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Preねce  

TheChang】1angRIVeristhemgorsourceoffreshwater，Sedimentsandnutrientsthatflowinto  
theEastChinaSeaandthenortheasternPacificOcean，Whichisoneofthemostproductive  
oceanicshelvesintheworldintermsofbiodiversltyandstandingstocks・HumanaCtivltyinthe  
Chang）1ang CatChment area，includingindustrialization，agnCulture and waterTreSOurCe  
development，SuChastheconstruCtionoftheThreeGorgesDam，mayafftctthe aquatic，  
elementalandenergycyclesofthecatchmentarea・Ultimately，the supply of什eshwater，  
sedimentandnutrientstotheEastChinaSeawi11bealteredand，therefbre，thestruCtureand  
functionoftheEastChinaSeaecosystemmaybeafftcted・  

AfterextensivediscussionbetweentheNationallnstituteforFnvironmentalStudies（NIES）and  
theStateOceanicAdministration（SOA）ofChina，itwasagreedthatacollaborativeresearch  
prqJeCtOnLEnvironmentalloading丘omriverlnputSandtheireffectsonthemarineecosystem  
inspecifiedareasoftheEastChinaSea，wouldbeestablished，andtheagreementbetweenthe  
twoagencieswasslgnedon18March1997・TheobJeCtiveoftheprqectistoprovidea  
scient浦cbasisfbrmanagementmeasurestoprotecttheenvironmentandresourcesoftheEast  
ChinaSea，throughresearchsuchasontheevaluationofenvironmentalcapacityforpollution  
andthepredictionofitseffectsontheecosystemoftheEastChinaSea・  

PrimaryproductionishighinspnngandautumnintheEastChinaSea■A甫eldsurveyand  
mesocosmexperimentswereconductedduringlOto200ctober1997and14Mayto3June  
1998・TheChinesereseチrChvessel‘叫ian49，（1000grosstons）wasusedandthefo1lowing  
researchinstitutes partlClpatedinthe cruises‥NIES；GeologlCalSurvey ofJapan；Seikai  
NationalFisherleSResearchlnstitute；NationalResearchInstituteofAquaculture；FirstInstitute  
ofOceanography，SOA；SecondInstituteofOceanography，SOA；EastSeaBranCh，SOA；and  
theOceanUniversityofQingdao・  

TheneldsurveyareaandlocationofthemesocosmexperimerltareShowninFig・1・Thestudy  
areaiscontrolledbytwowatermasses，dilutedwaterfromtheChang］langRiverandoffshore  
water of the East China Sea．  

121D  1220  123d  1240  NOAAAVHR且datadtldngthe  
prq］eCtrStWOCruisesin1997and  
1998indicatedthathighlyturbid  
water丘omtheChang）langRIVer  
was spread along the coast of 
China（Fig．2）；the neld survey 32C  
area was located around the 
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Fig・1・Locationsofthemesocosmexperimentsandthesampllng   
stationsfor†heneldsurvey．  

Mesocosms，Which are useful  
tooIs fbr investlgatlng the  
response of an ecosystem to  
nutrlentSandpollutionloading，WereinstallednearLiuhuashaw－Huanaoshan；they   
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Fjg．2 a）Dis†ributionofturbidityduringthecruisein1997intheEastChinaSea  
（NOAAAVHRll口ala，Ocl．17，1997）  

b）Distribu（ioT］Ofturbidityduringthecruisein1998intheEastChinaSea  
（NOAAAVHRRDa上a，M町．26．1998）   



Were developed by NIES and are made of  
ethylenevlnylacetate reinfbrcedwith a polyester gnd．  
Theyareextremelystrong，neXibleandtranslucent，with  
noelutionfromthesurface，andare5mdeepand3min  
diameter，witha†Olumeofabout25m3（FigL2）・  
Phosphate，thelimltlngnutrient，WaSemichedinthese  
experiments and aspects of the mesocosm ecosystem 
response were analyzed，including nutrlent dynamics，  
SuCCeSSionofplanktongroups，bacterlalabundance，and  
theinorganic and organic caぬon cycle through  
autotrophicandheterotrophicpathways，ltisimportant  
that the ecosystem modelshouldinclude boththe  
autotrophic and heterotrophic pathways in order to 
Predicttheeffectsofenvironmentalloadingfromriver  
lnputOnthemarineecosystemoftheEastChinaSea・  

Anincreaseinoilpollutionwasobserved丘omsediment  
analysIS；thus，Oilemichmentinamesocosmwas also  
COnductedduringthe1998reseaTChtounderstandthe  
ef托ctofoilonmahneecosystems．  

Sediment traps were installed near the mesocosm 
experlmentalsite as wellasinthe field survey area・  
Sedimentcore sampleswerealsoobtainedinorderto  
analyze thelong－term Changein biogeochemical  
PrOCeSSeSintheChangJlangEstuary．  

Fig．3・Schematici】tustrationorthe  

meSOCOSm  

Duringthecooperativestudy，theanalytlCalmethodsandresultswereintercalibratedbetween  
JapaneSeandChineselaboratorleSinordertoguaranteeaccuracy，reliabilityandcomparability  
ofthedataLltisverylmPOrtanttOemphasizethatduringthefieldsurveysmutualunderstanding  
andclosecooperationbetweenthescientistsofthetwocountrieswereestablished・Duringthe  
prq）eCt，threeChinesescientistsstayedforperiodsof7to12monthsinNIESandlOChinese  
scientistsvisitedNIESandtheGeologlCalSurveyofJapanfbrscien浦cresearChandexchange  
Ofviewsontheresearchprogram．  

WewouldliketoexpressourgreatappreciationtotheEnvironmentAgencyofJapanandto  
SOAfortheirgreatsupporttoourstudy；andtoa11thecrewmembersofthelHai）ian49rofthe  
EastSeaBranch，SOA，Whoprovidedefncientworkingconditionsdunngtheneldsurveyand  
mesocosm experlmentS・Our specialthanks should be glVen tO Mr・HironorlHamanaka，  
DirectorGeneral，DepartmentofGlobalEnvironment，EnvironmentAgencyofJapanandMr・  
YuYuancheng，formerDirectorGeneral，DepartmentofInternationalCooperation，SOA，Who  
Showed deep understanding of this jolnt Pr（リeCt and was dedicated to establishing a  
collaborativestudybetweenourtwocountries．Withouthiseffortsthisprqectwouldnothave  
cometo飢1ition・Finally，Ourthanksgotoallthescientists，bothofJapanandChina，fortheir  
hardworkandfrlendlycooperationduringthisjolntStudyLOnthewhole，theprqJeCthasbeen  
verysuccessfu1inestablishingasolidfoundationofscientific achievementandftlendship  
betweenourtwocountries．  

MasatakaWATANABE（NationalInstitutefbrEnvironmentalStudies）  
MingyuanZ汀U（FirstInstituteofOceanography，SOA）  
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ProceedingsortheJapan－ChinaJoinlWorkshop，1999March   

EFFECTOFOILPOLLUTIONONMARINE  

PELAGICECOSYSTEM：AMESOCOSMSTUDY   

MingyuanZHUL，ShangCHENl，RuixiangLIl，XueyuanMUl，RuihuaLUl，  
BaohuaLIL，XiaoyongSHI2，XiulingWANG2，ZhilingLIU3andJinghuiWANG4  

■Divisior）OfMarineBioLogy，FirstlnstituteofOceanography，Sta†eOceanicAdministration  
（3AHongdaozhiRoad，Qingdao，266003，China）  

2schoolofChemistryandChemicalengeering，OceanUniversityofQingdao  
（5YushangRoad，Qingdao，266003，Chirla）  

3secondlnstituteofOceanography，StateOceanicAdministration  
（No．9XixihexiaRoad，I・IangZhou，310012，China）  

4Environmentmonitorcenter，EastChinaSeaBranch，StateOceanicAdministration  
（DongTangroad630，Shanghai，200137，China）   

ThemesocosmexperimentstoexamtheimpacIorwater－SOlubleoilonplanktonwereconductednear  
Chang】IangRiverEstuaryinMay1998．Dinoflagellate，PrvrvcenlrumdenlaIum，WaSthedominantspeCies  
duringthe experiment．Adding oildid noIcause obviousincrease ofthe phy（OPlankton stock，butlhe  
Pr）maryprOductiv】（y，aSSimilation numberoFphotosynthesisandzooplankLon arequttesensi（iveto oil  
POllution．Tosomeextent，addingoilbenefltsthc micro－Phytoplankton（＞20pm），inhibilsthe growLh of  
nano－phytoplankton（2～20Llm）anddoesnoteffectsigniflcanLlytothepic？Lphytoplankton（＜2Llm）・During  
lheexperimerlt，bacteriaproductivltyaSWellasthesinkingrateofpart）CulatematterandphytopIankton  
increased．  

∬サl穐r血．■C力α〃お沼〝gノ～fver且一加Wme∫OCO∫椚eJper上川e〃J，0〟ク0仙Jわ〝．mαr∽ビ タビ血gJCeCO甲／e椚  

1．1NTRODUCTION  

OilpollutionisbecomlngaSeriousthreattomarineecosystemincoastalreglOnandriverestuary・Itseems  
more seriousnearportandoil重eld・Oilpollutionwillhaveacute andlong－termeffbctsonthe marine  
ecosystem．Aquacultureindustry often sufrers heavy economicalloss when oilspillhappens・Many  
researchesattempttodealwiththeprobleml）12）13）・4）・lnChangJlangRiverestuary，theoilpollutionbecomes  
theimportantenvironmentalproblembecauseofthebusyshiptranSPOrtation／Ibunderstandtheimpactofoil  
PO11utiononecosystemandestimatethecarrylngCaPaCltyOfoilinChang】1angRiverEstuaryecosystem，the  
ChineseandJapanesescientistsJOlntlyconductedthemesocosmexperimentandfieldsurveyduringMay  
1998．Sofar，OnlyafewresearcheswerefocusedontheproblemofoilpollutioninChangllangRiverEstuary  
andEastChinaSea・Thepurposesofthispaperwere（1）・AddressthecomprehensiveresponsesofmariTe  
pelagic ecosystemafteraddingoil，（2）．Distinguishthepotentialdifferenceofbehaviorofccosystemln  
mesocosmswithoilpollutionandwithoutpollution  

2．MATERIALSANDMETIIODS   

（1）Sitearldtimeoftheexperiment  
TheoilpouutedmesocoヲmeXperimentwa〒COnductedforsevendays丘om26May（dayO）toIJune（day6）  
1998attheLuhuashanreglOnneartheChang】iangRiverEstuary（Fig．1）・   

（2）1mstallimgofmesocosms   
Themesocosmmadeofethylenevlnylacetatereinforcedwithapolyestergrid wasprovidedbyNationa1  
1nstituteforEnvironmentalStudies，Japan（Fig．2）．Twomesocosmswereusedintheexperiment，OneWaS  

ー1－   



treatedwithoil，Whiletheotherasthecontrol．Onemesocosmcan丘1125m3seawater（3－mdiameterand4，5－  
mdepth）・Thereisaroundope？ingwith30ぺmdiameteratthebottomofmesocosm・Theseawaterentered  
themes？COSmthroughthisopenlngbyputtingdownthemesocosmslowlyintotheseawater・Whenthewater  
SurfhcelnmeSOCOSmreaChedthesameWaterlevelastheoutside，theopenlngWaSClosedLThisinstalling  
process doesnotsignificantlydisturbtheverticalstruCtureOfwateranddoesnotharmthestructureof  
COmmunlty・   

On26，WhenfinlShinglnStallingofmesocosms，thesameamountofphosphatewasaddedintotheoil  
mesocosmandcontrolmesocosm，tOStimulatethegrowthofphytoplankton．Thephosphatereachedabout  
l・5匹mOl・1L）．on28，1tonseawaterwithsaturatedwater－SOlubledieselwereaddedintotheoilmesocosmby  
Siphon．  

SchematicViewo‖J伊〟FloalingMes∝OSm  

P【〉n100n  

Valvo   

肌嶋lOrVd ＝C白25m）  

122．0   122．5  123．0   123．5  124．O   

Fig．1Stationsofmesocosmexperimentsand抗eldsurvey  Fig．2Viewormesocosms  

（3）Samplimgandanalysis   
The seawater was sampled atl－m depthin mesocosm during8＝30to9＝30every morn1ng・The  
envi 

． 

biologicalparameters（Chl－a，pnmaryprOduction，Phytoplankton andzooplankton abundance，bacterial  
abundanceandproduction）were deteminedfb1lowingthemethodinSpecification forOceanographic  
Survey．   

TomeasurethesinklngfltLXleSOfphytoplankton，TPM，POM，POCandPON，tWOSedimenttrapswere  
deployedinmesocosms・ThetraplSaPlasticcylinderwith50－CmheightandlO－Cmdiameter・  

3．REStJLTSANDDISCUSSIONS   

（1）Nutrientsandoil  

lnnaturalseawater，dissoIvedinorganicphosphatewasaboutO・3トImOl／linMay・Onseconddayafter  
addingphosphate，thephosphateinoilmesocosmdecreasedtol・02岬101・1‾l，howeverthephosphateinC－  
mesocosmdecreasedtoO．549pmol・rL（Thblel）．TheconcentrationofphosphatedeclinedtoaboutO・3  
トmOl・1JlduringthelaterperlOdoftheexperiment・DissoIvedinorganicnitrogen（DIN）decreasedobviously，  
fromtheinitial14・6岬101・rltoo・59トLmOl・1l・AsNO3WaStheinainformofDrN，itdecreasedfrom12・9to  
O・1l⊥mOILlrl，WhileNO2andNH4didnotshowobviouschange・ThedissoIvedsilicatedidnotdecrease  
becausethedominantspeCiesofphytoplanktondidnotuptakesilicate・   
Theoilconcentrationaveraged35－63ppbinthenaturalseawater・AAeraddingtheoil，theoilreached  
1847．60ppbinoilmesocosm，thenitdeclinedslowlyandwas1287・7ppbonlJune（Fig・3，Thblel）・The  
decreaseofoilmayresultmainly什omthebacterialdecomposition・Incontrolmesocosm，theoilhadno  
Obviouschange．  

ー 2 －   



（ヱ）Plamkton  

a）Chトa   

TheinitialconcentrationofChl－aWaS7・953pg・1▲linoilmesocosmand14・381ug・rlinthecontroI  

TaL）1elVariationofnutrlentSinoilmesocosmandcontrolmesocosm  

DIP  DIN  NO2  NO3  NH4  Si  Oil   

Dale  C－  Oiト  C一  

meSO   

5．2（】  0．3〕7  0．37（）  10．】89  14．60：l  0．7（）0  0．775  8．350  12．946  l－160  0．S8ヱ  22－4】4  22．205  

5．27  0．549  1．015  10－20：！  8．194  0．679  0．666  7．864  7．】48  1．578  0．580  19．5B6  19．744  63．09  35．19   

5．28  0．337  0．490  】．5（）1  6．578  0．595  0．607  0．175  5．299  0．974  0．6T3  18．85：I  】6．130  54．21  1870．60   

5．2り  0．547  0．347  2．537  5．280  0．411  0．65】  0．365  2．61】  】．578  2．0】8  17．701  】6．1jO  5：≧．7（）  】5（）】，89   

5．30  0．ヱ97  0．ヱB2  1．027  1．437  0．4（）1  0．46】  0．100  0．100  0．835  1．02】  1f）．444  】5．9：Zl  64．44  】40480   

5．31  0．ココ7  0．∋〕7  0．957  0．726  0．52（〉  0．53二！  0．】00  0．100  0．766  0．5二‡4  18．コ82  】6．968  】00．50  】50g．4二！   

6．】  0－332  0．33ヱ  2．580  0．590  0．607  0．511  0．】00  0．100  2．封沌  0．44】  19．】15  】8．644  呂0．01  1287．70   
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Fig．4Chla（ug／1）irlO－IneSO．C－rrLCSDandnzJLuralscEIV机Cr   

mesocosm，Chl－ainC－meSOCOSmincreasedthendeclined，anditincreasedinOil－meSOCOSin（Fig．4）．This  
showedoilpollutiondelayedtheincreaseofChl－ainashorttime・TheChl－ainnaturalseawatervarled丘om  
2．3to7．叫g．1▼1．  

Fig・5andFig・6showedthatthesmaller－than－20一匹IPhytoplanktonmakethemaincontnbutiontototal  
Chl－aOfphytoplanktoninMay，becausethesmall－SizeddinonagelletewasthedominantSpeCies・Butthe  
adding oilmayinhibit the growth of nano－Phytoplankton，rather thanmicro－Phytoplankton・tn Oil  
mesocosm，theproportionof＞20岬1grOuplnCreaSedftom6％on27Mayto17％onlJune，Whilethe2－20  
叩1grOuPdecreasedfrom47％to38％andtheGF／FT2押IgrOuphadnotobviouschange（Fig・7）・1nControl  
mesocosm，therewasnoobviousvariationfordifferentsize－fractionChla（Fig・5）・  
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Fig．7VariationofthedifFerentsize－fractionChl－airlOilmesocosmandcontrol  

b）Primaryproductiondassimi1ationnumber   

Adding oilmaylmpaCt the photosynthesis process and decreased the prlmary PrOduction of  
phytoplankton・On28May，theprlmaryPrOductivltyatlOO％relativelightintensltyWaS57・96mgC・mT3・h▲l  
inoilmesocosmand52・18mgC・m－3・h－1incontrol，butitbecame44・65mgC・m3・h－1and94・63mgC・m3・h－L  
respectivelyon29May．ComparedtotheincreaseofprimaryproductivltylnCOntrOl，theprlmaryprOduction  
atsurfacelayerinoilmesocosmwasiTpairedseverely・HoweYertheprimaryproductionatlowlightlevel  
wasnotimpairedseverelybyoilpo11utlOn，andstillkeptincreaslngforonedaya魚eraddingoil（Table2）．  

TheassimilationnumberofphotosynthesisindlCateStheefftctofoilonprlmaryPrOductionbetterthan  
PrlmaryprOductivity・Afteraddingoil，aSSimi1ationnumberatthelOO％and50％1ightintensitiesdecreased  
from28Mayto29May・Atthesametimeincontrolmesocosm，theassimilationnumberatlOO％and50％  
1ightintensitiesincreased（rIbble3）・From28to29，the assimi1ationnumberatlOO％lightintensity  
decreased62％，thatat50％lightintensitydecr？aSed31％andthatat30％lightintcnsitydecreased28％・At  
ditrerentlightlevel，theeffectofoilonassimilatlOnnumberisdifferent・  
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ThbJeヱ・PrlmarY？rOductivity（mgC・m31h■■）atthedifferentLightintensities  
lnOilmesocosmandcontrolmesocosm  
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C）Phytoplanktonspeciescomposition  
lnMay，thedinoflagellatewasthedominantSpeCiesratherthandiatom．Incontrolmesocosm，Cellnumber  
Ofdinoflage11atewasmuchhigherthanthatofdiatom．lnoilmesocosm，however，diatomgrewfisterthan  
dinoflagellate and cellnumberofdlatOm e竺Ceeded that ofdinoflagellate on30May（Fig・8）・The  
PfVrDCe77trum den（afum wasthedominantSpeCleSindinonagellete whileSkeletonema cos（alum wasthe  
dominantSpeCiesindiatom．Thedinoflagellatewasmoresensitivetooilpollutionthandiatom（Fig・9＆  
Fig，10）．  

Table3．TheassimilationnumbeTOfphotosynthesis（mgC．mgchl－aJ■．h▲■）atthe  
differentlightintensitiesinoilmesocosmandcontrol  

1【）ilこシ  封丹  封㍗′，   

l）ニ】lご   0－1TlぐSO  （二＿汀h誉i）  0寸胴甑）  （ニィ】lじ封）   0．川JS（）  rニー†m：ト（l   

980526   4．75   4．3  

980527   4．50   4．24   5．75   4．96   3．8（）   4．14   

980528   6．0（；   2，65   3．20   2．49   2．32   1．89   

980529   2．32   2．9（〉   2．20   2．77   1．66   1．49   

980530   0．86   2．66   2，4（）   2．63   2．45   2．63   

980531   0．96   2，60   1．80   2．63   l．78   2．13   

980（iOl   1．67   1．ユ3   0．69   0．93   0．18   0，50   
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Fig．8Variationofdominantspeciesinoit－meSOCOSmandcontrol・  

（OC：COntrOlmesocosm，OE：Oilmesocosm）   
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Fig・9 PropoT－ionofdorninantgroupLnOil－meSOCOSmandcontrol・  
（OC：incontrolmesocosm，OE：inoilmesocosm，dino：dinoflagellate）  
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d）Zooplankton   
Noc（ilucascinti／lanswasthedominantspeciesinbothoilmesocosmandincontrol（Fig．10），itdeclined  
Sharplyontheseconddayafteraddingoil・ThedensltyOfzooplanktondecreasedafteraddingoil，Whichwas  
different丘■OmPhytoplankton（Fig．11）andthespeciesnumberofzooplanktonalsodeclined（Fig・12）・This  
Showedthatthezooplanktonwasmoresensitivetooilpollutionthanphytoplankton・1nbothmesocosm，the  
densltyandspeciesnumberofzooplanktonbiggerthanthelOO Llmincreasedwhilethatfrom20tolOOLl  
mdecreased（Fig．13）．   

e）Bacterialnumberandproductivity   
Afteraddingoil，boththebacterlalnumberandproductivityincreased（Fig．14）LOilmaystimulatethe  
gmwthorbe‡ero汀OphlCbacter】a・  

5．Z7  5．28  5．29  5．30 5．31  6．1  

＋CopeO－meSO →「Cope．C－meSO  
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Fjg・11Dominantspeciesofzooptanktonincontrolandoilmesocosm  
（unit＝ind，m‘），Cope＝Cbp甲Oditerla岬］ELJS，Noct．Noctiluca・YCin（1］［ans）  
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Fig．15Bacterialdensity（10＜5celts／1andp－Oductiviけ（いgC／1／h）inoil  
mesocosmandcontTOl．BP：Bacteriatproductivity，BN：Bacterialdensity  

（3）Suspendedparticulatematter   
Particulateorganicmatter（POM）increasedfrom5・73mg／ltolO．47mg／1・TPM（totalparticulatematter）  

alsoincreased・andtheproportionofPOM toTPMincreasedfrom26％inthebeginnlngPeriodto38％at  

theend（Fig，15）。Thesamevariation happenedinthecontrolmesocosm。TheTPMandPOMweremorein  
COntrOlthanOilmesocosm，Particulate organic carbon（POC）also was moreincontrolthanthatinoil  
mesocosm（Fig．16）．POCincreasedfromlOOO．5ilg／lto4028．OLlg／1inoilmesocosm，Whilefrom1497  

Llg／lto4587ug／lincontrol．Particulateorganicnitrogen（PON）inoilmesocosmincreasedfrom149・OLlg／1  

to375．5Llg／1（Fig．17）．ThevariationofTPM．POM，POCandPONshowedtheincreaseofphytoplanktonin  
meSOCOSm．  
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Fig．17POCandPONinoilmesocosmandcontrol   

（4）SinkingnuxesorphytoplanktonarLdsuspendedparticulatematter   
lmbothoilmesocosmandcontrolmesocosm，thesinkingnuxofphytoplanktonincreased（Fig・18）・1nOil  
mesocosm，thesinklngfluxeswashigherthanthatincontrol，anditincreasedfrom6・56gChla・mr2・d－Lto  
137・23gChla・mr2・d－1・Theaveragesinklngfluxesofphytoplanktonis44・58gChla・m－2・d－1inoilmesocosm  
and35，70gChla．m‾2．d‾1incontrol（Table4）．  

ThesinklngfluLXeSOfPOMandTPMincreasedinbothmesocosms；bothTPMandPOMsunkmorein  
controlthaninoilmesocosm・ThesinkingfluxofPOMinoilmesocosmincreased丘omtheinitialvalueof  
8・48g・m－2・d－1to38・58g・m－2・d－1，and from5L48g・m－2・d・lto68・37g・m－2・d1incontrolmesocosm  
（Fig．19），TheaveragesinklngfluxesofTPM，POM，POCandPONwerehigherinoilmesocosmthanthose  
incontrol（Table4）．  

Table4．＾veragesinkingf］uxesofsuspendedparticulatematter（g．m‾2．d．］）  
andphytoplankton（gChta／m＜2／d）inoitmesocosmandcontrol  

TPM   POM   POC   PON  phYtOPlankton   

ーmeSO   64．30   9．29   2．65  0．35   44．58   

－meSO   75．28   28．60   8．26  0．75   35．70  

2I－M8y  30－M■y  ユトHろy  卜Jun  

Fi■．18 Sinlin■flいe，（lChl■／m‾2／d〉8†phytopl▲nktonin oil  

8nrLch一〉d■xpe「iment  
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Fig・19Sinkingflux（g．mr2．d‾））ofPOMandTPMir）Oilmesocosmandcontro1  

5．CONCLUSIONS   

（1）Theprirnaryproductivity，aSSimilationnumberofphotosynthesisandzoopla11ktonaresensitivetooil  

pollution．   

（2）Tosomeextent，Oilpollutionincreasedthepercentageofmicro－phytoplankton（＞20um），Whilethatof  

nano－Phytoplankton（2L20LLm）decreasedandthatofpico－Phytoplanktonhadnochange（GF／ト2pn）．   

（3）lnoilmesocosm，thesinklngfluxesofPOCandPONandphytoplanktonaveraged2．65g，m‾2．dJL，0．35  

g加2・drland44・58gChla・rn－2・d－1respectivelyLThevariationofPOC，PON，POMandTPMinmesocosm  
WaSmainlyattributedtothechangeOfphytoplankton，  
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ProceedingsoftheJapan－ChinaJointWorkshop，1999March   

RESPONSEOFPHYTOPLANKTONTOPHOSPHATE   

ENRICHMENTINMESOCOSMEXPERIMENTS■  

RuixiangLI），MingyuanZ＝Ul，ShangCHENl，XueyuanMU］，RuihuaLUlandBaohuaLI］  

（lDivisionc・fMarineBioIogy，FirstlnstituteofOceanography，SOA，  
3AHongdaozhiRoad，Qingdao，266003，China）   

ThemesocosmexperimentswereconductednearYangtseRiverEstuaryduringOctober1997andMay  
1998．1nOc（Ober，Afleraddingphosphate，theDIPreached3，25甚mOl／1inphosphateenrichedmesocosm  
and（hcatomicratioofNtoPreached5．6．Thediatomincreasedquicklytothepeakatthefmhdayand  
Ske／eLo17emaCOSIatumWaSthedominantspeciesduringtheexperiment．1nMay，afleraddingphosphate，  
the DIPincreased tol．72umo）／Iand the raLio o［N to P became9，2，Prorocentrum denEatum kept  
dominantduringexperimentbutScoslatumincreasedquicklierandalsobecomedominantspeciesin（he  
laterofexperiment．   

∬印仰r血ご研g∫OCO∫m e岬erJme叫タカ0甲力dナビe〟Jr（p／眠βJわ〃，p毎／q〆α乃如0乃ゐ／00椚，ね〝g／∫e月fver  

†1く／れJ11・  

1．INTRODUCTION  

Eutrophicationreferstotheenrichmentofthenutrients（usuallydissoIvedinorganicnitrogen，phosphate  
andsilicate）intheecosystemandthechangeSOftheecosystemthereby・Seriouseutrophication 

． 

led to elevation ofphytoplanktonbiomass and prlmary prOductivlty directly，thereafter affects species  
compositionofthezooplankton，andchangesthebenthiccommunities・ResearchconductedinLonglsland，  
USAshowedthateutrophicationmaychangetheenergyflowthroughplanktonic foodweb，eSpeCia11y  
increasetheenergynuxinthemicrobialloopanddecreasethefoodsupplementfornshl）・1nChina，Zou  
（1983）2）andLin（1997）3）studiedtherelationshipbetweeneutrophicationandredtideandproposedsome  
chemicalandbiologlCalindicatorstoassesstheeutrophication・  

Aneffective method to study the response ofmarine ecosystem on eutrophicationis the enclosure  
cxperiment・Comparedwithlabexperiment，thec6nditionsinthemesocosmarequlteSimilartothenature  
environment，andthereisnowaterexchangebetweentheinsideandoutsideofthemesocosm・Hencethe  
ecologicalprocessesinthemesocosmecosystemaresimplined，becomeeasytobemeasured（Takal1aShi  
1990）4）．   

In1961，StricklandandTorhunenrststudiedthebiologlCalandchemicalchangesduringphytoplankton  
bloomsbya6－m－diametermesocosminCanada・Fromthenon，manymeSOCOSmeXperimentswerecarried  
out．1nthe1970，s，NSF ofUSAfundeda6－yearprqJeCt”ControlledEcosystemPo11utionExperiment  
（CEPEX）”andobtainedalotofdataontheimpactsofvariouspollutantsontheplanktonicecosystem・  
During1983－1987，China and Canadajolntly conducted a prqect on the marine enclosed ecosystem  
experirnent（MEEE）inXiam？nCOaStalwater（WongandHarrison・1992）5）■lnthepaper，WeWillpresentthe  
results什ommesocosmexperlmentSCOnductedintheareaoffYangtSeRiverEstuary・  

－1l－   



2．MATERIALSANDMETHODS   

（1）Mesocosmdevice   
ThedevicesofmesocosmwasprovidedbyNationallnstituteforEnvironmentalStudies，Japan・The  
mesocosmbagwasmadeoftheethylenevinylacetateandpolyestergrid（Fig．1）．   

（2）Siteandtimeortheexperimellt   
TheexperimentswerecarriedoutneartheHuaniaoshanreglOnOfftheYangtseRiverEstuaryfromlOto  
170ctober1997and18to26May1998（Fig，2）．  

SdⅦm劇CⅥowdNowR08“ngM08∝081¶  

∨▲h   

W山WVd．■C●，25ml  

122．00  122．50  123．00  123．50 124．00  

Fig・2StationsofmesocosmexperimentsandfLeldsurvey  Fjg．1Viewofmesocosms  

（3）Samplingandanalysis   

Thetwomesocosmswassetupeverytlme，OneforaddingphosphateanOtheroneforcontrol・According  
to theinitialconcentration ofdissoIvedinorganic nitrate andphosphateL The3LLmOl／1phosphate was  
plannざd to addinto the PTmeSOCOSmin October，and2pmol／lphosphatein May・Forsimpility，The  
phosphate emiched mesocosm was ca11ed P－meSOCOSm，Whilethe controlmesocosm was called C－  
mesocsom．Fromtheseconddayon，SeaWaterSamplewasco11ectedatnear9：00everymomlngatOne－meter  
depth・The concentration ofnutrients were determined according the methodsin”specincation for  
Oceanographic Survey ofChina′′and chlorophy11a was measuredby Tumer Design fluorometer・The  
phytoplanktonsamplewasfixedwith5％formalininOctoberandLug′siodicsolutioninMayabout48  
hours・The sample wasidentified and counted byaninvertedmicroscope atlaboratory・Primary  
productivltyWaSmeaSuredby14cmethod・  

3．RESULTSANDDISCtJSSIONS   

（1）ThephysicalandchemicalenviTOnmentinmesocosms   
TheseawatertemperatureandsalinltyweredifEerentbetweenthetwoexperiments，1nOctober1997，the  
temperaturerangedfrom22・67～23・30C・Theaveragetemperaturewas3・6OChigherinOctoberthanMay  
1998，TherangeofsalinityinOctoberwas24．9～26．5％0．Itsaveragevaluewas2．78％0lowerthanMay・  
Therewasnosigni負cantdifferencebetweenthewatertemperatureinthemesocosmsandnaturalseawater・  
Thesalinltyinthemesocosmchangedalittleduringtheexperiment，Becausetherewasnowaterexchange・  

The nutrient changed greatly during the experiment．1n October，the dissoIvcdinorganic nitrogen，  
phosphateandsilicateinseawateroutsideofthemesocosmwere23・9，0・75and20・5叩一01rl－1respeCtively，  
whichindicatedtheobviouseutrophicationinYangtseRiverEstuary・TheDINinnaturalseawaterwasqulte  
highduringwholeexperiment，andmorethanabovelO匹mOト1Ll（Fig．3），ThedissoIv占dinorganicsilicate  
variedin15・5－30・7pmoILr）andDIPwasO・23－0・78pnol・1－L・TheN／Pratiowas46・6・WhenDIPftllto  
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minimumon130ctober，Phosphate，Otherthanmitrogen，mightbethelimitlngelementforphytoplankton  
growthinseawater．  

FromFig・4，WeCanSeethattheinitialconcentrationofDINwas18・15卜mOl・rllnmeSOCOSm，the  
concentrationofphosphateamountedto3・25pmol・1‾1afteraddingphosphate，andtheN／Pratiobecame  
5・58・Because ofthe fastuptakeofphytoplankton，the concentration ofDIN and DIPand Sidecreased  
quickly．Thephytoplanktonreachedthepeakwhenthenutrientsdecreasedtotheminimumlevel・  

The nutrients contentin May1998werelower than October．ln C－meSOCOSm（Fig・5），the nitrogen  
decreasedslightly．Whilethesilicatefirstdroppeddownthenshowedslightincreaseatthelaterperiodof  
theexperiment，Whichmaybeattributedtothedecompositionofdeaddiatom・Thephosphateconcentration  
waslower，rangedbetweenO307nJO・406匹mOl・1－L，andtheN／Pratiodecreasedn・Om49・8atthebeginnlngtO  
21．1attheendoftheexperiment．lnPrmesocosm（Fig．6），theDIPwasl．723LlmOl・1‾Eafteraddingphosphate  
andN／Pratiobecame9・2・Thisledtothefastgrowthofphytoplanktonand thedepletionofnutrlentS■  
Nitrogendecreased丘om16to2pmol・1－1andphosphatedeclinedtoitsinitialvaluebeforeaddingphosphate・  
＝owever，Silicatefelldownslowlyfrom20・48LunOl・l－Lto15・083LunOl▲l－l，WhichwassimilartothatinC－  
meSOCOSm．  
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Fig．3NuLrienLsin natura15eaWater（unit：LunOl／1）  
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Fig．6仙trinetsin P－meS〔宥nSm（unjt：皿01／1）  

（2）．）erlSityofthephytoplankton，Chlorophyllaandprimaryproductivity   
Thephytoplankton was abundantin seawaternearHuaniaoshanIslandin October1997・Theinitial  

densltyOnlOOctoberwasl・72×106cellsLlLLGolden－brownwatermasswasseenonce，indicatlngthere  
werealgalbloominnaturalseawater・Thephytoplanktonreachedthepeakat130ct，WhenN，P，andSi  
declinedtotheminimumvalues（Fig・7）▲From16to170ctober，althoughthenutrientsinse？Water  
increased，the cellnumber of phytoplankton was stilllow・1n P－meSOCOSm，theinitialdens）ty Of  
phytoplanktonwas2．54×106cells・rI．1tincreasedfastafteraddingphosphateandreachedthehighestvalue  
of2L93×107cells・1」onthe5thday，Whichwasll・5timesoftheinitialdensity・ThechangeofChlawas  
linearlycorrelativetothecellnumberofphytoplankton，thecorrelativecoe爪cientwasO・979（Fig・8）・Chla  

reached74・89Llg・r10nthe5thday，WaS5timesmorethanitsinitialvalue・TheprlmaryprOductivltyreaChed  
itspeakonthe4thday，thendecreasedonedayearlierthanthecellnumberandChla・Whenphytoplankton  
reacheditspeak，P，N，andSifelltoO・53，1・46，andO・53pmol・1－1respectively・Onthe6thday，thecell  
number ofphytoplankton decreased suddenly and water became clear，thealgalbloom disappeared・  
NitrogenandsilicatemayplaylmPOrtantrOleindisappearanceofthisbloominmesocosm・  

10－OcL ll－OcL 12，Oct 13－Oct 14－nCt 15－（）cL 16Oct 17‖cし  

Fig．7 phytoplankLonin P」IlleSOCOSn and naしUral  

seawaLel・in（〕cL（1ber  
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Fig．8 Corelationship between Lhe phytoplaJlkton  

density and Chlain FJJTleSOCOSnin October  
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In May of1998，the densityof phytoplankton wasless than thatin October1997．h control，  

phytoplanktongrewslowly，andreachedthepeakonthe4thdaywiththevalueofl．73×106cellsll‾Ⅰ（Fig．9），  
Whichwasonly4timesthanitsinitialdensity・ThepeaksofprimaryproductivityandChlacameoneday  
earlierthanthatofcellnumber，andtheirpeakvalueswere3．7and2・7timesofthetheirinitialvalues  
respectively．Nitrogen and silicate decreased during the growth of phytoplankton・However，When  
phytoplanktonreachedthepeak，nitrogenandsilicatewerestillhigh．Theymaynotbethelimitingfactorfor  
phytoplankton・Thephosphatemaybethelimitingfactorforphytoplankton・lnP－meSOCOSm，the growth  
periodofphytoplanktonwaslongerthanOctoberexperiment（Fig・10）・Thece11numberwas72・3times  
morethantheinitialdensity，WhileChlawas  

】8May  20一日ay  22一日ay  24－May  26‾Hay  

Fig．10 Change or phytDPlankton density，Chla and  
primary productivityin P－meSOCOSlnin May  

decreaslngrangeOfsilicatewassmallanditslowestvaluewasstillmorethan15pnol・rl・Fromthechange  
ofnutrients，thetwoexperimentresultsshowedthatphosphateenrichmentquickenedthereproductionof  
phytoplanktonanditsuptaketonitrogen・NitrogentookanimportantrOleinendingbloom・   

（3）Thealterrlationofdominantspeciesofphytoplankton   
ThedominantspecieswasSke／etonemacos（atuminOctober・Thebloomdominatedbythisspeciesoften  
breaks outinthe Yangtse River Estuary and coastalareas near ZhqJiang province6）・The denslty Of  
Ske］etonemacostaluminmesocosmandnaturalseawaterwere2．38×106cells．1－1and7．29×105cells．l－1atthe  
beginnlngOfexperiment，andaccountedfor88・2％and84・5％ofphytoplanktonrespectively・Afteradding  
phosphate，thisdiatomincreasedquicklyandreached2・93×107cells・r10n5thdayandaccountedfor99・9％  
ofthephytoplanktonLThenitscellnumberdecreasedsharplyanddowntol・5×104cells・lLlon7thday，andits  
proportioninphytoplanktonwaslessthan20％・Theseconddominantspecieswas T77a］assLosrasppL，its  
densltySOmetimesexceededto4×105cells・1rl・1taccountedfbraboutlO％ofthetotalinnaturalseawater・But  
inphosphateemichedmesocosm，itsinitialdensltyWaSl・93×105ce11s・1－L andalso decreased during  
experiment．Thisspeciesdisappearedalmostafter6thday（Fig．11）．However，Peridiniumsp・andAlexaT7drum  
sp．ofdinoflagelleteincreas占drapidlytobecomethedominantinthelaterofexperiment・  

Prorocen（rumdentatumandSkeletonemacoslatumweredominantSpeCiesinMayof1998・Theinitial  
densitiesofProrocen（nLmdentalumwere3．78×105cells．l‾1andl．92×105cells．1‾11nCOntrOlandphosphate  
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emiched mesocosm respectively，and accounted fbr88％and86％ofthe totalrespectively・1n control  
mesocosm，thisspeciesreachedthepeakon4thdayandwas4・5timesofinitialdensityandaccountedfbr99％  
Ofthetotal・After4thdaythisdinonage11etedeclinedslightly・ThepeakofSkeletonemac？Stafu7Zappeared  
OnedayearlierthanthatofProrocentrundentatum・ltspeakvaluewas2timesmore than1tSlnltialdenslty  
（Fig．12）．1t canbe seen thatthe phosphate－SCarCe COnditionobviouslylimits the growth ofSkele（Onema  
COSta（um・Inmesocosmaddedphosphate，Skele（OnemaCOStafumincreasedandbecame the first dominant  
SPeCies（accountedfbr56．9％ofthetotal）andwas149timesofitsinitialdensitywhenphytoplanktonreached  
thepeak・ProrocentT7Lndenlatumaccountedfor40・5％ofthetotalandincreased45timesthanitsinitial  
density・ThedecreaslngrateOfSkeletonemacostalumwasbiggerthanProrocenlrun虎ntatumafterthepeak  
ofphytoplankton（Fig．13）．Thecellnumberofotherspecieswasalwayslowduetothesuppressing丘omthe  
twodominantspecies  
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Fig．12 Change of dominant specjes jn control  
mesocosm in May 

（4）Thechangeofspeciesdiversityandevennessofphytop］ankton   
Thespeciesdiversltyindexandevennessindexrenectthehomogeneouslevelofinter－SpeCiesindividual  
distributionandarealsotheusefu1ecologlCalindicatorsreflectingtheenvironmentconditions・Generally，  
thediversityandevennessindexesofthephytoplanktoninopenseaarehigherthanthatincoastalregion，  
andhigherinnormalsituationthanduringredtide．Linet．alL（1997）3）suggestedthecriticalvaluesofspecies  
diversity（HI）andevenness（））ofphytoplanktontoassesstheoutbreakofredtide，i■eLHr＝1・0，J＝0・2・  
Accordingtothestandard，theredtideappearedinthetwoexperiments・ThedominantspeciesinOctober  
1997wasslngle，SOthediversltyandevennessindexeswereverylow，ranglngfromO・216tol・304and鮎m  
O．111toO．7innaturalseawaterrespectively・InP－meSOCOSm，H．andJdecreasedwiththedevelopmentof  
redtide（Fig・14）andwereonlyO・008andO・003at5thdayreヲpeCtively，mea？Whilethece11numberof  
Ske］etonemacostatumwasthehighest・lntheendoftheexperlment，thedomlnantSpeCiesreplacedand  
speciesnumberincreased，H’andJrosetothehighestvalue（1・567andO・503respectively）・   

ThereweretwodominantspeciesinMay1998．H’andJwerealittlehigherthanthatinOctober・1n  
controlmesocosm，the twoindexes ranged from O・10to O・41and O・033to O・21respectivelyL The  
replacementofdominantspeciescausedHlandJchangedinPLmeSOCOSm・（Fig15）  
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（5）Reproductionrateofdominantspeciesofphytoplanktorl，Ske［etofZemaCOStatLLmandProroce〝trun  
den（L7Lum，andtheirabsorptiorltOphosphate．  
1nnaturalseawater，thereproductionrateofphytoplanktonisaffectedbymanyfactors，e・g・temperature，  
salinity，1ightandnutrientsaswe11asfeedingbyotherorganism，behaviorofphytoplankton：deathand  
sinklng．Suppose that the sinklng and death ofphytoplankton are neglected，and the feedingby other  
organismswasalsoomitted，aCCOrdingtothefollowlngformula，thereproductiverateofphytoplanktonwas  
calculated．  

u＝Kソlog2，  

Kt＝（logNt－logNo）／t  

HereumeanSthereproductionrateofphytoplankton，NoandNtrefertotheinitialcelldensityandthe  
CeI）densityaftertdays，  
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T且b）elReproductionrateofdominantspeciesinmesocosms  

C－meSOCOSm  P－meSOCOSm   

ぶたgJeわ〃e∽β  0．993  

CO∫JαJ〟J乃．   Species  Month         October       MaY  0．482  1．202  Pr（）rOCe〃／川〃 ．む〃山J〟桝  May  0．720  1．103  
FromthetablelwemayseethatProrocenlrundenlalumreproducefasterthanSkeletonemacosTatum  
underthelowphosphatecondition，Howeverinthephosphate－enrichedcondition，Ske］etonemacos（alum  
reproducedfasterthanProrocenlrundentatum．Chen（1990）7）alsofoundthereproductionrateofthediatom  
WaShigherthanthatofdinoflagelleteinlaboratory．  

Theuptakerateofphytoplanktontophosphatemaximizesatthe2ndand3rdday，andbecamelowinlater  
periodofexperimentbecauseofthelownutrients・Themaximumuptakeratewas6L542×10－9匹mOl・Cell－  
I ・h－1in Octoberin P－meSOCOSm eXperlmentandl・513×10－8LLmOl・Cell－1・hrlin Mayin P－meSOCOSm  
experiment．The differenceoftheabsorptlOnrateintwoseasonsmightberesultedfromthedifferent  
SpeCiescompositionofplankton．  

4．CONCL一丁SION   

（1）・Phytoplanktonbloombrokeoutinthemesocosmexperimentsbyaddingphosphateil－OctoberandMay・  
TheywerecalledasSke］etonemacostatumbloominOctoberandProrocenlrundentutumandSkelelonema  
costatumbloominMay・TheshortageofdissoIvedinorganicnitrogencausedthedisappearance oftwo  
blooms．   

（2）．When onepopulationbecomes absolutely dominant species，the species diversityand evennessof  
phytoplankton community waslow．On4thday ofOctober experiment，the diversity and evenness  
minimized O．008and O．003respectively，When Skeletonema costatum reached the peak・After the  
Skeletonema costatum died extensively，the diversltyand evennessincreased tol・576and O・503  
respectively．lnMay，thereweretwodominantSpeCiesinmesocosm，inlaterperiodofexperlment，the  
Ske［etonema costahJm becamethe伽st dominant speciesinstead ofthe ProrocentnJn denta（um・The  
diversityandevennessofphytoplanktonwerehigherinMaythanthatinOctober・  

（3）．Theaverageandmaximumreproductionratesofthediatom，Skele（OnemaCOStalum，Wereb．993d‾1and  
l・419d・1inP－meSOCOSminOctober・1nMay，theaveragereproductionratesofthisdiatomwereO・482d－1in  
controlandl．202dLlinP－meSOCOSm・Meanwhile，theaveragereproductionratesofthe dinonagellete，  
Prorocen（run dentatum，Were O．72drlin controlandlLlO3d－1in PLmeSOCOSm・This dinonage11ete  
reproducesfasterthanthediatomundertheoligotrophiccondition，andeasilyadaptstotheoligotrophic  
condition．Iioweverinthephosphate－enrichedcondition，thisdiatomreproducesfasterthandinoflagellete・  

（4），ThemaximumabsorptionrateofphytoplanktoninP－meSOCOSmeXperimentwas6，542×109巨mOl・Celr  
l．h－LinOctoberandl■513×10r8LLmoILCelrl・hrlinMay・Thedifferenceoftheuptakerateintwoseasons  
mightberesultedfromthedifftrentspeciescompositionofplankton・  
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RESPONSEOFZOOPLANKTONPOPtJLATIONSTO  

PETROLEUMIIYDROCARBONANDPIIOSPHATE  

ENRICHMENTINMESOCOSM  

JinhuiWANG，Weifbi，WANqZhennanWU，YoufenZHANG   
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（DongTangroad630，Shanghai，200137，China）   

FluctuationsinzooplanktonabundanceandspeCiescompositionaredescribed foroilcontaminated  
experimentandphosphateenrichmentexperimentsconductedintwo mesocosmonOctober1997and  
May1998．Them勾orphenomenoninbothphosphateenrichmentexperiments（1997and1998）wasa  
steadilylnCreaSeintheabundanceofzooplanktoninconcordancewiththeincreaseinabundanceof  
Phytop】anktonandbacteria・TheadditivepetrOLeumhydrocarboncausedamaJOrChangeintheecologyof  
themesocosmwhichresu】tedinadepressionofciliate，ZOOflagellateandsomecopepods▲   

物仰′血zo叩J〟〃山0〝，クe伽／e〟m力γ血）C♂r占0〃，タカ0平月ロメge〃rJc力刑e叫椚e∫OCO∫m  

1．INTRODUCTION   

lnじhang）langeStuary，theinapproprlateagrlCulturaluslngfヒrtilizercausedsurplusnitrogendivulginglntO  
east china sea，mOreOVer，the surface of continent and shelf along chang）1ang riverlack phosphate  
comparatively5川），CauSlnghighratioofN：PintheestuarywaterinwhichphosphatecontroIsalgagrowth  
19），ln East china sea，nitrogen，phosphate and oilconstitute m句Or pOllutants，reCently the content of  
Phosphatehasthetendencyofincreasewhichisupto84％higherthannormalstandardin1997・Enrichment  
ofNandPtogetherorsolelycancausebloomandredtideinnaturalconditionsll），6di駄rentscaleharmfu1  
algaebloomoutbreakinEastChinaseain1998whichmaybecausedbyenrlChmentofN，Pandother  
pollutants・1nnutrientenrichedmarineecosystem，COnditionsnecessaryforredtidesoutbreaksaremultitude  
SuChasoptimumtemperature：Salinity，WatereXChange，dielverticalmigration，1ightintensity，predatoretc2り・  
FluctuationsinthesepropertleSrepreSentanindexofthebiologlCalresponseoftheecosystemtophysical  
forclng，thesepatternsareanimportantaSPeCtOfecosystemstruCturebecauseenvironmentalperturbations  
mayaffecttheoutcomeofbiologlCalinteractionsbetweenpopulations9）・   
ZooplanktonactapIVOtalroleasintermediariesbetweenaltemativecarbonsourcesandhigherconsumers  
such as fish・Astheidealistic media to research pressure reactionin ecosystem according to marine  
cnvironmentchanges，ZOOPlanktonisonefocusofGLOBECandthenuctuationofwhichisoneidealistic  
pararnetertomonitorluneticsofecosystem．ZooplanktoncanmodifゝthePsupplytophytoplanktonintwo  
ways＝theyactasPsinksbyincorporatlngPandasPsourcesbyregeneratlngP18）・Abundantphytoplankton  
providc foodsforgenerationofzooplanktonandincontraryzooplanktongrazlnglimit the growth of  
phytoplankton・Besidesoppositeenvironmentalfactors，ZOOplanktondensltyOntheearlystagecontributeto  
inhibitsprlngbloomandredtideoutbreakandintrlguetheshiftofdominantspeCies20），Ontheotherhand，  
ncitherfoodavailabilitynortransportprocessescanaloneortogetheraccountfbrdistributionandmigration  
patternsinplankton・Mortalityriskisam叫OrfhctorthatgovernShabitatchoiceandverticalmlgration  
behaviorinzooplankton．Previousresearchershavereportedbothnegativeandpositivecorrelationsbetween  
zooplarkton abundance and algalbiomass and productivltyI7）attributing this phenomenon tothe  
compcnsatoryprocessesofnutrientregenerationandgrazlnglossthroughtheireffectsonalgalnutrientstatus  
andsizedistribution．   

PorNenrichmentmostlylnCreaSlngphytoplanktonbiomassarldprimaryproductioniscertinedinmany  
districtsallovertheworld24）・PenrichmentexperimentswereconductedonOctober1997andMay1998to  
leamtheeffectsofnutrientenrichmentonplanktonecosystem，inthispaper，ZOOplanktonabundanceis  
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relatedalgalbiomassandproductivityinthecontextofnutrlentaVailability・  

Previousresearchactivitiesrelatedtooilpollutioninrecentyearsfocusonacutcandchroniceffectsof  
PetrOleumandspecificpetroleumhydrpcarbonsonecosystems・Crudeoilcouldcauscam叫OrChangeinthe  
ecologyofecosystemwhichresultedinlargenumbersofbacteriaandzooflagellates，butadepressionofall  
otherzooplankton，12）otherresearchhadsimilarresultswhichinl1ibitedthegrowthofdiatomsandcopepods，  
but stimulatedplanktonic bacteria，Choanonage11ates andtintinnidciliates10），but whether the dissoIved  
丘actionofoilorspillaffectplanktonecosystemishardtodetermine16），althoughmostsamplesappeartObe  
contaminatedbyhydrocarbons・Onefleckisapparentthatthesamplesaremoreeasilycontaminatedbyoilif  
crudeoilorfeulisused，SOthedissoIvedfractionofoilwasmadetoaddintomesocosm．   

MostofChineseshipsuseNoLOdieseloilassupply，theoilcontaminantsinthercglOnOfeastchinasea  
StudiedinChlneSe－Japanesecooperationprq）eCtaremainly丘ompetroIeumwastewatcrdischargedbyships  
andinput丘omChangJlangnVeretC・Therefore，petrOleumhydrocarbonofNo・Odieseloilwasaddedtoone  
mesocosmonEastChinaSea，thefo1lowlngmainlydiscusstheimpactonzooplankton・  

2．MATERIALSANDMETHODS  

MesocosmexperimentswereconductedatanchorplaceofftheLUHUAislandineastchinaseafromlO  
Octoberto170ctober1997andfrom18MaytoIJune1998・Theseaaroundthisislandistheinteractive  
centerofdifftrentcurrentwhichhascomplexphysichemicalcharacter，andoutbreakofredtides（especially  
Noctiluca scintillans and Skeletonema costatum）havefrequently been observedinthe past decades・  
Mesocosmusedin1997andthatin1998areverysimilarexceptsomeimprovements，nOinfloworoutflow  
occurredacrosstheboundaryoftheenclosure・InOctober1997，thephosphateinenrichmentmesocosmwas  
adJuStedfromO．78umoULto3．25umol／L．Atmidnightof18rnay1998，2umol／1phosphatewasaddedintoP  
emichmentenclosure，1・5umol／1phosphateand1800ppbpetroleumhydrocarbonwereaddedseparatelylntO  
oilpollutedenclosureatmidnightof26May1998and28May1998・Differentsamplingtubesandmeshnets  
wereadoptedinoilpollutedmesocosmandcontro11edmesocosmtoeliminatethecontaminationofthe  
sample．Samplewater（101iters）waspassedthroughtwozooplanktonnets（100umrneshand20ummesh）in  
order，andnetsampleswere鎖xedwith8％formalinilnmediatelya氏ercollectiontoidentifyandenumerate  
ZOOplankton．  

3．RESUIJS   

（1）Penrichmentexperiments   

On1997，thezooplanktonpopulationexhibitedaprogressiveincreaseduringbothcontrolandenrichment  
experiTentS（Figl）・TheinitialabundanCe Ofzooplamktonin the P enrichment experiment was  
approxlmatelytwicethatinthecontrol，althoughseawaterwerelnputSimultaneously・1ngeneral，PatternSOf  
zooplankton abundance were similarin both experiments，but abundance of the controlrise more  
dramaticallyonthedevelopin写Stagemainlycontributingtomicrozooplankton（Sizebetw？en20‾100um）  
partlybecauseofthehighinltialabundancecomparipgtothatofmacrozooplankton（SIZe＞100um）・  
ZooplanktonabundanceattheendofPemichmentexperlmentWaSuptO5timesit，sinitiallevel・   
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Fig2CompositionofzooplanktoninincontrolandPenrlChmentduringexperiment，Octobert997  

