
1.Introduction

Accordingtorecentprojections,adeclineof

primaryproductionassociatedwithanexten-

sionofoligotrophicareaswasreportedinthe

PacificOcean.（LOPEZ-URRUTIA etal.,2006;

BEHRENFELDetal.,2006）.Inthisframework,

identificationandquantificationofrelation-

shipsbetweenprimaryproducersandoligotro-

phicconditionsmustbeaddressedinorderto

betterunderstandtheclimateforcingandthe

ecologicalresponse.

Inthislowproductionarea,previousinvesti-

gationsdescribedusualsubsurfaceChlorophyll

amaximum（SCM）closetothebottom of

euphoticlayer（EPPLEY etal.,1988;FURUYA

andMARUMO 1983,FURUYA 1990）.TheSCM

takeslargepartofprimaryproductioninthe

PacificOceanwhere90％ ofChl.aconcentra-

tionofsunlitzonecanbelocatedinthislayer.

FormationofSCM isacomplexphenomenon

linkstophotoacclimationmechanismsaswell

asnutrientavailabilityandrequirementsof

phytoplanktons（HENSEandBECKMANN,2008）.

Irrespectiveofhypothesisaboutitsdevelop-

ment,theSCM remainscurrentlyunclearin
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theNorthPacificSubtropicalGyre,（NPSG）

（LUetal.,2010）.

AlthoughtheNPSG isawelldocumented

area,fewareknownconcerningthedistribu-

tionoflight,nutrientsandphytoplanktons

neartheBoninIslandsandespeciallynearthe

ChichijimaIsland（TAGUCHI,1975）.Thus,this

cruiseprovidesaninterestingopportunityto

detectthevariabilityofoligotrophicconditions

surroundingtheisland.Inthisreport,wein-

vestigateparametersleadingthedistribution

ofphytoplanktoninoligotrophicarea.Special

attentionswillbefocusedontheSCM layerin

ordertoidentifythepotentiallimitingfactor

dependingontheenvironmentalconditions.

2.Materialsandmethods

TheChichijimaobservationstookplacefrom

November18thto21st2009.The12samplingsta-

tionsarelocatedbetweentheChichijimahar-

borandtheTokyoBay（Fig.1）.Byusing

Niskinbottles,phytoplanktonweresampledat

threelevels（surface,SCM,depthof1％ light

intensity）andputtedinto500mlcleanpolyeth-

ylenebottles.Topreventgrazingprocesses,

Lugol・ssolutionwasimmediatelyadded.For

eachsamplingpoint,1literofseawaterwas

enumeratedonshoreaccordingtotheUterm�hl

methodandreferenceslistedin theHASLE

study,（1978）.

Chlorophyllaandphaeopigmentweremeas-

uredonthebasisofthefluorometermethod

（SUZUKI and ISHIMARU,1990）.During this

cruise,3differentfilterswereused:Whatman�

nucleoporefilters～0.2μm,glassmicrofiber

filters,GF/D～2.7μmandpaperfiltersN�1～

11μm.AftersamplingwithNiskinbottle,200

mlofseawaterwasfiltratedthrougheachfil-

tertypebylowervacuumpressure（＜100mm

ofHg）.Then,filterswereimmersedintoN,N-

dimethylformamide,（DMF）-containingtube,

andstoredindarkconditionat4℃.Analyses

were made using a Turner Designs

Fluorometerpreviouslycalibratedwithpure

Chl.apigment.

Thelightparametershavebeenmonitored

usingtheProfilingReflectanceRadiometer,In-

strument（PRR600）BiosphericalInstrument�.

ThePRR600simultaneouslymeasures,Photo-

syntheticallyActiveRadiation（PAR）,down-

wellingirradianceandupwellingradiancewith

10nmbandpassfilterscenteredat412,443,490,

510,555,and665nmasafunctionofpressure,

wherepressureisusedasaproxyfordepth.

