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Abstract

     Based eTi quantitarix•'c anal),,ssc.s L',f t'i)Lssil LfliatLT)tn as, setnl/}la- .geJh in tbur' PistLr)n C"orcb", tlie

     puleeceanographic changes during the last 34' () k>•r in the southeni Bering Sen "nd "'e.stern
     sul")arctic Pac"i tic have b. ecu rcci')nslructcd. Thctotal diatom acctimLtlation ratc (DAR)in each

     core is intlueticc'd bv cold los,s:-saliniti,' suriiace water.s. 1-he cold lesi,'-salinits,, suri-acc i,vaters
     cos•'er'cd all c7)x,er tlid scT,utheast Berin.g".Sea throu.ghc,ur the past 100 k),rr, wh5rens bruch "'atet'

     mttsses expanded in thL" s'outh"/est Bering Sen and xN,esteni subaretic Pacilic during thcs
     glac'ia[ pÅët'iods. Moreevcr. bu.scd on the chan.y.c,s in niu.ior diatoms, a tnodel tha( predit'ts a

     tlo"' through thc .ALIeutian lsland is proposed. The Ilo"• ot- tlie Alaskun Streain "•'aters heads

     ntr.)rthward thrL')ugh the .ALIeutii,n ls'knds al presc]nt. A.s the cliniate bcc.a- nic c'Lolder in tlw

     t/!laciuls, the ,shalloxN" ca$rern and cenlral 1i)asscs. ""cre Fic'L,ssilLil),,: cliiitiinated c)L r rcstrictcL71 due rc7)

     r,.e;i leN,L'l drop. ']'hereiiore,the .so,utheast llering Sea "/ns isolated i'rom the Nortl-i Pneitic ,'tnd

     the sout]i"•esdt l'Sei'inL/2 Sea si,"as inlluenced h>, thcr Ala,skun Strean} tlttring Ihc glacial pcrio(.ly,;,

lntroduction

     The BeringrL Sea (Fig. 1') is onc ol" thc most bioiogically predticlix'e arcut ot' the
hemipelugiL- re;tlin in the world (c.g. Bcrg,cr et aL 19Yt 7). Furthcrinorc. thc Bcrin,L.-r Sca plays a

signific,ant role in the g,lobat rnaterit/1 balancL'L a.s' heat. salt ai')d N,arieus chcniic'(il proT)ertie.ti are

transl')orted Ni,sith -•ater circuiation. 'I'hit.-; is because ot' its pivota1 1(-)c,rition be"veen the Piicitlc

and the Aretic ocean.s (Takahushi 1999). T(.)dti}•'. Pacitic watcr is transportcd into the t`X,rctic

Oc,ean thr(L)ug,h the BerinLg Set ,and e,ventttalluN,e" ex, its into the ,,X.tlantic Oc:cun through the Fram

Strait. This. one-wa.y tlow ef xs•'ater t-r(:)in the Paciiic to the iXtlan{ic threu.gh thc Berin.,r S-'eu und

the iXrctic ()cean ticcouiits for contrastin.v chcniisLtr}, ofdeel/:} and bc)ttc)in "'titcrs betwL"en the

Paciilc and the Attantie,. Accot'ding,4 tc) Honjo <199{-)). this proce' ss ot- water mass muven'ient i.s

partiall>," res.spons. ible t'(.)rthe Pacit'i'c te be a silic',i c)cei'tn "nd the Atltmtic tcL) uc-t as a carL'}()n"k"

oc.ean. Merec-"•'er: water maLs'ses ef die Berin,g- ,g" ea mi.x "iith that ol'the Nc)rlh Pacitic':`. Much ot-

the Pacific xNiater tnasses enter'ing the, Bering S,;ea ieaiv,e throLit/:h pa.sLses in lhe Aleutitiri ILsku)ds

(Fig. 1). Thc i'tlaskan Strez,im, which i.s an exten,sion (.}fthe i"Llaskan (L'urrenl tl,.)wing we[,,lward

along thc iXlcutitm lslands in the ,subar'ctic PacilNic. mo3tl.s,• enter[s the Bering. Sea (H'tvorite e't

(t/, l(-)76). ,,X, part ot-thc S-ut-)arc'tic ("urt'ent al,$c.) jc.)ins the n(-)rth",ar'cl tl(-)xK" cemin.", t'r(.i,m the