Copepod，Ciliate，tunicataappearedasthenrst，SeCOndandthirddominanceinmostsamplesduringthe  
1997experiments，（Fig2）．lncontrol，COpepOddominatedciliateandsomeothergroupswhileinPenrichment  
mesocosmthedominantpopulationshiftedfromciliatetocopepodin120ctober・Anerthedepressionofthe  
ciliate，the abundarlCe Oftunicataincreased dramatically and soon became thesecond dominanCe■h P  
enrichmentenclosure，theabundanCeOflarvaeshowedaprogressiveincreaseduringtheexperlmentandthe  
ciliatehadthetendencytodeclineafterthesecondexperimentalday’sdominant（27・2ind／dm3），unlikethe  
controlexpenmentwherelarvaedeclinedafterpeakedon130ctober（63ind／dm3）andtheciliateshowsno  
regularityontheabundance．ThelarvaeofcopePOdandtunicatacomposedmostofthelarvaandthenumber  
ofcopepoditenauppliusincreasedsharplyltmustbepointedoutthatthecopepodwasmoreabundanceinP  
enrichmentenclosurethanincontrol，OStraCOd，Chaetognathaandmedusawereonlyfoundinsomesamples  
withlowabundance．   

OnMay1998，patternSOfzooplanktonabundancewereverysimilar丘om18Mayto24Mayinbothcontroland  
PemichmentencIost汀e（Fig3）．Firstdaymaintainingstablewithslightincreaseduetoadapttonewenvironment  
incontrol，however，prOgreSSivedecreasetoastablecorldition（115．4ind／dm3I）hadbeenfound a負eradding  
phosphate，thenincreasemoderatelytilltheend・AnapparentincreaseinthetotalnumberofzooplanktoninP  

5．19 5．20 5．21 5．22 5．23 5．24 5．25 5．26   

Fig3TotaLnumberofzooplanktonfluctuationinPenrichmentandcontrD［，May1998  
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enrichmentmesocosmcanbefoundexceptsharpdecreaseatthelastdaywhichisroughly186timesit’s  
initialabundance．OnthepeakthetotalnumberofzooplanktoninPemichmentwasabout1600indJdm3．1n  
COnCOrdwith1997’sexperiment，microzooplankton（Sizebetween20andlOOum）constitutedmostallof  
populationwithmacrozooplanktonsubsidiary．  
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Fig4Thefluctuationofdominantgroup（ciliatea爪dcopepod）incontTOlandPenrichmentExperiment，May1998  

DominantgroupsdurlngeXperimentinbothcontrolandenrichmentenclosurewereciliate・Theciliatein  
both mesocosm composed rnost of the zooplankton andincreased dramatica11y aRer the bloom of  
PmfVCenlnImdentalumandSke］etonemacosta（uminPemichmentwhereasdecreaseslightlylnCOntrOl・The  
numberofcopepodincreasedinbothcontainerbutmoreviolentlyincontrol（Fig4）・Thecopepodite  
naupliusabundanceincreasedslightlyandconstitutedmostofthelarva，thegroupshowedmoderately  
stablenessindicatingthatbloominducedbyPennchmenthadnoapparentefEbctonthecopepoditelarVaeL  
TintinnopsISWaSthemaJOrSpeCiesinciliate・TheCorycaeusdahil，CorycaeusgibbulusandParacalanuS  
parvuSCOntributedmostoftheincreaseinthegroupcopepod．ItisverystrangethatN・Sintillanswasnot  
foundinthefirst2days，Onedayafterenrichment，N．scinti11ansemerged（12ind／dm3inPenrichmentand  
5，2ind／dm3incontrol）butdeclinesoon．Anotherdoubtfu1matteristheexceptionalhighabundanceof  
larvaeon24Mayincontrol・ItshouldbeemphasizedthatthedensltyOfzooplanktonin1998experimentwas  
higherthanthatof1997duetoseasonalvariations・Copepodanaupliusweredominanceinlarvaegroup・  
Oithina・Sp，Microsete11anorveglCaWerealsorecorded，butnevercomposedasignificarltPOrtionofthe  
samples，unlikethe1997PenrichmentexperlmentWheretheycomprisedasignificantproportionofthe  
ZOOplankton．   

（2）OilenrichmentexperinlentS   
ThezooplanktonpopulatlOnShowedthetendencyofincreaseincontrolanddecreaseinoilenrichment  
（Fig5）．lnthe丘rsttwodayswhenthedissoIvedn・aCtionofoilhadnotbeenaddedbutmediatephosphatehad  
beenaddedtooilmespcosm，ZOOplanktonabundanCeincreasedslightlybutdeclined（approximatelyl／5at  
theendthatuncontamlnated）anerdissoIved＆actiopofoilwasaddedintomesocosm・1nbothcontain？r，the  
microplankton（sizebetween20andlOOum）domlnatedthezooplanktonanddeterminedthenuctuatlOnOf  
ZOOplankton．  
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Fig5ThetotalnumberofzoopLanktonincontrolandoi】enrichmentexperiment，May／June1998   

Dominantspeci？SOnbothcontrolandoilmesocosmwasTintinnqpsissp・（Crberoidea）which declined  
a丘eroilcontaminatlOnandpropagatedincontroIwhichonlydealtwithPenrichment・（Fig6）Whileother  
groupssuchascopepod，Cladocera，neVerSuPerCededciliatealthoughtheirabundancewasnotlow，  
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COmparCdwiththecontrol，thecopepodinoilenrichmentincreasedslightlyduring2daysafteroiladdition  
andthendeclinedwhichseemedaffectedbyoilcontamination，lnoilenrichmentmesocosm，theabundance  
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Fig6CompositionofzooptanktonincontTOlandenrichmentmesocosmduringtheoilenrichmentexpeTimentlMay／June1998   

0fNLSCinti11anSVarieddramaticallydurlngeXperimentsinwhichdeclinedtol／10itsinitialabundanCeafter  
oilenrlChmerLt While mairLtained stableincontrol．The number oflarvae decreased sharply during P  
enrichmentandcontinuedto declineafteroilenrichment・Copepodite naupliusconstitutedanextremely  
substantialpartoflarvaeinbothmesocosmwhichcoincidedwithcorycaeusgibbulusshowlngSenSitiveto  
Oilemichmentthanotherspecies．   

（3）Diversity   

Zooplanktondiversity（ShannOn－WeaVer，1963）during1997PenrichmentexperimentwチShighestata  
rangeofvaluesbetweer12，4and3．6（Fig7），WhichwasinterpretedintermsofrelatlVematurltyand  
stability ofthe communlty・Lower variety wasfound during1998P enrichment and oilenrichment  
expenments．Thediversltyln1997wasmorestablealthoughsornedeclinewasfoundinbothcontroland  
enrichmentexperiment，thuscanbeassumedasrepresentativeofnormalconditions・In1998Pemichment  
expcriment，diversltyValuevariedfromO・22tol・91andO・5tol・5incontrolandenrichmentrespectively，  
kccplngSimilarpattern variationL hoilenrichmentexperiment，the diversltyOfoilpollutedmesocosm  
maintainedmorestablealthoughhadthetendencytodecrease．ThelowdlVerSityvaluein1998attributedto  
theabsolutedominanceofciliateindicatlnglnterSPeCieshomogenelty・1tisinterestlngthatthediversltylnOil  
cnrichmentremainhighervaluethanthatincontrolduringexperimentbecauseofthegreaternumberof  
Ciliate，indicatlnghigherheterogeneltylnOilemichmentmesocosm・  
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Fig7，Timeseria］changesintotaldiversltyOfzooplankton  
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4．DISCOURSS10N   

（1）Penriehmentexperiment   
Themesocosmsystems（Pennchmentandcontrol）descnbedinthispapercoincideintheirhydrography，  
thetemperature，DO，Salinltyandturbidityshowedlittlevariationdurlngtheexperimentandnoapparent  
divergence betweenPemichmentandcontrolmesocosm・Sothe afrectionofphysicalenvironmenton  
Zooplankton canbeignoredL Theinteractions between environmentalheterogenelty and the population  
dynamicsofzooplanktonare acknowledgedtobecomplex・Preliminaryconsiderationofthechangesin  
COnCentrationofthemorecommonspeciessuggestedwatertemperature6）andgeneralfoodavailabilitymay  
havebeenparamOunt；however，J・M・Thompson7）consideredneitherofthesefactorswascontinuouslyor  
Simultaneouslylimitlngthedevelopmentofallpopulations・ThetotalChl－aincreasedprogressivelyduring  
experimentsexceptthefirstday’sdeclineduetoimpoundintotheenclosureandsedimentofsomeinactive  
phytoplankton・A11mostofthlSChlorophyllwasbetween2umand20um，andtherefbredirectlyavailableto  
COPePOdsasfbod・POCvalueswithjnPennchmentexceeded（hatwjthincontrolindicatephytoplanktonjnP  
enricllmentmultipliedfastthanincontrol■Pemichmentcausedphytoplanktonbloomandconsequentially  
depresseda且erdayfivein1997autumnexperimentbutnodepressionfoundin1998spnngexperiment．The  
hiihPOCandPONva】uesind・Catetheprevalenceofdetntusinenclosure・Detritus㌍aybeimportantinthe  
nutrltionofcopePOds）），andtheassociatedbacterialcellsmayenl1anCethenutrltlOnalvalueofdetntal  
particlesoccurredviaintermediaryorganismssuchasprorozoathandirectlyfromdetritalparticleuptake26）・  
ln1997P enrlChment experiment，the ciliate depression after peaklng（27・2ind／dm3）atllOctober  
indicatesomeotherenvironmentalpressureexistedaRerphytoplanktonbloominbase ofabundantねod  
Supply，OrCOpepOdsandtunicatepredatepressurecoercedthis group to depress・1n some factorial  
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Fig8Theftuctt）ationofzooptanktonabundanceaccordingwithChl－ain1997，1998Penrichmentexperiment  

and19980ilenrichmentexperiment．  

experiments20），the topLdown effects ofzooplankton was usually stronger than nutrient additionsin  
deteminlng finaldensities ofprotozoa．The zooplankton abundanCefluctuation coincided with that of  
PytOplanktonandalagphaseexistedindicatlngthatthefoodsomewhatdeterminezooplanktonmultiplyand  
growth（Fig8）LThedielverticalmigrationofphytoplanktonaffectedthemigrationofzooplankton，apparent  
accumulationofzooplanktonattractedtothehighphytoplanktonconcentrationsatthesurface23）・WangYan  
27）foundprorocentrumhadapparentdielverticalmigrationaccumulatingatsurface（0－20cm）trom9Amto  
15TmL So the endogenous rhytlmic mlgrationand attraction to high phytoplankton concentration of  
ZOOplankton can explain someirregulardata durlng eXPeriment・MqJOr nutrition and energy source of  
COpePOdmaycornefromflagellateandmicrozooplanktonratherthandiatom，OurreSultaccordwiththis  
COnClusionwhichcopepodin1998Pmesocom（mainlyflage11atebloom）multipliedmorerapidlythanthatin  
1997Pmesocosm（diatombloom）．Theabundancepeakofcopepodswasnotconsistentwiththatoftotal  
ZOOplanktonbutaheadofit，andthezooplanktonabundancefluctuationwasaffectedbycopepOditenauplia，  
thusit correlate with copepods multiply and growth・Peak time oftotalzooplankton abundancein P  
enrichmentlagbehindthatincontro＝ndicatethephytoplanktonbloominPenrichmentinsomedegree  
inhibit the naturaldepression ofzooplankton・Above hypothesis consider no predator because ofthe  
Signi爪cantlowabundance．   
ThehighdiversltyValueof1997maycontributetothedetailclassincation，regularly，heterogeneltyOf  
Planktoncommunityinspringishigherthaninautumn・HigherabundanCeOfzooplanktonwasfbundinP  
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eru・ichmentenclosure，Whichisconsensustotheresultof1997experiment，butdifferinmultiplyrate，this  
lackofconsistencyledustomakesomereservations，taklngintoconsiderationthedifferentfoodsupplyand  
predatepressure・ThePenrichmentin1998causedtheprorocentrumtriestinum（flagellate）andskeletonema  
COstatum（diatom）bloominsteadofskeletonemacostatumbloomsolelyin1997．Traditionallythechained  
diatomismoreeasilycapturedbyzooplanktonthannagellate，butlargernumberofzooplanktonwasfbund  
inmesocosmabundantofflagellateindlCateflage11ateisedibletozooplankton．MoreN，Scintillans，Which  
maypredatesomesmallcopepods，emergedinPenclosurethanincontrolenclosure，interpretlngless  
COpepOdsandlarvaeinPenrichmentenclosure・Previousresearchersreporteddielverticalmlgrationand  
endogenousrhythmofmigrationbehavioraffectedthedistributionofzooplanktoninseawaterandcopepods  
COngregatedwherefoodwasmostabundant（thinlayers），althoughtheconseヮsusofsamplingtimeand  
localemaydiminishtheseat艶ction・ThecopepoditenaupliusdeclinedprogressIVelyindicatethedifferent  
foodsupplyaffectthemultiplyrateofcopepod・ThelossofTPwasestimatedrangedfroml．4％to14・4％  
perdayw最disbjgherぬn血a－e5tjmatedabo山1▲】％byAmLyche25）andfbundtobecausedma上nlyby  
Sedimentation，mOStly due to theloss ofDTP whichpartlytransferred toPP Ann Lyche之5）found the  
ZOOplanktoncommunltyWaSreSPOnSibleforalmost60％ofthelossofP，alsotheircontributiontototalPP  
COntraCtionwasonly20％，inaddition，theroleofzooplaIktoninPretentionmaybeimportantthanis  
SuggeStedfromtheircontributiontototalPPandzooplanktonbiomass・Thusphosphatcandzooplanktonarc  
interactivedirectlyorindirectlyviabacteriaandphytoplankton・   
Theexperimentsdescribedinthispaper（espeCially1998springexperiment）sutTer丘omac？mmOn  
maladyofecologlCalexperimentsinbeingofsmallscaleandshortduratlOn・1nonesensetheexperlmental  
SCaleisrelativelylarge，Sinceeachenclosurein1998sprlngCOntained＞10E7phytoplanktonand＞10E2  
ZOOplankton・Nevertheless，themostseriouspotentialproblemswiththeseklndsofexperimentsarethatthe  
responses may only reflect tranSient dynamics of zooplankton communitiesin resporlSe tO nutrlent  
enricAment，andindirecte飽ctsmaynotbimanifestedinthetimeframeOftheexperiment．   

（2）OiIerIrichmentexperiment   

TheeffectofdissoIvedfractionofNoOdiesel（mainlyhydrocatbons）onzooplanktonwasnotsignificant  
asthatofvariouscrudeoil］0），themostevidentdirectefftctofhydrocarbonadditionwa5rapiddepressionof  
Ciliateandzooflagellate・Butstimulationofzooflagellatewasfoundineffectsofdisperseandoilmixtures12〉  
hydrocarbonsalone3），EkofiskcrudeoillO）・Copepodwasalsoinhibitedt）yadditionofhydrocarbon・The  
differentdevelopmentofprotozoanSandzooplanktoninoilenrichmentversuscontrolbagmaybeexplained  
a5anef詣croroil・Daviesera14）払皿dtheaddjtjonoroj】in血ejrbaghadadj陀Ctj血bjroけef海cronぬc  
developmentofcopepodeggsandnaupliae，butLeeetal3）foundnoeffectoffueloiladditiononnaupliar  
COpePOdsLHydrocarbonstimulatedCopepodanaupaliaslightlylnOurStudy，butinhibitedsomecamiverous  
COPePOdsuchascorycaeusdal1il，COryCaeuSgibbulus，ParaCalanusparvuS．Phytoplanktonbloomandbacteria  
growthsuppliedabundantfoodforzooplankton，andnootherphysicalchemicalcharactersvariedapparently  
betweenoilandcontrol，thusthezooplanktonnuctuationcanbecontributedtothehydrocarbonaddition・  
ThedissoIvedhydrocarbonreducedfrom1870・6ppbto1287・7ppbduringexperiment，Dahletal川）ascribedit  
tomicrobialdegradationincombinationwithsedimentation・Otherzooplanktonpopulationwerelargely  
unaffectedbythepresenceofoil．TotaldiversltyreCal1theperturbationsreglSteredwithinaslnglepopulation  
WhenthereproductionisaffectedandtheinstabilitylSamplified16），theecosysternheterogeneltylnOurStudy  
decreasedalongexperlment・ltseemedoildohavesomeeffectonthestructureofthecommunlty，butthis  
COnClusionmaynotbeprecisenotconsiderlngOtherpossibilityandoneweekisnotlongenoughtomonitor  
theecosystemLlfthesamephenomenoncanbefoundinlongerperiodexperiments，theconclusionmaybe  
VaJuable・Thee能ctsobservedbyussomewhatdiffヒrentfiompreviousreports・Thismaybeduetothe  
difftrentconcentrationanddifrerenttypeofoilappliedinourexperiment．Theuseofdifferentpo11utantsand  
design ofexperimentisimportant tO the effects observed，for example，E．Dahll（））added no nutrients；  
Davies10）addednutrientseveryweek，andweaddednutrientsininitialdaysolely・Theinitialconcentrations  
Ofoilusedbyuswereintemidiate（about1800ppb）comparedwiththatofcrudeoil（3000ppb）usedby  
T・R・Parsons12）and40ppbbyleeeta13），thusthemoreslgnificantlyzooplanktonpopulationdecreasecan  
duetodi飴rcn！出血dandfom10rOilused・The】agpbaseeme瑠edon庇zooplank伽depres5jonindjcaとe  
that some zooplankton may not be affected by hydrocarbons directly but indirectly via bacteria and 
phytoplankton・PredatoranddietpressuremayaffectthezooplaIlktonfluctuationinsornescale．whenoil  
perturbsoneorseveralcomponentsofthetestecosystem，aCOmplexseriesofintcrac（ionsoccurmaklngit  
difncult tointerpret specialresult because mesocosm experiments seldom have been replicated，the  
representativenessofexperimentalresultsisuncertain，andfewintra－andintersystemecosystemstudies  
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havebeenconducted．Zooplanktonmaybemoresensitivetostressfromtoxicsubstancesinwinter，When  
algalstandingstocksandprimaryproductivltyarelow，WhileinsprlngWhenfoodlevelsarehigher・The  
experimentwasconductedinspringwhentheorganizationandcomplexityofthecommunityreachitshigh  
level，Whichmaynotprotrudetheeffectofoilonzooplanktonpopulation・  

5．CONCLUSIONS  

Zooplankton cornmunities can be considered within the丘amework oftheory onthe regulation of  
PrOductivltylnmarineecosystem・Nutrientsappearnottoregulatezooplanktondirectlybutviabacteriaand  
phytoplanktonindirectly，Variationinzooplanktonislikelytoberelatedtovariabilitylnnutrientsandfood  
web structure，When one population becomes absolutely dominant species，the species diverslty Of  
zooplanktoncommun）tyWaSIowandlowdiversltyValueisduetotheabsolutelydominantOfciliate・1n  
COnClusi？n・themqiorphenomenoninbothphosphateenrichmentexperlmentS（1997and1998）wasa  
steadilylnCrCaSeln the abundance ofzooplanktonin concordancewiththeincreasein abundance of  
phytoplanktonandbacterla・ltappearSthatthepetroleumhydrocarbonofNoOdieselinourexperiments  
behavedsimilarlytootherpetroleumhydrocarbonswithrespecttothedeclineofzoonagellateandciliateand  
some copepod depression. 
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ProceedingsoftheJapan－ChinaJointWorkshop，1999March  

VARIATIONSINTRACEMETAL  

CONCENTRATIONSINAPHOSPHATE－  

ENRICHEDCLOSEDEXPERIMENTAL  

ECOSYSTEM・  

KazufumiTAKAYANAGIl，TomokoSAKAMIlandEiichiroNAKAYAMA2  

LEnvironmentalManagementDivisiorL，NationalResearchInstituteofAquaculture，FisheriesAgency  
（422－1Nakatsuhama11ra，Nansei，Mie516－0193，Japan）  

2DepartmentofEcosystemStudies，SchoolofEnvironmentalScience，TheUniversltyOfShigaPrefecture  
（2500Hassaka，Hikone，Shiga522－B533，Japa†l）   

Seawatersamplesweretakenfrommesocosmsinsta11ed nearthemouthoftheChang］ian Riverin  
May1998・FilteredsampleswereanalyzedforCd，Co，Cu，Fe，Mn，Mo，Ni，Pb，V，Zn，AsandSb・  
WiththeexceptlOnOfZnandPb，theconcentrationlevelsobservedaresimilartoothercoastalwaters，  
implyLngnOSlgn沌canteffectoftheChang］ianRivercouLdbedetected，TheconcentrationsofCd，Cu，  
Ni，andmostprominentlyAsdecreasedwithtimeinthephosphate－enrichedmesocosm．Ontheother  
hand，the concentrationsofMnandSbincreasedwith time．Themostlikelycause oftrace elernent  
variations is biological processes including phytoplankton bloom. 

物l侮′血打dCe」晩ね正．Geoc／柁mfc（】Jq′Cノブ〃g．βわわgfc（フ／」c／fvゆ，Coα∫／αJEco甲／e桝  

1．INTROI）UCTION  

ChemicalandbiologlCalprocessesoccurrlnglnCOaStalwaterscanmodifytheriverinelnPutOfelements  
totheoccan・ItisessentialtounderstandtheseprocessesinordertoconstruCtapreCisegeochemicalmass－  
balancemodelandalsotoaccuratelypredictthefateofdischargedwastesintocoastalwaterbodiesl・2）   
Theconcentrationsoftracemetalsareknowntofluctuatewidely mcoastalwaters、Oneofthe main  
causesisbiologlCalactivity・Organismscantakeuptracemetals，breakdownorganicallyassociatedmetals，  
convertdissoIvedmetalsintotheparticulateformorviceversa，andaltertheoxidationstateofmetalloid  
elements such as As and Sb．Knowing how each process affects metalconcentrations can help us  
understandthegeochemicalcyclingoftracemetalsincoastalwaters▲ Amesocosm，aClosedexperimental  
ecosystem，PrOVidesausefu1environmentforstudyingtheseprocesses・1nthisstudy，Weinstalledtwo  
mesocosmヲnearthemouthoftheChang】ianRiver（Fig・1）・lnonemesocosmweelevatedthephosphate  
concentratlOntOinvestlgatehowtracemetalssuchasAs，Sb，Cd，Cu，Co，Ni，Fe，Mo，V，MnandPbrespond  
toenhancedbiologlCalactivlty．  

2．MATERIALSANI）METHODS  

Duringthemesocosmstudy，Surfaceseawatersamplesfortracemetalsweretakendaily・Thesamples  
were filtered on boardthroughanacid－WaShedmembranefil（er（0・4－LJmPOreSize）；ny71ediale】yafter  
samplingandacidifiedwithHCltoapHofaboutl・5forstorage・1nourland－basedlaboratory，thesamples  
wcreanalyzedforAsandSbbyhydride－generationAASmethods3▼4），andforCd，Cu，Co，Ni，Fe，Mo，V，  
MnandPbbyAASorlCP－AESafterpreconcentrationontoaKelex－100XADAcolunmasdescribedby  
IsshikieTul．5一．speciationanalysiswasalsodoneforAs，requiringfurtheranalysisforbothAs（111）andAs  
（V）．  
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Fig・1Amapofcoastatstationsandthemesocosmsile   

Forcomparison，SeaWaterSampleswereobtained＆omtwoothercoastalstations（AlandCl；SeeFig．1），  
Thesesampleswereprocessedasdescribedaboveandanalyzedforthesame12traceelements．  

3．RESULTSAⅣDDISCUSSION   

（1）Mesoeosmexperiment   

Ofthe12traceelementanalyzed，pOSSiblecontaminationwasencounteredforFeandZn，Whichwas  
indicatedbywidefluctuationsinconcentrationfrom20to130nMforFeand82to312nMforZn．ForCo，  
MoandV，nOSigni重canttrendswereobserved，ranglngfromlto2nM，from3to6nM，from16to20nM，  
respectively・Therefore，thisreportfocusesonlyonAs，Sb，Cd，Cu，Ni，MnandPb．Concentrationvariations  
inthesemetalsareplottedinFig・2togetherwithnutrientdata．  
1n the control（Fig・2A），Phosphate（PO．）was depleted，indicating aPO．－StarVedcondition，The  
COnCentrationofsilicate（Si）wasalmostconstantatabout26pM；thatofnitrate（NO，）decrcased什om14．5  
to9・9卜M・1nthePO4－enrichedmesocosm（Fig・2B），theadditionofPO4a？CeleratedthedecreaseofNO3  
andcauseddepletionofthelatteronday60ftheexperlmentL工talsotrlggeredaslightdeclineinSi  
COnCentrationLTheseresultsindicatethattheadditionofPO4tOthemesocosmstimulatedphytoplankton  
growth・The中01SpeCiesofthephytoplanktonbloomwasProrocentT7JmCOrdalum（H・Koshikawa，  
PerSOnalcornmunlCatlOn）．   

Pro坑1esoftheAsモpeCies（Fig・2C＆．））showedthattherewasadecreaseintheconcentrationofAs  
（111＋V）andaconcomltantincreaseintheconcentrationofAs（111）bothinthecontrolandPO．－enriched  
mesocosms・1n the conLrol，under PO．－StarVed conditions，Lhe concentration ofAs（111＋V）gradually  
decreasedfrom24to15L4nMover5days・However，inthePO4－enrichedmesocosm，Onlyaslightdecrease  
inAs（111＋V）conFentrationoccurredinthefirst4days・Onday5，WhenPO4becamcdepJeted，fheAs  
（111＋V）concentratlOnbegantodecreasesharplytoitsminimumvalueof14．9nM．Thisbehaviorsuggests  
thatAsmaybeactivelytakenupbyphytoplanktonunderPO4－StarVedconditions，butthatitsuptakeunder  
PO4－richconditionsisminor・Thesimi1arityinchemicalstruCtureOfPandAs，bothofwhichbelongtothe  
VA groupln the periodic table，CanCauSe aCO－uptake ofthese elements and utilization ofboth by  
Phytoplankton・nOWeVer，SuChco－uPtakeseemstobepTeVeTl（edinPO4－richconditjoLIS・Theprogressive  
As（111＋V）decreasecorrespondedwellwithanincreaseofAs（111），aminorarsenicspeciesin normal  
SeaWater・TheconcomltantAs（111）increase was especially signi爪cantln the PO．－enriched mesocosm  
duringthephytoplanktonbloom，implyingthatitmayhavebeenproducedbyphytoplanktonL  
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Fig・2Variationsorthemetalconcentrationsinthephosphateenrichedmesocosm（D＆F）andinthecontrol（C＆E）．Nuthent  
Data（A＆B）wereprovidedbyH・Koshikawa（perSOnalcommunication）．   

AccordingtoAptee（al・6），ChangesintheconcentrationofPO4andAsfollowthefo1lowlngrelationship  
（Equationl），  

A［P］／［P〕＝D・△［As］／［As］  ・ト  

1nthisequation，Disthediscriminationfactor，A［As］isthepredictedchan軍einAsconcentration，△［P］is  
theobservedchangeinPO4COnCentration・［As］istheobservedAsco？Ce？tratlOn，and［P］istheobservedPO4  
COnCentration・1nplants，Bensonetal・7）reportedthatthediscrimlnatlOnfactorDisbetween2andlO・  
UsingourPO．andAsdata，D wascalculatedtobe about10inPO．－richconditions，umplylng thatthe  
Phytoplankton were capable ofdiscrlminatlng between the two elements．However，under PO．－StarVed  
COnditions，Dwasabout3，implylngthatthediscriminationbecamelessefficientandthatphytoplankton  
CellsmayhaveactivelylnCOrPOratedAs・hcontrastwiththeresultsofourMay1998，teStSpertbrmedin  
October1997showedthatadiscriminationfactoroflOwasobtainedduringtheentireperlOdofthePO．－  
enrichedmesocosmexperiment（Fig・3）．Wesuspectthatthisdifftrencecouldbeattributedtothepresence  
OfadifferentspeCiesofpredominantphytoplanktoninthemesocosnlS・1nOctober1997，thedominant  
SpeCieswasSkeletonemacostatum，WhileinMay1998，itwasP．corda（um．OurcalculationsofDsuggest  
thatS．coslatumcandiscriminatebetweenPO．andAsbutthatP．cordalumcarmot，eSpeCiallyunderPO．－  
SterVedconditions．   

TheconcentrationofSbwasalmostconstantinthecontrolataround2nM，butitgraduallylnCreaSed  
fromlL6to3・1nMinthePO4－enrichedmeミOCOSm（Fig・2C＆．））・Theincreasecouldberelatedtothe  

bloom，althoughthereisnoknownbiochemlCalmnctionofSbinphytoplankton・TheconcentrationofMn  
alsoincreasedduringtheexperiment，particularlyinthePO．－enrichedmesocosm（Fig・2E＆F）・The  
reasonforthe Sb andMnincreaseisnotclear．Furtherresearchis neccssaryto clariち′the effects of  
biologlCalprocessesonthebchaviorofSbarldMninseawater・BothCdandNitendedtodecreaseduring  
thcinitialstagesofthebloominthePO4－enrichedmesocosm，Whiletheirconcentrationremainedalmost  
COnStantinthecontrolatO・5and17nM，reSPeCtively（Fig・2E＆F）LThephytoplanktonbloomwasagain  
responsibleforthedecrease・ThisbehaviorlSCOnSistentwiththebiogeochemicalcycleofCd・Whichis  
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Simi1artothatofPO4，andalsowiththebiogeochemicalcycleofNi，Whiehissimi1artothatofSiinthe  
OCeanicenvironment．TherewasalittlevariationinconcentrationofCueitherinthecontrolorinthePO．－  
enrichedmesocosm，althoughCuisconsideredtobeaneSSentialnutrientfbrmarineorganisms（Fig．2E＆  
F）・Pbshowedsomeincreaseinconcentrationjn【鮎1atter5tageOf血eb】00m（Fjg．2D＆F）．  

0亡tOber，1997   p一。畑山．・．－■。。。．Ⅳ  May，1998  p一。血hd．，舶∝αm  
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Fig・3PredictedconcentrationchangesofarsenicinthePO4－enrichednleSOCOSmaCCOrdingtotheequationofApteetal16）・  

（2）Fieldsurvey   

ExcludingAsandSb，traCeelementconcentrationsatcoastalstationsarelistedinTablel・ThenM  
concentrationrangedfromO・1toO・4，fromlto13，from9・1to17・3，from21to2631，什om18to93，丘om3  
to8，1．5toll．8，丘omOtoO．5，什omllto19，from38to90，丘om22・Oto25．9andftoml・19to2・07forCd，  
Co，Cu，Fe，Mn，Mo，Ni，Pb，V，Zn，reSpeCtively．Theseconcentrationlevelsaresimi1artothosefoundin  
othercoastalwaters8▼9〉叩L However，alargeconcentrationdifferencewasobservedbetweeTlthesetwo  
stations．TheconcentrationsatSt．AIweremuchhigherthanthoseobservedatSt．Cl，eSPeCia11yforCo，  
FeandMn．Furtherresearchisnecessarytoclarifythereasonfortheselargeconcentrationfluctuationsat  
relativelyclosesites．  

Tab］el MetalResultsfrornStationsAlandCl  

Statjon Depth Cd Co Cu Fe Mn Mo Ni Pb  V  Zn  

（m）（nM）（nM）（Ⅰ血Ⅰ）（nM）（nM）（nM）（nM）（nM）（nM）（nM）  

11．8 1．4  18   77   

9．1  0．0  19  （i9   

3．3   0．0  19   90   

7．6   0．0   11   54   

1．5   0．5   12  54   

臥2  0．2   】3  38  

0  0．3   13  16．9   

12   0．3  12  15．5   

24  0．2  14  15．6   

0  0．4   1  17．3   

13   0．2  2  9．4   

25   0．1   2  9，1  

2617  86  8   

2329  80  8   

2（i31  93  8   

1（；3  18  3   

358   22  3   

353   21  3  

AトS   

Al－M   

AトB   

Cl－S   

Cl－M   

Cl－B  

AdistinctivetrendwasobservedforSb．AtSt，Al，  VerticalprofilesofAsandSbareshowninFig・4・   
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theconcentrationatthesurfacewasl．70nMandincreasedwithdepthto2，07nMatthebottom．The  
OPPOSitetrendwasobservedatSt・Cl・Ourobservationsclearlydemonstratethedynamicactivityofthis  
Studyarea・Clearly，On－gOlngSurVeySarerequiredtofurtherdeepenOurunderstandingofbiogeochemical  
PrOCeSSeStaklngplaceinthisstudyarea＿  
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FiE．4VerticalprofilesorAsandSbatStsAlandCl・  

4．CONCLUSIONS  

SeveraltracemetalswerefoundtorespondtoPO．enrichment．TheresponsewasgreatestforAs：a  
decreaseinAs（111＋V）withconcomitantincreaseinAs（111）．ThespeCiationstudysuggeststhatAs（V）is  
takenupbyphytoplanktontogetherwithphosphateandAs（Ill）isreleasedfromphytoplaktoncells・The  
concentrationsofCd，CuandNialsodecreasedwithtimeinthephosphateenrichedmesocosm・Onthe  
otherhand，the concentrationsofMnand Sbincreasedwithtimeinthephosphateemichedmesocosm・  
BiologlCalprocessesincludingphytoplanktonbloomaresuggestedasamaincauseofthevariationsofthese  
traceelements・However，nOreSpOnSetOthephosphateemichmentwasobservedfortheconcentrationsof  
Mo，V，andCo．   

Theconcentrationof12tracemetalsfromthecoastalstationsrangedfromO．1toO，4nM，fromlto13nM，  
from9，1to17，3nM，h・Om21to2631nM，from18to93nM，丘om3to8nM，1．5toll．8nM，fromOtoO・5  
nM，h・Omllto19nM，丘om38to90nM，from22．Oto25．9nMandfroml．19to2．07nMforCd，Co，Cu，  
Fe，Mn，Mo，Ni，Pb，V，Zn，reSpeCtively．Theseconcentrationlevelsaresimi1artothosefoundinother  
coastalwaters，implylngnOSignificanteffectoftheChanglianRIVerCOuldbedetectedatthissamplingtlme・  
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ProceedingsoftheJapan－ChinaJointWorkshop，1999March  

EFFECTOFPHOSPHOROUSENRICHMENTON  

PtIYTOPLANKTONBLOOMSANDTHEROLEOF  

GRAZERSINMARINEMESOCOSMS  

INTHECHANGJIANGESTUARY  

HiroshiKOSHIKAWAL，Kai－QinXU】，ShogoMURAKAMI】，  

KunioKOHATA2andMasatakaWATANABEL   

IsoilandWaterEnvironmentDivision，NationaLlnstituteforEnvironmentalStudies，EnvironmentAgency  
（Onogawa16－2，Tsukuba，lbaraki305－0053，Japan）  

2RegionalEnvironmentalDivision，NationatInsti－uteforEnvironrnentalStudies，EnvironmentAgency  
（Onogawa16－2，Tsukuba，maraki305－0053，Japan）   

TounderstandtheeffectsornutrientloadingfromtheChan且】iangRiverontheestuarineplankton  
ecosystem，PhosphateenrichmentmesocosmexpenmeTltSWereCarriedoutintheestuarylnautumnand  
SPring，Theresultssuggestedthatphytoplanktonbloomscouldbeeasilytriggeredbytheadditionofonly  
Phosphorous（Otheestuary．ThepllytOplanktonthatformedthebloomswerediatomsintheautumnand  
dinoflagellatesinthesprlng．Sincesilicawasrichinbothseasons，thereseemstobeafactorother（han  
SilicaconcentrationinvoIvedintheregulationor（hedominantphytoplanktonspecies．1twasalsoshown  
thatcontrolorphytoplanktonbloomsthroughingestionbyzooplanktonwasmoreeffectivefordiatoms  
thanfordinoflage11ates．  

〟り－仰′血〟e∫OCO∫椚，劫bcro〃〃／rfe〃／∫．PノリJ叩／α〃如0〃占／00椚，Pre‘ね／Or一夕rりり〃／gr〟CJ／叫〟〃〟  
ルガcr〃ム由／わ叩  

l．INTRODUCTION  

Freshwater discharge from the Changllang River，China，tO the estuary amounts to about  
9・24×10Hm3yearl，rankingitfifthamongtheworldlslargerlVerS・NutrlentSCarriedbyfteshriver－Water  
PrOVideanessentialresourceforpnmaryproductivltyinthemarineecosystemsoftheChang）1angEstuary  
andotherestuarlneSyStemS・）12）  
1nor芦aワicnitrogenis 

． 

いM，Whichiscomparablewiththoseofotherrivers，reSultinglnanenvironmentwithahighN／Pratiowhere  
phosphateisthelimitlngnutrientforphytoplanktongrowth．4）oneexpLaTlationforthehighN／Pratiointhe  
estuarirleWateristhatalargequantltyOfexcessnitrogenisdischarged丘omthemanylargecitiesinthe  
Chan邑】1ang river catchment，and n・Om agrlCulturallands where much nitrogen butlittle phosphorous  
fertilizerisused・Inaddition，Phosphatesmaybeadsorbedbysuspendedparticlesthatsinktobottominthe  
rivermouth，Carrylngthephosphateswiththem・4）  
1tispresumedthattherecentrapidgrowthoftheChineseeqonomywi11causeexcessnutrlentloading  
throughtheriver・ThequalityofthesenutrientsmayalsochangewithchangesinagrlCulturalpractices，  
pcople’slife－Styles，etC．1tisafactthateutrophication，OCCurrenCeSOfharmfu1algalblooms（HAB）have  
becnbecomlngaSCriousproblemalongtheChinesecoastalarea・5）lnthenearfuture，fcrtilizationwi11be  
furtherincreasedtoboostagrlCulturalproductionandconversiontomorephosphorous－richfertilizerswill  
occur．Furthermore，Withdevelopmentofthecatchmentareaforfl00dcontrol（e・g・COnStruCtionoftheThree  
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GorgesDam），itispfeSumedthattherewillbefewer 
． 

． 

SPeCies，thestruCtureOfthefbodchain，andtheelementalcycleintheChangJlangEstuary・   
ThegoalofourresearchistounderstandhowthemarineecosystemanditsbiologlCalcarboncyclewi11  
beafEbctedbythenutrientloadandthedisturbanCethatwilloccurinthenearfuture．Inthepresentstudy，We  
assumedasituationinwhichtheN／Pratiodecreaseswithanincreasedsupplyofphosphateintotheestuary  
throughthe river・We camed out phosphate emichment experiments using marine rnesocosmsin the  
ChangJiangEstuaryareaaboutlOOkmfromthe rivermouthinOctober1997（autumn）andMay1998  
（SPring）・Mesocos？Sthatcapturenaturalmarineenvironmentsenableustoinvestigatetheresponsesofthe  
ecosystem to nutrlent disturbance・7）our mesocosm experiments focused on how the phytoplankton  
COmnunitiesrespondedtoloweringoftheN／PratioinautumnandspnngandonhowthepredatorAprey  
interactionschangedfollowingtheresponseofphytoplanktontothisnutrientdisturbance・  

2．MATERIALSANDMETHODS  

（1）Marineme50CO5mざamdexperime雨a15iIe   
Apairofbag－typefloating 

． 

1997（autumn）andfor9daysfrom18May（dayO）to26May（day7），1998（SPring）・Eachmesocosm（5m  
deep，3mdiameter，VO】umeabout25m3）wasmadeofethylene－Vjny］－aCeIalereinforcedwithapolyester  
grld；theyweretranslucent（1ighttransparencyabout50％）withnochemicalreleasefromthesurface・A  
locationmapandschematicillustrationofthemesocosmareshowninanotherarticlecontainedinthese  
proceedings・E）ontheevenlngOfdayO，inbothautumnandsprlng，SeaWaterWaSintroducedintothepalrOf  
mesocosmsthroughthebotlomvalvealmostsimultaneouslytocaptureseawaterftomthesamemasstothe  
extentpossible・The paired mesocosms filledwith seawaterwere moored to the stern ofthe anchored  
researchvessel‘HatJian49’oftheStateOceanicAdministration，China，   
Nutrientconcentrations（N，P）ofthemes？COSmSWererOughlydeterminedonboardtheresearchvcssel  
justafterinstallationofthemesocosms（eveplngOfdayO）・Phosphate（NaH2PO4●2H20）wasthenaddedto  
OneOfthepairedmesocosmsatnight，lowerlngtheN／PatomicratioofthemesocosmseawatertoaboutlO  
（P－meSOCOSm）■ThemesocosmwithoutaddedphosphatewasacontroIsystem（C－meSOCO5m）・   
WedeployedtheautumlmeSOCOSmSintheareaofseanorthofHuanaoshanIsland，aSitewhichismore  
directlyinnuenced by the Chang】lang fresh water thanis the southernarea・However，a StOrm Surge  
threatenedtosinktheC－meSOCOSmanditwassalvagedontothevesselontheevcnlngOfdaylmaklngit  
impossibletotakesamplesfromtheC－meSOCOSmintheautumnexperlment．Consequently，inthesprlng  
experlment，WedepIoyedbothmesocosmsintheareaofseasouthoftheisland．Conditionsinthisareawere  
relativelycalm，thoughtheoceancurrentwasmorelikelytobeaffectedbytheinsulargeography（i・e・SOme  
smallscatteredislands）andseawaterlnVOlvinglessChangIiangfreshwateroftenflowedintothisarea・The  
P－meSOCOSmCOuldbedeployedthroughthewholespringexperimentalperiod（9days）andtheC－meSOCOSm  
WaSdonefbr7days．   

（2）Samplingandmeasurements   
Seawatertemperatureandsalinityweremeasured（bySurveyorlI，Hydrolab）atdepthsofl，2and3m  
insidethemesocosrnsandatdepthsoflto5moutsidethemesocosrnSOntheeveningofdayO（befc・re  
phosphateaddition）andevery 

． 

ontheotherdays■Intheautumnexperiment，SeaWaterWaSSampledoutsideoftheP－meSOCOSm．Subsamples  
ofseawaterwerefilteredwithpre－COmbusted（450OC4h）WhatmanGF／Ffiltersforanalysisofnutrients（by  
Traacs800，Bran＋Luebbe），Chl．a（HPLCsystem9），Shimadzu），Particulateorganiccarbon（POC，byEAllO8，  
Fisons），anddissoIvedorganiccarbon（DOC，byTOC5000A，Shimadzu）■The蝕ersand仙rateswercs（Ored  
at－200Cpriortoanalysis・AsubsampleofseawaterwithHgClpreservativewasstoredat5QCpriorto  
measurementofdissoIvedinorganiccarbon（DIC，byCO2Coulometer5011，UIClnc．）．Phytoplankton  
sampleswere伝xedwith6％formalin，andthespeciescomposition，abundanCeandgreatestaxiallinear  
dimension（GALl））weredeterminedbymicroscopy．AsubsampJefbrbacteriop）ank（OnWaS tixed with  
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glutaraldehyde（nnalconc．1％），StainedwithDAPllO），andtheabundancedeterminedbydirectcountsunder  
epifluorescencemicroscopy．1］）Asubsampleforpico－Sizedautotrophicplankton（autotrophicpicoplankton，  
APP）wasfixedwithglutaraldehydeandstoredatr20OCpriortoflowcytometricanalysis（byFACSCalibur，  
Recton r）ickinson）．Samples hrmicro－Sized zooplankton and protist5i（＞20Llm）and metazooplankton  

（＞100pm）werepassedsequentiallythrough100－Llmand20－umPlanktonnets；thesesampleswerefixed  
With6％formalinandstoredinacool，darkplace．Thespeciescompositionandabundanceweredetermined  
bydirectcountsunderlightmicroscopyL   
Toestimatethetrar旭ferofphotosyntheticandbacterialproductiontothegrazers，frequentinsitubatch  
incubationswithdissoIvedorganicandinorganic13ctracers］2）wereconductedmostdaysduringthedaytime  
uslngmeSOCOSmSeaWatertakenfromadepthoflm・Thetracerusedtomeasurethebacterialcarbon  
pathwaywasD－［U－6－13c］glucose（nnalconc．ca．5mgl‘】）．Formeasurementofthephotosyntheticcarbon  
Pathway，NaH［13c］03（ca・20mgl．1）was㌣Sed・Seawaterwastransferredtoanacid－Cleaned4・5－1clear  
polycarbonatebottleandtherelevantOrgan1COrinorganic13ctracerwasadded・Thebottlewasincubatedin  
aseawaterbathfor4honboardthevessel．Theinsituincubatedsamplewasfractionatedbysequential  
nltrationu5ingplankton 

， 

（GF／F）toremoveparticlessma11erthantherespectivemeshsizeヲandthencollectedonpre，COmbusted  
WhatmanGF／Cfilters．lnordertodeterminethenaturalisotoperatlOOfparticulatecad）Onatthebeginnlng  
ofeachincubation，theorlglnalseawaterwasalsofilteredusingthesarneprotocol，Al川1terswerestoredaト  
200Cuntilanalysis．POCand13cabundance（atom％）weredeterminedusingasystemcomprisedofan  
elementalanalyzer（EAl108，Fisons）andanisotope－ratiomassspectrometer（MAT252＞FinniganMAT）・り）  
The net transformationofthe．3clabelfromdissoIvedtopartlCulate carbon foreach size丘action was  
calculatedastheexcess13c（pg13cl▼14h‾））againstthenaturalabundanCeOfthecarbonisotope（Equationl），  

】ユc亡X＝bs－a。）×POC  
（1）   

whereasisthe13catom％ofaglVenSizefractionintheincubatedsamPleandanistheL3catom％inthe  
naturalsample．POC（Pgl1）istheparticulateorganiccarboninagivensizefraction・The＞100－Llmftaction  
WOuldcomprlSemOStlythemetazooplanktonassemblage・   

To determine the relative significance of carbon uansfer to metazooplankton through bacteria and 
autotrophs，WeCalculatedtheproportionofL3c－1abeltransferredtothe＞100－Pmfraction（PLT，．。。Lm，％）as  
theam？unttranSferredtothe＞100Tumftaction（13cexl＞・00pm）overthetotaltranSferredtoal1fractions（13cexlaL・）  

（EquatlOn2）＝  

（2）   ×100  PLT＞l00卿＝  

ThePLTrepresentstheproportionofcarbonfixedbybacter10planktonorautotrophsandconservedinthc  
particlesthatmaybetransfcrredtometazooplanktonbytheirfeedingactivitiesduringthe4－hincubation・A  
proportionofthe nxed】3c－1abelwi11，however，be respiredbytheproducersthemselves andby some  
intermediariessuchasheterotrophicprotists・ThePLTisanincubationtime－dependentvaluebutcanbean  
indexofthedegreeofeasewithwhichcarbonpassesthroughthetrophiclevelstometazooplankton・12）   
Theproportionof］3c－1abeltranSferredtothe20tolOO－Llm斤action（PLT2。p。）wasalsocalculatedto  
consider the transfer ofbacterialcarbon and photosynthetic carbon tomicro－Sized grazers whenthe  
Phytoplanktonassemblageswerecomprisedofsmallautotrophs（＜20pm）・   
Photosyntheticproductionwasestlmatedbysummationoftheratesofcarbontransformation什omDICto  
particlesineachsizefraction；thecalculationwasbasedonthe13cmethodof＝amaetal・14）Bacterial  
activltyWaSeStimatedbytotalnxationof13c－glucoseintoparticulatematter・  

3．RESULTS  

（1）Scawatertemperatureandsalinityinthemesoeosms   
Dailyaverageofseawatertemperatureswithinthemesocosmswere23・00Cintheauturnnand19・60Cin  
thespring（Fig．1）．Thedailychangesinseawaterternperaturesinsideandoutsidethemesocosmswere  
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almost synchronized．Salin1ty OutSide the mesocosms  
varied from26．4‰to30．3％oin the autumn and from  
25．3％o to30．6％ointhe sprlng．Salinltyinside the  
mesocosmsranged丘om25．0％oto26・5％ointheautunu  
and from28▲1％oto287％oin thesprlng・These results  
indicatethattheinnuenceoftheChan邑】1ang丘eshwater  
Ontheexperimentalseaareafluctuatedwidelyaccording  
tochangesinthetidalcurrentand，inbothseasons，the  
seawatercapturedinthemesocosmshadbeeninfluenced  
relativelystronglybythefreshwater・  
1nthesprlng，SalinltyVariedbyaboutO・6％owithinthe  
P－meSOCOSm and about O．2％o wi（hin（he C－meSOCOSm，  

meanlngtheseawatermassofeachmesocosmwasalmost  
perfectlylSOlated・1ntheautumnmesocosm，however，the  
salinity increased gradually toward the end of the 
experimental period. This would be because oF the 
intru5ionofthe stormSurgeinto the mesocosminthe  
autuIm．   

Verticalprofilesofseawatertemperahlreandsalinlty  
（notshown）werealmostthesameeachday，indicating  
that the water mass of each mesocosm was almost  
COmpletelyhomogeneouslymixed・  
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（2）Nutrienteonditions  
lnitialN／patomicratiosofmacronurrIen亡SjntheP－meSOCOSLnS（dayO）wereabouT38jntheautumn  
（［NH．＋］＝0．5pM，［NO；］＝24pM，and［PO．3l＝0・65トM）andabout94inthespring（〔NH；1＝1・2けM・  
［NO；］＝16LIMand［PO．，L］＝0．18LIM）（FigL2）■TheseN／Pratioswereconsiderablyhigherthanthe  
Redfield－Ratio，implyingthatthemesocosmecosystemswereunderP－1imited・1nitialconcentrationsof  
［Si（OH）．］were40LIM（autumn）and29pM（SPring）・   
AfteraddingPO43totheP－meSOCOSmSOnthenlghtofdayO，thephosphateconcentrationsinthe  
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PLmeSOCOSmSincreased to3，1pM（autumn）and2．2pM（Sprlng）by the next morning（dayl）L The  
phosphateconcentrationsthenbegantodecreaserapidly， 

， 

COnCOmitantly with the phosphate and became＜0．1巨M on day5（autumn）and day6（spring）一The  
PhosphateadditionsdecreasedthedaylN／Patomicratiostoabout7，2intheauturrnand8・Ointhesprlng．  
TheN／P ratioscontinuedtodecreaseandreachedminimumsoflL2inautumnand6Ainsprlng．The  
COnCentrafionsofSi（OH）4intheautumnmesocosmdecreasedftom40・2pM（dayO）toO・7pM（day5）but，  
inthesprlngmeSOCOSmS，thedecreasewasonlyfrom29LOto20・6pM・ThereducedconsumptlOnOfsilicate  
inthespringwouldbecausedbythedifferenceindomnantphytoplankton（iLeLdiatomswerepredominantin  
theautumnanddinonagellatespredominantinthesprlng，aSdescribedinmoredetaillater）・  
1nthcC－meSOCOSmOfthe springexperiment，theconcentrations ofPO．3Land Si（OH）．showedlittle  
fluctuations with ranges ofO・14－0．16巨M and27．2－25・9LIM，reSpeCtively・OnlytheNO；showeda  
decreasingtrend－n’Om14・5pM（dayO）to9・9トM（day6）・HoweYer，therateofNO；decreaseinthe  
C－mCSOCOSmWaSClearlyslowerthanthatintheP－meSOCOSm，SuggeStlngthatNO；uptakebyorganismsin  
theC－meSOCOSmWaSlimitedbyavailablephosphate．  
1nthesurfacelayeroutsidetheautumnmesocosm，thedailyconcentrationsofmacronutrientsshowed  
largenuctuation・Therangesof［PO43‾］・［NO3L］and［Si（OH）4］w？reO・14rO・80，8・6－19・1and15・2r  
34，5LIM，reSPeCtively．However，We found that there was a posltive correlationbetween the NO；and  
Si（OH）．concentrations（r2＞0．99，n＝8）．Wealsoobservedthattheirconcentrationstendedtoincreaseas  
salinity decreased．Considering that the Chang】1ang WaterWaS rlChinlithogenous silica，We therefore  
COnCludedthattheconcentrationofSi（OH）4intheareaofseaaroundthemes？COSmnuCtuateddependingon  
theinfluenceoftheChangIiangfreshwater．ThefactthattherewasacorrelatlOnbetweenNO，．andSi（OH）．  
mayalsoindicatethatphytoplanktonaroundtheexperlmentSeaareaCOuldnotemcientlyconsumethe2  
klndsofnutrients，WhichmightbemainlysuppliedbytheChang】1angRiverLTurbidwatercontainlngmuCh  
Silt sometimes occurredin this areaofsea，With tranSParenCy and turbidity ofaboutl－2mandl・5r  
3mglJ］，reSpeCtively．However，theordinarytransparencywasatleastseveralmeters（datanotshown）・  
Therefbrc，WeCOnSideredthatnitrateuptakebyphytoplanktoninthisareawasmainlysuppressedbythe  
limitationofphosphateratherthanconditionsoflight．   

（3）Planktonabundanccandactivityofphotosyntheticandbacterialproduccrs  
a）P－meCOSmin皿tumn，1997   

TheinltlalconcentrationofPOC（dayO）intheautumnP－meSOCOSmWaSO，42mgCll（Fig・3）・Asthe  
nutrients decreased，POC continuallyincreasedand reachedl・78mgCl－10n day6・Photosynthetic  
productionwashighestondayl（39．4LlgCl‾1hJI）andcontinuedwithrelativelylargevaluesuntilday4・  
Afterday6，however，theproductionwasverylow（4・0－4・8pgCl‾】h‾1）・POCalsodecr？aSedfroml・78to  
l．00mgCl‾1fromday6today7）．ThetendencyofthedailychangeinDOCconcentratlOnWaSSimi1arto  
that ofPOC；itincreased丘oml．30mgCl▲L（day2）to2．22mgCl‾】（day6）and af‡erward decreased  
SOmeWhat．   

TheinitialphytoplanktonassemblageintheautumnP－meSOCOSmWaSCOmPrisedofmorethan90％  
diatoms（thedominantspecieswasSke］etonemacostatum）（Fig，4），Thecelldensityofdiatomsincreased  
graduauyfroml．4×101（dayl）tol．0×104cellsml‾1（day5）．A氏erwards，itdecreasedrapidlyandreached  

O．5×102cellsml10nday7．Chl．aincreasedfrom4．8（dayl）to18L7pgChl■al‾L（day4）concomitantlywith  
theabundaりCepeakofdominantdiatoms，anddecreasedrapidly什omday5to6（Fig・3）・   
Thc m叫Or ZOOPlankton（＞100pm）groups observedin the Prmesocosm were copepods（mainly  
Paracalanussp．andOithonasp．）andappendicularianS（OikqpleuraspL）（Fig・4）・CopePOdswereobserved  
throughoutthewholeperiod．Theirabundanceshowedatendencyofincreasefromdayl（11individualsl．］）  
today7（72individualsl‾l）．Appendicularianswereかstobservedonday3andtheirabundancereacheda  
maximumonday6（39individualsl1）．   
Amongthemicro，Sizedzooplankton（20－100Llm），COPePOdnauplii，aPpendicularians，andciliateswere  
observedin the P－meSOCOSm・Arnong them，the appendiculariansincreased suddcnly from day3  
（54individualsIJl）today5（6．5×102individualsl■l），andbecamcthedominantzooplanktoninthissizeclass  
（Fig．4）．  
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Fig，3DailychangesinChl・a，Photosyntheticproduction（PP），  

