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AArreto] wix| et wlab) olF o] mAAM] WEE AuRgith Fof PC23AY dAdE F8A fEF5Y AMS “C &
Z2Ate}t WA L. nipponica sakaii®) PHAE 28 7150 Jaix AR E0 N, Fol PRt ¢F 61,0000 A
o7 AT, 7ot AR AR &4 AoR dudnh oy FHUIRS e v W] B]t 44
1-10%, 0.2-1.0%2] He)oA AEslg on, 242} 5%9) 0.7%2] Foaks 2ot wid, 7] F2tol o7} &
ZeAa TR 5-22%, 0.8-12%] WY oA dEagion Bk 247 8% 1.0%E F7HE g BTt
R 2289 FH718AY] AFER v T W3] (1 gemkyr!, 0.2 gemkyr' Y&t Bk 7] FAES
gem?kyr!, >1 gem?kyr)ell T7FeHEE. FH7] Bt S7HE AL 2033 7] 3ol A SRl W] win|Ekal &
ofxl B Z7e N FH S ERE FHF §Y FVist 252N dekadt #F U STl gk
B FEol FEE A ARF/E AAEY] wEeth Hhd, niAg BlE] Bt Wolkl sirHe s
A3l deEtrgt 7o fdo] Taste] FUdA FF0) ARHI, B oy ¢ V)R A3 BEYSA E
@3t el gsix Biol A

Paleoproductivity changes in the central part of the Bering Sea since the last glacial period were reconstructed
by analyzing opal and total organic carbon (TOC) content and their mass accumulation rate (MAR) in sediment
core PC23A. Ages of the sediment were determined by both AMS "*C dates using planktonic foraminifera and
Last Appearance Datum of radiolaria (L. nipponica sakaii). The core-bottom age was calculated to reach back
to 61,000 yr BP. and some of core-top was missing. Opal and TOC contents during the last glacial period varied
in a range of 1-10% and 0.2-1.0%, and their average values are 5% and 0.7%, respectively. In contrast, during
the last deglaciation, opal and TOC contents varied from 5 to 22% and from 0.8 to 1.2%, respectively, with
increasing average values of 8% and 1.0%. Opal and TOC MAR were low (1 gem?kyr?, 0.2 gem“kyr") during
the last glacial period, but they increased (>5 and >1 gemkyr') during the last deglaciation. High diatom pro-
ductivity during the last deglaciation was most likely attributed to the elevated nutrient supply to the sea surface
resulting from increased melt water input from the nearby land and enhanced Alaskan Stream injection from
the south under the restricted sea-ice and warm condition during the rising sea level. On the contrary, low pro-
ductivity during the last glacial period was mainly due to decreased Alaskan Stream injection during the low
sea-level condition as well as to extensive development of sea ice under low-temperature seawater and cold
environment.
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EREE] of= A (subpolar region) 3! FHiol] $x18k w2
%@ A3ll(marginal sea)5> A A FHOoT =2 T MAAOR
7z d# A QI TH(Takahashi, 1998). WIHall(HA 2.29x10° km?, 59
3.75x10° k)= SFENTEF 2ol A] 71 w2 o HE Asjo)
1 (Hood, 1983), A& %<t s42] ¥AJo] S #o|tk(Niebauer
et al, 1999). HIH Y FEAGL 4 200 m ©)5+e] jFHo]
A el ol whdel] @A A 3500 m o)) 4
Ak F-7| (Aleutian Basin)Z T4 5 o] ITHEFig. 1). &FAE 239
T 4t gRoll HE o AZdH B30~ 813 (Bowers Ridge)
I A7} REe BEofA] ARl BRI AEE Al2aY b
% (Shirshov Ridge)°] *T&-2l 3T}, wHa) 2 %é? AR FAk
HEE Aolo) fA]g oot 40 BRES B HeEY 5
I ok} mito] o] FolA ], Ak Ao &S ulet AZo g
S22 9Tt Sl F(Alaskan Streamy= GEAF A5 B2 B
2R FYE ¥ ‘ﬂ“] A wEges ¥ At 9
(Kamchatka Stralt)i OF-2 b Utk (Stabeno et al., 1999).
Hlsl o] chsApa-S: et ?H&—i 5 2= H|HAPA )R- (Bering
Slope Current)?] 4%+ tf&%- F=o] o= Th(Gulf
of Anadyr)¥} %_1"11’1\_7} AkE U%jjr %o 32 % HHay
o= WAV Grebmeier et al., 2006). 3]R8- dukd o= 10
Holl BAH7] AlZtete] 5L Al R0 AL Bt
© W55 75% Y27t o2 Halth(Niebauer, 1998). ©]¢}
HEo, WiEale A A79 AF 89 v 2 2ol &
‘5}]"3"k S| Az]oh_ HEagos A4de 508 F3lo
Bt Hoireks Adshe Ay 548 ¥l

