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1.Introduction

ThebiologlCalandgeochemicalpropertiesoftnnthicforaminiferapreservedinthe
oceansedimentshavetxenusedextensivelyforpaleoceanographicreconstruction･
Thefaunalanalysesofknthicforaminiferahavebeenexploitedeitherastoolsto
reconstrudthepastchangesindeepwaterconditions(Sdlnitker′1979;SenGuptaetal･′
1982;StreeterandLavery′1982;MiaoandThunell′1993)Orasindicatorsofsurface
oceanproductivity(Lout"reandBanonis,1987;HergueraandBerger,1991;Herguera,
1992)･ThesimplerelationshipstだtWeent光nthicfaunasandenvironmentmaynever
benfoundtxcausedifferentpartsofthefaunarespondtodifferentenvironmental
variables(Streeterand Lavery′1982) However,adoserelationship txtween
abundanceoftxnthicforaminiferaandfluxoforganicmatterreachedsedimentsurface
hasbenreportedfromtheworldocean′e･g･northeastAtlantic(LoukreandBanonis′
1987;Gooday,1993),easternequatorialPadfic(Pedersenetall,1988),westernequatorial
Padfic(Herguera,1992),South ChinaandSulu Seas(Miao andThunell,1993;
RathburnandCorliss′1994).easternSouthAtlanticPolarFront(Madkensenetal.′
1993)andAdriahcSea(Joriseneta1.,1992).
ThestableisotopICcompositionoftxnthicforaminiferaltestsareusefulkeyfor
studyoftheocean history･ Thestablecartx)n isotopICcomposition oftxnthic
foraminiferaltestsisanobvioustracerofthecartx)ncycleindeepoceanwatersorasan
indicatorofsurfaceproductivity(Shackleton,1977;Broecker,1982,･Zahnetal･,1986;
Curryetal･,1988,･Sarntheinetall,1988;Mixetal･,1991;VergnaudGrazziniandPierre,
1992)･Twoknthicforaminifera′uvigerinaperegrinaandCibicidoz'deswuellerstorfz'′
havetxenwidelyusedbypaleoceanographertoreconstructthepastdeepwateror
bottom watercirculation(e･g･Duplessyetal･′1984;Zahnetal･′1987;Mixetal･′1991;
Mackensenetal.′1993).

BecauseC･wueller?torfilivesinnearlyatx'vethesediment.surface(Rathburnand
Corliss′1994)′thisspeGeSSecretesCaldtewithverydosecartx)nlSOtOPiccompositionto

813C∑C｡2tX)ttOm Water(Woodruffetal･′1980;Belangeretal･′1981;Graham etal･′1981;

zahneta1.,1986,1987).Incontrast,U.peregrinalivesinthetopofsediment,its813C

valueisinfluencedbythe813C∑C｡20fI"th porewaterandoverl戸ngtx)ttom water
(zahneta1.,1986;VergnaudGrazziniandPierre,1992)･Since13C-depletedCO2Was

releasedintotheporewaterbyorganicmatterdecompositionafteritsdeposition′813c
ofU.peregrinaisstronglyaffectedbychangesoforganiccartx)nfluxfrom thesurface

oceanproductivity(McCorkleetal.,1985,･Zahnetal･,1986)･ Consequently,813c
departuret光tWeen u･Peregrina and C･wuellerstorfimayserveto document
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paleoproducbvitychangesoftheocean(Zahnetal･′1986)･
Inthisstudy,theabundancefluctuationsofu.peregrinaandC･wuellerstorfiand
theircartx)nisotopICcompositionswereanalyzedtoinvestigatetheresponseoftxnthic
foraminiferalivedontheseafloortothepaleoproductivity changesinthesurface
ocean.

2.Materialsandmethods

Twom.arinesedimentcoresusedforthepresentstudy,PN-3andSST-4,Were
collectedfrom theOkinawaTrough,EastChinaSeaandfrom theRyukyuForeArc
region′northwestPacific′respectively,duringtheMASFLEX1994cruiseoftheR/V
BoseiMaru(Fig･1)･CorePN･･3,430cminlength,wasraisedfrom lO58mwaterdepth
atLat･28005･98'N,Long･12702()･55'E,andcoreSST-4,260cm inlength,wastakenfrom
2156mwaterdepthatLat･26056･88'N,Long･129000･63'E･
CorePN-3consistsofhomogeneousgra勇Sholivetoolivegraycoloredsiltwith

