
Bull．Fac．Bioresources，MieUniv．  
No．3：41＿56  
February28，1990  

LoealAggregationsofSur払ceZooplanktoninthe   
PelagieR曙iomsoftheNorthernNorth‡＞aci鮎，  

BeringSea．andtheGulfofAlaska＊  

A最to KAWAMURA   

FacultyofBioresources，MieUniversity  

Summary  

lnordertoinvestigatelocalaggregationpatternsofthesur払cemacro・ZOOPlankton，atOtaloften  

COnSeCuti＼・eSeriesofsanlPles＼＼▼CreCO11ectedusingasubmcrgedpunlPinthenorthernNorthPaeihc，Berhlg  

SeaandtheGuifofAlaskadu血gtbesummersof1985－1987．Theconsecutivesamplescomprised2ト36  

Segmentalcatchesandeachsegmentcoveredahorizontalsamplingdistanceof220－400m．Thetotalwet  

weightzooplanktonbiemassforasegmentalcatchvariedfrom20upto3700mg／m3・Localpeaksofthe  

bionlaSSWeremainl〉TCO111POSedof＾TETOCa［〝I川S♪l．L7］1C）zILtL50ftheC5Stageandノl一丁e（n■di〟f・〟Clかaof＼，ilr）・illg  

COpepOditestages．ThellighestindividualdensityoftheC50fN．9lumchniSandadultM．3，aCificaincluding  

thetwosexeswerelOO2and1577inds／m3，reSpeCtively．Thesespeciesformedlocalpeakshldependent－  

1yfromeachother，Numberofpeaksdetectedwas餌einM．Paci＃caandsixinN．Plumchrusoverthe  

Wholeseries．Thespatialscalesoftheseaggregationswereestimatedas220－3700rnforN．9lumchrus  

a王1d320－2900mぬr肱カαぐ挿招．Theaveragespacingdistancebetweenthetwoa朝acentag群egations  

WaS aPprOXimatcly8km．Theindividualdensityat thelocalpeaksindicates thatauthe swarm壷ke  

aggregationsdetectedinthissurveyaresupposedtobeofprecursorygatheringsatastageofft）rmlngOr  
fadi】唱Outfromtheso・ealLedsurfaces＼ヾa1111S．  

1．Introduction  

Since the studies by Hardy（1935，1936）the unevenand／or patchydistribution ofzooplanktonin the  

horizontalplanehasbeenaninterestingstudyareainthe鮎Idofmarineecologyinrelationtobothdistribution  

ecologyandecodynamicsofzooplanktonwithrespectto免shingandfeedinggroundsfortheplanktivorous  

animals．Thezooplankton，Whenaggregatedatanextremelyhighdensity，formsaswamtodiscolorthe  

Surfaceofseawater．Studyingthefeedinggroundsofthesouthemseiwhaies，Kawamura（1974）observedand  

iuustratedthesurfaceswarmsofCalanustonsusBradythataggregatedashighasxlO3－XlO4inds／m3inthe  

WaterSSOuthofWesternAustraiiawhiiethebackgrounddensityofC．ionsusinthesameregionwaslesstharn．0  

払〟m3．  

Thebaleenwhalesandmanyothernlterfeedersrelyontheirforagemostlyfromthesekindsofzooplankton  

SWarmS and／or schooIs ofmicronektonicanimals，Due to the enormousbiomass ofaggregathgplanktons  

＊）Planktonsamp蝕gandtreatmentofmaterialsforthisstudywereconductedattheLaboratoryofPlanktology，Fac．Fish．   

HokkaidoUniversity．   
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togetherwithlargenumberofpredatoryanimalsthatfeedonthem，alargepartofsecondaryproductionis  

transferredtotheanima量sofhighertrophiclevelsthroughthelocalaggregationsofzooplankters．Through  

studiesonthefoodhabitsofbaleenwhalesintheworldoceans（Kawamura，1980a），itbecameclearthatstomach  

COntentOfbaleenwha量esisusua11ycomposedofaslnglespeciesasaresultoffeedingonaggregatingzooplankton  

andsuchaggregationsinrelativelyshanowlayerswerecomposedofaumitednumberofplanktonspecies．  

