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Abstract. Planktonic foraminiferal assemblage provides the information about water mass properties.
We investigate the fossil foraminiferal fauna using factor analysis to reconstruct the changes in water
masses and the outflow/inflow timing of the Oyashio and Tsugaru currents across the Tsugaru Strait off
Shimokita (41°33.9’N, 141°52.1°E) in the northwestern North Pacific over the last 26,900 years. In the
study area, the Oyashio Current affected both surface and subsurface (below the pycnocline) waters
during 26.9-15.7 thousand calendar years before present (cal. kyr BP). Vertical mixing and subsurface
warming resulted from the flow of the Oyashio Current into the Japan Sea around 15.7-10.6 cal. kyr BP.
The Tsugaru Current started to enter into the Pacific about 11.2-10.6 cal. kyr BP and formed two water
masses condition of the surface layer under the influence of the Tsugaru and the subsurface layers of
the Oyashio Current during 10.6-9.0 cal. kyr BP. The increasing of inflow of the Tsushima/Tsugaru
Current enforced surface layer warming and the stratification of water column. Finally, the subsurface
layer started to warm at 6.2 cal. kyr BP. The timings of outflow/inflow of the Oyashio and Tsugaru
currents in this study are compatible with the results at the Japan Sea sites.
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Fig. 1. Location map of the core MD01-2409 with bathymetric
isolines (100 and 200 m depths).
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Fig. 2. Cumulative percentages of major planktonic foraminiferal species. The faunal changes
suggest that the studied interval is divided into five distinct periods (periods 1-5).
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Table 1. Factor loadings from principal components analysis with Varimax rotations. G. sacculifer;
Globigerinoides sacculifer (Brady), G. ruber; Globigerinoides ruber (d’Orbigny), G. glutinata;
Globigerinita glutinata (Egger).

Factor

Factor 1 Factor 2 Factor 3 Factor 4
Species (Tsushima (vertical mixing  (warm stratified) (Pacific)

/Tsugaru) /upwelling)
N. incompta *(.868 0.065 0.035 0.009
N. pachyderma (sin.) -0.808 -0.140 0.007 0.479
T. quinqueloba 0.781 0.038 0.367 0.180
G. bulloides 0.057 0.882 -0.213 0.037
N. dutertrei 0.159 0.773 0.141 -0.145
G. sacculifer 0.132 -0.108 0.840 0.042
G. ruber 0.075 0.060 0.816 -0.055
G. glutinata 0.081 -0.232 -0.048 0.781
N. pachyderma (dex.) 0.241 -0.534 -0.079 -0.744
Eigenvalue 2.519 1.776 1.562 1.064
Variance (%) 28 19.7 17.4 11.8
Cumulative (%) 28 47.7 65.1 76.9

*: High factor loading (bold type) indicates the primary species contributing to each factor. Based on the
species that made a considerable contribution, each factor was interpreted.

Conan et al., 2002) . ZARFFE D fragmentation ratio (F-ratio) RPETIE, Martinez ef al. (1998) 23HEFEW)H D F-ratio 23
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Fragmentation ratio (%) = [F/ (F + W) X 100 ] 5. SEOFERTIE, 13E A EDRET20%LL T Offi 27~

F: planktonic foraminiferal (PF) shell fragments L7za (X4), LarL, AMomETcRoni X edE

W: whole PF tests WITRWEMERICEY, AT 0&0TITEML TWnD
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Fig. 3. Results of factor analysis. Factor analysis was carried out based on the foraminiferal relative abundance of the
94 fauna, and four factors with eigenvalue >1 were extracted with principal components analysis. Each factor was
interpreted based on the modern distribution of planktonic foraminiferal species that made a considerable contribution.
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Fig. 4. Fragmentation ratio of planktonic foraminifera and absolute number of whole shell of planktonic foraminifera in the sediments
per gram (shells g ). Solid and dashed lines indicate planktonic foraminiferal fragmentation ratio and absolute whole shell numbers,
respectively. Shaded area (< 3.2 cal. kyr BP) represents severe dissolution intervals.
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Fig. 5. Location map of the mooring sites and foraminiferal assemblage of plankton tows conducted at
upper 200m water depths from May to June 2002 (modified from Kuroyanagi and Kawahata, 2004).
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Fig. 6. Ratio of dextral form to total of Neogloboquadrina pachyderma (right-coiling ratio of N. pachyderma) and mass accumulation
rates (MAR) of Neogloboquadrina incompta, Globigerinoides ruber and N. pachyderma (dex.). Boxes show the water column structure

and oceanographic situation at this site.