= FURol FHE SFAIAT 5] W e A
ATH(Loughlin and Ohtani, 1999). E&&52] &2 A
7159 oitstea: FEE SR AAD F gl A
(biological pump) #13+& 817 WliZoll, Takahashi(1998)=
Hal7k A A1 e iell QlojA] mlk - Fa gt ol B

3]'03‘:} HFals depagt i) fdel Qs F4EE 5
o] FAEF &) Judde] TFH7] woll(Nakatsuka ef al.,
1995), Tra9} 2L Abd e FRAE 9% 22 235 iy
£ HEQItK(Taniguchi, 1999; Takahashi er af., 2002). ©] A}, #2135
o] = 299-429 mmol m?E wh$- =L FARE FEE polt)
(Banahan and Goering, 1986). 53], W& 2] tj&$5-& wa} &
=2 S (Green Belty= M1 352 AP (175275 gCriyr)
£ 7R Aoz dEA Uuk(Springer ef al., 1996). ©]2F =
A= dFAES vt SM%0% 2= wEAps)Fe o
gFol| 28t A3}oln(Kinder er al., 1975), HEAPANFS] A A
FOo 7 £ Fr(eddy)ell QsiA o1312Q) =3 9] 2 Edto]) ut
Aol {85 (euphotic zone)O & AL ko] ZFE o] o
2HYAto] Skt A SiThOkkonen et al., 2004).

A3 silica ocean)d] EA1S Hol= Wga|e] Bt ¥3
“(carbonate saturation depth) ¥ 500 m= "¢ w7] wFd
5] HAEW B e wl$ v|okslth(Feely ef dl,
2002). WA wiF el R 7)Ee) wdeld AreL ot
Z-(Sancetta, 1983; Sancetta et al., 1985), WAFE(Morley and
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Robinson, 1986), $FARZF(Ling, 1973)8} 22 4k e] n]s}
Mg F= o]&33lrt. Sancetta(1983)%= W& A ] sk TEF
Fragilariopsis (ex Nitzschia) cylindrus$} Nitzschia grunowiis ©|
g3t A 47] 37] B3t sy o) HAE Bdsisich. H2o o
A g2 FA S Sote] Al 471 $7] st sl sl B
T 35 <89 A4 #sb) 595 10 (Katsuki and Takahashi,
2005). & 01, 2 EV*EJ% T4 AYA Aol Y
o] x| efste] Mzt = FE2 ©]F (migration) WO F 3
A=t} Okazaki ef al. (2005)—— AR A3)sr B 25 ES
ojgate] 5 o] o] WE|E Al el 5
spsithal atsllet. 58] & 2l iEd f71E9] & 4

2EAAL gkt e AETIE v o B W) of

=4 10—31 gl wigalell A 2 Wabr)Et 339 ”zﬁ}ﬂ A
a2 AAIBHHBrunelle er al., 2007). - HlEH s niA]
e 5} | o)Fe] Arfa 9l FHTekA T AkREo] W

A9k (Gorbarenko et al., 2005; Okazaki et al., 2005, Brunelle ef
al., 2007), A7kl 2 FHege] wigo] ujekslr] wde| ﬂ% N1A
31" (high resolution)] #4137 AT SHHoM FQo$F Ft o
SApdoA 2] aajeFetA FAJo] Q7SI

o] dATelAe W= T A2 diFARHA iﬂﬁqa iEa
£ 3ot AFHAEY AT 74 AR Bifis TRV
2~ 3FeF 4l 21ZE(Mass Accumulation Rate: MAR)S 0]%0}01

At 61,0006 F2F W Fot 2199 A (paleoproductivity)
= Do R B, I W3S 2ok aadEhA
HEE sl

Mz H Uy

o} PC23AZ] 18 my= 20065 8¥o) R/V Miraig S ol&

3 W3 NFZAHMRO6-04)94 T8 FolelE o] g-3lo] H
2af ok BhEAPE(60°09.52N, 179°27.82'W, 541 1002 m)elA]

AHH A Fig. 1). 0] FoFE AdellA st S S48 7
AgE Fol| FARZE A3t ¥ E@3HS 1, Kobe University
o} FAM S Al EE A 851t

Kobe University?ll Al ¢F 5em Wj9]e] (FFHO R
Algel dis)

