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ZENCAE S MPEIRIE O 2 bic k b, SHOMHE KE (L
ABT LN, BNEYMORERREE»PERIN TR
(JR1l, 2003 ; Kaeriyama et al., 2004),

10 42> 5 8010 4E RIS o S 28 B) i B3 L 7= By 77
Ty ARG EDOZIT OV TIE, FFiC 1970 4
Ro&ES 7 F (LY =0 -7 F) ICBLT, ThiET
2% CEmE T E 2 (B2, Venrick ef al., 1987 ; Ro-
emmich and McGowan, 1995; Hare and Mantua, 2000;
Benson and Trites, 2002 ; Miller et al., 2003 ; Chiba et al.,
2006; 2008), Pacific Decadal Oscillation (PDO, Fig. 1)
index IZA 6N 5K FEERICB T 2545y 7 X, 7
Va—vy VMERIEOBEFECEFBLTED, Znic
FES KRR A TE 75 £ OYBBREE D220 IE, MBI & -
THie 2, TDd, EREERDIGE D MBEIIC
52LH, INETOBHBRIrS RSN TS, HlA
X, 7mn 74 v—qREORERERMEICOVTE, JER
SV R EGHT W R O T 1970 AR DRI N L T v
% (Venrick et al., 1987) ®icxf L, ALAFREILPEE D
WA TR L CT0wd 2 EPHE SN TS (Chiba
et al, 2004), —75, BT 57 b OBFRICOWVT
1, ACASPRE SRR B AT 1970 EARLLRE, A
LTwaZpHEENTEY (Roemmich ef al.1995),
Ak OBR B FPR TH RSN T 5 (HFT, 2004), L
L, TIANBILBIL2EFOENT 57 v OB
FEglX, 1976/77 FFEDFRICHEML T b 2 L EINT
% (Hare and Mantua, 2000),

2.5

50T, EREREBBRIEERRE TV &M AAA W
fEER € 7 VIC & 2 ARSI o W EE A5 5 (Chai ef al.,
2003) 1%, HHENVEEEE & HERER OB RUCAIE T 5 7
v w7 4 VAT (Transition Zone Chlorophyll Front,
TZCF) %3, 1976/77 D5y 7 + DUREICE /T ~EE
% &, dERFER RO 7 v v 7 1 VBN L
ZIEERLTWD, TOXSHEE, S5ICEYT
TN ERBBTIEYT Iy (DA T VE) @
HEMEICHORE L LpERSh T (Chiba et
al., 2009),

DlED & i, &y 7 Mg, KiBPHKEE, HER
G Lo IFFRER X MR OMENREE K E A
X, WY - #7522 v (Fl21E, Dilorenzo et
al., 2013; Chiba et al., 2013), BXUOEHYW TS5 7+ v

ko TESIN TS (FlA 1, Kawasaki, 1983 ; Shio-
moto et al., 1997 ; Chavez et al., 2003; Ito et al., 2015;
Ueno et al., 2016), AFETI&, 10 5 5510 FHED
RBEEED, TSI rEPLE LERERRICE
DEHITHELTVIORICOVT, iz hLe L
TR BT 2 SIS D57 2 L 2T 5,
RC, JERTPEIC B R 2 5, 3 RO — AR R ok
BEMBEAERERETVE A WRZEMEE TV O RE AN
L, mBIC, SUBEZENCHES EERBROLE A H =X
LEMRIHT 27 DI T REPELE, 20D OFE -
FREE IO WTELET 5,
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Fig. 1.

Time series of the annually averaged Pacific Decadal Oscillation (PDO) index (http://research.jisao.

washington.edu/pdo). The blue and pink shaded areas show La Nifa and El Nino years, respectively.
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2. BFERELEREBRORE (BAKR)

2.1. BEEHORBIEDNEE)

PRI BT 2 WA pE (—RAERE) 13, Kk, JGEO
iz, BV AERIEIEIE - 7 A TR & OREE R
&, S50 EMKICBEFEL v AMESRIIELR L
OERBERIC X > TR BlES N2, YW TSI 27 v
&, ABIC & o THlERBEMT (B6E) caEfiz
MEL, WiET 5, XEEEZ oW 72
HFERELT, fhosPicfigshd i licky,
AL E YR (POM) & LT $ 5, ok
b, FEZ, BEED>OKFICH T CREEIBEIMEVER
Brs, UL, AT, REEEBUFEORESE
2, HERAPBARZEICE > THEXEAHBEH, X
DEFENE DR, TO—HEDTat A, WEBEOR
BEEFEAER 2 ECEETH D, TFE, TOVRAT LD
10 EHRBEOLGEETIC L > TRELFEELZ T TV
28D, LN THeEREDPGHONPE RS> TET,