,!Xlaskan Strcam (gtabcno Llil{, Rced 1994; Stabeno c.t ciL ]O02• ). In contru`s't. the Bering water

i e-mHi]:katuki+`'tt•.v.eo,k>'u:]IU-u,LhC:i.inP
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mass alto tlcT)"is out to the Pacilic region. For cxample,, the Bcring. S,;ei] it u ,s, (.)urcc rL"g.i(T,n for

westeni subarctic Pacitlc Nvater. -"hiÅëh plttyt a tnajor role in the circulation of thc "re.tcrn

sttbarctic Pacific(Ohtani c')t aL 1972). In bricf, the Beriti.gr Sea is an impoilant area as ttr) the

nievement of "Ls'atcr masses. Hence intensivc studies has"e been cenductcd ii)n Lhis area i"
recent ycars froTn various pcirspectiN,eg., The palc-)oceanography ot' tlre Bcring. Sea and the
subarctic Pacitie has been advanced on the' basi.g of thcse studies (e.g. Keig"iii 199.4.i. 19C)8:

Sanc,etta 1983).

     Diatoms are the mest abundant micr'ofussilt fLT)und in the sediments el" the Bering, SLT'a
und the svcstern subarctic Pacitlc (Sancetta 1982). The rcmains ol' the:e impotrtant priniat'lr'

prodvcers c,an be uscd as IT}roxies for the e'nvironine- nral conditiens 1-)revailinLg in the u}T)t')L'r

water c•olunin of thc ocean. Kanaya ck Koizutni (1966) defincd ctiateni ass-ornblages Ihat are
characteriLs-tic of major water ma.sses in the Nt.)rth Pticitlc. In additien, .Sancetta (]9,82> who

discussed tiixononiic and Tnerphological problenis relatcd to sorne di"tc)in taxa, also pointcd
tT}ut thc b-iignitiuance- of' studinLg thc distribulion ol' certain g. pet.-Lies in respkt{:t t() tT)ceanegruphic'al

or eeelegical c,onditions in the Bering Sea,

     Althoutgh u cen,sidcrahle nttnibcr ot' ,studies in these t'egioiis 1iave bccn pert'ornicd. few

are krnown about the piit,st water circulation. Ill,s;L)ecially, there are t'eNv repoits t7)n tlic diatoni

Eiccuiiiul[-itiuii rtite. h) this ptipei; sivtt- dis.icuss past Nvatei' circulalion aiid ()cciiriog.,raphic

cc].)ndir•ion on t['ic ba- F,;is otJL the study ot' quantitative accu;nulation chanL/:cs. of rnajor diatoni

Lsp`'`cies iii the s()L ulherii Bering. Set) und thc ";cstcrn subarctic Pa, citlc c.lurin.g.- thc' la,,:4t 34' O.OOO

vcars..

.Nlaterials atid IIV'lethods

C 'ot"e stlmptc's

     Four piston cores svc're raiscd in the southeni Bcrinat: E.Sc'a and "•'es'tcrn s. ttbnrctic P3c ct'lic

during the Rs'"V IIakuho-maru Cruise, KH99 3, ,Atigus.t199( (.Fi.v. 1). Two oi-Ltl"ese cores werc

cellcctcd t'rom the Bo"ior's Ridgc 'm the seuthcrn BerinLt{ Sca (B()NX/' 2,;X: )W4" 46' C)()"N'/.
76"' S4' 99'"E. ":'ater dcpth: S,gl4 in: BONiv'-12• .AL: :',,3L' I]:7,' 47"N. 179`' 33' 47• "'N]v'`. xvatee' dc'pth:

L-'391 m)(Tablc 1). iN- nothcr c{r,re was drilled at th,: (LJmnak Platcau in the :'outhea.,.htem Borintg

Sea (UMK-3iX: 54" 2)"' 22- "N, 170`' ]]' 38"E. "•'ater depth: 11S92- m). Thc Iast cure "•as takeii

t'rem Emperer Scametmt in the "•'cstern subarctic Pauilic (l--'.S: 49" 44' 07"N. 16b:" 18' 9.3"E.
water dcptl): ! .I Rc g in ). The rcc{T}Niercd seL/linient ccT)re.s uonsisted niainly oit u dark green-grei.vs or

olive-g..TrÅë.s.,, diatoni s. i]t. rogcthet' "•iith seNerul Niolcanic iish lu.iv"cr•s and calcareeus.; oo7e:'.

FurthennoTe. Cerc B(I)VVS--L2iX ha- s slurnpinLg beds in the upper scction. and C."ore UT.LtlK --1 ,iX

has n lamina structure (Iri.g.. 1). Slumpin,L.i ii aftlu-M[ ofsedimcntar],," layer fr{r.)m ethcr l/")lacecl .s).