Inorganicnutrients,（NO3－,NO2－,NH4+,

PO43－,Si（OH）4）,weremeasuredateachsam-

plingpoint.Nutrientsampleswerecollectedby

Niskinbottles,immediatelyputtedintocleaned

plastictubeandstoredkeptoutofthelight,in

afreezercompartment.Analysesofinorganic

nutrients were performed by using an

autoanalyzer（AACSIII）.NH4+wasmeasured

accordingtoKANDA method（1995）.PO43－ by
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Fig.1.SamplingstationsintheNorthWesternPa-
cific along the Ogasawara transect from
ChichijimaIslandtoBosoPeninsula.



themethodofMURPHY and RIDLEY study

（1962）andothersnutrients（NO3－,NO2－,Si

（OH）4）bymethodslistedinHANSEN and

KOROLEFFstudy,（1999）.Byusingnutrient

concentrations,differenttypesofstoichio-

metrieswereusedtoidentifythepotentiallim-

iting factors.TheRedfield and Brzezinski

ratioshavebeencalculatedonthebasisoffol-

lowingstoichiometries（BRZEZINSKI,1985）:

Si：N：P=15：16：1

Inadditiontothispreviouscalculationan-

othernutrientratiowasestimated（JUSTICet

al.,1995）.Threetypesofpotentiallimitation

canbeevidencedaccordingtothefollowingas-

sessments:

� Plimitation,［PO43－］＜0.1μmol.L－1,

［Si（OH）4］:［PO43－］＞22and［DIN］:［PO43－］＞22,

� Nlimitation,［DIN］＜1μmol.L－1,

［DIN］:［PO43－］＜10and［Si（OH）4］:［DIN］＞1,

� Silimitation,［Si（OH）4］＜1μmol.L－1,

［Si（OH）4］:［PO43－］＜10and［Si（OH）4］:［DIN］＜1.

Where［DIN］=［NO3－］＋［NO2－］＋［NH4+］,

IncontrasttotheREDFIELDandBRZEZINSKI

stoichiometries,JUSTICetal.tookintoaccount

thenutrientuptakekinetics.Inviewtolimit

biasdueinparttoallchemicalcompoundsin

thecalculationmethod,thresholdcriterionsfor

eachnutrientwereaddedaccordingtoDORTCH

andWHITLEDGE（1992）.

3.Results

3�1Biologicalmeasurements

Duringthecruise,weidentified157species

including 62diatoms,51dinoflagellates,21

tintinnidspeciesand23otherstypes（copepods,

radiolarians）.Concentrationofdiatomsand

dinoflagellateorganismsremainedrelatively

weakatthesurfacebetweenChichijimaIsland

and the station 5,（respectively ～22,750

orgs.m－3,～33,250orgs.m－3）.From station6,

abundanceofdiatomsshowedagradualin-

creaseandreachedamaximumvaluenearthe

station9inTokyoBay（～520,000orgs.m－3）

（Fig.2）.Thespatialdistributionofdiatoms

anddinoflagellatespresentedaspecificpattern

alongthetransect.Onthebasisofourmeas-

urements,diatomsdominated alltypesof

microphytoplanktonsatthesurfaceofSt.4,

fromSt.6toSt.9,maximumofChl.aandbot-

tomofeuphoticlayer.Incontrast,ourresults

suggestedthatdinoflagellatesweredominant

atthesurfacearoundtheChichijimaIsland.In

thedinoflagellatescommunity,theCeratium

genusappearedtobethemostabundantespe-

ciallythespeciesC.furca,C.lineatum,andC.

pentagonum.

Although abundance are lower than

dinoflagellates,some diatoms species like

Rhizosolenia pungens,Cerataulina pelagica

andPseudonitzschiaspp.wererecordedespe-

ciallyattheSCM andat1％ oflightintensity.