Tadokoro et al. (2009, 2014) %, ERZHFFEHIFEAK
PEWTSE - BOEREME O & RiBLHIFR T H % A-line (38°00'N-
42°50'N, 144°50'E-147°50'E), World Ocean Database
2009 L OSRET SRR BHER O 7 — & 2, B
BRI BT 5 1951-2010 DV v BIE BT OIRELE) % fif
FrLTw2, ZORE, £EDY v EEHEIREIE 1960 4
R-2000 FEE TR F LY FaALRTZDICR L, B
M OHRE (R 26.7-268 09, WE 100-300m) T
&, W, 1950 AR, Bt v >y Ficdbs L
&L Cw 3 (Fig 20 (a)), % 7z, Yasunaka et
al. (2016) &, ENZBREEWHIRATR A F & OMEER A%
F (Institute of Ocean Science: I0S), HEEERFZEEAFEHE
Wite & OWFZEHEEE, Ko v 7« 7k L2 & o TR
P D & b AHCE s NBH T — 2 2T, BE
REICB T 2 REEREORWEAH 2 Mt I T L
Too ZORER, APERI DY VRIS O A
SRR IE, ZhZh—0012+0005 pmol L™ decade ™ %
0'—038+013 pmol L' decade™” & A L F
BT EMHIAL, LA L, MEEEREIC DWW T,
MRINICE R b Ly F2BH T &% 5 - 72 (Yasunaka

et al., 2016), FHIRHEEEE O RITBEAL 200 b L v R 2R
HanhroFRE LTE, KRAhEo N AEaEHR
DRI (2000 FE1C B 5 ALii sk D ERE RO 4
BB o LD b =54 Tg Ny ', Duce et al.,, 2008) &,
KD FiIC & 2R A E%EE (Mixed Layer Depth ;
MLD) o/ EEL, WA PLY FEITHEEL TV S
CEDHERIE TV B, R HEREEIC BT 3,
CIHI0ERIC BT 2 RBORERREORAD ML v
F, mEREOBEMNL Y FiE, LExRofiic, Ono et
al. (2001 2008), Watanabe et al. (2008), Whitney et
al. (2013) EA b HEL T2, AEICEB T 3 EBOR
BEHIZ, AFOMERAICLST, ZoKRED»HE
[BURP SAHG SN T2, JDkd, FERIRED -
Ly FRELHRFOMTHich s Lid, RELH
REOMDHKEGPRIANICTHE > T3 I LERE
T 5,

D& BEEICB T 2 REEHREORERORE
Ly Foi@Ewig, &k —> 7€ — Fk (Okhotsk
Sea Mode Water; OSMW ) O iafE D 2o 2 %
ZF T BAREMD S B, OSMW &4 F— v 7 gt
WEIC BT, KO > TR S N KR - &
Lo BEMIZK (Dense Shelf Water ; DSW) 72 5 TE L & 11
%, ZORERIC, TEIIEMEOH RIS $hiE
BANKEEELIF LT3, Osafune and Yasuda
(2006) 1%, i, ++x—> 2, TEIEZE IR
TRIRFERAEIC B % 1925 4-2001 £ COEHET— %
T, KR, M), MEFEB IV UBEREC, H
DOITEZAGICAE S Ty o 18.6 4F EHHRED & M3 249 20
FERMOLEE S 5 2R L T3, Tadokoro et al.
(2014) 2BV TH, BRIEIC BT 2 Y BRI
K728 (Fig. 2 @ (a)) 1, EgLHEECRBIL 723
& — v R e, WWIEE O 186 4 A A (Fig.
20 (d)) EFRIAL TWwie, B2, WY E 5 o
1990 R HICEE T 5 &, U VBRI R - iR
JEHICEHWEZ R LTV S, OSMW &, FiRicAET 5
B2 LR TP 7K (North Pacific Intermediate
Water ; NPIW) o 2B 2 )i /K T dH 2 (Yasuda, 1997;
Yasuda, 2003; Yasuda, 2004 ; Tally, 1991 ; Tally, 1993)
23, WY SR O AR 72 228 A OSMW DT 7' 1 £ 2
ISR TS C LT, RERIICEIEAIE S NPIW D4



