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Abstract. Planktonic foraminifera can record the upper ocean environments. For the purpose of the
better understanding of the subpolar species Neogloboquadrina pachyderma, plankton tows, IMAGES
core and sediment trap samples were analyzed. Plankton tow results indicate that N. pachyderma mainly
inhabits below the pycnocline (>20 m). On the other hand, N. incompta prefers shallower and warmer
waters than N. pachyderma, and its abundance is correlated with the chlorophyll-a concentration
around the Japanese Islands. Based on these spatial distributions, the changes in mass accumulation
rates (MAR), and coiling ratio of N. pachyderma, the palaeo-environment and water mass structure
off Shimokita area (41°33.9’N, 141°52.1’E) were reconstructed during the last 26,900 years.

The only Oyashio Current affected the surface and subsurface waters in 26.9-10.6 thousand calendar
years before present (cal. kyr BP) with relatively subsurface warming at ~14 cal. kyr BP. The Tsugaru
Current started to enter the Pacific about 11.2-10.6 cal. kyr BP and led to the baroclinic conditions
that surface and subsurface layers were under the influence of the Tsugaru and Oyashio currents,
respectively. Stratification of water column and surface layer warming developed with increasing of
inflow of the Tsushima Current and finally the subsurface layer started to warm at about 6 cal. kyr BP.

Time-series sediment trap studies were also conducted in the northwestern North Pacific in
1998-2000. Seasonal flux profile of right-coiling N. pachyderma was consistent with that of the left-coiling
one at the relatively northern area (50°N), while they were different at the southern area (40°N). It
would be caused by the genetic variation of right-coiling N. pachyderma observed in the North Atlantic,
and this boundary seemed to be 5% of right-coiling ratio of N. pachyderma.

Key words: planktonic foraminifera, Neogloboquadrina pachyderma, coiling direction, vertical
distribution, plankton tow, IMAGES core, sediment trap
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Fig. 1. Location map of the sampling stations. Diamonds indicate tow stations, dot core sampling stations. Gray
lines indicate warm currents, black lines cold currents. The currents on the map are modified from the biweekly
reports of the Quick Bulletin of Ocean Conditions from 14 May 2002 to 11 June 2002 (JHOD, 2002).
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1995; Ishiwatari er al., 1999; Kim et al., 2000), Hg ik %



Neogloboquadrina pachyderma D434 & HERBEETTA~DINH, ALK TOREILH) & & X 5

e A THA & 72 2 K OB 21T 72w, AFHSCTHW
7o R AR = 7R O AN AL E L, 20 LGM £ 0
KL ORI 2 F0H L TV D IR SN 2.
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Fig. 2. Visually observed lithology and the age-depth relationship
based on AMS measurements.
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Table 1. Standing stocks, relative abundance, and right-coiling ratio of Neogloboquadrina pachyderma in the water column of 0-200 m.

Tow station name St. A St.E

St. D St. 6 St.C St. B St.b

Current name Kuroshio

Kuroshio & Tsushima
cold waters (cold eddy) (warm eddy)

Tsushima Tsugaru/  Tsugaru/

Tsushima Tsushima Oyashio Oyashio

Total planktonic foraminiferal

. B 63.8 17.5
standing stocks (shells m~)

N. incompta (shells m™) 12.3 2.6
(Relative abundance) (19%) (15%)

N. pachyderma (dex.) (shellsm®) 0.0 0.0
(Relative abundance) 0%) (0%)

N. pachyderma (sin.) (shells m?) 0.0 0.0
(Relative abundance) (0%) 0%)

Right coiling ratio of
N. pachyderma (%)

11.3 39.6 36.9 53.1 82.8
3.0 30.4 18.3 235 30.3
(27%) (77%) (50%) (44%) (37%)
0.2 0.8 1.8 0.9 0.8
(1%) (2%) (5%) (2%) (1%)
0.0 0.0 0.0 33 2.6
(0%) (0%) (0%) (6%) (3%)
100 100 100 21 25

subarctic gyre) PIZ, %Y 1 HS I EEGEEER O Lk IC
IEL TWd. b7y FEB T, # 28I &K 34E
[l D N. pachyderma & & J5[0] O FERFIZEAL 2 04 L 72,
AL HBEARIE 125 um A EZ2FEE - FHLT7 7 v 7 2 (it
) Rz, ERGER I ORISR, Ty SEEES
D FEHINT DTk Kuroyanagi ef al. (2002) 1238~ 5 41T
WHLDLFAETH 2.