NE7E B

= 380711
=& (Water Content: WCYS =431t} ¥3 &
FohA] o ReNE S HAE AlSJsiglth §-

¥ 8 om® FepiE Fo dARES AD)E HT ﬂl% %73
3 5 54 Az H, o] FAE s Az 29

AE ARFESIT). 123 HEE A5t A4 oW E2khE
B 7}7be] Aks 243 3 27] YAlE 9 ARAlERre] 1A
£ ARkt Axd ﬂ@% AR Qo= FEEE Asalte] 9l
7] e, T2 GRS 35 psuE /HFE L 3E 2] o
3t 4 ke Alxbele] AFRARS TAE RSt A g
o] &2 b o] AArE ]

. wet sediment - (dry sediment - salt)
Weee) = wet sediment x100

A BT Bk B SHHI 592 ¢
S0l WY BRsUd ARES BT T ok
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63°N

60°N

57°N

£310] Baslsiaivy. §2E9] A4 (biogenic silica) FEE &
3857018 431tk Mortlock and Froelich(1989)¢}+ Miiller and
Schneider(1993)2] "HHE& /MFE S24-G9HIR A% FE (wet-
alkaline sequential extraction) WS o] &3lo] AfA ks =
g3tk oF 15 mg®] HAE B2AE7}F 94 3= 50 ml 94
w2l FEO] 1 N NaOH €< 30 ml §& F, 85°C P23
Ytk 78ar 2417) o] 3R] SAITE o) % 7kR] WAz 100 piE
F231%] 0.1 N HCI 2 m7} 50193 10 ml vlo]de] W=t} o]
#7go] d 3, molybdate blue spectrophotometric methodZ ©|
ot HAE 28 AR Ah g i old, HHE
AlE el A Atds o] oA} WlE 1%t 28l Airs
§rgoll 245 sl 2% (opal) TS T3 Mortlock and
Froelich, 1989).

T E4x(Total Carbon: TC) $FE % 385715 BAslgit} 54
E 22 A2E CHN 945247 (Carlo Erba Na-1500 Elemental
Analyzen)E ©]83t FrbA ¥ Z931990E WA 2k 10 mg
o B AEE T4 (tin) 0. E WHEA R AE £7]90 A 1020°C
o] HhgHe] FYUAZICE, T129) WhEF Yol 2k Ak 2
Akele] 9} whe-sle] ehdd] dAaHAA oatses, & A4 A
AANEES X &3 VA AR o] Bk A&
Q) AEF 7149 #2120 mUmin)ll Q3] o] FE W HFS-Fol|A] B
, S AE FHR 0T g0 oFE Yopd F otk FEL T
o] B4 9 H9lE £0.1%0]th,
57|k (Total Inorganic Carbon: TIC) 3F4e HAE Bk
5E F7EAF47)(UIC CO; Coulometer: Model CM5014)=
et T3t AbE] EECA HAHEQ shatds it

ol o

A

=

e
=
Rhe-o= A gafo] ojaf dE olbsldAst sk {9

o &3] MR AT o]FHr} o] wl, MFEA A= Fi-o
&1 (monoethanolamine) <~&o] BAA 1, 3 /4o A
A AAMRZE Eo9)). o)italekAa= AR o g o] gl B
1, BirolghE iRl e vheale] A X AAE A7) A4

Fig. 1. Schematic bathymetry of the Bering
Sea. See sample sites of cores PC23A
(1) and HLY02023JPC (2). Arrows show
the direction of major surface currents.
BSC: Bering Slope Current, ANSF: Aleu-
tian North Slope Current, AP: Amutka
Pass, UP: Unimak Pass.

o] 7153t ZHAk(hydroxyethylcarbamic acidyS 3/338lc}. o2 gt
AL A0 F dojuhr, SRA A" ilolRo] &
Ag e Al FENoE HEy A Hot. o] W 24 Al
HkS-gole) 40125 (pH) Mshs F40l 255 AAEd
of A HIstE THEW FHEV} ol FHE%DEA HET
. Fugo] ZUkEE AR o2 ARVF BAstel Fahgel v
tol 9715 WAAIA olakaleta ] S4rof wpe) dAlE AR F
3AZIA 9, Sslapgdo] Bk Solo] ] Mo g Foprt
W AFEAYo] FHEHA Ao gvha, DA ARgel s
AE U e T sl 9ok SRV1'2(ToC)
B 7 1] TEA SEkelA 514 TS WA T8
tHTOC = TC - TIC).