     ,LN,n ag,e miT)del ISor Cc)res EtS:nd BO'gN"'--12A were determined eii the bas. is ot' pianktonic
tlT)raTninii"eral 6ii() an([i cotnpiitrisc)n ofEnagnetic .y{LLKccptibilities t-)etween ES ar)L7i ncighb(])ring

OI)P Site L5-lg{-:3, thL' agcs' of ",hich havc h,een prccisoty detcrn}iTied ba.secd on t',enthic
t"oraminifctal 8SO (Kiegwm 199.3!) and i4C dalin4tl {Kiet-er c't aL 2001), Sutble oxygen igetope

rutios ot" C"oreLs ES and B()iiNS tS,,it were rneasured {-)n s.aniplcsJ. el" planklonic tkT)raininit'cra

rX'reog/ohinlttatlt-ina ptt('h,vderma sinistral coi]inL/l. at ShizL"T)ka Universit),,' t•tnd J,ALV,hFtlSl"E(."

(Japan Pv'larine S. c'iencc and Technolog]4r C"e- ntcr) r,Vlutsu Labora- tor)" <Katsuki ty aL in pres.s:

Okada bl Takahashi 2• O03 ). The nge modcis t'or C"ores BOXN': -12A and (.IrN•'IK 3iX "'ere mnde
b>" coniparison c/)t- inaL/InLT'tic s'usceptibiiities between the,se ccL,res a- nd (]1'ore B(-)Nlv' },,l.sX <()kada LS'k'

Takuhashi 2• OO.X ).
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Ng. 1, (a) Map sbowing the modetti surface circttlation system {n the Nortl! Pacifrc Ocean (Modified
fiit"n Doditnead at at. 1963). (b} Sampled locations of Piston Cores UMtC-3A. BOW-12A. BOW-8A,
and ES whieh werc co11ected during RrV Hakuhe-rnaru KH99.3 Cruise in 1999. Tbe bethymetric
contourintervalsareeveiy2oomupto1OOOmandthentbryareevery1OOOmbelow.
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'l"ablc i, Silc locatiens. "'arer depths and rccc"•erics (T,t' the cores obtained dLirin.g the R,'i'v"

1takuho-IN,taru Cruis. e KH99-3, 1999.
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PiCtt(Ml"!ltCl/1'.S'i,Y

     'I"he scdinicnt in cach core was ,slicL':'d s';NieT'>ir : eni in thickness on bc')ard. Two s. amples

svere takeri cveriy: t,'; crni, ()ne "'as tbr diatoni analiy•rses. and the orher wa• s tt')r inedsLirenient ot'

c:tr),,, bulk dcnt,sit}". rl'he s. amplcs' (aloproximatcl),,•' M mg cach) lior the i'iieasure!-iient of `.Tir>: IT)ulk

densitiv/r ",cre Lrlricd at )10"(-- in an oi-'en t'or 2•4 h, 'fhe' drie([1 rnaterials vs,erc then accuratels,t

"veig.-hec71. TLhe other samples (i m.p each> ft)r diatom anal.vscsJi wcrc- placcd into a- 2•O{-)-ml

hL'itkcr c{-)ntaininLg a mi.xture et' h>•rdrotgen pcr{)- xidc s'elL[tion (10`1!io. 20 ml) tand h.s,sdr'cT)ciileric

ac' id (1 N. 3 ml), and 1ieated on a h{:tpltte t'or l h. (]'al.yon "' <hexametaphosphate, suitlLi- ctunt}

s. elution iLi,,ab, added tcr.) the tni.xture in t.r)rdtrr t() di.saLgs'r.reLgatc tlie .sediiiients. The ,.gmnples' xsicL're

filtercd thruugh O.45 ptm (+}elman4 me-mhranc ti]tcrs a. nd riris.ed seN"eral times ",ith disti]lcd

water, ThL'L collected s,garnlT)Ics werc permanentl>"•' mounted with (1"anadit Balsam on miurosli{ilc: y. .