brownishblackpart(15cm thickofoxidizedlayer)attheco.retop(Fig･2)･Thefine
sandlayersandmolluscanshellfragmentswerefoundoccaslOnallyat280cm′380cm
and180cm′220cm′410cm from coretop′respedively･A volcanicashlayeris
intercalatedat320cmdepthofthecore･High magneticsuscepbbilitylayerisfoundat
the40cm from thecoretop･TheSST-4coreconsistsofhomogeneousgraPsholiveto
olivegraycoloredsiltfrom coretopto210cmdepthandturbiditesandlayersbtween
210cmand250cm(Fig･2)･
Ckygenandcart"nisotopeanalyseswerecarriedoutonaplanktonicforaminiferal

spedes′Globigerinoidesヲacculifer′and two t光nthic foraminiferal species′C･
wuellerstorfiandU･peregrlna･Weused30-40Spedmensof355-425pm diameterfor

G･sacculifer･ForisotopeanalysesofC･誓uellerstorfiandu･peregrina′weused2-15
spedmenslargerthan 250Hm･ IsotopICmeasurementWasCarriedoutusinga
FinnlganMAT251massspectrometer･ Theoxygen andcartx)nisotopICdataare

reportedin8notationrelativetothePDBstandard･Tenreplicatemeasurementsof
SolnhofenlLimestonesub-standardgaveaprecisionofO･03%oforoxygenandO･01%o
forcarbon.

Atx)ut350-400specimensofG･sacculiferof300-500Llm diameterwereusedforthe
AMS14cmeaSurement･Samplepreparabonandgraphitetargetpreparationwere
conductedatourlatx)ratoryusingabatchpreparationmethod(Kitagawaetall;1993)
andtheAMS14cmeasurementwascarriedoutattheDabngandMaterialsResearch
Center′NagpyaUniversity･Aftercorrectedforreservoirage(Bard′1988)′allAMS14C
ageswerecillibratedintothecalendaryearage′usingthecalibrationcurveofStuiver
andPearson(1993)for14cageyoungerthan8kyrandthecalibrationequahonofBard
etal･(1993)andBard,1996(pers･com･)for14cagesolderthan8kyr(Table1).The

calibratedlJcagesareconsistentwiththe8180 stratigraphy(Wahyudi,1997). We
estimatethatcoresPN-3andSST-4recordcontinuousdepositionduringthepast40
kyrand 3Okyr,respectively･ Age ofeach sample is estimated from
interpolatingandextrapolatingbetweensixagecontrolpoints(Table1)･
Fortheorganicmatteranalyses,750mgofthepowderedsedimentsweredecalcified
with1NH(jsolutionforseveralhours,centrifugedandwashedwi th distilledwater･
Thecarbnatefreesedimentswerefreeze-dried andcrushedinto powder･ Then,
theseweretlSedforquantitabvl∋analys上sOforganiccarboncontentusingasealedhbe
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Figurel･LocationofcoresPN-3andSST-4･
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Tablela･AgecontrolpointsandsedimentabonratesdataforcorePN-3･

･Pcecmpofe, A"ySe:sCAge′ Ca;;ber,ea;ted sReadtieTce:takh謡'.

6.5

70.0

138.5

228.5

233.5

406.0

1′420±80

14′630±120

20′470±340

35′400±970

1′305

12′000(★)

16′788

23′734

24′100(★)

39′677

5.94

14.31

12.96

13.66

ll.ll

(★)Agesat70and233･5cmdeptharebasedonoxygenisotopeStages1/2and
2/3boundaries,respectively･

Tablelb･AgecontrolpointsandsedimentabonratesdataforcoreSST-4･

･Pcecmpo:E, A"ySe:sCAge′ Ca芸ber,ea;ted sReadtieTceAtak許 .

7.0

55.0

98.0

145.5

165.0

2′420±110

14′760±190

18′820±220

2′365

12′000(★★)
4.98

8.66
16′966

9.43
22′001

24′100(-) 9･29

(★★)Agesat55.0and165.0cmdeptharebasedonoxygenisotopeStages1/2
and2/3boundaries′respecbvely･
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combustionmethoddescrit光dbyMinagawaatal･(1984). Organiccartx)n mass
accumulationrate(MAR)wasdeterminedusingthefollowingequation(e･g･Pedersen
eta7.,1991,･Thunelletal.,1992):

C.rgMAR(gem-2kyr-1)- p v(C.,g)

wherevissedimentationrate(incm perkyr),pissedimentdrybulkdensity(in
gramsperc･ubiccentimeter).