Mostoftheseanimalswerecrustanceanssuchascopepodsandeuphausiidsintheiradvanceddevelopmental  

StageS，andtheyweremain王yrepresentedbytheherbivorousandomnivorousspecies．Geographicaliy，the  

OCCurrenCeOfsurfaceswarmsofzooplanktonhasbeenfoundintheso－Calledproductiveborealseasaswellasin  

thetropicalseassuchastheCoralSea，SouthPaci毎eastemandsouthwestemIndianoceans（Kawamura，  

1980b）．SwarmsofpianlくtOniccrustaceansinthelatterwasmainlyrepresentedbyeuphausiids（seeRoger，  

1973a，b）．InthenorthernNorthPacificswarmsofplanktoniccrustaceans，SuChasNeocalanusPlumchnLS，N，  

Cぬ勉おg，C．♪αC≠粒びぶ，肋～わdぬタαC≠如α，SeVeralspeciesofeuphausiids，amphipodsanddecapodshavebeen  

detected（Nemoto，1963；Omoriβ～αJ．1972；Parsons，1972；Kawamura，1982）．However，hthepe長agicwaters  

ofthenorthPaci魚cneithertheambientaspectsofoccurrenceandthestatusofswarmlngCOPepOdsbythe  

COnVentionalzooplanktontownetnoranydiscoloredwaterpatchesduetoaggregatingzooplanktonhavebeen  

detectedexceptanobservationonG娘∽紙用頑卯南m放眈（＝C．如頑紅∽）（K止ou，195軌 OmoriandHamner  

（1982）didnotincludethosecopepodspeciesmentionedaboveintheirreviewonthepatchydistribtltionof  

lllarlneZOOPlankton．  

Theconsecutivesurfaceplanktonsampiingwascarriedoutfor女）uryearStOeStimatethespatialscaleand  

freqtlenCyOftheoccurrenceofsurfacezooplanktonaggregations，eSpeCiallycopepods・Amongplanktonic  

crustaceans，N．PlumchniS，N．cristatusandC．i・aC絢uswerethemajortargetspeciessincetheywerethe  

possiblekeyspeciesた・OmtheecoIogicalpointofviewtogetherwithsomeeuphaus辻dspeciesintheNorthPac漬c  

Ocean，OkhotskSeaandKudleregions（Zenkevitch，ユ963；Kos，1977）．Oneoftheconsecutivesamples  

collectedwithamodi鮎dNorpacnetin1981werealreadypubushed（KawamuraandHirano，1985），andtheir  

触dingscorrespondedto伽e’or‘coarselscaledpatchesproposedbyHauryetal・（1978）・王nthepresent  

report，theunevenessofsurfacezooplanktondistributionsinrelationtospatialscalebasedontheconsecutive  

SamPlesinthenorthernNorthPaciAc，BeringSeaandtheGulfofAlaskainthesummerfrom1985tl甘Ough1987  

wi1ibediscussed．  

ユ・Iaterialand爪1ethods  

Thematerialwascouectedduringthethreecruisesonthetrainingships，‘OshoroMaru’and‘HokuseiMaru’  

OfHokkaidoUniversity，COVerhgatotaloftll加eenstations（Fig．1）．ThedataonsamplhgaregiveninTablel．  

Theconsecutiveplanktonsamplingwasconductedusingavortex／＄emi－VOrteXSubmergedpurnp（Ebara  

50DVS6．4S，SeeOmori，1985）whichhasadehveringrateofca．2001／minandaspindle－Shapediso一触wrate  

distributionasmeasuredinstillwatertank（Fig．2）．王npractice，thepumpprovidedwithanadditionallead  

Weightwashungintotheseaandwas丘ⅩedatowlngrOpefromtheupstreamsidetokeepthepumpatadepthof  

ト5m，Theshiptrawledataspeedofca．1．5－2．Okt．Thesamplingwasstartedatlhrormoreafterthe  