     In orc7ier tc/) rcmove the et"tlect ot' ccmt"mination ot' tenTiuhcnc-MLs materinl,s. u dintom
accumtLlatitT)ii rnte x,vaF.; calculateid fi"om the total number o. t" va`' iveb t')),' u.siEi.g the equarion

t-peloxis': the acL';-umulation raic was cg. timated f'rom tlic tota1 count uii dintc}m valvc:' in 1 m,,., ot"
t71r.si tnalerials. dr)hi' b"lk d,;iL nt it}/: el' scciinient, arid sedifncntation rate. "'

Diatum ,i!h,cctsmulation l<ate [Nc). valv es cpi ) 10i-.yrs ] ,
  i-(Ik-g'o.vtilxiL::s tg di'>•ltsediment)INo, tg; L] /t (di'>•r bulk density)Isi7s cm 'J •cfiedimcntarion ratc')

     [Clll lOg .i,i"T'S ']

LIThe sec:.limcntation rate was calculatec.1 b.si aE/4/ e control 1/)oints N,vhich "crc dc'termiiicd ba,.ged on

6:SO a!id '`C datinsg.

     "l'he diatom i-riatcrinlts Ni,icrL'; cxamincd in light tnicrt')s,;eol')),s (])S" a miigTiiiic:itiuii of 400 tt.)

(',()O•', an(l :"': O() er mtT)re ],salves wL-'re couritcd l')L',r ,sam;:)]e, '1'he tl)IIo",intt ra,)•,:on()mie literalure

hus becn in.strumental to identii'i-,sin.g thc {.tiatom s.,l"}ecies' lbr c7)ur snmples (,iXkiba IC),86. (;ul')p

1943. FryNel] LSI: 11asle 197,9. 19St), Mnkarova l99.1., Sancerta l91 2, 19:,<7,'. Shiono 2000,
Taknhashi c't ai. 19Cl)4. NN"'hitinLg & Schr:tder 19S.`"F and Sr'ana.g.isawa & /Xkiba 19{)O),

Res"lts

Tt)tttl di(itonj (t('c`mmtlatitm i'citc''

     [)iutom t'rustult',s, are gcnerally' xve]1 prescrvcd throughout rhcsc corcs. Thc touil diatoTn
acctimulation rate (DAR) amount.s t(T) 40,-l x 10" walxes orn'r k),Jri on tlric ax'erat/ie tker Core

UMK 3iX. 7'.4 x 10h Nalves cm i k>•'ri i'or Corc BO'iN"r [2s'X. 1.)'"F x 10r' NalN'cs cEn i k.yr'i ttu

C'ore BOXIK,' 8,•AL and rsC,S x 10" valves cm `' k.vr' i fer (-'orc I`-S (1'it/x. 2 '). In thc core VMK 3,'GL.

tetal DA- R shows the highcs. tvalue between 1rS- kyr :-ind 8 k.s,,r, ln ('ore BONiN' 12,iX.tetal D,JNR
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tends to ineruase with the 1apse of time exccpt on slumping point. In the cores BOW 8A and

ES, the total DAR fluctuete in tine with Marine lsetope Stages (MIS): it tends to increase
during the interglacial periods and to clecrease during the glacial periods. However. the tota1

DAR in Core ES is differer)t ttom that in Core BOW-8A in two rwspects. First:y, the total
DAR in the Core ES shows relatively small values in tlre glacial periods, white those in Core
BOW-8A are remarkably reduced. Secondly, the tota1 DAR in Core ES dLtcrcases during
MIS 1.

                   Totnf DAR{ut pt vatves c,,rt tcyr"}
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Mge 2. Stteligraphic changes ef tt}e totat DAR in four piston cotes frorn the Bering Sca atKI the westcm
subarctic Pacific. The {teqp darX intervals(13.9 -- 19.0 Lryr and 20.S - 21.9 kyr) are stumping for Core

Bow-12A.

Stratigraphicchangeofthediatomassembtages

   In this study. a total of52 diatom taxa (38 oendics and 14 permates) in Core UMIC-3A.
45 diatom taxs (31 cenuics and l4 pennates) in Cere BOW-12A. 43 diatom taxa (30 cenuics,
and 13 pcnnates} in Core BOW-8A. and 72 diatom taxa (52 cer}nics and 20 pertnates) in Core
ES were identified. These four cores have dominant taJta in cornmon. For e)tample.
Netxtentic"la seminae {Sirnonsen et Kanaya) Akibe et Yanagisawa is the most abundant ts)con
in Cores BOW-12A. BOW-8A, and ES. The fVequency of raalassiosira trijulta FTyxell
constitutes greater than S"lo ofthe total species in each core, arid the ffoquency ofRhizosolenia

hebetata fl hiemalis (Baily) Gran and lhalassiasira gravido Clevc constitutes greater than 5elo

ofthe tota1 species in three cores.