Phytoplanktonspeciesenumeratedfrom the

stations6toTokyoBay showedthatthe

Chaetocerosgenusappearedtodominatethe

microphytoplanktoncommunityinparticular

with the species C. curvisetus and C.

laciniosum. Concerning the zooplankton

enumerations,thehigherconcentrationofco-

pepodsandtintinnidswererecordedatthe

SCM.

Intheeuphoticlayer,theChl.aconcentra-

tionmeasuredbetweentheChichijimaIsland

andthestation5rangedfrom 0.02mg.m－3to

0.58mg.m－3. Similar to the increase of
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Fig.2.Variabilityofdiatoms（blackcircle）and
dinoflagellatespool（whitesquare）atthreedif-
ferentdepthlevelsalongtheChichijimacruise.
Grapha）showstheconcentrationatthesurface,
b）atthemaximumofChl.aandc）at1%ofinci-
dentlightorat100metersforthestation4.



abundanceofdiatomsmentionedabove,the

concentrationofChl.arecordedatthesurface

increasedfrom station6totheTokyoBay

（0.60mg.m－3to2.29mg.m－3）.Concentrations

ofChl.arecordedfromthestation6toTokyo

Bayweresignificantlydifferentfrom other

stationsmeasuredinthesubtropicalgyre（p-

value＜0.05）.Onthebasisoffiltersetresults,

thesmallestfraction（0.2μmto2.7μm）fixed

thehigherconcentrationofChl.ain91％ of

cases（Fig.3）.

3�2Bio-opticalenvironment

TheSCMsweredetectedbetween69m and

86matthestations2,3,4and5（Fig.4）.These

significantSCMswerelocatedunderamarked

thermoclineandjustupperthenutriclines.At

thesestations,limitsofeuphoticlayerwerein-

trinsicallylinkedtothemaximum ofChl.a.

However,noclearpeakofChl.awasrecorded

atthestationsH.1and 1located in the

Chichijima・sbaywherethelightreachedthe

bottom ofseawatercolumnwithrespectively

5％ and3％ ofrelativeincidentlight.

Atthestations2and5,therelativePARwas

rangedfrom1to4％ atthecenteroftheSCM.

Thebottom ofthehighchlorophylllayerre-

ceived0.1to4％ofrelativelightintensitywhile

thetopwasexposedto1to20％.Similarlyto

attenuationcoefficientcurve,（datanotshow）,
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Fig.3.VerticalprofilesofChl.aandtemperaturerecordedatstationsaroundChichijimaIsland.Chloro-
phylla（mg.m－3）fordifferentsizeclassesisalsoshown.Theblacklineistemperaturein℃.

Fig.4.VerticalprofilesofincidentPAR（%）fromthe
coastalstationH.1totheoffshorestation5.The
intermediarystations（1,2）wererespectivelylo-

catedatthemouthoftheChichijimaBayand
nearbytheisland.Theblackcrossisthebottom
ofseawatercolumnandblacktriangleisthe
depthofSCM.Thedotfilledrectangleshowsthe
layerwherecenterofSCM weredetected.The
continuouslineshowsthemeasuredpointsand
thedottedlinetheestimatedincidentlight.



aprogressiveseparationofincidentlightpro-

fileswasevidencedbetweenthestationH.1and

theoffshorestation5（respectively22.4％ and

9％ at30m）.

Resultsontheopticalwatertype（JERLOV,

1968）wereshownintheTable1.Althoughthe

offshorestation5wasinthecaseIateach

wavelength,atypeII（443nm）wasmonitored

atthecoastalstationH.1.Betweenthesetwo

kindsofstationstheopticalwatertypevaried

from caseItoIBatthesamplingstations1

and2.

3�3Nutrientsandpotentiallimitingfactors

Verticalprofilesofinorganicnutrientcon-

centrationshowedalowvalueintheshallower

layer（Fig.5）.However,noticeablenitracline

andphosphaclinewererecordedbetween60m

and90m.Inthesenutriclines,peaksinammo-

nium（0.6�0.85μM）andnitrite（0.1�0.15μM）

weremeasuredattheSCMofoffshorestations.