SunSet．ThelocationofsamplingwasdeterminedsimplybycheckingtheoccurrenceofN．Plumchrusinthe  

CatCheswithaNorpacnet．Thewaterbeingdeliveredontotheship’sdeckwasauowedfora5－min魚Itration（ca．  

1．Om30fwater魚1tered）withasma量1samp血gconicalnetofpylen♯60netting（0，3mmapertures）．The   
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Fig．1．Mapshowingthestationsforconsecutiveplanktonsamphgs・Resultsforthecatchesin  

1981（Ho81144，飢161andHo81171）werepreviousIyreported（SeeKawamuraandHirano，  

1985）．  

恥blel．DataonConsecutivePlanktonSampiing   
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率）Forlocationむfsamplil唱Station，SeeFac．Fiぬ．HokkaはoUnjv．（198乳  
輌）0verestimationduetotroubleduringsaml）1ing，  

numberofconsecutivesamplingseriesineachyearwas3，but4in1987．Eachconsecutivesamplingseries  

consisted of22－37segmentalcatches，eaCh ofwhich covered a hodzontaldistance of220－500m・The  

samplingdepthvariedbetweenl．0－5．Om．Samplesretainedonthe艮iterconewere丘ⅩedbyalO％buffered  

fomalin solution．The wet weight andindividualnumber of selected species were obtained without  

Sub－SamPling．   
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Fig．2．Distributionoftheve10CitymagnitudeforpumplngWateraCrOSSthetwosectionsaroundthe  

waterintakeofvortex／semipvortexsubmergedpump（Ebara50DVS6．4S）．Contourinter・  

valis5．Ocm／sec．  

Surfacetemperattlreandsalinityweremonitoredduringthecourseofconsecutivesamplingsandnonotable  

auctuationthatmayexplainthevariationsofzooplanktonconcentrationwerefbund．  

Results   

l．Biomass Distributions   

Zooplanktonbiomass（wetwe鹿htmg／m3）如segmentalcatchwasatalevelofseveralhun血edsmg／m3in  

mostseriesofcatches（Table2），butitshowedconsiderabledegreeofvadationsftomyear－tO－yearandた・OmOne  

COnSeCutivesampieserie＄tOanOtherwithinashortdistance（Fig．3）．Inseveralsamples，i．eりHo85117and  

Os87096，aSma11nuctuationwasfbundthroughoutthesegmentsinarangeoflessthan2－3foldbetweenupper  

andlowerextremes，Whileinapronouncedunevenessofmorethan80foldwasrecorded．Itwasinterestingto  

Table2．The Coe蝕：ientofVariation（CV）andLloydIndex（LI）inTotalWet  

WeightBiomassofZooplanktont奴oughtheConsectltiveCatchSeries  

htheSurねceWaters（mg／m3）  
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Fig．3．Horizontalchangesinthetotalzooplanktonwetweightbiomassinconsecutiveplankton  
samplimgs・Notechangedscaleintheco追ectionsegments払rtbe1986catcbes・  

notethatmanylesspro血entlocalpeaksoccurred，eaChofwhichwasusuanyisolatedandrarelyencompassed  

overthesequentialcatche＄・Thecoefncientofvariation（CV：S・D・／文）ofthetotalbiomasswasinarangeofO・22  

andl．75，meaningthatthebiomassofsurfacezoopIanktonintermsofwetweightdistributeevenlyinthestudy   
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Fig・4・Horizontalchanges htheindividualnumberinconsecutive catches at Ho85095．SymboIsirlFigs．4N13are  

respectively；Totalbiomass（dotted），N．PLumchrus（hatched），ノ払Pacがca（verticaistripe）andC．♪ac歩cus（horizon－  

talstripe）．  

（a）Totalbiomass，（b）Chaetognatha，（c）Amphipoda・hyperiids，（d）Micro・Calanoids，（e）Meiridiaspp．，（fト（j）  

Ncoca］a，7JLSPhL，，，C）mLS，CいC2．Cこl．C．，andC5．（k）C．♪（1Ctdct（S（a‖copepodids）．＊：＜1ind．血：1  