46 B (D

BRI CHEB LR H 5, FEIES (2016)
Ik g, EE, KRR EFIC K AMOKEFEDETICL -
T DSW DR ED A L, OSMW 28U Em 2 72 L
TWBIENRESINTVRE I EEGHRLTEL,

22. BEHICHETBEMT ST N ROEBMTIY
b OREZEE

BHEMICE A2 Fy T ay b F—2ICHL, X0)A
HPFHOWE LOBMT—4 L LT, 4, BRI X
b, FICMERMEICE T 5 EY O 10 FFEH B L) % T H
kb kST, HBEETEEL Y SeaWiFsS (Sea-view-
ing Wide-Field of View Sensor, ##E#12AHE £ > )
% MODIS (Moderate Resolution Imaging Spectroradi-
ometer, 193 fERESRAG 3 AU ET) & H w72 1997 49 A
~ 2013 4F 6 A £ COILEEALATF RO 2 v w7 4 v—a
IREEDZH N L v F O E (Siswant ef al., 2016)
i, A 42 ERUUE i 7 v 7 4 b —aq BEES 0006 mg
m Py OHMEL Y FERLTEY, %0 SST DF
MO ESHEN S N, BT, ACEESIEE T 5
WHHIC T T, XZF0run 7 4 b—q EESEIN L
YEFERLEEDICRL, BFEHS LY FEZRLTY
7zo —737C, 2000 4F 2 H-2009 4 8 H £ T®D SeaWiFS &
7 — & k, 2001 4-2009 4 £ < iz CPR (Continuous
Plankton Recorder, #fit 75> 27 b L a—4—) #H
WCESE LT 75 v 7 b v OFRHEREE MRS (Chi-
ba et al., 2012a) &, Y7507 F v DT NV—I VT D
A4 TH, FEsOE (PDO HIE) IEL, mERE
(PDOME) I3 R %552 L2 RLTWVE, Thid, %
WO LIRS FECIIREE OB Y 4 2 v 7ok
b, FERELTC, WYMTI DTN TD
Hg}a%bl%’i“ Liz Ll E T\ %, Siswant ef al. (2016)
PRLIermu 7 4 )V-aREOLFDIEME LY K LEF
ZOWMP LR, COkIBT7z// vnY— (EYF

i) OB E L b EEZ LN T VWD, £z, 1970
FARH 5 1990 SR E W RIS, BERICEB T 24 TR O
HFEREOr7aw 7 4 )v—a REOKPEEEOFEELE) %
WrU7fERx, FEoron7 4 b—a g (Fig. 2 (b)) &
BFICHBT 27 A o8& = (Chiba ef al., 2004) 23,
1972 4£-2000 SEO T P L v R E R BT L Z2R LT
(7vw7 4 LOREEHET—1152+530mgm™’y '),
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Fig. 2. Time series of (a) observed POs concentration
in the surface (0 m, open circles) and sub surface lay-
ers (averaged between the 26.7 and 2680, isopycnals,
filled circles) of the Oyashio waters (mmol m™;
Tadokoro et al., 2009, 2014), (b) Chl-a in spring (mg
m open circles ; Chiba et al., 2004) and annually av-
eraged zooplankton biomass (mg WW m™, filled cir-
cles; Sugisaki, 2007), (c) annually averaged PDO in-
dex, and (d) index of diurnal tidal strength
represented by sinusoidal curve with 186-year period.
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NERBORBEOWMP PL Y FE—HLTWE LD
5, SREHAHEEOWDIC X > TEHEOEPAEEIET
L7A[REENEZ 6T 5,

BY T briconTh, A4 T VHEOBERIZ
1970 FERRIcZ b oD, Z LU, 1990 FERIC 21 T
HPLTHBIEWRENT WD (UNE, 1994), WSS
LTI v sy ORMAFHOBRIEEZHS 2T 3
7oz, KAE - /ANE (1995) 1%, 1951-1990 4F o # i -
RAKE- RS OA T LOBY 750 7t ViRERT —
Yy b EWEKIE BEELCEHO 2 A AR
7—% (G, SUE, HERE, SEE, Bk, ) 4
EDQREZRH T — % L OBEIC O W THERHY 72 iR AT %2
157,