VI vy MR B ST S 72 (Kuroyanagi
and Kawahata, 2004), N. pachyderma (% 038 O B 5 %
KL TWa EeEZ6NS. MLar7TTrAr/ vnrb
HEE ST RWEREKIR (F10~15°C) R°N. pachyderma
(sin.) DO OERFEFINLAR LD & HER S 2072 (K HE K g K
(R 1~3°C) 7 LD (Ishizaki, 2004) b 4[RO
BRELVEANTH D, ZOHEPDER L EEREIL,

LGM DAt AL EE OB O IR & b STV D
(Thompson and Shackleton, 1980; (LR - K3, 1999).
2. Period 2 (15.7~10.6 cal. kyr BP)

MERAR T (Factor2) BEEDOHMNG, Z ORI
KELD BEARE 3T <, SREIRA DMES IR ERE DR
mshs (M3,6). £z, ERBICERTIHEZON.
pachyderma73io3 7R IRGEEMNT 2 Z £ H2 5, 14 cal. kyr BP
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3 THERE OAKIRPFRIIC EA L Z L3RI Eh
DD, — 5 TRE BRI O S L R AR BT
& % N. incompta (Kuroyanagi and Kawahata, 2004) 7%
period 1 225 DIEVWMARE ZAHERF L TWD Z &226 (¥
6), ZORHOKIED LA, HERKEORA TR
<, LGMUEDRBBICH: 5 lRE b & D 1ol 2k o
K EFICERT S EEZ2 605, SRERARTOMED
BWDIEREEDBEEPED L TcdTHY, £722
DRI B D K JE 7K D3 E AR 2 3/ U RSB H
Al Uz (KR¥1E A, 1995; Ishiwatari ef al., 1999;
Kim ef al., 2000) Z & TH U 7B A3, $HEIRA ICBIfR
LTWDDRrs L.

3. Period 3 (10.6~9.0 cal. kyr BP)

10.6 cal. kyr BPEHIT &/ H BRI 3t R -7 &R % - Ak
fBfLET-, B XU HBHgRERE ICE 55 25 N. incompta &
IRBER D G. ruber MEIN L TRE DR 2MICENT
50, BHFKE L EAE D N. pachyderma \Z 13Kk % 72 L 3
Rongwv., ZolLiprb, BAREPSOREKITIL
MORBITIHA LI, HEBEE O 2N RE TIERE
575, HERE IR E O AP ER R R X
s (M6). 7z, MERGETFOEIIES, 61
N. pachyderma DB Z L 20% L T THD. LLEXD,
HARHED & REFEITIRA U TekBlIE, FtiiciREE (&
R, K5 OlDpifElbis 2Rz, REBICEM
BB E ST b Lichy, ERBIZIRE LR 2 EDORET
TR0l o TRBIIEBRRRICEELZZITS—
FT, HRBIMMINEWORETICH -7 2 LR S
N5, ZOWBCRELIL, Ikeda er al. (1999) @ 7L<
Takei ef al. (2002) TIRELIN TS, EIE (baroclinic
condition) LV, K& FHREKE THVITHI O WIHEF
KPBENT MR L J<—HT 5.

4. Period 4 (9.0~6.2 cal. kyr BP)

IR - B bR+ (Factor3) IEBAMEEZRT I &0,
BRI DI E > LBREESFIEIND (K3, 6).
£, KELDOFEELBRT DG ruber LT 5 D3,
N. incompta 355, G. ruber BSEENNL, N. incompta >
BT % &S BmiE, ER(E05ET L 7210 cal. kyr BP
EHICHEAAHM T Rond (BH - 584K, 1992). 21
BRI LY RE~DORBEOMGE N IL, s rn
7 4 VaiRE LBAR L T EEH ORI N, incompta 138/ T B
M, AEBEFEO G ruber XIS EREI NP o T T
e Bbnd (Kuroyanagi and Kawahata, 2004) .

5. Period 5 (6.2~ 1.5 cal. kyr BP)

PRIENR S AT (Factor 2) 1%, period 3 225 4 1TH )T
AL, oM TR/ MEZ TR T, £, Bl CK
SEEEAD) [KIF- (Factor4) bA/MEE 725 (XM3). Zh
O ORMEL, HEERTEOREOHEIICHE, BIELF
BRIC, HEBRARE, EREEDIUES L Ro L E
FRELTNWD (M6). Tolksd, ZTRHETHEEL TV
P I RRA, ERBR RO ZENIRE DI1Coh, WKE

BHS 2 - JIERER - KoE—

DOKIES EAT D, DF D, KREITERER BREZ
B OB NI d - Tk D —EHIEDKI5.9 cal. kyr BP
EICIIAREL, EREOREPRECEIL, #EREAE
BEFED N. pachyderma DA% S BEEO LR, EAEES S8
CHEIINL, (REBAELFU X5 RlERIc o7z 2 L
ERLTWS (K6).