Fig．5．Horizontalchanges of theindividualnumberin consecutive catches at〟Ho85107．、（a）Totalbiomass，（b）  

R妙nchoneileYagnlCilis，（Polychaeta），（c）Sa砂a，Smal】aggregate forms，（d）Appendicularia，（e）Amphipoda・  

h）rPeriids（f）h！1icro・Calanoids，（g）C．♪〟C匝zLS（a‖copepodids）．  

Fig．6．Horizontalchan酢SiれtheindividualnumberinconsecutivecatchesatHo85117．  

（a）Totalbiomass，（b）Chaetognatha，（c）Limacina，（d）Amphipoda・hyperiids，（e）Micro－Calanoids，（f）Melridia  

？ac所ca（allcopepodids），（g）E・bungiibungii（aucopepodids），（hト（l）N．plumchrusCl－C5，（m）C．Pac＃us（au  

COPePOdids）．  

reg10nS．However，thecasessuchasHo85095，Ho85107，Os86052，Os86077andOs87055showedrelatively  

largeCVvaluesandthisfactsuggestedtheoccurrenceofalocahzedconcentrationofzooplankton．Asthe  

horizontaldistancecoveringeachconsecutivesamphngseriesh－Om1985through1987was6．7－10．Okm（See  

Tab重el），thelocalconcentrationsoccurringatasinglesegmentorover2－3consectivesegments，WOuldbeofan  

orderofseveralhundredstothousandmeters．  

2．LocalVariationinMajorZooplanktonSpecies  

2－1．Catchesin1985  

Thedistributionpatteminatotalofllkindsofzooplanktongroupsorspecieswereexaminedoverthe   
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Table3．TlleCVandLIValuesinMajorZoop】an】（tOnTaxaねrtheConsecutive  

Catches in 1985 

Ho85095  Ho85107  Iio85117  

CV L王   CV LI CV LI  
Plankton   
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〃（豆∩■血り俳壇㌦  

動描血糊H舶感沌肌廓C5  
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1，19  2．01  

0．93  1．65  

1．22  2．34  

0．88  1．67  

＊）Adu王tmales，ねmalesandjuveniles．  

threeconsecutivesamplingseries（Figs．4－6）．OfthreeseriesonenotabIelocalhighconcentrationoftheC5  

StageOfNeocalanusPlumchruswasfoundatHo85095wheretheCVwasl．14雨ththehighestindividualdensity  

of736inds／m3followedby665inds／m3（Fig．4，Table3）．Thisshowedagoodcoincidencewiththepattemof  

Peaksinthetotalbiomass（Fig．4）．As showninthepreviousreport（KawamuraandHirano，1985），the  

OCCurrenCe OfCl－C40fN・blumchniS WaS Very pOOr and their density was far ftom foming anylocal  

aggregation．The軋ICtuationpatterninMe扇dia♪ac析caalsoshowedalesspronouncedlocalconcentrationwith  

aCVvalueofonlyO・弘ItmustbenotedthatIocalpeakofeachspeciestendstobedifferentinthetimlngOf  

appearancewithinthesameconsecutiveseries．Sa如atHo85107rnostlycomposedofasmalldeveloping  

aggregatefoms，alsodemonstratedalocalhighconcentrationwithamaximumdensityof185inds／m3，andits  

CVwas2・34（Fig・5）・TheSa如wastheonlyresponsibleorganismsforthetwolocalpeaksinbiomass  

distdbution．AlthoughC50fN．9lumchrusatHo851170CCurredatahighdensityasmorethan300inds／m3  

（max．344inds／m3），thereobservednosignofunevendistributions（CV：0．34），andthesamewastruefora㍊  

COPepOdidsof肋摘如αC所∽（CV：0．33，maX．504inds／m3，aVerage，2弘2inds／m3）（Fig．6）．仙copopodid  

StageSOfCalanusbac＃cus，Eucahmusbungiibu7di，Chaetognaths，yOunghyperHd－amPhipods，micro－Calanoids  

anderrantiapolychaetesshowedsporadicoccurrenceswithuttleslgnOfuneveness．  

2－2．Catchesin1986  

0fthetlweeconsecutive sampleseries，PrOnOunCedlocalhighconcentrationswerefoundinC50fN．  