T2, KAE - /INE (1995) H37 — & AT IC L 55
T8 Effiol.lizownT, fliRT 5, ITFEORMR
RN T 2 P98 T, KEWE ¥ KRST (National
Oceanic and Atmosphere Administration; NOAA) Bibi
Tl v & — & KREIRRWIF £ > 4 — (National Center
for Atmospheric Research: NCAR,) 25fE L T\ 3
NCEP/NCAR ¥ fi# #r (19484F-81 7£, Kalnay et al.,
1996) ®, I —1u v SFIRA T+~ ¥ — (European
Centre for Medium-Range Weather Forecasts; ECM-
WF) @ 40 £ 247 (ERA40, 1958-2002 4E, Uppala et
al., 2005), RRITHFEMEL T 5557 55 F £ #E
B (JRA-55, 1958-2012 4, Kobayashi et al., 2015 ; Har-
ada et al., 2016) 7z LicfiEsha k5%, HET 0
Jhlwvbhd, BHLCAFTE LM IL[RORMRT—
ORFHIN TS, LrLAEDPS, BRAT —ILT,
Ho 50 2l % & 5 T 7 v &7 P iRt S iR o
72 Di% 1996 SELED L TH B, TOHMENT T B S o b
HIMAR I 15 DLETIC RIEO [UELEENEIT 217 5 5d, K
ES D& IR AT EEH T -2 2 AE S5
ERLVERSIH o,

RE + /NE (1996) DGR, KA E W REH I B
Bog 7S5y o FrofifrE (BER) B4, HIE
WGBS OB 75 v 7 b A v T EEIRL
Too —J7, B— R AKETE, BTS2y
FRIEPRORHHICS , IR R REHIC A 20
EVHBEDOHEANH L LRI TVS, Alb, K
BFREPESVICHHRb 6T, KEIMEW 2Ol 7 5

Y7 Py OEFDHIBESN TV S &S KT, KR
OLEANEY TS v b ohEREET S, —T,
RAKIED & 5 75 KW IRE CERE iR T, KA
FElC ko T EE D, SHEREA MM X 2 HRED
5 OREBEH OGS, WY T 527+ v OEITRE L
HEL, MRLLEYM TSI v b kR D
LTHEERLEZ T TE L LIEIIEhTw 5,
% 72, 1990 FE 2> 5 2000 4FEH1C B 1 % Bl o &
ZORBERBE (NO;) &, REENOBY T 5> 2 b
YO R EFRIE L LREOREZEICO VT, W
DOZALIE PDO & & —HT 3 2 LpESNT
W B (R, 2007), X 5 ic Tadokoro ef al. (2009) 13,
B CEE LB TS0 7 b TH DB HA T 28 Neo-
calanus plumchrus OBAFEDS, V) v IR O 2283
Y —rvE—HL, Ho, HHNLRZSZM2D D
FLY RFZRLTWEZ DS, RELEMHIGEOEE D,
Y7oy b IcE TRELAREERIRL TV 5,

3. BEEFNICELZBEHEEER

31 BEERREREERRET IV

22 ch i, TEOANTHEYE— bRy v
sEMOBE/C KD, KiEEETCD, oy, WHEEE
KREDYMBRE IO Zun 7 4 VER EDEYEOWEHR
HIC B 2R %2 RIRA 7 —VCTHETE 5 &5
WKixoT&7, LoL, BHEEREI X 2RI CER
WBREICRsNG, RETcowTIE, K- E5kE
132000 2 5 F o 7EBE v Y = 7 b (Argo #1HI)
kb 78v—oigiic kb, HEE 2000 m 2> 5 i £ T
iz Ho Ao 7 — S R AR L o T b, —
7, WBEERER EWEIERIC D Db 5 T — Il D Wn TR,
VAR, KP4 7 —%5 2 Lic k> CYHEDO DA
HEDZEICHES 7un 7 4 v—q BOZ7 EIZEHT
FDLEICHRHSTETCVLLDOD, WRET HEHIEH
BRoNT WS, 72, L L THEMTHISE NS 4E
B 27— 2%, WS REMERE, Y VU
EOXRFIFADRER & 72 0, BRI 72 AR E 1K
BEDP %0, Ok, BUITIEREEMNICRE —7%
F=g LrEsnkw, Zhickl, BEERT LR
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YEMEBRE TV, WIEERRE TV 7k £ ORUEFERE R
&, BEFRECHTEAERO TR ROV T, kb
— IR 22 AR S CRT S ISR 2 FI 3 %