ByusingtheREDFIELDandBRZEZINSKIratios,

fourtypesofpotentiallimitationswereidenti-

fied.Thus,2potentialnitrogen limitations

（Si,P,N;P,Si,N）,apotentialphosphoruslimi-

tation（Si,N,P）,andtoalesserextentapoten-

tialsiliconlimitation（N,P,Si）weredetected.

Duringthecruise,thedistributionofpotential

limitingfactorappearedtoindicateaclearni-

trogenlimitationatallstations.Incontrast,

the［DIN］:［PO43－］stoichiometryidentifiedfew

clearpotentiallimitationsduetothehighcon-

centrationofammoniumandthresholdcriteri-

ons used. However, phosphorus potential

limitationsweredetectedattheSCM andan

oscillationbetweenphosphorusandnitrogen

occurredintheupperlayer（Fig.6）.

4.Discussion

4�1Shiftsinthephytoplanktoncommunities

dependingontheenvironmentalconditions

Accordingtotheresultscollectedalongthe

Ogasawaratransect,ourdatasetsuggestsa

constantoligotrophicconditionduetothelow

concentrationofChl.a,microphytoplankton

andinorganicnutrients.However,twopossible

changesofenvironmentalconditionsdepending

ontheseparameterswereidentified.Byusing

the one way analysis of variance test
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Table1.Classificationofopticalwatertypedepend-
ingonthewavelengthandJerlovtable.

412 443 490 510 555 665

St.H1
St.1
St.2
St.5

IB
IA
IA
I

II
IA
IA
I

IB
I
IB
I

IB
I
IA
I

I
IA
IA
I

I
I
I
I

Fig.5.Verticaldistributionsofconcentrationofin-
organicnutrientsattheSt.3.Aprimarynitrite
maximumandapeakofammoniumwereidenti-
fiedattheSCM.

Fig.6.Verticaldistributionofpotentiallimitingfac-
torduringtheChichijimacruise.Ateachdepth,
theREDFIELD andBRZEZINSKIstoichiometryis
showedontheleftsideandtheDIN:DIPonthe
rightside.Theblackdottedrectanglepointout
thesampling pointwheretheconcentration
measuredwerenearthedetectionlimit.



（Kruskall-Wallistest）asignificantdifference

ofabundanceofmicrophytoplankton（p-value

＜0.05）wasrecordedbetweentheSt.5andthe

St.6.Differenceofconcentrationwasinpart

basedon ashiftofthedominantpoolof

microphytoplanktonatthesurface（dinoflage-

llatetodiatom）andtodrasticincreaseof

abundanceofthegenusChaetocerosspp..Simi-

larly,resultsontheChl.aconcentrationsde-

pendingontheclasssizesandnutrientsappear

toconfirmthistrendanddefineanarea（St.6

toSt.9）whichwassignificantlydifferentto

thesubtropicalgyre（p-value＜0.05）.Accord-

ingtothelocationofstationsandtheseasur-

facetemperature（JapanOceanographicData

Center: （http://www1.kaiho.mlit.go.jp/jhd-

E.html））,it・sappearedthatchangewasproba-

blyduetotheKuroshio・scurrentconditions

whichdifferedfromtheSubtropicalgyrearea.

Asecondseparationofdatasetwasidenti-

fiedbetweentheChichijimaBay（H.1toH.3）

and thestation St.1toSt.5.Thischange

markedbythevicinityofislandwasreported

onthemicrophytoplanktoncommunityandthe

distributionoflightintheseawatercolumn.

Accordingtopreviousreportadecreaseofcon-

centrationofmicrophytoplanktonwasmoni-

toredbetweenSt.H.1andH.3locatedatthe

mouthoftheChichijimaBay（TAGUCHI,1975）.

