3,

SIEBEIC LTV Y -y T DA — VR E 5,
NPI (Fig. 5B)%* 5 20 401235 15 5 1924/254E | 1947/484F- &
1976/7T4E D3 DD L ¥V — LY T | 4T T E (Minobe,
1999), MOITIZ 1916/17 4, 1947/484F | 1986/87 fEIZ 25 H)
{EROIRIEA R 515, HEEEBRNOHERELMsH
TWB1976/TTHED L P — AT 7 MIZDWTIE, SOl E
MOI TR T &E B (Fig. 5). FlL, ALAKERETIZ 1988/89
FEIZE L V-0 7 FPRBELZEBRHIN T3 M-
nobe, 1999; Hare and Mantua, 2000; Zhang ef al., 2000). Z#1
1220, SOI TR TH 545, MOI & NPLCILifE
RATE, PREBICBVWTREDOL Y -4 7 N BFEL
T EERBEL TS, X5121998/994E I8 L Y — 4%
7 NARELETERENE VL EHE SR TWB (McFarlane
et al., 2000; Beamish et al., 2000).

0MRHTEEZTIIH I ISy ~OBRFEEHRE I
19117124, 1916/174F, 1920/21 4, 1928/29, 1940/41 65
RIS A & s (Fig. 2). 19509 RDI%IC 643 2 KT
ORIFBEFEETIL (Fig. 3A), 1963/641F, 1976/77F, 1987/
88 T UM 1997/98 - IC A BER AZEDH D, 10FHEDZE )
AEML, 1976/77 4 £ 1987/884F [ UF 1997/98 FE 12 B 1T B
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FLHIBLTWELEEEL LGNS (Fig. 10B), ¥ =iZ
RoN72198788ED L ¥ — Ly 7 + NEEFENREOERER
IZeRB o, 47 VEPH VEHEREANOBENER I
T3 (Zhang ef al., 2000). H ¥ v LFE U HFasE R
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& E T3 (Corten, 2001; Reid ef al., 2001).
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tua ef al., 1997).
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DXKBESLTH v~ DFFEIN BB L RITT. 5) &
Ve OBFESICH 2 RERE & 10RO NS,
FHFNENSO RUBHED LV Y — L2 7 MR T2ED
T, By vOFHEELHOMIHITIET X SIC 10FEHRBED Lo
RZEE % & -5 TFEROMMHPERTH 5.

E i
AERSLOPIFGZ DV TH ALK KR REENTZE T O _LEFREIAE Eeh
SETELPODEWRGEI AV MEWRF N, EAEERT —
AOTIRMAEEL DT IIE VAN LI K
LE¥. PIOKENRMAEHZERICEIREL Tuvs
&, BEROWFEIZZEL DI XY L FEG, HILX AR
WA DIEBIALEREH» 5 MOLF — # O Rt K U'MOI
EHADRR EDBFRIZDOWTZTERATEN ., Fig. 1012
FW728ST 7 — 4 BRBTMERIC L it h= o T
b5, KEITEWKER 7Y 22 Mg [ KTk
| (VENFISH) OD—8 & LT bR EMERED —5
ThHd (PIIKETFEAEEB-285).

51 Rk

M BE - WECELZ (1999) MS-Excel & V724 4 XA b
5 AR & R § 2 O BET. AT, 63, 205-214,

Beamish, R. J., G. A. McFarlane and J. R. King (2000) Fisheries climatol-
ogy: understanding decadal scale processes that naturally regulate
British Columbia fish populations. In. Fisheries Oceanography: An
Integrative Approach to Fisheries Ecology and Management, ed. P. J.
Harrison and T. R. Parsons, Blackwell Science, London, 94-139.

Beamish, R. J, D. I. Noakes, G. A. McFailane, L. Klyashtorin, V. V.
Ivanov, and V. Kurashov (1999) The regime concept and natural
trends in the production of Pacific salmon. Can. J. Fish. Aquat. Sci.,

4



WY BIRO BIERE & Rl

56, 516-526.