BhEE TNV &2 BT, EEOBERHEE oM
RO LIy, REICEHS 2L e T V0% S
NTw s, B, YWEERICHES W REERICE
HL, W77 7 v OEEICEBERT 2 K4E8E0
%2, BRELY vy REoho | )57 A BE %k
R EOEEIEEINZ72b D (HIZ1F, Parekh et al., 2005;
Keller et al., 2012), #1755 v 7 + v OEH A 2 VB
T oy, woa@Y T bk EDERY AR
TR L7bo (FlZ212, Kishi ef al, 2001), 7k T
REHY (POM) OUFEHRE L K E I PEEIC K > TE
fhEe7b o (HlA12, Shigemitsu et al., 2012) 7z £ H3
HFEIN TV 5, —J), EFERSORICERANICMTEE
O T 5> 7 b U BEERD Z EHHIED O (A
TELDN), LwoslEYOLREIER LR E
FUTIE, @Y7 507 by RBEIEKRERYA X ED
BERERNIC LD v 4 7 (H 21X, Follows et al., 2007 T
78I AT) LD RELHD, LrL, EA
BICEMEIC e A0 LY, ERREERBEERRET VO
Riising CRER WY 7 v -8 7502
b i NPZ 4 A7) 3% b 57\, PISCES (Pelagic In-
teraction Scheme for Carbon and Ecosystem Studies,
Aumont et al., 2003 ; Aumont and Bopp, 2006), Plank-
TOM 5/10 (Plankton Type Ocean Model, Le Quere et
al., 2005), BEC (Biogeochemical Elemental Cycling
ocean model, Moore and Braucher, 2008 ; Misumi ef al.,
2011, 2013 ; Moore et al., 2013), NEMURO (North Pacif-
ic Ecosystem Model for Understanding Regional Ocean-
ography, Kishi et al., 2007) 7 1%, TFEDORFEMN LK
RFEBRBEEBRETVEFT R &5, REITIE, BT
KRR E TV NEMURO % H o 7o 3= FIZE B A fid S B i
RIZOWTERT %,

3.2. NEMURO (Z & % 1948-2002 £ DL X FHFFHDE
REEBOZEIL

PDO (Fig. 1) @ & 5 %% 10 FEHE O KMEZE 23, 5
B EOWEBREL GO ERERBRICKIFTHES
PN B 7280, Aita et al. (2007) (ZHFERIEREF LV CO-

C034 (CCSR Ocean Component Model, Hasumi, 2000 ;
2002) 1T HFARR KRB RS A 88 %R € 7V NEMURO #% %
£ L7z 3D-NEMURO % > ¢, 1948 4£-2002 1 B 1}
DYPMBREE LEY 75 v o b v (—REER) ROEY T
57 b o 10 FEHEOZEE) % #REE L 72, NEMURO i,
W75 v s vy 270—7 (NEOREY TS 2 b
PS, 7A@ LKMoy 752+~ tPL), 87
T b 3TN—=T UNMOEY TS5 7 b 7S, K
MAaA 7 4 ZL, ABROEY TS5 7 v 1ZP) %
HAAA R EEFEROEFT NV TH Y, ZL OFHIN 8
EREPHAAETN T 2 DDRKOFTH 5,

1948 5 -2002 4 @ 55 [t iz H 7z 5 3D-NEMURO @
BB R 2 H T, 1976/77 SF D SfE S 7 F R D
20 FRI O MEE g U 72 f5 R, 7Kg, $#69r, MLD
% Ekman pumping (upwelling) 7z & O YL 72 8 EE IR
B, MHEIC K > TRELSEIL TR I EdRahi:
(Fig. 3), Fig. 3 OfEFIcHOE, Ry 6 > oifific
X4 (Fig. 4) L 7z B4 B o #EZLA % Fig 51cm
4, AR FEF AR T, 1976/77 SEDSMBES 7 F L
R, fmvdmomfbictty, £ZoWRE KR (SST) 28
&~ L (Fig. 3o (a)), MLD 28 %1k L 7z (Fig. 3 ®
(b)) ZOHER, BAETHr6ERE~, X% DK
EED B S, ACRPE R SR T o LA pE R HE
PEME TR 20 %ML 72 (Fig. 50 (d))e 77 A A
FE T, WRIGEWEEO SSTETLCwzd o
@, WEatk L L Tix SST @ k& & Ekman pumping
(upwelling) DA T & b, HEEEAE 13 R A 30 %2
EE, WAL Cwiz (Figs. 5D (b)), —77, LR
BuiiipsoRE L ovEEi ik, SST o E& & MLD oEAfl
kb, EBEAEEREDZENZ N 10-40 % LT 20-30 %12
B, A L7 (Figs. 50 (¢) & (e)), F7z, BAEBIC
YT 2 ORPFE R A A T 1%, ENSO A~ |
DOREL R ZIFCE Y, El Nifo D 4F (H 2 1% 1976-
1977 4F, 1991-1993 4E° 1997-1998 472 &) 121X, 5
DFHUIC & B HIAIRD F5 & RE LG S 5 R EE
HOWAIC Ky, HEEEERDMA L, La Nina D4 (fi
Z 13 1974-1976 4%, 1988-1989 4 % 1998-2000 4F 7 &)
i, WA E R AN L Tw % (Fig 5@ (¢)).
—77, R RBENR AT, ol e d Rk D,
HPEEE R ORFELIICB T 2RAEDIED 5 ANDEY
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BAEDENZ D > THN B (Tatebe and Yasuda, 2005;
ez K, 2016), TD &S YA T ot 2T B
IA LTIk oT, B BENREA KO EERE A E D