ok g g FRUIEA SRS 7 RS SRR ot
£ AR Sl oJdk 34 ane xjold M= Wk
371 wlEel, FHEEMARYS AXEIIc JAEL HEEoA
Z3% 2714 79 47 T 712U = (Dry Bulk Density(g/ent’):
DBD) 7811 ¥&E (Linear Sedimentation Rate(cm/kyr): LSR)S-
wate] Axbkslath AxUsE 59 8 em’Y] SekAE FHel 9
ABEES AE)E 93 54 ARAF H, 1dxd A8 FAE
st} F9E o] kit EAES Fot A ES] A
EX ARE o] &3l TAE T Foll 24z} 731 sidEE
HAES ARSIt 2719 B2 JAEMARE v &
o] ARt

o £

gt

O

biological component(%)xDBDxLSR
100

MAR(g/cm?/kyr) =

MY B4 A4 dAde Y= 3 A7 A (National
Institute for Environmental Studies)| 4] <F 10 mg? /4 &
TS o]88lo] 71&AFRA7] (Accelerated Mass Spectrometer:
AMS)E =530t} 78]11 AR(mean global reservoir correction)
2 B ol=ZR|He] HE kel 3803 50d) 07 3 (Ttaki



HEel] F- A1) vl el ol$ mage] wsikd st 137

et al., in press), Calib 5.0.1(Stuiver e al., 1998)S ©]23}
SHE s FAEHAL AUhE calendar Ath(cal. yr)2 W
et

WA BAE oF 520 cm A 02 F 153709) FAloA] o
FoIFt oF 15 go] Az BAEES 15% isead g
ol-g3slo] f71EH TS 242 AAT 5, 45 um A E o] g5}
o AeUiUtt. 45 pm AolM Z2x A1EZ Goll and Bjérklund
(1974)9] W& ol g3l MAs FHate Fx4 2HS Y5
YT S| =(Q-slide, F-slideyS 712+ wHESITE. 50 mIe) S5
7F A= 100 ml BlA 45 pm Aol Golgls BE A|RE &
A EL,F AL F IS 014319 02 mIE FE3l] AW Z
kX Qlof Wojmg] 7 74F AI7Inh A% 3 AW Z¥A2 Canada
Balsam©. % &Eo|= ol TAAIA Q-slide® NEQTE T8
Alge] B2 9] 29719 BB glojx {2 (elutriation)
W (Ttaki, 2006)°]) S48l HARE QIAIE-S ZZ5o] FligeD uh
ST 2] SEtol= 100809 40080 WIS Alo]oll A Fake
uBoE FHAFSGT Qslided ] BZE AR WIS 0] 250
= J F, AZAE AFE o] B g Wk AEsE
AR, TS AiAlE Foslideoll ] 300mte] oo Hhak

[e]

il

2 3

T0} PC23A2] irf &#H

Fo} PC23AY] At AL o} PC23AY) 12 AN 715
A7 |(AMS)E ST PAMY ehsdda A A5s 3
A¥5 Lychnocanoma nipponica (Nakaseko) sakaii®] VFEA|EF &3
715(Last Appearance Datum: LAD)S ©|-8-8}%tH(Fig. 2). 4
g A BT 9 A AEE= Table 10 A=} 9k
H sl WAEE L. nipponica sakaii?] YR £& 7|5 (LAD)
2 48,6004 (1,800) H 2 E U F 0.7 (Okada ef al., 2005), 2.
o} PC23A%] 3T 13.4 moll LADZ} RIS THFig. 2).

Fo} PC23A HIFAME Frade BE U &3o| Wold 3
23 AuE SFT F AR, Mgl 9] Fol M) 9 A B
HNHE Foto] ot AlF Ao ot 2] HAEo] 44
Hok T, AR SRR FAE AgsA &3] o
ok o} PC23AS} Bl £4l9] QI A Hofx FES Ho
HLY02023JPC(60.128N, 180.558°E, 5~ 1132 m)oIM = A
oM FE3Fe BE W | Holx HES AvlE S
AATHCook er al., 2005). 3HA, W P& ¥o]~
S T 9 (Umnak Plateau)ollA] AFHE Foke] A 717 F<tkg]

il

-

['] AMS “C dates 1 ‘
N (O LAD (L. nipponica sakaii) | Eouag
i)
e
£ 61 SN s
£
2 3. .
o
g 10
_g 12 4
[9] 3 Sandy mud
4 Laminated mud
16 - Massive siityclayl  Fig. 2. Age model and lithology of core
el | <> Shell PC23A. Open squares indicate AMS “C
18 T . T T T — Unknown ash dates using planktonic foraminifera and
10 20 30 40 50 80

Age (kyr BP)

Table 1. List of AMS “C ages of MR06-04 PC23A

an open circle represents LAD of L.
nipponica sakaii.