InagreementwiththeTAGUCHIresults,the

concentrationofdinoflagellatesgloballydomi-

natedthemicrophytoplanktonspeciesatthe

surfaceinthepoolofstationssurroundingthe

islandandintheChichijimaBay.However,

dominantspeciesenumeratedin1970differed

from thiscurrentstudy.Forinstance,abun-

danceofPeridinium spp.werethedominant

speciesenumeratedaroundChichijimaBayin

1970butnooccurrencewasdetectedinour

study.Moreover,evenifthedominantspecies

changed,no significantdifferenceoftotal

abundanceofmicrophytoplanktonwasenu-

meratedbetweentheChichijimaBayandthe

stationslocatedintheKuroshiocountercur-

rent（St.1toSt.5）.

Investigationoftherelativelightincidence

conditionprovidesamethodtoidentifyhow

theislandmodifiesthesurroundingarea.In

ourdataset,stationslocatedatthemouthand

inChichijimaBay（St.1andSt.H.1）showed

thehigherlightattenuation.Dependingonthe

differentwavelengths,variabilityofopticalsea

watertypesareconsistenttothegradientob-

servedbuttheseawaterappearedmoretrans-

parentthanpreviouslyreported（SIMONOTand

LE TREUT,1986;EPPLEY etal.,1988）.Using

JERLOVtables,opticalwatertypeneartheab-

sorptionwavelengthofChl.a（665nm）didnot

changebetweentheChichijimaBayandthe

St.5.Incontrast,variabilityofdifferentopti-

caltypesishigherfortheshorterwavelength

andespeciallyformaximumabsorptionofChl.

aspectrum（443nm）.Thisclassicsignificant

absorptionneartheUVanddecliningtonear

zerobetween650nmand700nmisacharacteris-

ticofdissolved organicmattercompound,

CDOM（LOISELLEetal.,2009）.

Theroleoftheinorganicparticulatematter

canalsobeputtedinevidenceduetothein-

creaseofupwardradiancenearthecoastalarea

（datanotshow）.Inthisoligotrophiccondition

thelowlightabsorptioncoefficientassociated

withagreaterbackscatteringprocessseemed

tobeacharacteristicofhigherturbiditynear

theChichijimaIsland.Thisresultinvolvesthat

thereflectiveirradiancevalueduetoshallow

bottomistoolowtomodifytheupwardflux.

Asmentionedabove,only5％ and3％ ofinci-

dentlightreachedthebottomofseawatercol-

umn.Thus,in contrast to the turbidity

concentration,thereflectiveirradianceappears

tobeinsignificanttodrasticallymodifytheup-

wardfluxoflight.

Basedontheopticalproperties,thehigher

nutrientconcentration,CDOM andinorganic

particulatemattercaninpartexplainthelack

ofSCM intheChichijimaBay.Similarly,lack

ofthermoclineandpycnoclinerecordedbe-

tweenthestationH.1andSt.1highlightedthat

mixingconditionwassignificantneartheis-

landandmodifytheshallow layerenviron-

ment.Mixingconditionsprobablyimproved

thenutrientavailabilityintheupperlayerand

consequently,distribution ofphytoplankton

communitywaslocatedintheentireseawater

column.Ouropticalmeasurementswereinline

withthelowconcentrationofphytoplankton

enumeratedduringthecruiseandsuggested

thattheislandmodifythelocaldistributionof

microphytoplankton,butata largerscale
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variabilityofabundanceremainsweaklyde-

tectabledueinparttothegloballyconstant

oligotrophiccondition.

4�2StructureofSCM andlimitationmecha-

nisms

Distribution of phytoplankton has been

monitoreddependingontheclasssizes.Byus-

ingfilterset,ourresultssuggestedthatsmall

organisms（0.2μmto2.7μm）,playedasignifi-

cantroleintheseawatercolumn.Domination

ofsmallclasssizeandconcentrationofChl.a

attheSCM reaching5timestheconcentration

atthesurfaceconfirmedthisubiquitousphe-

nomenondescribedintheNPSG（TAKAHASHIet

al.,1985;HENSEandBECKMANN,2008）.