PlumchrusatOs86036，Os86052andOs86077，Whi王ethoseofM．i＞aC所cawereatthelattertwostations（Figs・  

7－9）．TheCVva重uesforthelocalaggregationsofC5inN．plumchrusatthreestationswereO．61，1．42and   
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Fig．7．HorizontaicllangeS血theindividualnumberin  

COnSeCutivecatchesatOs86036．  
（a）Totalbiomass，（bト（e）凡如㈹ぬ恥（Cl＋  

C2トC5，（fト（i）〟．♪αC革妙α，yOung COpePOdjds，  

immaturenlalcs．adu）tma】esandfenla）es．  

Fiき‡．S．HorlZOntalchangesin theindi＼・iduaL nunlberin  

COnSeCutivecatchesatOs∂6052．  

（a）Tota＝）iomass．（b）－（e）N．phLmCh）lzLS（Cl＋Cご）  

－C5，（fト（g）ノ玖βac挿ca，immature＋adultmales  

andfemales．  

Fig．9．Horizontalcha咽eSin theindividualnumberin  

COnSeCutivecatchesatOs66077．  

（a）TotaJbioTllaSS．（b）jlc（11・（LLa／01tgTITlllis，adult＋  

eopepodids．（c）Pse：LdncE7la）1tLS））Lけ‖（tLLSnndothcr  

micro－ea）anoids．（d）－（c）M．♪（1q扉〝，；ldu）t  

ぬmales，andimmature十adu】tmales，（f）凡が〝秒  

Cゐ礪，C5．  
35  S lO l＄   営q  

No、⊂lco－1¢⊂tlonミ  

Fig．9．  
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2r37，reSPeCtively，Withthehighestconcentrationof326inds／m3atos86036（Fig．7，Tabie4）．AlthoughtheC5  

0fNIPlumchrusatOs86036presentedanapparentlocalpeak，theaveragewashighres血inginarelativelylow  

CVvalue（0・61）・N・PlumchrusofauorpartofthedevelopmentalstagesofcopepodidsCINC40CCurred  

throughoutthethreesamp血gseries，buttheirconcentrationswerelowcomparedwithC5andshowedlittleslgn  

Ofpatchydistributionasitwaspointedoutinthepreviousreport（KawamuraandHirano，1985）．Di鮎rentfrom  

thecatchesin1985，localpeaksbyeachspeciesgenera山ycoincidedweuwiththe員guresofthetotalbiomass．   
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TabIe4．TheCVandLIValuesinM毎orZooplanktonTaxafbrtheConsecutive  

Catchesb1986  

P】an永ton   

taxa   

Os86036  0s86052  0s86077  
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＊）Adultandjuvenile  

InM．pac≠如a，themaximaoflocallydenseconcentrationwere143inds血3inadultfemales，106inds／m3in  

yotlngerCOpepOdidsplusadultmalesatOs86077and187inds／m3incopepodidsplusadultmalesatOs86052  
（Figs・8－9）・Acαタ庇わ頑柁ぬintheBe血gSeaatOs86077waslowinconcentrationswithoutanysignoflocai  

aggregations（CV：0・796）．AlthoughrelativelyhighCVvalueswerefoundin1986，thehighestconcentrationsof  

individualswerebyfarlowerthanthepossibleindividualnumbersfoundinsuchsurfaceswarmsofthecopopods  
asinthecaseinC」加矧那（seeKawamura，1974）．   

Inordertomonitortheenviromentalconditionsduringthecourseofconsecutivesamp肋g，phytoplanktonin  

the丘Itratesofzooplanktonwasco㍊ectedwitha40pmnetatintervalsofonceeverythreezooplanktoncatchesin  

1986－ Thephytoplankton，however，ShowednonotablecorrelationtozoopIanktonabundances．InOs86077  

Cemiiumlong＊es，Clbuch曖halumandRhizosoleniahebetaiadominatedtlばOughouttheconsecutivesampung．  

