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Responses of the lower trophic level ecosystem of the Japan Sea to the
North Pacific decadal variation in the latter half of the 20th century

Sanae Chiba

Frontier Research Center for Global Change, JAMSTEC

Abstract. We have conducted retrospective studies in the Japan Sea based on the historically collected
oceanographic and biological observational data sets after the 1960s, aiming at elucidating mechanisms
linking climate to marine ecosystem. This paper is to review the characteristics of the lower trophic
level environments in the present Japan Sea, and responses of its lower trophic level ecosystem toward
the decadal scale climatic forcing in the North Pacific, which are closely related to the Aleutian Low
dynamics. One of our major findings was plankton phenology, the shift of its productive season, as
an important mechanism of the decadal variation of the lower trophic level productivity. Plankton
phenology was induced by combined effects of wintertime cooling (warming) and springtime warming
(cooling) after the 1976 (1988) associated with intensification (weakening) of the Aleutian Low. The
Japan Sea is called a “miniature ocean” holding characteristics of the great ocean in spite of its small
area and semi-closed feature. We expect that knowledge on ecosystem change mechanisms in the Japan
Sea obtained in these studies will be a clue for better understanding of climate-ecosystem interaction in

the whole North Pacific.
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AR TH 0 7203 5 LEERE R 1000 m Zidk x5
OIS, NSt I/ ua—X RV AT LAONITEE -
JERABER T K U BREh3 5 HiEH; - AR 2 G T 5% 0
KEELEL TORBEEHKATNWDEZ 5, I =KRELFR
NTWD (IR, 1994). —J7 TIRKRAER A 5 KED
Wy - 7 7 > 7 F v OSBRSS 1B L T,
IR E AR BRI B U Cid i, mAVEIERIRIC H 725
FEHEERIRICE L TIREHM O T Fr—7ThHh 5 L
2%, FRCRIBBEROEIER O X A F 7 A LEBEIC
BIfR L T3 (Gordon and Giulvi, 2004). A¥EFHE €I
BIRIFEREAS O Byl & —4ELLE o AT S & R B REIRE
B 21T 9 Neocalanus FEICRE SN D KB OB A T U FH
MENENRBEAE L “RAEEOER ERDOICRL, %t
R Tl BRI N DY) 75 v 7 b v LT
AETER QN D A T BB T 2 8 e RYHEREE B
f71£+ % (Chiba and Saino, 2003). & DFERE, AHEO v —
7 VL0 o RIRR I & i U T AL A A HE T A
FEIZ@E., BEBETS TN TN—DEA I TN
7T N EEOHIRERIC KT 5 Mtz b B -
BEEICRBIT 2 EVWERBETH D, T2bbLEST L—AT

L3 B FIT DT TKIR O BRI WSR2 5 ALE
~, BEEPOIE~LEHRL , 207 1 2 v 73 FEIbE
BT—r A ER7: S (Yamadaetal,2004). F 7z 4&Z
ORERSICE Y HEE D b L8O RFE N RE UG
SN D AEEEHRIC B W T ERE DS, HREICRIT D%
FBRRER S &b SARWIHEBEFEIC B W TIZERED
RN, T ThEZEBEEEOHIRER L 725 (Chiba
etal., 2005).

HBOKE T 4+ —> v Tk B AR O IREBEE X
W ICR R D 2 EBNETFANETRRINTRY, %
NE N DO WFERE S BYMihGE OBFEWAER & ST
% (Polovina et al., 1995). X - CTPEERIL A DB FER: -
HEAERBE O T o —2Th b I = KE=HAHEICE
WCRE —MHEREE — AR D) v 7 EHLPICT D C
EE, RERIEREESR E Vo7 LD RERV AT AILE
D AEREREE A = X L EEfFET L ETOE—S LR
5 EHFFENTND.
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Fig. 1. Summary of the reported changes in hydrographic environments and lower trophic level ecosystem in the North Pacific after the

climate regime shift in 1976 (upper) and 1988 (lower).

B<mbiarTni, LALIERMICEEREESTZD
VX, 1980 FERW O A U v EIR O BRMZE A AA, U
TAN=T, SX—TEBL TS ERH LIS
(Kawasaki, 1991), % @ BERIZ DWW TEEX 72 dim & FE A
TIREDIZ L ThD. TORMOBIEDOEEICEIL THH
FEHERE ORI R o s Z EBRHAL IS IT
DI, HIERBRERBEAE) & MEEAERE SR & O B AR AL
ELTEERIND LY 1Tk T,