POC，DOC，andbactenaluptakerateof■3c－glucose  

intheautⅧmnP－meSOCOSm．  

Fig．4Dailychangesinabundancesoforganisms  

intheauturnnP－meSOCOSm．   

Bacterioplanktondensityincreasedslightlyandformedthetirstpeakonday3（2，2×106cellsmll），and  
subsequently decreased alittle ftomday3to4・Afterwards，itincreased dramatica11yand reached the  
㍗aXimumonday7（8・3×106cellsmiL）（Fig・4）・Bacterialactivity，deteminedby13c－glucoseuptake，  
lnCreaSedfromO．68（day2）tolO．9LLg13cl‾1h‾】（day7）（Fig．3）concomitantwiththeincreaseofbacterlal  
abundance（Fig．4）．AbundanCe Of APP（autotrophic picoplankton）increased slightlyfrom dayl  
（1．2×104cellsmll）today2（3．2×104cellsml1），butsubsequentlydecreasedrapidlyfromday2today5  
（6，8×103cellsmiJl）．Byday6，APPhadrevertedtonearlyitsinitialabundance（Fig・4）・  
b）P－andC－meSOeDSmSinspring，1998  
1nitialconcentratlOnSOfPOC（dayO）wereO．55mgCl■andO，22mgCl‾1intheC－andP－meSOCOSrnS，  
respectively（Fig．5）．Chl．aconcentrationsWerel．8（C－meSOCOSm）andO．8ugChl．al1（P－meSOCOSm）・These  
resultsrevealedthat，fromthestartoftheexperiment，therewasmorebiomassinthecontrolmesocosmthan  
inthephosphate－enrichedmesocosm．Thiswasprobablyduetothepatchinessofthes占awater，althoughthe  
2mesocosmswereenclosedalmostsimultaneously．  
1ntheP－meSOCOSm，POCconcentrationincreasedcontinuallywithadecreaseinnutrientsandreachedthe  
maximumonday8（1．29mgCl‾1）．Photosyntheticproductionalsoincreasedgraduallyfrom4・1LlgCl1hrl  
（dayl）to53．5LlgCl▲1hAl（day5）andthendecreasedto26・1LlgCl．1hLl（day8）・Thetrendofdailychangein  
thephotosyntheticproductioninspringwasdifferent丘omthatintheautumnP－meSOCOSm（i・e・inthe  
autumn，thelargestvaluewasobservedondayl，anditdecreaseduntiltheend）LAnalmostcontinuous  
increaseinDOCconcentratlOnWaSObservedintheP－meSOCOSmbuttherangeandtheaverageofa11the  
concentrationsweresma11er（i．e．0．95ql．27mgCIJl，aVerage＝1．13mgCl‾1）thanintheautumnmesocosm  
（aver喝e＝1．67mgCl‾1）．  
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1n the C－meSOCOSm，nO Clearincrease of POC  
COnCentrationwasfound，butthePOCfluctuated（039－  

0．72mgCl－1，aVerage＝0，60mgCl‾））aroundtheimitial  
Value（0．55mgCl．1）．DailychangeSinphotosynthetic  
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production remained within the range  
12・1LlgCl■h．1andtheaverage（＝6．8pgC  
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approximatelyl／40fthatin the P－meSOCOSm．Chl．a  
COnCentration also showed no tendency ofincrease．  
DOCconcentrationshowedaslightincreaseandsma11er  
averagethanthatintheP，meSOCOSm，  
1nitially，phytoplanktonirlbothmesocosmsconsisted  
almostentirelyofdinonagellates（dominantSpeCieswas  
Prorocentrum dentatum）（Figs▲6and7）．h the P－  
mesocosm，the abundanCe Ofdinoflagellatesincreased  
gradua11yfrom2×10cellsml1（dayl）to2．7×102cells  
ml1（day6）（Fig．6）．1ntheC－meSOCOSm，Ontheother  
hand，thoughtheminimumabundanCeWaSCOuntedon  
dayl（3×10cellsml‾】），Onlyasmalldailychangewas  

ObservedwitharangeOfO．7－1．7×102cellsmilaRer  
day 2（Fig．7）．1n the P－meSOCOSm，diatoms  
（Ske／etonemacoslalzJm）begantobeobservedonday4  
andtheylnCreaSedslightlytoreachO・8×102cellsmi－】  
Onday6．  
1n bothmesocosms，1arge－Sized organisms（＞100  
いm）consisted ofcopepods（mainly Paracalanus sp・，  
OJJ如〃αSp■andCoγC‘フe〟∫Sp・）弧d∧JocJ〃〟Cβ∫Cf〃JfJね〃∫，  
Whichisaheterotrophicdinoflagellate（Figs．6and7），  
The abundance ofcopepodsin the P－meSOCOSm WaS  
O・5individuals r10n daylwhich subsequently  
increased to31individualsl‾10n day7（Fig．6），  
N．scinti／］ansbegantObeobservedinlargenumberson  
day3（36individualsl1）andreachedamaximumonday  
6（56individualsIJ），Overall，the abundanCe Of  
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Fig．5DailychangesinChl・a，  
Photosyntheticproduction（PP），POC，DOC．   
andbacterialuptakerateof13cglucose   
inthesp11ngP－andC－meSOCOSmS，  

copepodswaslargerintheC－meSOCOSmthanintheP－meSOCOSmandincreasedto49individualsIL）onday6  
（Fig・7），TheabundanceofNscintil［ansintheC－meSOCOSmWaSCOmparablewiththatintheP－meSOCOSm・  
lnthemicro－Sized（20－100pm）zooplanktonsamples，Wemainlyobservedcopepodnaupliiandciliates  
（Figs，6and7）．htheP－meSOCOSm，theinitialabundanCeOfciliates（dayl）was very smallbutthey  
increasedrapidlyfrom43×102individualsIL）（day2）tol．6×103individualsl1（day7），htheC－meSOCOSm，  
ontheotherhand，theirabundancechangedwithinonlyasmallrangefroml・2－3・5×102individualsl－1・   

Theinitialdensityofbacterioplankton（dayO）was8．1×105cellsmrlintheP－meSOCOSmandl・lx106  

ce11sml▼lintheC－meSOCOSm．htheP－meSOCOSm，Celldensityincreaseduntilday5（3．6×106cellsmi‾1）and  

afterwarddecreasedsomewhat（2．9×106cellsmlrlonday8）（Fig．6）．1ntheC－meSOCOSm，aSlightincrease  

wasobserved，butthevalueof2．2×106cellsml▲1（day4）wasthemaximum（Fig．7）．Theaverageofthe  
bacterialactivitywasslightlyhigherintheP－meSOCOSm（0，77Lig13cl▲1hLl）thanintheC－meSOCOSm（OL58  
Llg‖cl1h■）（Fig．5）．However，aCtivitiesinthespringP－andC－meSOCOSmSdidnotshowanyofthe  
conspICuOuSirlCreaSeSthatwereobservedinthelatterperiodoftheautumnP－meSOCOSmeXPerimentL  
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Fig．6Dailychangesinabundancesoforganisms  

inthesprlngPrmesocosm．  

0  1  2  3  4  5  6  7  8  

D∂y   

Fig．7Dailychangesinabundancesoforganisms  

inthespnngCrmesocosm．  

（4）Proportionof．3c－1abeltrarlSferfromproducerstograzers   
Withthe13ctracerexperlmentS，theproportionofthe■3clabelthatwastransferred（PLT＞．。。pn．）inthe  
PhotosyntheticpathwayintheautumnP－meSOCOSmWherediatomswerepredominant，WaSinitiallylessthan  
O・2％（dayl）andsubse早uentlyincreasedtoll％onday6（Fig・8）■lnthespringP－mCSOCOSmWhere  
dinoflagellatesweredomlnant，however，PLT＞100pminthephotosyntheticpathwayremainedlowerthroughout  
theexperlmentperiod（average＝0・5％）andthemaximumwasonlyl・l％・ThePLT，l叫minthesprlngC－  
mesocosmwasofalmostthesam戸magnitude（average＝0・7％）LThePLT叫mOfthcphotosyntheticpathway  
inthesprlng（Fig・8）graduallylnCreaSedinbothP－andC－meヲOCOSmSbuttendedtobehigherintheP－  
mesocosmthanintheC－meSOCOSm・ThePLT20r⊥TnintheauturrullSnOtShownherebecause，aCCOrdingtoour  
microscoplCanalysIS，aSignincantproportionofthedominantSkeletonemawouldbeinthe20r100－Llm  
fraction（GALDofacolonyforSIcos（atumwasabout25－50トIm），   
ThePLT，】。。叩ValuesinthebacterialpathwaywereinitiallyslightlylargerinthespringP－meSOCOSm山an  
intheautumlP－meSOCOSm，buta且erday4thePLTsintheautumnP－meSOCOSmrOSeSuddenly（Fig・9）・The  
PLT叫mOfthebacterialpathwayintheautumnshowedasimilartendencyofchangeasthePLT＞■OOpninthat  
season・Consequently，theoverallPLT＞L00pmandPLT20pminthebacterialpathwaywerchigherintheautumn  
thaninthesprlng．  
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Fig・9DailyPLT＞）00pTnandPLT20pnlOfthebacteriaZpathway・   
P－A：auturnnP－meSOCOSm；P－S：SPTingP－meSOCOSm；  

andC－S：SPringC－mCSOCOSm．  

Fig・8DailychangesinPLT＞LOOpmandPLT叫rnOfthe  
PhotosyntheticpaLhway．  

P－A：auturmP－meSOCOSm；P－S：SpringP－meSOCOSm；  
andC－S＝SPrlngC－meSOCOSm．  

4．DISCUSSION  

（1）EffectofphosphateeIlrichmentonproductivityinmesocosms  
lnthephosphateennchedmesocosmswlleTethediatom∫・CO5rdfum狐ddinonagellateP．deれ一口fumwere  
dominantintheautumnandsprlng，reSPeCtively，bothdominantspeciesincreasedtheirabundancebyabout  
lO－foldwithinafewdaysfollowingtheadditionofphosphate（Figs，4and6）L Theconsumptionofnitrate  
WaSVeryfastandbyday5（autumn）orday6（Spring）theconcentrationhadfallentoalmostalimitinglevel  
（Fig・2）・htheautumnmeSOCOSmWithdiatoms，Silicateconcentrationalsodecreasedandbecame＜lpM  
Onday5・lmthecontrolmesocosm，Ontheotherhand，SuChamarkedconsumptlOnOfnutrlentSWaSnOt  
Observed・This clearly suggeststhat the captured ecosystems wereinitially phosphatelimited and，  
COnSequently，thephytoplanktonbloomsobservedintheP－meSOCOSmSWereCausedbyonlytheadditionof  
phosphate．  

1nthe seawater outside ofthe auturrm mesocosm，the ratio ofnltrateand silicate nutrients remained  
almost constant，eVenwith1arge dailyfluctuationsintheirconcentrations，andphosphate concentration  
remainedlow（average＝0・5pM）overthewholeperiodofthemesoco守meXPeriment（Fig・2）・These  
nutrientcorlditionsoutsideofthemesocosmsweresimi1artothoseinthein1tialseawaterofthemesocosms．  
Thercfore・WeSuggeStthatthephytoplanktonwerealwaysunderphosphatelimitlngCOnditions，nOtOnly  
Withinthemesocosms，butalsooverthisareaofsea．Wealsoassumedthattheobservationwasnotaresult  
unlquetOthemesocosmecosystem，butmayenableustodeducetheecosystemresponsetophosphate  
loadingintheChang）1angeStuarlnearCa・   
TheP－meSOCOSmintheautumninitiallycontainedabouttwicethebiomassoftheP－meSOCOSrninthe  
SPrlng；thePOCconcentrationsondayOwereO・48andO・22mgCILlintheautumnandsprlng，reSpeCtively  
（Figs・3and5）▲However，theaveragesofphotosyntheticproductionforeachexperimentperiodwerealmost  
equivalent（24・4and26・6pgCIJ■h」，reSPeCtively）．DiffbrencesbetweentheimitialPOCconcentration（day  
O）andthemaximumvalue（day6intheautumnandday8inthe sprlng）werel．36inthe auturnnP－  
mesocosmandl・07mgCl－1inthesprlngP－meSOCOSm，reSpeCtively・Thesedifferencesweresma11，aSWere  
the differenceinphotosynthetic production・lnthelatterperiods ofthe mesocosm experimentsin both  
SeaSOnS，therewasalmostnonitrateorsilicateavailableforphytoplanktongrowth；itwouldbeimpossibleto  
nlrthcrincrpasethePOCuntilthenutrientswerereturnedthroughdecompositionoftheproducedPOC・  
Therefore，1tWOuldbesuggestedthat，underconditionswherephosphateloadingreducestheN／Patomic  
ratiotoapproximately8，theecosystemsinthemesocosms（Orinthisareaofsea）willrespondbyincreasing  
biomassuptoaboutlmgC・luntilnitrateorsilicatebecomesthelimitlngfactorwithinaboutaweek・  
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（2）．）ifferenceinrateofnutrientuptakebyphytopIanktoninautumnandsI）ringPLmeSOCOSmS   
Despite there being a great differencein theinitial  
abundanceandspeciescompositionofthephytoplanktonin  
tわe a山Ⅷmn‘md sprlllg fl－meSOCO5mS，tbeiれCrea5e50r  
biomassinbothmesocosmswerealmostequlValent・From  
thisobservation，Wediscussinthissubsectionthenutrient  
COnSumpt10n and manner of growth of the dominant  
phytoplaI止ton．   

Chl▲aLSpeCificphotosyntheticratesondaylwerequlte  
Simi1arinthe2seasos（8・2and8・8蝿CpgChl・d’rLhJlin  
the autumn and sprlng P－meSOCOSmS，reSpeCtively），but  
largediffbrenceswereobservedafterward（Fig．10）．lnthe  
auturLln，2・4LlgCLlgChl・aLlrLh▲Lwasrecordedonday2and  
i【cont上皿ued【odecrease，reaChingヂmini】numOnday6（0・8  
鵬C帽Chl・a‾】1．1hL）・lnthespnng，Ontheotherhand，it  
lnCreaSedtoll■1LlgCpgChlLa－11－LhLonday2andthen  
decreasedgradually．   
The rapiddeclineofthe Chl．a－SPeCincphotosynthetic  
rateintheauturnnmightbecausedbyanenvironmentwith  
aninsufncient concentration ofnutrients．For example，  
nitrateconcentrationdecreasedmorequicklyintheautumn  
thaninthespring（Fig・2），prObablybecauseofthelarger  
initialabundance of phytoplankton．ln addition to this  
ねctororinitialdj舵renceinphytoplankぬnabundance，We  
expeCt that S・COStalum，dominantinthe autumn，COuld  
respond more sensitively to the phosphate addition than 
COuldP・dentatum，Whichwasdominantinthesprlng・S．  
COStalumisknown as a species that hasthe ability to  
respondquicklytonutrientloadingandeasilyfbrmsred－  
tidesin coastalareas，A studyin Tokyo Bay，Japan，  
reportedthatduringthebloc・mlngprOCeSSOfS coslalum，  
thecell－VOlume－SpeCificphotosyntheticratewashighestin  
theinitialphaseofthe bloomandlowestatthepeakof  
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Fig，10DailychangeinChl．a－SPeCilicpho10Synthetic   
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Fig，11Chl．arspecif］CnilrateuptakeTateintheautumT）  

bJoom・】5）h［hisstudy，thehighestChl・a－SPeCj点cphotosynthetjcratejntheauhlmn 
． 

Moreover，COmParlngtheChl・a－SpeC沌crateofnitrateuptakeintheautumnandsprlngmeSOCOSmS，the  
maximumrateofuptakewasobserved録omdayOtolintheautumn（0．61pMLlgChl．arldayrl）andfrornday  
3to4inthespring（l．27LIMpgChl．aL）day‾1）（Fig．11）．Fromtheseobservations，WeCOnSiderthatinthe  
autumn，because the dominant S・COStatum reSPOnds quickly to the added phosphate and theirinitial  
abundancewasrelativelylarge，theotheravailablenutrientswereconsumedalmostentirelybythemiddleof  
theexperimentperiodandtheirgrowthconsequentIystagnatedintheiatterperiod・1nthesprlngmeSOCOSm，  
ontheotherhand，WeCOnSiderthat，becausetheinitialabundanceofphytoplanktonwasrelativelysrnalland  
thedominantP．denlatumrespondsonlyslowlytotheaddedphosphate，thephotosyntheticactivltyWaS  
maintained（hroughout［hewholeexperimentperiodw血outthereJativelyrapjdconsumpt10nOftheother  
nutrlentS．   

Thephytoplanktonspeciesthatformedbloomswithinthemesocosmswerethosethatweredominantat  
thebeg血1ngOftheexperimentsinbothseasonsinthisareaofsea・NosuccessionofdominantspeCieswas  
ClearlyobservedLAmq）OrreaSOnWOuldbethattheexperiTentpehod（aboutaweek）wastooshortforsuch  
asuccessiontooccur．However，thedifrerentcharactensticsofresponsetophosphateloadingmaybe  
consideredoneofthefhctorsregulatlngthedominantphytoplanktonspeCiesinthisareaofsea・Phosphatein  
theChang】1angEstuarywouldbesuppliedbythefteshwaterfromtherlVerandfrom（heseatloorvia  
decompositionofsedimentedorganicmatter・Thephosphateloadingfromtheriverwouldbeatarelatively  
stable，lowconcentration，althoughitdependsontheamountsofthe丘eshwaterdischarge・Thephosphate  
supplementfromtheseanoormayusuallybemajntainedataconstantlevel，bufsporadjcs－OrmSSuChas  
typhoonsmayresultinconsiderableam0untSOfphosphatebeingreleased翫）mtheseafl00rtOtheseawater・  
AsuddenincreaseinphosphateconcentrationmayinduceabloomofS・COStatum・ratherthanofP・denta（um・  
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becausetheformerspeciescanrespondmoresensitivelytothechangeinnutrientconditions・Weassume  
thatthedynamicsofphosphatesupplytotheseawatermayplayaroleinthesuccessionofphytoplankton  
SPeCiesintheChang］langEstuaryL   

（3）Ecosystemstructureandcarboncycleinmesocosmfoodwebs  
a）CarbotIfLowfromphotosyntheticproduction  
InthePrmesocosmsofbothseasons，thenumberofzooplanktonincreasedalmostconcomitantlywiththe  
phytoplanktonblooms（Figs．4and6）．Wepresumedthatthequantityofcarbontransferinthefoodwebs  
changedaccordingtheincreasedprimaryproductionintheecosystemsofthe2mesocosms・Thezooplankton  
assemblagesintheautumnandsprlngmeSOCOSmSWeredi脆rentand，hence，WepreSumedthattherewere  
differentpathwaysofcarbontranSferineachecosystem・  
1n the autumn P－meSOCOSm Where diatoms were dominant，We Observed copepodsin the＞100T巨m  
fractionasadominantzooplanktongroupthroughoutthewholeperiodoftheexperiment・hthemiddle  
periodoftheexperiment，WeObservedanincreaseofappendicularlanSandtheybecameoneofdominant  
zooplarlktongroups（Fig．4）．Theproportionof13c－1abeltransftrredtothe＞100rLlmfraction（PLT，■00pm）in  
thephotosyntheticpathwayⅥraSinitia11ylessthanO・2％（dayl），butincreasedgraduallyto？Verll％onday  
6（Fig．8），AmongthedomlnantZOOplankton，appendicularianShaveonlytheabilitytolngeStpico－and  
nano－Sizedparticlesandr毎ectlargerparticles：6・17）s．costotum thedominantspeciesinthemesocosm，isa  
chain－formlngSPeCiesandalmostoftheScostalumweObservedinthisstudycouldbegroupedwiththe20  
－100一岬1鮎ction，Thechain－fbrmingdiatomsareconsideredtoberqectedbytheappendicularians】6）but  
readilylngeStedbythecopepodsL8）whichweretheotherdominantzooplankton・Therefbre，WeCOnCluded  
thatthehigherPLTsinthelatterperiodwereduetolngeStionofthediatoms，nOtbytheappendiculariansbut  
bythecopepodsLAlargedecreaseinthePOCconcentrationwasmeasuredfromday6to7intheautumn  
（Fig．3）．WeconcludedthatthedecreaseinthePOCwascausednotonlybystagnationofphytoplankton  
growthdue tothenutrientdenciency，butalsobyremovalthroughthestronggrazlngpreSSureOfthe  
COpepOds．  
1nthespringP－meSOCOSmWheredinonagellatesweredominant，Planktonassemblagesinthe＞100－Pm  
n・aCtioncomprisedmainlyofcopepodsandN・SCinlil［ansandtheabundancesofthesegrazersincreasedwith  
anincreaseincF11densityofphytoplankton（Fig・6）・Consideringtheincreaseinnumbers，WeaSSumedthat  
theselargeheterotrophicorganismsheavilygrazedonthephytoplankton・However，COmparedwiththosein  
theautumnmesocosm，thePLTs＞100pnOfthephotosyntheticpathwayinthesprlngmeSOCOSmWererelatively  
verylowandshowednoincreaslngtrenddunngtheexperimentpenOd，indicatlngthatthegrazlngPreSSure  
by＞100－Llmheterotrophsmightnotbesosignificantinspring・Amarkedlargeabundanceofciliateswas  
alsoobservedinthe20－100－Pmfraction（Fig．6）．ThemaximumabundanCeOfthemicro－Sizedciliateswas  
l．6×103cellsllandtheaverageabundanCeduringtheexpenment（0・6×103cellslr■）wasalmost3times  
tha（intheautumn・ThePLT20pninthephotosyntheticpathwaywas2％ondayl，Whichthenincreased  
gradua11yto16％onday8（Fig．8），BecausealmostofthedominantP・denlalum，Whichisresponsiblefora  
largeproportionofthephotosynthesis，COuldbegroupedwiththe＜20－Pmfraction，WeSuggeStthatthe  
micro－Sizedciliates，ratherthanthelargerzooplanktongroups，playedanimportantrOleinlngeStionofthe  
dominantP．dentatuminthespnngmesocosm．  
b）DOCproductionandconsumption   
PartofpthephotosyntheticproductionistransformedtodissoIvedorganiccarbon（DOC）throughvarious  
processes，Whicharegenerallycategorizedintoextrace11ularrelease丘omphytoplankton19），Sloppyfteding  
andexcretionbyzooplankton20I21），andothers（e．g．decompositionofparticulatematter）・Amongthevarious  
formS OfDOC produced through these processes，the DOC producedfrorn extracellular release by  
phytoplankton，inparticular，WOuldbelabileandreadilyusedbybacterlOplankton・22）Hence，WeaSSumed  
thattheincreaseinprlmaryPrOductionthroughtheadditionofphosphatewouldinducebacterialactivltyln  
themesocosm．  

1nthcspring，theaverageDOCconcentrationandけC－glucoseuptakeintheP－meSOCOSm（1・13mgCl▲I  
andO，77pglユcl■h∴respectively）exceededthoseintheC－meSOCOSm（1・00mgCILlandOL58ug13cIL■h‾1，  
rcspectively）（Figs．3and5），Althoughthesedifferenceswereslight，theyindicatedtherelationshipbetween  
theincreaseinprlmaryprOductionbytheadditionofphosphateandtheincreaseinbacterialactivlty▲   
ComparlngtheautumnandspringPrmesocosms，DOCconcentrationsintheautuITmincreasedfroml・30  
mgcILl（day2）to2．22mgCrl（day6）（Fig3）whereas，inthespring，DOConlyincreasedh・OmO・95mgCrl  
（dayO）tol．27mgClL（day8）（Fig・5）・BactenalactivitywasclearlymoreenhanCedintheautumnthanin  
thesprlng，particularlyinthelatterperiodoftheexperimentLBecausetheaveragephotosyntheticrateswere  
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Ofsimi1armagnitudeinbothseasons，WeCOnCludedthatthedifferenceintheamountsofDOCincreaseand  
bacterialactivityofthe2mesocosms was caused by differencesin species composition and／or the  
physiologicalconditionofphytoplanktonorbydifftrencesintheeffectofgrazingonthephytoplanktonby  
ZOOplanktonassemblages・htheautumnmesocosm，theChl・a－Sp∈CificphotosyntheticrateandChl・a－SpeC浦c  
rateofnitrateuptakewerehigherintheearlyperiodoftheexperimentanddecreasedremarkablyinthelatter  
period（Figs，10andll）．lnthespringmesocosm，theypeakedinthemiddleperiodoftheexperiment，  
indicatlng that phytoplankton grow血increased more gradually・1fphotosynthetic production works to  
producelabileDOC，1argequantltyOflabileDOCwouldbeproducedfromtheformerperiodintheautumn  
meso？OSm・RapidaccumuladonofDOCwasobservedinthelatterpenod（days4to7）oftheautumn  
ヲXperlment（Fig・3）・ThePLTresultsatthattime（Fig・8）suggestthatingestionofScoslatumbycopepods  
lnCreaSedsigni茄cantlyandindicatedthatsloppyfbedingbycopepodsandtheirexcretionproducedtheDOC・  
1n addition，We COnCludedthat cellactivity ofthe dominant Phytoplankton decreased because ofthe  
conditionofreducednutrients・AstudybyNorrmanetal・23）demonstratedthatdeclineofadiatombloom，  
whenthe diatoms werein an unhealthy conditionfo1lowlng nutrient depletion，WaS aSSOCiated with  
significantDOCreleaseandthereleasedDOCcontainednotonlylabileDOCbutalsosemi－refractoryone・  
WesuggestthatthelargeaccumulationofDOCinthelatterperiodintheautumnmesocosmwasduetothe  
releaseofsuchasemi－refractoryDOCfromtheS．costatum，  

e）Carbonnowfrombacterialproductioヮ   
TheremarkableincreaseinbacterialactivltyintheautumnPLmeSOCOSmWOuldaffectthebacterlalcarbon  
transftrinthefoodwebs・TheaveragePLT＞10？pmandPLT20pminthebacterialpathwaywerelargerinthe  
autumn（0．94％and6．1％，reSPeCtively）thanlnthespring（0・59％and5・7％，reSpeCtively）（Fig・9）・1n  
Particular，thePLT20pnintheautulmincreasedto14％onday4・   
Fromday4to5intheautumnmesocosm，aPpendicularians，Whichwereclassifiedintothe20－100－Pm  
fraction，increaseddramatically（Fig・4）・Thisimpliedthatbacterialproductshadbeenipgested，SuPpOrting  
theincreaseintheappendiculariansLHowever，aCleardecreaseinabundanceofbacter10planktonwasnot  
Observedduringthesameperiod（Fig・4）・Thismayhavebeenbecauseenhancedbacterialproductionalmost  
of粘etlngeStionbybactenvores，includingtheappendicularians・Theabundanceofpicophytoplanktonof  
simi1arcelトsizetothebacterioplanktondeclinedsignificantlyfromday4to5（Fig・4），indicatingthe  
presenceofhighgrazlngPreSSureOnplCO－Sizedparticles・ThePLT＞叫minthebacterialpathwayremained  
relativelyhighaAerday5，WhereasthePLT2。umdecreased，duetotherapidgrowthoftheappendicularianS  
andtheirsizedistrlbutionshiftinggraduallyfromthe20－100－ドmfractiontothe＞100一岬一fractionaRer  
day5・Despitetheappendiculariansremaininguntiltheend（day7），an 

． 

day4value，Thismightbebecausetheabilityoftheappendicularianstoingestpico－Sizedparticlesdeclined  
astheirbody－Sizeenlarged，DeibelandLee24）demonstratedusingOikppleuravanhoqqenithatretention  
efflciencyof＜1－PmParticleswassigni缶cantlylowerforindividualswithlargebodylengths（i・e・＞3・Omm）  
incomparisontothatofsmaller－bodiedgroups．  
1nthesprlngmeSOCOSm，Ontheotherhand，PLTs＞100岬andPLTs2Opmdidnotshowlargefluctuationssuch  
asthoseobservedintheautumn・WeattributethegradualincreaseinPLT20叩inthesprlngmeSOCOSmtO  
ciliatesingestingbacterialproducts，eitherdirectlyorindirectly（i・e・ViaheterotrophicnanOflagellatesetcL）・  
However，Wethoughtthatthe abundantciliatesinthe spnngwere supportedmainly by the abundant  
dir10flagellates（P．dentalumetc．）（seeabove）．Inshort，thedietofciliatesinthespringwasnotdependent  
solelyonbacterialproduction－adifferentsituationtothatoftheautumnmesocosmwhereappendicularians  
aredependentonbacterioplankton・  

5．CONCLUSION  

ToumderstandhowfurtherloadingofphosphateintotheChanRIlangEstuarywillaffectphytoplankton  
growthandthecarboncycleinfoodwebs，marineecosystemsintheestuarywereenclosedinmesocosrnsin  
theautumnムf1997andsprlngOf1998・AdditionofphosphatereducedtheN／Patomicratios什om38  
（auturrm）and94（spring）toabout8・lnthephosphate－enrichedmesocosms 

． 

respeCtively・Suchanincreaseinphytoplanktonabundancewasnotobservedinacontrolmesocosmlnthe  
sprlng・Theseresultssuggestthatphytoplanktonbloomsmayeasilyoccurattheprqectedlevelof  

一48－   



Phosphorousloadingintheestuarineecosystem・1naddition，SuChbloomsmaybenotonlyofdiatomsbut  
alsoofdinoflagellates，despltetheexistenceofhighconcentrationsofsilicateintheestuary・   
Averageratesofphotosynthesisinthephosphate一七michedmesocosmsintheautumnandspnngwere  
almostequivalent・Incrementsofbiomass（POC）werealsoeqサivalent；aboutlmgCl‾1inboththeautumn  
andspringP－meSOCOSmS．TheincreaseinPOCamOuntedtotwICetheinitialbiomassinthemesocosms．We  
thusconcludethatphosphorousloadinglntOthisareaOfseawouldcauseanupSurgeOfbiomassregardlessof  
thedifferencesintheseasonsand／ordominantphytoplankton・   
Thecharacteristicresponsetothephosphateemichmentwasdi飴rentineachdominantphytoplankton．S．  
チOSla（um・Which TaS dominantin the autumn・Showed highChl・a－SPeCific photosynthesis activity  
lInmediatelyfo1lowlngtheadditionofphosphate，WhereastheactivltyOfP．dbnlaluminthesprlngreaChed  
itsmaximllmafewdayslater・Consequently，intheautumnmesocosm，nitrateandsilicatewerealmost  
COrnpletelyexhaustedwithirlafewdays，afterwhichprimaryproductionwassigni壬icantlyreduced．Onthe  
Otherhand，primaryproductioninthespnngmesocosmincreasedgraduallyuntiltheendoftheexperiment・  
ConsideringthattherearevarioustypeSOfphosphateloadingintothesヲaWatermaSS（i・C・throughriversor  
elutionfromsediment），TeaSSumethatsuchadifftrenceincharacteristlCreSpOnSetOthenutrientmaybea  
factorregulatlngthedomlnantSpeCiesofphytoplanktoninthisestuary．   
Thenumberofzooplanktonincreasedwiththe phytoplanktonbloomsin themesocosms．The tracer  
experiment withinorganic13c－bicarbonate revealed that copepods possessed the ability tolngeSt a  
COnSiderablequantltyOfdiatomsintheautumnmesocosm，WhereastheirlngeStionofdinoflagellateswas  
relativelylower・The standing stock ofphytoplanktonis generally coIltrOlled by the growth ofthe  
Phytoplanktonitselfand removalof phytoplankton by grazers・Our resultsindicate that controlof  
Phytoplanktonbloomsthroughgrazlngbycopepodsismoreefftctivefbrdiatomsthanfordinonagellates・1n  
theautumnmesocosmwiththediatombloom，theconcentrationofDOCincreasedandbacterialactivltyWaS  
enhanCedfurtherthaninthespring・TheothertracerexperimentwithL3c－glucosedemonstratedthatatrophic  
pathwaylnVOlving appendicularians as higher order consumers developedin the autumn mesocosm，  
SuggeStlngthatphosphateloadingmayindirectlyafrectthecarboncycleinthemicrobialloop・   
Ourmesocosmstudyisthe丘rstexperimenttodemonstratethatthebiomassofanecosysteminthe  
Chang］1angEstuarycanreadilyincreasewiththeadditionofonlyphosphate，althoughpreviousresearch3t5）  
hasdiscussednutrientconditionsintheEstuarywherelessphosphateexistsandmaybealimitlngねctorfor  
Phytoplanktongrowth‥Itisalsoafact，however，thatthisexperimentmerelysimulatedoneofthescenarios  
thatwilloccurinthenearfutureintheChangJlangEstuary，andmoreinvestlgationneedstobedoneto  
PredictthefuturechangeofmarineenvironmentintheEstuaryandtheresultingecosystemresponse・  
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The phosphate enriched mesocosm experiments were conducted near Yangtze River Estuary during 
Oc10ber1997and May1998．Aner adding pho5Phate，both particulate organic carbon（POC）and  
particulatcorganicnitrogen（PON）graduallyincreasedandreachedtothepeakat（he4thdayinOc10ber  
andatthesevenlhdayinMay，thendecreased．ComparedwithOctoberexperiment，POCandPONinMay  
werelessandthetimereachinglopeakwaslonger．lnMay，thesinkingfluxesorPOCandPONaveraged  
O・72and O・12g・m‾2・d■lrespectivelyln phosphate enriched mesocosm and were Less thanin natural  
SCaWater．  

∬印〃々け血■抱〃gJze月血′血∫／αW帥C／0∫〟ree叩e′f肌g咄グロr／fc〟山Jeo曙d〃JビC〟′ゐ叫βd′／血／β／e  

O愕〟〃～c乃f血gピ〃．∫血妨gノ7〟J  

1．INTRODUCTION、．   

EutrophicationisbecomingaseriousdangertOmaricultureindustryandmarineecosystemincoastal  
reg）Onandriverestuary，andoneofthemainenvironmentalproblemstoo・EutrophicationpTOCeSSprOvides  
thematerlalbasisfortheformationofredtide．TounderstandtheimpactofeutrophicationonEastChinaSea  
ecosystemand estimate the carrylngCaPaClty Ofnutrientsin Chang】1ang River Estuary ecosystem，the  
ChineseandJapanesescientistsJOlntlyconductedthemesocosmexperimentsandneldsurveyinCharlg】lang  
RiverEstuaryduringtheOctober1997andMay1998・Sofar，Onlyaftwresearchwerefocusedonthe  
distributionofPOCandPONinChang】langRiverEstuaryandEastChinaSeal）12＝）14），andthesinkingof  
POCandPONarenotunderstoodyet．1tisveryinterestlngandsignificantinsciencetoconductmesocosm  
CXperimentatthefamOuSChangJiangRiverEstuaryLThepurposesofthispapeTWeretO（l）・Addressthe  
responses ofthe partlCulate organlC Carbon andpalticulate organic nitrogenln eCOSyStemafteradding  
phosphate，（2），Distinguish the potentialdifference ofbehavior ofPOC and PONin mesocosm with  
phosphateand without phosphate enhanCementL（3）・Understandthe sinklng nuX OfPOC and PONin  
rrleSOCOSmandinnaturalseawater．  

2．MATERIALSANDMETI10DS   

（1）Siteandtimeortheexperiln印t  
ThenrstphosphateenrichedmesocosmexperiTentWaSCOnductedforsevendaysfromlO（dayO）to17  
（day7）October1997attheHuaniaoshanseareglOnneartheChangiiangRiverEstuary（Fig・l）・Thesecond  
phosphateenrichedecosystemexperimentswereconductedfbr8days，from18（dayO）to26（day8）Mayin  
1998atthesamesite．   
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（2）Briefintroductionofmesocosヮexperimentsite   
h October，the dominant SpeCleS Ofphytoplanktonis a diatom，Ske［e1077ema COSlatum，theinitial  
COnCentrationofdissoIvedinorganicnitrogen（DIN），dissoIvedinorganicphosphate（DIP），anddissoIved  
inorganic silicate（SiO，）in mesocosms were27．27，0．78and34．9LlmOl／1respeCtively．Ancr enrlChing  
phosphate（Na2HPO4），theDIPinP－meSOCOSmreaChed3．25llmOl／1．Thewatertemperaturewas230Cand  
thesalinity25％0（Tablel），  

nhLel・Comparisonbe†weeTltWOphosphateenrichedrnesocosm  
EcosystemsinOctoberandinMaybeforeenrichingphosphate  

SiO3  Temp Salini PP Chla POC PON Dom・Phyto・  DIN DIP  

OC ty％0  トLg／1 廿g／l い  
34，90  23．0  25．0  41．70 13．54 744，4 92．O diatom  
23．Ⅰ5 1g．6  2g．O j．82  4．Og  370．5 47．O dinofla  

Oct．  27．27  0．78  

15．18  0．33  

Dom．phyto∴dominantphytoplankton，PP：pnmaryPrOductivity（mgC／m叫）  

h May experiments，the dinoflagellete，PfVrOCentrum dentatium was dominant speciesin marine  
ecosystem．AndtheinltialconcentrationofDIN，DIPandSiO，Were15・18，0・33and23・15LlmOl／l・After  
enrichingphosphatetheDIPinP－meSOCOSmreaChedl．723トImOl／l・Thewatertemperaturewas18L6OCand  
山esalinltyWaS28％0．  

Schem8日cViewo†Ne＼VFloalingMesocosm  

Portoon  
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Fig．1Stationsofmesocosmexperiments  

andfietdsurvey  

Fig．2Viewofmesocosms  

（3）1mst孔11ingolmesocosms   
Themesocosmmade ofthe ethylenevlnylacetate andpolyestergridcloth was providedbyNational  
lnstituteforEnvironmentalStudies，Japan（Fig．2）．Twomesocosmswereusedeveryexperiment，OneWaS  
enrichedwithphosphate（Na2HPO．），Whiletheotherasthecontrol．Onemesocosmcanfil121－m3seawater  
（3－mdiameterand4・5－mdepth）・Thereisaroundopenipgwith30－CmdiameteratthebottomofmeヲOCOSm・  
TheseawaterenteredthemesocosmthroughthisopenlngbyputtingdownthemesocosmslowlylntOthe  
seawater．whenthewatersurfaceinmesocosmreachedthesamewaterlevelastheoutside，theopenlngWaS  
closed，Thisinsta11ingprocessdoesnotsigni銭cantlydestroytheverticalstruCtureOfwateranddoesnotharm  
the structure of community. 

（4）Samplingamdanalysis   
Theseawaterwassampledatl－mdepth丘om8：30to9＝30everymorning．About150－250mlwaterwas  
fllteredthroughtheprecombusted（450OCfor4hours）¢25mmWhatmanGF／Fglassnbberfiltertoanalyze  
theconcentrationofPOCandPONinwater．An0theronepleCeOfGF／F貞1terwasdippedinthejustⅢtered  
water，aSthecontrol・Thereweretworeplicatesforeverysample・TheGF／Fmterswithsamplesshouldbe  
fumedfor20minutesbyhigh－COnCentrationHCltoremovethedissoIvedinorganiccarboninoneclose  
container6）．Thenthe蔦1terswerestoredinafreezerat－180C．1nlaboratory，thefiltersweredrledat800Cin  
electricalovenfbrtwohoursandanalyzedonC．H．N．elementanalyzer（PE240C）at760OC，Theaccuracyof  
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theanalyzerwas3・62l⊥g／1forPOC，andl・14Llg／lforPON7）・  

TheatomicratioofPOCtoPON（C／N）wascalculatedbythefbrmula：  

f。，N＝（POCト1g．l▲L／12）／（PONLlg．lJ■／14）  

TomeasurethesinklngnuXOfPOCandPON，tWOSedimenttrapsweresetuplnmeSOCOSmS・ThetrapIS  
plasticcylinderwith50－CmheightandlO－Cmdiameter・Thetrapswereplannedtocollectforanalysisafter  
Samplingseawatereverymormng・  

Becauseoftheroughseacondition，duringtheexperimentinOctober1997，thecontrolmesocosmwas  
destroyedattheaftemoonofthesecondday．Sosamplesfromthenaturalseawateroutsidemesocosmwere  
asthecontrol・AndthesedimenttrapsinP－meSOCOSmWereCO11ectedonlyonetimewhenfinishingthe  
experiment．1nMay1998，thecontrolmesocosmwasdestroyedatthesixthday．   

lnthepaper，theP－meSOCOSmOrP－meSOreferstothephosphate－enrichedmesocosm，andtheC－meSOCOSm  
OrC－meSOreferstothecontrolmesocosm，theratioofCtoNorC／NreferstotheatomicratioofPOCto  
PON．  

3．RESULTS   

（1）VariationofPOCandPON  
lnOctobertheconcentrationofPOCandPONinmesocosmwere744．4and92．OLLg／lrespectivelybefore  
addingphosphate・Afteraddingphosphate，bothPOCandPONgraduallylnCreaSedandreachedthepeakat  
4th day，With value of2420．0and344．3pg／lrespectively，then decreased to1434．7and210・7ug／l  
respeCtivelyat7thday（Fig．3）．Innaturalseawater，POCandPONranged倉om281■4pg／lto788．8いノg／1and  
from37．OtolO9．OLlg／1respectivelyandlessthanP－meSOCOSm（Fig・4）・  

Fig．）POC（ugノl）h P－Cnriched m亡SOandnaturalseawa【er  

in Oct 
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1nMay，thebeginnlngCOnCentrationsofPOCandPONinphosphateenrichedmesocosmwere370・5  
and47・Opg／l・BothPOCandPONclimbedtothemaximumvalueof1580・0and24l・Opg／1unti17thday，  
thendroppeddown（Fig．5，6）．ComparedwithOctoberexperiment，POCandPONinMaywerelessand  
thetimewaslongertoreachthepeak・Thismaybeattributedtothelowabundanceofphytoplanktonin  
MayandanotherreasonwasthatthegrowthrateofPTVTVCentrumdentatium（dominantspeciesinMay）  
wasslowerthanSke［e（OnemaCOSta（um（dominantspeciesinOctober）L  
ln October，the POC and PONin P－meSOCOSm WaS mOre than May，because the biomass and  
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PhotosyntheticabilityofphytoplanktonwerehigherinOctoberthaninMay（Tablel）・   

（2）ThevariationoftheatomicratioofPOCtoPON   

During October and May，the atomic ratio ofPOC to PONin P－meSOCOSm decrcased after adding  
phosphate，thenincreasedslowly（Fig．8）．TheaverageC／NratioinP－meSOCOSmWaS7・5inMayand7・8in  
October．lnMay，theratioofCtoNdidnotshowtheobviousdifferencebetweentheP－meSOCOSmandC－  
mesocosm（Fig．7）．  
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1nP－meSOCOSm，TheratioinP－meSOCOSmWaShigherinMaythanOctoberfortheflrSttWOdaysaRer  
addingphosphate，butwhichbecamelessthanOctoberfromthethirdday■Thesewereattributedtothe  
differentstruCtureOfphytoplankton・lnOctoberthebiomassofphytoplanktonwasmorethaninMay，SOthe  
POCandPONweremorethaninMay・1nOctobeりhediatom（Ske／etonema？OSlalum）wasthealwaysthe  
absolutely dominant species duringthe experiment，but the dominant specleSin May experlment WaS  
dinoflagellete（PTVrOCentrum dentatium）for the firstthree days andthen replaced by the diatom  
（Skele（OnemaCOSta（um）．Thedinonage11eteanddlatOmhavethedifrbrentratioofCtoN・Thereplaceof  
speciescompositionresultedinthechangeoftheratioofCtoN・Intheearlierexperimentperiod，the  
dissoIvedinorganicmitrogenwasrelativelymoreabundantthaninthelaterperiod，thephytoplanktoncells  
absorbedrelativelymorenitrogensothattheratioofCtoNwasbigger・  
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（3）】Sinkingnuxesorl〉OCandPON  
lnOctober，theaveragesinklngfluxesofPOCandPONwere9・50andl・20g・m2・d－1inP－meSOCOSm∴b  
May，thcsinkingfluxorPOCinP－meSOCOSmaVeragedO・72g・m2・d－1andlessthanC－meSOCOSm・Meanwhile，  
thesinklngnuXOfPON averagedO．12g・m2・d－1inP・meSOCOSmandO・14g・m2・drlinC－meSOCOSm，The  
Sinklng fluxes ofPOC andPON werelessinMay thanin October．The daily sinklng nuX Showed the  
increasingtrendbothinPumesoco予mandinC－meSOCOSm（Fig・9）・ButthesinklngnuXinC－meSOCOSm  
Climbed to the maximum value pr10rtO thatin P－meSOCOSm．The sinkingflux ofPOC and PONin P－  
mesocosmandcontroIwerelowerthaninnaturalseawater（Table2）．Forexample，On30May，thesinklng  
fluxofPOCinnaturalseawaterwas3．47g・m2．d一），Whilethevaluewas2，99g・m2・dp】inP－meSOCOSmand304  
g．m2．d▲lincontrolmesocosm．Thevaluesareveryhigherthano蝕horeocean軋9），Smith（1999）conducteda  
7－year Studyand meauredthe sinklngflux ofparticulate matterat600mabove bottom at an abyssal  
station（4100mwaterdepth），220kmo仔thecentralCalifomiacoast】0）．ThesinklngnuXOfPOCvaried鮎m  
O．16to27・18mgC・m之・d】betweenOctober1989andOctober1996・  
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ThedailysinkingfluxofphytoplanktonshowedthesametrendwiththePOCandPON（Fig・11）・The  
sirlklngnuXOfphytoplanktonincreasedfromtheinitialOL39gChla▲m2Ldto24・57gChla・m2・datthefifthday  
inP－meSOCOSmthendroppeddown．MeanWhile，thesinkingnuxofphytoplanktoninC－mCSOCOSmincreased  
frominitialO・56gChla■m2・dtothepeak，15・69gChla・m2・datthefifthday，thendroppeddown・Thesinkof  
POCandPONmain1yresultedfromthedeathandsinkofphytoplankton・1nOctober，theabundanceof  
phytoplankton was high，and the dominant species was big－Size diatom，Which sink quicker tban  
dinoflagellete，SotheaveragedailysinklngfluxesofPOCandPON andphytoplanktonwerehigherin  
OctoberthanMay  

4．DISCUSSIONS  

Atacertainextent，thcresults丘ommesocosmexperimentinOctoberreflectedtheecosystembehaviorin  
fa11inChangIlangRiverEstuary，andtheresultsinMayreflectedthechangeofecosysteminspring・Thetwo  
expenmentrcsultsshoweddifftrentseasonalresponseofPOCandPONinecosystemoneutrophicationof  
phosphateLPhytoplanktonbloombrokeoutinthemesocosmexperimentsbyaddingphosphateinOctober  
andMay・Theywerecal1edasSke］e10nemaCOStatZJmbloominOctoberandProfT）Cenfrunabnta［umand  
SkeletonemacostatumbloominMay・hfall，theshortageofdissoIvedinorganicsilicateandnitrogencaused  
thedisappearanCeOfbloom，butitwastheshortageofdissoIvedinorganicnitrogencausedthedisappearance  

Table2．Sinkingfluxes（g．m‾i．d■■）orsuspendedparticulatematterlnmeSOCOSmandlnnaturaLseaWater   

date P－TPM C－TPM    OUT－TPM  P－POC  C－POC  OUT－POC  P－PON  C－PON  OUT－PON   

5．20  23．2  2l，2  43．8   0．32  0．3（i  0．57   0．04  0．04  0．07   

5，22  29．5  49．5   93．52   0，62   1．13   l．74   0．14  0．25   0．24   

5，2（）  28．4  573．69   1．34  4，29   0．20  0．53   

5．30  48．5  30．7  295．95   2．99  3．04  3．47   0．418  0．3（5  0．42   

P，C：Phosphateenrichedmesocosmandcontrolmesocosm；OUT＝naturalseawateroutmesocosm  
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Table3．ThesomepararnetersontheparticulateorganiccarbonandbacteriainPE－meSOCOSm  

Primary   Dailyincreaslrlg  Daily血king  Bacteria   Bacteria  

productivlty   rate of POC nuxof POC  abundance   productivlty  

ugC．1‾】．d‾1   ug．l‾1．d‾1d   ug．l‾－．d‾1   105cell／ml   ugC．1‾】．h▼1   

980519   7（〉，5（i  0，026   1．9   3，7   

980520   297．84   324．0   0．108   2．9   14．4   

980521   334．32   91．0   0．214   1．6   7．5   

980522   738，72   154．0   0．209   3．8   32．2   

980523   127（）．32   356．5   0．345   3、3   7．0   

980524   1322．64   342．5   0．278   3．4   13．5   

980525   1251．36   35．0   0．317   2．l   7．2   

98052（〕   121l．52   ＿28．0   0．451   2，9   20．6   

2，5  

2．0  
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lnOctober，thePOCandPONweremorethanthoseinMay，becausethephytoplanktonwasmorein  
octoberthanMayLHuang（1997）2）andLiu（1997）4）alsoobservedthePOCinMaywaslessthaninOctoberin  
changJlangRiverEstuary・andAfteraddingphosphate，thePOCandPONnrstlylnCreaSe，thendropped  
down．TheincreaseofPOCandPONresultedfromtheincreaseofphytoplanktoncells；andthedecreaseof  
pocandPONwereattributedtothedecreaseofprimaryproductionlimitedbythedccreaslngnutrientsand  
thebacterialdecompositionofdetritus・Fig・12showsthegoodrelationshipbetweenthesinklngfluxofPOC  
withthesinklngfluxofphytoplankton・  
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TocomparetheproductionofPOCwiththesinklngOfPOC，Weneedto tranSfortheunitofsinking  
flux（g・m2・d1）intotheunitofug・l‾■・d‾】，ThedailysinklngnuXOfPOCvariedfromOLO26toO・345トLg，rl，d‾1，  
averagedO・244匹g，lrl．dL）．1twasverysmallerthanthedailyincreasingrateofPOC（217．17ug．1‾L．d‾1）（Table  
3）．ThedailyincreasingrateofPOCwaslowerthantheprimaryproductivity（813．66Llg，l‾一，d1）（Table3），  
WhichmeanSOnlyapartofphotosyntheticcarbontransfbrmedintoparticulateorganiccarbon，theotherwas  
releasedthroughthephytoplanktoncellandformedthedissoIvedorganiccarbonwhichwastheimportant  
bacterla，sfbod・ThegrazeofzooplanktonmayalsoexplainthelowincreaseofPOC‖）LThesewereproved  
bytheabundanCeOfbacteriaandbacterialproductivityinFreaSed（Thble3）・1nthelateperiodofmesocosm  
experiment，the prlmary PrOductivity kept highincreaslng rate，While theincreaslng rate OfPOC has  
decreasedtoaverylowlevel（Fig・10）・1tshowedmostofprimaryproducttransfomedintoI）OCandwent  
alongthemicrobiallooppathway・ThispathwayconsumesthemuchofdissoIvedoxygenandeasilycaused  
theredtidedisaster．  

Unlikethecomplexbehaviorofnaturalmarineecosystem，themesocosmecosystemwasrelativelysimple  
andeasytobestudiedbecauseofexcludingthewaterexchange，itisamass，balancedsystemLlncontrol  
mesocosm，WemayeStimatethenaturalgrowthrateofplanktonandobservethenaturalbehaviorofPOC  

and PON．On the basis ofresults from the mesocosm experiments we can estimate many ecologlCal  
ParameterS，SuCh as，the naturalgrowth rate ofphytoplankton・The sinking flux ofPOC，PON and  
PhytoplaIlktonin Chang】1ang River Estuary may be estimated onbasis ofthe sinking datain control  
mesocosrn，andtheyprobablearedifferentwiththesinklngfluxinC－meSOCOSm，Becausethenaturesinklng  
processwasafrectedbythecurrentandresuspensioneffect・Themesocosmexperimentmaydeteminesome  
importantparameterStOdevelopmarineecosystemmodelandestimatethenutrientloadinChang）1angRiver  
Estuary，   

1n Chang】1ang RiverEstuary，theseacurrentnowfastandphytoplankton patchy distribution change  
quickly、SOitis very difhcult to obtain the two same mesocosmecosystems for contrast experlmentS・  
Although，the phosphate－enriched mesocosm ecosystem was not thorough1y same as the control，the  
experimcntstillprovidedtheu5efu1data，andshowedcIcarlythebehaviorresponsesofecosystemtothe  
eutrophication・  

5．CONCLUSlONS   

（1）．Afteraddingphosphate，bothPOCandPONinP－meSOCOSmgraduallyincrcasedandreachedtothepeak  
atthe4thdayinOctoberandattheseventhdayinMay，thendecreased・POCandPONinP－meSOCOSmWere  
lessinMaythanOctober  

（2），lnMay，thesinkingfluxesofPOCandPONaveragedO．72andO，12g．m2・d■respectivelyinphosphate  
cnrichedmesocosmandwerelessthaninnaturalseawater．   

（3），ThevariationofPOCandPONinmesocosmwasmainlyattributedtothechangeofphytoplankton・  
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ProceedingsoftheJapan・ChinaJointWorkshop，1999March  

ONSEDIMENTATIONOFPHOSPHORUS  

INSPECIFIEI）AREAOUTSIDEOFCIIANGJIANG  

ESTUARY  

HuaiyangZHOUL，JiangfangCHENGl，JianmingPANl，HuaizhaoWANG），  

YoshikiSAITO2，YutakaKANAl2andMingmlngJIN］  

1secondlnstituteofOceanography，StateOceanicAdministration  
（Hangzhou310012，PRChina）  

ユG∈0log■CalSuⅣeyOfJapan  
（1．1－3Higashi，Tsukuba，Ibaraki，305－8567Japan）   

PhosphoruS COntent Of surface sediments（0－1cm）sampled by multicorerin speCit7ed area  
（lユユ030’E～lヱ4000’E，3lOOO’N－3ユ000’N）outsideofChan邑）ian呂eSluaryrヲSpeClivelyinOc10ber1997and  
May1998isanalyzed，CombinedwiththedataorphosphorusconcentratlOninseawaters，grainsizeand  
ChenlicatcompositionaswellastheisotopICSedimentaryrateofsurfacesedimentandetc．，i（isrecognized  
thatSeasonalvariabilityofdifferentwatermassescouldbesensitivelyrecordedinsediments．Distrlbulion  
pauernofphosphorousinsurfacesedimentintheareaisprobablybothcontrolledbytheChang】jangRiver  
dilutedwatermassandtheHuanghaiSeaandEastChinaSeamixedwatermass・Re－tranSpOrtationandre－  
SedimentationperhapsdoactivelyhappeninthestudyreglOnthatcouldmakere－SuSPendedsedimentsto  
releasepoIlutantsasphosphoruSintoseawaterandhaves】gnificantimpactsonmarlneeCOSyStem，although  
itisindicatedthatatleastsomeofphosphoruSinsedimentsexistsiTlforrnsofimmobileorinorganic・  