ChaetocerosailanticumoccurredintwosegmentalcatcheslbetweenNos・16－18whereasmalipealくOfN．  
i？lumchruswasobserved・However，thesephytoplanktondistributionsarebyfarunkkelytoexplainanylocal  

COnCentrationsofcopepods．  

2－3，Catchesin1987   

Fourseriesofconsecutivesamp伽gwereconducted（Figs．10－13）．Ofthesehighlocalconcentrationsof  

C50fN．plumchruswerefoundatOs87037wherethemaximaldensitiesoflOO2，967，and844inds／m3were  

recordedandtheCVvaluewasO・61（Fig・10，Table5）．Cl－C40fNplumchrusshowedhighCVva王uesdueto  

asporadicoccurrenceatrelativelylowconcentrationsandtheyshowedquitedi鮎rentspatial鮎ctuationsfrom  

theC5，andthesarnewastrueforOs87096（Fig，12）．C．pacがcusandE．bungiibuナ癖alsooccurredbutthe  

CVvaまuesweresmalL The触ctuationoftotalbiomassatOs87037wasweuexplainedbytheoccurrenceofC5  

0f〃・錘槻励礎・Anothersim血rcasewastわeaduitof〟．♪αC≠如αOftktwosexeswheretwopronounced  

localpeaks，1577and772inds／m3，Werefound（Fig・11）・TheCVvalueforthiswasl・52andl．78respectively，   
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Fig．13．Horizontalchangesin theindividualnumberin  

corlSeCutivecatchesatOs87106．  

（a）Totalbiomass，（bト（C）肱劇画転 adult  

kma】es and copepodids，（dト（g）凡♪gぴタ〃Cゐγぴざ，  
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（a）Tota）bi冊1；1SS．（bりI．l｝（LCt血z．adu）Lsofboth  

sexes andcopepodids（SOlid spots），（cト（g）凡  

錘肋知略Cl－C5．  

andtheseconcentrationsmayindicatelocalaggregationsorswarms．TheadultsofM・Pacがcaoccurredinthe  

laterhalfoftheconsecutivesampling・Itmustbenotedthattheirlocalpeaksappearedinadi鮎rentsegmental  

catch from that ofN．Plumchrus．The younger copepodids ofM－Pac所ca also showed possiblelocal  

aggregationswiththehighestdensityof762inds′m3andl・72fortheCVvalueattheendoftheseries・Whatis   
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Yahle5．TheCVandLIvaluesinMajorZooplanktonTaxafortheConsecutiveCatchesin1987  
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＊）Aucopepodites  

importantherethatthelocalpeaks如bothadultandcopepodidsofMi，aC絢aappearedindifferentsegmental  

CatChes，thatis，localpeaksofthetota王biomassconsistedofdi鮎rentcomponentspeciesordevelopmental  

StageSOfthesamespeciesasitwasobservedinthecatchesatHo85107andHo85117．Thecatchesat  

Os87106waspooreveninfemaleM．3）aC妙a（Fig．13）．However，therewasalsothecasehlWhichthelocal  

Peakofthetotalbiomassappeareddifferentlyfromthatofmajorcomponentspecies．Themaximalindividual  

densitiesbyadultandjuvenileMPac絢aatOs87055intheBeringSearecordedl．6×10：‡and7．6×102inds／m3  

respectively，WhichwereperhapsataleveIofapossible‘precursory，stageofaggregationbeforebrmingsurface  

SWarmS．  

Discussio11   

Thetotaibiomassofsurfacezooplanktonvariedfrom2Omgim3upto3700mg／m3amongthetenconsecutive  
CatChseries・Oneofthecharacteristicsinthehorizontaldistributionofzooplanktonisapronouncederraticor  

＆equentzig－ZagpatternSwithinasmauspatialscaleasitwastypicallyshowninFig．7．Thoughspacingof  