31Responseofbenthicforaminiferalabundancetosurfaceproductivity

BothCIWuellerstorfiandu･peregrinashowhigh abundanceduringthest.ages2
and3(Fig･3)･ Generally,theabundanceoftheinfaunalspedes,u･peregnna,is
higherandismore爪uctuatedcomparedwithepifaunalC･wuellerstorfz'throughOut
thecore･I]ncorePNl3′theindividualnumtxrofu･peregnnalargerthan180pm in
stage1isfewerthan50pergram ofsedimentandincreasestomore血an50(upt0-
350)inthestages2and3,whilethatofC･wuellerstorfz'increasesfromfewerthan10in
thestage1leomorethan50atthestages2and3(Fig･3)･IncoreSST-4,u･peregrina
increasesfr()mfewerthan20instage1tomorethan100(upt0-200)instages2and3′
whileC･wuellerstorfiincreasesfrom fewerthan10inthestage1tomorethan 50at
thestages2and3(Fig･3)･
Higherabundanceofu･peregrinaandC･wuellerstorfiduringthestages2and3
thaninstage1correspondstothefluctuationoforganiccarbonaccumulationrates(Fig1
4)･Thesametrendhasbenfoundinsomewhereelse(e･g･thenortheastUnited
Statescontinentalshelf(MillerandLohmann,1982);theeasternequatorialPadfic
(Pedersenetall,1988),･Californiacontinentalmargin(& internoandGardner,1987))･
Gooday(1988)reportedthatsomedeepseat光nthicspedesindudingC･wuellerstorfi

(hisPlanulL'nawuellerstorfi)from thenortheastAtlantic,?rephytodetritus-feederand
thattheirabundanceincreasewhenthephytodetritusfluxlnCreaSeS･
Although thecomplexfactorssuchasdifferenceinwatermassandothersediment
properties(二OntrOltheabundanceofthetxnthicforaminifera′generallythemost
importantfactorcontrollingthehigh productionoft光nthicforaminiferaisahigh
concentrab()noforganicma杖erderivedfrom thehighprodudvityin血esurface
water(Pedersenetal･,1988,･Herguera,1992,･HergueraandBerger,1992;Jorissenetal･,
1992;Macke･nsenetal.′1993;MiaoandThunell′1993;RathburnandCorliss′1994).

Sincethehigh concentrationandaccumulationratesoforganiccartDnintx)th
coresPN-3andSST-4isduetoahigh productivityduringthegladal(Wahyudi,1997),
wesuggestthatabundanceofC･wuellerstorfiandu･peregrinaarecontrolledbythe
fluctuationofsurfaceproductivity･

4･813cdeparturebetweenUvigerinaperegrinaandCibicidoideswuellerstorft':
impli(:ationforvariationsofsurfaceproductivity

Thecartx)nisotoperecordsofU･peregγlnaShowslowvaluesduringthestages2
and3andhighvaluesinstage1(Figs･5)･ThemagnitudeofglacialtoHolocene
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changein813cisabutO･8%o･ Becausethereisnotenough numkroflarge
spedmensforisotopicmeasurementatthecoretopsechon′no813CrecordofC･
wuetlerstorfz'isavailableatthelateofstagel･

→ ユーーC･wuellerstodi'-+ u･peregnna TCX:MAR

田
G
d

SA
(

0%
)

Uc
l

g

1

-1.50 5 10 15 20 25 30 35 40
Age′kyr

TOn
MA
R
,

m
g
cm･2
k
y
l･1

0

0

0

8

/hU

4

Figure5a･CarbonisotoperatioofC･wuellerstorji(opensquare),

u･pe'egrz'na(solidsquare)andorganicmFssaccumulationrates
(TOCMAR)profilesasafundonofagelnCOrePN-3･

The813cdifferencestxtweenU･peregrinaandC.wuellerstorfiincorePN-3varies
from lessthanO･1‰ instage1togreaterthan1‰ instage2(Fig･5)･ IfC･
wuellerstorfi813crefleetsthe813cvaluesoftx)ttom water∑CO2andu.peregrina813c

reflectsthoseoftx)th porewaterandtx)ttom water∑CO2′thefluctuabonin813c
differencet"tween U･peregγinaandC･wuellerstorfz'musttx influencedbythe
variationoforganiccartx)nflux･Thegreaterthefluxoforganicmatterreachingthe
sediment′themore13cdepletedC02Wasreleasedbyorganicmatterdecomposirtg