瓜プル加血＝C鮎明か加g丘1J〟αワ，タカ0甲わm∫，∫e〟f刑e〃いed∫0〃α／vαrfβゐi／f伊，re－∫edf椚e〃／〟Jfo〝  

1．INTRODUCTION  

Envirorunentalpollutionhasbecomeamuchseriousproblemwiththerapiddevelopmentofindustrialization・  
Thepollutioncausedbypollutantssuch as nutrlentS，heavy metalsand organic compounds（including  
pesticides）etc．coulddamagethewell－balancedcirculationofnaturalecosystemandinducethenegative  
eventssuchaseutrophication，redtideandpoISOnlngetC・OCCurfrequently・Atthesametime，italsoaf托cts  
humanhealthandmaintainabledevelopmentofoursociety・Asaresult，mOreattentionshouldbepaidtothe  
studyandprotectionofnaturalenvironmentmeanwhilepeoplemakeuseofnaturalresourcesontheearth・   
StudyactivitiesonenvironmentandecosysteminornearChang］1angEstuarymightt）etraCedto1950’s・  
Especia11ysincetheendof1970，s，SOmeCharacteristicsofhydrologlCal，biologlCal，ChemicalandgeologlCal  
environmentofChang】1angEstuaryisknownthroughaseriesoflargescaleinvestlgationssuchasSino－  
American，SinorFrenchjointsurvey，nationalislandssurveyandnationalcoastalzonesurveyetcL・However，  
probablyasthelimitationofmethodsandinvestlgatedareaatthattime，theunderstandingaboutsome  
qucstionsandsomeareasisstillnotveryclearorsomeworkhasnotevenbeencarrledout・  
1nthe触meworkofjointprogram‖theenvironmentloadinginthespecifiedareasoftheEastChinaSeaand  
itscffectsonthemarineecosystem”betweenChinaandJapangOVemment，SCientist5frombothcountries  
carriedouttwotimesofsurveylnaSpeCtSOfhydrology，biology，ChemistryandsedimentationonboardR／V  
■lHaiJai49”inthespecifiedareaoftheEastChinaSea（122O30■E～124OOO’E，31OOOrN～32OOO’N）outsideofthe  
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Chang】1angEstuaryinOct・1997andMay1998，reSpeCtively・lntwocruises，thesedimentsampleswere  
COllected by multiple corer at some stationsin speci坑ed areaand Meso site near Huaniao mountain  
（30O50L498TN，122O36・694’E）（Fig・1）・Basedontheanalyticalresultsofconcentrationofphosphorusinsurface  
Sediments，COmbinedwithsomeotherparameters，thesedimentationofphosphorusisdiscussedinthispaper．   

＼ヽ  公  ●  曾  ヤ  智  

Fig・1Thediagramofsedimentsampltngstation  

2．MATERIALSANDMETHODS  

Sedimentsampleswerecollectedbythemulti－COrerWhichhasthreetubes（d＝7，1cm）exceptofsamplesat  
Glbythegravity－COrer■Thelengthofthesedimentcollectedbymulti－COrerWaSgenerally丘om20cmto40cm  
exceptofonlyseveralsampleswithalengthofseveralcm．Sedimentsinsomestationscouldnotbecollected  
probablyforthereaspnthatsandcontentisquitehigh・  
AftersomeobservInganddescnbing，mOS【ofsedimentcorersweredivldedjn（OSub－SamPles、Vithalength  
Ofl～3cmeachandfrizzedtopreserveimmediately・Severalcorerswerepreserveddirectlyinrefrigerator・   

3．RESULTSANDDISCtJSSION  

（1）DistributionsofPhosphoruSinSurfaceSediment   
Tablelshowsthecontentdataofphosphorusinsurfacesediment（Orlcmindepth）atseveralstationsin  
SpeCi坑edareaandHuaniaomountainmesosite・Thephosphorouscontentofthesurfhcesedimentinthe  
investigatedareavariesbetween402mg／kgand734mg／kg・Thesedataarcsimilartotherangeofphosphorous  
contentofsurfacesediment（12lO30’E～123O30■E，30045’N～32OOOIN；SamPledin1985－1986）reportedbyYang  
Guangfuetc．，andlowerthanthedatafromHuangheEstuary，ZhtリiangEstuaryetc．Thephosphorouscontent  
insurfaccsedimentoftheHuaniaomountainmesositeranges丘om647mg／kgto720mg／kg，COrreSpOnding  
approximateJytotheupperda【alimi（ationin（hespecjfiedarea，  
AccoTding to phosphorous tendency trend－Surjhcc analysIS，jtis concluded thaf rhere are obvjous  
CharacterlSticsforthevarietyofphosphorouscontentinsurfacesedimentinthestudyarca・Amongthree  
transectsA，B，C，thephosphorouscontentincreasesgraduallyontheAline丘omwesttoeast（namelyAl－  
A3LA5）；buttheydecreチSeSequentiallyfromwesttoeast，namelyCl（Bl）一C3（B3）TC4（B5），OntheB，ClinesL  
Asaresult，tWOhighpolntSintheeast－nOrthcomerandwest－SOuthcornerOfthestudyareacouldbeseenon  
thetrend－Surfacediagramofthephosphorouscontentinsur払cesediment．  
ByComparlngOfthephosphorouscontentinsedimentatthesamestation丘omtwocruises，ltisindicated  
thattwosetsofphosphoruSdataindifferenttimekeeparesemblingdistributionpattemmentionedabove・  
However，aninterestlngphenomenaisfoundthatthephosphorouscontentofMay1998ishigherthanthatof  
Oct］997onAtransect，andloweronCtransect，  
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T＆blelTotalphosphoruS（TP）contentinsurfacesediment（0－1cmindepth）  

STATION  sampledinOct．  ′11P（mg／kg）  

1997   

TP（mg／kg）   TP（mg／kg）  

Å1   517   589   PearlRIverEstuaryり   699   

A3   549   681   ChangjiangEstuary2）   668   

A4  607   ChangJlangEstuaryR）  560（400860）   

A5   609   734   HuangheEstuaryれコ）   860   

Bl   663  LuanheEstuary4）・S）   703   

B3  655   Sediment of 651   

continentalChina6）  

B5   548  Continentalshale7）   699   

Cl   640   611   Brownclayfromwest  1572   

pacirlcり  

Gl   634  

C3   586   576  

C4  402  

hlESO   647   720  

（2）Rclationshipt）etWeCrlPhosphorousContentinSurfaceSedimentandWaterMasscs   
AccordingtoinvestlgatedresultsoftwocruisesinOct1997andMay1998andthepublisheddata，itis  
knownthattherearethreeklndsofwatermassesfromdifferentdirectionsoccurinthesurveyarea．Thefirst  
OneistheChan邑llangdilutionwatermassmovedfromwesttoeastorsoutheast・Thesecondoneisthe  
HuanghaiSeaandEastChinaSeamixedwatermassfromnorthtosouth．ThethirdistheTaiwanwarmcurrent  
WatermaSSfromsouthtonorth，Thesewatermassesmeeteachotherinthisregion，althoughtheirimpacts  
COuldbeseasonallydi晩rent．   
TheimpressionoftheChang］1angRiverdilutedwatermassdurlngOct1997inthisreglOnWaSWeakerthan  
thatduringMay1998・Conversely，theHuanghaiSeaandEastChinaSeamixedwatermassandtheTaiwan  
WarmCurrentWatermaSSWereStrOnger．Asaresult，theareaincludingstationBl，Cl，C3isrelativelystrongly  
affbctedbytheChangJlangRiverdilutionwater・1mpactsoftheHuanghaiSeaandEastChinaSeamixedwater  
reducedgradually斤omstationA5，A4towestandsoutheastindirection，AndstationC5，C5aremore  
innuencedbytheTaiwar）WarmCurrentWater．TheHuanlaOmOuntainmesositeanditsaroundareasaffected  
bythewaterofChing】1angRiveranditscoastwisecurrentperennially・   
Contcntofphosphorusanditsformsinseawatersamplesfromlevelsofsurface，middleandbottominwater  
COlumnatdifferentstationinthespecifiedar？aareinvestigatedLltisobviouslythattotalphosphoruS（TP）in  
SeaWater，itsconcentrationinastat10nispositlVelyrelevanttowaterdepth，ismainlycontrolledbyparticulate  
PhosphoruS（PP）．The tendencyofdissoIved totalphosphoruS（DTP）isrestrictedby dissoIved organic  
Phosphorus（DOP）whichshowedanincreasingtrendfiomsurface，middletobottominseawatercolurrm  
generally・1tisinterestlngtOnOticethatconcentrationsofTPandPPduringOct1997werelargelyhigherthan  
thatduringMay1998，andconcentrationsofDTPandDOPwerealittlehigherthanduringMay1998・   
Accordingtothetendencysurfacediagramofphosphorousconcentrationinseawaters，itisevidentlythatTP，  
PPconcentrationoftheChang】langRiverdilutedwaterwashighest，andthatoftheHuanghaiSeaandtheEast  
Chinaseamixcdwaterwasthenext，andthatofthe Taiwanwarmcurrentwaterwasthelowest・The  
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COnCentrationgradscurveofDTPandDOPhadalsoasimilartendencythattheconcentrationofDTPand  
DOPdecreasedfromthewestsideandthenortheastemtoeastsideorsoutheasterninthearea，Whichjust  
accordedwiththechange tendencyofphosphoruS COntentinsurface sediments．1tisalsoreflectedthat  
phosphorousinthesurfacesedimentreasonablyderivedfromtwokindsofsource：theChang】1angRiver  
dilutedwaterandtheHuanghaiSeaandtheEastChinaSeamixedwater・TheChang】1angRiverdilutedwater  
CarriedanthropogenicornaturalphosphoruSaCquiredalongltSlongwayanddepositedthemgraduallylntOthe  
sedimetwhichm止ethesedlmentSCOntaininghigherphosphoruSCOntentintheareawheretheChangJiang  

rlVerdilutedwaterapproaches・HigherphosphoruSCOntenttranSPOrtedbyseawatersfromestuaryofHuanghe  
nverandLiheriveraswe11as倉omHuanghaiSeacouldalsomaketheHuanghaiSeaandEastChinaSeamixed  
WaterdepositcorrespondingcontentofphosphoruSintheeast－nOrthcomerofthestudyarea▲Thesetwo  
djrecIioれS■pbospboroussourcesmadetムebasicpa圧emcomeinわbei】－g血aI血epbo5phorousco山entin  
SurfacesedimentsdecreasedfromeasttowestontheAlineandftornwesttoeastontheB，Cline．   

KanaietalfromJapanGeologicSurveymeasuredthesedimentaryrateatsevcralstationsinthespeciflC  
areasbymeansofPb2）0・Thetendency負gureshowedthatthedepositedratedecreasedfromthewestsideCl，  
BlandtheeasトnOrthcomerasA5tothemiddleinthearea．RangeofsedimentaryrateisaboutO・5－2cmper  
year，althoughsomephenomenasuchasstrongbioturbationandhydrodynamicdisturbationoccurredinthe  
reglOnindicatethatthisisotopicdatacouldbeonlyregardedasaverygeneralandaveragesedimentaryrate．   
Combinedtoconsiderthecharacteristicsofphosphoruscontentdistributionwiththeaveragesedimentary  
rate，itisreasonablepresumedthatsurfacesedimentsamplescollectedinMay1998，eSPeCiallyatstationAl，  
A3，A5，Cl，C3，arethesedimentsaccumulated什omwinter，andsarnpleswereaccumulatedfromsurnmerare  
thosesampledatthecorrespondingstationsinOct1997．Thesesurfacesedimentssampledintwocruises  
preservedthedi脆rentcharacteristicsofphosphorousconcentrationinthemarineseawaterinwinterand  
Summer，reSpeCtively・Thisisprobablythereasonwhytherewereevidentdifferencesfromthephosphorous  
COntentinsamplesofsurfacesedimentco11ectedatseveralstationsduringtwocruises・  

（3）Seasonalvariabilityofgrainsizeofsurfacesedimentanditssignincance   
ThesystematicmeasurementofthegranularltyOfsurfacesediment（0－1cm）fromspecifiedareaduringOct  
1997showsthatthesandcontent（granularity＞0．063mm）variedbetweenll▲3％and98．4％（Tab・2）・Sand  
COntentSare＞50％atstationAl，A3，B5andC3．ThedecreaslngOrderofsandcontentねrmeasuredsamplesat  
StationsisB5＞A3＞Al＞C3＞Bl＞Cl＞A5・SandcontentofsurhcesedimentsamplefromHuaniaomountain  
mesositeisonlyO，19％，andthesedimenttypeisattributedtoclaysilt■   
Probablylimitedbysurveyscaleandsamplingtechnique，formerinvestlgationreportedthatthereisless  
modemsedimentarydepositioninthisstudyareaexceptofcertainsedimentationatstationBlandCl・What  
interestlngPhenomenadiscoveredinthistimeisthat，besidesofnearlylowestsandcorltentatStationA5in  
Studyarea，grainsizeofsurfacesedimentcollectedatstationA3duringMay1998becamemuchfinerthanthat  
duringOcti997・加isalsocomparablein［hereg10nincJudings【ationsB3andB5・Lnfact，Sedimen【samPlehad  
notbeencollectedbymultiplecorerduringOct1997probablybecauseofitscoarsegrainsize・Evidently，  
Strongdynamicsandrapidmovementorvariabilityofsedimentationdidoccur，nOtOnlythereissedimentary  
activities，inthisarea．  

1tisclearlyobservedthattherearesomesharpboundarylnadepthofaboutト4cmonsomeofsediment  
corer（B3，A3；forexample）．Thesedimentsabovethisboundaryaremuchfinerthanthatbeneaththet）Oundary  
anddarkerincolor．ItisassumedthatsedimentationwasnotcontinuousinthereglOnOutSideoftheestuary・1t  
isqultepOSSiblethatsedimentsdepositedduringcertaintimeinthisreglOnCOuldmoreorlessbeshl魚ed，  
transportedanddepositedinsomedistanCe・Conclusively，mOdernsedimentationdoeshappeninthestudyarea，  
thedefinedancientdelta．Itisconsideredthattheactivitiesoffrequentre－tranSPOrtationandre－deposition  
couldplayagreatimportantrOleinthephosphorouscyclingandinthemarineecosystem，becauseweknow  
thatphosphoruSCOntentinsurfacesedimentismultiplehigherthanthatinseawaters・  
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Table2 GrainsizeandtypeOrSurfacesediment  

Surfacesedimentin1997  Surfacesedimenlin1998   

STATIO  

N   tYpe   type   

Al  65．98  21．14  12．9   Clay－Sl】ty  

sand  

A3  S2．6（）  11．43  5．91   Si】tysand  】6．24  59．11  24．65  Sand－Silt－  

ClaY   

A5  7．12   70．62  22．6   Sand－Silt－  

Clay  

Bl  2l．2   53．49  25．3   Sand－Silt－  

ClaY  

B3  8．65   6l．15  30．2   Sand－Silt－  

Clay   

B5  94．05  4，3（i   1，59   sand  

Cl  15．15  54．01  30．8   Sand－Silt－  

CtaY  

C3  58．78  2（i．66  14．6   SiltYSand  

MESO  0．19   54．5   45．3   Claysilt  

（4）The relatiorlShip among phosphorous eontent，grain size and chemicalcompositionin surface  
Sedime山t  

TheorderlygeographicaldistributionpatternOfphosphorusCOntentinsurfacesedimentdependnotonlyon  
the different watermassesand theircharacteristics，but also on the struCture，mineralcomposition and  
chemicalcompositioninsediments．  

1tisobviouslythereisdistinctnegativerelationshipbetweensandcontentandphosphorouscontentinthe  
surfhcesediment．Onthecontrary，thcrelationshipbetweensilt（d＝0・063－0．004mm），Clayandphosphorous  
contentis positive・Thatis，phosphorousis generally emichedin fine5ediment・Phosphorus－riched  
componentscouldexistinaformwithagranularlty＜0・063mmorbeabsorbedorJinsomeparticleswhose  
granularlty＜0・0631－m－  

1tisalsoobseIVedonthediagramoftendencysurfaceanalys150fgrainsizegradethatthesandcontentof  
surfacesedimentintheinvestlgationareaincreasedfromtheeast－nOrthcomerorthewest－SOuthsideorwestto  
themiddle・ThehighpointsofclaycontentaregenerallyalsothoseofthephosphorouヲCOntent・The  
phosphorouscontentbecamehigherwhilethesedimentis重neratthesamestationindifferenttlme・Ofcourse，  
grainsizeisnottheonlyfhctortocontrolthephosphorouscontentinsurfacesediment・Forexample，thereis  
lesssandcontentinthesurfacesedimentoftheHuaniaomountainmesositewhosegrainsizemuchfinerthan  
inthespecifiedareas，however，itsphosphorouscontentisIlOtSOprOPOrtionallyhigh・   
SiO2，A1203andCaOetcarethemainoxidesinthesesediments（Table3）．SiO2mainlyexistsinaformof  
qulteStablequartzorsilicateminerals，inadditiontominornonrcrystauizedsiliconandbiologLCaCtivated  
silicon．1nthesurfacesedimentcollectedduringthecruiseofOct1997，SiO2COntentisveryhighandreaches  
60～72％，ExceptthesamplesfromstationClandmesositehavearelativehighervalucbetween3・08～3・12％，  
mostofsedimentscontainlessbiologlCaCtivatedsilicon・Thct）iologlCaCtivated＄iliconcontentontheA  
transectseemstoincreasefromwesttoeasしA1203isthemaincomponentofAl－Silicatemineralsasfeldspar  
andclaymineralsandalsotherepresentativesofnon－biogeneticcompositioninthesediment・Thereisa  
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distinctinverserelationshipbetweenAl203andSiO2COntent・TheCaOcontentderivedbothfromorganicand  
inorganicparticlesranges2．48Jl．30％inthesediment．  
ThecorrelativeanalysisshowsthatthecorrelativecoemcientsofphosphoruSandSiO2，A1203，CaOinthe  
Surfacesedimentwere－0・75，0・77andOL16respectively・Actua11y，thosesedimentswithcoarsegrainsizeand  
lowerphosphorouscontentcommonlycontainhighproportionsilicatemineralsasquartzthatisquitepoorin  
phosphoruS・ThecoarsestruCtureOfsedimentalsodoesnotbenefittothepreservationorabsorptlOnOf  
phosphoruS・hotherhand，thesedimentshavehighAIcontentarヲ芦enerallyrichinclaymimerals▲Clay  
mineralsandfinestruCtureinsedimentshaveadvantagesofcontalnlngOrabsorbingthephosphoruS－rich  
COmPOnentS・  

Table3Chemicalcompositioninsu血cesediment（％）  

surhcesedimentinOct，1997  surfacesedimentinMaY1998   

STATION  SiO2  TiO2  A1203  CaO  SiO2  TiO2  A1203  CaO   

Al   70．84  0．58  10，42  2．59  64．33  0．62  9．67  2．90   

A3   7l．75  0．68   9．58  2．48  54，79．  0，75  10．4（）  4，35   

A4  69．30  0，57  10，3（）  2．04   

A5   62．09  0．72  11．17  3．79  

Bl   62．09  0．7l  11．79  4．30  

B3  55．68  0．85  10．13  3．15   

B5   72．54  0．45   9．07  3．18  

Cl   60．64  0．71   12．78  3．87  65．63  0．59   9．6ユ  3．67   

Gl   61．69  0．80   13．13  〕．91  

C3   68．60  0．75   10．40  3．81  66．48  0．S4  10．67  3．19   

C4  63．44  0．5（；  10．20  2．5ユ   

MESO  52．23  0．85   l（i．34  3．94  57．2（）  0．82   9．83  4．08   

JtisinterestlngtOnOticethatthecorrelativecoe用cientbetweenPandTiO2COuldreachesO・84・TiO2  
commOnlyoccurasfheheavymineralsinthesedimentsincoastalzone・Combinedtoconsiderthe  
coefncientsbetweenphosphoruSandA1203aSWellasCaO，itcouldbereasonableassumedthatatleastsome  
ofphosphoruSinsedimentsisinorganicornon－biologlC，OCCuraSnOn－biogeneticapatiteforinstance・This  
polntisimportanttorecognizebecauseonlythoseorganicorrnobileformsofphosphoruSWillhaveslgnificant  
impactsinthemarineecosystemwhentheyreleaseintoseawaterwiththechangesofenvironmentalcondition・  

4．PRELIMINARYCONCLtJSIONS  

Baseonthedataanddiscussion，WeCOuldhavesomeprelimlnaryCOnClusionsasfo1lows：  
1．ThedistributionpatternofphosphorousinsurfacesedimentinthestudyareaoutsideofChang】1ang  
EstuaryisprobablybothcontrolledbytheChangJiangRiverdilutedwatermassandtheHuanghaiSeaandEast  
ChillaSeamixedwatermass．  

2．SeasonalvariabilityoccuLrSinthesedimentationandphosphoruSinsurfhcesedimentsinthestudyarea・  
CharacteristicsofdifEerentwatermassescouldbesensitivelyrecordedinsediments・  
3．Re－tranSpOrtationandre－SedimentationperhapsactivelyhappeninthestudyreglOnthatcouldrelease  
pollutantsasphosphoruSintoseawaterandhavesignincantimpactsonmarineeco戸yStem，althoughitis  
indicatedthatatleastsomeofphosphoruSinsedimentsexistsinformsofirnmobileorlnOrganic・  
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EnvironmentAgency  

（Onogawa16－2，Tsukuba，1baraki305－0053，Japan）   

MosLofthespeciesrecognizedinthisstudyarewe11knownascosmopoLitanspeciesincoastalareas・  
Ared－tidefbrmlngdinoflagellate，ProrocenlnLmdentalum，WaSWidelyrecognizedinthissurvey・Sorne  
frag．te species cc．uld be detected丘om the direct observation of fresh samples・Presence of  
pICOphytoplanktonspecieswereconfirmedbyenrichmentculturesandElowcytometryanalysis・Atotal  
of62speCiesbelonglngtO10classeswereidentifiedinthisinvestlgation・  

瓜ッ〃わ′血ご占わdルe′∫ゆ．メor（7，p砂／呼Jロ〝如β玖〆C（pJロ〃た／0〃  

1．INTRODUCTION  

ThemarinephytoplanktonoftheChinesecoastareahasbeehdescribedinseveralpaperSl）2）・Most  
previousstudieswerebasedonobservationuslnglightandscannlngelectronmicroscopeandhavetargeted  
dominanttaxalikethered－tideformlngSpeCiesandspecieshavingarelativelylargecellsizewithdistinct  
cellcoverlngS，SuChasdiatomsanddinoflage11ates・While，plCOPhytoplanktonand鮎gilephytoplankton  
havenotreceivedasmuchattention，prObablybecauseOfthosedifncultiesofdetectionsandidentifications・  
DuringthemonitorlngCruiseattheestuaryareaofChangJlangmOuthinMay1998，WeCOllectedseawater  
samplesforafloristicinvestlgationonthephytoplankton・Themainpurposeofthisstudywastodescribe  
indetailthediversltyOfthephytoplanktonofthisarea・Thereforeweusedseveralmethodsinorderto  
dcscribcthedivcrsltyanddistributionofthephytoplankton，nOtOnlyofpredominantspecies，butalsosome  
pICOplanktonicandふakedspecieswhichcanbeeasilydestroyedduringnxation・  

2．MATERIALSANDMETHODS  

SeawatersampleswerecollectedduringthecruiseatstationsAltoA5，BltoB5andCltoC5（fig・1）  
fromsurface，middle andbottomdepths・Duringmesocosmexperiments，SeaWaterSampleswere also  
collected丘ominsideandoutsidethemesocosm．Fordirectobservationbyscarmlngelectronmicroscope  
（SEM），theseawaterwasfllteredwithapolycarbonatenlter（Nucleopore，0・叫mporesize）・Sizefraction  
and concenlrated sarnples were also prepared uslng pOlycarbonate futers with different pore size  
（Nucleopore，8・0，3・0，1・0，0・4umpor？警ize）・Freshlycollectedsampleswerealsoobserveddirectlywitha  
portablelightmicroscope．Bothorlglnalandtreatedseawatersampleswerefixedwithglutaraldehyde  
（2・5％fhalconcentration）L Detailedobservationsweresubsequentlyconductedonnxedsamplesuモin苧a  
lightmicroscopewithdifferentialinterferencecontrastattachmentsaswellasscannlngandtransmlSSlOn  
electronmicroscopes・lnordertodetectplCOPhytoplankton，Weappliedanemichmenttechniquetothe  
neldsamples・Seawatersamples，nltratedwith3・OLlmPOreSizepolycarbonatenlter，Wereinoculatcdintoa  
culturemediuln（f／2mcdium）andincubatednearthewindowsoftheresearchship（C・200C，Sunlightwith  
cool－Whitenuorescentlight）．Fordeteminingthedistributionofpicophytoplankton，WeuSedaflow  
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CytOmetry（FCM）system・Here，S予aWater Samples were萬xedwithglutaraldehyde（2・5％nnal  
COnCentration）immediatelyafterco11ectlOnandstoredinafreezeratc．－100C，，Sampleswereilluminated  
Withanargonlaserbeamat488nm，andtheirgreen，Orangeandredfluorescences（FLl，FL2andFL3），and  
forwardandside－anglelightscatters（FSCandSSC）weredeterminedbyFCM．  

3，RESULTSANDI）ISCUSSION  

During the cmise ofChangJiang Estuary，We Observed samples with portablelight microscope to  
determinethedominantspeciesandtheexistenceofthefragilespecies．Ared－tideformingdinonagellate，  
Prorocentrumdentatum，WaSreCOgnizedasthedominantspeciesatthemostsites・AtstationsB3andC3，  
Visiblered－tidesformedbythisspecieswereobserved・Onlythedominantspeciescouldbedetectedfromthe  
directobservationofseawatersamples・AndminorspeCieswereobserved什omconcentratedsarnplesafter  
filtrationatstationsC3，C5andthemesocosmsite・Amongthephytoplankton，nakedphytoflage11atessuch  
as haptophytes，PraSinophytes and raphidophytes，Which are easily brokeninfixed preparations，Were  
detected・Thenumberoffragilespeciesident沌edwas16（tablel）L Mostorganismswereclassifiedonly  
tothegenericlevelbecauseofthelackofdetailedmorphologlCalinfbrmation，Someorganisms，however，  
COuldbeidentifiedtothespecieslevelfromtheircharacteristicswimmlngmannerandcellappearance，e・g・  
distinctivece11shapeandspecialappendix．Theportablelightmicroscopewasausefu1tooltoconnrmthe  
Phytoplanktonpopulationoffragilespeciesandshouldbeusedmorewidely・  

Tab］el・FragllephytoplanktonspeciesobservedinfreshseawatersamplesattheChang）lar）g  
199S．  

CIass  Species  Station  

Chrysophyceae DjnobTyOnPc〟l昨nLm  meSOCOSmSlte  

♪∫e〟如edf〃eJJロSp．  meSOCOSm rite 

/Dinophyceae 
L甲idodi77izJmSp・  meSOCOSmSlte  

greendinoflagellates（atleast2speceis）  mesocosmsite  

Euglenophyceae Eutr甲／je］klSP．  meSOcOSm site 

Haptophyceae  Cかγ∫〃CJTr（相加加飢妬血（Orerfc血d）  

Cカサ∫OCJTr（J椚〟Jf乃α岬血昨r（フ  

Cみサ∫OCJTr（J椚〟／血9〟〟止血〃拍  

Cんり∫〃C力r（Jm〟J血〟Sp．  

加わp（甲P〝∫Sp，  

翔抑叫加恒朋而d  

C3，C5，meSOCOSmSite  

C3，C5，meSOCOSmSite  

C3，C5，meSOCOSmSite  

mesocosm slte  

meSOCOSm site 

C3，meSOCOSmSite  

Prasinophyceae  ♪リramtmOnaS［ongicDuda  

C3，meSOCOSmSite  

丹r〟mf爪∂〝耶Sp．  meSOCOSm site 

Raphidophyceae FibrocopsajqpuT7fca  C3，meSOCOSmSite  
椀㈲Ⅷ兎肌用血止血  C3，meSOCOSmSite   

Twohaptophyttspecies，Cカrysochromu／inaquadrikontaandC．5Pingbra，WereCOmmOnlyobserved・C・  
5Pin昨raisknownasphagotrophicspecies3），anditsaggressiveuptakeofsrnallparticles，SuChasbacteria  
anddetritalmaterial，WaSObservedduringthepresentsurvey・工tislikelythatC・5Pin昨raplaysan  
ecologlCa11ylmPOrtantrOleasconsumerofbacteriainthisarea・   
WealsocollectedseawatersamplesdurlngtWOWeeksatanxedsitehrmesocosmexperiments・PelaglC  
andcoastalphytoplanktonweredetectedatthissite，andthespeCiescompositionandcellnumbersvaried  
greatlyonadailybasis・Althoughmostphytoplankton 

． 

three green colored dinonage11ate speciesincludingLq，idodinium sp・Were regularly observed，and a  
haptophytespeCies，Chrysochromulinaquadyikontawasdetectedasoneofthedominantspecies・1tis  
knownthatCquadrikontaisdistributedalongthecoastalareasofJapan，AustraliaandNewZealand4），and  
thisstudynowshowsitisdoumdalongthecoastalareaoftheChang］1angeStuary・   
Speciesofdiatornsanddinoflagellateswereidentifiedn・OmSEMobservationsofthefiltersamples・  
Howeversomefiltersweremoreorlesscoveredwithmudandsmallparticles・Particularly，filters丘om  
samplestakenatstationsBl，ClandA5wereheavilycoveredwithsmallparticlesandmud・OnJylimited  
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results，therefbre，WereObtainedfbrthesesamples，   
ThemixlngOfwaterfromtheChang）1angRiverwithseawateroccursattheestuarycauseshighturbidity・  
Filters from water taken at the estuary mouth were more easily clogged withmud，thus preventlng  
PhytoplanktonmicroscoplC Observations▼ True phytoplankton diversltyln these caseislikely to be  
lnaCCurate．   

Diatoms anddinoflagellateshave beenrecognizedas the mostcoInmOnPhytoplanktonlivlngln the  
COaStalreg10n．Atotalof15speciesofdiatomsand20speciesofdinonage11ateswereidentinedfromthe  
SEMobservations（table2）．  

TabLe2．Ph舛OplanktonspeciesdetectedbySEMobservationsoffixedandflltratedsamplesatIhe  

iClass Spe亡ie5  Station  

Chrysophyceae  故rjngojPhaeramedLterra〝ea  C3，meSOCOSmSite  

Al－A5，Bl，CI－C5，meSOCOSmSite  
Al－A5，Bl，Ct－C5，meSOCOSmSite  
C3，C5，meSOCOSmSite  
Al－A5，Bl，Cl．C5，meSOCOSmSite  
Al，A3，Cl－C5，meSOCOSmSite  
mesocosm stte  
Al，A3，Cl－C5，meSOCOSmSite  
A3，B3，C3，meSOCOSmSite  
Al，A3，C3，meSOCOSmSite  
Al．A5，Bl，B3，Cl－C5，meSOCOSmSite  
Al．A5，Bl，B3，Cl－C5，rneSPCOSmSite  

Diatomophyceae （dialom）  

来血叫西山k＝朋W血  
」c血叩伊C力〟∫乎Jg〝血〃∫  

」（わ〃ビf叩dC所cα  

C／lβeわCerO∫〟J／〟〝／ic〟∫  

C／7deJo乙・er（J∫dg占iJg  

C力βゼナoビgr〃∫Sp．  

Co∫CJ㈲〟f∫C〟・－Spp．（atleast2species）  

∧他∫Cんfdわ〃gJ∫∫血〟  

Pαrd／由∫〟Jcβ／α  

∫たe／eわ〃e刑βCO∫J〟血m  

川〟Jd∫∫fo∫frdSpp・（atleast4species）  

Dictyochophyceae Di坤OChajPeCu［um  B3，C3，meSOCOSmSite  
B3，C3，meSOCOSmSite  
Al－A5，Bl，B3，Cl－C5，meSOCOSmSite  
Al－A5，Bl，B3，Cl－C5，meSOCOSmSite  
B3，C3，meSOCOSmSite  
B3，C），meSOCOSmSite  
B3，C3，meSOCOSmSite  
B3，C3，meSOCOSmSite  
Al－A5，Bl，B3，Cl－C5，meSOCOSmSite  
Al一入5，Bl，Bち，Cl－C5，meSOCOSmSite  
A3，B3，C3，meSOCOSmSite  
Al－A5，Bl．Cl－C5，meSOCOSmSite  
B3，C3，meSOCOSmSite  
Bユ，Cう，meSOCOSmSite  
B3，C3，meSOCOSmSite  

」／e∫〟〝か′〟椚Sp．  

Cer（J〟〟研ルrcα  

J）直りヽイ＝J）・〃1り  

β加叩桓f∫SpP．（atleast2speceis）  

Goり′α〟J以ク0鹿川椚肌d  

砂研〝OJf〝ⅢmSpP，（atleast3speceis）  

〃e′eroc甲∫βSp．  

〃oc／〃〟C〟∫C′〃JfJ／α〝∫  

Peridi乃iu椚SPp．（atleastさspeceis）  

Promcg〃Jr〟m占βJJfcIJm  

Pr（フmC‘・〃Jm机（克〃／〟山椚  

Promcg〝J相川mJcβ〃∫  

Protqperidiniumspp・（atleast2speceis）  
∫crち甲∫／e仙sp・  

Dinophyceae  

Ilaptophyceae  血相血血加d¢  
Gq7力γれフC（7P∫〟OCe〟扇c（J  

∫yr此・0岬み〟ビr‘7SP．  

UJ〃占iJfcp・甲ゐ〟er♂∫伽g（7g  

C5，meSOCOSmSite  

A5，C5，meSOCOSmSite  

C5  

C5  

incertaesedis  Ebria（T・＊artita  B3，C3，meSOCOSmSite   

Thereweresomedifferencesintheftequencyofdetectionandspeciescompositionateachsite・For  
example，WeCOuldcon負rmthatdiatomswerethedominantphytoplanktonatstationsAlandA3，butless  
numerousorevenminorspeciesatotherstations・Ontheotherhand，thedinonagellatestendedtobemore  
numerousatstationsB3，C3andthemesocosmsite．Besidediatomsanddinonagellates，Only今fewother  
taxonomicgroupscouldbedetectedbySEMobservations（table2）・ThosegroupsincludedHaptophyceチe，  
ChrysophyceaeandDictyochophyceaeandconstitutedaminorcomponentofthephytoplanktoncommunlty  
exceptatstationC5▲1nC5，interestlngly，COCCOlithophondswererecognizedasthedominantgroup，and  
otherorganismswererarelyobserved・＝owever，COnSideringthatthestreamtributaryfナomtheKuroshio  
Currentrunsnearthisarea，dominationofcoccolithophoridshereisnotcompletelysurprlSlng・Sincemany  
speCiesofcoccolithophoridshavebeenrecordedintheKuroshioCurrent5），theirpresenceshouldbegood  
indica（OrtOidentifythewatermasses丘omtheKuroshioCurrent・   
Thoughtheinvestlgationareawaslessthan300squarekm，SOmeenVironmentalfactorsconnmedthe  
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existenceofdifferenttypesofwatermassesinthiscomplexecosystem．Wecoulddetecteasilyawater  
massorlglnated丘omtheChang］langRIVer・Thehorizontalprofileofsalinltyandtemperature atthe  
SurfaceshowedtheexistenceoflowsalinltyCOreWater，C・2・7％，locatedaroundsiteC2，While，the  
Sumundingstations，A3－5andC5，hadasalin呼m喝e3・1一っ・2％．血血ecaseor5eaWatertemPera山代，血e  
SOutheastsite，C5，WaS180C，Whilethenorthsites，A3andA5，Were150C・Thecomplexhydrodynamicsof  
thisarea．come丘omtheexistenceofthedifferentwatermasses，beingtheKuroshioCurrent，theYellowSea  
and the Chan糾ang RiverL Three phytoplankton assemblages，based on the dominarLt SpeCies，are  
recognizedinthisareawithdiatoInSatStationsAlandA3，dinoflagellatesatB3，C3andmesocosmsitesand  
COCCOli血ophoridsa【C5（晦1），DjfたⅣnCeSin do血nan【pbyぬplank1011ateaChlocatjonappearto be  
relatedtothecorrespondingenvironmentalconditions．Thereforethedominantspecies eanbe usedas  
indicatoroftheenvironmentalconditions．  

Fig．1．DistrlbutionofphytoplanktonassemblagesattheChang！iangestuaryinMay1998・  

At stations Bl，Cland A5，a highmud content prevented accurate observations and detections of  
phytoplankon・ThjsmaybetkprlmaⅣ托aSOm触・血elownumberofs匹Cie5de妃Cteda一班esesites・  
However，anOtherpossibilityisthatthemudmaysupplypollutantswhichafFectsthephytoplanktonce11sas  
wellaslimitingthelightavailability・1twouldbeaworthwilestudytoinvestigatetheeffectofmudand  
smallparticlesonthephytoplanktoncommunity．   
Prorocen（rumden（alumWaSOneOfthemostdominantdinoflagellateinthissurveyibecausethisspeCies  
showedawidedis【hbutionandwasrela【ed【othevisibleTed－tide．htere5tlng】y，rheceJJsofP．d，〝La［LI7n  
showedawidemorphologlCalvarlability・Forexample，Circular－ShapedcellswercoRenobservedinfixed  
samples・SomeofcellshavingacircularshapelookedlikeP・COrdatumorP・minjmum・Weidentined  
mostofthemasP，dbntafzJm，however，Sincethevariabilityofthecellshapewassuccessive，andcellsoflen  
formedalinearcolonywhichisacharacterlSticfeatureofP・denlatum6）▲ Wecaution＞however，thatfurther  
taxono血cinvestlgations，eSpeCjally uslng Cu加red5打飢n5，Of班ese5PeCje5甜e requjred to make a  
conclusiveidentincation．   

Wetargetedpicophytoplanktonwhicharenormallydifnculttodetectin坑eldsamplesbecauseoftheir  
smallsize（aroundlprn）・hordertodetectsuchspecies，Weappliedan竺血chedcuLturemethodandFCM  
analysIS・ARer2－3 weeksincubation of emichment cultures，plCOPlankton developed・From  
ultrastruCturalobservationoffixedmaterial，4differentpjcophytoplanktonwererecognized（table3）L  
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Table3・PicophytoplanktonspeciesobseTVedinenrichmentculturesofseawatersamplesattheChang］iangestuaJTir）May1998  

Class  Species  Station 

mesocosm slt（：  

AILA5，Bl，B3，Cl－C5，meSOCOSmSite  
B3，C3，meSOCOSmSite  
Al一入5，Bl，Bユ，Cl－C5，meSOCOSmSite   

Chlorophyceae NaTmOCh［ori∫一Iikespecies  
Cyanophyceae   ∫ynechococc〟SSpP．  
Haptophyceae   血〝〃／∽fβrOJ〟〃血  
P†aSinophッcea亡  んポcrorMO佃叩皿血  

Allofthese4typeSareknow†aSCOSmOpOlitanspeciesin 
． 

Applicationofanenrichedcultureofsizefractionatedseawatersamplesseemstobeaneffectivemethodto  
detectplCOphytoplarlkton・   

DistributionofprokaryoticpicophytoplanktonwasrevealedfromFCManalysis・Theresultsarguedthe  
differenceヲOfbiomassinbetweensites（table4）・AtstationsAl，BlandCl，Closetotheshore，thecell  
concentrat10nrangedfrom200to700cells／ml，WhileatstationsB3，B5andC5，furthestfromtheshore，the  
maximum number reached was16，796cells／ml．Furthermore，the cellconcentrationin surぬce water  
samples tendedtobehigherthanthatofmiddle andbottom samples・Such verticaldistributionmay  
irldicatesomeenvironmentaldifferencesinthewatercolumn．General1y，prOkaryoticplCOphytoplankton  
arcfoundinpelagicregionsmorethancoastalareas・Therefore，theirhighabundanCe！sagoodindicatorof  
pelaglC enVironment conditions・Previously published data obtained丘om pelaglC reglOn gaVe Cell  
concentrationofc．100，000cells／mlintheWestPacincOceaninautumn7）andc．500000cells／mlinthe  
NortheastAtlanticOceaninwinter8）．Thesengures are anorderofmagnitude higherthanour data，  
suggestingalowerbiomassofpicophytoplanktonintheChangIiangestuaryduringtheMay1998surveyL  
ltisalsopossiblethatmudandsmallparticlesorlglnatlngfromtheChang）1angRiveraffectedtheFCM  
measurements．Furthermore，flXedcellstendstoadheretoeachotherandwithotherparticlesdecreasmg  
thecellnumbcrestimation，Technicalimprovementmayberequiredbeforethenextsurvey・Aseasonal  
survcyofthepicophytoplanktondiversltyandbiomassoftheareawillhelptheinterpretationofbiomassand  
dominanc spccies data. 

TabLe41CeuconcentrationsofpicophytoplanktondetectedbyFCManalysisoftheseawatersamplesattheChangliangestuarYirl  

May19卵．  

th Cells／ml  St且tion  De  Station De  tll Ce】1s／ml  

surface  972（；  

middle  4734  

bottom  40：18  

suT払ce  ヱ35  

middte  320  

bottom  745  

surface  l（i25  

middle  t89  

bottom  249  

surface  2359  

middle  1209  

bottom  1870  

surface   二‡49－1991  

A】  surface  

Al  middle  

Al  bottom  

A‡  suTface  

A5  middle  

A3  bottom  

A5  surface 

A5  middle  

A5  bottom  

BI  sl廿ねce  

Bl  middte  

Bl  bottom  

Bユ  surface  

B3  middle  

B3  bottom  

2
6
9
2
5
4
認
諾
∽
m
2
7
。
賀
葱
7
3
。
2
7
5
6
 
 

B5  

B5  

日5  

CI  

CI  

CI  

C3  

C3  

C3  

C5  

C5  

C5  

mesocosm slte  
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MODELINGOFNUTRIENTDYNAMICSINTHE   

ESTUARINESEAOFCHANGJIANGRIVER  

DediZHUlandWeiyiXUl   

lsecondInstituteofOceanography，StateOceanic＾dministration  

（Hangzhou31DO12，pRCllina）  

Ex（ensivefieldobservationsofLnutrientelementdistributionshavebeencarriedoutintheChang］Iang  
estuarinesea・HoweYe－，theknowledgeaboutnutrientdynamicsincludingnitTateandphosphatecycles  
alongwithwaterexchangeandcirculationinthisreglOIlisstillqultePOOr・Thepresentreportintroducethe  
numericalmodclingresearchwhichhasalreadybeencarriedoutinordertounderstandthe featureor  
nutrientdynamicsinthisarea．，ahorizolltallytwoLdimensionalnumericalmodelwasdevelopedtodescrlbe  
nulrientelementdynamicsinthisestuarinesea．BasedontheinsiLumeaSurementSandhistoricaldata，We  
attempledtoca汀yOtlttheresea－Chofhydrodynamics・WatereXChangeandt－amSpOrtOrnutrientelement・  
TherlumericalmodelisthebaseofthenumerlCalresearchofredtide，Whichwillbecarriedoutnextstepln  
thisreg10n・  

物〃匂′血ごC厄喝融間血血叩．〃〟Jrfe〝Jゆ〝d椚fc∫．桝0血J，WαJere∫C力α〃ge  

1．INTRODUCTION   

ThcChang］1angeStuarineseacoversHangzhoubay，theZhoushanlslandsareas，theChang］1angeStuaryand  
afewareaoftheEastChinasea．ItlocatesatthemiddleoftheEastChinasea，thenorthernpartOfwhich  
belongstotheYellowseaandthesouthern，sbelongstotheEastsea・Jtisawide、Sha1lowandopenwaterbody，  
onIythewesternpartofwhichisaqJaCenttOthemainland；itlocatesat29．20O－33・000Nand120・400－  
124．000 E（Fig．1），lnaddition，itisunder15mindepthofthe坑eldnearHangZhoubayandChang］iangestuary，  
andthceastern，sisrelativedeepLThestudyareaofhydrodynamicsmodelingcoversthewholeChang）1ang  
estuarinesea；Thestudyfieldofwaterexchangeandnutrientdynamicsisasquareareawhichisinthemiddle  
oftheChang］iangestuarinesea，anditlocates31100O－32．00O Nand122．500－123・500E（Fig・1）・  
ThereglOnOfChang】1angdeltaisoneofthemostimportanteconomiccentresinChina，forthedeveloped  
productionofindustryandagrlCulture，theecologlCalenvironmentinthisareabecomesmoreandmoreserious・  
EspeciallylnreCentyearS，aSareSultofeutrophication，redtideoccursmorefrequently，SOitisqulteneCeSSary  
tounderstandtheenvironmentcapacltyOftheChang］langeStuarinesea・   
EnvironmentcapacltymeanSthecapabilityofself－pur沌cationwhichincludesphysicalself－purificationand  
biochemicalself－purification・Inmypaper，thewaterexchangemodelwasemployedtounderstandthe  
physicalself－Purificationofourstudyarea，andthenutrientdynamicsmodelwasemployedtounderstandthe  
COuPleeffectofthetwoself－purificationsabove・   
Theessenceofwaterexchangeisconvection－diffussionofsubstanceinthenowfield・BasedonHAMSOM  
（HamburgShelfOceanModel）model，inthepresentreport，aCOnVeCtion－difnlSSi？nmOdelofaconservative  
substanccwasdevelopedtounderstandtheftatureofwaterexchange・1nthenutrlentdynamicsrnodel，N－P－  
Zmodelisintroducedtosimulatethebiogeochemicaleffectwhichmeanstheconvection－difnJSSionofnon－  
COnSerVativesubstance．  
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2．NUMERICALMODEL   

HAMSOM（HamburgShelfOceanModel）isathree－dimensionalbaroclinicprimitive 
． 

waspresentedin1980，s，ithasbeenwidelyappliedinshelfoceansOftheworldlandresultsofthese  
applicationsshowthatHAMSOMmodelisanadvancedmodelinstudyingthedynamicsofshelfoceans・  
BasedonHAMSOMmodel，ahorizontalandtwo－dimensionalmodelwasdevelopedtodescribenutrient  
elementdynamicsintheestuanneseaofChangJlangRiver・  

（1）Governmentequation  

・・v一ル＝－g＋d（叩2〟   

＋〃＋v・ル＝－g・d（叩2v  

（1）  

（2）  

∂z．∂［（ゐ＋z）〟］．∂［（力＋z）v  
＝0  －＋   

（3）  

∂J   あ  ゎ  

坐＋〟坐十V坐＝岬）∇2¢＋月  
∂J あ 砂  

（4）  

Where  

t－tlme   

u，Vr｛OrnPOnentSOfthedepthmeancurrentvelocltyinthe  
x，ydirections respectively   

z－－－づ1evationoftheseasurface   

h－undistufbeddepthofwater  
A（Hトhorizontaleddy－viscositycoefficient   
fこ－－－｛oriolisparameter  

K（Hトhorizontaleddy－diffusion 
． 

R－biogeochemicalreaction  
The fraction R can be described as：  

R＝R－十R2  

Where   

Rl＝K  

K represents the specific coefficient for nutrients relative to desorptlOn from  
particles and degradation of organic materials. 
SLamOuntOfsuspendedmatter  
R2－biochemicalfactor，inordertogivethefactor，N－P－Z（Nutrient－  
Phytoplankton－Zooplankton）modelwasintroduced・  

N－P－Z model：  

dP  
＝坤Jβんe－grα掬一夕∽＊P  

‘J7  

＝gα＊grβZ′〃g－Z椚＊Z  

（5）  

（6）   
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＝一叩血鮎 ＋ク椚＊ク＋（1－gβ）＊gr（花山g ＋z∽＊Z  （7）  

Whcrc  

N－nutrient  

P－phytoplankton  

Z－ZOOplankton  

Simplifiedthemodelasfbllowlng：  
（1）theconcentrationofzooplanktonwascertain  

Then，theequation（7）canbewritten：  

（カ  

＝一叩血鮎 ＋〝〝＊f＋（1－g（り＊grβZ川g ＋Zm＊Z  

dP 一＝＋岬血鮎 一夕m ＊グーgrαj〃g   
め  

咋血血 ＝－－－－L－一－L p  
e十 Ⅳ  あ十Cf■   

UnitsofN、PandZaregC／m3，andTimeunitsaredays・TheconversionequlValenceislgC≡20mgChl≡10mg  
atN，WhereCiscarbon，ChlischlorophyllandNhereisnitrogen・  

Tablel，Meanings、defaultvaluesandTangeSOftheparameters  

Parameter  Symbol Default value Range 

a o．2m－】dayJ o・10－0・60   

b  O．2m－1  0．02－0．20  

c  o・4mlg－1  0・30－l・20  

d lm3g‾lday‾1 0・25－2・00  

e o・03gday－3  0・02－0・15  

pm o・15day・】  0・05－0■15  

aJbgivesmaximumPgrowthrate  

Lightattenuationbywater  

Pselfrshadingcoemcient  
HigherpredationonZ  

Half－SaturationconstantforNuptake  

Presplrationrate  

（2）Boundary亡Onditioms  

a）Dynamicsboundarycondition＝  

F・〝＝0   
AssumlngthattheflowvelocltyatVerticaldlreCtionofsolidboundarywaszero・  
b）Openboundarycondition  
AttheopenSeaboundarythewaterlevelwasprescribedas boundary conditionbyspecifyingthetidal  
constituentsM2andS2tides．  

ThenowvelocltyatOpenSeaboundarywasprescribedbythecondltionsofOrlansklradiation・  
Fortheriverboumdaryconditions，year－aVer竺gedfluxesofChang）iaTgriverandQiangtanriverweregiven・  
1nthewaterexchangemodel，theconcentratlOnOfinnowconservatlVematterWaSZerO・lnthemodelingof  
waterexchangeandnutrientdynamics，thenutrientconcentrationofinflowwaterwaszeroattheopen  
boundariesofChangJian寧eStuanneSea（includingseaboundaryandriverboundary）・1nthewaterexchan軍e  
model，matterCOnCentratlOninsidethesquareareawassettobel，andconcentrationoutsidethesquarearealS  
zeroLlnthenutrientdynamicsmodel，inordertogetainitialdistributionofvariants，alineresourcewas  
specifiedonthewestsideofthesquarearea・Thenutrientconcentrationofthelineresourceis13gC／rn3  
Nitrogenandthe・Phytoplanktonconcentrationofthelineresourceis4gC／m3Chl・  
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3．NUMER［CALSCHEME  

AsemiーimplicitdifEerenceschemewasemployedtosoIvebarotropICgradienttermsinthemomentum  
equationsanddivergencetermsofcontinuityequations．Anexplicitcentral－differenceschemewasusedto  
discretizedthehorizontaldifnlSiontermsofallequations・Allhorizontallyconvectivetermsarediscretized  
WiththeapproachofEulerian－LagranglanaPprOXimation・Thedistributionsoffinitedifferencegridcanbe  
describedasfollowing：   

Arakawa－Cschemeisadoptedinthedistrlbutionofvariablesingrid；theArakawa－Cschemeisastaggered  
gridinx，ySPaCe，u，Vlocates atdif托rent sidesofgrid，andtheothervariablessuchas waterlevel，the  
COnCentrationofmatterlocatesatthecentreofgrid・  

4．RESULTANDDISCtJSSION   

lnthecalculationofhydrodynamics，Onlytwoco－tide（M2andS2）wasintroduced，thefollowingtableis  
theresultsofcomparisonbetweenobserveddataandthatfromsimulationoftheM2co－tide・   
DifferenceofAmplitude‥H＝（simulateddata－Observeddata）／observeddata＊100％．   
Dif托rel】CeOfl袖ase二 G＝Si】nulateddata－Ob5erVeddaね．  

Shes  Luhua  Lucha  Dajis  Tanhu  Chang  Miaoz  Zhujl  Xiash  Damut  

Tidal  han  shan  Ogang  han  tu   ihu  ajian  idao  u   

Statlon  

H  

Difてere  

nceof  

M2  1．3  

Therableaboveshows血atthemodelingresul【ofM2－tideisquJ［ewell・   
WhenthemodelofwaterexchangewithannuallymeannuxesspecifiedattherlVerboundarieshasbeen  
runningfor16days，theconcentrationofconヲerVativematterinthesquarefieldreducedtoO・5（i・eL50％matter  
was exchanged）（Fig．7）andcontinuedrunnlngthe modelfor about24days，the value ofitreduced to  
O．2（i．e．80％ma［terwasexchanged）（Fig．8）．ThedistrIbu［ionofconcentra［ionshows［hatexchangeratjois  
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Variousindifferentareas；inthesquarefield，WatereXChangealongeast－WeSterndirectionisslowerthanthat  
alongsouth－nOrthemdirection．1naddition，thereisarelativelyhighpartinthenortheastofthe square，  
Obviously，thepartlStheslowestareainthewholesquarefield・   
TheoutputresLlltsofnutrientdynamicsmodelshowthatbiogeochemicalefftctplaysanimportantroleh  

determining the environment capacity of the Changjiang estuarine sea. It is quite necessary that 
biogeochemicaleffectshouldbeconsideredwhenwewantstounderstandtheself－PurificationcapacltyOfthe  
Chang】1angeStuarlneSea・  

5．CONCLUSIONS  

Since thetide ofChang］1angeStuarineseaisthe typICalsemiーdiurnaltide，M2and S2COnStituerltCan  
repre5entthebasicfeaturesoftideandtidecurrent・1tshowsalsothatthenutrientdynamicmodelbasedon  
abovedynamicmodelcouldbasicallyrepresentthebasicfeaturesofnutrientspaceandtimevariation・The  
maincontentofpresentprqectistheenvironmentcapacity・FromthetypICaltheoryenvironmentcapacltylS  
contro11edbyhydrodynamicfactoronly・Butnowthebiogeochemicaleffecthasbeenfbcusedon・Itmeansthat  
environmentcapaclty，Self－pun且cationcapaclty，lSCOntrOuednotonlythehydrodynamicfactorsuchaswater  
exchange but alsothe biogeochemicaleffect such as degrade，adsorptlOnand uptake，desorptlOnand  
mobilizationetc・Maybethebiogeochemicaleffectplaysrnoreimportantroleindeterminationofenvironment  
capacity in some cases. 