—FRBEICE L TE, 72—y RRE S b
D AL A HPGAL P O WEEBR B I R~ B R o
EHL BB A I 0B bieb L, AYEREIC
EHZEZENREfHINTE, ZZHFFFETHLoE D
B 72 2B, 1976 F DT VY 2 — 3 ¥ VRKIE 05z
HILXZORBEENTH Y, TOMREM 10 FFLL LAk L
bR ED (LY —As 7 h=562EFIREND
WMOEFRE~DBEIT] Do I TWD (Miller
etal.,1994). Z O EEEIC 80 KA E THlBE TIXAEK
SEPE D HTE T 0 AKIRRZE SRR & iz, T TIRER
JEDFILIC XD AFFHEPEE S & L b, KRR

D O DMEE L 72 720 db s B O IRIEK DA D
BL, WEEREIEAE L (K1 ER). —5 THEE
IZBWTIL, HZERER O MLIER 2 b OBK OB &
e U HEEEER B IIRRZ (L L 72, % 1% 1988 4E I ALRIE 2378
fEL7z SRR T ) 2 —v v VERIEDE S 355 F
% &, bR & W ORI 03 U AL RS o & X IR R
Lic (e LIm e 7Y a—v vy VIRRIED S
AL O ENEICE L TIXEREE TS ICM s T
Wgy) (K1 FX). 1988 DAL L HES & i L T
WTHEICHEDO LN [([ED) LY —Av TR L L
T#E S TWS (Hare and Mantua, 2000).
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Fig. 3. Time-series of springtime density profile of 0-300 m at a PM line
stations located in the offshore Tsushima Current region (sigma-t)
(average value of the stations PM4-6). Shaded area indicates the lower
cold water defined by sigma-t >= 27.05.
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Fig. 2. The location of the routine observation line
PM of the Maizuru Marine Observatory, Japan
Meteorological Agency. Broken line indicates
approximate location of the polar front, which
divides the subarctic region and the Tsushima
Current region.
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INEE S i Bl - Ak - BN 7 — & J OVRE & B
- o2 2L ic kY, KUED O MERE, EERA~
CBBLEHDOA D= AL ERALMCLE Y ERATE
o, BT, MEFERIR L B AERERZ RS Y V7 TH LY -
g T T N OBIZERL TE . BARMEIZRE
TIE, [EITEBIERSE O EREIN (FIE2>, 1999)
X H AWK PERFIERT 0 S P (Hirota and Hasegawa,
1999) 12 XV, EBERFOUWE: - AT — & ORENRE
I Tnad, InbICEDIEXHICEENE L kR, Wik
ERERDORE~DICEBENFEEH VTR TE 2, F
WCHEREFHDODA D=L LLT, EETL—LDFA
VT OTHRE WS R EYEEFENL (7 av—)
B RERoT, TICHEMEZRRD.
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R[RETEBEBERSH TIE, 1960 0413 X v 3ifE I
B 5 F TEEMP MBI IC B W CEE1E BN & FiE
LTWd (K2). Z OB & b mes
OB H T2, KPR T 2 2 72 51X & 2
T O THERE O 2% & 52 1T CEBREE DS M R R+ 5
REKICH 2D, PMBRT — 2123 <@EOHIE TIL,

70 FARETE DL P — L7 b LI 1990 BRI £ TOER
RO - BT 5 7 b o EEREEEICHED L
Tl EPHE STV (5, 1999). FRAMHSR D IKEGE
500 m LR OSEME T, RE RS HBBERE, AA
WALE TAFIER SN TEBHRAK L P bk> TS,
ERENROERINEZRD &, LY=Ly 7 MUBOAT
DI 80 FEARITIT T B /K DIEZ B L KE D
RBRFHALEL 2o Tz (M3)., £ TFREHKDIESR
HFIA~E 2B L TR b, TEmKIiTssfineE
BENZEND, ZOBEFITRBICHR S RRBE MG
DT LRy, WMEIIEFHEYT T 0 N o EERRET
LrEZLND. L LERO &80 EEIL 80 FRo~
Ty N UAREIRTO, 90 R L HER L TR o 72 2 & e
5, 7V a—vx VRKEORRIZ X 2 IKE, K OJE
HWEVICEDBEORERADESEIERIRT S, £k
FEZIHIL 2 FEERE 2oz LRI TV,