Core UAdi(-3A

   ln this core, the species dorninance changes repidly between MIS 1 and the other periods
(Fig. 3 a). Netxlenticula sevninae domineted dllring MIS i, whereas thatLas'siosira gravido
dominated during the other periods. The abundance of rhalassiosira tri]itha increascd during
MIS 3. however, it did not make its appearance during MIS 2. Clalonteila aurita (Lyngbye}
Agardh incTeased between 35 kyr and 1S kyr.
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ng. 3a, b. Chenges in relative at"mdance of five major diatom species in (a) Coie VMIC-3A. (b) Core
BOW-12A.11redecpdarltintcrvals(13.9--19.0kytand20.5--2t.9kyr>aivslumping.

CoreBOrv-i2A

   Neodentie"la seminae dominated thrvughout this core (Fig. 3b), with a mean retative
abundance of Sorlo, while zaalassiosira gravida is alrnost censtantiy rtpresented with minor
fiuctuations througheut the core. The relative abundance ef 17lalassiasitzT trpmlta slK)ws
constant fiuctuations between 80 kyr and 60 kyr and between 55 kyr and 20 kyr, but its
abundanoeislewduringotherperiods.Cascinodiseusecutus-b'idtsEhrenbergshowsasimilar
fiuctuation pattem as NetNlentievla sentime, bet with a Iewer rrrean retative abundmce.
Rhia solenia hebetata f. hiemolis aceou:!tod for a sign{ficant prvportion of the assemblage

before 50 kyr and dccreased thereafter.

CoreBOrvL&l

   Net)t lenticula seminae clomhated throughout this core, with a mean relative abundance
of70e!o (Fig. 3c). The abundance of this species becarne especially high at the peaks of the
glacial and interglacial periods. On the other harid, other dominant species such as
Actinocprelus eu,'vatutus Janisclt IViizosetenia hebefata f. hiemods a!tti 77ialassiosirv trtjulta

tended to increase during the relativeiy warm part of the glacial peri(x!s and the relatively ooot

partoftheinterglacialperiods.Theebundancesofseaicespecies(e.g.7haiassiasiragravida)
were senenlly low.
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Cone ES

   The tnajor five species (IVeodentieuta seminae, Rhizasotenia hebetata f. hie"tatis,
Actincre:pcutus cutvatutus, zaalas.sio.sira trijulta and lhalassiosira gtzrvida) accounted for

70ere of the toul species on the average throughout the core (Fig. 3d}. In particular, thc mean

abundarice of IV. seminae atnounted for 250!o throughout the core. Species dorninance in the
diatom assembtages changed rapidly between the glacial and the interglacial periocls.
Netidenticttta seminae domimated during the interglacial periods, wheftas the other four
species were in high abundance in the gtaciat periods. Ihalassiasira gravidu was in high
abundance in MIS 2, 3 and 5 (Katsuki et al. in pTess).

Dtscussion

Chronologicat change ofdiatom assemblage in each core

Core UAd7(-3A

   The diatom assemblages between :oo kyr and 10 1ryr in Core UMK-3A were mostly
represented by raatassiasira gnavida. Some workers have proposed that the aburtdatrce of Z
gravtcla exhibis a positive correlation with sea ice conceiitration (ICarpuz & Schrader 1990;

Sancctta t982; Shiga & Koizumi 20oo). The retative abundance of Nbodenticuta seminae was
low between 1oo kyr and tO kyr. but this taxon became dominant after 1O kyrr, changing place
with Z g,ravidu. Neotientieula seminae is the highly abundant speeies in the subarz tic Pacific

and its marginal seas in the Quaternary, and it can be a good tracer of watets of the Alaskan

Stream (Sancetta 1982; Sancetta & Silvestri t984). The Alaskan Stream water flows into the
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southeastern Bering Sea through Unirnak Pass at present (Stabeno et al. 2oo2}. It is likety that

decrease of the relative abundarice of N. seniitme indicates the diminution of water masses
fiom the North Pacific through Unimak Pass. Thus, this area was semi-closeci and strongly
influenced by sea ice befere 10 kyr. The semi-closure and the diminution of water masses
were caused by a decrease of the sea level. Aocording to Chappell (1996), thÅë sca level has
been lower by 50-120 m than present between 1oo kyr and 20 kyr. The Unimak Pass is
relatiyely shallow asKt narrow; its maximum depth is 160 m. Therefore, we can safely say that

theinflowofwatÅërmassesf}omtheNorthPacificbasbeentesuictedbetweenlookyrand20
kyr(Fig.4)whichisconsistentwiththepreposalbySancetta&Robinson(I982).
    The relative abundance of 77iatassiasira trt;tittta was absent ot negligible during MIS 2,

whereas the petcentages became nearly icrlo or greaeer d"ring other periods. IViaiassiosira
trijutta is common in the area churacteri7)ed by winter iee cover and a summer verticaL
stratification similar to the modern central Okhotsk Sea (Sancetta 1983). The low occunence
of Z trtjuba during M[S 2 would represent the existenoe of sea iee in the early summer or
spring in this region.