A A% & &8 & 1+ 5 Neogloboquadrina
pachyderma DZEfE 2%

N. pachyderma DZEE R i & KB « KB E DRI

N. pachyderma OEHRILIL, 1 EK3DEEBY TH
5, INERD L, TOEOEEZ LEEZITIHLDIC
BZEHRNEZRL TWD., FEZIFIHEAED 4 #1,5
(7,D,6,C) CRHEMENG) THEBEL, —J, £% & o fEE
VRHEERIR L B OB TICH D 2 (B,b) THEL
7o (F1-M3). A&EEKT, 15 CTEHL, 6~9C
ok, A& EZMEEKIZIIICUTFTERL, 5~8T
fHECWAME 2R UTe, ZAUE, WEREEO KR OMHES
KD HRDPEIR D Z LR L TWD, iz, &
LB X DEIRZ A& DY T N. pachyderma £K & L T z
Db, KR12ZCUFCERELZRTILP015.
DWFFED> B N. pachyderma O FeiEsKiE L, 4.8 = 4.7 °C (Bé
and Hutson, 1977) T, ¥V A b F T v Tk L W k®
b7z BRI 12 °C (Sautter and Thunell, 1991) & 9
ZEMFEINTEY, SEIOFEREDELSNTHD. L
E XV, KRN TIE N. pachyderma O 534 13 32 7KIE
KEoTHlllashTns Lnz s,

N. pachyderma DRER T

N. pachyderma ® $3E 516 D A DOWT, T 77
kv oy b & RIFREICAT o 4L 7 REKEBEFEI (pump
sampling) O FEHR 22 b BBEEW Z & BEE S ik
(Kuroyanagi and Kawahata, 2004). ¥ 3, 72 » 7 b
VXY ROFERPG, 1 AEFT X TODN. pachyderma
(120 m DAGR) B (B2 X 72 99.6 %Ll k) 23,
HE XL bEE TER TS Z RS (K3)., &
iz, MU CTT 77 hrxy MEFLTL TTb
e R B KIEEEE I (> T v FOKGR I R L
#, KB 5m) TIX, N pachyderma \EEREL S 2L 72 o
7z (Kuroyanagi and Kawahata, 2004). -2 % Y 4[E & fif
FeEis T X, N. pachyderma X BEEHERE X 0 b #E T4
BLTWlkeEEaEXLND. DX 972 N pachyderma &
EEEE L ORI, BEENTIERWRMOFEIS G
5 I8 2 5. Ortiz et al. (1996) 1 LR AT B VW TN,
pachyderma i3 b EWEERB LV L FTHOATR LN
LT LEREL TS, Ei, dLRFEHEL AV REEOHE
B DFER D B X, N. pachyderma DT E GRS O FE7E (T4
5 pfE g & B L e E 2R3 LA S Tn
% (Hilbrecht, 1997). Simstich et al. (2003) 1%, At E AL
KIEEED / )V 7 = —h T N. pachyderma 0 TR LA L D
T EERRE O <, EE20 FHMOKEZ KB L T
WHZEEWLNC LI, U EXY, BEREEOAMED,
N. pachyderma O $E AT 2 HiHl T 2 HEREF TH D L
W2 5.

N. pachyderma & N. incompta DR 55 MERTH
A% X D N. pachyderma % N. incompta L [F]7E L T\ 5 Hf
Fepliz oD 25 (Bl 21, Cifelli, 1973, 1982; Olssen,
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Fig. 3. Standing stocks of total living right- and left-coiling Neogloboquadrina pachyderma with hydrographic conditions
(potential temperatures, chlorophyll-a concentrations, and sigma-T) at each tow station. Solid lines indicate potential
temperatures, gray lines indicate chlorophyll-a concentrations, and dashed lines represent sigma-T.