L 2> L ek DO RFFE TEEFRRELAR & & To 35 72 T 2 Sl
L7efER, UTIRBRRD LS CEHR L ITRRDI A =X
LRI BH Z EDVHBFL 72 (Chiba and Saino, 2002). %7
W~ =7 b UBGEREPMEV 8 FEROFESIC, Zan
TANVENMETLTWDICH b B, Bio gk
HEIML TWDE Z e bEEY A A/NMUEL Tns 2k
DRE SN (Mda)., & SICHEBEEISERICBNWT
FIE S N BEREERK O T —4 2 0 TE OFEHNEE %
DL, S0OFROEFICESLSE L 2DE, NEETH D
Pseudonitzschia spp. ZH.0& LTz, BRI ClIaesi
ORFEGEPED T2 HICEL BT 28R Tho T, T72
bbb, ZORFEERET N—LPRIICKE L BRI 0458
REEENRLSBENLZ EERLTWEDOTHSD., ERED
X, 80 FRITHRKIRSCHARE W T 7 v 7 h v D
EFEEZMHILIZL VWO ZNETOHMEETHRTHY,
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Fig. 4. Time-series of various hydrographic environments at
a PM line stations (average value of the stations PM4~6). a)
Anomalies of Chl a concentration within a mixed layer (O)
and cell number of diatoms (@) , b) Phosphate concentration
at surface (black line) and at 100 m (gray, broken line) with
respective average for 27 years (fine straight lines), ¢) density
difference for 0-100 m deep (delta sigma-t 0-100 m : A o t), d)
solar radiation. Thick lines for b)~d) indicate 5 year running
means.
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100 m AR T LN FEMKDOBAOEE LB ONLE
VMEDBIE S, FETIE LA Z ORI% O4F L g
L OO ET L TR I A LHERETH-
TeZ g (M4b) . IRITEE 0-100 m O % &
H5 L (X4c) 80 FREFERICHEFITHML TWieZ &
O REL I A T T REGKT ORBEIRE~MHE S
Z0EGF TV EDBHLNTH S, BJENEbL iz
—RHELTIE, FOBROEIMNERNTHL EEZLN
% (4d). Zo X912l T 1980 FARIC TR 2K D
FAC BPNIRBEA D3 A 7255 SR TE 5 17 D VR 72 3 HE K

LT, B XD BWEEZSICERB ML, SRFREDHE .,
B, TIREEL DTS L, EWORNLAT v T
REFRENRRAZ TELOTH S .

Yamada and Ishizaka (2006) (ZiT4 OfEHEE T — 4
LRSI, BREEDT—Z W TRERED B AICE
FAEFTN—2DHA IV 7 EHMEREL 7. £0
FEFIT, PM BT — Z IS TS TR - 72
80 A DIRBEL & BELITHE 9 T — b 0 BREE %
BT LD T, FNTIELY =AY 7 FLBEOL
FEOEBICITT T v N UEEICMOREL 5 X 8o
TDTHA 9. PMERO T — Z IR RIfR G E DS 20
KN B FRITDNT T D 7 v— b D BRI O 8 & %0+
5 LTk 72 /257208, Yamada and Ishizaka (2006)
TIX 80 ERDAFZDEBILICE D T NV—bDE A I T
DENLREL TWD., LD L 80 FEMITIE, EAHR
LLBWRLWOIALRLTRRIZBE T+ — v T
DXV, YT T 7 b OEEICHE L RN
OHIBEOFE LI L THI RoTcnWad GEBIELED
HAKELR). 8757 N OEKRIZEETH HHEY
T b OREICERSNEOT, RKCEY TS
VUV OEREICH L TR S 80 AT < E AL
LU CERAEHEORD ZERNTZDTHA 9.

ARARDEELSHROFRE

PEERALACEIE I B 1T D HEHEA S 0% o BRI T
X, BARYE L FRE1976 E D L U— A v 7 N DI
(Sugimoto and Tadokoro, 1998) <> H i (Nakata and
Koyama, 2003) TIRKAEYLERE DWD D3HE S TED
ZOERIE 4F0EML] EF/EVODTTREGNDLZ L
ML hoTe. % < OMMEDHFIEIL b — X VA EORRFELE
BOHRER > TNl dIT, 7=/ v —SREMR AT
ANZALERLNCT DI EDBRAGERL ST2DOTH S.
L LIEE, BADOITN—TFIZLDH5E2IZLDE LTS
SO E, ESICEDOFHLETE T T
TR LT, TS O T L A TEZR S L
o b B0 EMAEFERD DX B = X NFE~FDER L
FB~PIEOIRBILOWM T DOFRETHD LRy hoTE
7z (Chiba etal., 2006). Z AL 5 OFEFIT, KEL/L %S
T D ARV FE DRFF AT Z AT - TR D113k



b 82 =

1970 1980 1990

D

R

JEHIRR
%
& EREMEEICEL-EE
5
REBEFIR
1970 1980 1990

B5. PEEALAEEIC RN T, &5 6 ZIZ2T TOHERBERR
BRI AEWAEED 7 = ) o V— TR BT LA D =X A
%o L TN

Fig. 5. Schematic diagram of the mechanism how decadal scale
climatic variation affected the lower trophic level phenology in
the western North Pacific.
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