    MIS1isdifferentfiomotherMISsinterrnsofcompositionofdiatomassemblages.This
is attnbutable to a diffeTence caused by sudden temperature and sea level rises between MIS 1
and 2. These changes will bring a teduction in sea ice effect and. concutrentiy, an increese of

theinfiowoftheNorthPacificwaters.
    Tota1 DAR has increased rapidly between 18 kyr and 8 kyr. This period fa11s within the

deglaciation. This pesutt is consistent with the proposal by Nakatsuka et al. (1995) that the
retreat ef the sea ice front closer to the continenta1 shelf areas and the prevailing summer
conditionsofthesurfacewatermighthavestimulatedphytoplanktonprvductioninthesurface
waters during the degtaciation. This high production can be attributed to high nuuient
ulilization rate during that period. Thalassiasira gravide is a sea ice species and N. seminae is

a oceanic species. It might be, however, inferTed from the composition ofdiatorn assemblages.

thehighrelativeabundanceofN.seininaeandZgravidathataslgnificantfacterofhightota1
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D,iXR is; cau.sed b),,: pat"ticLiEar marinc cnNiir(T)nment(Fig,. 3a}. Durin.t.,L the degdacitttion. thc ssemi-

closci/LTi marine eni,'ironment chanLtlL.'d into the present situation. Under .F-;ueh an envirenmenL 7-I.

,(.li'cn'ic'ict and rX•'. ,yeinii7tie "icre able te liNc iti the sanie arca.

Col•c: BOLVL1-i•,ii

     The rotarix•e ubundanee oi'" 7ThtiXas.yiosii'ct tt"4ii/ta increased {.iurin.g the IJ,/lac"tal IL-}erieds. tt

mec'ms to t' <r)rni a .summer Nrertical titratitlcation in this area durinL/z tlie glacial peric)ds. On thc

othc:"r htand, ,•Nieo(lutitic'itltt ,yemimie, dominutcd rhrout.,hout Core BO"J-ll,"SL: there was not

tnuch difllrrence betwcen IVIIS 1 and the uther pcriods except 1'or N'{IS 4. rlLhib res.ull shuwsthat

intlow to this area t"rein the ,iSLIaskan Srrean) haN•e little changc{:.l or incrca.scd durin.g the Lgl"cial

pet'iods, as c.onipared to the c.x.tent ol" the cerrent inllo"' {Fi!i)l. 4a. b). Thi: is becatt:e the

diminutiun el' Ni,,ater mar'•;,sLiLsl'lo"int/! thr(.}ut/!Lh Unimak Pa.ss shoulL/1 inerLJ}a.se x;/arer mattet.-, to the

re.a-ion ol' Site B(')NNi-1l,AL from the ,'ttlasknn Streani durjn4g thes.e pcri(')ds, altholisLLIh sea leN'el

bccame lower, The relatixie abundancc of" ThaXu.s'sio.sii'cr giJ[nsidci. a sea ice specics. showed
relatjvel.st' ct')ti.stunt v"ILtcs throH.ehout thi.s core. It sutJLt:ests lhat this arca h,a,s beL':"n intlucnceti

b),t, ,se,a ice ar a si[itiilar cxtent tliroug,}iout. Mott "•ater t'rom tliLc sca icc' mig-ht ecr)ntributc to co]d.

Io"•r-tulinit}, surl"ace xya,te- r. Tlie enclt xvater preNients ver!ic.al inixin.g (Sancetta 19S,l3'). 'l"hu.s.

diatoni proc[luction throutgix'sul C'ore IiS()NN'--1]• ,sX, niLtst haN'c' been restt'ictc-d b.s,,i lhc l-}resence c.":t"

[hc celd ttT)d 1{i"•N•-salinc surt'acc N•vaters..