1976; Hilbrecht, 1997), ZRHFFE T N. incompta 13 5% = O
N. pachyderma & (X572 5 MBS A 2R LTz, KX TO,
N. incompta & N. pachyderma @ [6] 7€ /% Kuroyanagi and
Kawahata (2004) 12 # U 7=. N. pachyderma 7> 312 5 FEHE
BEXY bEBICERT DKL (K3), N incompta i3
FEREE I VEVKETOEEL TAETS (M4).
AL KFEEE TG, N incompta 73 100 m PAEE @ LLEGHIZE W
KBTS L T\ 5D Z L 233 24T 5 (Schiebel er
al., 2001). & HICARMSE TIX N. incompta 1X N. pachyderma
0 b AR W KEE (<KK20°C) A, 9~15C
THEBET S, EWHERKBEOEWDBE I N, F
T ZOfEIZ7en 7 0 aBE L XWHEZRL 2R
(correlation coefficients r = 0.69), N. pachyderma TIX 7 =
07 gV aBE L OMBIZALNRD 5T (r=-0.08).
kD Z &6, N pachyderma O 57347 13 2 AR I

Al SN2 0%, SREDAHIT O TIIEERE & OBfR735H
<, FERE (20 ~40 m A R TEICEELTND
ZEDHL N5 (K3). F 2 N pachyderma & #8
LU 72 FERE % F5D N. incompta 1%, 45X D N. pachyderma
XY b HENEAKETI Y REICAERL, ZunT ()ba
BEOBWKETIVEWEFEEEZ TR LK (K4).

ERAMmEEIC LI-LREHEDIEA

BE 27,000 FOFAREIL & T DKRDEE

a7 AT (827 ~ 1.5 cal. kyr BP) 28U ToD
N. pachyderma ={RICk 5458 Z DL, F 7z Globigerinoides
ruber, N. incompta & N. pachyderma 7 Mass accumulation
rate MAR) D Z LK S5 IR L7z BY TH D, 4
ORI T, RBPEBORE LR ZIT Wk,
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Fig. 4. Standing stocks of total living Neogloboquadrina incompta with hydrographic conditions (same as Fig. 2).

%73 cal. kyr BP LA @ F > 7L © MAR 1 i L 72
W, T hrvxy b ORRTIE, HARREDEET
I N. incompta D>XBHEHRBICZEL, RETHLAEBRL T
WD lzxt LT, N. pachyderma (ZHi#EE (subsurface) (%
FERERELIER) (IO ARAR LT, E 72 N pachyderma O
SEAIIBEIR CRICEN L, A5 S AR Bk T
L CFEEL T2,

IHNDLORRELEICa T TORKEEELHR T 2
L, ZOWE T, 26.9 ~ 14 cal. kyr BP O #fH 1L N.
pachyderma DB X DPEM L, ERKRBICAERT D 3E
WROFENIEEALERLNBNWZ LG, RETHHER
TOHHEAEBL T ez s (K5). LaLl, K14
~ 11.2 cal. kyr BP ®#ifijic 72 % &, N. pachyderma O45%
EOLEIOTPICHEINT 20T, HERE (BEREEI
%) OKRBRLR A LILEWZ B, o0, ME
R EE TS D N. incompta FEIWSFEH L 722 & v b,
Z OIKIRE EF IR BIROWAITER 2 b o TidkR <,
LGM D& T I < Bl oKiE L7 L EX6ND.