Depth Conventional error Calibrated age (1-sigma) Calendar age
(m) age + cal BP (min) cal BP (max) (vear BP)
0.27 10,470 120 10,884 11,220 11,052
0.62 10,620 90 11,123 11,361 11,242
1.03 11,029 51 11,849 12,109 11,979
2.04 11,932 43 12,968 13,108 13,038
243 12,474 45 13,446 13,629 13,538
2.96 12,827 88 13,795 13,999 13,897
3.72 13,254 48 14,277 14,722 14,500
4.15 13,482 81 14,802 15,155 14,979
5.23 16,348 125 18,758 18,937 18,848
5.88 18,838 71 21,121 21,603 21,362
6.56 21,468 166 24,526 25,017 24,772
10.06 33,315 192 38,708
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Fig. 3. Downcore profiles of (a) WC (Water Content), (b) opal content, (¢) MAR (mass accumulation rate) of opal, (d) TOC (total organic carbon)
content, (¢) MAR of TOC, and (f) relative abundance of C. davisiana in core PC23A. Note Marine Isotope Stages on the right.

A 3 A 60% o102 vl =7 B %3t Okazaki
et al., 2005; Brunelle et al., 2007). Z2]\} Fo} PC23AE &%
oAl vl 28 S TR s el 9Askar )
Sol % (Springer et al., 1996), T} HAFHe] 9 Fhako] 59, 1]
ol BaslthFig. 3). WlEale] B B0 dlFol A 7
72k BAELS 10-15 cm/kyr® B2 @A YERGTHBrunelle
et al., 2007; Gorbarenko et al., 2005). o} PC23A%] A= 0.27
m&} 0.62 m 77+ Ale|d] HAES A&sto] Aet A, o
10,900 cal. yr BPE AXFEGIT) webr] Fo} PC23A0IA Ad
10,000 Fre] F S8 AAHIAY HH 8o 23] A
she Ak A7kt

FoF PC23ANA 24,772 AoA 48,600 & Afolol = &
FFY BE 9 Fdo| wig sY] gl g 54T 4= QLo
A TR ALl A HRES 7S] A8eint olest
Ate] elspd o} ko] A= ok 61,0009 st}
ol+= Marine Isotope Stage(MIS; Martinson et al., 1987) 42] &
ghol] sfgi}. felso] wes) gl Fob A (0-4.15 my= F
171(10,900-15,1000d Z)ell sfiksbe &F 102 em/kyrd) H2 53
S Hol= yhd, Fo} 8P (4.15-17.54 m)= vl et Hler|g
°F 29 cm/kyr?] W& EHAES HQIth Fo}l PC23AY AAIE )
BAEL oF 35 cm/kyrE W9~ =70 At 7189 e 9
shd wlgale] ok 922 HAES oA o 25 em/
kyr(Okazaki et al., 20057} HEA 1, B3] gEoa] oF 12
-15 em/kyr(Okazaki ef al., 2005; Gorbarenko ef al., 2005; Brunelle
et al., 2007yt AXFESITE S oA A] Al& F7F oF 5 emi=
1500 PRke} 717ke RIS 58 sde] o] A=<

O & = gl

38, QEY SR7(EA B 9 HME 02|10 WS
B H3

o} PC23AY) T8, 223 FH7|dks €5 1l
)31 vhkE S W3k= Fig. 30 YERY 9tk E58-2 20%¢
A 60% AlelollA] Jskei, Fxl7]9] elFo] BER TN
¥ e HAthFig. 3a). PIAE el $8-2> Fof AN
of ujste] wtor, FHHAog gpgo] K WS el
Ueh =g ols 7759 e mEdal gko] w2 A1 o
EZxo7 ElETHFig 2). WA, &2 HHEE A%
Qlzof oA e wow, Uukx o R EHES] nrt EF
2 e Fpg-S 5ol 78al MIS 4 3] derfo] B2
T AEA A5 AR gelge] wde oz §1)
719} felsH v hFig. 2).