withinthesediment･The813cvalueofinf車nalU･peregrinawillbecomelighter
whentheorgmicmatterfluxincreases′andconsequentlyitsdifferencetothe813c
valueofC･wuellerstorfiwillbcomehigher･ Ontheotherhand,whenorganic
matterfluxdecreased,the13cdepletedC0 2releasedbyorganicmatterdecomposition

decreased,弧dthe813cvalueofU･peregrznawilltxcomedosertothoseofC･

wuellerstorfi･Figure6showsagoodcorrelationbetweenthe813cdifferenceI"tween
u･peregrinaandC･wuellerstorfiandtheorganiccartx)nMAR(r-0･74forcorePN-3

andr-54forデoreSST-4)･Thehigh Ⅴaluesofthisdifferencecorrespondtothehigh
fluxoforganlCCartX)n･Becausetheorganiccartx)nMARincoresPN-3andSST-4

renectthevariability ofthesurfacewaterproducbvity′wesuggestthatthe813C
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differencetxさtWeenU･peregrinaandC･wuellerstorfz'reflectsthevariationofsurface
waterproductivityintheOkirLaWaTrough andtheRyukyuForeArcregion･
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5･Summary

Thelast42kyrproductivitychangesinsurfacewaterandtheireffectsontxnthic
foraminiferaC･wuellerstorfi(epifaunalspedes)andU･peregrina(infaunalspedes)
havet光eninvestigatedfrom coresPN-3andSST-4･Onthebasisofourobservation′
weconcludeasthefollowing･

1･Thegreaterfoodsupplyduringthelastgladalperiod,asaconsequenceof
enhancedorganicmatterfluxfrom surfacewater′increasedtheproductionsoftx)th u･
peregrinaandC･wuellerstorfionseafloorduringstages2and3.

2.TO仁accumulationratescoincidewiththedifferencesin813cvaluest光tWeenU.

peregrinaandC･wuellerstorfi,reflectedthatthegreaterfluxoforganicmatterreaching
thesediment,themore13cdepletedC02Wasreleasedbyorganicmatterdecomposing

withinsediment･Weconcludethatthedowncorechangesin813cdifferencetxtween

u･peregrinaandC･誓uellerstorfiincoresPN-3andSST-4reflectthevariationsin
organlCmatterfluxeslntheOkinawaTrough andintheRyukyuForeArcregionfor
山elast42kyr･

3.Theprodudivityinsurfacewater(asafoodsupplier)controlledtheabundance
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oforganism livedontheseafloor･Decompositionoforganicmatteralsoplayarole
forcontrollingcartx)nisotopi･ccompositionofnotonlyseawater:CO2inthewater

のlumnhl:alsotheporewater∑CO 2inthesediment･Itisapossit*litythatthis813c
difference･C- I" utilizedasan indicatorofthepastchangesin surfacewater
produdvity･TheseresultsProvidenewevidenceforpaleoceanographichistoryof
theOkinawaTrough andtheRyukyuForeArcreglOn･
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沖縄 トラフ及び琉球前弧海域における有機炭素沈積量 と

底生有孔虫の応答

ワヒュディ*､大場忠道*､南川雅男*､村山雅史*､中村俊夫**

*北海道大学大学院地球環境科学研究科 〒060札幌市北区北 10条西 5丁目

**名古屋大学年代測定資料研究センター 〒464-01名古屋市千種区不老町

浮遊性有孔虫 G10bl'gen'nojdessaccuh'feT殻の AMS14C年代測定結果及び 8180カー

ブから PN-3コア(沖縄 トラフ)の最下部は約 4万年､SST-4コア(琉球前弧海域)の

最下部は約 3万年まで達 していると判断される｡ PN-3及び ssT-4コアの有機炭素

沈積量の測定結果か ら､沖縄 トラフ及び琉球前弧海域 において最終氷期には後氷

期に比べ生物生産が高かったと考えられ る｡ 海底表面 に生息 している底生有孔虫

C1'bl'cJ'dol'deswuelleTStOrfl'(epifauna)と堆積物 の表層付近 に生息 している Uvl'gerl'na

peregTL'na(infauna)の産出量及び両者の殻から測定された 813C 値の差は有機炭素沈

積量と相関してお り､この ことは､海洋表層の生物生産量を直接反映していると

考えられる｡

以上の結果から､C.wuelleTStOTfl'と U.peregrl'naの 813C値の差は､海洋表層に

おける生物生産の変動を示すインディケーターとして用いることができると示唆

された｡
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