Z D%, 10.6 cal. kyr BP fiif THRBERE P QBITE

{t L, N.incompta & ILREFE D G. ruber S¥EIN T 5 73,
N. pachyderma \Z 13 KR & RILB R SRV, KoT, Z
DOFREHNTIE BARYED b O RIEAK D TALM O R ITHA L
s & FREEREE O AR E o 7o B3, #iFRE TR EIRBLH
IMEBE R THoTe LHERI SIS, 2 ORPLT 5.9 cal.
kyr BP {30 & CHEGEL 7223, %9 9.1 cal. kyr BP 12725 &,
G. ruber WPEH 5 —J5 T N. incompta D3V 25 Z &
b, REKOKBILPRSIHICHRESTZEHERIEND. 20
BEERLX, 7 va 740 alRE LB 5 N incompta
DRI E VA L, WAEEZERD G oruber 12T E
HEINRDPOTELRML TN EEbhs., ZhvkFE
B D BEERERL O 2L ITRES (K 10 cal. kyr BP) @ A&
RN ETHBESI TS (BH - #iA, 1992).

I TR, BRBIIHMORETICENENLD
DB L L TWizAKHREE S, £ 6 cal. kyr BP THKT L,
INETHEVED P BEREOERRE L KEE
DY, N. pachyderma O A4 Z O AR O EE NI
Uiz, ZAuE, BB O KIFEFE~ D RAMEINC SN T,
BRI IAERBICREHRE THES LY, ZFBEL
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5. Neogloboquadrina pachyderma O 7% & @ L3 & Neogloboquadrina incompta, Globigerinoides ruber, N.
pachyderma £5 % » MAR OFZAL. £2Hh OMRNOBFRERELTT. HOTHOR Y 7 213206505
NS D RE, HEREOKBORMEMZRL TWD.

Fig. 5. Time-series changes in right-coiling ratio of Neogloboquadrina pachyderma and MAR of Neogloboquadrina
incompta, Globigerinoides ruber, and N. pachyderma (dex.). Boiled figures in the box show ages. Boxes show the water
column structure and oceanographic situation at this core site.
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Fig. 6. Location map of the mooring sites in the northwestern North Pacific. The triangles indicate study sites.
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Fig. 7. Seasonal variation of foraminiferal flux and IGOSS sea surface temperatures (SST) at sites 50N and KNOT.

IGOSS SST represents SST over the sampling periods.
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Fig. 8. Seasonal variation of foraminiferal flux and IGOSS sea surface temperatures (SST) at sites 40N and KNOT. IGOSS

SST represents SST over the sampling periods.
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F2. KA kD 1998 ~ 2000 FI KT B, Neogloboquadrina pachyd erma DFEERE, FARIBEHE, SMAICHT 2 A% R EBEILARE,
ZOHEFOREKIR (SST). MHEREITAERE L AR OFHET ZLICAEN I .

Table 2. Shell fluxes, relative abundance, and right-coiling ratio of Neogloboquadrina pachyderma, total foraminiferal fluxes, and sea surface
temperature (SST) at each site in 1998-2000. Correlation coefficients between both coiling are calculated on the basis of their seasonal fluxes.

period N. pachyderma (dex.) N. pachyderma (sin.) Right-coiling ratio T(;tal plgm};tonic Sea st;gaocg Stemgérature ccsc?g:ilgrtlitz[l) ¢

Site (Year) Shell fluxes (Relative Shell fluxes (Relative of N. pa(c(‘;gderma Oramnll era,, ( ) (°C) right and left

(shells m? day") abundance)  (shells m?day") abundance) (shells m™ day™) Average Max. Min. coiling fluxes
50N 1998 37 (1%) 2401 (46%) 15 5209 59 121 26 0.90
1999 35 (1%) 1413 (34%) 2.4 4190 52 109 18 0.81
1999-2000 23 (1%) 1688 (42%) 1.3 4049 52 109 1.6 0.90
KNOT 1998 186 (5%) 809 (23%) 18.7 3523 23| 226 6.4
1999 68 (1%) 1434 (32%) 4.5 4509 88 182 25 0.66
1999-2000 83 (2%) 2382 (38%) 3.4 6217 9.1 182 25 0.68
40N 1998 107 (7%) 35 (2%) 75.3 1454 145| 247 85 0.24
1999-2000 186 (20%) 9 (1%) 95.3 950 151 233 90 0.15
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