Although thiscommon structureiswell

documented,identificationofpotentiallimiting

factorchangeddependingontheknowledgeof

seawaterenvironmentandmethodsusedfor

nutrientsmeasurement.CULLEN（1982） re-

portedthisissuesregardingtobiomassinter-

pretation.IntheCullenstudy,locationofSCM

isdrasticallyledbythenitrateavailability,

lightandtolesserextentthetemperaturevalue

whichcanchangethechlorophyllconcentra-

tionofcellbyafactor10.However,modifica-

tionofChl.acell-contentisalsoreinforcedby

thephotoacclimationmechanismswhichcan

inhibited8timesthefluorescenceintheupper

layer（LOFTUSandSELIGER,1975）.Incontrast

tothehighvariabilityofChl.aconcentration

in thesunlitzone,thelow variability of

microphytoplankton abundancebetween the

surfaceandtheotherlayerstendstoshowthat

aphotoacclimation processoccurredatthe

SCM.

Asmentionedabove,SCM iscloselylocated

attheboundaryoftheeuphoticlayer.Thisvi-

cinityinvolvesdevelopingstrategy,whichac-

cordingtopreviousreports,allowthegrowth

ofphytoplanktoncommunityunderthearbi-

trary1％ ofincidentlight（FALKOWSKY and

OWENS,1978;ANDERSON,1979）.Themobilityof

dinoflagellatesorganismsintheseawatercol-

umncanbeonefavourableadvantagecontrast-

ingtotheslow migrationofdiatom species

（JEPHSON andCARLSSON,2009）.Usuallythe

dinoflagellatesorganismsswimupwardinthe

morning and downward in theevening to

respectivelytakeadvantageofoptimallight

andnutrientrepletecondition.Inthisstudy

thedominationofdiatom measuredinthe

nightconditionatthesurfaceofstation4tends

toconfirm thisdielverticalmigration.How-

ever,thelackofclearincreaseofdinoflagellate

abundanceatthebottomofsunlitpointedout

theprobabledistributionintheshallowlayer

aspreviouslydescribedinexperimentalcul-

tures（JEPHSONandCARLSSON,2009）.

ScavengingprocessattheSCMappearstobe

sizeableandcanmodifytherelativefractioned

sizeofChl.a.Examinationoflargeclasssize

（＞11μm）suggestedthatanincreaseofthe

largesizeoccurredunder1％ ofincidentlight.

Byusingamicroscope,ourinvestigationsre-

vealed numerousparticlesatthesedepths

mainlycomposedbyfragmentsofthediatoms.

Adsorptionoforganismsandscavengeofpar-

ticlescaninpartexplainthechangeofclass

sizeandthepresenceofChl.aatthesedeep

depthvalues.Itshouldbenotedthatgrazing

pressurecanexplainthepresenceofparticlesat

theSCM duetohigherabundanceoflarge

phytoplankton predators （copepods and

tintinnids）atthesedepths.

GrazingactivityattheSCMinitiatebylarge

zooplanktonsandheterotrophicbacteriaswas

highlighted since the earliest report,（LE

BORGNE,1977;EPPLEYetal.,1988;KUIPERSand

WITTE,2000）.In thispreviousreport,Le

Borgneclaimedthatnutrientprofilescanshow

thegrazingactivityduetotheselectiveexcre-

tionofphosphatecomparedwiththenitrateas-

similation.AccordingtothedefinitionofLE

BORGNE,ourresultsshowedthesamediffer-

encebetweentheprofilesofphosphateandni-

trateattheSCM.Inaddition,thepeakof

ammonium recordedattheSCM addsanevi-

denceofregenerationoforganicmatteranda

possiblegrazingactivity（Fig.5）.However,due

tothelackofmeasurementofgrazingactivity

orpicoplanktonabundanceinourstudy,dis-

cussionabouttheaccumulationofChl.aatthe

SCM layerremaineddifficultandespeciallyto

separatethephotoacclimationmechanismsto

sinkofparticles.