Chikuni, S. (1985) The fish resources of the northwest Pacific. FAO Fish.
Tech. Pap. No. 266, 190 pp.

Corten, A. (2001) Northern distribution of North Sea herring as a response
to high water temperatures and/or low food abundance. Fish. Res., 50,
189-204.

Francis, R. C., 8. R. Hare, A. B. Hollowed, and W. S. Wooster (1998) Ef-
fects of interdecadal climate variability on the oceanic ecosystems of
the NE Pacific. Fish. Oceanogr., 7, 1-21.

WEE— (1979) ACPERTFRER Y > < O RS O I8 0 AT
FUILRHER, 41, 1-70,

?m.'mf« - WEBRE - NUEE (1990) JEPEAFEEIZ BT B Y

FEGRAER & AR, RS R E OXE, BUE
NJFUF%E, 52, 17-27.

Hanawa, K. (1989) Long-term variations in the physical environments in
the Pacific Ocean. In. Long-term variability of pelagic fish popula-
tions and their environment, ed. T. Kawasaki, S. Tanaka, Y. Toba and
A. Taniguchi, Pergamon Press, London, 19-28.

Hare, S. R. and N. J. Mantua (2000) Empirical evidence for North Pacific
regime shifts in 1977 and 1989. Prog. Oceanogr., 47, 103-145.

Kim, S. and S. Kang (2000) Ecological variations and El Nifio effects off
the southern coast of the Korean Peninsula during the last three
decades. Fish. Oceanogr., 9, 239-247. -

MR (20000 ALTEKTFEEIC BT 3 v DERBRE FRIZE
& DL BIRETOER, WALKITITR, 63, 1-96.

B B (2001) YOS & UEEINR O E L,

B4 > = SRR Rl s, LR, B4R, 203-205.

Mantua, N. J, S. R. Hare, Y. Zhang, J. M. Wallace and R. C. Francis
(1997) A Pacific interdecadal climate oscillation with impacts on
salmon production. Bull. Amer. Meteor. Soc., 78, 1069-1079.

Matsumiya Y. and S. Tanaka (1978) Dynamics of the saury population in
the Pacific Ocean off northern Japan-III. Reproductive relations of
large and medium sized fish. Bull. Jpn. Soc. Sci. Fish., 44, 451455,

McFarlane, G. A., I. R. King and R. J. Beamish (2000) Have there been re-
cent changes in climate? Ask the fish. Prog. Oceanog., 47, 147-169.

McGowan, I A., D. R. Cayan and L. M. Dorman (1998) Climate-ocean
variability and ecosystem response in the Northeast Pacific. Science,
281, 210-217.

Minobe, S. (1999). Resonance in bidecadal and pentadecadal climate os-
cillations over the North Pacific: Role in climate regime shifts. Geo-
phys. Res. Lett., 26, 855-858.

Nakamura, H., G. Lin and T. Yamagata (1997) Decadal climate variability
in the North Pacific during the recent decades. Bull. Amer. Meteor.
Soc., 78, 2215-2225.

Nakamura, H. and T. Yamagata (1999) Recent decadal SST variability in
the Northwestern Pacific and associated atmospheric anomalies. In.
Beyond El Nifio: Decadal and Interdecadal Climate Variability, ed. A.
Navarra, Springer, Berlin, 49-72.

TERRLE - HWIER (1990) ENSOBIZ L BMOFE - Ji% - &
P& OBFR. HEISEETER, 63, 530-540.

ANERT (1994 BULEIC B AWM TS v o L v OlEL R
JHZEW B S B WT2E. ALK, 56, 115-173.

Reid, P. C., M. F. Borges and E. Svendsen (2001) A regime shift in the
North Sea circa 1988 linked to changes in the North Sea horse mack-
erel fishery. Fish. Res., 50, 163-171.

T%i)ﬁiizf*%* (1998) SURZALIZIES A0 A 4 HHFEEWHO > F Y
. HHMHEE, 30,424-435.

Sillett, T. S., R. T. Holmes and T. W, Sherry (2000) Impacts of a global cli-
mate cycle on population dynamics of a migratory songbird. Science,
288, 2040-2042.