C'`et`t' i30t'1•'7 rl"'.,:l

     The .g;ea iue species. 1"lt(t/as,sias'ii'(t g,f4cis'itla, atid tViig•.yehici .spcciorg have not becn

uhiquiteu.h throLiLghour Core BOXtN•LE'l,iX. Theretbrc, Site BOXIN•" -t,S,A, ha.,h not b,cen imTncdiatcl>"

intluenc.ccl b.Ni the sea ice, Howpt'er. t,T,tal DAR chtmged "iiEh tlie PL•411 intcrN'a[s: it tcn(led te

decreate durin.g the E,slaciul l-)crri(r}ds, NaTne].v. it ha.s I')een ai)lreted b>, cold an(J 1(/)w-.saline

sut't'ace ";atcrs coming frem sora iceL tTlttrhi.g/ lhe .E.lttcittl pes'iods. I'iitr rclatiNc al)undanee- cJ)1'

iN"eodemic`ii/ct .yen?intit) decreu,setl and Thti!ii,ssif)sh'(t tf't'litlta inci'eased dttrinsg the relatix'cl>"

warm part ol' giucial 1:)eri{i,db, [ind the relarivL']),: ceo] part ,.}1" inter.ylucial l"7eriodt, `I'his re.gttll

indicates that thc ct.)mponent oi'thc diatLT,nuFig,;s,Lemb]aLge is nl"fecte(Ll by low-sulinit),,/t x/ 'atut' a{1 ite

BOXN/LSA during the!e pcriods. In this rc.g{arcil. "•e ;-t.vrec with Sitncetta tJr aL (1`7),S5-) svl)o

rel')ortc'.'Ld that a large ati't•ount ut'iiEie]t Nx'atc:i/r fi,ii s. djtscharL/!Icd from alpine giuL'iv'r.s into s.;(')urliern

iX,leutian Bas'in dttrintg the deLglaci'atioii. It is notutv(T,rth.s,• that the tetal I),tA-h,R ha.s becn s, tiil loxv

du]'ing the glu' ciul penk,s, Acuordin.vl-,,,:. it i.s ntr)t rea,gL{J)tiut-)le to ).,"I])1])c.iitse 11ia"l)e lo" -salii-tit}' melI

watc'r has.L retrctttc,d t;ar olT (-'orc BOX,Ab/Li,h4,AL (TlurinEil ilLla,L'iul peak:, Thus. il apl-)ears, that thc

rescmblaeicLT' LT)t'thc' compont'Lnt ol' cli"tum a.stemblE.i..o,L-; hetwec'n glkicikil peaks and the T")re-sent

tinie is cauted bK, the inass,iN,e, intlo" tu Sitc B()XtNS-E'e,AL fr{L-}in iXlaskan Stt'eani thi'ouL,h ?,Sslc:-ir

! tr[iit durin.h.o. g.laci' :•]Ll pcttks(I"i.". 4c). As {-liscLu .sctt abgT)N,c. diminutinn ot- wnter rnusses' th!-ou."h

,i mLlichitktt Pass,g i•cL con.7:;iclerecl to F)i"c" t.)kc' thc incrcaF.;e ot- iL•s,•'ateiJ ma.,gf,•;e.s Ehr(-T)u.gh .Near Strttit.

An{.,ther li)o.ssibilit>,' i,s lhat a terminal brunch ol'lhc ,ALIa.ska- n !,ZIErcL'ani, which doe,$ ni.)t enter the

Bering Scu at prct ent. entut'ctl the IlerinLg Ee,a cturjn.p. the glacial peak.s. IIos•x eN•et'. the cvidencc

,5UIL)IL)OrtillLJ tlliS h),,JPOthLhSi.K i.S CX'it/l!UL}U[S nONI .

Ct."•(J LJ5'

     Totu[ D.iX,R shoxx:g, geTic'rall.N,: hit/iher yulLics durintn thc inrcrgl"uitt] periodh tlran in the

tglaeiial cnes. "1'hl.s tL-Lrnporal trend routghl>i accord.s xs ith thL' ehange in thc concentratjc.)n oi'

bit)g)enic eput (Narita ei ct/. 2C)02). 11 s. trontt!Ll},' suLt!talcsts thar primar>,• pt'eductiN•jt>; ii]crcbasc(Ll

durintg the in(erL/Iiuci:-tl l')erkT)d. f, ilci,/'eral inx•e:.tii/.LatorLs h"Nc rel')orrecTl that tlie IJ)iVLit and,"'or the
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concentration ofbiogenic opst also tended to increase during the interglaciat periods in other

areas of the noul}ern Nonh Pacific and the marginal sea regions (6orbarenko et aL 2oo2,
Narita et aL 2oo2, Shimada & Hasegawa 2oo1). Acoordingly, these changes should be
atuibuted to a common origin. On the other harid, primary productiviry is resnicted by a
dep1edon ofmajor nudients in the euphotic zone because the northwcsl Pacific prvduces low-
salinity surface water which spreads ever the nerthwestern Pacific during the glacial periods

and contained only low concentrations of nuuients (GoTbaTenko 1996, Keigwin 1998,
Keigwin et aL 1992). Our present observation on diatom assemblage change supports these
prpposals(foramoretheroughdiscussionofmechanjsm,seeKatsukietal.inpress).
    In the light of the reIative abundance of Needenticvla seminae which tended to oscillate
with the MIS intervals, the infiuence ofthe Ataskan Stream appeared at Site ES during the
interglacial periods, whereas it was small during the glacia: periods. Instead of the Alaskan