OnthebasisontheREDFIELD-BRZEZINSKI

stoichiometries,identificationofpotentiallim-

iting factorofthearea wasinvestigated.

LimitingfactorsandplanktondistributioninNPSG 99



Variabilityofratiocanreflectthenutrient

availabilityandtheirutilizationbytheplank-

tonorganisms.Inourstudydistributionof

REDFIELDandBRZEZINSKIratiosmainlyshows

anitrogenpotentiallimitationateachstation.

Thisresultwasconsistentwithpreviousmeas

urementwhichreportedthat（nitrate+nitrite）:

solublereactivephosphorus,（SRP）,wasfar

belowtheREDFIELDstoichiometryinthewest-

ernpartofNorthPacificOcean（HASHIHAMAet

al.,2009）.AttheSCM,theDIN:［PO43－］calcu-

lationseemedtobemoresuitedforidentifica-

tionofthepotentiallimitingfactorduetothe

ammonium compoundinthecalculationproc-

ess（JUSTICetal.,1995）.Inourstudy,thecon-

centrationofthiscompoundappearstobe

significantinparticularattheSCM wherea

peakhasbeenrecorded.Thesuperimpositionof

thesetwoindexeshighlightedthattheupper

layerofeuphoticlayeroscillatedbetweenthe

nitrogenandphosphoruspotentiallimitation

probablyduetothediazotrophyprocess（KARL

etal.,2001）.However,specificpatternrecorded

attheSCMappearstobelinkedtotheinputof

ammonium issueofthegrazingactivityand

remineralisationmechanisms.Thissignificant

additionofammoniumandtolesserextentni-

triteleadstochangethenitrogentophospho-

ruspotentiallimitationattheSCM.

Finally,comparisonofthedepthofSCMand

thelightintensitytendtoshowtwodifferent

features.Thebio-opticalparametersrecorded

in the Chichijima Bay indicated that

phytoplanktoncommunitiescangrow inthe

entireseawatercolumn.Incontrast,according

tothepreviousstudies,theSCM weresystem-

aticallymeasurednearthecompensationdepth

forthestationslocatedinthesubtropicalgyre

（FURUYA,1990）.Onthebasisonourmeasure-

ments,lightintensityappearstocontrolthe

accessofnutrientsinthegyreandallowina

stratifiedcolumntousethenutrimentslocated

underthethermocline.

5.Conclusions

Studiesofsomebiologicalandphysicalpa-

rametersallowidentificationofthreedifferent

oligotrophicareasintheWesternpartofthe

NPSG（ChichijimaIsland,thesubtropicalgyre,

and the Kuroshio current）. In these

oligotrophicareas,thehighervalueofChl.a

concentrationwasrecordedforthesmallest

fractionpart（0.2μmto2.7μm）.Thelowcon-

centrationofmicrophytoplanktonenumerated

ateachstationaroundtheChichijimawas

dominatedbythedinoflagellatespeciesatthe

surface.Thediatompoolismoredominantat

theSCM andintheKuroshioCurrent.Our

measurementsconfirm thatChichijimaIsland

appearstohavespecificfeatureincontrastto

theSubtropicalgyrearea.Inthisoligotrophic

location,theislandseemstomodifytheoptical

propertiesofseawater,increasetheconcentra-

tionofnutrientswhichallowedutilisationover

theentireseawatercolumnbythephytoplank-

tonorganisms.Albeitcomplementarystudies

shouldbeinvestigated,lightavailabilityand

concentration of phosphorus under the

thermoclineappearedtobeakeyfactortosup-

portthegrowthofphytoplanktoncommunities

inthewesternpartofNPSG.
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