Obviously，thebiogeochemicalprocessiscomplicatedprocessincludingseveralfactors，itisnecessaryto  
makesomeexperiences andfieldmeasurementtogetthoseknowledgeaboutthisprocess・1nnumerical  
researchaspectitisrequiredtodeterminethoseparametersthatwi11beusedinthecouplemodel・1tisdifricult  
to complete whole contents without those parameters. Present report is a trial including some factors only. 
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N（gC／m3）  

60．00  65．00  

Fig．11．Compar］SOnSbetweennon－COnSerValivemodeL（WithRfunction）  
andconservativernodel（WithoutRfunction）atpointA  
仁一whenTuntime＝50．Odays．theLinesQurCeWaSStOPed）  

N（gC／m3）  

50．0  55．0  60．O  
Fig．12．Comparisonsbetweennon－COnSerVa厄ven10del（WithRfunction）  
andconseNativemodel（WithoutRfunction）atpointB・  
ft’’whenruntime＝50・Odays．thelinesourcewasStOPPedE◎  
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N（gC／m3）  

45，0  50．0  55．0  60，O  

Fig．11．ComparisロnSbetweennon－COnSerVativemode仰／ithRfunction）  

andcDnSerVativernodeI和／ithDutRhnction）atpointC  

（when「untime＝50．Odays．thelinesourcewasstoped）   

65．0  

Phytoplanklon   
也C仙3）  

time  

（days〉   

50  55  60  65  

Fig，15．timeserleSOfPhytoplankton atpointsA，BandCrespectiveIy・  
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Proceedingsofthejapan－ChinaJoinlWorksl10P，1999March  

IMPACTOFDISCHARGEDFUELOILONPLANKTON  

ECOSYSTEMS：AMESOCOSMSTUDYINTHE  

CHANGJIANGESTtJARY  

Kai－QinXUl，IiiroshiKOSHIKAWAl，ShogoMURAKAMIl，HideakiMAKIL，  

KunioKOHATA2andMasatakaWATANABEI  

LsoilandWaterEnvironmentDivision．NationallnstituteforEnvironmentalStudies，EnvirorlmentAgency  
（Onogawa16－2，Tsukuba，Ibaraki305－0053，Japan）   

ユRegionalEnvironmentaLDivisioJl，NationatlnstituteforEnvironmentaLSttldies，EnvironmentAgency  
（OnDgaWa16－2，Tsukuba，1balⅥki305－005ユ，Japan）   

Anoilenrichmentexperimentusingthewater－SOlublefraction（WSF）of＃Odieseloilwasconductedin  
mesocosmsovera7－daypenodtoinvestIgatetheacuteimpactoftheoilontheplanktonecosysteminthe  
Chang）iangEstuary．ThedominantgraヱerS（ciliates，nOCtilucaandcopepods）decreasedinnumberaflerthe  
addi（ionofWSFtothernesocosm．Thedeclineofciliateswasparticularlynoticeable，SuggeStingthatthey  
werethegrazersmostsensitivetoWSF，Theeffectonphytoplanktonabundancewasnotclearbecause  
macronutrien（Sbecamelimitlnginbothmesocosms．However，batchexperimentswith13Cbicarbonate  
revealedthatphotosyntheticactivltyWOuldhavebeenstrong］yafftcted．Bacteria）activlty，determinedby  
■3cD－glucoseuptake，WaSStimulatedbyWSF．However，thetransferefficiencyorbacterialcarbontolarge  
grazeTS（＞100pm）dec†eaSedbyabout40％，indicatingthatener苫yt－anS托TtOhigheトOrdcrorganismsin  
fc．odwebswoulddeclineasaresultofWSFaddition．  

瓜ッル〃′血Aね∫∂CO抑けbJer∫0／〟鋸eダr（JC／∽〃〔ゾOJJ．PJロ〝加〃gCO叩∫Jem  

l．］NTRODUCT［ON  

Theadverseeffectsofcrudeandfueloilonmarineorganismshavebeenwelldocumentedoverthepastfew  
decadessincelarge－SCaleoil－Spillaccidentsbegantooccura1lovertheworld・Manylaboratorystudieshave  
indicatedthatthewater－SOltlblefraction（WSF）ofoilisstronglytoxictomicroorganisms・WSFinhibits  
growthofphytoplanktonl）andactivityofbacteria2）3）．lnthefield，eXperimentalecosystemssuchasmarine  
mesocosmshavebeenusedtoinvestlgatetheimpactofoilonwholeplanktonicecosystems4）・Mesocosmsare  
usefu1tooIsforinvestlgatlngtheresponseofanecosystemtopollutionloading5）・However，m叫OrreSearChin  
wholeccosystemsonthceffectofWSFalone，Whichseemstobethemosttoxiccomponent，hasnotbeendone・  
AlthoughcrudeandfueloilscontainWSFthatwouldleachfromoilslicksordroplets，itisstillnecessaryto  
asscsstheimpactofWSFaloneonwholeplanktonicecosystems■   
Undoubtedly，large－SCaletankeraccidentsbringaboutfatalitiestomarlnelifethroughWFS・1naddition，  
frequentsmall－SCalefuelleakagefromshipsandthedischargeofoilintocoastalwatersfTOmindustrial  
complexesandsewageoutfbllsmaylntrOduceWSFintothemarineenvironmentandcauseacuteand／or  
Chronicimpactonmarineecosystems．   
TheobjectiveofthisstudywastoinvestlgatetheacuteimpactofWSFonthewholeplanktonicecosystem  
intheChangJlangEstuaryintheEastChinaSea・Recently，Oilpollutionintheestuaryhasbecorneaserious  
problcInaSareSultofrapidindustrialdevelopmentoftheaq）aCentCOaStalzone・Thefrequencyofshipping  
tramcisincreaslngintheestuary，Whichisconstantlyexposedtopo11utioncrisesresultingfromnautical  
accidents▲Aco11aborativeresearchprq）eCtbetweenJapanandChinaon‘Environmentalloadingtromriver  
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1210 1220 1230 12－10  

Fig．1Locationofthemesocosmexperiments   

lnPutSandtheireffectsonthemarineecosysteminspecinedareasoftheEastChinaSea’hasbeenoperational  
since1997・WeconductedthisexperlmentOnWSF丘omfueloilin1998aspartofthecollaborativeprq】eCt，tO  
understandtheeffectofoilonmarineecosystems．  

2．MATERLALSANDMETHOI）S   

（1）Marinemesocosmandeチperimentalsite   
Apairofmes？COSmSWaSlnStallednearLiuhuashan－Huanaoshan（lat30O50rN，long122O37rE）inthe  
Chang】iangestuannearea（Fig．1）for7days丘om26May（dayO）toIJune（day6）1998・Thisareahasa  
StrOngtidalcurrent，highwaves（OVerlm），andalargetidal  
exchange（Severalmetersinmaximum）・Wechoseafloating  
mesocosmsystem，Whichisbestsuitedtotheseconditions  
（Fig．2）．Themesocosms（5mdeep，3mdiameter，VOlume  
about25m3）weremadeofethylene－vinyl・aCetatereinforced  
Withapolyestergrid，andweretranSlucent（1ighttransparency  
about50％）withnochemicalelutionfromthesurface．Onthe  
evenlngOf26May，SeaWaterWaSintroducedsimultaneously  
into the mesocosmsthroughthe bottom valve．The two  
mesocosms重1ledwithseawaterL One for oilenrichment  

（OE－meSOCOSm）andtheotherthecontrol（OC－meSOCOSm）－  
were moored to the stern of the anchored research vessel 

‘Hat）ian49’oftheStateOceanicAdministration，China・   

（2）Phosphateandoilemrichment   
Prior to oiladdition，phosphate（NaH2PO．・2H20）was  
addedintobothmesocosmstoa頁nalconcentrationofca．1．5  

ドMon山enjg加ofdayO wb印tbe w裏erlnaSSeS Were  
isolated，inordertoincreasetheactivltyOfthephytoplankton・  
Watersin this estuarine area have a high N／P ratio and  
phytoplankton growthislimited by availability of  
phosphate6）Lltwaspresumedthatnutrlentlimitationwould  
cornplicateevaluationoftheefEectofoilcontamlnationon  
biologlCalactivlty・   

OilwasaddedintotheOE－meSOCOSmat12000nday2  
（i．e．betweenday2andday3samplings）・Theaddedoilwas  
thewater－SOlublefraction（WSF）of＃Odieseloilusedasfuel  
byshipsinChina・TheWSFwaspreparedbythefo1lowlng  
procedure・About O・9m30f seawater taken from the  

Fig．2Schematicviewoffloa11ngmeSOCOSm   
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experimentalsiteandO．1m30fthedieseloilweremixedwelloveroneday，uSlngaStirrerdevicewithina  
polyvlnyl－Chloridetankofvolumelm30ntheresearchvessel．Themixedsolutionwasallowedtostandfor  
almosttwodays，andthenseparatedintoanoillayerandoilLSaturatedseawater・Theoil－Saturatedseawaterwas  
gentlydrainedintotheOE－meSOCOSmuSlngaSiphonsystem・Thevolumeoftheoil－Saturatedseawateradded  
tothemesocosmamountedtoaboutO．8m3．   

（3）SamplingaIldmeasurements   
SeawatersampleswerecoILectedfrombothmesocosmsatadepthoflm，uSlnglO－1Van－DornSamplers，  
ontheevenlngOfdayOandeverymornlngOndayslto6・Seawatertemperature，Salinity，pHanddissoIved  
oxygenconcentrationatdepthsofl，2and3mweremeasured（Surveyorll，Hydrolab），eXCeptintheOE－  
mesocosmafterWSFaddition．TheconcentrationandcompositionoftheoilweredeterminedbytheTLC－FID  
me（hod7）（1atroscanMK－5，Iatron）．SubsamPlesofseawaterwerefilteredwithprecombustedWhatmanGF／F  
mtersforanalysisofnutnents（Traacs800，Bran＆Luebbe），Chl．a（HPLCsystem8l，Shimadzu），particulate  
Organiccarbon（EAllO8，Fisons），anddissoIvedorgamiccarbon（DOC，TOC5000A，Shimadzu）・Thenlters  
andfiltratewerestoredat－200Cpriortoanalysis・Phytoplanktonsampleswerefixedwith6％formalin，and  
thespeCiescompositionandabundanceweredeterminedbymicroscopy・SubsamPlesforbacterialandnano－  
sizedheterotrophicprotistswerefixedwithglutaraldehyde（nnalconc・1％）andstainedwithDAP19）；their  
abundancewasdeterminedbyepifluorescencemicroscopylO）・Samplesfbrmicro－Sizcdprotists（＞20pm）and  
mctazooplankton（＞100ドm）werepassedthrough100LLlmand20－P？plankton 

． 

detemlined bymicroscopy・Photosynthetic production and bacterialactivltylTlglucose uptake were  
detenTlinedby4－hlY”i（uincubationuslnglユCbicarbonateand■3cD－glucose，reSpeCtivelY川▲Transferof  
photosyntheticproductionandbacterial13cuptaketolargegrazersa魚erincubationwasestimatedby13clabcl  
transferto＞100LLmParticles■  

（4）BatchexperimentshrevaluationofWSFimpaetonphotosynthesis   
Todeterm1netheimpac10foiladditiononthepnmaryproducersmoredirectly，tWOfurtherbatch－  
incubationexperiments（TestsAandB）wereperformedasfollows・TestAstartedjustbeforeWFSemichment  
OftheOE－meSOCOSm（day2）・Seawatersarnplesweretakenfrombothmesocosmsandincubatedwith13c－  
bicarbonatelnaSeaWaterbathonthevessel．ARer4h，theincubatedseawaterwasdividedintotwo2－1bottles；  
WSFwasaddedtooneatthesameconcentrationasthatintheOE－meSOCOSm．hcubationwithandwithoutthe  
oilwascontinuedfor16．5h，SubsamplesweretakenaAer2，5．5and16・5hand13cuptake（atom％）bythe  
particleswasdetemined・TestBwasconductedonday4toexamine the availability ofnutnentsto  
phytoplanktoninthemesocosms，andconsistedofinsiluincubationwithaddednutrients（10pMofnitrateand  
lLIMofphosphate）and13c－bicarbonate■Seawatersamplesweretaken＆omthetwomesocoヲmS；eaChsample  
wasdividedintotwo2－1bottles．Thenutrientswereaddedtooneofthebottlesofeachpalrandincubation  
continuedfc．r69h．Subsamplesweretakena氏er6，21，45and69hand13cuptake（atom％）intotheparticles  
wasdctcmlined．  

3．RESULTSANDDISCt）SS10N   

（1）Environmentalvariables   

Withinthemes？COSmS，Physicalandchemicalvarlables（seawatertemperature，Salinlty，pHanddissoIved  
oxygenconcentratlOn）wereuniform；Salinitywasalmostconstant（29L4－29L7％0）overtheexperimental  
period，Whileitvariedoutsidethemesocosrns（24．8L28．4‰）・Thesedataindicatethatthewatercolumnsin  
thcmesocosmswerewellmixedandconservedintheabsenceofseawaterexchangewiththesurrounding  
waters．However，therewerediumalfluctuationsinseawatertemperatureinthemesocosms（19L4－21・1’C），  
similartothoseinthesurroumdingwaters．   

（2）WSFo†＃Odieseloil   
ThecompositionoforiglnaldieseloildeterminedbyTLC－FIDmethodwas45％saturatedhydrocarbons，  
11％aromatics，28％resinand16％asphaltene・htheoil－Saturatedseawaterpreparedonthevessel，however，  
onlyfractionsofresinandasphalteneweredetected・1tispresumedthatthefractionof‘resin’containedhigh1y  
polarcomponentsthatwereeasytomovefromtheoiltothescawaterphase・Thetotaloilconcentrationinthe  
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OE－meSOCOSmremainedatca．1．6mgl▲1afterday3（Fig．3）．  
TheDOCconcentrationincreased＆oml．1mgCl▲一（day2）to  
3・2mgCl－10nday3andremainedatasimi1arconcentration d n  

霊芝慧慧ぶ霊㍊笠㍊慧震認諾HI  
WaSdissoIvedhomogeneouslylnthe mesocosm．Because O－  
naturalseawater was used to prepare the WSF，the  
indigenousbacteriaproliftratedandreached5．7×106ce11s  

milin the oil－Saturated seawater．The increased  
bactenoplanktonconsistedmainlyofrod－typeCells，Which  
Werelarger than thosein the naturally occurrlng  
bacterioplankton. The growing bacterioplankton probably 
alteredthechemicalcharacteristicsoftheWSFsomewhat．  
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Fig．3Dailychangesinconcen（mtionofoiland  
dissoIvedorganiccarbon（DOC）・   

」コーOC－meSOCOSm，－●－OE－meSOCOSm．  

（3）WSFimpactonphytoplarlktonabundamce   
Theinltlalconcentrationsofmacronutrients（dayO）were  
a血os一山esamein【he【womesocosms（phospha【e＝0．16  
トM，andnitrate十nitrite＝1l，6pM）（Fig．4）．However，On  
dayl，after the addition of phosphateinto the two  
mesocosms，theconcentrationsofnutrlentSWerehigherin  
theOE－meSOCOSmthanintheOC－meSOCOSm・ThedensltyOfthedominantdinoflagellate，Prorocentrum  
denlalum，intheOC－meSOCOSm（3．4×102ce11smiL）wasaboutdoublethatintheOE－meSOCOSm（1，4×102  
Cellsmlrl）．PlanktonabundanceinthetwomesocosmsbecamedifEerenteventhoughthewatercolumnswere  
enclosedalrnostsimultaneOus1yandthesameCOnCentrationofphosphatewasadded－Thissuggeststhatsome  
SlightdifFerenceinenvironmentalconditionsorinthenumberofhigher－Ordergrazers，etC・CaneaSilycause  
dif丘rencesinanecosystem；hence，differencesinabundanceofphytoplanktonbetweentheOC－andOE－  
mesocosmscannotbeinterpretedsimplyastheimpactofoil・Thedecreaseinnutrientswasmorerapidinthe  
OC－meSOCOSmandthenitrate＋nitritecontentwasalmostconsumedbyday2，thoughitremaineduntilday4  
intheOE－meSOCOSm，   

Netphotosyntheticproduction（PP）intheOC－meSOCOSmreaChedamaximumof164LlgCl1h■）onday2，  
almostdoublethanthatintheOE－meSOCOSmOnthesameday（Fig．5）．Afterward，thePPinOC－meSOCOSm  
dec上jnedandreachedaminimum（38LLgC］rLh▼l）onday4．PPintheOE－meSOCOSmWaSfaiTlystablea【6484  
LlgCl－1h－】duringdays2to4・ThedifferenceintemporalchangeSOfPPbetweenthetwomesocosmswould  

Oil addition 
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Fig・5Dailychangesinabundanceofdominarlt  
dinonage11ates，Chlorophyllaconcentrationand  

photosyntheticproduction（PP）．   
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Fig．7ResultoftestB：EfrectofpresenceofWSFon  
nutrientuptakeabilityofphytoplankton．  
一－0－OEcontrol，－●－OEwithnutnents，  
」コーOCcontrol，暮OCwithnutnents．  
Darkareasindicatenight．  

0  4  8 12 16  
lncubationtime【h】  

Fig・6ResultoftestA：AcuteimpactofWSFon  
photosyntheticactiv）ty．  

－CトOEcontro），一●一OEwlthoil－emichedwater，  
一一口OCcontro），」■一OCwithoil－emichedwater．  

Darkareaindicatesnight．  

partiallyreflecttheconcentrationsofavailablenutrients．ThedecreaseinPPafterday2intheOC－meSOCOSm  
mightresultfromdeficiencyofnitrateandnitrite．Theabsenceofasimi1arrapiddecreaseintheOE－meSOCOSm  
WOuldthusbeduetoaslowerrateofnutrientdeclinetherethanintheOCTmeSOCOSm．DailydifFerencesand  
fluctuationsirlPhytoplanktonabundance，ChlaconcentrationandPPbetweenthe twomesocosmswere  
insufncienttodemonstrateanadverseefftctofWSFintheOE－meSOCOSm什omday3．  

（4）WSFimpactomphotosymthesis   
Thebatchincubationexperimentwith L3c－bicarbonateclearlyshowedtheadverse effectofWSF on  
Photosynthetic activlty，althoughphytoplankton abundance and photosynthetic production alone were  
insufficienttodemonstratetheeffectofWSF．hTestA，inincubationexperimentsuslngSeaWatertakenfrom  
theOC－andOELmeSOCOSmS，itwasfbundthat］3c－bicarbonateuptakedecreasedsignificantlyafterWSF  
addition（Fig．6）．hTestB，nutrientadditionwasmoreeffectiveinpromoting■3c－bicarbonateuptakein  
SeaWater丘omtheOC－meSOCOSmthaninseawaterfromtheOE－meSOCOSm．Theseexperimentsindicatethat  
13Cuptake（photosyntheticactivity）wasclearlyinfluencedbytheadditionofWSF，andthatuptakeinthe  
OC－meSOCOSmWaSlimited mainlybynutrient concentrations while photosynthetic activltyln the OE－  
mesocosmwasinl1ibitedbyWSFand／ornutrlentCOnCentrations（Fig．7）．  

（5）WSFimpactonPacterioplanktom   
Dailychangesinabundanceofbacter10planktonwere  
Simi1arinthetwomesocosms（Fig．8）．Theabundancesin  
theOC－andOE－meSOCOSmOndaylwere13×106arLd  

l・5×10らcellsmiLl，reSPeCtively，1nCreaSlnggraduallytoa  
rnaximum of3．8 ×106 and 3．4 ×106 ce11s mi’t，  
respectively，On day 3，and aRerwards decreaslng・  
However，the average13c－glucose uptake by particles  
WithlargerthantheporesizeofGF／Fmters，COmprisedof  
large bacterla，bacterivores，etC．，determined by4・h  
incubation，WaS2・2timesgreaterintheOE－meSOCOSm  
thar）intheOC－meSOCOSmafterWSFaddition（Fig．8），  
indicatlngthatbacterialactivltyWaS Stimulatedby the  
presenceofWSF，thoughsomepreviousstudiesreported  
inhlbition ofbacterialactivityby WSF．Bacterivores  
would then respond rapidly to the increase in 
bacterlOPlanktonandcontrolabundance．  
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ng．9Dailychangesinabundanceofcopepods（＞100Llm），nOCtiluca（＞1OOLlm），  
1argeciliates（20－100トIm）andsmallciliates（＜20Llm）・  
－」コーOC－meSOCOSm，r●－OE－meSOCOSm．  

（6）WSFimpactongra子erabundancc   
Althoughtherewerelnltialdi脆rencesinabundanc 

． 

addition ofWSF（Fig．9）．Phytoplankton grazersin the two mesocosmsincluded the heterotrophic  
dinoflagellateNocfihJCaSCinti［lans，Ciliatesandcopepods・ThemostabundantgrazersbeforeWSFaddition  
wereNscintillans（1，6×102r2．1×102indsl▲1）inthe＞100－LLmSize丘action，tintinnidciliates（1，5×102－3・6  
×102indsl－1）inthe20－100－PrnSizefraction，andtintinnidandoligotrichciliates（7・4×103－9L9×103inds  
l▼1）intheく20－LlmSizefraction・Theaverageabundanceofcopepods（＞100LLm，mainlyCoヮCaeZJSSp・，  
Paracajbnussp．andOithonasp・）ondaysland2waslOindsl‾】intheOC－and16indsJJ’1ntheOE－  
meSOCOSm．   

AfteradditionofWSFintotheOE－meSOCOSm，thetotalnumberofNscLnli［［ans，nanO，andmicro－Sized  
ciliatesandcopepodsdecreased，WhiletherelativeabundanceofP・denta（umremainedsimilartothatinthe  
OC－meSOCOSm．TheciliatesdecreasedsuddenlyandtoalargeextentwithWSFaddition・Thenumberof  
nano，Sizedciliatesfellfrom8．4cellsml－】onday2to＜0・5cellsml10nday3・Thissuggcststhatciliatesarethe  
mostsensitivegrazerstoWSFatconcentrationsaroundl・6rngll■Otherstudieshavereportedtheadverse  
effectofoilonciliates・Dale（1988）12）conductedenclosureexperimentswithoiladditionandconcludedthat  
loricatedchoreotrichsarebetterprotectedagalnStOilderivedmaterlalthannon－loricatedchoreotrichs・lnthis  
study，Oiladditionwasfo1lowedbydecreasesinbotholigotrichciliatesandtintinnids，althoughonlythe  
formerdisappearedcompletely；nOte，however，thatabundancedataoneachtypeofciliatewerenotcollected・   
ThcabundanceofNscinlillansintheOE－meSOCOSmdecreasedcontinua11yduringtheexperimentperiod・  
Usingmicroscopyon丘eshsamplesonboardthevessel，thecellsofNscinti［］ansafterWSFadditionwere  
seentohaveshrunkandthesurfaceofcellstohavelosttheirturgor．Thus，Nscintillans．aswellastheciliates，  

一86－   



WaS SenSitive to WSF．N．scinlillansinthe OC－meSOCOSmalso decreasedslightly；however，microscopy  
showedthattheceusseemedtobehealthierthanthoseintheOE－meSOCOSm，   

ThetotalabundanceofcopePOdsintheOETmeSOCOSmremainedlowerthanthatintheOC－meSOCOSma氏er  
WSF addition，althoughtheirnumbersfluctuatedduringtheexperiment．Thesedaily variationsrnightbe  
CauSedbythemigratoryabilityofthecopepodsthemselvesand／orchangeSinmixingconditionsinthewater  
COlumns，Whichwouldbeinproportiontowaveheightaroundthemesocosms・Theaverageabundancesof  
COpepOdsbeforeanda鈍erWSFadditionshouldshowtheimpactofWSFonthemLhtheOC－meSOCOSm，they  
increasedfromlOindsl－1（daysland2）to19indsl▼L（days3to6），WhereasintheOE－meSOCOSmthey  
decreasedfi・Om16indsl▲lto7．5indsl▲】．   

（7）WSFimpactontarbontrans†erIromproduモerStOlargerzooplankton（＞10叫m）   
WSFadditioncausedadecreaseintheconcentratlOnOfsomegrazers，inl1ibitedphotosyntheticactivltyand  
enhancedbacterialactivltyinthisexperlmentLltwaspresumedthatcarbontranSferintheplanktonicfood  
Chainwouldbecorrespondinglyafftcted・   
AfterWSFaddition，however，the4－htransferofphotosyntheticproductionto＞100Llmparticles（i・e・  
grazers）wassimi1arinmagnitudeinthetwomesocosms（Tablel）・Atnrstglance，theresultsseemtoindicate  
thatWSFhadnoeffectonthiscarbontransfer，butthereareotherpossiblereasons．First，therewasastronger  
nutrientlimitationintheOC－meSOCOSm，reSultinglnaSimi1arrnagnitudeofprimaryproductioninthetwo  
mesocosms・Consequently，tranSpOrtableprlmaryPrOduction to grazers was almost the sameinthetwo  
mesocosms・Second，PrlmaryPrOductionbyFabntatumcanbeingestednotonlyby＞100－PmgraZerSbutalso  
bytheabundantciliates，Whichwere＜100llm．CiliatesweremoreabundantintheOC－meSOCOSm（Fig・9）and  
wouldhavebeenabletointerceptthetranSferofprimaryproductionbetweenP・dentatumandthelarger  
graZerS・   

The4－htransferoflつCfrombacteriato＞100－PmParticlesintheOE－meSOCOSmWaSaboutO・8timesthatin  
theOC－meSOCOSmafterWSFaddition（Tat）1el），eVenthoughthetotalamountof）3Cglucoseuptakewasabout  
2・2timeshigherintheOE－rneSOCOSmthanintheOC－meSOCOSm（Tablel）・Itwasestimatedthattheefnciency  
ofbacterialcarbontransferintheOE－meSOCOSmWaSabout40％ofthatinOC－meSOCOSm，Thehigheractivlty  
ofbacterioplanktonwouldpossiblycreatecarbontransferpathwaysinthemicrobialloopaswellastolarge  
zooplankton】）），Thelower tranSfer e魚ciencyin the OE－meSOCOSm WaSlikely the result ofdecreased  
abundanceandactivltyOfhigher－Orderorganismsassociatedwiththebacterialcarbonpathwayinthefood  
web．  

TabIel・Comparisonofcarbontransferto＞100－PmPartic）es  
betweentheOC－andOE－meSOCOSmafleradditionorWSF（day3）．  

Averagea触－WSFaddition  OC  OE  OE／OCh R．叫JR，C  

PP巾［膵Cl‾ih▼】】  69・3  56・7  0・82  

PPb・anSferto＞100pm［pgCl－Lh▼】］   1．2×10L■  9・2×10‾2   0・79  

Bacterial］3cuptaket膵】3cI‾Lh‾】 l  O，59   1．30  2・2  

Bacterial】）c血nsfもrto＞100岬I一匹glユc】‾lh一】 】 8・9×10‾ユ  7・2×10‾ユ   0・81  

0．PP＝photosyntheticproduction．  
b．OE／OC＝ratioofeachvaluebetweenOE－andOC－meSOCOSmS．  
c・R肌m＝OE／OCortransferto＞100Llm；Ro＝OE／OCofPPorbacteria）13cuptake  

4．CONCLUS10NS  

Thefo1lowingresultswereobtained什omourmesocosmstudyintheChangJlangEstuary・  

l）Therewaslittlcdifferenceinabundamofdomimntphytoplankton（ProrocentrumdbnLatum）betweenthe   
controlandoil一七michedmesocosmsafterWSFaddltionataconcentrationofl・6mgrL，SuggeStlngthatWSF   
didnotaffectthephytoplankton・However，parallelbatchexperimentswithinorgan1C13crevealedclearlythat  
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photosyntheticactivitywouldbeafftctedbyWSFaddltion．Weaunbutethesmalldif稔rencesinabundance   
betweenthetwomesocosmstogreaternutrientlimitationinthecontrolmes∝OSm・  

2）Uptakeof13cD－glucoヲeShowedthatWSFenl1anCedbacterialproduction・However，theabundanceof   
bacterlOPlanktonwas slmilarin the two mesocosms，Perhaps，bacterlVOreS reSPOndedimmediately and   
removedtheincreasedbacterioplankton．   

3）TheabundantgraZerS（Noc（i［ucascinti［］ans，Ciliatesandcopepods）inthemesocosmdeclinedafteradditionof   
WSF．CiliateswerethemostsensitlVeOrganismstoadditionofWSF．   

4）The4－htranSftrefnciencyof］3cfrombacteriatolargegrazers（＞100pm）decreasedbyabout40％aRerWSF   
addltion，eVenthoughbacterialactivityintheoil－emichedmesocosmwas2・2timeshigherthanthatinthe   
controlmesocosm．Thissuggeststhatcarbontransftrinfoodwebsespecia11ytohigher－Ordergrazerswould   
declineintheeventofWSFpollution．   
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INFLUENCEANI）1】IOCONCENTRATIONOF  
PETROLEUMHYI）ROCARBONASSOCIATEDWITHOIL  
ONANI）BYPLANKTONINAMESOCOSM  
EXPERIMENTOFEASTCHINASEA  

XiaoyongSHl，XiulinWANG，YuJIANGandXiurongHAN  

OceanUniversityorqiれgdao  

（5YushanRoad，qillgdaoユ6600｝，P．R．Cllina）  

A kinetic modelwas presented to estimate the uptake／release rate constants and thereafter，  
bioconcentra（ionfactor，k．，k2andBCF（bioconceTltrationfactor），fortheuptakeofPHbyp】anktorlWere  
Obtained・ImpliesthatPH（petroleumhydrocarbon）causednosignificantinnuenceontheuptakeofNLNO3，  
bulslgnificantinfluence on that of P－PO．．Jn addition，the application ofkinetic mode）for the  
bioconcentrationofvolatile organic toxiccompoundbyorganismsuggeststhattheuptakeofPH by  
planktonwasanimportantprocessfortheenvironmentalcapacltyOfPH，  

瓜γ仰′ゐごEd∫JC／7∽（7jkd，〟e∫OCβ∫椚．PeJroJe〟研坤正oc（7r占叫肋／rfe〝／  

1．INTRODUCTION  

Witheconomicdevelopmentandconsumerdemand，Oilpollutantshavebeenoneofthemainmanne  
pollutantsinChina’coastalreglOnS・ForexamPle，inChang】1angeStuarytheoiトcontaminatedareaincreased  
sharplyto69％in1995anditsaveragecriterionindexreachedupto2・171）・OilpollutantSaregenerally  
introducedtomarineenvironment丘omindustrialwastewater，VeSSeldischargeandshipwreck，thuscauseSa  
SCriousmarineenvironmerltprOblem．ToassesstheinfluencesoftheoilpouutantSOnthemarineecosystem，it  
isnecessarytodevelopamathematicalkineticmodeloftheirtransport，distnbutionandfateinthemarine  
ecosystem，andthenespecia11ytoestimateenvironmentalcapaclty・213）Furthermore，indeveloplngthekinetic  
model，itisnecessarytodeteminesomeklneticparametersrequiredforthemodel（suchaspollutantand  
nutrlentuptake／elimlnationrateconstants）inlaboratoryandespecial1yinfieldconditionsuchaslnmeSOCOSm・  
Generally，facts comibuted to marine environmentalcapacltyinclude‥1）hydrodynamic transport self－  
depuration，2）scdimentationtransportself－depuratlOn，3）biologicalself－depuration（SuChasbioconcerltration，  
biomqgniflCationandbiodegradation），and4）chemicalself－depuration・4、5’Howey？一，itisextremelydifficult  
toestlmate biologlCalself－depuration・4）Notonlycansimple test ofacutetoxIClty misleadindicationof  
toxiclty；butalsoinsituexperimentalmethodfordeterminationofsomeklneticparametershasnotbeen  
devcloped．Therefore，inthispapermesocosmexperimentwasappliedtodeterminesomeklneticparameters  
forthebioconcentrationofpetroleumhydrocarbonassociatedwithoilbyplanktonandtostudyitsinfluenceon  
theplanktoncornmunitiesandnutrientuptakebyphytoplankton・  

2．TIIEKINETICMODELFORTHEBIOCONCENTRATIONOFVOLATILEORGANIC  
TOXlC COMPOUND BY AQUATIC ORGANISM 

Bioconcentration of volatile organic toxic compounds（VOTCs）in aquatic organisms（SuCh as  
phytoplankton，ZOOplankton，benthos，nSh）ispredominantlytheresultofpartitioningofVOTCbetweenthe  
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Organismandthewater・6，7）Asdescrlbedpreviously8），OrganismgrowthanditsmetaboliccapabilityforVOTC  
Canbethefactorsinf】uencingVOTCsconcenぬtioninorganisms．Thus，thefbllowlngmOdeZrepresen（S【hjs：  

＝烏．C即－（鳥1β十斤2＋斤。＋た〟）C。  （1）  

WhereC＾（匹g／kg）isconcentrationofVOTCintheor芦anismandCBT（Llg／dm3）istotal（bioavailable）  
COnCentrationofVOTC，B（kg／dm3）thebiomas戸OforganlSm・kl（h‾1）andk2（h1）aretherateconstantsfor，  
respectjvely，uP（akefromthewaterandelimiJ］atJOntOthewater，k。（h▼1）isthe（averaBe）nrstordernetgrowth  
rateconstantduringtheexposuretime，kM（h‾1）ismetabolicrateconstantforVOTCinorganismThemodel  
hasthefollowlngSteady－StateSOlution：  

βα＝旦＝  （2）  

C〝 え2十恩。＋万〟   

WhereBCFisbioconcentrafionぬctorfortheuptakeofVOTCbyorganism，Cw（Pg／dm3）jsfhebjoavailable  
COnCentrationinthewater．Organismsgenera11yundergocontinuousgrowth，eSpeCia11yintheneld・Most  
importantly，CBTisafunctionoftime，reSultingfromabioticproFeSSeS（suchasvolatilization，adsorptionby  
thewallof［estcontainelandchemicaldegradation），andbiologlCalprocesses（SuChasbiodegrada（ion，e（C）・  
Supposedthatthefollowlngequation（3）canbeappliedtoexpressthetimecourseofCBT＝9）  

Cβr＝d＋加■〝汀  （3）  

WhereAandDareconstantS．1naddition，theBoltzmanequation（4）canbewe11usedtodescribetheorganism  
訂OWth】0）：  

β∫－β。  
（4）  β＝βダー   

1＋e（トい畑   

WhereBFandB。are頁nalandinitialbiomass，reSpeCtively，t。isthemid－pOlntOfthetimefororganismgrowth，  
i．e．isthetimewhenB（t）isequalto（BF＋8。）佗，6tisthewidthoftimefororganismgrowth・  
Thus，C＾CanbeobtainedbyresoIvingthedifrerentialequation（1）andcombiningequations（3）and（4）：  

c。＝ピーmトビ（ト′β）′寸 描r  

ト叫珂＋eい－い畑 
Prか伽】♪仰）車e…rβrめi  

lft＜＜t。，thenequation（5）canbesimplifiedto：  

c」＝た】トe（ト冊「βr［卦e－m）＋岩言仁－〝′ィⅨ′］  

（5）  

（6）  

However，ift＞＞t。，thenequation（5）canbesimplifiedto：  

c」＝症e（醐巧孟・折－e一叫  

Where  

肌 ♭（岬－e－Ⅸ′］）  

上）  

（7）   

r人■人一  
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rだ＝た1β。十た2＋えc＋た〟  

礁＝慮1βF＋た2十慮G＋慮〟  

麒β＝た】（βF－β。）  

互βr＝慮．（βF－β。）＆  

（8－1）  

（8－2）  

（8－3）  

（8－4）   

Therefbre，丘omequation（6）or（7）withalimitationofexposuretime，k■andk2，andthereafterBCF，Canbe  
ObtainedbynttingthetimecourseofC＾fbruptakeofVOTCbyaquaticorganismwithanon－1inearregression  

3．RESULTSANDDISCUSSION  

（l）1nf）uenceofI）etrOleumhydrocarbononthegrowtllOfpllytOPlanktonandzooplankton   
Figurelshowsthegrowthofdiatom，din0flagellate，andthetotalgrowthofphytoplanktonandzooplankton  
intheO－meSOCOSmWiththeadditionofPH，andintheC－meSOCOSmWithouttheadditionofPH．Asshownin  
figurel，thedominant speCiesofphytoplanktonwasdinonageuateirLthe C－meSOCOSm・But，intheOL  
mesocosmthedominantSPeCiesofphytoplanktonwaschangedtodiatomaftertheaddltionofPHatthesecond  
dayoftheexperiment・However，inthelastdayoftheexperiment，thedominantspeciesofphytoplanktonin  
the O－meSOCOSm WaS re－Changed to dinoflagellate，prObably due tothe signi銭cant decreaseinthe PH  
concentrationin the seawater，aS Shownin ngure3．FurthermOre，during theperiod ofthe mesocosm  
experimentthecelldensityofdiatomintheO－meSOCOSmWaSlargerthanthatintheC－meSOCOSm，butthecell  
densltyOfdinoflagellateintheO－meSOCOSmWaSSmallerthatthatinC－meSOCOSm・  
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Fig・1Growthofdiatom，dinofLagellate，andtotalgrowthofphytoplanktorlandzooplankton  
intheO－meSOCOSm（●）andintれeC－meSOCOSm（0），  

ThisimpliesthatthePHcanenl1anCethegrowthofdiatom，butinl1ibitthegrowthofdlnOnagellate・The  
innuencesofP＝onthegrowthofdiatomanddinoflagellateresultedinthetotalgrowthofphytoplankton，aS  
showninホgurel，thatinthefirsttwodaysaftertheadditionofPHthece11densltyOfphytoplanktoninO－  
mesocosmwaslowerthanthatinC－meSOCOヲm，butthenbigher・Thetotalgrowthofphytoplankton，insome  
degree，hasthesameregulationwiththetlmeCOurSeOfPP，fbrbothtwomesocosms・1ndicatethebio－  
accumulationofP，lnaddition，thePHalsoaffectedthegrowthofzooplankton・Asshowninngurel，eXCept  
thethirdday，thece11densltyOfzooplanktoninO－meSOCOSmWaSlowerthanthatinC－meSOCOSm，impLying  
thatthePHinl1ibitedthegrowthofzooplankton・  
Ingeneral，inthemesocosmexperimentitisdlmCulttocontrolthesameoriginalcelldensityof  
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Phytoplanktonandzooplankton．Thus，tOfurtherevaluatetheinnuenceofPHonthegrowthofplankton，the  
刷owj喝equa【jon（9）wa5uSedIoeStimate血ein伽enceperce加age（】p）orP上ionphy柏pla血tonlりニ  

logCDc、〟－logCDo▼〟  
〃）％＝  （9）  

logCDc－〟－logCpp（C棚）   

andequation（10）onzooplanktonandPOC5）：  

町▼〟一声㌔＿〟   
（10）  ノア％＝  

I㌔〟一呪（。Ⅷ）   

WhereCDarLdWare，reSPeC（ively，Cel】densj（yofphytopJanktonandbiomassofzooplank（OT）OrPOC  
concentration・Subscript＝C－M，，，い0－M”anduo＝represent，reSpeCtively，C－meSOCOSm，0－meSOCOSmandthe  
initialcelldensityorbiomass・   
TheaveragevaluesofPovertheexperimentalperiodaftertheadditionofPHcanbeobtaineduslng  
equa【ion（9）and（10），WhicbaⅣl由edinTablel・  

TabLelTheaveragevaluesofIPovertheexperimentalperioda鮎rtheadditionofPH  

Jl山／り〟J   β血鋤g肋Je   ク妙J甲ノβ刀彪β〃   Z叫血涙加－   

－63％   39％   3％   42％   

●thevalueatthirddaywasnotincludedduetoitsunusualphenomena  

1fO＜IP＜1，thisimpliesthatthePHcaninl11bitthegrowthofplankton・However，iflP＜0，thisimpliesthat  
thePHcanenl1anCethegrow也ofplankton．   
TheaveragevaluesofIPinTablelshowsthatthePHenhancedthegrowthofdiatom，butinl1ibitedthe  
growthofdinoflage11ateaswellastotalgrowthofphytoplanktonandzooplankton，Whichwasconsistentwith  
theresultsdirectlyconcludedfromfigurel．   
Furthermore，aSShowninngure2，thePOCconcentrationintheO－meSOCOSmWaSlowerthanthatinthe  
C－meSOCOSm．Similarly，theaverageIPvalueof48％wasestimatedfromequation（10）fbrPOC・Thus，itmay  
beinferredthatthePHinl11bitedthetotalgr？Wthofplankton（includingphytoplanktonandzooplankton），  
becauseintheshortperiodofmesocosmexperlment，thePOCcan，tOSOmedegree，repreSentthetotalbiomass  
Orplankton・  
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Fig．2TimecourseofPN，PPandPOCintheO－meSOCOSm（●）andintheC－me50COSm（0）  
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4．B10CONCENTRATIONOFPHBYPLANKTON  

Asshowninngure3，SignincarltdecreaseinPHwasobservedduringtheexperimentalperiod・The  
decreasewasgenerallyresultedfromthebiologicalprocesses（SuChasbioc？nCentrationandbiodegradation），  
andabioticprocesses（SuChasadsorptionbywa1loftestcontainer，VOlatilizatlOnandchemicaldegradation），4▼9）  
TheexperimentalresultsshowedthatnosignificantadsorptlOnbythewallofmesocosmbagwasobserved．  
Thus，tO eStimate the bioconcentration of PH by plankton，the comprehensive processes，eXCept  
bioconcentration，Ofvolatilization and（chemical－and／orbio－）degradationofthe PH was testedin the  
laboratory．hthetest，thesamestocksolutionofPHassociatedwithNo．OdieselwasusedasthatintheO－  
mesocosm・1naddition，thetestwasalsoconducted5daysatthesametemperatureasthatintheO－meSOCOSm・   
Figure3showsthetimecourseofCBTOnlyresulted丘omtheabioticprocesses ofvolatilizationand  
degradation．AsshowninFigure3，thetimecoursesofC。，aSWellasBcanWellde坑nedbythemodelequation  

（3）and（4）．   
Supposed that the abiologicalprocesses（such as chemicalrdegradationand volatilization）and bio－  
degradationwithoutplanktoninthelabtestwerealmostsameasthoseintheO－meSOCOSmforthesamePH  
StOCksolution・Consequently，thePHconcentrationintheplankton，aSShowninngure3，Canbeestimatedby  
SubstractingCB，determinedintheO－meSOCOSm（i．e，，Cw）fromCBTinthelaboratory・lntheestimatingofCA，  
the POC concentration wasused，for during the short period ofthe mesocosm experiment the POC  
COnCentrationcan，tOSOmedegree，repreSentthebiomassofplankton・Therefore，fromequation（6），theuptake  
andreleaserateconstants，k，andk，，andbioconcentrationfactor，BCF，Canbeestimatedbyfittingthetime  
COurSeOrCA．   

Asshowninfigure3，thetimecourseforthebioconcentrationofPHbyplanktonwasdefinedwellbythe  
modelequation（6）．Thevaluesofk．，k2andBCFareshowninTable2L  
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Fig．3TimecourseofCBT（0），C“I（・），POC，andCAforthebioconcentrationofpetroleumhydrocarbonintheO－meSOCOSmeXperiment  
Thelines，reSpeCtively，rePreSentthemodeLfIttingshowTl（3），（4）and（6）・  

TaL）Ie2Theuptakerate（k．），eliminationrale（k，）andbioconcentrationfactor（BCF）orO－rneSOCOSm  

K，（h▲1）   K2（h‾1）   
BCF   

754．4   0．061   1．01×104   

1naddition，theresultsofkl，k，andBCFwerebasedonPOC・Althoughitisdifnculttocomparetheabove  
resultsdirectlywithdatareportedinliterature，becausethedifferencesinplanktoncolnmunitiesandtest  
conditionsused．Insomeceases，however，dataonBCFvaluefbrthebioconcentrationofPHbyplankton，aS  
reportedinliterature，agreeWellwithours・町2）   
ThemajoradvantagesoftheproposedkineticmodelfbrthebioconcentrationofVOTC（suchasPH）over  
thoseincurrentuseareeCOnOmyandavailableforinsituexperiment（suchasmeso？OSn一）■First，theresultsfbr  
kいk2andthereafterBCFrelypnmarilyonthedifferenceinVOTCconcentratlOninwaterbetweenthe  
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CXperimentwithorganismsampleandthatwithoutorganismLSecond，theresultscanbedeterminedavailably  
duringrelativelyshortexposureperiodsandsignincantcostsavlngCanberealizedincomparisontouseof  
Steady－StatePartitionlng・13）Mostimportantly，Withtheproposedmodel，itisnotnecessarytokeepVOTC  
COnCentrationinwater（Cw）constantdunngthetestperiods，WhereasinsomecurrentmodelsCw mustbe  
assumedtobeconstant14）and／orflow－throughsystemsrnustbeapplied15）・1nfact，theseareimpossibleorvery  
difncultJforthemesocosmexperiment．  

15   

10   

5   

0   

叫払  
♂   
0   
0  
0   

0  

0 1 2 3 4 5  

Da）唱  

Fig．4Timecourseofbioconcentrationpercentageofpetroleurnhydrocarbon（BPPHP％）byF）1ankton  
CBTWa5aSSumedtobe50口g／1andbiomassofplanktontobel・5mg－C／1・   

ToestimatethepossiblecontributionofthebioconcentrationofPHtothemarineenvironmentalcapaclty，1【  
isassumedthattheaveragePHconcentrationfor1997and1998was50トLg／dm3andcouldmaintainconstant，  
thebiomaミSOfplanktonwasl・5mg－C／dm3inthegivenEastChinaSea・Thus，Withtheequation（6），thePH  
concentratlOnintheplankton，C＾，WaSeStimated・Then，thebioconcentrationpercentageofPHbyplankton  
（BPPHP％）canbeestimated．Asshownin重gure4，afterabout2days，BPPHP％reachedstable・Furthermore，  
inthjscaseaboutll％Pflcouldbeuptakebyplank（On・ThisimpZiesthatthebioconcem（rationofPHby  
planktonisanimportantprocesstothemarineenvironmentalcapacltyOfPH・  

5．INFULUENCEOFPHONTIIENUTRIENTUPTAKEANDRELEASEBY   
PfIYTOl｝LANKTON  

Figure2showstimecourseofPNandPPintheO－meSOCOSmWiththeadditionoftoPH，andintheC－  
mesocosmwithouttheadditionofPH．Asshowninfigure2，SignincantdifferencesinPNandPPwas  
observed between O－meSOCOSm and C→IneSOCOSm．FurthermOre，in the丘rst two or three days the  
concentrationsofPNandPPintheO－meSOCOSmWerehigherthanthoseinC－meSOCOSm，butthenlower■   
ToevaluatetheinfluenceofPHonthenutrientuptakeandreleasebyphytoplankton，thefb1lowlngthe  
equation（11）wasappliedtoestimatethenutrientuptakeandreleaserateconstantsbyphytoplankton‥L6）  

11  研た山e几  

3 ‡g－♪＝〟〝1（CⅣ。＋C〟。♪OC。）一点〝コー′］ヱ（′－′。）2  
C〟 C仰［た〝1（C仰＋C〟。タOC。）一た〃2－′］   

（11）  －2軋（C．柑＋C仰POC。）一点ロコ－′】（巨㌦）＋2）－‡［た。（C仰＋C〟。POC。）－た〝コー′］コ′。2  
点〝】C〟ぶ（∂）  

（1－e〟ノ）   ＋2［鳥〝．（Cル。＋C〟。♪OC。）一点〟ユー′】J。＋2）I＋   
叫軋．（C仰＋C〟。POC。）一た〝2＋り  

Wherekn・andkn2are，reヲpeCtively，nutnent（suchasnitrogen，PhosphoruS）uptakeandreleaserateconstantby  
phytoplankton・CNislntemalphytoplankton 

． 

（day）・Cw。jsmltlaJnutnentconcenh・atjonlnSeaWateT・CNOisinltialphytoplanktonnutrlent・POCis  
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Fig．5Timecourseofl／PPandl／PNforO－meSOCOSmeXPeriment，ThedashlinesTePreSentmOdelfIttingshowninequation（11）・  

TaL｝Je3TheP－PO．andN－NO，uPtakeandreleasereteconstant（knHkh2）byphytoplankton  
rortwomesocosms  

0－meSOCOSm  C－meSOCOSm   

P－PO。  N－NO、  P－PO。  N－NO－   

K。1（dl）  K．フ（d‾】）   K－（d1）  K¶つ（d‾り  K¶，（d‾り  K¶つ（d■り  Kn．（d】）  Kn）（d‾り   
0．0055  0．0062   0．12   0．012   0．053  0．061  0．053  0．059  

Asshowninfigure5，thetimecourseofl／PPandl／PNforthenutrientuptakebyphytoplanktonintheO－  
mesocoヲmWaSde血edwellbythenutrientuptakeandreleaseklneticrnodelequation（11）・Thus，thevaluesof  
thenutrlentuptakeandreleaserateconstantS，k。］andk。2，fbrP－PO4andN－NO3WereObtainedbyfittingthe  
tinleCOurSeOfl／CNWithanon－1inearregressionprocedure，ShowninTable3・   
Furthermore，nOSignificantdifferencesinknlandk。2fortheuptakeofN－NO3WerCObservedbetweenO，  
mesocosmandC－meSOCOSm・ButfortheuptakeofP－PO4thevaluesofk．）andk。2in0－meSOCOSmWerefar  
moresmallerthanthoseinC－meSOCOSm，ThisimpliesthatPHcanresultinthesignificantinfluenceonthe  
uptakeofP－PO4byphytoplankton，butnosigni抗cantinfluenceonN－NO3・   
These results were weu consistent those concLudedfrominfluence of PH on the totalgrowth of  
phytoplankton，eSpeCially the growth ofdinoflagellate（Figurel）・Furthermore，the results may well  
demonstratcthatthePLPO4WaSamOreimportantenvironmentalfactorthanN－NO3hrthegrowthof  
phytoplanktoninEastChinaSea・  
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ProceedingsoftheJapan－ChinaJoinlWorkshop．1999March  

BACTERIALCOMMUNITYSTRUCTUREINTHE  

EASTCIIINASEA  

HirooUCHIYAMAl，HiroyukiSEKIGUC＝Il・2，Mikiya＝IROKll，  
MakotoWATANABEl，MasatakaWATANABEl   

】soilandWaterEnvironmentDivision，NationallnstituteforEnvironmentalStudies，EnvironmentAgency  
（Or10gaWa16－2，Tsukuba，Ibaraki305LOO53，Japan）  

2lnstituteofAppliedBiochemistry，UniversityofTsukuba  
（1．ト1Tennoudai，Tsukuba，Ibaraki305－0006，Japan）   

BacterlalcommunltyStruCtureintheEastChinaSeawasstudiedasabaselineforcomparisonwith  
futurechanges，inviewortheconstruCtionoftheThreeGorgesDam・Westudiedbacterialdiversityin  
EastChinaSeasurfacewaterbasedonphenotypesandgenotypesLBacteria丘omthreecommonmarine  
groups，A¢haTPrOteObacterja，GammaTPrOleobacleriaandC／F／B，Weredominant・Someothergroups，  
includinglowG＋CGrampositive，highG＋CGrampositiveandrelativesofVerrucoでicrobiumwerealso  
observed．Thedominantspeciesinphenotypeandgenotypeanalyseswerecloserelat．vesofA［Leromonas  
mac［eodiiandcloserelativesofRoseobacteT・Spp，  

∬印仰′血JPC凡占〟C／erfα／comm〟〝ゆ，p毎わge〃eJfcJree，dfve作ゆ  

1．INTROI）UCT10N  

TheEastChinaSeaislocatedofEshorefromthemouthoftheYangtzeRiver．ThehugeThreeGorges  
Dam，height190m，Width2km，beingconstruCtedinthemiddlereachesoftheRiverwillcreatealake600  
kmlong，andisexpectedtoleadtochangesinriverflowthatwillafrtctEastChinaSeawaterquality（Fig・  
1）・ItisimportanttoevaluatechangesinmicrobialcommunitystruCtureWithchangeSintheenvironmclltL  
sincethemlCrObialcomnunityfunctionsasthebottomlitleinmarineecosystems・Ouraiminthisstudywas  
toobservethemicrobialcommunltyStruCtureintheEastChinaSeaasabaselineforcomparisonwithfuture  
changeS■1nthepast，detectionandanalysISOfbacteriaintheenvironmenthavemainlybeendoneby  
methodsbasedoncultures．However，itisdifnculttoculturemostbacteriaintheenvironmentl）・Recently，  
bacterialcommunlty－StruCtureanalysesthatdonotdependoncultivationhavebeenwidelycarriedout，  
especia11yusingPCRfortargetlng16SrRNAgenesfornon－Culturablebacteria2r8）・1nthisstudy，WeuSed  
both aculture－dependentmethodbasedonthepattem ofcarbonutilizationand aculture－independent  
methodbasedonthemolecularteclmiqueoftargetlng16SrRNAsequences・  

2．MATERIALSANDMETIIODS  

（1）Samplimg   

SamplingswerecarriedoutinOctober1997andMay1998，justbeforeconstruCtionbeganontheThree  
dorgesDam．Wetook9samplesintotal＝＆omthesurfhce（S），midwater（M），andbottom（B）at3stations，  
Cl，C3andC5（Fig．1）L  
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Fig．1（A）CollじePlualdrawil唱OfthcThrecGorgesl〕amaLitscomplelio］1・（B）KaikanL49，1hesur、′e）rVeSSel・（C）Maporthearea  
iIICllLdiIlglheYangtzeRiver▲（D）Localio］lOrtl－eSurVe）′stalio】一S・  

（2）Compari？OnOfbacteriaIcommunitybasedonPCR－RFLPpattern  
Bacterlalcommunity struCtureSin the9sampIcsl＼TCrC COmpared based on PCR－RFLP patterns・  

Seawatersamples（1001一一1）werenltcrcdwithaO．2－LLmporcsi∠Cnlter・lbtalDNAfromca？h filterwas  
cxlraCtedwithaFastDNAkit（B101O）lnc．，Visla＝CA），thcpll）′Sicalcxtractionl－1ethodusingglassbcads＝  
丘om baclerla CClls trappcd on the nlter・The16S rRNAgenes were ampliried bv PCR with bacIcrial  
universalprlmCrSetSコ）anddigestedwitharcstrictiol－Cl－ZymC・DigcsIcdl〕NAs、、TereSCParatedon2・5％  
agarosegclandthepattemswereanalvzcdbvthePDTfragmel－tana）vsissystcm・   

（3）PhenotypicaTlaLysisofbacterialclusters  
Eightybacterialcloncsrandonllvisolated什om marineagarplatcson、、Thichtlle SurFhce sea、、7atCr  

saunpIcatSt・Cl、、TaSSprCad，、、7CrCaPPliedtoBio）ogGNplates（Biolog，HaylVardコCA），andthcutilizatiol－  
pattems、、7ereanaly7edbytheMicrologMIclust（Biolog）sonwarcpackagcs・  
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（4）Cenotypicanalysisbasedon16SrRNA  
BacterialdiversltyOfthesurfaceseawateratSt，CIwasanalyzedbycomparlngthepartialsequences  

Of16SrRNAgenesobtainedbyPCR・Ampli且ed16SrRNAgeneswererecoveredfromagarosegel，and  
then clonedinto pCR・2，1vectors using a TA cloning klt（hvitrogen，SanDiego，CA）・We obtained  
SequenCeSfbr150clonesof16SrRNAgeneswithaminimum400bpfromPCRprimer1494reverseprlmer  
forauclones，Allsequenceswerecomparedwithsimi1arsequencesofrettrenceorganismsby BLAST  
SearCh．A phylogenetic tree was construCted by the neighborJoining method with the CLUSTAL W  
SOflwarepackage．  