Sinclair, M. and M. J. Tremblay (1985) El Nifio events and variability in a
Pacific mackerel (Scomber japonicus) survival index: support for
Hjort’s second hypothesis. Can. J. Fish. Aquat. Sci., 42, 602-608.

Spring, A. M., I E. Piattt, V. P. Shuntov, G. B. Van Vliet, V. L. Vladimirov,
A. E. Kuzin and A. S. Perlov (1999) Marine birds and mammals of
the Pacific Subarctic Gyres. Prog. Ocenogr., 43, 443-487.

WAMER (1998) TEREAERERO BN 5 5% - Wresy
DR, ATIEEE, 30,379-388,

Sugimoto, T. and K. Tadokoro (1998) Interdecadal variations of plankton
biomass and physical environment in the North Pacific. Fish,
Oceanogr., 7, 289-299.

Sugimoto, T., S. Kimura and K. Tadokoro (2001) Impacts of El Nifio
events and climate regime shifts on living resources in the western
North Pacific. Prog. Oceanogr., 49, 113-127.

Tamura, T., Y. Fujise and K. Shimazaki (1998) Diet of minke whales Bal-
aenoptera acutorostrata in the northwestern part of the North Pacific
in summer, 1994 and 1995. Fish. Sci. 64 71-76.

K B NETITF (1995 BTS2 o b vog e 2 LB
DR, wez, 11, 1-7.

Trenberth, K. E. (1990) Recent observed interdecadal climate changes in
the Northern Hemisphere. Bull. Amer. Meteor. Soc., 71, 988-993,
Trenberth, K. E. and T. J. Hoar (1996) The 1990-1995 El Nifio-Southern

Oscillation event: Longest on record. Geophys. Res. Lett., 23, 57-60.

Trenberth, K. E. and 1. W. Hurrel (1994) Decadal atmosphere-ocean varia-
tion in the Pacific. Climate Dynamics, 9, 303-319.

Tsai, C. F, P. Y. Chen, C. P. Chen, M. A. Lee, G. Y. Shian, and K. T. Lee
(1997) Fluctuation in abundance of larval anchovy and environmental
conditions in coastal waters off south-western Taiwan as associated
with the El Niito-Southern Oscillation. Fish. Oceanogr., 6, 238-249.

Watanabe, Y., Y. Oozeki, and D. Kitagawa (1997) Larval parameters deter-
mining preschooling juvenile production of Pacific saury (Cololabis
saira) in the northwestern Pacific. Can. J. Fish. Aquat. Sci., 54, 1067—
1076.

Welch, D. W, Y. Ishida and K. Nagasawa (1998) Thermal limits and ocean
migrations of sockeye salmon (Oncorliynchus nerka): long-term con-
sequences of global warming. Can. J. Fish. Aquat. Sci., 55, 937-948.

Yasuda I. and Y. Watanabe (1994) On the relationship between the Oya-
shio front and saury fishing grounds in the north-western Pacific: a
forecasting method for fishing ground locations. Fish. Oceanogr., 3,
172-181.

Yasuda, I., H. Sugisaki, Y. Watanabe, S. Minobe and Y. Oozeki (1994) In-
terdecadal variations in Japanese sardine and ocean/climate. Fish.
Oceanogr., 8, 18-24.

Yatsu, A., T. Watanabe, J. Mori, K. Nagasawa, Y. Ishida, T. Meguro, Y.
Kamei and Y. Sakurai (2000) Interannual variability in stock abun-
dance of the neon flying squid, Ommastrephes bartramii, in the North
Pacific Ocean during 1979-1998: impacts of drifnet fishing and
oceanographic conditions. Fish. Oceanogr., 9, 163-170.

Yndestad, H. (1999) Earth nutation influence on the temperature regime of
the Barents Sea. ICES J. Mar. Sci., 56, 381-387.

Zhang, C. I, I. B. Lee, S. Kim and J. H. Oh (2000) Climatic regime shifts
and their impacts on marine ecosystems and fisheries resources in
Korean waters. Prog. Oceanogr., 47, 171-190.