o} PC23AY 9.3 ke FH2 2%elM Al 20%7HX 2] gk
= Alololq WzksltkFig. 3b). 2% k2 Shego] w2 1)
Z1olx A vrehdet. wRREk Webr] b 98 T W
oF 30,000 A& 7| 0E T AZIE vPrelzith ¢4 30,000
o}F 9] A9-= o sl v vy W%o] 242 ¥hHell, 30,000
d o)dellis @ o] nwA] 3 R 0F & v I
AZ Rt} E3], 36,00061-30,0000d Alele] o jERe FH]
7] 7k EAE w& o dehE = Jehdt SR
EQtolle gt o2 S AdlF e R B AERA (P=0.52)
2 Rol|vk, mixut Wahr) S}l o5 Wrkr?=0.07)(Fig. 4a).
web gy 150 2 A FH7] Bl tha F
L AFRRATY YA, W) Feldls F FHEUE Al FA
Aol A AA} §l= AoE Bt 88 §8E A=Y A
719} Ze ThE g9lof| oM E F3EL wher) SRHRE, YHbA
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Opal (%)

TOC (%)

Opal (%)

Fig. 4. Correlations (a) between WC (water content) and opal con-
tent, (b) between WC and TOC (total organic carbon) content, and
(c) between opal content and TOC content of core PC23A. 1* represents
regression coefficient. Open circles and solid lines represent the
relationships during deglacial period whereas open diamonds and
dashed lines indicate those during the glaciation.

o= o@e TS AT 2719 x9 W 2 27 )

o
o2 2

FE Flele B9E 23t A vad e
o} FHPAE BT} W, 2 o] ke Haole g
&3 F3Y 7 AL e B ke AREAE ®alth

o AHES H2 03 gom’kyrel A Hd 12 gem¥kyr714] 9]
s T, 37N B - 28 gro] vehhe,
7] FQkelle W fow A9 dAsthFig. 30). AAES H

&

A gl oJaix] A F$E=, ot PC23ACNA 24,772 HolA]
48,6000 A Afelol] F7} 4|7} o} AAE A ¢koba] t pAgH
HAEE o 47 gANE s HHES dev) siedgs Y
712 AR v wEh] ofEle wle w2 Fol A=k
Fof PC23A%) FH7IekA TR #HA 0.2%4 Adl 1.2%7)
28] ghg 7, 233 v E 7|0 2 ghol YE
v W] St vk glo] SXEQIchFg. 3d). PHAEr W)
Zetol 1A 0 7 VR s W ER7 e 93] e W
g8 Kol AF o|EST diu|Rrt. o o] A Y
U= A171(36,00051-30,0003)9014 w7 kA2 8lwd 71 &
A gdeko] Jepdt), Sg TR ds T FHY,
WE7] B 1A w2 AR (P=0.70, 0.52)2 HIThFig, 4b).
SHrg2 BA B Yol A 9GS w) il AHt 5
HEY A 2L g8 woly i @& 42 f7180] EF

[
o FAE0} PR 7R RS BlaA B AR
AZ mol Aolth, 9% T} F ks Fo] B9 3
o}

(Fig. 4c). 7] &l 7 F4X7H A &
Ehh= A8 E87)eh0] we Y] oFF7 A R o
3 AZTE ) Wit o R AT SAITh Wb Feke] v At
TR SollA] g3t uke} o], f7180] Us] 59 7=
APg el SJsia Rl BRE whe Aol ofx 4] H 3
SollAl Ak Bt T8 B o] w38 5ol & ok o
& ) ot

TR HAEE H2 0.1 glemPkyrell A ) 1.8 g/emkye7}
2)9] 3hE 7™, 22 AGE IR E SR 7oA TS| vl
9 =& o] vERp, WE] stellEs W2 e HRIth(Fig.
3e). 7] ol FA71RA TS B3RO FR7EA: A
HES B 84 71719 FR71eke] AAE ol 1719 Fhol
vj3) 7 8] A% A vERdT ol B EHE YA AHE =
ofellA] FH)7]e] Aol @Ajel] vla) wigkrin Baugh Ain &
Y X|FTHZheng et al.,, 2000). 57164 A2 ST} 0 AFHES 1)
T3] & o, 2% 3] AP} TR e T sl %S
R AR RSl