3．RESULrSANDDISCUSSION  

（1）ComparisonofbacterialcommunitystructurebyPCR－RFLP   
ThephylogenetictreeconstruCtedfromthePCRrRFLPpattemshowedthatthebacterialcommunity  
structureatSt．CIwasdifFerentfromthatoftheothersites；alsoata11stationsthestruCtureatthesurface  
was different from thatinmidwater and the bottom（Fig．2）．Especially，in May1998，the bacterial  
communltyStruCtureatSt・C3surfaceresembledtothatatSt・CIsurface，SuggeStlngthathugeamountof  
丘cshwaterftomtheYangtzeRiverreachedtoSt．C3．ThissuggestedthatfreshwaterfromtheYangtzeRiver  
affectsthestructureofbacterialcommunitiesintheEastChinaSea．WeregardedSt・Clasasuitablesitefbr  
CValuationofchangesintheoutnowoftheYangtzeRiverL  

1998．5SuⅣey  1997．10SuⅣey  

10％蝕1別封飢叫   

Fig・2Seasona．comparisorLOfgeneticsimiralitYOfmicrobialcommunitiesinCstationsbasedonPCR－RFLPanalysis▲  

（2）βacterialconcentrationatSt．CI   
ThedensityofbacteriaatSt．ClasestimatedbyCFUonMarineagarplates（Difco）andby4r，6－  
diamino－2－phenylindol（DAPl）directcountwas2．8xlO4mi▼】and4L2xlO5ml‾】，reSpeCtively，indicatingthat  
onlysomeofthebacteriawereculturable（Fig・3）・   

（3）PhenotypieanaIysisofbacteriaisolatedfromEastChinaSea   
Fromphenotypicanalysisof80isolatesusingtheBiologtestsystem，Wefound4groups（Fig・4）：  
relativesofA／（eromonasmac］eodii，relativesofRoseobactergal［aeciensis，a Vibriogroup，aTinycolony  
group・A］te7t）mOnafmaCleodiiisdistributedincoastalwatersandopenoceans，utilizlngmanyOrganic  
compoundsassoleorprlnCIPalsourcesofcarbotlandenergy，andhasanumberofextracellularenzymeS  
includingamylase，gelatinaseandlipase9）・Therefore，thisbacteriumissupposedtohavesomeimportantrole  
incarboncyclinginoceans，alsoinEastChinaSea・TheTinycolonygroup（FigL5），Whichcomprised70％  
oftheisolates，WereCloserelativesofRoseobacterlitoralis，Whichisreportedtohavephotosynthetic  
ability】0）（Fig．6）．ThismayberelatedtothefactthattheTinycolonygroupsweremainlyobtainedfrom  
surfacewater，Wherelightisatamaximum（datanotshown）・  
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Fig・5BacterLalcoloniesgrowlngOnamarlneagarplate，  
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Fig・6Phylogenetictreebasedonpartialsequencesof］6SrRNAgenesfortheTinycolonygroup．  
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（4）Genotypicanalysis   
From genotypIC analysis，bacterla舟om3common manne groups，A¢haTPrO（eobacleria，Gammo－  
proleobacteria，andC／F／B，Weredominant．Someothergroups，includinglowG＋CGrampositive，high  
G＋C Grampositiveandrelatives of陀rrucomicrobium，WereObserved．Furtherunidentinedgroupsand  
SARlりandOCSclusters（nonrculturable甲OupS）werealsoobserved（FigL7）・These血dingssuggestthat  
bacterial．diversltyintheEastChinaSeaislmmenSe．  

αグ0励ムαC／erfα  

γザrO′eo占〃C7erf〟  

］βサ0励ム8C′grfα  

．  

］  

C銅group  

∃拍mcomfcroムブ〟m  

Fig・7PhyZogenetictlTebasedonpaTtia】sequencesofJ6STRNAgeneso♭，ainedETOJ7”U血ewateT5atSt・ClbyPCRwith  
bacte†laluniversalprlmerSetS，  
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4．CONCLUSIONS  

PhenotypICandgenotyplCanalysesrevealedthatmanySpeCiesofbacteriainhabitintheEastChinaSea．  

Thehowledgeobtainedinthisstudywi11beanimportantandvalL］ablebaselineforevaluatlngtheeffectsof  

environmentalchangeinthearea，becausethesampleswerecollectedjustbeforethestartofconstructionof  

the Three Gorges Dam. 
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BACTERIOPLANKTONPRODUCTIONINDILUTION  
ZONE OF TⅡE CⅡANGJIANG  
（YANGTSERIVER）ESTUARY  

ZilinLIU），HiroshiKOSHIKAWA2，XiurenNrNG】，JunxianSHI】and YumingCAIl  

t・SecondlnstituteofOceanography，StateOceanicAdministration  
（Xixihexia9，Hangzhou，310012，China）  

2．NationallnstitutefcIrEnvironmentalStudies  

（Tsukuba、305－0053、Japan）   

The bacterlOplankton production and bactenoplankton number were measuredin dilution zone of the  
ChangJlang Estuary and a mesocosm experimentaldevice fbr emiched phosphate experiment and oil  
COntaminatedexperimentwasplacedirtthewatersnearbyLuhualslandduringOctober1997andMay1998．The  
averagebacteriaplanktonproductioninsprlngWaShigherthanthatinautumn，theproduc（ionatthesurfacewater  
WaShigherthanthatatthebottom；thehigherproductionappearedinthemiddleofthesurveyedarea．The  
results from mesocosm experiment with adding phosphate and oil contaminated showed thal the 
bacter10planktonproductionincreasedtrendingrlSlngdaybydayduringtheexperimentperiodl  

∬町仰r血■ βqc／erf叩J♂〃加叩和血c′われg∫仙〟堺／力gC力d〃邸～d〃gノ‡ルビr  

1．1NTRODUCTION  

Numeroustinybacteriaextensivelydistributeinthesea．TheydecomposeabundantOrganicmaterlalsand  
planktondetritus，tranSformlngthemintoinorganicmattersintheseawater．ThebacteriautilizlngdissoIvable  
Organiccarbon（DOC）areeatenbyprotozoanlandtheDOCistransfomledintoparticulateorganiccarbon  
（POC）whjchcanbeutjlizedbyanima】，bactenaplayjnganjmportantroleincarbonandnjtrogヲnCyCleand  
energyconversionintheseaandexertlngmarkedinfluenceonmarineecosystem，Therefore，SClentlStShave  
beguntopayattentiontothestudyofbacterioplanktonproduction（Fuhrmanetal．，1980，1982，Kirchmanet  
al．，1985）．   

TheChangJlangRIVeristhelargestriverinChina．Itsannualrunoffreachesto9．24×101Lm3with4・86×108t  

SUSpendedsubstances（AmalsofChineseBay，1998）．Exceptmostsuspendedsiltssedimentgraduallyin  
nearshorezone，aZargenumberofabundan［organicsubs【anceSdi軌seinthedilu（ionzoTle，mak）ng（here  
goodenvirorunentsforbacteriagrowth・ThesurveylngfortheecologlCalcharacteristicsofmarinebacteria  
WereCarriedoutintheChang］fangRiverEstuary（ZhengGuoxing，etal・，1982，ShiJunxianetal・，1984，  
1992），butnodataonthebacterlOplanktonproductionhavebeenpublishedL   
Kirchmanetal．，（1985）estimatedbactenoplanktonproductionwith3H－leucinemethod，Whichconsistsof  
measurlng theincorporation of radiolabeledleucineinto bacter10Plankton protein overtime・The  
physiologlCalbasisoftheleucinemethodisproteinsynthesis・BacterlOPlanktonproductioncanbecaJculated  
什omratesofproteinsynthesisbecauseproteinco？prisesalaTge，fairlyconstant缶action（approximately  
60％），Ofbactcrioplanktonbiomass・Throughtherat100fproteintototalbiomass，rateSOfprotelnヲynthesis  
can be converted to total biomass production. The surveyed of the distribution characteristics of 
bacterlOPlanktonproductionintheChangJlangRiverdilutionzoneprovedbasicparametersforthestudieson  
theenvironmentalqualityloadingoftheChangllangRiverEstuaryanditseffectonmarineecosystemand  
themarineenvironmentalcapacltyeValuation・Andalsoprovedscientincbasisforthestudiesonmarine  
biologlCalproductivltyPrOCeSSeSandresourcessustainabledevelopment・  
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2．MATERIALSANI）METHODS   

（1）SampliIlgtimeandstatiompositions  
9and′15stationsweresetintheChang］iaヮgRIVerdilutionzone（3100’－3200’N，12230’～12400’E）to  
SurVeybactenoplanktonproductionandbactenoplanktonnumberduringOctober19～200f1997andMay  
13～160f1998separately・AmesocosmexperimentaldevicewasplacedinthewaternearbyLuhualsland  
（30045・6’N，122037・0’E）duringOctoberlO～170fJ997andMay18～250f1998toconducttheexperlment  
OfaddingphosphoruS（PO；3）．DuringMay26toJunelstof1998，theoilpollutantexperiment（addingNo．O  
dieseloil）wasdonetoobservethechan草eCharacteristicsofbacterioplanktonproductionandbacterio－  
planktonnumberinthesmallecologicalenvlrOnmentafteraddingphosphoruSOrOilpollutant（Figl）・  

Fig．1Sampユing5ta【joれ  

・StationsinOctoberof1997． o stationsinMayof1998．   

（2）Bacterioplanktonproduction（8P）   
Aftersterllesamplingwater，takethreeparalleltesttubeofwatersamplewithlOcm3，reSPeCtively，OneOf  
thetriplicatesampleswasadded30％trichloroaceticacid（TCA）solutionasacontrasttube．Adding4，44105  
Bq3H－1eucinewithspeci抗cactivltyOf152mCi／mmoltothetriplicatesamplesandincubatefbr60min；after  
incubation，adding30％TCAsolutiontotesttubesseparatelytokilltheincubationandstartextraction，then  
filterthemthroughtheO・2mSartoriusnltermembrane 

， 

scintillationvialsandcamedthembacklab・AfteraddingethylacetatetodissoIvethemembranes，then  
addinglOcm30fPackardUitimaGoldscintillationcocktail・Finally，COnductradioassaywithBackman5801  
Liquid ScintillationAnalysis device．The bacterlOplanktonproductionwas calculated accordingtothe  
formulaofParsonsetal．（1984）andKirchmanetal．（1993）．   

（3）Bactcrioplanktonnumber  
BacterlOplanktonpumberwasenumeratedusingtheacridineorangecountmethod（AODC）byOlympus  
IiBFluorescencemlCrOSCOpyaCCOrdingtotheSpecificationfbrOceanographicSurvey，（STSA1991）・  

3．RESUIJSANDDISCUSSION   

（1）BaeterioplanktorlPrOductioninthesurYeyedarea  
ThebacterlOplanktonproductionatthesurfacewaterinautumnof1997is showninTablel・1tis  
O・22～3・35LlgCdm－3h1wjthaveragevalueof］・44±1・30LlgCdm3hA）・Theratioofthisvaluetotheprlmary  
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productivltyisO．18，namely，bacteriaproductionisrough1y18％oftheprlmaryPrOductivlty．1tbasically  
coincideswiththeresultthatthebacterlOPlanktonproductioninthesouthernCalifbmiabayaccountedfor5  
25％oftheprimaryproductivity（Fuhrmanetal・，1982）・  

TabLelThecomparisonofbaeterioplanktonproduction（BP），primaryproductivity（PP）and  
ChtoTOPhylla（Chla）atthesurfacewaterofdi能rentstationinautunuof1997  

AL A3 A5 BL  B3 B5 CL  C3 C5 Average   

BN（×108celトdm▼り  4．4  6．1 5．2  4．3  4．0 （5．5  5．9  4．9  5．7  5．2   

BP（PgC・dmL3h‾L）  0．45 3．35 0．64 0．22 3．35 0．42 0．53 2．53 1．49 1．44   

PP（LlgC・dmJ3h‾L）  4．8014．00 5．58 4，4410．42 5．13 3，63 8．2514．28  7．84   

BP：PP（％）   0．09 0．24 0．12 0．05 0．32 0．08 0，15 0．310．11 0．18   

Chla（ug・dm‾3）  0．62 3．88 0．88 0．47 2，57 0．83 0．53 1．41 2．55 1．53  

FromthehorizontaldistributionofthebacterlOPlanktonproduction，pnmaryPrOductivltyandchlorophyll  
a，itcanbeseenthattheirdistributingtrendisconsiderablysimilartoeachother（Fig2a－b）・Thehighvalues  
appearedinthemiddleofthesurveyedarea・Thebacterioplanktonproduction，PrlmaryprOductivltyand  
chlorophyllaconcentrationaremorethan3．叫gCdm‾3hr），10帽CdmJ，h．1and2・5ugdm3respectively・Theyau  
decreasetobothsidesofthesuLrVeyedarea．Onthesoutheastofthearea，biologicalparametersarehigher  
andthebacterioplanktonproductionisl・49ugCdmJ3h．）atstationC5・Bacterioplanktonproductionislower  
thanO・5l⊥gCdm3h1atthestationsAlandBl，andB5・  
1nMayof1998，OwingtotheChangJlangRiverdilutionwaterincreaslngandbiologlCalmetabolism  
enhancinglnWaterS，thechangerangeofbacterioplanktonproductionatthesurfacewaterwasO・56司▲41  
ugcdmr3hr）withaveragevalueof2・43±1・22LLgCdmT3h1・Theyareobvious1ymorethanthatinautumn・The  
highproductionmorethan2．OLlgCdm‾3h’lcoveredonmostofthesurveyedarea・Especially，thehighvalues  
morethan4・OgCdm－3hr）appearedatstationsBlandBコinthemiddleofthearea；thelowvaluelessthan  
1，OgCdm3h1appearedatstationA．onthenorthwestandstationA50nthenortheastofthearea（Fig・3）・  

Fig●2TprOduction’  
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Fig．3Thehorizontaldistributionofbacterioplanktonproduction（PgC・dm3・hL）  
atthesurfacewaterinMayof1998   

Fuhrmanetal・，（1982）discoveredthatbacterioplanktonproductionateuphoticzoneofwaterswasthe  
highest・Thegrowthandpropagationofbacteriaarerelatedunobviouslytolightexceptphotoautothophy  
bacterla・Thegrowthofphytoplankton，feedingandexcretionofanimalsandfrequentactivitiesoforganisms  
madethePOCandDOCconcentrationincreaseinseawater，aCtivationoftheheterotrophicbacteriautilizlng  
Carbonandnitrogenenl1anCedandbacter10planktonproductionheightenedLlnsprlng，thebactenoplankton  
produ6tionatbottomwasl．01±0．43ugCdm3hl，Onlyaccountlngfbr42％ofthatatsurfacewater．Forthe  
horizontaldistribution，0nlyatthestationC50nthesoutheastofthesurveyedareaappearedthevalueof  
l・77LlgCdm－3h－l，andwaslowerthanl・OpgCdm3h1inthewestofthesurveyedarea・   
ThebactenoplanktonproductionisO・22－4・41ugCdm－3h－］inautumnandsprlnginthesurveyedarea，being  
lower thanthe range ofO・83～11・67ugCdm－3h－）in Chesapeake Bayin U・S，and higher than that of  
O～0・5トLgCdm－3hrlin3RiverplumesoftheGeorgiaStraitinCanada，thatofOLOl～0・3LLgCdm－3h－LinKhone  
estuaryinFranCe，thatofO・2l～1・58LlgCdm－3h－1inDelawareBayinU・S，Whilecoincidingwiththatof  
O．21～3．75ugCdm‾3h▲】in the MississippiRiver Plumein U．S．（Gerardo C．L．，1992）and the range  
O．08～6．63LLgCdm‾3h‾10fannualaveragevalueinJiaozhouBayofChina（JiaoNianzhi，1995）．   

（2）Bacterioplanktonnumberinthesurveyedarea   
TheresultsshowedthatbacterlOPlanktonnumberwashigherinautulnnthanthatinspring（Tbble2），the  

averageatthesurfacewaterwere（5．22±0．88）×108cell・dm‾3and（1．94±1．10）×108cell・dm3respectively，1n  
COmbinationwiththedatain1986（ShiJunXianetal．，1992），itcanbeseen丘omTable2，eXCeptinwinter，  
bactenoplanktonnumberatthemiddlelayerwashigherthanthatatthesurfaceandbottom・Owingtothe  
middlelayercontainlngmanytlnySuSPendedparticulate，theirspecificsurfaceareaisgreaterandliableto  
StOretheorganicsubstances，Whichareutilizedbybacteria，beingadvantageoustobeattachedforbacteria・  
Sinccwatcrtcmperaturcatthcsurfaccinwinterislower，bacterianumbcristhelcast，Watcrtemperatureat  

urfaceinOctoberof1997washigher（23・24±OL69OC），bacterioplanktonnumberatsurfaceismorethanthat  
lnSummerandsprlng，Watertemperaturetaklnganimportantroleforbacteria・  
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Table2．Thecomparisonofbacterlanumber（×10畠cellldmLJ）inthedilutionwater  

Octoberof1997  Mayof1998   Julyof1986  Januaryof1986   

Surhce   5．22±0．88  1．94±1．10  2．47±1．04  0．32±0．40   

Middle   6．46±3．81  2．28±0．77  3．00±1．81  0．27±0．16   

Bottom   6．22±2．66  1．74±0．95  2．9（；±3．65  0．69±0．33   

Average   5．97±2．68  1．97±0．96  2．81±1．83  0．41±0．41  

The results ofcontinuous observation for six times at anchored station CIShowed that the range of  
bacterlOplanktonproductionwasl．27～3．6叫gCdm3h）andbacterlOplanktonnumberwasOL53×108～2・90×10ぢ  
cell・dm3（Table3）．Highvaluesappearedin12＝00－15‥00ataftern00nandlowvaluesin21fooatnight．The  
organitsubstanceswerereleasedtoseawaterbyphytoplanktonthatpossessesobviouslighteffectpromotlng  
thegrowthofbacterla・  

TabJe3・ThecomparisonofbacterlOplanktonproductionandbacterlOPlanktonnumber  

atsurfacewaterinananchoredstation  

Time   0600   0900   1200   1500   1800   2100  Average   

BP（鵬C・dm‾ユ・h‾り  2．47   1．82  2．67  3．63  1．93   1．27  2．30   

BN（×108・dm‾3）   1．35  0．93  2．91   1．61   0．63  0．85  1．38   

（3）BacterioplanktonproductioniJltheseawateroutsidemesocosm  
Theseaareaofmesocosmexperlmentisneartoseashoreandnearbyanisland・Whiletheexperimentof  
enrichmentphosphoruSandoilpollutantwasdone，15days、continuousobservationfornaturalseawater  
outside mesocosm was carried out，The results showed thatthe bacterlOplanktonproduction at surface  
changeranged什omO・13～5・79LLgCdm－3h－L withaveragevalueof2・47±1・60ugCdm▼3hrl・Thebacteri0－  
planktonnumberrangedn・OmO，83×10bcell・dm‾3to3・60×10邑cell■dm－｝（Fig・4）■  

123456789¶11セ′ロ14t‖和   

Fig・4Thedistributionofbacterioplanktonproductionandbacterioplanktonnumberinseawateroutside  
meSOCOSm．  

一一→S－BP山釘dm■〕甘■）   －－▲－－S－BN（×10呂ce11／dm▲j）  
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（4）BacterioplanktoJIPrOductiomiヮmesocosmemichmentpho5Phorusexperiment  
TheemichmentphosphoruSeXPerlmentaddingfiomO．78to3．25M（PO．r3）wascamedoutinOctoberof  
1997・1tcanbeseen丘omFig・5thatafteraddingphosphoruSinmesocosm，theincreaslngOfnutrientsexerts  
markedeffectonthegrowthムfphytoplanktonandbacteria．Bacterioplanktonproductionintheexperiment  
increasesfroml，4叫gCdm‾3h．）to43．47pgCdm3h】．Thebacterioplanktonnumberincreasesfrom6・24×108  

cell・dm－3to18，30×10Scell・dm3・Chlorophylla，Prlmary PrOductivlty and bactenoplankton production  
basica11ytrendtorislnglinearlyinthefirstfivedayoftheexperiment・Theabundantnutrientandsuitable  
lightradiationinwaterleadtophytoplanktontobloom，andpromoterapidincreaseofbacteria▲1nthenfth  
day，PhytoplanktontranSferredintothe”cachexia，，frombloomlng，Chlorophy11aandprimaryproductivlty  
rapidlylower，but bacterioplankton production stillincrease slowly，because heterotrophic bacteria  
decomposeunintemlPtedlynumerousdetrltuSOfplankton・  
SimilaraddingphosphoruSeXP？riment（0・33～2・16MPO；3）wasdoneinMayof1998・Bacterioplankton  
productionincreaslngefrectwasslmilartothatofexperimentinautunn，buttheincreaslngrangeWaSlower  
thanthatinautulTm．InthesecondandfourthdaysafteraddingphosphoruSeXperiment，theincreaslngrange  
ofbacterioplankton production was the greatest（Fig・6）・In the fifth day，bacterioplanktom production  
markedlylowered．SincephosphoruSincreasesinmesocosmecologlCalenvironmentmakingtheratioof  
nitrogentophosphoruStObeaq】uSted，thebacterioplanktonproductionincreased丘om2・18to32・20トLgCdm’  
3hlintムe肋⊥rday5a丘eraddingpムosphoru5・  

（■■川■■）  

Fig．5Thecomparisonofbactenoplanktonproductioninmesocosm  
addingphosphoruSeXPerimentinOctoberof1997・  

12345678g［ち6  
Fig．6Thedistributionofbacterioplanktonproductioninmesocosm  

addingphosphoruSeXPerimentinMayof1998・  
＋P－BP（ugldm・1Lh・L）   一▲－－C－BP（Pg・dmr）・h・1） 一●－PS－BP（LLgLdm‾3・h■l）  
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（5）ThebaeterioplanktonproductionoftlleOilpollutantexperimerItir［meSOCOSm  
TheoilpollutanteXPerimentinmesocosmwasconductedbyaddingNo・Odicscloil（1800帽dm‾3）inMay  
Of1998・Genera11y，PetrOleum hydrocarbon pollutionin the seawater are removed through chemical  
degradationandbiologlCaldegradation，buttherateofbactenoplanktondegradationis greaterthanthe  
OXidation－Selfofpetroleumhydrocarbon・BacteriaplayanimportantrOleinremovlngpetrOleumpo11utantin  
theseawater（Shie’hou，1988）・Theproductionoftheexperintentalgroupandthecontrastgroupincreased  
Simultaneouslyinthefirstday・Inthesecondday，thebactenoplanktonproductionofthecontrastgroup  
lowered，WhilethatoftheexperimentalgrouplnCreaSeddaybydayftom6・61L⊥gCdm－3hJatthebegimm1ngtO  
37L97トIgCdm‾3hJ］attheending（Fig．7）．  

1  2  3  4  5  6【和  

Fig・7ThebacterlOplanktonproductionoftheoilcontaminatedexperimentinmesocosm   
」トー0－BP（Llg・dm▲3・h．■）   一一▲C－BP（Pg・dm■3・hLl） －一●－－S－BP（Pg・dm．3・h．■）  

4．CONCLUSIONS   

lnthesurveyedarea，thebacterlOplanktonproductionatsurfacewaterrangedfromO・22to3・35購Cdm‾3hrl  
Withaveragevalueofl・441・30トLgCdm▼3h‾】inautumn，itisrough1y18％oftheprlmaryprOductivlty．lnsprlng，  
bacterioplanktonproductionrangedfromO・56to4・41LlgCdm3h▼Lwithaveragevalueof2・431L22帽CdmJhrl・  
Thehighvalueswereinthemiddleofthesurveyedarea．Bacteriaplayanimportantroleinthemarine  
biogeochemistryprocesses，  
1ntheaddingphosphoruS eXperiment，bacterlOplanktonproductionincreased丘oml・43LLgCdm3h－1to  
43・47LlgCdmJ3h－1in autumn andincreasedfrom2・18ugCdm－3hJto32・30ugCdm3h－1in sprlng・The  
increaslngOfnutnentconcentrationintheecosystemexertedmarkedeffectonbacteriaandphytoplankton・  
1nthe oilpollutant experiment，bacterlOplanktonproductionincreasedfrom6L61ugCdmr3h－1to37L97  
PgCdm－3h－1LBacterlOplanktondegradationisoneoftheeffectivewaystoremovepetroleumpollutantofthe  
SeaWater．  
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KeyLaboratoryofGeophysicalFluidDynamicsandNumencalModeling，SOA  

Basedon Sino－Japancooper水iveManneEnclosu柑meSOCOSm Expenment（MEE）during  

OctoberlOand17，1997，amarineHarmfulAlgalBloom（HAB）dynamicalmodelisdevelopedin  

thelもngts Riverestuaryarea．The numericalresults are consistentwiththe availabledata．The  

thresholdvaluesofnitrogenandphosphateconcentrationsforHABoccurrenceare4・5LlmOl／1and  

l．OLlmOl／1respectivelyinthisarea．  

KeyWords：〟d月ゆ〃β研fc（7Jmo慶んA血「加gビガCJo∫〟柁桝e∫OCO∫m叩grJme〃J  

1．1NTRODUCTION  

Asthesharpdevelopmentofcoastalindustry，HAB  
averagely50timesperyear（Zhuetal・，1996）・  

HABdamagesthelocalmarlneeCOSyStem（Linet  
al．，1997）．Due toits complication of coupled  

hydrodynamlC，Chemical－biologlCalprocesses，a MEE  

CanremOVethehydrodynamice舵ctandcanbeusedto  

Studymarineecosystemunderdi恥rentconditions．  

In Yangts River estuary area，the MME，Which  

located at point（30050．460’N，122O36．665’E）（Fig・1），  

OftenappearsinChinesecoastalzoneandamves  

WaSCarriedoutforthe且rsttimeduringOctoberlOand 31  
17，1997．25m3seawaterwasfilledintothetwobags  

SeParatelyinthe aftern00n OfOct．10，1997．Samples  

weregetat9：000netimeperdayduringthefollowlng7  

days・Thebagwithnaturalseawateriscalledcontrolbag，  

and dissolved inorganic phosphate was added to 
3．25umol／lintheotherbagcalledasP－bag・Duetothe  

ミ1【0加  

Fig・1ThelocationoftheChina－JapancooperatlOn  

mesocosmexpe－－mentinOctober，1997  

strongwaveinthisarea，theouterseawaterruShedintothecontrolbaginthenextday・AHABprocesswas  
success且111yinducedintheP－bag．ThedominantSpeCiesisskele（OnemaCOSta（um・  
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2．THEIIABDYNAMICALMODELANDDATABASE  

（1）TheⅡABdymamiealmodel  

Sincethetidalcurrentandsurfacewavearestronginthisarea，theverticalmixtureintheP－bagwaswelldone，SO  

theP－bagcanbetreatedasonelayerinverticaldirection・BaseonSkogen’smodel（Skogenetal・，1995）and  

observeddata，forthenrsttimeinthisareaamarineHABdymamlCalmodelisdeveloped．Thecontrolequations  

areasfollows．  

瑞喘＋C4加＝ち∫〟璃）  

∂J  

＝C．［月蝕＋皮相＋C4加卜（ち山域。）］   

∂∫f  ‾  

．、小さ．J  

∂J  

「廿、∴J  

∂J  

∂J  

－C2ちね   

＝ち由一月β山一C3βf〟   

＝ろT。一月馳－C3飽   

＝C3（βね＋〃α卜C4βeJ  

Where，  

MaximumdiatomgrowthrateatTOc：ち由maX ＝aLeO2T  

Maximumflage11ategrowthrateatT℃＝FL。▼maX＝a，ea4T  

Dia【omreSplla【jon‥月β／。＝α5・β由・e8br  

Flage11aterespiration＝RF］。＝a5・Fla・eO6T  

Diatomgrowthrate：ろL。＝P，i。＿maXTl．。L。・NLLm，。i。 ・D  

Flagellategrowthrate‥ftk，＝キ′。＿maX・Tl，，7。・NLim．，k．LFla  

i＝1（1ight），2（N）；3（P），4（Si）  

j＝1（diatom），2（flagellate）  

Diatomnutrientlimitation＝NLim．。i。＝min（V2．，V，1，V．L）   

Flagellatenutrientlimitation＝ NLEm．，l。＝min（V22，V，2）  

Theconceptmodelisasfollows．  
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（2）Modelparameters  

18parametersareusedintheHABdynamicalmodelandarelistedinrIbblel．  

TabLel ParametersusedintheH＾Bdynamicalmodel  

Paramett汀S   Definition   Vatue   

A■   MaximumdiatomproductionatO■C（s■L）   l．3SX10■5   

A2   Temperaturedependencefordiatoms（Oc‾1）   0．0（i5   

Aユ   Maximumflage11ateproductionatOdC（sL）   t．t2×10‾5   

A4   Temperaturedependenceforflagellates（Oc■■）   0．0（；3   

A5   RespirationrateatO■C（s▼1）   12．07×10‾7   

Ah   Respirationratetemperaturedependence（Oc■■）   0．07   

C．   Fractior10fphosF）hateandnitrateinace11（mgP／mgN）   0．3   

Cヱ   FractiorlOfsilicateandnitrateinacell（mgSi／mgN）   1．75   

Cユ   Phytoplanktondeathrate（s1）   1．6×10▼も   

C。   Decompositionratebrdetritus（s■l）   1．52×IO‾R   

Kh■■   Lighthalfsaturationconstantofdiatom（uEinstein／mユ／s）   9（〉   

Kム2l   Nitrogenhalfsattlrationconstantofdiatom（LlmoIN／1）   l．〕   

仙ユ1   Phosphatehalrsaturationeonstantofdiatom（LlmoIP／l）   0．125   

Kム“   Silicatehalfsaturationconstantofdiatom（LlmoISi／1）   1．4   

K上，ユ   Lighthalfsaturationconstantofnagellate（LIEinstein／m2／s）   150   

Khユニ   NitrogenhalfsattlTationconstantoffLagellate（LLmoIN／1）   0．25   

仙1ヱ   PhosphatehalfsaturationconstantoffLagellate（umoIP／l）   0．094   

PAR   Photosyntheticactiveirradiance（％）   50   
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（3）Database  

Nutrients：theconcentrationsofNO3－N，NO2－N，NH．－N，PO．andSiO2WeremeaSuredinsituonetime  

perday，  
Lightintensity＝thereweretwosensorswithoneatseasurfaceandtheotherunderseasurface．Thelater  

hadsomewronganddidnotgetanydata．TheobserveddataarelistedinTable2．  

TabJe2 0bservedseasurfacelight（1hmean LLEinstein／m2／s）anddatar）umber  

13  14  15  17  19  

脚  Data  1」如  Data  U如  Data  Uが  Data  山師  Data  U如  Data  
、  

5  18．0  617   

6  151．7  354  552．l  1225  l17ユ．0  59l  2（；9．8  3600   

7  1（i7．1  3600  l170．8  3600  1283．2  3（；00  78S．9  3（iOO   

8  1234．5  3588  1487．2  3600  1457．7  3600  1552．2  5600   

9  1815．5  3600  199（；．9  3600  2096．3  358S  2234．1  35S9   

川  iO（‖．5  j600  Z629．g  j589  259f．5  j600  25月O．7  j（；00   

27（i8．0  524  1218．5  3600  2700，5  3600  2933，8  3589  2（）57，8  3589   

12  2（I60．6  2980  1721．5  2】7  2898．3  3600  29：≧1．4  5573  24呂5．0  3（）00   

四  2285．4  3600  1266．8  3523  913．8  3600  2呂ユ5．9  2588  2658．9  2929  2（）04．5  5139   

14  1780．3  3600  864．4  〕600  44S．7  3600  2635．0  3600  2407．3  5（）00  2：iO3．t  う038   

15  1160．1  2863  581．0  3587  227，8  358S  2102．ユ  3600  1807．6  3600  1775．6  3600   

田  418．5  ユ600  13l．6  3600  147．3  5600  S93．8  35S8  693．1  3589  608．1  3589   

17   〕6．4  193l  12．l  2：柑0  62．6  455  85．0  894  2二i．7  5（〉00  9．9  3587   

18  1．9  3600  0．6  183l   

19  】，9  149l  

′＝且4月イ0・e一色  

方＝0．043＋0．0545・71P〟   

Where TPMisthe concentration ofsuspended particle（Llg／1）and PARis photosynthetic active  
i汀adiance（％）．   

ThedepthoflightintensltyuSedinthemodelfordiatomislm・Forflage11ate，thedepthisO・25m，  

becauseflage11atecanSWimupforenough1ight（Parsonsetal・，1997）L  

Chlorophyll－aanddetritus：theconcentrationsofchlorophyll－a，diatomandflagellateweremeasured・  
1nthispaper，thedifferenceofparticleorganicnitrogenandchlorophyll－aisregardedastheconcentrationof  
detrltuS．  

3．MODELREStJIJSANDDISCtISSION   

（1）MEEP－bagsimulation   

Fig・2showsthecomparisonofmodelresultsandobservations・Thefluctuationsofnutrientsaredueto  

thealternativeofdayandnight．Duringnlght，thephotosyntheticprocessisweak，butbacteriadiscompose  
detritusandproducenutrients・Becauseinthis experiment，Wehaveonlyone sample perday，SOthe  

simulatedfluctuation phenomenon needs more observed data to check・The growth，reSplration and  
limitationfactorsareshowninFig・3・ThesimulationerrorsarelistedinTable3・  
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Table3  SimulatiollerrOrS  

N   P   Si   Flagellate   Diatom   

（いmol／l）   （いmo川）   （いmol／l）   （×10‾ヱい泄）   （いg／l）   

12   1．94   0．37   －0．25   0．11   －1．17   

15   4．78   0．52   －0．24   0．86   5．01   

14   5．S8   0．21   －1．55   1．51   5．89   

15   3．43   0．21   2．17   3．り7   －5，63   

16   5．36   0－49   －1．20   －l．54   4．91   

17   5．2二～   0．43   －3．08   1．3（ミ   0，15   

（2）Numeriealexperiments   

InOrdertounderstandthelirnitationprocessofHAB，thcpresent、、′OrkanalvscstheefTbctofinitial  

nitrogen，1nitialphosphateandlightintellSitv．ThcresultsofnunlericalcxperlmerltSareShownil－Fig4，  
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拓  
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甜  
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5  

0  
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Fig．」Tl－edis血bし山onsors血tllatedcl－hrop坤IcoI・CじⅠ－tratio－川油di舵ー引Ith一拍崩DINco－－Cet一価io】1Sa・ldstlI晶ghla・fnHはIDrN  

18tlInO［／Lb．Ini†ialI）7N：9LLmol／l二じ．InitialI）rN：4．5LlnlOl／1二d．Initia11）INandT）lP：18Llmol／］a11d3．2511Il10］／l  

Thc crlter10n Of HAB occurrenceis stillundefhed untilnolヽ丁．Xu ct．alconsiderslOリg／lof  

chlorophyll－aCOnCentrationasthccriterion（Xuet．al，1996）．Hcrc20 LlgnisthecrltCrionbccauseHAB、、TilI  

bcdistinguishedcasilvfromscaco）orlVilhnakedcyesinthisMEE・  
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4．CONCLUSIONS  

The modelresults are consistentwith availabledata．Thepresentworkanalyses theinnuence of  
nutrlentCOnCentrationandlightintensitytotheformationofHAB・Themainresultsareasfollows：（1）The  

CreatedHABdynamicalmodelsuccess伽11ysimulatesthewholeprocess・TheaddeddissoIvedphosphateis  

er10ughforstrengtheningtheHABprocess．（2）Thethresholdvaluesofnitrogenandphosphateconcentration  

forHABoccurrenceare4・5Pmol／1andl．0いmol／1respectivelyforthisarea・（3）Accordingtothemodel  

results，Whensurfacelightintensityishalfofmeasuredseasurfacelightintensity，themaximumchlorophyll  

aconcentrationis35Llmol／1．Whenthelightintensityis35％orbelow，HABwi1lnotoccur．  
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Thebiogeochemicalvariationcharacteristicsornutrlentelements andtheinfluerlCe factorson  
Donhaiwerestudiedinthispaper，Thegeneraltrendofnutrientconcentrationdistributionwastended  
downwards from southwestem to northeastemin horizontaland upwardsfo1low the water depth  
increaseinvertical・ButthelowerconcentrationsoftheDIN，DIPandSiO3－Siwereappearedatsurface  
layerofstations（A3，B3，C3andC5，）thespeciesvariationofN，Papparentdifrerentialrespectively  
duetotheplanktonabsorbinganddifferentbiogeochemicalmechanism．Thespecialroleoffrontalarea  
andthermohalinetransitionlayeronspeciesvarlationandenrichofnutnentshavebeendiscovered．The  
rLutrientsenvironmentalcapacltyWaSprlmarllyestimated，  

物仰′血〃〟／㌣～e〝Je／e椚e叫郎pge∂C方em∫∫叫ecoわgfcβJe〝V如〃me〃ねJq脾c′，伽〃gん裏  

1．INTRODUCTION   

Walerso仔theChangIlangEstuarineisoneoftheimportantareasofland－Seainteraction，thecurrent  

Seriescomplex，mOreWatermaSSeSJuStCOnVerglnghere・ThatadmitlargeramountstheChangJlangRiver  

DilutedWaterfromwest，effectedbytheYellowSeaMixedWaterfromnorthandwedgedintobythe  

TaiwanWmCurrentWater丘omsoutheastり・Thewatermassescar7ylnSufncientnutrlentSforbeings  

growlngandreproduction，formlngfhmoustheChangllangEstuaryFishingFieldandbringlngaboutthe  

activebiogeochemistryactions．Butfo1lowlngtheeconomydeveloplngandmanklndactionincreaslng，  

theenvironrnentalloadofpollutantS丘・Omlandintoseaiscontinuousgrowth＝Forinstance，OWlngtO  

developlngagrlCulture，aVaStamOuntOfthechemicalfヒrtilizerswa5apPliedintheChina・Accordingto  

StatisticstheuslngamOuntOfchemicalfertilizerhavecometo25×106t／aduringtowardstheendof  

1980s and1990searly・About80～90％oftotalis nitrogenous fヒrtilizeras wellas5～10％ofitis  

Phosphorousfertilizer，andthanitisincreasedwithl．OxlO6t～1，5×106t／aatlatetenyears2）．Thankstoa  

lotofchemicalfertilizerwaswashedawayfromthesoilintotherunOffandtheseaLTheconcentrationsof  

NandPwereobviouslylnCreaSeintheChang］1angrunOffduringlastthirtyyearsandnutrltion’slevel  

WaSunceaSlngraiseintheChang）langeStuaryanditsa句acentwatersaswell・1nrecentyears，theredtide  

OCCurredfrcquentlythattheeutrophicationseemsasanimportaflteffectedfactointhisarea・Therefor，  

manyscientistshaveagreatinterestinvariationoftheecologicalenvironmentandthebiogeochemistry  

OfnutnentelementsintheChang】1angeStuaryanditsa4JaCentWaterS．From1970s，theresearcherof  
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SOAofChinahasdonesomeenvironmentinvestigationinthisarea”1n1980ssomeinternationalco－  

Operationstudieshavebeenengaged（fbrinstance，theChina－U．S．Ajointstudyin1983，（heSinn－  

French joint studyin1986 etc．）．Scholars have made some thorough study on the nutnents  

elements3）・4）・5），6）・Butthebiogeochemicalcycle，SPeCiesvariationandenvironrnentalcapacltyOfnutrients  

WaSle5StOUChedon．血oder【Obaveabe眠rtounders払ndi喝Orbiogeocllemistり′actiom5諷dprovide  

protectionofecologlCalenvironmentandmarineresourceswithscientincbasis，theworkonthis鮎Id  

wascarriedoutinthe China－JapanJOlntStudyprq】eCt，during1997～1998・Theresearchresultsare  

reportedi工l山j5paper  

2．METIIODS  

（1）StudyareaandinYeStigationdate   

ThestudyareaspreadsreglOnWaSinapolygonlinkInguP32・000N，122・30OE；32・000N，】24・0001∃；  

31，000N，124．000E；31．00ON；123．500Eand31．50DN，122．30DEfivepoint（Fig．1）▲StationsAl，A3，A5，Bl，  

B3，B5，Cl，C3andC5werefbrwaterqualitymonitonngandsamplingstation・  

12t．∝〉  121，釦  122朋  122劫  123【8  123S）  124，【船  12ヰ9】  

Fig．1thelocationorsurveystation  

ThesurveyhasbeendoneinOctober1997andMay1998・lnthenrstcruise，theChangJlangrunOfr  

wasinmediumflowcapacltyandtheplanktonwasindelaystage・lnthesecondcrulSe，theChangJlang  

runOffwasabundantandtheplanktonwasgrowlng・  

（2）Sampling   

ThewatersampleswerecoLlectedwithaNiskinsampler・WatersubsampleAfbrDTN，DTnNO；，  

NO2▲，NH∴PO．ユ‾andSiO，3’measurementwasnlteredbyO・45pmmi11iporetilterimmediatelya鮎r  
samp血g・勒tersubsample8ぬrm，Tア通aJys15wa5COJkcfed舟om用WWa－erSamp】e5・5amp】e5Were  

storedandkeptin－200Canda食erwardssendtolaboratoryforanalysIS，eXCeptNO；，NO2J，NH∴PO．3‾  

andSiO33Lweremeasuredinsitu・  

（3）Me仙odsofme8SUre爪印t   

Methodsofmeasurementfornutrientsasfo1lowlng：   

Species  AnalysISmethods   

SiO；‾  Yellowmolybdosilicicacidmethod   

PO．3‾   Phosphor－mOlybdemumbluemethod  

Limitofdetection  

O・45トLmOl／1  

0．02ト1mOl／1   
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NO2  Diazo－aZOmethod  O・02pmol／1   

NO；   ZincLCadmiumreductionanddiazo－aZOmethod（atinsitu）   0，07LLmOl／1  

Copper－Cadmiumcolumnanddiazo－aZOmethod（atlab）  0・04umol／1   

NH；   Oxidizedhypobromitemethod  O．03LLmOl／1  

The samples for measured TN，DTN，TP and DTP were pretreatedwith potassium persulfate  

OXidationandpressurlZeddecomposition．AfteraqJuStedpH，NO；andPO．3▼inthesolutionwasdetected  

Separately・ThesamplesforTPmeasurementwerecarrledoutturbiditycorrectionLPN，PP，DONand  

DOPwerecalculatedasthedifrヒrential－decreasemethods．   

Temperature（T），Salinlty（S），depth（D），dissoIvedoxygen（DO），andoxidation－reductionpotential  

（ORP）weremeasuredusingHydrolabmultiparametermeterinsitu・  

3．RESULTSANDDISCUSSION  

（1）Con⊂entrationanddistriblltionofnt）trients   

Tablel・ShowstheconcentrationrangeandaveragevalueofnutrientspeCiesthatweremeasuredat  

bothsurveycruiseofOctober1997andMay1998・Comparlllgtheresultsoftwocruises，1tisevident  

whichtheconcentrationsofSiO，3‾andNO，．inOct．1997werehigherthanthatinMay1998．Becausethe  

rainfalloftheChang）1angbasininsprlng1998wasmoreabundantthanfbmeryears，followlngthe  

runOffandthedilutedwaterplumecurrentwereincreased，andsotheoutputofSiO，3andNO；ofthe  

Chang］1angriverwereincreased・BecausethereiscloserelativebetweenflowwithoutputofSiO33‾and  

NO；oftheChang】1angriver5）．ButtheconcentrationsofPO．3▲andTPwerenotincreaseinthewaters．  

OwingtoonehandtheconcentrationsofPO33’andTPwerenotsodi能renceinboththeChangiiang  

runOffandstudyareawatersandtheotherhanditistheseasonofplanktongrowlngandmorePO43・was  

grabbedinMay．  

Tablel．ConcentrationRangeandAverageofVarlOuSNutrientSpeCiesinSeawaterSamples  

Oct．19，7  May19，8  

Max   Min   AYera亡e  Max   Min   Avera空e   

PO4ユー  0．62   0．24   0．45   0．55   0．10   0．2（）   

DOP  0．62   0．01   0．26   0．81   0．08   0．34   

DTP   6，24   0．04   0．82   1．1l   0．42   0．60   

Pfl   1．10   0，32   0．70   l．9g   0．01   0．55   

TP   7．25   0．53   1．52   2．70   0．49   1．14   

SiO）3－  44．78   1．66   12．27   50．28   0，66   17．30   

NO3▲  15．97   0．1（）   5．11   24．93   3．09   1（）．83   

NOユ‾  1，02   0．34   0．67   2．16   0．19   0．71   

NH4＋  1．64   0．14   0．72   4．67   0．38   1，82   

DIN  17．32   l．16   6．49   29．65   5．04   19．35   

DON  28．28   1．59   9．25   

DTN  19．06   0．22   7．30   

PN   35．00   2．96   15．62   

TN   47．69   6．31   22．92  

Unit睾mOl／l  

ThegeneraltendencyoftherLutrlentdistributionwasconcentrationsdownwardfromwesttoeast  

andfromnorthtosouthalso（Fig・2・a，b，C）．Becausetherearedifferentconcentrationsinwatermasses  
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effectedthisarea，thatthehighercontentwasintheChangllangDilutedwaterandtheye1lowsea  

mixlngWatermaSS andthelowercontentwasintherIbiwanWarmCurrentWater・Butthelowest  

concentrationappearsatsurfacelayerofA3－B3－C3inautumn・TheefftctoftheChangIlangrunOff  

ondistributionofSiO；▲wasfairlyobviousinspring．ButtheconcentrationofNandPcomeunderthe  

StrOnginnuenceoftheSouthYellowSeawatermass，thehigh  

罰6  

▼ ニ  

d．ChlaContentSurrace（UgC九）JP98O5  

Fig．3ThedistributionofSi，N，PandChl・a・  

（inMay1998）   

d．ChlaContentSurFace（ugCA＿）JP9710  

Fig・2ThedistributionofSi，N，PandChl・  

（inOct．1997）  
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COnCentrationvaluewasappearedinthenorthem（Fig3，a，b，C）．Comparingwiththedistributionofthe  

Chlorophylla（Fig・2・dandFig・3・d），itiscorrespondingbetweenlowvalueareaofNandPandhighvalue  

areaofthechlorophyllaonsurfacelayer．Thisindicatedthemorenutrientswereabsorbedforthe  

phytoplanktonrapidgrowing・Amongthenutnentelementspeciesthereisanegativecorrelationbetween  

SalinityandSiO，3▼0nly（Fig．4）．Thisprovesthatthemqiorfhctorforcontrollingthedistrlbutionof  

nu〔rientelementsisno川nlyphysicaldjlu血nanddj肋sion，butina訂eateXぬl【rha【dependson仙e  

biogeochemicalvariationofeverynutrlentelementspecies．  
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（2）TrarlSformofpresentformofnutrientelementsandit＄meChani＄m   
Thepresentformofnutrientelementis multiple－Species．Fig・5shows therelativerate ofpresent  

abundantofm叫Ornutrientelementspeciesinthisarea．DissoIvedinorgaJlicNandPmakeup20～30％  

Only，particulateNamounttoabout50％，particulatePaccountfor47～51％oftotalcontent，andothers  

WaSdissoIvedorganicnutnent・ThesewereJuStSOmeaVerageValue・hfact，thenutrientelementspecies  

WereVariablealorlgwiththeenvironmentalconditionvarylngindifferentpartsofthewatermasses・ltis  

important drlVing factor ofthe biogeochemicalaction，eXCePtfor the concentration difference and  

physicalmixLlngOfwatermasses．Fig．6descrlbesverticalvariationofphosphoricspecies  

Fig．5 RatioofcotlCentrati（）nOfNandPspecies  
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Fig．6VertkaLvamtbnorTP，PP，mP，PO43－andPP／TSP  

0・0  丑0 20・0 30・0 ヰOD9pth（m）  
Fig．7Variatjon or NO3，NOZ and   
NH3－Nin St．B3（帖y1998）   
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atsta山口83■血ver－icaldjrec－ionPO4トpvariaぬnwasveけ1iぬAltbougbtbephoとOSyn仙esisor  

planktonhasabsorbedalotofPO43‾fromwaters，theconcentrationofPO43－wasalmostkeptastablelevel  

State，anddidnotobserveddecrease．ItindicatesthatthereweresomeothersourcesofPO．3－toaddinthe  

かsthalfwatercolumn・Theconcentrationofsuspendedparticulatematter（SPM）wasraiseasdepth  

increaseinthewatercoluml，buttheconcentrationofPPwasnotincreaseandalittl占decreaseopposite．  
HoweveritisdelicatetherateofPPinSPM（PP／SPM）wasagreatdecreaseasdepthincreaseinthefirst  

half water column，that showsthe action process of autolysIS，decay decomposition and early  

mineralization ofparticulate P（including biodetntus）have been uninterrupted carried on．Thisis  

probableasrunOffwatercarnesalotofbacteriumandenzymeintothetirsthalfwatermassandenzyme  

hydrolyzatephosphateisproducing・lnotherwords，thernaJOrSupPlementsourceofPO4ユーwascome  

fromdecompositionandreleaseofPP，andtherateofreleasewasalmostsimilarwiththesettlementrate  

OfSPM．hthesecondhalfwatercolumn，theconcelltrationofDOPwascontinua11ydecreaseandthe  

decompositionratespeedup．TheconcentrationofPO．3Lwasincreasewhilethephotosynthesisstopped．  

TherateofPP／SPMwasincrease・ThatshowstheparticulatesurねceadsorptlOnhavetakenplace，the  

higherconcentratjonPO．3‾cancombinationreac（ionwithCa2’in【he＄urfaceof（hepar【jclewhjlethe  

concentrationofCa2＋increasedinthesecondhalfwatercolumn．hthemeantimethePPandTPwere  

increasewhilethesuspendedparticleconcentrationincreased・   
BothofphosphorousandnitrogeninthechemicalspeCiesconvertedprocessaresimi1arfbrthe  

photosynthesisabsorbandrespiratoryrelease．Thedecompositionandearlymineralizationoforganism  

CanreleaseDNalso．However，itismoreapparentfortheconversionofDIN（includingNO；，NO2and  

NH4＋）fo1lowingtheoxidation・reductionreactionsoccurred．Fig．7descrlbethetransferprocessofNO；，  

NO2‾andNH．’inthewatercoluIm．ThehighconcentrationofdissoIveoxygenandhigheroxidation－  

reductionpotential（ORP）makethehigherconcentrationofNO；andthelowerconcentrationofNO2‾  

andNH．＋inthesurfacelayerwater．ButtheconcentrationofNO；waSdecreaseaswaterdepthincrease  

inthenrsthalfwatercolumn，OpPOSitetheconcentrationofNH4＋wasincrease・Thisi11ustratetheORP  

wasdowJIWard，dueIodecompo5itionoforga刀j5】ndetr血sandpadiclest如‖m濾esoxidatjo】1Stale（NOj‾）  

decreaseandreductionstate（NH．’）increase．Inthesecondhalfwatercolumn，thereactiondirectionis  

justoppositesothatoxidationstate（NO；）increaseandreductionstate（NH。十）decreaseaswaterdepth  

increase・Because［heORProseasresultoftheTaiwanVvhCurren［wedgedintobo亡tomandwhichthe  

COnCentrationoforganismwaslowerthaninthefirsthalfwatercolumn・Tosumup，thephotosynthesis  

absorbandresplrationrelease，autOlysis，decomposition，enZymehydrolysIS，mineralizationofparticulate  

P（includingbiodetritus），Surhceadsorptionandoxidation－reductionhavetakeneirectindi蝕rentpartof  

thiswatersseparately，thatenl1anCethebiogeochemicalcycleofnutrientelements・   

（3）RoLeoffrontalareaandthermohalinetransitionlayeronthebiogeochemica）cycLeofnutrienteLements   

Duringseveralwatermassesconvergingthe什ontalzonewasformedinthisareaり・Thefrontalzoneis  

thekeyspacefortransftrofmassandenergyexchange・Fig・2andFigt3showsthefrontalzoneismost  

concentratedpartofequiscalarlineofnutrientelementspeCies・Thatexplainsthesenutrientspassthrough  

the丘ontalzoneconductingtransferanddi侃ISion・1tisveryclearthedissoIvableinorganicstatesof  

nutde血dj軌5eaCrOSS舟onla15urface斤omtbebigberconcentraぬn5ideintolowerconcentra‡jopside▲  

ButtheconcentrationofSPMwasagreatdifferentinbothsideoffrontalsurhce．Alargenumberof  

suspendedparticlesintheChang】1angRiverDilutedWaterwasconcentrated，flocculatedandsettledto  
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thewestof舟ontalsurface（St．Al）whichresultedintransparencyincreasinginthen・Ontalzone．1nfact，  

thefrontalsurhceseemstoprovideascreenfortheSPMtransfer．Aboundinginnutrientandlight  

enhancephotosynthesisandfbrmahighproductivityareainthefrontalzone，thusthespeciesconverted  
andbiogeochemistrycycledrapidly・  

AstheChangllangRiverDilutedWaterplumecoveredandTaiwanWarmCurrentWaterwedgedsothe  

WaterS eXist the themlOhaline transitionlayer・During theinvestlgation aninterest phenomenon was  

discoveredtheORP，DOandpHhaveadelicatevariationinthestationsappearedthermohalinetransition  

layer（fig・8）．1tisspecialtheORPwasdownwardasthewaterdepthincreaseandlowestvalueappearedat  

theupperinterfaceofthethemohalinetransitionlayer・Becausealargenumberoforganismwasproduced  

byphotosynthesisintheupperwatermassandthatwaspartlyconcentratedanddecomposedonwater  

massabovetransitionlayer，WhenthetranSitionlayerwasformedandthatcandecreasethesettlingspeed  

Oftheorganismandsuspendedparticles．Thewatermassundertransitionlayerwaswedgedthelもiwan  

WamCurrentWaterthattheconcentrationoforganicmatterwaslowerrelatively．Thisdifrtrencecause  
theORPappearaSuddenrlSeChange駐omupperinterfacetodowninterfaceoftransitionlayer．Thenthe  

・LX・fvO3－E（－■〉－ PO4－PDILX）P一也－PP一－・・Chlamg／n3  

0．Ⅰ75  18・00  

∈   16．00  

＝7 邑 14．仙  

12．（旧  

0」65  

10．（X）  

0  IO  ：〉O  

rig．呂Varjalioll（〉r S．T，DO，p上1aれd ORPinlhe  

lherlnOhalinc一丁ansilionlayer wa【亡r COlurnT（C5  

M ay，1998）  

ユO  

D叩th（ml  1 3 5 7 91t13151719 2Ⅰ23 25 27  

Fig．9 1モelation or concentration  

variation of nutrient species and Chl．a  

（Oct．1997）  

ORPkeepasteadylevelvalue．ThevariationoftheORPisacomprehensivereflexforthephotosynthesis，  

resplratOry，autOlysis，decomposition，mineralization and oxidation－reduction etc varied action・The  

difftrenceofORPvariationshowstaklngplacethedifferentiationofbiogeochemicalactionintheboth  