Stream. the East tCamchatSta Current is considered to give a major influence near the site of
Core ES during the glacial periods. Closure of the Bering Strait forming the landmass of
Beringia (Hopkins 1973) stope the transport of the Bering water mass into the Arctic Oeean.
Moteover. winter wind stress in the nonhwest Pacific ffom the northwest Siberia during the
glacial periods must have been at least as strong as that of the present and probably stronger

(Gate 1976). It is infetTed ftvm these papers that the East ICamchatka Current becarne stronger

during the glscial periods than the present (Fig. 4c). Site ES was affected by sea ice during tbe

glacial periods, especially during MIS 2 and 3. The sea ice might have been transported by the

East Karnchatka Current.
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Mg 4. Maps skowing the trtodern and past surface cirvulation systems in tbe Bertns Sea and the
subarctic Pecific. (a) toclay fo) the pest wim the see lcvel dFvpped 50 m below the modem !cvel; end (c}
the past when the sea level drvpped loo m. 1:hc top(rgrephical map uscd as the background was talcen
tfomGEOMERHOMEPAGE.
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Paleoceanogi'aphTv qf'the Bering Sea and the yt•te,gtet'n sttbaiz'tic I'aci,1(ie

    The dit'ference in the total DAR among these cores may be refiected in the extent ofthe
Iow-salinity surface s-iaten The changein total DAR in !he Cores BOSAv'-8A and ES tended to

11uctuate with thc MIS inten,als, whereas the total DAR in Cores UMK-3. A and BOW-12A
did not exhibit such a rrend (Fig.1 ). An e)cplanation (br this ditlierence is that the low-salinity

surface water has existed in the seutheastern Bering Sea at Sites UMK-3A and BOW-12A
during the interglacial periods, "ihile it has hardly intluenced the southwestern Bering Sea and

western subarctic Pacific at Sites BO"Vv'-8A and ES. Moreover, the• total DAR vaiues ofCore
BOW-8A are different from that ot' Core• ES: the total DAR values in Core BO'"vL8. A are very

low during the glacial periods. vLrhile those ot' Core ES are inoderate. The cause ot' this
difference is probably due to the diffSerence in areal extent ot=the low-,salinity surface water

masseg.. In summary, the southeast Bering Sea has been influenced by low-salinity surface
vv'ater ulmesl atways. white thc Bowcrs Ridge area has be.en in tlttenced only during the glacial

periods and the western subarctic Pacific has been influenced during some parts ofthe glac,ial

periods. Hev-eever, vv'e should not evÅërlook the t'act that the total DAR of Core UMK-3A is

relatively high 'throughout and the total DAR et' Core ES deereased in the Holocene. The
cattse ot'the fonner secms to be an et't-ect efsome t'actors originating t'rom the coastal regions.

Most ofthe Bering continental shelf v,ras exposed during giacial periods. As the censeqtience.

Core UMK-3A became cleser to the landmass. However, we do not have an reasonable
explanation for the latter at present.

    The change in the relative abttndance efiN'reodenti('iila seminae in each core represents

the influence ofthe Alaskan Stream. The fiosv ot-the Alaskan Stream waters heads tiorthward
through Aleutian lslands at present(Favorite et al. 1976. Stabeno et aL 20e2){Fig, 4a). A.g lhc

clirnate became colder, the shallow eastern and central passes va:ere prebubly eliminated or
reslricted duc to lowcred sea level<Sancetta 1983), Consequently, thc more watcr masscs of
the Alaskan Stream v,'ould enter into thc Soulhvv"estern Bcring Sca through the wcstern passes
like Near Strait as climate became colder(Fig. 4b, c). This hypothesis is consistent with the
result that the abundances ofsea ice spec'ies <e..gi. Thaias.yiosira gi'avi(1' a> were g' enerally loNN' in

Core BOW-8A. Sca ice did not reach this arca due to the presencc of the Alaskan Stream
tlowing northward.
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