73, 1981-1984 4E 1Ic F& £ L T v % (Fig. 50 (g))s 7
Ya— vy MERIEDOZAICH LTHEL 28T D a 2
v —il 7 EOBEMIE, ALREFETE RS ICERET 2 DI
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Fig. 3. Difference in modeled winter time (Jan-Feb-Mar) of (a) sea surface temperature (°C), (b) mixed layer
depth (m), and (c¢) Ekman pumping (upwelling) velocity (cm day™?) between the periods 1977-1996 and 1956-

1975 (redrawn from Aita et al., 2007).
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Fig. 4. Locations of the analysis regions in the North Pacific for Fig. 5; BE : Bering Sea, ALS: coastal region of
the Gulf of Alaska, NEP : northeastern Pacific coastal upwelling zone, NCP : north central Pacificc NWP : north-
western Pacific, and KOT : Kuroshio-Oyashio transition region.

2V, 1976/77 FE D5 7 + DD 1980 FARHTH: T
HhEEX 605, 3D-NEMURO 2 & % 6 i o £
EERORFELH OIS &, JRTPPEEREE & O
#B, MRSy & EEVERIIE e £ OIS X o TIRRARESR
DIRENREL RR D L& Nz, 3D-NEMURO
IR EO/mREERESHALAEN T LRV,
ZOEMEEERD Y — 1%, R=Y v 7RO CE
IS B & —F L T w7z (Sugimoto and Tadokoro, 1997 ;
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Fig. 5. Time series of anomalies of annually averaged primary production in the upper 150 m for the six regions;
the Bering Sea (a), Gulf of Alaska (b), northeastern Pacific coastal upwelling zone (c), north central Pacific in-
side the subtropical gyre (d), northwestern Pacific in the subtropical zone (e), and Kuroshio-Oyashio transition
(f) regions. The vertical axis is the relative value in % to the mean value for 1948-2002. Solid lines indicate five-

years running mean. Modified from Aita et al. (2007).
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Fig. 6. Mean chlorophyll-a concentration estimated from Secchi disk depth data obtained in the eastern Bering
shelf (EBS; red color) and the Bering basin (BB ; blue color) during the annual cruises conducted from June to
August in 1955-2000. Dots show annual means, and solid lines show 5-year running means.
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Response of lower trophic level ecosystems to decadal scale

variation of climate system in the North Pacific Ocean

Maki Noguchi-Aita'*, Sanae Chiba' and Kazuaki Tadokoro?

Abstract

The changes related to interdecadal climate variations, such as the Pacific Decadal Oscilla-
tion and the 18.6-y tidal cycle, have been discussed in many marine ecosystem studies. The cli-
mate regime shift of 1976/77 played an important role in both lower and higher trophic ecosys-
tem change, especially in the North Pacific. By analyzing data from observation of nutrient
concentrations, decreasing and increasing trends of nutrients in the surface and subsurface lay-
ers, have been reported in many studies. Changes have also been observed in the biomass of
phytoplankton and zooplankton. However, quantitative understanding of ecosystems remains a
major research challenge because of the complex biodiversity and food web structure. This re-
view focuses on primary producers and zooplankton as key links to higher trophic levels, with

the aim of elucidating the mechanism that sustains marine ecosystems.

Key words : Climate change, Pacific Decadal Oscillation, lower trophic marine ecosystem,
ecosystem model, food chain
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