WatermaSSeSOfupanddownthetransitionlayer（asmentionedabove）・Bothseriesoppositedirection  

reactionprocesscomposeacompletenutrientbiogeochemicalcycle．Butitishavetopayattentiontothat  

alargenumberofinorganicnutrientsaltabsorbedbythephotosynthesiswillbecomplementrapidlyasthe  

SpeCie5VarianCeinwatermassupthetransitionlayerinterface（Fig．9）・1twillincreasedangeroustowater  

environmenteutrophicationinthisarea．  

（4）Primarye＄timationofwaterenvironmentalcapacityofnutrient   
OwingtobiologlCalresourceat）umdantandactiveinbiogeochemicalaction，thisareaformsafamous  

theChang】iangEstuaryFishlrLgFieldththeotherside，theenvironmentalpollutantloadbecomescritical・  

Protectlng eCOloglCalenvironment agalnSt pOllutionis signincance・So we attempt to use this  

investlgationresultprlmaryeStirnatlngtheenvironmentalcapacltyOfNandPltiscommonknowledge  

thatenvironmentalcapacltylSaenvironmentcanadmitmostloadofpollutantunderpremisethenature  
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ecologlCalsystemis not harmed．Asif the dynamlC enVironment capaclty WaS Studied，many  

environmentalfactorssuchasmlgrate，tranSformandself－purificationetcshouldbeconsideredall－rOund・  

Butitislimited fbr this work；here we considerits biogeochemistry action only．Suppose the  

hydrodynamicfactorssuchastheefrbctofcurrent，WatermaSSmixlng，difnlSe，dilutedandwatermass  

replacepr∝eSSisasasteadystatevanationphysicalprocess．Thenthestaticcapacitywasestimatedas  

b1lowlng：  

Cwpi＝VX（CsirCbi）  

Duringconsideringthepunficationandregenerationofthebiogeochemistryaction  

Cwpi＝VX（Csi－Cbi＋Cspi－Cregi）   

Cwpi－－－－”－theenvironmentalcapacltyOfacertainpollutantinwaters   

V  －－－－．－－ forthevolumeofenvironmentalwaters  

V＝A X D，   （Afbrarea，Dfbrdepth）  

Csi－－－－T；－CrlticalstandardconcentrationhereusingBcategorywaterquality  

admitconcentrationoftheChineseseawaterqualitystandard  

Cbi”M－－backgroumdconcentrationofwaterenvironment，hereuslngtheaverage  

concentrationvalueofthisinvestlgation  

Cspi－－－－－－decreaseconcentrationvaluebybiogeochemicalself－Purification  

Cregi－－－－”increaseconcentrationvaluebybiogeochemicalcycleregeneration   

Theorganjsmabsoq）一】OnandpartjculateadsorptlOnjsthedominantfactorsforthebiogeochemical  
purification■Thankstotheseactionprocessareveryrapidly，themeasuredconcentrationbackground  

valuehasconsideredatpresentastheconcentrationwhiletheabsorptlOnandadsorpt10nprOCeSShave  

［eaCheddynamlCbalance，aSareSulttheCspicouldconsjderpu10fLButthelatentincreasequantltyOf  

DINandPO43－istheregenerationofinorganicNandPbyautolysis，decompositionandmineralization  

process・Accordingtheresultofreleaseexperimentofremineralizationduringthedecompositionof  

coastalplankton andnattlZ711seston byGad）eTJ・H・（1984）：theTeaCCOUnIforabout60％reactive  

compositionofthetotalNandPinsestonandorganismandthatwerereleasedduring30days・About20  

－25％ofthePPcouldbeconvertedtodissoIveinorganic－P（DIP）鮎ctionaReronly7h7）・Meanwhilein  

considera【ionor血ewaterexchangerateandwa－ermasshalr托5idencetimeニ50％excbangeneed5ユ6  

days，80％exchangeneeds40days8）（ZhuDedi1999）．Asprimaryestimationitseemstobeabout50％of  

PP，DOP，PNandDONcouldbedecomposedandreleasedintodissoIvedinorganicstate・Therefbre  

（3）  Cwpi＝AXDXrCsト｛bi＋（Cpi－Cdoi）×50％］  

Taklngthefollowingvalueintoequation（3）  

A＝1．30×1010m2  D＝38．67m  

P：   

Csp＝0．030mg／1  

（Oct．1997）  

CbP。4－＝0・45mol／l  

Cpp＝0．70mol／1  

C【粕，＝0・26mol／l   

N：  

CsN＝0．30mg／l  

（Oct．1997）  

CblMN＝6・49mol／1  

CpN＝15・62mol／1  

C。。N＝9・25mol／l  

Theresultsareshownasfo1lowlng：  

Cw叩IN＝1・803×104t  

Cwp＿PO4＿＝6．18×10ユt  

Cwp＿…＿＝4．20×103t   
The results have been got only  

（May1998）  

CbP。4－＝0．26mo〟l  

Cpp＝0．55mol／1  

C。。P＝0．34mol／l  

（Oct．1997）  

（Oct．1997）  

（May1998）  

byarelativeroughestimateandthedistributionunevennessis  
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unconsideredasyet．1nfact，COnductingaperfectandaccurateestimateofenvironmentalcapacityneeds  

gettlngmOredataanddeveloplngmOreStudiesrelatedtothehydrodynamicandbiogeochemistry  

4．CONCLt）SION  

Theparticulatestatemadeupagreatratioamongthenutrientspecies．TheparticulateNamountto  

about50％andparticulatePaccountfor47～51％oftotalcontentrespectively・Thegeneraltendencyof  

thenutrlentCOnCentrationdistributionwasdownwardfromwesttoeastand什omnorthtosouthaswe11．  

AmongthenutrientelementspeciesonlythereisanegativecorrelationbetweensalinltyandSiO33A，the  

others were different characteristic that depends on the biogeochemicalvariation ofevery nutrlent  

elementspecies・   

1neuphoniclayerPO．1‾wasabso止〉edandtranSformedtoPPandDOP，buttheparticulatephosphoruS  

andorganicphosphoruStOOkplaceautolysis，decompositionandmineralizationprocessandregeneration  

OfinorganicPrapidlyinthenrsthalfwatercolunn・ThereleasedDIPcanJOlninthephotosynthesis  

agaln；leadingtoPO43－cankeeparatherstableconcentrationlevel・   

BesidesthevariationofN specieswascontrolledbysolidTliquidandorganic－inorganictranSforrn  

action，theoxidation－reductionformutualconversionofDIN（includingNO；，NO2▼andNH；）arequite  

obvious，NO3‾wasreducedandconcentrationofNH；wasupwardaswaterdepthincreaseinthe瓜rsl  

halfwatercolumn，OPPOSitedirectionreactionsappearinthesecondhalfwatercolumn・   

Difftrenteffectsofthe負・Ontalzoneandtransitionlayerontheconcentratlngandspreadingofnutrient  

elementspecieswerediscovered・Thebiogeochemicalactionwasspecial1yactiveandcyclerapidly・A  

largeamountofparticulateofabundantNandPwasgatheringlnuPperinterficeoftransitic．nlayer・  

Differencedirectionofbiogeochemicalreactionwasappearedbetweenupanddownoftransitionlayer  

interfacewatersthatformaspecialbiogeochemicalcycleinthiswaters・   

PrimaryestimatedtheenvironmentalcapacltyOfDINandPO43－Pwasl・803×104tDINand6・18×  

102tpo43－inautumn，and4■20×103tpo43▼insprl喝・ButthelmeVenneSSOfconcentTationdistribution，  

actionoffrontalzoneandthermohalinetransitionlayerwil11eadtospeeduptheeutrophicationinpartial  

area，Conducting a perfect and acc11rate eStimate ofenvironmentalcapacity on this waters needs  

developlngmOreStudiesrelatedtothehydrodynamicandbiogeochemistry・   
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ProceedingsoftheJaT）an－ChinaJointWorkshop，1999March  

ELEMENTALCOMPOSITIONOF  

SUSPENDED PARTICLES 

IN THE CHANGJIANG ESTUARY MOUTH 

MasamiKanaoKOSHIKAWAl，TakqJiroTAKAMATSUl，   
JitsuyaTAKADA2，RokujiMATSUSHITA2，ShogoMURAKAMll，  

Kai－qinXUlandMasatakaWATANABEl   

lsoitandWaterEnvironmentDivision，NationalInstituteforEnvironmentalStudies，EnvironmentAgency  

（Onogawa16－2，Tsukuba，1baraki305－0053，Japan）  

2ResearchReactorlnstitute，KyotoUniversity  
（Kumatorトcho，Osaka590－0494Japan）   

Concentrationsof35elementsinsuspendedparticlesintheChang】1angeStuarymOuthinlheEastChiIla  
Seaweredetermined．Toexaminethepossibleinputofanthropogenicheavymetalsftomtheriver，the  
X／Alratios（the concentration ofthe element X as a fraction ofAIconcentration）in the suspended  
Particleswerederived；themainsourcesoftheelementsinthesuspendedparticleswererlaturalparticles  
SuChassoilparticlesorplankton．  

世yw〃′血ご∫〟乎e〝虎dp〟r／fc／e∫，ekme〃／ロJcoJ7pO∫f／わ〃，〆d〃斤／叩∫edmβ〃／  

1．INTROI）UCTION  

Most chemicalelements transportedby rivers to the sea occurinparticulateform・1n the sea，these  
particlesfromriversaremixedwithsediments丘omtheseabedandorganicparticlesproducedbyplankton  
inthesurfacelayersofthesea■CharacterizationoftheorlglnSOfsuspendedparticles，andevaluationoftheir  
degree ofcontamination，has been previously donein the Scheldt estuary by analyzlng the elemental  
compositionsofthesuspendedparticlesl）・TheChang71angRiveristhelargestsourceoffreshwaternowing  
intotheEastChinaSeawithadischargeaboutlxlO］2m3／y，andasolidloadofabout5×108t／y2）・  
Therefore，theriverafftctsnotonlytheestuarybutalsothemarineenvironmentandecosystemoverawide  
area ofthe East China Sea．Aspart ofa US－China cooperative study on sediment dynamicsinthe  
Chang】1angeStuary，Edmondetal・3）reportedtheresultsfromneldsurveysirlJune1980andNovember198l，  
corrcspondingtothenoodseasonanddryseason，reSPeCtively・Conservativeornon－COnSerVativebehaviors  
ofdissoIvedtraceelements wereobservedduringestuarinemixlng，andthenetflux ofdissoIvedtrace  
elements fromtheriverto the seawascalculated．AspartofaFrance－Chinacooperative study on the  
biogeochemistryoftheChang】1angeStuary，Zhangetal・4）reportedtheresultsftomneldsurveysundertaken  
inJanuary1986andJuly1986，COrreSpOnding to the dry season and nood season＞reSPeCtively・The  
elementalcomposition ofsuspended particles，analyzed byinstrumentalneutron activation analysIS，  
remainedalmostconstantduringestuarinemixlng・Inaddition，the＝exchangeablen丘actionofelementsin  
suspendedparticles，analyzedaccordingtothemethodofTessier5），WaSlowerintheChang］1angeStuary  
thanintheRhoneorGirondeestuaries・Therefore，thepollutionfromindustrializedreglOnSWaSlowerinthe  
Chal咽1angthaninEuropeanrivers・   
ThecollaborativeresearchprqiectbetweenJapanandChinaon’Environmentalloading丘ornriverlnPutS  
andtheireffectsonthemarineecosysteminspecifiedareasoftheEastChinaSea，hasbeenrunningsince  
1997・Aspartofourresearchprogram，neldsurveyswereconductedofEshore丘omtheChangHangRiverin  
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October1997and May1998，Which corresponded to seasons ofplankton blooms・ln this study，the  
distributionandelementalcompositionofsuspendedparticleswereanalyzedinordertounderstandtheroles  
OfrlVerlnelnputandprimaryproductioninthemouthoftheChang］1angeStuary・  

2．MATERIALSANDMETHODS   

（1）Fieldmethod   

Theinvestlgationwascarriedoutbetweenlatitudes3lOOOrNand320001Nandlongitudes122030－Eand  
124OOOIE，theareainthe EastChinaSeaspecifiedintheagreementoftheJapan－ChinaCollaborative  
ResearchPr（リeCt（Fig・1）・Two9ruiseswereconductedfromOctober19to20，1997（autumncruise）and  
May14to17，1998（SPrigCrulSe），aboardtheresearchvessel“Haりian49’’oftheChinaStateOceanic  
Administration．At15statlOnSinthespecinedarea（AltoC5，Fig．1），Verticalprotilesoftemperature，  
Salinity，PH，dissoIvedoxygen，andredoxpotentialofwaterweremeasuredinsitu（Surveyorll，Hydrolab）・  
Seawaterwascollectedfromthesurfhcelayerat9stations（Cl，Bl，Al，C3，B3，A3，C5，B5，andA5）in  
autumnandspring．At5stations（Cl，Al，C3，C5，andA5）inautumnandatClinspring（14May），  
SeaWaterWaSCOllectedfromthesurhce，middle（accordingtothewaterdepth），andbottom（afewmeters  
abovetheseabed）1ayersusing20－LNiskinsamplers（Tablel）．Inaddition，dailysamplingwasdoneina  
mesocosmconstruCtedintheChang）langeStuary6）・hnmediatelyaftersampling，thesamPleswerenltered  
OnboardtheresearchvesselthroughNuclepore㊤nlters（0・4，P㌣POreSize）usingaclosedsystemofpressure  
filtrationinacleanbox7）・ThenlterswiththesuspendedpartlCleswerekeptbelow－200Canddeliveredto  
OurlaboratoryinJapan，  

121勺 1220 I?Jo 1240  

Fig．1Locationofinvestlgationarea  

（2）Laboratorymethod   

Filters with particles were dried at600C and weighed．The concentration ofsuspended solids（＝SS  
【mg／L】）ineachsamplewascalculatedas（［（theweightofnlterwithparticles）－（theweightofblank爪1ter）】  
／（thevolumeoftheseWater餌1trated）‡・For 

． 

． 

wasdonewithHNO3－HC104－HFat1400CinalrtightTenonvials・Theresultingsolutionwasdriedand  
dissoIvedindiluteHNO，，andthensub）eCtedtoICP－AESanalysis9）toobtaintheconcentrationsof18  
elernents（Al，Ba，Ca，Cr，Cu，Fe，Mg，Mn，Ni，P，S，Sc，Sr，Ti，Pb，V，Y，andZn）・Theconcentrationsof19  
elements（As，Ce，Co，Cs，Eu，Fe，Hf，La，Lu，Nd，Rb，Sb，Sc，Sm，Ta，Tb，Th，U，andYb）wereobtainedby  
rNAAaccordingtothemethodofKoyamaandMatsushitalO）・TheconcentrationsofFeandScobtainedby  
bothlCP－AESandlNAAagreedwell；thusconcentrationsof35elementswereobtainedaltogether・  
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rTablelDepthandsalinltyOfsampllngStations，  

a）AutⅦmnCruise  Cnユise（1998）  
SampIれE Station Seadepth Samp】ing Saljnity  Sampltng Station Seadep【h Samp】ing Salinlty  

19〔kt． C1   29  1  28．0  

12  30．4  

24  3コ．7  

14May C1   59  】   2S．7  
12  32．5  

24  33．3  

C3  55  1  さユ．0  

28   33．9  

50  34．0  

A】  25  1   ：10．5  

C5  41  1  ニー3．7  

Ⅰ8  33．9  

）5  34．0  

16May C3  55  1   27．7  

C5   41  1  二≧9．5  

B5   45  】  31．2  
B5   4二I  l  二事3．g  

A5    42  】  3）．4  
18  35．】  

38  53．3  

A二1   40  1  29、6  

83  39  1  30．0  

A】  25  1  二事】．4  

】2  31．5  

22  31．6  

B】  2り  1  32．0  

3．RESULTS   

BecauseAIcontentisconsideredtobeagoodindicatorofthe蔦ne－grainedclayfractioninsuspended  
particlesl）），theelementalcompositionofthesuspendedparticleswasnorrnalizedtothatofAIcontentand  
X／Alratios（thecontentoftheelemerltXasafractionofAIcontent）werederived．Particlesfromdifferent  
SOurCeSareeXpeCtedtohavedifferentX／Alratiosaccordingtoseason，Station，andsamplingdepthJ）・SSin  
Surfacewatersof9stationsandaluminumcontentsinthosesuspendedparticlesareshowninFig・2・P／Al，  
Zn／Al，Mn／Al，Ca／Al，andFe／Alinsuspendedparticlesinsurfacewatersof9stationsareshowninFig・3・  
1naddition，forthestationswheresamplesweretakenfromthe31ayers，ratiosof［theconcentrationin  
bottomwaters〕／【theconcentrationinsurfacewatersIwerederrved（Fig．4）．   

（1）Dis什ibutionorSS  

SSinsurfacewatersatstationsAlandCl（17May）werehigherthan20mg／Landwerehigherthanthose  
atotherstations（Fig・2）・Exceptforthese2stations，SSofsurfhcewatersinspring（1・6±0・9mg／L）weTe  
lowerthanthoseinautuml（3・2j＝1・7mg／L）．SSweremorethan5timeshigherinbottomwatersthanln  
Surfacewaters（Fig．4）．   

（Z）Distrib11tion（げAIcontent  

lmautumn，AIcontentsofsuspendedparticlesinsurfacewatersatstationsAl，C3，B3andA3（40to  
60mg／g）werelowerthanthoseatotherstations（80tolOOmg／g；Fig．2）．1nspring，AIcontentsatstations  
C3，B3，A3，C5andB5（7to20mg／g）werelowerthanthoseatotherstations（45to120mg／g），Compared  
tosurtbcewaters，theAIcontentsinbottomwaterswereloweratCl，higheratAlandC3，andsimilaratC5  
andA5（Fig．4）．   

（3）I）istributionofX／Alratios   
P／AIshowedlargevariation，丘omO・01toO・33（Fig．3）・SurfacewatersamplesshowedhigherP／Alratios  
thandidthemiddleorbottomwatersamples（Fig．4）；inautumnsurfacesamplesatstationsC3，B3andA3  
ShowedhigherP／Alratiosthandidotherstations，andinsprlngSurfacesamplesatstationsC3，B3，A3，C5  
andB5showedhigherP／Althandidotherstations・Zn／Alalsoshowedlargevariatiorl，fromO．001toO，O12  
（Figs・3and4），andwascorrelatedwiththatofP／Al（R＝0．885）．P／AIwasalsocorrelatedwithSr／Al，Ba／Al，  
S／Al，andM釘Al．   
ThehighestMn／Alratio（0．012）ofsurfhcewaterswasobservedatstationAlinbothseasons（Fig．3）．At  
Otherstations，Mn／Alofsurface waterswere almostconstantinautumn（0．009土0．001）andin spring  
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（OLOO6j＝0・001）；Mn／Alofsurfacewaterswerelowerinsprlngthaninautumn．Comparedwithsurface  
WaterS，Mn／AZofbo（（OmWa【erswerehighera［Cl，C3，andC5，andsimilaratAlandA5（Fig．4），Mn／Alof  
bottomwatersatCIwashigherinspring（0．013）thaninautumn（0．011）．  
Ca／Ala【s（ationsAl，C5，B5，andA5inautumnandstationsAlandC5insprlngWerehigherthanO・30  
andhigherthanatotherstations・Ca／Alofsurfacewaterswerelowerinspring（0．18j＝0．14）thaninautumn  
（0・27±0・07；Fig・3）・Comparedtosurfacewaters，Ca／AlofbottomwaterswerehigheratCl，C3，andC5，  
andsimilaratAlandA5（Fig・4）・CaJAlofbottomwatersatCIwashigherinspring（038）thaninautumn  
（0．30）．   

X／AlratiosofAs，Ce，Co，Cs，Fe，Hf，La，Ni，Pb，Sc，Sm，Th，Ti，V，Y andYbremainedconstant  
regardlessofseason，Stationordepth；aSaneXampieFe仏1isshowninFigs・3and4・   
TheotherlOelementsinthisstudyarenotdiscussedhere；60fthem－Cr，Cu，Eu，Lu，Sb，andTa－Were  
Close tothedetectionlimit，andtheremainlngelements－Nd，Tb，Rb，and U－Were detectedin afew  
Samplesonly．  

（
J
＼
叫
旦
s
s
 
 

0
 
5
0
 
 
0
0
 
 

（
叩
、
叫
且
】
仁
0
；
O
U
一
く
 
 

CI  CI  Bl   ＾1  C3    B3   A3    C5  B5   ＾5  

（17May）  

Fig・2SSandAIcontentofsusT）endedparticlesinsurfacewaters；  

Whitebar：autunn，Shadedbar：SPrlr）g．  
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（17May）  

Fig・3P／＾I，Zn／Al．Mn／＾1，Ca／＾t，andFe／AlofsuspendedpaTliclesinsurfacewaters；  
Whitebarニauttlmn，Shadedbar二SPnng．  
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（Mn／AL）bottom／（MTL／Al）suTface  （SS）bottom／（SS）surface   

（AIcontent）bottom／（AIcontent）stlrface  （Ca／Al）bottom／（Ca／＾1）surface  

（P／Al）bot10m／（P／Al）su血ce  （F巳／Al）bottom／（Fe／AL）surface  

CI AI C3  C5  A5  

（Zn／Al）bottom／（Zn／Al）surface  

CI AI C3  C5  A5  

Fig．4Ratiosorbottom／surhcelevelsorSScontent，AIcontenl，  
P／Al，Zn／Al，Mn／Al，Ca／Al，andFe／Alofsuspendedparticles；  

lVhjfebarニauhJmn，5h∂dedbarニ叩rl喝．  
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4．DISCUSSION   

（1）Errectorplamktonabumdance  
AtstationsC3，B3，andA3ina血rrulandstationsC3，B3，A3，C5，andB5inspnng，P／AIwashigherthan  
atotherstations・ThevariationinP／AIwascorrelatedwiththeorganiccarboncontentofthesusPended  
particles（R＝0・875；Okamura，perS・COmm・），andwastherefbr竺relatedtotheabundanceofplankton・  
P／AIwascorrelatedwithZn／Al・Theinterceptoftheregress10nline［（Zn／Al）＝0．02（P／Al）＋0．001］was  
Closetotheratiofortheearth’scruSt】2）（Zn／Al＝0・001）anqtheslopewasclosetotheratioofZn／Pin  
planktonり）（Zn／P＝0・03）・P／AIwasalsocorrelatedwithSr／Al，Ba／Al，S／AlandMg／Al・Theseelements  
have2mainsources－－－ぺruStalparticles什omtheriverandplanktonfromthesurfacelayerofthesea－and  
thccontributionsofthe2sourcesvariedatdifftrentstations．  

Similarelementalcompositionswerefoundinthemesocosmsamples・Astheplanktonpopulationinthe  
mesocosmincreased，P／Al，Zn／Al，Sr／Al，Ba／Al，S／AlandMg／Alalsoincreased，While X／Alofother  
Clements，SuChasFeandTi，remainedconstant．   

（2）Er托ctorbottom5edimemts  

SS，Mn／Al，andCa／AIwerehigherinthebottomwatersthaninsurfacewaters・HigherSSinbottom  
watersmayresultfromre－SuSpenSionofthebottomsediments14）．  
Re－SuSpenSionofbottomsedimentsresultsinhigherMnandCaconcentrationsinsuspendedparticlesin  
bottomwatersbecausethebottomsedimentscontainmoreMnandCa（Mn／Al＝0・013士0・003・Ca／Al＝  
0・36±0・08；Noel，p？rS・ 

． 

Particlesinbottomwaters・ReductionofMn（IV）oxidetodissoIvedMn（11）inbottomsedimentsisreported  
to begin at a dissoIved oxygen concentration of about2T3mg／L’5）．AlthoughdissoIved oxygen  
COnCentrationsinbottomsedimentwasnotobservedinthisstudy，WeObservedadecreaseindissoIved  
OXygenttOmSurfacewater（7to8mg／L）tobottomwater（5to6mg／L），Whichimpliesconsumptionof  
dissoIvedoxygeninbottomsedimentsandevenlowerdissoIvedoxygeninbottomsedimentsthaninbottom  
water．DissoIvedMn（11）releasedfromthebottomsedimentstothewatercolumnwouldbeoxidizedand  

fbrmprecIPltateSWithahighMrJAlratiothatwouldsinktothebottom■5）．DissolutionofCaCO3inthe  
SedimentandpreclpltationofCainthewaterwillalsooccur・MnandCainsuspendedparticlesmaybe  
Supplied丘omthe seabedbyre－SuSpenSionofbottomsedimentsand／ordissolutionofMnandCafrom  
bottomsediments．   

（3）EⅣectordensitystrati爪cation  
Insprlng，SS，Mn／Al，andCa／AlofsurfacewaterswerelowerthanthoseinauturrmandMn／AlandCa／Al  
Ofbottomwaterswerehigherthanthoseinautumn・hspring，boththethermOClineandhaloclinewere  
foundatadepthoflOm；temPerature（16to180C）washigherandsalinity（27to31％0）waslowerinthe  
Surface water thanin the bottom water（14to15OC，32to34％0），Which resultsin a stable density  
Stratiflcation・Suchastabledensltystratificationwasnotfbundinautumnbecausethetemperatureofthe  
Surface water then（22to24OC）was simi1ar to that ofthe bottom water（23to240C）．The density  
StratificationinsprlngpreVentedthetransportofsuspendedparticlesfromthebottomtothesurfacewaters，  
resultinginthelowerSS，Mn／AlandCa／Alofsurfacewaters．haddition，thetransportofdissoIvedMnand  
CafromthebottomtothesurfacewatersmayalsohavebeenpreventedbythedensltyStratificatiorl；the  
formationofMnandCapreclpltateSmayhaveoccurredonlyinthebottomwater，rCSultinginhigherMnJAl  
andCa／Alinbottomwaters▲ThedensltyStrati爪cationofwatercouldpreventthetranSpOrtOfelementsfrom  
thebottomtothesurfacewaters．Ontheotherhand，atStationswithoutdensitystratincation，SuChasatAl  
andA5inautumn，Mn／AlandCa／AIshowednodifferencebetweensurfacewatersandbottomwaters．   

（4）EffectofYellowSeaCoastalCurrent   
ThelevelsofSS，Mn／Al，andCa／AIofsurfacewaterwerehigheratstationAlthanatotherstations・This  
maybetheresultofthehydrodynamicstruCtureintheareastudied・Inadditiontotheriverdischarge，the  
Chang）iangestuaryisinfluencedbytheTaiwanWarmCent（salinityabout34％0）nowingnorthwestward  
fromthesouthandtheYe1lowSeaCoastalCurrent（salinltyabout31％D）nowingsoutheastwardfヒomthe  
north16）・BecausesalinltyatStationAIwas31％oandstationAlislocatedinthenorthwestcomerofthe  
Studiedarea，thiswasthestationmoststronglyaffectedbytheYellowSeaCoastalCuITent（YSCC）・The  
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mainsourceofsuspendedparticlesintheYSCCistheYe1lowRiver．Huangetal・repOrtedtheMn／Aland  
Ca／Alratios ofsuspended particlesin the Yellow River are O．011and O．50，reSpeCtively．Mn／Alof  
SuSPendedparticlesintheEastChinaSea（thisstudy）issimilartothoseintheYellowRiver（Huangetal・），  
WhileCa／AlintheEastChinaSea（thisstudy）isdistinctlylowerthanthoseintheYellowRiver（Huanget  
al・）・AlthoughitisnotclearwhetherMnandCaaredeliveredbyYSCCfromthenorth，OrヲupPliedthrough  
re－SuSpePSionofbottomsedimentsbythestrongcurrent，thehigherMn／AlandCa／Alrat10SatStationAI  
COuldbecausedbytheYSCC・   

（5）EffectofChanRjiangdischarge   

ThesurfacewaterofstationCl（17May）wasstronglyaffectedbyChangJiangdischarge；itshowedthe  
lowestsalinity（11％o）andahighconcentrationofsuspendedparticles・TheX／AlratiosofAs，Ce，Co，Cs，Fe，  
Hf，La，Ni，Pb，Sc，Sm，Th，Ti，V，YandYbremainedconstantregardlessofseason，Stationordcpth，Which  
impliesthatthesourcesofthese16elementsdonotchange・TheirX／Alratioswereclosetothoseofeither  
themeancruStOrmediansoilcontent，eXCePtforCs仏1andAs／Alvalues，Whichweretwjceashighasthe  
mediansoilcontent（Table2）．1tisreportedthatCe，Co，Fe，Hf，La，Pb，Sc，Sm，ThandYbareheldina  
latticeofmineralsandtheirX／Alratiosremainconstant‖）．Althoughsalinityatthesurfacevariedfromll％o  
to32％oduringthesprlngCruise，theelementalcompositionofthesuspendedparticlesremainedconstant・  
Inthispreliminaryobservation，nOinfluenceofanthropogenicheavymetalcouldbedetected・However，it  
doesnotmeanthereisnolnputOfpollutantSfromtheriveトーー1argeamountsofnaturalparticlesftomthe  
river existin this areaand they can dilute and hide the effects ofpollutants・工n order tofocus on  
anthropogenicpo11utants，mOreadvancedmethodsforselectivedetectionofanthropogenicmatter（SuChasa  
sequentialextractionofTessier5））shouldbeapplied．  

Thble2X／Alratioofsuspendedpartictes（thisstudy）and  
meanCruStandmediansoilcontent（Bowen1979）．  

X／Al（爬座）  

Suspendedparticles MeancruSt  Mediansoilcontent  
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5．CONCLUSIONS   

Thebehavioroftheelementscouldbeclassifiedinto3groups・ThefirstgroupcomprisedP，Zn，Sr，Ba，S  
andMg，WhichwererelatedtotheplaIiktonpopulation；thesecondgroupwasMnandCa，Whichwere  
affectedbyre－SuSPenSionofbottomsediments；andthethirdgroupconsistedoftheother16elements，  
whichshowedconstantX／AIvaluesandwerethusrelatedtocruStalparticlesorsoils・  
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PRELIMINARYI）ATAONFLUXANI）  
I）ECOMPOSITIONRATEOFSINKINGPARTICULES  

IN THE CHANGJIANG ESTUARY 

KazumaroOKAMURAlandYokoKIYOMOTOl   

10ceanographyDivision．SeikaiNationalFisheriesResearchrnstitute  
（49Kok11blトmaC軋NagasakiS50－0951，Japan）  

ExperimcntsuslngSedimenttrapswereconductedtomeasurethenuxanddecompositionrateofsinking  
particlesintheChang】1angEstuarylnautumn1997andsprlng1998・Therewasacloserelationship  
betweenthewatercolumnconditions，SuChasstra（incationandverticalmixlrlg，andthe］evelofparticulate  
ftux・The higher C／N ratio ofsinking particlesin autumn thanin sprlng5uggeStS high biologlCal  
P［OducLiv】ty・nautumnandhighftequentresuspensioneventsinsprlnglnSp】teOfthehighbiologlCal  
PrOductiviLy・ThedecompositionrateofsinkingparticLeswaslowduetotheinnuenceofalargeamountof  
Lithogenicparticles．   

〟町l侮′血ごgα∫／Cろ血∫紺，C力♂吻Jd〃g丘’∫加り，助成椚e〝／／r叩一刀㍍，壷co叩0∫〟∽〝r〟／e  

1．INTRODUCT10N   

TheBohaiandEastChinaseashavehugecontinentalshelfareasandhighbiologlCalproductivityduetothe  
largenutrientandsuspendedsedimentlnPutS斤omtheHuangheandChang］langrlVerS，Excessapplicationof  
artificialchemicalsduetotherecentrapiddevelopmentofagrlCulture andindustryandthepopulation  
explosionincoastalreg10nSinChinahasacceleratedtheincreaseofriverinepollutants－Furthertheincreased  
exploitationofwaterandenergyresourcesandchanglnglandusepatternhavealsoledtochangesinthe  
amountandconcentrationofriverinepo11utants・Particulatemattersupplied丘omtherivercreates high  
turbidityintheChang】1angEstuary・HeavymetalsofFe，Al，Cu，PbandZnindissolutiononceenteredthe  
estuaryenvironmerltWereabsorbedintotheparticluatematterduetothemixlngOffreshandseawaterand  
aggregationhasbeenshowntooccurinthearearanglngfrom15to240fsalinlty■〉．Morethan80％ofthe  
hydrophobicorganicmatterwastransferredinaparticulateformtothesea，SuChasPCBs2）・VariousdissoIved  
po11utantsareabso止〉edtotheparticulatematterinthehighturbidityareaandtransportedoffshore．1tis  

necessaryforevaluatlngthcinfluenceofthesepollutantsonthemarineecosystemtoclari年thetransport  
mechanismofparticulatematterintheestuarineandof穐horeareas・Theparticlescreatinghighturbidityinthe  
ChangllatlgEstuaryareremovedbyphysical，ChemicalandbiologlCalprocessesL Littleresearchonthe  
transportofsinkingparticlesintheChang】1nagEstuaryhasbeencarriedout■Thisstudyaimedtoprovidethe  
fundamentaldataforclarifyingtheprocessesofsinklnganddecompositionofparticulatematterinthe  
Chang］1arlgEstuaryL  

2．SAMIILINCANDMETfIODS   

（1）Samplimg   

ExperimentsuslngSedimenttrapswereconductedtomeasurethefluxanddecompositionrateofsinking  
ParticlesintheCllang］1angEstuarylnautumn，11to130ctober1997，andsprlng，20MaytoIJune1998  
（Tablel）．Experimentalsitewasatlat30052．5rN，1ong122036．5．E，inwaterdepthofabout20m（Fig・1）・  
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恥blelTimetableoftbetrapexperimerLtS  

E叩erimenl E叩edmem山血te  Dur損伽n pe血d ■nst且】ledd叩th Me且Sur¢mem【i【ems  

Exp．   1ト130仁一OtIeち19，丁  ヱ．19  5，15  FlllX，伽CひmplISitionrate  

札4ヱ（1tIh）  結  ぃe⊂OmP耶i加nrate   

l．15  5．15  Flux   

軋42（1仙）  5  1）ecompひSi如hr濾【e  

E叩．1   20M町，1998   

E叩」l－ 2ユーココM虫y，199g   

Elp．111 ヱ‘M且y，19タき  

E坤．1ヽ′  38M虞Y－1J岬モ，19，き  1．97  5．15  Flux  

1ヱ5’E   

Fig．1 Locationofthestlldyarea  

1300E   

htheautunmexperiment，tWOSedlmenttrapS（twinTCylindertype）weresubmergedfromthelUVrHaiJian  
491forabout2datdepthsof5and15m，reSpeCtively．Formalin（5mlper500ml－Samplebottle）wasaddedin  
advance（OaSamPlebottlear【achedtooneofthecylindersateachdepth．Theformalin－COntainingsampJes  
WereuSedformeasunngthefluxandchemicalcompositionofsinklngparticles，Whiletheothersampleswere  
USedわrmea5un皿gtbedecDmpOSiIio∫1rateOr血esin出力gpadicles．  
1nspring，fourexperiments（Exps．Ⅰ－IV）wereconductedtomeasurethefluxanddecompositionrateof  
Sinkingparticles．Exp．landlllweredonetomeasurethefluxofsinkingparticlesforl・15toIL97dandExp・JJ  
andlVwereformeasuringthedecompositionrateofsinkingparticlesfbrlOh．   

（2）Analysisandmeasurement   
Toanalyzethefluxandchemicalcompositionofsinkingparticles，afterextralargeparticles（＞100Opm）  
wereremovedbynylonnet，eaChsamplewasdividedintotwosize丘■aCtions（＜100andlOOtolOOOpm）by  
nylonnetandtilteringthroughGF／Fand／orNuclepore（poresizeO．6pm）茄1ters．Thesampleswereweighed  
beforeanalysisfororganiccarbon，OrganlCnitrogerl，biogenlcsilicaandlithogenicsilicacontent・OrganlC  
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Carbonandnitrogenweremeasuredusinganelementalanalyzer（EAlllO；CEInstrumentS）．Biogenicand  
lithogenlCSiLicaweremeasuredusirLgaSpeCtrOPhotometer（UV1600；Simazu）．   
TomeasurethedecompositionrateofsinklngParticles，SampleswereplacedinDObottlesonboard，paCked  
inadarkbagandincubatedattheseasurface．Watertemperaturesinautumnandspnngwere23，lto23．8and  
19・2to20・7OC，reSPeCtively・Subsamplingwascarriedoutatintervalsof3hstoldandthedecompositionrate  
WaSdeterminedbytwomethodsintheDObottles：meaSurementOfoxygenconsumptionbyWinklermethod  
（02method）andthedecreaseinor甲ni？Carbonusinganelementalanalyzer（directmethod）・   
Theamountofoxygenconsumpt10nlSCOnVertedtothedecreasedamountoftheorganiccarbonbythe  
fo1lowingchemicalequation：  

（CH20）L。6（NH，）】6H3PO．＋13802≠106CO2＋161iNO，＋H3PO．＋122H20   

138molesofoxygenatomsarenecessarytodecompose106molesofcarbonatoms・   
Assumingthatthedecompositionprocessislogarithmicwithtime，thedecompositionrate（k，d▲l）ofsinklng  
particlesduringinc11bationperiod（t，day）isapproximatedas  

た＝－1／J・1n［（〟。一』β）W。］，   

whereNoistheinitialamountoforganiccarboninthesinkingparticlesand∠1DisthedecreasedamOuntOf  
theorganiccarbondunngtdays3）・   

3．RESULTSANDDISCUSSION   

（1）Fluxamd亡hemicalcompositiono†simungp丑山icles  
a）Experimentinautumn1997  
hautumn1997，thewatercolumn 

． 

contentwasl・89andO・88％intheupperandlowerlayer，reSPeCtively・Thebiogenicsilicacontentreached  
l．98％intheupperlayer，Whilethelithogenicsilicacontentreached46．6and51・5％intheupperandlower  
layer，reSpeCtively（Fig・3）・  
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［コDryweightnux  一●－Orga爪iccarboncontemt   

Fig・2Dryweightnux andorganiccarboncontentofsinkirLgparticlesintbe  
upperandIowerlayerattheexperimeJ．talsiteduringtheautumnand  
SPrlngeXperiments・  
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＋Organiccarborl－【｝－BiogenicSilica 十LithogenieSiliea  

Fig・30rganicearh…1，biogenicsilieaandlithogenjcsilieacontentsofsinking  

particLesirltheupperandlowerlayersattheexperimentalsiteduringthe  
autumnandspringexperimeIltS．   

Smal1particles（＜100pm）constitutedover80％ofthesinklngparticles（Fig．4）．Althoughthelargeparticles  
（100－1000llm）constituted12．4％ofthesinklngParticlesintheupperlayer，theorganiccarbonnuxofthese  
largeparticlesaccountedfor34・9％ofthetotalorganiccarbonflux（Fig．5）．  
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Iowerlayersa（theexperimenta）siteduringtheautumnandsprlng  
experimemts・  
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Fig・4Fluxeso†仙0－Size鵬etionsorshki山gparticlesintbeupperamd   

lowerlayersattheexperimen拍1siteduringtheautumna几dsprl叶g  
experiments．  

Fromthis，itwasconsideredthatlargeparticlescontributesign沌cantlytotheorganicmattercontentinthe  
Sinklngparticles・Cloem4）repotedthatphytoplanktonbloomsoftencoincidewithstratincationeventsthat  
reducethemixeddetph・Inthisstudyalso，itissuggestedthatrelativelyhighbiologicalproductivityoccurred  
duetotheimprovementoflightconditionandmainlyconsistedofdiatomsintheupperlayer・BSiO2／POCratio  
（W／w）wasILO5intheupperlayer・ConsideringaratioofO．65土0．20forlivediatoms5），thissuggeststhat  
diatomsinthesinklngParticleswerewelldecomposedsothattheybecamedetntus．Ontheotherhand，the  
highfluxandloworganiccarboncontentofthesinkingparticlesinthelowerlayerisconsideredtobedueto  
theresuspensionofsedimentsfromtheseabottom．TheC／Nratio（W／w）ofthesinkingparticlesinautumnwas  
about5・Oinbothlayers（Fig・6），Whichindicatesthattheorgantcmatterofthesinkingparticleshasastrong  
influenceonthehighbiologlCalproductivltyattheexperirnentslteinautumn．  
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Fig・6CINratioofsirlkjngpartielesintheupt）eraTIdlowerlayersatthe  

experlmentalsite．duri喝theat］tumnandsprIngeXPerimeT）tS．  
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b）Experimenti爪Spring1998  
lnspring1998，thewatercolumnwasstratifieddunngExps・landll；VerticalmixingdevelopedduringExp・  
1Ilundertheinfluenceofthespnngtideandpassageofanatmosphericdepression，andthismixlngbegantO  
weakenduringExp．1V．ThedryweightnuxvariedgreatlyduringtheexperimentalperlOd；at5mitwas43・8，  
45・6，370．2and148．1g・mJl・d▲LinExps．Ⅰ，ll，IIlandIV，reSPeCtively（Fig・7）・Thedryweightfluxintheupper  
layerwashigherunderthemixlngCOnditionsinExps．IIIandlVthanunderthestratifiedconditionsinExps・I  
andll．theorganiccarboncontentvaried丘omO，74tol．90％（Fig．8）andtendedtobeinverselyrelatedto  
increaseindryweightflux．hExp．1Il，thedryweightf［uxreached370．2g・m2・dL’andtheorganiccarbon  
contentwasO・74，Whichsuggeststhattheinfluenceofresuspensionofthesurfacesedimentsfromthese  
bottomreachedtotheupperlayer・  
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Fig・S OrgaJticcarbo”，biogenicsilicaandlithogenicsilicaconterttsofsi］1king  
par血1esintheupperlayeratthee叩erimentalsiteduringtheautumm  
and叩rlmgeXperimen也・   

hExps・IlandIV，SedlmenttrapSWerealsoinstalledat15mwherethedryweightnuxwas547・9and229・2  
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g・m2・dl，reSpeCtively（Fig．2）．hExp．1Ⅰ，thedryweightfluxinthelowerlayerwasextremelyhighandthe  
OrganiccarboncontentwasO．63％，ConsideringO．47％oforganlCCarboncontentofthesurfacesedimenton  
theseabottom，theparticlesresuspendedfromtheseabottominnuencedthecompositionofthe sinklng  
Particlesinthelowerlayerbelowthepycnocline＿lmExp一Il，theorganiccarboncontentreachedl，9％inthe  
upperlayer，butthebiogenic silicacontentwas aboutl％（Fig・3），Whichindicates that the biological  
productivltyinspringwasduetootherphytoplankton，SuChasdinoflagellates，Whilethatinauturrnwasdueto  
diatoms．Thelithogenicsilicacontentinspringreachedmorethan50％（Fig・3）andthefractionofsma11  
particleswasmorethan80％exceptfor68．5％intheupperlayerduringExp．Il（Fig．4），atendencysimi1arto  
thatinautumn．hExp．II，1argeparticlesconstituted31．5％ofthesinkingparticlesintheupperlayer，  
furthermore，theorganiccarbonfluxoflargeparticlesreached47．1％ofthetotalorganiccarbonflux（Fig・5）・  
Thisindicatesthatlargeparticlescontributedsignincantlytoorganicmattercontentinthesinkingparticles．  
However，theC／Nratio（w／w）ofsinklngparticlesinsprlngWaS7．2to8．4（Fig，6），Whichwashigherthanthat  
inautumn．ThisresultsuggeststhatthesinkingparticleshadastronginfluenceduetothelargeamOuntOf  
resuspendedsurfacesedimentthathadalreadydecomposed・   

（2）Decompo＄itionrateofsinkingparticles  

lnautuIm，thedecompositionrateofsinklngparticlessampledforl・15tol・97dwasmeasured・Theresults  
bytheO2methodwereO．026andO．022drlat5mand15m，reSPeCtively（Fig．9）．  
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Fig．，DecreasedamoMltOforgamiccarbo几illthesi爪kingpa止icles  

measuredbytheOヱmethodimautumn1997・   

Decompositionratewashigherintheupperlayerthanthelowerlayerduetothehighratiooforganicmatterin  
theupperlayer，  
Inspring，thedecompositionrateinsinkingparticlessampledoverlOhintheupperlayerwasmeasuredby  
twomethods．ThedirectmethodresultswereO．223andO．035d‾lat8minExp．1andat5minExp・111，  
respectively．TheO2－methodresultswereO．053andO．024d．1at8minExp・1andat5minExp・1Il，reSpeCtively  
（Fig．10），beingdirectlyproportionaltotheleveloforganiccatboninthesinkingparticles・Thedecomposition  
rateoftheparticlesmeasuredbythedirectmethodtendedtobehigherthanthatbytheO2method，PartlCularly  
athigherorganiccarbonlevelsinthesinklngparticles（Fig・11）・However，OnlywhentheorganlCCarbon  
contentofsinklngParticleswasmorethan5％，thedecompositionratereachedmorethan0・1d▼Iコ）・Itwas  
consideredthatthedecompositionratewasoverestirnatedbythedirectmethodduetoelutionoforganic  
carbonfromsinklngParticlesdunngfiltration・  
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AlthoughtheorganlCCarboncontentofsinkingparticlesinautumnwashigherthanthatinspring，the  
decompositionrateinautumnwaslowerthanthatin5pnng・1twasconsideredthatmostofthesinkingparticles  
hadalreadydecomposeddurlngthe2－dsamplinglnautumn・Collectionoffreshsinkingparticlesdurlng  
Short－termSamplinglSneCeSSarytOdetermineaccuratelythedecompositionrate・   
ThedecompositionrateofthesinklngParticlesattheexperimentsitehadalowvalueduetotheinfluenceof  
alargeamountoflithogenicparticles・Forexample，1nSPnng，10％oftheorganiccarboninthesinklng  
Particlesdecreasesfor2daysatarateofO・053d－1andfor4daysatarateofO．0024d－l・Attheexperimentsite，  
theresuspenSionofsurfacesedimentsfromtheseabottomfiequentlyhappensduetothestrongtidalcurrents  
and／orthepassageofatmosphericdepressions・1tispossiblethatthelowdecompositionrateofsinklng  
ParticlesandfrequentresuspensioneventssupplyorganicmattertothewatercoluTmCOnStantly・Whenthese  
ParticlescontainlngOrganicmatteraretransportedoffshore，itcanbeconsideredthattheestuaryplaysan  
importantroleasasourceofnotonlynutnentsbutalsoorganicmatter・Toclarlfytheparticulatetransport  
mechanism，aSurVeyn’Omtheestuarytotheoffshoreareashouldbecarriedoutinfuture，  

4．CONCLUSIONS  

ExperimentsuslngSedimenttrapswereconductedtomeasurethefluxanddecompositionrateofthesinklng  
particlesintheChang】1angEstuarylnautunm1997andspnng1998・Therewasacloserelationshipbetween  
thewatercolumnconditionsandthelevelofparticulateflux．Whenthewatercolumnwasstrat捕ed，therewas  
alargedifferencebetweentheupper（5mdepth，inwaterdepthofabout20m）andlower（15mdepth）layersin  
Size，typeandquantityofparticles・Whenthewatercolumnwaswellmixed，therewaslittlesuchdifference，  
duetotheresuspensionofsedimentsfromtheseabed・Thechemicalcompositionofthesinkingparticles  
SuggeStSthatbiologlCalproductionwasmainlybydiatomsinautumnandbyotherphytoplankton，SuChas  
dinoflagellates，insprlng．ThehigherC／NratioofsinklngParticlesinautumnthaninsprlngSuggeStShigh  
biologlCalproductivltyln autumn andhighfrequentresuspension eventsin sprlngln Splte Ofthe high  
biologlCalproductivity．Ourstudydemonstratesthatthedecompositionrateofsinklngparticlesmeasuredby  
theO2methodshouldbemoreaccuratethanbythedirectmethodanditisbettertomeasurethedecomposition  
rateoffreshsinklngParticlesbyshort－termSamplingthanbylong－termSamPling・Thedecompositionrateof  
sinkingparticleswaslowduetotheinfluenceofalargeamountoflithogenicparticles・  
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GEOCHEMICALCHARACTERISTICSOFTHE  

ELEMENTSINTHESEDIMENTOFTHEYANGTZE  

ESTUARY  

AiguoGAO，DelingCAl，andSulanGAO  

Firstlns†ituteofOceanography，StateOceanicAdministration  

（3A，Hongdaozhilu，qingdao，266003，China）  

ThecontentsofFe，Al，Ca，Zn，Co，Ni，Cr，Sr，Ba，V，Sc，Hg，As，andCdin71samp］esinthesurface  
Sedimentsinthe Yangtze Estuaryweredetemined．Thehorizontaland verticaldistributions ofthese  
COmPOSitionsweredescribed．Them往lOrandminoreIementsinaclusterdiagramconstruCtedfromthe  
COrrelationcoemcientbetweenallpalrSOrelementshavebeenachieved．1tcanbedividedintotwogroups  
atO・2321evel・ThegroupIcontainsAl，V，Ni，Sc，Cr，Zn，Ca，Hg，Fe，Co，Ba，Pt），itmaybecontrolledby  
thealuminosilicates，Thegroup2contaillSCd，Sr，As．RTmOdefactoranalys150nthegeochemistryofthe  
sedimentsshowsthatflVefactorscouldaccountforS5．4％ofthetotalvananceinthedata．  

物一仰′血ggoc力em血Jc力βr‘JCJerf∫／fc∫，∫edf刑e勅抽eyβ乃g／Zee∫J〟αワ  

1．INTRODUCTION  

TheYangtze（Changliang）RIVeristhelargestrlVerinChinaandthefburthlargestriverintheworldin  
termsofrunOfr．Itpassesthroughadenselypopulatedarea，anditscoastalzoneisoneofmosteconomical1y  
developedanddenselypopulatedareasofChina・lnspiteofthatalargeamountOfpollutantsdischargedinto  
theriver，thecontentofmetalsinwaterandsedimentsof血eYangtzeEstuaryareclosetothenaturalbackground・  
ScientistshavenoticeditspowerfulselfLpuri重cationcapacity．Inordertoevaluatetheenvironmentcapacityof  
theYangtzeEstuary，tWOCmiseswerecarriedoutduringOctober，1997andMay，1998，andthegeochemistry  
ofelementsinthesedimenthavebeenstudied．  

2．MATERIALANDMETHODS  

45surfacesedimentswerecollected丘om7stations（Al，A3，A5，Bl，B5，Cl，andC3）duringOctober  
1997，andother26surfacesedimentsweresampled丘om4station5（A4，B2，C2，C4）inMay，1998（Tabl・）・  
Thesampleswerecollectedusingthemulti－tubesamplerfromvessel“Haiiian47’’，Sut）Samplesweretakenin  
2cmintervalonboard，placedinplasticbagsandstoredfrozen．  

Tab．1Locationsor山eStations  

Slation  Latitude  lonl itude  Saml 

October，1997  
0ctober，19り7   

May，1998  
0ctober，1997  
0ctober，1997   
May，199＄  

October，1997  
0ctober，1997   
May，199S  
October，1997   

May，t99S  

A1  31■59，786′  

A3  31■59．775′  

A4  31‘59．771′  

A5  32‘00．179′  

B1  31■45．137′  

B2  31■39．964′  

B5  31■30．040／  

C】  31■29．600′  

C2  31－20．951〉  

C3  31‘10．080′  

C4  31’01．086′  

122 ■30．098’  

123 ■15．008′  

123 ■37．598′  

123 ■59．918′  

122■30．131′  

122 ◆52．312′  

124‘00．244′  

122 ■30．000′  

122’51．418’  

123■15．149′  

123■37．421′  
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1nthelaboratorysampleswerednedinavacuumdesiccator・Representativeportionsof42sampleswere  
usedforthedeteminationofgravel，Sand，SiltandmudratiosuslngWetSievlngteChniqueandlasergrainsize  
analyzer．Asecondportionofeachsamplewasfinelypowderedusinganagatemortar，andpassed160－meSh  
5jeve．  

AnalysesofFe，Al，Ca，Zn，Cr，Co，Ni，Sr，Ba，Sc，andVwerecarriedoutuslnginductivelycoupled  
Plasmaatomicemissio？SpeCtrOPhotometry（ICP／AES），WhilethemeasurementofCdwascamedoutusingan  
graphitefumace atomlC absorption spectrophotometry（GFAAS）aRerthe complete dissolution ofthe  
powderedsedimentinamixtureofHCl，HNO，，HC10．，andHFacids．FortheanalysesofAsandHg，  
powdered samples were dlgeSted withaqua regla，and wereanalyzed using Atomic Fluorescence  
Spectrophotometry（AfS）・  

3．RESULTSANDI）ISCtJSSION  

（1）Contents   

Dataobtainedinthisstudyaregrouped，tOgetherwithsomeofthepreviousstudies，inTable2・1tcanbe  
seenthatthecontentsofelementsshowawiderangeofvanations；however，theoverallaveragecontentsarein  
agreementcIoselywiththeYangtzeRiversedimentsfbfmOStOftheelements，Whilethecontentsofelements  
CaandSrareclosetoYellowRiversediment．  

Tab．2TheContentofm叫Orandtraceelements  

、‥、・し  －＼ －・；  
14   0．03  6．93  0．15  

Sr Ba V  No Fe AI Ca Zn＊◆ Co Ni Cr  
224  530  98  

283  72（5  150  

】87  439  76  

200  510  80  

220  540 （iO  

150  512  97  

330  375  55  

227  425  7（；  

153  430  103  

2（i9  39（） 7l  

79  17  

130  23  

55  】2  

66  1］1  

40   9  

7S   17  

50  10  

68   12  

99  16  

66  12  

3ユ   60  

56   82  

15   35  

28   70  

20   60  

33   82  

19   48  

2（i  67  

38   85  

25   6l  

5．98  3．2（；  

7．39  4．74  

4．9】 】．91  

5．82  2．22  

4．87  3．29  

6．51 2．86  

3．92  4，93  

5．72 ：！．8（〉  

8，15  2．57  

5．31 4．15  

1  3．72  

2  5．51  

3  2，62  
4■   3，15  

5■   2．2  

6■   3，B5  

7書   2．6  

S＊   3．08  

9■   4．4  

10書  3．15  

19   0．25  

4．2  0．12  

臥5   0．1  

7，5  0．077  

9．6  0．25  

7  0．06  

6．5  0．068  

10．7  0．087  

8  0．0（〉8   

18   0．0（i  

lO O．01  

11  0．03  

S．8   0．015  

13   0．08  

7  0．017  

9  0．021  

15   0．045  

10   0．025  

NDle；（heuJlitofFe，A】，Cawasjnwt％，0thersinXlOT6；■：ZhaoYiyangandYanMinBCai（1994）；■＊Znwas叫usted   
accordingtotheresultofstanda－dmaterialanalyses；1■Averageinthisstudy；2・MaxirrLuminthisstudy；31Minimuminthis   
study；4・SedimentinChinacontinent；5・SedimentinYellowRiver；6・SedimentinYangtzeRiver；7・Sandsinsedimentoftbe   
EastChinaSea；8，SiltsinsedimentoftheEastChinaSea；9・ClayslnSedimentoftheEastChinaSea；10・SedimenthEastChina   
Sea   