vALE Cycladophora davisiana= 7 AARSE B8, 4
A 200 m 2o} &2 HolXE AL MAEA] e AoE IHA
S+ (Morley and Hays 1983). Nimmergut and Abelmann(2002)=
Z3E Ao 23 C davisiana?} 25 =T33 44 200-500 m
oA Mashz Z& #ERIEIgleH, o] 4o 571 i g
A7t Fxe 2547 EA8CKKitani, 1973). o]k vEEZ AR
ZHANNE C davisiana= &7} F1 £ A7) S5 443
7} EA8H= =4 1000-2000 mell 2] WHASE $lvk(ltaki et al.,
2007). WbA o] F& HElE A 250t Wil 48 At F
B3 2242 s F-431tH(Ohkushi ef al., 2003). WA
% C. davisiana®] T A3 FH71A T HE FH(5%-70%)
| B 35%2] B2 kS Rola, np|u Wls)o= 7edE oz
w2 21(60,000-57,00061 : 2% 7]EE, 27,5001 -23,5004 : 20% ]
"hE A sk E 35%2] =2 grel vehrdthFig. 30). 3
W, C. davisiana®] AT 735 397100= B 710 WA (g7t
viepd i, opR|e g Ftelie B 505 71l (g | HER
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Wsl7] B3t HPEed A QoA e] TYA] HEE Aun, g
B AEA Ao WEp)e] 2FAI0] 209719 A
H3A 3tk B 31E T (Thomas ef al., 2000; Zhang et al.,
2007), o]EA W37l Aido] EolRE AL Folrjo} 4
AHozRE AL i WX flo) SIS WEo R &)
AEint. 259 A el g 23t (Western Pacific Warm Pool)]
S AL B i w5 wiFolala g4 Q)i (Barber
and Chavez, 1991), 37| &t 733t vlgdel &) & o= &
A8 AR /9] S7H= EE R (cyanobacteria)®] A4
(nitrogen fixationyS FWAIA 35-9] 23R FEr} molxA A
ol S7kskeltkar ARk S ch(Falkowski, 1997). $-8, HAE
(westerly wind)2] F3E Whi= Fejgeke] ) x| Y31 8
2= &% (Hess Rise) AT At Wepr] 2t o shfo] =
7HAL, ol W7ol $4o2RE vl o8 3EEE de
Fhsilica)®] F3J0] S717) HEoZ 3481t Kawahata e
al., 2000). PRI, F| 2 SHECE B X5 FAeg ko]
#H 2] s HEmperor SeamountyX| 2] 73f-olli= Wsl7] T2k whe
o3 o] SAHPEH, ol W) Bt BEEeAZ4e
&50] ofghE]o] Fokel Tl A=) uFolgn jAiE
ATHNarita ef al., 2002). EAEIEES] 59 shul Fafl=
Hsl7] g2t B35 Aol Wity B givkel, Khim ef al,
2007). H3k7] FQF Wolbrl ez Qlalo] Far) A PHow
SIRES] wiEel 239 Bt AgHo B35 St 4
3pEo] ALFY Tl AR wiEof] Ao Wt B
15 THOba et al,, 1991). FEIEES] 8t #HHA Aol 952
A9 A WE] 5ot 23 Aado] Witk dEEgich
©l, Liu et al.,, 2006). Wa}7] Bt FHSsA wdst e <
M EFY R, JUERR 559 EEo] AFE oA,
e 71 BA9) o] A whd, 8479 B49] §90)
S7FE7] Wiel Aol BAAas g Ao},

HIB8 SHAG M= vt W] B9 o2 FeF 9 24
7IRhe SRS A 02 Yeh s 22 3he Alskas Aul
Ao v vEhdthFig, 3b and 3d). 53], MIS 2 A7]¢] 3%
233 FH7IEA T vl @A Yehdt), vliriR® ulx]
7 Hlely] B o 2 ek AEEE o wA VeRd
CHFig. 3c and 3e). ZOF PC23AS] Ail= & a)2] F2o)| 91|
& 2 deolA AHE FoF UMK-3A%) H-$-o) A sfjollx] 2]
FH3E Fol BOW-9ACIA] vt Ha}r)o] dupgos e 24
7% Sk 9% o] ®ud A3} 2 UX|STHOkazaki e
al. 2005). Wap7| Ft ol FlFHo R Qle] dFAk dro)
TE AAT Aol ke FEE B3 LekA) AlF fo]
A7 ol EFENFTE NFS T2E S iR &
U ao] B s 7kx] wad 4= QI9ith(Katsuki and
Takahashi, 2005). 18] 1 Wat7] 52t B o} 2R HE L 0] &
I 123 FH0I97] wiEoll(Sabin and Pisias, 1996; de Vernal
and Pedersen, 1997), =& 7|¥-$} BHte ke 5%9) dug
A wiF oA AdA oz FAHE sHlo] YEoF WM