BARBEOHAEER L DLE

LRI OHE R HHEE U 72 BUE O HE IR T 0 B A0 K
SEEENDOFA - D 2 A X 2 VI OBFFERE & T
BEWRDIEAS D H. AHROEY, REFFETIE, 15.7~14
cal. kyr BP (period 2) B ICBIZE S NI SR ER G O HINIE,
BENHARE~HE L2 SICERTS AL 2. —
75, BRIHE D HEREMIEAT OFERL, K51ED~ (1995) 13, JE
EHALB XY, BIERI16 cal. kyr BPICARKIEFEMA G H
R ~TRH LA 72 Z L #R L, Ishiwatari et al. (1999)
b, T VKB EED A, R HER S5
Hriz kv, 17.5 cal. kyr BP 27k CE#D 25 B A~
HMLZZEZHLPICL TV, AR OREEIT, i
DRAARYFICHE L 7e 2 & 2R T E B REILTIL 22V A%,
IHHOHARWEICIS T DHFFEAER L3P EL V.

Flo, ARWFIEH HHEERERRIE £J11.2~10.6 cal. kyr BP
BRI R i U R ICIRA LA, 9.0 cal. kyr BP
I Z oML, RKIEK TIZEBBET O 8 E
BT/, 6.2 cal. kyr BPUARE T, JiEIES ST#mL,
HREKGEBREORZEPRND LOTmo72Z &3
REI NI (X6). AIHORIEHEDOIFFE TH, Ishiwatari
et al. (1999) 1%11.6~11.1 cal. kyr BP |T %} 55k % 1 ith
L THARMRICEAK CGHEBER) 2BSA->TEI L ZR6MRn
IC L7z, RGiEas (1995) b, xEBERA311.5 cal. kyr BP
FIETA Y A, 9 cal. kyr BPICITE#T 5 X 5 ic/k -
el &R, 20X 5IE, SEO T T o B,
R OWA - WO 2 A 2 70, o BARWEORFFE
DiER & DEBEWERERL TS,

FEH

VR FL B OBEEAMEIE, A BRFOKL DR & K
BeL T2, AWFZE T, FEEG LR oaiisEz vy
T, 8£26,9004F 0 Tt (E#E41°33.9°, H#EE 141°52.1°)
DR R LT UHEH, BB OWA - HD 2 A I
7w ETEIT LT,

1) BFilEHEG LR ORHEIX, LGM % O KM E KB D
BHE B b 2w ZOBELIE KE< 500
M (period1~5) ICXKBTEENTE S,

2) EHUEEAALEHEOR I ORE, £h
ZThok 4R/WTF G4 HEER, MERG, ' -
gL, BE CRSEHEMD) 25, A #IR (period 1 ~
5) ZFHOITTWDLZERHLNICRoT. Fe,
N. pachyderma & N. incompta 3 € 1VE VIR E (5 £ H



A FLRICHE S S FAEM@ £ 2 75 7 THEO B REE T

JELAEE, 20~40 m7K¥E), RETEICAETDI LW,
K 22 A B 2 VT, KEED X0 322 BT 2
BOETGERAST.

3) Period1 (26.9~15.7 cal. kyr BP) Ti¥, £EK X
OHRE THHMOZERHBW L, KV KR OB N
HMERFS LTz, Period2 (15.7~10.6 cal. kyr BP) IZ
%L, EREOKEIHESEIC LA L, BHERE S
& F 12 72 - 7. Period 3 (10.6 ~9.0 cal. kyr BP) (Z
VR R SRR ICHRA LIRY, R TIRHEE
vit, HRE TIEBEEKEAERST LS ar TR
N34 U7z, i< Period 4 (9.0~6.2 cal. kyr BP) Tid,
EERRAZ R OMADEIM L, KAEOWERE - lERI I
W E o7z, Period5 (6.2~1.5cal. kyr BP) Ti&, £E
NOMREE THEBEERISEB L, KO E S
R L, BEERBOKENS EFL, ZIEHAELFRT X
PRASIEER NV ISASCY/

4) ABFFEOHBERITR L BB OWA - Ho 7 1 I
7%, BARMETIT OO EER & LITIEESH
ThHo.

s

5

JLHRHERF O GAFIE L2 D IIARRIE £ &0 5 A
EWEREE, AR IHEEEWE W, 240ELD
EFEEOFTIHIX, AR IME, TEREWZIZWE,
EEREMRAMAT ONARREERIOITEERIERL
AAY b Y Rl tal - T | 1Y <l U5 5
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