（2）Comparingwithothersediments  

Fe  11  Ca Z¶   Co Ni Cr Sr Ba V Sc HF As Crl  

・一●－Chin8COntinent・」コーthis sしudY －ムー－－YelloT Rjver・・・・■←・・Y8nEt乙e River 一－・・・East Chin～t ScR  
ci：the contenlS Or the elementgin theざedi爪e円仁ざ：Ccニ亡h月tin the∫edj爪enlj丘Chi口々coれtj”e〃‡  
Fig．1Content50r elements normalized by Chi＝a C8ntinentalsediment   

Tocomparethecontentsoftheelementsamongdifferentsediments，thecontentsoftheelementsinthe  
sedimen（Sinthisstudy，YangtzeRive，YellowRiveT，andtheEastChinaSeaarenormalizedbythatinthe  
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SedimentinChinaContinentL（Figl）．Fig・1showsthatmostelementshaveacontentclosetotheYangtze  
River．   

1・ContentsofFe，Al，Zn，V，andScinthisstudyareaareclosetothatintheYangtzeRIVer，theaverage  
COntentSOfCoandNiareequaltothatintheYangtzeRiver，andbothofthemarehigherthanthatinthe  
EastChinaSea．   

2・ThecontentsofBainthestudyarea，YangtZeRive，YellowRiver，andChinacontinentalsedimentareat  
thesamelevelandhigherthanthatintheEastChinaSea  
3．Calcium，Cr，SrandAsareclosetothatintheYellowRiver，lowerthantheEastChinaSeaandhigher  
thantheYangtzeRiver．   
4LMercurycontentisclosetothatincontinentalsediment，andislowerthanYangtZeRiver，higherthan  
YellowRIVer，andtheEastChinaSea．  
5．CadmiumishigherthanthatintheYellowRiverandEastChinaSea，lowerthantheYangtZeRiver・   
1tshows，丘omTab．2，thatthecontentsofFe，Al，Ca，Cr，Sr，Zn，andAsareclosetothatinsiltsinEast  
ChinaSea．Co，Ni，V，andScareclosetothatinclaysinsedimentoftheEastChinaSea．hgeneral，the  
COntentSOfelementinthisstudyareaarebasicallybackgroundvalue，itmeansthatinthestudyareasediment  
WaSunpOlluted．  

（3）HorizontaldistributionofEleJnentS  

12y  1240  

Ca  

1230  1240  

Sc  

Silt   Clay  

Fig2－1．DistributionofFe，＾1，Ca，Zn，Sc，Ni，V，ClayandSnt  
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Therearefburelementsdistnbutionpattemsinthisarea．Iron，Al，Ca，Zn，Ni，Cr，Sc，CdandVhavea  
Similardistributic・ntOClayandsilt（Fig2・”1）；thesemaybecontrolledbygrainsize・MercuryandCohave  
highervalueinthewestpartOfthearea・anddecreチSeSeaWard；theymaybeafftctedbytheYangtzeRiver  
dilutewater（Fig2・－－2）・ThedistributionofBaisslmi1artothatofsand，CO誓Paringitscontentwithsoilor  
COntinentalsedimentinChina（Tab．2，Fig2．－－3），itmaybecontro11edbycontlnentalmaterial．FromB5toAl  
thedistrlbutionsofAsandSrshowatendencyofdecrease（Fig2．－4）．  
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1230  1240   

Hg  
爪gヱ一之．pi5frlbリーionof■〃gandCo  

1230  

Sand  

1230  1240  

Ba  

Fig2－3．DistrlbutionorBaandSand  

Sr  As  

Fig2■．DistributionofSrandAs  

（4）Verticaldistributionofelements   

Fig・3areverticaldistributionsofelementsandclayofsedimentinstationAl，Cl，andC4・Thevertical  
distributionsofmostelementsarestable・Someelementsincreasewithdepthfrombottomtosurthce・1tmaybe  
influencedbythe缶nesediment，Fe－hydroxide，OrAl－hydroxide，SuChasstationCl・Inthesur血：eOfstationAl  
andC4，thesedimentisdominatedbycoarsesand，SOthecontentsofelementdecrease・ltshouldbepolntedout  
that：  

1．MercurylnStationAlincreasefrombottomtosurface・1nsplteOfitscontentislowerthanO・06×10・6，  
attentionshouldbepaidtothefact，SincethesedimentsinYangtzeRiverhadahighbackgroundvalue，the  
environmentalc叩aCityissmall．TherelSPOtentialpossibilityfbrenvironmentalpollution・   
2．Zjncjshighjnthesur鮎eofstationCl．Thismayre］atetotheincreaseoftheamountof蔦nesedlmentand  
organism．AccordingtotheresultofZhengGuoxing（1983），intheaqjacentareaofCl，theamountofbacterla  
wasveryhigh．Zincisinfluencedbythefhctorsofbiogeochemistry（Wangetal・，1990）・TheDistnbutionof  
elementsiscontrolledbyorganlSm・1tmayresultinenl1anCedcontentsofZn・  
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3・TheverticaldistrlbutionofmostelementsinstationClareverytypICal・1tmayrefkcttheseasonal  
Variationofsedimentation．  

（5）FactoraIlalysis   

CorrelationanalysisshowsthatpositivecorrelationexistsbetweenmostelementpalrS，i，e．Fe，Al，Ca，Zn，  
Co，Ni，Cr；Ba，V，Sc，HgandAs；butSrisnegativelycorrelatedtoAl．（Tab．3）   
RrmodefactoranalysesonthegeochemistryofthesedlmentSShowthatfivefhctorscouldaccountfbr  
85．42％ofthetotalvarianceinthedata（Tab．4）．FactorlisrelatedtoFe，Al，Ca，Zn，Co，Ni，Cr，VSc，andHg；  
itmaybecontro11edbythealuminosilicates・Factor2isrelatedtoSrandBa；theyarerelatedtoorthoclase，  
anorthite，mica，andheavymineral・Itmaybeheavymineralfhctor・Factor3ispositivelyrelatedtoAs，  
negativelyrelatedtoCo・hthestudyarea，thecontentsofAsincrease，butthatofCodecreasesrapidly  
seawards．Cobaltcomes打om「ねngtzeRIVerWater；itismorestableandnotinfluencedbybiological，Chemical  
OrPhysicsaction．Cobaltisstableinbiogeochemicalcycle（WangZhengfhng，1990）・Arsenicisefftctedbythe  
diatoms，WhichplayanimportantroleinbiogeochemicalcycleofAs（GaoShengqu叫1990）・Sofactor3may  
beaf托ctedbymarineorganism．Factor4wasrelatedtoCd．ThemaintranSferspecleSOfCdisincarbonate－  
combinedstateandFe－Mnoxidecombinedstate（ZhouJiayi，1990）．Cadmiumwashigh1ycomplexedby  
Chlorineionsipseawater，andcomplexedtosomeextendbyorgan享？matter，tOO・（Moucheletal・，1990）・Itwas  
relatedtomarlneautOgeneticmaterial・Factor5wasrelatedposltlYelytoBa（ThbL5），itmayberelatedto  
feldsparandmica・  

Tab．3 CorreIationcoefflCientsmatrixfortheelementsofsurfECialsedimentsoftheYangtzeestuary  

Elements Fe   ＾1  Ca Zn Co  Ni CT  Sr Ba V   
Al  払璧追ま  
Ca  岨造  
Zn  払出ヱ  
Co  且英独  
Ni  腿  
Cr  岨正  
Sr  －0．042  

Ba  岨迫  
V  岨ユ  
Sc  払ユ1ユ  

Hg  姐  
As  且ヱ≦担  
Cd  O．13l  

…
濫
岨
慧
似
 
 
 

認
諾
岨
皿
…
…
 
 
 

岨
岨
即
岨
皿
皿
荒
…
 
 

・
い
∴
小
∴
出
∴
鳥
 
 

‥
．
ニ
喜
平
∴
刷
…
∴
√
 
 

皿
腿
雌
地
霊
㌫
岨
岨
膵
…
 
 

n＝7】   q。一。5＝0．232  q。．。戸0▲302  

TaL）．5 FactorLoadmatrixofeachelernent  Tab，4Percenlageofeigenvalue  

4  5  E】ement  1  2  二I  

Factor  
NO Ejgem′aIue ProporI相月  Accumu】81jve  

vallle total  

0．0792 0．12（）2  

－0．0247 0．0847  

－0．1087 －0．4二柑6  

0．29】4 0．1186  

－0．2225 －0．10tO  

－0．0092 0．0342  

－0，0490 －0．1068  

－0．0437 －0．365l  

－0．】9S6 04S27  

・0．0030 0．0957  

－0．0259 －0．1784  

－0．2346 －0．0237  

0．2483 0．2580  

吐息1上辿 一0．136ユ  

Fe O9299  0．1（）38  0．1873  
Al O9M －0．2521 0．1020  
Ca O76射  0．1565 0．2583  
Zn O㌫267  0．OIS6  0．0415  
Co O5日 O．405（） －053引  
Ni Om9 0．O178 －0．0121  
Cr Og579 －0．0002 －仇24柑  
Sr  －0．1698 皿 0．0899  
8a O．3339 05259 －0．4464  
V O9489 0．009S 仇0925  
Sc O8356 －0．1932 0．0543  
Hg  払出4ユ ー0・4177 0・0594  
As O．1526 0．5001 0m  
Cd O．20t9 －0．0010 －0．4574  

†
証
章
※
∴
申
∴
 
 

05023  05023  

01278  06m  

OlO掴  euns 

Om  OSOO9  

005ま3  08542  

0．0153  0．8895  

0．0319  0．9214  

0．0243  0．945（i  

O，01（i5  0．9621  

0，0157  0．9778  

0．O105  0，98S3  

0．0066  0．9949  

0．0033  0．9981  

0．0019  1，0000  
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（6）Hierarchicalcluster   
Thema〕OrandminorelementsinaclusterdiagramconstruCtedfromthecorrelationcoefflCientbetweenall  
PalrSOfelementshavebeenachieved・ItcanbedividedintotwogroupsatO・2321evel・GrouplcontainsFe，V，  
Al，Ni，Zn，Cr，Sc，Ca，Hg，Co，andBa；itmaybecontro11edbythealumlnOSilicates．Group2includesCd，Sr  
andAs，（Fig■4）  
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Fig・4HierarchicaLclusterLngdiagramofRmOdel  

（7）Discussiom   

ltisknownthatthegeochemistryofelementinsedimentiscontrolledbymaterialsources，amOuntSOf  
material，gralnSizeandsedimentaryenvironment．   
Inthestudyarea，tilOmthecontentsanddistributionoftheelementsinthesediment，thematerialare  
mainlyterTigenous，Withmostofthemcome丘omtheYangtzeRiver，SOme丘omtheancientYe1lowRiveror  
theYellowSea，andsomerepresentlngrelictsediment．Thereissomemarineorganismsand／orauthigenic  
materialtoo．   

Tidalcurrents，WaVeSandcurrentsarethemaJOragentStOafftctthedistributionofthesedlment・Instudy  
area，thehydrodynamicconditionsarecomplicated・TherewereYangtzeRiverdilutedwater，Taiwanwarm  
Current，Subeilongshorecurrent，eddydiffusionorupwelling，etC，Theseasonalvariationsinthestrengthand  
the route oftheabove－mentioneddynamic reglme directlyinfluence thesedimentation．Theyaffect the  
pnmaryproductivltyOfmarineorganismaswell■  

Tab．6CorrelationCoefficientbetweeneIementsandgrainsize  

ELement Fe AI Ca Co Ni Cr ST Ba V  Sc  ー▼＿⊥鮎」仙坐¶M，▼▼▼E卓  
Md¢  岨鐘 07… 06399 0．11 0m Om 二8ヱ皇4 0．0303 虹ヱま三通 昭 062∽ 0．13610．1955  
Sand  二鮎坦＋二且ぷ ＝且皿乏 －0，】32 二岨 迎丘1L 虹臼j O，0783 二狙ユ1⊥ ＝軋辿 二乱立5旦 一0．06 －0．2l  
Si】t   姐 雌 皿 0．104 出廷ま5 企▲皇！迫ま ＿丑』辻 －0．089 払出⊥皇 虹一皿週払出ぷ 0．0555 0・1692  
㈱ 59   

n＝42  （1…5＝0・304  q仇01＝0・393  

ThesedimentcoverageoftheYangtZeEstuarywastheresultoftheinterplayofriverineandmarineinnux  
ofsedimentarymaterial・Theinfluenceofeachofthesesourceswasmoreorlesslocalizedresultinglna  
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particulartexturalandcompositionaldistrlbution・Accordingto theresultofgralnSizeanalysIS，Sandysize  
Sedimentsweremoreabundantinthemiddlepartofthesurveyarea・hthel～2cmlayer，Sandysamples  
OCCupy72・7％ofllstation，andstationsBl．ClandA5weredominatedbyclayeysilt，Aclosecorrelation  
appearsbetweengralnSizeandthecontentsofFe，Al，Ca，Zn，Ni，Cr，V，ScandHg，Theseelementswere  
POSitivelycorrelatedtothecontentofclayorsiltsizesedlmentSandnegativelycorrelatedtothecontentsof  
Sandsizpsediments．Contrarytotheseelements，Srwaspositivelycorrelatedtograinsize（Tab．6）．  

4．CONCLUSION  

Mostelements，inthestudyarea，haveacontentclosetotheYangtzenver，andasimi1ardistrlbutionto  
Clayorsilt．Theyarecorrelatedtothecontentsofclayorsilt；andnegativelycorrelatedtothecontentsofsand▲  
1t maybeinfluencedby the he sediment，Fe・hydroxide，OrAl－hydroxide．Materialsources are mainly  
terrlgenOuS，WithmostofthemcomlngfromYangtzeRiver，SOmefromtheancientYellc・WRiverortheYellow  
Sea，TheirdistributioniscontrolledbytheterrlgenOuS materialprovidedbytheYangtZeRiverandthegrain  
Size，WhichwasafftctedbythehydrodynamicconditionLAnthropogenicheavymetalshavealittleeffecton  
thisarea，andithadalargeenvironmentcapaclty．  
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ProceedingsoftheJapan，ChinaJointWorkshop，】999March  

IMPORTANCEOFTHESEDIMENTINTERFACEINTHE  

NUTRIENTSTATUSOFTHEEASTCHINASEAATTIIE  

MOUTHOFT且ECHANGJIANGRIVER  

Mary－HileneNO亘Land MasatakaWATANAB   

WaterandSoilEnvironmentDivision，NationalInstituteforEnvironmenta）Studies，EnvironmentAgency  
（Onogawa16－2，Tsukllba，血相ki305－0053，Japan）   

ModincationsintheChang）iangRiversupplyareexpectedinthefuturewhehtheThreeGorgesDam  
iscompleted，tOgetherwithland－uSeandindustrlaldevelopmentinthecatchmentarea・Resuspension  
experiment，Verticalprofileofnutrientsin thesediment，andinterstitialwatercontentpargued fora  
phosphoruSreleasefromthesedimenttothewatercolumn．Concentrationmeasuredintheinterstitial  
WaterOfthesedimentarepotentiallyabletoinducephytoplanktongrowthorevenabloomfbrmation・   
TheChang】1angRiversupplyinfluencedmainlytheareaincludingthestationsBl，ClandC3in  
autumn1997whileinspring1998theinmlenCedareaalsoincludedthemesocosmsiteandthestation  
Al．  

物l侮′血ご〝〟／rfe〃／〟d如，eCO甲／emre平0那e，〆0平ゐβ川∫reJe♂∫e  

1．INTRODUCTION  

Coastalecosystems are controlled by complex and dynamic equilibria between physical aJld  
biogeochemicalfactors・Theyarealteredbynutrientimi，alance，Whichafrectsalgalgrowth，themicrobial  
COmmunity，fishresourcesandaquacultureproduction．Theconsequencesontheecosystemandresource  
qualitylnCluderedtidesandassociatedshellfishpoISOnmg，ChangesinenvironmentalcapacltytObiodegrade  
pollutantS，andhumanhealth．  

IntheEastChinaSeaecosystem，mOStnutrientsaresuppliedbytheChang）1angRiver，althoughmarine  
？urrentSgreatlyinfluencetheregion・TheChangiiangnOWShowsahighseasonalvariabilitywithlow  
lnter－annualvariation・TheconstruCtionoftheThreeGorgesDammayleadtoadrasticchangeintherlVer  
flowinthenearfuture・Itisessentialtodeteminethepresentstateofthemarineecosysteminorderto  
forecasttheresponseoftheEastChinaSeaecosystemtochangeS・  
1nmarineecosystems，thephosphoruS（P）cycleincludesbenthicprocessesinadditiontothoseinthe  
WaterCOlumn・Theaimofthisstudywastoinvestlgatetheimportanceoftheprocessesandexchangesat  
thesediment－WaterinterfaceforthenutnentstatusoftheEastChinaSeaecosystem・Specialfocuswas  
glVentOPbecauseofitsroleinthecontrolofeutrophicationandredtidesincoastalwatersoftheEastChina  
Sea Wu e（al・，1992り・The secondreasonisthatthe behaviorofPis closelylinked withthat of  
exchangeablepollutantSlikeFe，Cu，Zn，Mn，PbandAs・Usingknowledgeofsuchexchanges，thefluxand  
fateofPcanhelpusestimateexchangeSinthosepollutantS・   
StormSreSuSpendsedimentparticles，ParticularlyinwinterXieandLi，19902）inthisshallowarea（lat3lO  
to32ON，long122◇to1240E），Whichhasdepthsof20to60m．Hydrodynamicconditions，OXy岳enation，  
COmpOSitionofthewatercolumnandbiologlCalactivltyaffecttheequilibriaatthesediment－Waterinterfhce．  
Theroleofsedimentasasinkorsourceofnutnentsandpollutantsvarieswiththeseconditions．Therefore，  
tostudythesediment－Waterinterface，itisnecessarytoinvestlgatetheconditionsinthewatermassesabove  
thesedimentaswellasthehydrodynamicandbiologlCalfeatures・  
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2．NLATERTALSANJ）METllODS  

TllelVatCr COlumnl＼7aS Sanlpled with Go－Flo bottles and the samples、、7ereimmediatcIv filtercd  
叩ucleoporeO叫mp？reSi7e；47mm）andfrozenuntilanalyzcdinthclaboratory・   
ThescdimcnlwaslnVeStlgatedilltWOl＼′a），S．ForbulksedimentatstationsAl＝A3，Bl，ClandC3and  
thcmesocosmarea，graVltyCOreS＼VCrCSliceddirectlvaRersamplingandftozen．Forinterstitial、、7aterinthe  
sedimentatstationsBl，ClandC3andthcmesocsma？チaSpeCia11ydesigncdsystemwasused（Fig11）・  
Bvcol一一preSSll－gthecore、、7jthoutcontactw山一air，1nterStltlalwatcrwas別tcredthroughaMi11iporeMi11ex  
FGPTFEO．2－Llmnltcr，ELndsall－pleswere丘ozen．rIlleCOmpreSSedsediment＼＼，aStllenSliccdand丘ozenr  

勘ecfβ／′7加dビ∫砂7ed、かメ〃／ビJ●5血f〟JⅥノ〟Jビア一ぶ〝／7p／f〃g  

w抽如川上α椚化灯＝両〟＝九  

G／ⅥVゆCの／‘ビ∫〃用〆eJ■  

Fig・1Gr8Vitvcoresamplcra．一dinterstitialwatcrsampllngSySlem  

Inadditiontosampling，On－boardexpcrimcntstosimulatescdimcnt－WaterreSuSPenSionwererun（Table  
l）．Thetirst2cmofthesedimcntwcrehomogenizcd．Afe、、7gramSWereplaccdinadarkbottlc（toavoid  
hghtcffccts）incontactwitllSamPIcsofwaterfromdiffbrcntdepthsandstirredwithaTeflonbarmagnct・  
The aim was to simulate thcimpact ofthe wateron thc bottom on windv davs and to silllulate nc、＼T  
conditionsofconcentrationalldphysico－Chcmicalpropertiesthalmightoccuril－tl－efuturealthescdil－1entr  
watcrinterfaceinadditiontosimpleresuspenSiol一、、Tiththecxistlng、Vaterabovethesedimcnt・Forsteadv  
equilibratiol－Ofcol－Centratiol－bet、、′eenthewatcrandthesedimcnLthesuspensionwasincubatedatthcin－  
situtemperaturefbra11east15hAndrleuXTLover，19973）・Thrccsedimentwcrcinvestlgatedoneinautumn  
1997andtheothertwoin 

． 

processestl－atdonotrcqulreCOmplctcbiologlCa）activity・  
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TablelCharacteristicsofthebottomresuspensiorlSimulations  

Enriched mesocosm 

1nthelaboratory，analysisofdissoIvedinorganicNandP（D工P）wasdoneusinganauto－analyzer・  
Subsample50fsedimentweredried（todetermlneWaterCOntentandsedimentdenslty）andgrounduntil  
homogeneous■ ExtractionofinorganicandorganicPfiomthesedimentwasdoneaccordingtoSlompe（  
alL，19934）・ThesedimentmatrixcompositionwasanalyzedbynameatomicabsorptlOnSPeCtrOmetry・To  
Chccktheextractionsandaccuracyofanalysis，aCertinedreferencesediment（MESS－2fromtheBeaufort  
SeaprovidedbyNationalResearchCouncilofCanada）wastreatedinthesamewayastheotherミamples・  

Forthewatersamples，blanksampleswerealsorunOn－boardtocheckbackgroundlevelsandcontamlnation・  

3．RESULTSANDDISCUSSION   

（1）Pco山emtorthesurねce5ediment   
ThephosphoruSCOntent（Table2）in 
resuspensiondepthofsediment，i．e．thetop2cm．  

Table2PhosphonlSandaluminumcontentinthetop2cmofthesediments  

Octoberl，97  Maγ199＄  

At   inorganicP   OrganicP   Al   inorganicP   OrganicP  

％   匹mOl官」   けmOl・g‾t   ％   けmOl・どl   けmOl・gl   

SlalionAl  6，9   12．4   2，l   5，4   14・8（2cores）   2．6（2cores）   

StationA3  6．0   14．1   0   notsal叩Ied  notsampled   れOtSampled   

StationBl  7．3   15．8   l．5   6．6   15，2   2，1  

onCl   7．6   15．0   1．3   る．5   13．1（5cores）   4．0（5co†eS）   

StationC3  6．6   15．8   0．6   4，8   15．8（2cores）   2．0（2cores）   

Mesocosmarea   Sユ   13．3   3．ユ   6．0   15，ヱ（7c（）－eS）   ユユ（7cores）  

lnorganicP（1P）wasthem毎orcomporLent（70to99％）ofthetotalsedimentaryphosphoruSStOCk▲ The  
COnCentrationrangeWaS12．4to15．8岬101・g‾】．suchconcentrationsareinthesameorderaseutrophic  
areaslikctheLonglslandSound（USA），theSetolnlandSea（Japan）andXiamenBay（SouthChina，Wu，Y・  
eJα／，，1992り）．  
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Theor甲nicP（OP）contentvariedffomOto4pmolす1andexhibitedlargerspatialvariabilityinautumn  
thaninspnng・Atthesamelocation・theOPcontentofspringsチmpleswasupto3timeshigherthanthatof  
autuImSamples・ThisfeaturewasmostlikelyduetofieshpartlCulateorganlCmatterSettlingonthebottom  
inspring・Seasonalvariationscanthereforebeshownasdiffbrentproportions ofthedifferentPforms  
storedinthesediment．   

Sinc¢tbe concentmtiollOrf，jn tbe sedlmeilti5んnction of sedjme餌type（e．g．sandy－mUddy），  
normalization with aluminum content（Table2）was calculatedin order to eliminate the preferential  
adsorptlOn efrect・Theinorganic P content at the surface ofthe sediment exhibited an homogenous  
distrlbutionattheestuarymouthwithagreaterapcumulationatthedeepeststationC3（depth58m）・  
ThelPcontentnormalizedtoaluminumatthisstat10nWaSl・3tol■7tirneshigherthanatallotherstations  
mcasured．Moreover，n）concentratlOnininterstitialwaterat stationC3was higherthan at the other  
Stations by a factor 

． 

● watersamplejustabovethesediment（overlyingwater）   

TheseasonalfeatureinPcontentofthesedimentwasobservedevenafternormalizationtoaluminum  
content．Also，thelPcontentofsprlngSamPlesrevealedthattherewasawiderareaofaccumulationinthat  
seasonthaninautuIm．ThiswouldbeconnectedwiththeseasonalvariationoftheChang］1angRivernow‥  
70％oftheannualrunOffoccursduringspnng－Summer・  
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（2）PotentialofPreleasefromthescdimeJlttOthewatercoIumn   
BecausetheIPcontentofinterstitialwaterinthesedimentatstationC3wasrnuchhigherthaninthe  
WaterCOlumn（Fig・2andTable3），thepotentialPthatcouldbereleasedfromthesedimenttotheaqJaCent  
WaterWaSCOITeSpOndinglyhigh．  

StationC3autumn1997  
Levelofenrichmentinthe  
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Fig．2DissoIved，interstitialandparticulateinorganicPa†SIationC3inautumn1997   

Thesedimentwouldapparentlybemoreasinkthanasource ofP forphytoplanktongrowth・The  
cotlCentrationofLPdissoIvedininterstitialwaterofthesedimentwashigherthanthelPconcentrationinthe  
watercolumnbyafactorofl．4to65（accordingtothelocationandsedimentlayers）・The maximum  
interstitialconcentrationfounddurirLgthetwosurveyswas13pmol・L1atstationC3inautumn（Fig・2）・  
Anin－Situmesocosmexperimentwasalsoconductedinautumnandspnng・Phytoplanktonbloomsinthe  
mesocosmwere success且111yinducedinthemesocosmafterP enrichmentofl・5－2and3匹mOl・L」，  
respeCtively，inthe three experiments doneLln the sediment，the range oflP corlCentrationsin the  
interstitialwaterwaslto13LLmol■L」，highenoughtoinducephytoplanktotLgrOWthL   
Dependingonlocalconditions（bottomresuspenSion，bioturbation，COnCentrationinthewatercolurrm，  
etc．）thesedimentwouldbebothasinkandasourceofP．However，thenuxofnutrientsreleasedtothe  
watercolurrmwouldbehighenoughtoinduceaphytoplanktonbloom・  
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（3）SjmulationofthebottomresuspensionefrectonPreleasefromthesediment   
Experimentswereconductedon－boardtoestimatethereleaseofnutrients丘omthesedimenttothewater  
COlumnwhensedimentwasresuspended．Onlyphysicalresuspensionwassimulated，nOtdeepbioturbation  
asmadebywormsandshe11fish．1nthefield，eXChangesmightbeLenl1anCedorloweredwhena11such  
processesaretakenintoaccount．   
Experimentswereconductedimmediatelyaftercoresampling・Threesedimentswereinvestlgatedand  
SeaSOnaleffectswereincorporatedbycarryingoutexperimentsinbothautumnandspring（Tablel）．The  
DIPcontentwasmeasuredintheinltialwatersamplesandinthewateraftertheresuspensionexperiment  
（Table4）．  

Tahle4DissoIvedinorganicPcontentaftertheresuspensionexperiments  

TheDn）contentaftertheresuspensionsimulationwascomparedwiththeinitialcontent（Tablesland4），  
fromwhichthecorrespondingIPrelease丘omor鎖xationinthesedimentwascalculated（Table5）・  

Table5CalculationofinorganicPexchangesafteTtheresuspensionexF）eriments  

Loss－galnini  norganicP  

Control mesocosm 
Enriched mesocosm 

Abovesediment（28m 

a）Diseussion 
、 

withandwithoutultrasoumdtreatment．hthecaseofthissedimentinautumn，thereleaseofPseemstobe  
governedonlybyphysicalprocesses・ThecalculatedpercentageoflPremovedfromthesedimentwas  
small，lessthanO．1％，buttheincreasesinthewaterincontactwiththesedimentwere59to80％（Tablc5）－  
ThelPwasalsomeasuredintheinterstitialwaterofthesedimentaRertheresuspensionexperiment（Table  
6）．  
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Tab）e61nteTStitialwaterinorganicPoftherrleSOCOSm－areaSedimentafteTtheresuspensionexperiment5inautumn1997  

Mesocosmarea   

（Table6）forallresultsonthemesocosm－areaSedimentinautumlWaSO．85，Becauseoftheunifbrmityof  
thisratiointhebottleexperlmentS，itshouldbeusefu1asapredlCtivemodelofsedimenトWaterinterface  
exchangeS・However，its extrapolationtootherseasonsandsedimenttypeSneedstobeverifiedwith  
eomplementaryexperlmentS・Thepresentresultsonequilibrationoftheconcerltrationatthesediment－  
Waterinterfaceemphasizethequickandreversibleresponseofthesedimenttothewatercolunnchanges．  
Therefore，thesedimentshouldbeconsideredasabufftrabletobothstoreandreleasePaccordingto  
environmentalconditions．  

b）Discus5iononthemesoeosm－areチSedimentexperimentinspring  
lnthissetofexperumentS，biologlCaleffectsintheexchangeSCannOtbeditirlguishedsincenottestwas  
doneforcellslyse・ThedissoIvedPintheseawatersampledfromtheemichedmesocosmwashigha‖．28  
LLmOl■L‾】，WhiletheinitialconditionabovethesedimentduringsamplingwasO・43巨mOl・L－l．lnallother  
CaSeS Ofmixlrlg forthis sediment，the waterin contact durlng the experiments had alowerinitial  
CO 

． 

decreased（Table4）．LossandgainininorganicPofthewaterincontactwiththesedimentseemstobe  
gouvcmedbyanequilibrationoftheconcentrationsinitiallypresentirlthewaterandsediment．Resultsof  
equitibrationoftheconcentrationsinthewaterandthesedimentshowedthatnosteadyratiowasreachedin  
theseexperiments，unlikethecaseinautumn．Eitherphysico－Chemicalreactionsinthedifferentsetsof  
WaterSamplesorvariabilityinbiologlCalactivitycouldexplainthevaryingexchangesobtainedinthespring  
experlmentS，  

C）I）iscussionontheStationAIsedimentexpeウme・・tinspring   
TheDIPconcentrationinthewateraRerstlmngwiththesedimentftomAl，Whichwassandyand  
Slightlymuddy，WaShighlyvariable（Tables4and5）．Af［erresuspenSion，DIPincreasedby40％tomore  
thanlOO％withlargedifferencesbetweenexperimentswithandwithoutultrasoundtreatment．Noreal  
trendcanbedrawn育omtheresults，1nCOntraStwiththeexperimentsonmuddysedimentinautumnand  
SPring・Exchange ofP attheinterface ofthis sandy，Slightlymuddysedimentin spring was highly  
reversible，rapidandvariable．  
1nconclusion，WhenthebottomparticlesareresuspendedbystomlS（assimulatedon－board），aCtiveor  
PaSSiveexchangeoccursatthesedimentinterLace・TheDIPinthewaterabovethesedimentishigh1y  
irlfluencedbyboththecxchangeandtheDIPcontentofthesediment．   

（4）Releaseorotherllutrientsrromthesedimemt   

The release ofothernutrients was also analyzed（Table7）in the on－board experiments（Tablel），  
ConcentratioTSOfNO3‾，NO｛，NH∴andPO43‾werehigherintheinterstitialwaterthaninthewatercolumn，  
CXCePtSOmetlmeSforNO2－・TheNH：concentrationsinthesedimentwere50to190tirneshigherthanln  
thewatercolumn・Sedimentcontentmineralizationandorganicmatterdegradationwerelikelycauses．  
Theseresultssuggestactiveprocessesinthesedimentandexplainthechangesinstocksoforganicversus  
inorganicformsofP放omsprlngtOautumn・TheconcentrationsofNO2－inthewatercolumnatmid－depth  
andabovethesedimentwerehigherthanattheseasurfhce，SuggeStlngnitrificationorreleaseftomthe  
Sediment・SimulationofbottomresuspenSion（Table7）alsosuggestsnutrientrelease鉦omthesedimentto  
thewatercolumn．   

Therefore，thesedimentisnotasimplereceptacleofparticlessettlingfromthewatercoluLnn・The  
Sedimentcompartmenthastobeincludedinmodelsthatforecasttheecosystemresponsetochangesinthe  
WaterCOlumncompositionandquality．Resultsfromthispreliminarystudycanbeusedinsuchmodels・  
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Tab）e7ConceTltrationofdi飽rentnitrogenformsintheinterstitialwaterofthesedimentaRertheTeSuSpensionexpenments  

Control mesocosm water 

Etlrichedmesocosmwater   

Bottomwater（24m）   

4．CONCLUSIONS  

TheissuesaddressedinthisworkweretheroleandimportanCeOfthesedimentcompartmentinthe  
nutrientstatusoftheEastChinaSea，ClosetothemouthoftheChang）1angRiver．Becausethefluxand  
qualityofnutrientsupplyareexpectedtochangeinthenear且Iture，thisworkwasalsoorlentedtoward  
由Ⅰ■eCaStlng【heecosys【emrespon5eandf山∬e王Iutrient51ahlSOfぬe訂ea・  

dimentabletoprovidePfbrprimaryproduction？   
Them叫OrltyOfPstoredinsedimentsinthestudyareaisintheinorganicfomL Pconcentrationinthe  
interstitialwaterofthe sedimentwashigherthaninthewatercolurrmL Thepotentialrelease ofPis  
SuppOrtedby the resuspension simulation experiment，Verticalprofile ofnutrientsin the sediment，and  
interstitialwa（ercon［en（．Therelcaseislikely（OinvoIvemgrationandequilibra（ionexchangesbetweer）  
theinterstitialwaterofthesedimentandthewatercolumn・Thesedimentcompartmentwouldtherefore  
becomeasourceofPinsteadofasink．TheconcentrationoflPintheinterstitialwaterofthesediment  

varled丘omく1to13トLmOl・L－1・AphytoplanktonbloomwasinducedafterPenrichmentoflessthan  
pmol・LJl・Therefore，thesedimentcouldinduceabloomifthefluxofPreleasedfromthesedlmentWere  
su托cient．  

坤   
FronOrthtosouth，therewasadi恥renceinthesourceofnutrientsaccordingtotheforms（Organic  
VerSuSZnOrganjc）accuzmlatedino二PrOCeSSedwithinthesediment・Thjsfeaturecanbeattributedtothe  
innuenceofsupply仕omtheCha喝）langEstuarylnadditiontothatfromtheTaiwanandYellowSeacoastal  
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CurrentS．   

Fromtheresults，theareathatisstronglyin仇1enCedbytheChangjlangRivercanbeapproximated，  
Whichwi11helpfutureinvcstlgationsseekingtoforecasttheeffectofchangesinsupply・1nautumn，the  
areaunderstrongrlVerinnuenceincludedstationC3andtoalesserextentBlandCl・Insprlng，thearea  
WaSWiderandincludedstationAlandthemesocosmareainadditiontoC3，BlandCl．  

Doesthesediment叫ition？   
Fromthisstudy，WeCOnfirmthatthesedimentappearstobeincontinuousdynamicexchangewiththe  
WaterCOlurrulandaffectlngltSCOmpOSition・Thewatercolumncompositionistherefbrerelatedtothatof  
the5ediment compartment・Exchanges processes differ according to the sediment typeand season・  
BiologlCalactivltyin the sediment，inaddition topurelyphysicalprocesses，is ofgreatimportancein  
exchanges at the sedimenトWaterinterface・ According to the water column concentration and  
CharacteristicscoupledwiththelocalhydrodynamicconditionsandbiologlCalactivlty，eXChanges atthe  
Sedirnent－Waterinterface willoccurto a greater orlesser extent・Furtherinvestlgationis required to  
detcrminetowhatextentareleasen’Omthesedimentwillmodifytheconcentrationofanutrlentinthewhole  
OVCrlylng Water COlumn・We should be able to estimate better the exchanges and flux by taklng  
representativecoresofthedifferetltSedimenttypesandconductingbenthicchambermeasurements・Key  
ParameterSforapredictivemodelofthenutrientstateoftheareawouldhelpourunderstandingofthis  
COmPlexecosystem．   
Thisstudy毒safirststepinthisapproach．Aseaso11aleffectwasclearandwi11havetobetakeninto  
accountinpredictivemodels・AnequilibriumratioofO．85forJPwasfbundbetweentheinterstitialwater  
andwaterincontactwithmuddysedimentinautumn．Thestudyhashigh1ightedthephysicalprocesses  
invoIvedinexchangesatthesediment－Waterinterfhce．   
ExchangeablepollutantslikeFe，Cu，Zn，Mn，PbandAsarelikelytofo1lowthesametrendasthatfbund  
forPL To assesstheirexchangesatthe sediment－Waterinterface，aSPeCialfocus shouldbegiven to  
StudyingtheirbehaviorinrelationtothatofP，  
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COmpreSSlngSyStem・ThanksalsotoMissKatowhoklndlyhelpedintheauto－analyzermeasurements．  
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DECADALTOMILLENNIALENVIRONMENTCIIANGES  

OFTIIECIIANGJIANGDEmRECORDEI）IN  

SEDIMENT CORES 

「ねshikiSArrOl，叫ime肌蹴AAl，Y血血KANAf，AkiTal弓IS‡ilMURAl，Setsuya  
YOKOTA3andKazumiMATSUOKA4  

1MarineGeologyDepartment，GeologlCalSurveyofJapan，AIST，MIT1  
2GeochemistryDepar（ment，GeoLoglCalSurveyofJapan，＾IST，MITl  

（Hi呂鮎hil－l－3，Tsukllba，ltIaraki305－8567，Japan）  

）Hokkaido8．anch，GeologLCalSurveyofJapan，＾lST，MITl  
（SapporoGodo－ChosyaNo・1Bldg，Kita－ku，SapporoO60－0808，Japan）  

qFacultyorFisheries，NagasakiUniversity  
（ト14，Bunkyo－maChi，Nagasaki852－8521，Japan）   

SedimerltCOreStaken丘omthedeltaplainanddelta－fronttoprodeltaareasoftheChang］langDelta  
were analyzed for studies on natural and anthropogenic changes of the coastal environment of 
theChangJiangDeltaondecadaIandmi11ennialtimescales．Boreholesamplesshowedrecentincreaseof  
deltaprogradationrate．Jtmeanstheincreaseofsedimentdischargeforthelastonetotwothousandyears、  
Thoughitsreasonisnotclear，humanimpactsontheriveranditsdrainageareaarenotnegligible，Surface  
SedimentsandcoresedimentsdepositedintheneashoreareaoftheChang】iangafterabout1970contain  
SOmeCyStSOfred－tidescausativedinoflagellatessuchasLingu［odiniumpob，ed7Jm，Scr如sie／1atrochoidea  
andPob，krikoskQPidiihchwarLzijcomplex．Thesesedimentsalsoyieldellipsoidalandovoidalcysts，  
WhichareprobablyidenticaltotoxicspeciessuchasAleranL＊iumcatene／Mamart＞nseandA・minutum，  
respectively，  

〟印W〃r血ごCゐα′7訂fαれg．拍昭Ze，み混和れi〝甲dC‘，椚ロrfnビタdレnor”qPれd如q典Ige／Jα‘e′ggd血e和一Joαd  

、、・・J〃＝川／．山〟刷甘・  

1．INTRODUCTION  

TheChangJlangRiver，Whichisoneoflargestriversintheworldintermsofsedimentandwaterdischarge，  
isthemaJOrnutrient，WaterandsedinentsuppliertotheEastChinaSea・Thedrainageareaoftheriverhas  
approximately400mi11ionpopulationpresently，Whereisoneofoldcivilizationareasforhumanbeingswith  
longhistoryofmore thantenthousandyears・TherlVerhas receivedinnuencesofhumanactivitieson  
mi11ennialtimescale・Atthepresenttime，theriverisfbrmlngalargedeltaatitsmouth・SincetheHolocene  
maximuminundationofabout6000to7000yearsago，theChangllangDeltahasprogradedseaward．Ahuge  
funnel－Shapeddeltaplain，apPrOXimately200kmbylOOkm，hasformed丘omriverlneSedimentsduringthe  
lateHolocene．lnthispaperwediscussrecentchangesintheChangllangDeltaondecadalandmillennialtime  
SCales，basedonanalysesofsedimerLtCOreStakenfromthedeltaplainanddelta－fronttoprodeltaareasofthe  
Chang］langDelta．  

2．MATERIALSANDMETHODS  

TwoklndsofsedimentcoreswerecollectedfromtheChang）langDelta：COreSamples丘■Omtheseabottom  
Ofdelta－fronttoprodeltaareaヲandboreholesamplesfromthedeltaplain（Tablesl，2・Fig・1）・Thecore  
samplesweretakenusingaslmPlemulticoresampler（threesimultaneouscores，eaCh60cmlong）an9a  
gravitycorer，Thesecoresweresplit，described，andphotographed・X－rayPhotographsweretakenusingslab  
samplesn・Oma11splitcores・Sandandmudcontent，WaterCOntent，andmagneticsusceptibilityweremeasured  
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everyabout2cm．MineralogicalanalysesweredonebyX－raydifh－aCtionmethod（XRD）・Accumulationrates  
weremeasuredbythePb，210andCs－137methods．MarinepalynomorphanalysISWaSCOnductedunderthe  
lightmtcroscopeandSEM・Heavy－metalcontents（Zn，Cu，Pb，Ni，Co，Cr，Mn，Fe）wasmeasuredbyatomic  
absorptlOneVeryOneCm．Theboreholesamples（CM－97）weretakenonChongminglslandin1997・Thelength  
oftheCM－97coreisabout70m，andcorerecoverywasover90％．Othertwoboreholesamplesweretakenin  
1998（JS－98，HQ－98）．Thesecoreswerealsosplit，described，andphotographedLX－rayphotographsweretaken  
uslngSlabsamplesftomthesplitcore・Sandandmudcontentwasmeasuredfrom5－Cmthicksamplestaken  
every20cm．WetbulkdensltyWaSmeaSuredevery2・2cm・Approximatelyfiftyradiocarbondateswere  
obtainedfrommo11uscshellsandorganicmatterforCM－97coreusingAcceleratorMassSpectrometrybyBeta  
AnalyticInc．OnlyCM－97coreisdealtwithforboreholecoreanalysesinthispaper・  

Tablel・SamplinglocationofsurfacesedimentstakenfromtheoffshoreoftheChang】1ang・  

th corelen  litude waterde  Site  Latitude  Lon  

20．5m  31cmm 

25．5m  24 cm 

42．Om  8cm  

39．8m  20 cm 

27．2m  2（；cm  

42，Om  14 cm 

41．5m  12 cm 

35．3m  28 cm 

58．7m  31cmm 

39．Om  no sample 

l（〉．Om  88 cm 

28．5m  160 cm 

122－36．6E  

122－30．3E  

123－14．8E  

123．59．9E  

122－30．4】≡  

123－14．9E  

123－59．8E  

122－34．7E  

123－14．7E  

124－00．OE  

122－23．4E  

122－31．1E  

Meso－1  30－50．5N  

3ト59．8N  

31－59．5N  

32－00．1N  

l
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A
 
A
 
A
 
 

B－1  3】－45．4N  

B－3  31－35．6N  

B－5  31－29．8N  

C－1  31－25．5N  

C－3  31－10．5N  

C－5  30－59．8N  

G－1Core 31－27．1N  

B－1Core 31－45．2N  

ロ亡伽p加n OJ釦〟buhサ功さn〃eJき   

会鹿監チ卵。空き喜怒蕊甑忠告g≡監蕊髄語．生芦≧監温恕踪匹王V認g芸ニ3■ls－－tl■c－ay  
▲C。佃抑  Ⅷ測T・d…8t  

Fig・1・BoreholelocationsandsedimentdistnbutionoffshoreoftheChang】1ang・  

SedimentdistributionisafterDepartTnentOfMarineGeotogy（1975）り1  
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Tab】e2・Samplinglocationofboreholesedimentstakenfromthe Chang）iangDelta・  

Site Hole Latitude Lon  eitude Altitude 

CM－97 A，B，C 31－37．5N 121－23．6E 2．48 m  
JS－98  A，B，C 32－05．ON 121－05．OE 4．20 m  
H（）－98  A，B  32－15．ON 120－14．OE  5．91 m  
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1200  121  

Fig・2Shorelineandriver・mOuthbarmlgrationintheChangJiangDeltaduring†helast6ka．  

ARerLiandLi（19S‡）ユ），  

3．RESULTSANDDISCIJSSION   

（l）Millenmialscalechanges   
LithoIoglCally，theboreholesamplesexhibitedanupward－nningsuccessionfrom70mtoca・25m，arL  
upward－COarSenlngSuCCeSSionfrom25mtollm，andanupward一石ningsuccessionfromllmtotheground  
Surface・Basedonsediment払ciesandforaminiftra／molluscanalyses，thesesuccessionswereirLterPretedas  
fluvial，throughestuary，tOneriticenvirorunentsfbrthelowersuccession，PrOdeltatodelta－frontenvironments  
forthemiddlesuccession，andtidalnattodeltaplainfortheuppersuccession，inascendingorder，Radiocarbon  
agesofthesesuccessionswerefrom12000to6000yearsBPforthelowersuccessionand6000tolOOOyears  
BPforthemiddletouppersuccessions（Fig．3）．Thehighaccumulationrate丘om2000tolOOOyearsBPand  
thesedimentfacies什omthistimeperiodindicatethatthepaleo－deltaftontoftheChang］1angDeltapassedthe  
CM－97siteatthistime・SincethepresentdeltafiontislocatedaboutlOOkmeastofthissite，theaverage  
progradationrateofthedeltafrontfbrthelastlOOOto2000yearswas60to70m／yr．Thisisaslightlyhigher  
thantheaveragemlgrationrateof40to50m／yrforrlVerLmOuthbarsduringthelast6000years・ConsiderirLg  
thefunnel－ShapeoftheHolocenedeltaplainandprodeltadepth，theannualsedimentvolumedepositedinthe  
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delta一打0山肌dprodeltaareasmusthavebeenincreaslngOVertbela5tlO00と02000years．AsimlIarresultbas  
beenreportedfortheshorelinemlgrationrateinthesouthemdeltaplainoftheChangJlangbyCherlandZong  
（1998）ユ）1・TheyreportanabruPtincreaseintheshorelinemigrationrate2000yearsago，丘omca，2m／yrto  
between6and35m／yr・Thisincreaseisthoughttohavebeencausedbyadepocenterchangefromthenuvial  
plaintothedeltaareaoftheChangJiang（Chen，1996）4）1．Otherpossiblereasonsaretheincreaseofsediment  
dischargeandsedimentyieldduetosoilerosion，andadditionalsedimentsupplyfromtheHuanghe（Yellow  
River）dunngl128－1855，WhentheHuangheemptiedintotheYellowSeaatJiangsuabout350kmnorthofthe  
CbangJlangmOu払．  
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Fig．3．AccumutationcurveandageJepthptots丘）rCM－97core，andHoIocenesea－1evetcun′e  
ir）theEastChinaSea，AfterHorLetaL（）999）5）  

（2）De亡且dals亡alech且ngeS   

Surfacesedimentsweretaken丘omthelowerpartofthedeltafront，prOdelta，andinner－Shelfareas・These  
sedimentsconsistedofaltematlngSandandmudinthedelta，frontarea，Siltyclayintheprodeltaarea，and  
muddysandtosandintheinner－Shelfarea・DowncorevarlationingralnSizewaslargeinthedelta－frontarea・  
Thegraln－Sizedistributioninsurhcesedimentsamplesdidnotshowlargedi鮫rencescomparedwiththatof  
samplescollected20【025yea帽befbre（Depa佃entorMar－neGeolo餅1975）り・hmuddysediment5taken  
丘omtheprodeltaarea，aSlightupwardincreaseofaboutlOto20％isrecognizedforheavymetalcontentsuch  
aszn，Cu，Pb，Nj，aJ］dCr（Fig．4）．ThischangeoccurredoverthelastlOto20years・Thoughsediments丘om  
thedelta一正ontareaindicatesomedowncorechangesinheavymetalcontentandmineraloglCalassemblage，  
theyarethoughttobeduetomainlyvariationsingralnSizeLThemaximumconcentrationsofheavymetals  
werel15ppm（Zn），43ppm（Cu），34ppm（Pb），49ppm（Ni），19ppm（Co），145ppm（Cr），1・4％（Mn），and  
4．7％（Fe）．Mostofheavymetalcontentsdonotreachalevelofpollutedsediments・Thisisthoughttobethe  
effectofdilutionbyhugesedimentsupplyfiomtheChangJlnag・   
ApalynologlCalstudywascarrledouton9surfacesedimentsandG－lcore・Palynomorphsfoundinthese  
samplesconsistedofvarlOuStaXOnOmicgroupssuchasdinoflagellatecysts，Pra5inqDhyceaJ7PFvcoma，  
freshwaterChlorcp7vceanPediastnJm，ChrisqphyceanaTTheomona血tintinnidlorica，microforaminiferal  
linings，reStlngeggSandbodiesofcopepods，andacritarchs・Theresultsaresummarizedasfollows；  
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1・TheoccurrenceofPedlaytrumsuggeststhatfreshwaterplumderivedfromtheChang］langRiveris  
extendingtoaroundlOOkmoff丘omthemouth．  
2・1nthesurfacesediments，dinoflagellatecystconcentration，10tolO2cystsinlmlsediment，isapproximately  
One－tenthofthatincoastalareasandinnerbaysofKoreanPeninsulaandwestKyushu・  
3・Asautotrophic dinoflagellate cysts are dominatedin allsurface sedlmentS，eutrOphication does not  
exte鮎ivelyprogressofftheChangJlangRiver・However，intheG－1coresamplesincreaseofhetrotrophic  
dinoflagellatecystsupwardprobablyreflectsthedevelopmentofgradualeutrophicationsincethelastthreeor  
twodecades（Fig・5）．  
4・SomecLystsofredLtidescausativedinoflagellatessuchasLingulodiniumpob）edrum，Scr如）Sie［L71rDChoidba  
andPob）krikoskQbidi拍chwartziicomplexoccurredinthesurfacesedimentsandalsointhecoresamples．  
5・E11ipsoidaland ovoidalcysts are prot）ablyidenticalto toxic species such as Alexa77drium  
Catene］la〟amarmseandA・minu（um・reSPeCtively，ThesearefoundintheupperpartofthegravitycoreG－1，  
whichdatestoafterabout1970．  
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Fig．4．DowncoTeanalysisofbea叩melalsわrG－lco－e（め0VC）抑dMESO－lco†e（below）・  
TN（totalnitrogen），TC（Tbtalcarbon），andFe：％，Co，Pb，Cu，Ni，Zn，Cr，andMn：Ppm  
AccumulationTateSareeStimatedtobel，5cm／yrbyCs－137methodforG－1coreand】・5  

Cm／yrbyPト210melhodforMeso－1core・  
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Fig・5．ChangeofdinoflagellatecystassemblageinG－1Core・   

4．CONCLUI）mCREMARKS  

Sedimentcorestakenfiomthedeltaplainanddelta－fronttoprodel［aareaSOf（heChangJiang工）el（ahave  
recordednaturalandanthropogenicchangesofthecoastalenvironmentoftheChang】1ang・Landuseand  
bumanactivitie5in血edr別nageareaOf払eCban糾angrapidlybavebe印Cbang】ngfbr血】asthundredyears  
andimpactedoncoastalecosystem・Fortheevaluationofpasthumanactivitiesandtheirinnuencesoncoastal  
environments，mOredetailedanalysesofpastenvironmentalchangesshouldbedoneuslngSedimentcores  
h）mthetwoviewpolntSOfnaturalandanthropogenicchangeS・   

ACKNOWLEDGMENT：Weareverygratefu1toDrs．ZhouHuaiyangandChenJianfhngoftheSecond  
InstituteofOceanography，SOAforco11aborativeworkonsedimentcoresandcrewofHatjianNo・49・Wealso  
thankproflWangP血ianandZhaoQuanhongofTbn由iUniversityfbrtheirkindsupportfor（hejointborehole  
StudyontheChang】1angDelta．   

REFERENCES  
l）DepartmentofMarineGeology：BasiccharacteristicsofmodemsedimentationintheChang】iangDelta．Ton由iUniversity，61p・（in   
Chinese），1975．  

2）Li．C，andLi，P∴ThecharacterlSticsanddistrlbutionofHolocenesanddodiesintheChang」iangdeltaarea．ActaOceanologica   
Sinica，2，54－66，198ユ．  

3）Chen，X．andZong，Y」CoastalerosionalongtheChang】iangdeltaicshcrreline．ChinaニHistoryandPerspective・Estuarine，Coastal   
andSheげ5cjence，46，7jj－742，1998，  

4）Chen，X．：AnintegratedstudyofsedimentdischargefromtheChang］iangRiver，China，andthedettadevelopmentsincetheMid－   
Ho】ocene．Joun】aIorCoag【alReざe∬Ch】2，26－37，】996．  

5）Hori，H．，Saito，Y，，Zhao，Q，，Cheng，X．，Wang，P．andLi，C．：SedimentarycharacterlSticsofpo5トgLacialdepositsbeneaththc   
Cha咽ほngRiverDe旭・1nLand－SeaLinki爪A5ia■■Pro仁Kenne仙0・E爪印yCo爪memOra【ive！nlern且fjonall晦rk5h叩－●・Pr∝eedj喝5   

0fanintemationalworkshoponsedimenttransportandstorageincoastalsea・OCeanSyStem・EditedbyYoshikiSaito〉KenIkehara   
andHqlimeKatayama，STÅ（JISTEC）＆GeologicalSurveyofJapan，Tsukuba，Japan，140－144，1999・  

－174－   



Appendix   

Programme  

ParticipantsList   



PROGRAMME  

叩＝JY■恒l・J・りhハ・ム  

Adむeββeg  Chairman：Dr．WATANABEMasataka，NIES  

M上ENDO「血suo  
Director－General，WaterQualityBureau，EnvironmentAgency，Japan   

MェWGFei  
Director・General，DepartmentofMarineEnvironmentalProtection，SOA，  
Cllina   

DI・．OHIGen  
Director・General，NIES，Japan   

M上ZHANGl払11fen  
DeputyDirector，EastChinaSeaBranch，SOA，China  
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“Interaction between the Chang】iang River and the East China Sea  
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P和己ZHtTMin釘man  
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14：20－14：40 2．Re叩On鋸＝正20叩1乱nkbn叫血也on8t刀D鮎柑01vdFr8C也m正仙8nd  
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