A B 5 QS FolTh Wab] B Bso] e A

FHEE HA=Y ot Avks A& gulsi, ol vigou
e 22 FF7180) AU AR o)g) Zo]
HolsA Bt Ao Qsle] BT s Mshs TEF
o} e BE0] EFo] AT NE Aotk (Liu er al., 2006). 1]
2 MG Aol o] HSFe §507 Qlate] o] F
F3b depAgt i 49 AR 2020 o] IFE Al
$+E17] Wi Hol(Tanaka and Takahashi, 2005), Wap] o %3
AAto] wiokad Aow Azbert,

nhREE Wslr] F_E e e waE A B3l A4
sk Abge] 2 WAeHR] Fele, A tellA A2Eke C
davisianast =& 52 1A RESFTT S8t (Morley and
Hays, 1983; Hays and Morley, 2003). H3}7] tl§& Z<t C
davisiana®l 7WAT7} 52 AL o] A7 5] eg=T3|
o} o] tiF% AelA AMAR el gz A dEe]
=oRl 57t AT 0 R FFshs 25 v £ A
55t J7bwe) dee] ShRiths 218 AAFHH(Ohkushi ef al,
2003; Tanaka and Takahashi, 2005). ©]= Blueford(1983)7| |
aelA 6,000-17,0006 el ¢-3F0] Wkl 5 C davisiana®X]
@AM 712+ Stylochlamydium venustum (Bailey)2} Spongotrochus
glacialis Popofsky=. WIRTH T K 38t 213} ek 9% X
Aol A WE7 15t C davisiana®] FS71BEL 71 S A
stk Rk AFs 2 XK (Morley ef al., 1982, 1995).
R W S17 (last glacial maximum: LGM)el| d]33h= MIS
2 370l e 2 e o= Qlsle] sk ARV 3AHEN
S Zo|RRY, C. davisiana®] WA 23818 ZAdHFig. 3.
Ol C. davisiana® €8] 257t ¥ & Aol 58 A
7] F99 BEFA T, R0 2R FREHE A7I1EY T2
Holg] ¢ofl M FE W] WY Ao A FT (ki
et al., in press).

Fig. Sat= #pA| e} Ws7] Fet Q74199 maiddhs& =23
sto] VR Zlolth. A Bt F3 A% upgoz Q1 s
o] FXEHUA w2 259 & %
s Flojt}, o] Ad, AT $EL LT
FFOE S AT F AR Aot} 17
b ol B o g QI3 Uk GEO] 4lo] &
250 Hejilol me} @& o2RE gkt siRe]
0% JYE FFEOl AAHUL, F 7|F ol A
A o] wdslo] HFelM F2F &) Al
*e] F71eATT FAHAE Aoltk
7] 1t o T U FHTIEA o] ulg-
wow, o3 9 FHUIes JAAES A Wl vs) 5
i o2} =4 AEEICHEFig. 3b, 3¢, 3d, and 3¢). WHE Y HE
A= o] Al7] Felell 0% 9 fVgkA: ko] F=A By
HStH(Okazaki et al., 2005; Brunelle et al., 2007; Cook ef al.,
2005). @32 ¥} frea Fgo] H& T A Tele
A5l & weEo] thFig. 2). ©] A7) Etel] FAE del
T2 HEE T AN, S, Boix YoM ® w
Helow, BExelgake] A Eufo} thETHY- (California margin)
9} A7) FYoH(Gulf of California)elX] B9 ¢le]Za} A7)3
02 7z AR (Geen ef al., 2003; Zheng et al., 2000). I3 1L
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Fig. 5. Paleoceanographic model of (a)
the last glacial period and (b) during degla-
cial period in the central Bering Sea.

© B}

ST O

o] 5+ Al71= Hi ] WEel AT 7o} GC-11004 &
AE AA2 Fold MWPIASH MWPIB A7]¢) swEch
(Gorbarenko ef al., 2005). o] A|7] B¢ H-HA4 FEF9 Arl
Hda gho] ZrA= Ak (Brunelle ef al., 2007; Cook et al., 2005;
Gorbarenko e al., 2005). Wb, 7137} A7 wlEg) x| 7 84k
a7t 5 0HA FHEE g5l 231 dlko s exte) o
¥l ST Aolth. Sancetta ef al(1985)F THEF2] Ak
TALE FHE Z3 o] Al Wige 25571 895 /4]

o gl FFE Wektk sk WS @elA sjawo)
Asdte] o] RS AR A 4 E&ﬂ 5’4?13* "E—S—Ol 3
Gl ZA71A Fell welr olE HEO 2 HE
%‘EV\?F 352 frelo] STk HHH = %*Xﬂﬂ‘iiﬂ}. 1=
Bo| FHEF g BFagol] JUAe] FFo) S 7+
Z579 AT F71eke] 8A40) T AtK(Okazaki er al.,
2005).
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