Samplingwasalsovariabiebyeachconsecutivesampung，itwascalculatedas220p400m．Itwasseldomthata  

localhighdensitycontinuedtooccurextendingoverthesuccessivesegmentalcatches，thatis，theloca＝一igh  

densityusua㍊yoccurredwitl－aniso】atedpeakofonespecies・Whenthevariationwaslesspronouncedsuchas  

thecaseinHo85117，Os87037andOs87096，thecoefRcientofvariationandLloyd，sIndexofpatchiness（Lloyd，  

1967）weresmauwhileothersmarkedhighvaluesofvaryingmagnitudes（Table2）．Itisofgreatimportance  

thatthepronouncedchangeinzooplanktonbiornassmayoccurfrequentlywitl血a触escaledhorizontalspaceof  

SOmehundredstoonethousandmeters・Such＆equentchangesmayalsoexistinagivenstlb－Surfacelayersuch  

asthecaseoftheMeiridiaspeciesthatdemonstratetwosub－Suぬceabundancemaxima（Hattori，1989）．  

AnothercaseofshppingoutthephaseofpeakabundanceintheverticaldistributionofzooplanktoninBa‰Bay   
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has also been observed（Sameoto，1984）．Similar examples based on the LHPR samples may be found  

elsewhere（i．e．，Longhurst，1967；Wiebe，1970；Fashametal．，1985）・Ofthose，HauryandWiebe（1982）  

demonstratedaclearhorizontalvariationsatseveraldi鮎rentsub－Surfacelayers．Allthesecharacteristicsof  

distributioninbothhorizontalandverticaldirectionsmaycausetheamountofplanktoncatchesofverticalnet  
haulstovaryconsiderablywiththemagnitudeofuptoseveralhundredpercentintermsofthecoe魚cientof  

variation．Asimilarfactwasalsoobservedinreplicatenethaulsevenata丘Ⅹedsamplingstation（Barnesand  

Marsh蛾1951；Motoda，1957），Whichis caused by the spatial1y smau－SCa王eheterogenous distributionof  

plankton．Thebiomassofsurfacezoopianktonmayshowsheterogeneouspatternswithlocalpeaksofvarying  
extent（C．Ⅴ．：0．22－1．75；LIoyedIndex：1．05－4．05），andtheirhorizontalspatialscaleisanorderofuptoト2km  

（seeFig．3andTablel）．   

Thelocalpeaksbyaggregatingzooplanktonsarecomposedofasingleormixedspeciesassemblages・To  

seethecompositionoflocalpeaksbyzooplanktonspeciesぬroughoutthetenconsecutivesampungseries（Figs・  

4－13），anumberofspeciesthatcoexistedwiththemajorcomponentspecieswithvar〕血gabundanceswasfound・  

It seems to be unXkely that thelocalpeaks are ft）rmed coincident主y bymultiple species，butonemajor  

peakイormingspeciesexistedhkeinthecaseofN．plumchrusand肱PacificaatHo85095andOs87055・  

BetweenN．PlumchrusandO助onasimilis，itwasalsodemonstratedthatashppingoutofthephaseinthe  

fbrmingofthelocalpeaksintheconsecutivenetsamplesintheSanrikuwatersoffthenortheastemJapan  
（Kawamura，1979），Theaboveevidencesuggeststhatthemajorpeak－formingzooplanktonspeciesmaytake  

overfrequentlyfromtime totime・These aspects ofthedistdbutionpatternmaybecomeimportantin  

interpretingthelocalchangeintheabundanceofplankton，particularlyinthecaseofsuchdataasobtainedwithan  
electroniccountingsystem（i．e．，Mackasetal．，1981），Whichgenera艮ylackspec泊cinfomation・Thismaybe  

criticalespeciallyinthestudiesofenvironmentalconditionsrelatedto鮎hingandfeedinggroundswherethe  

qualityoffeedplanktonmustbeknownasweilasthetotalabundanceofplankton・  
TheswamofplanktoniccruStaCeanSinthestrictmeamngmustbemonospeci丘casitbecameclearby  

stomachanalysisofbaieenwhalesandbytheneldobservations（Kawamura，1974，1980a，1980b，1982；Nemoto，  

1963；Omorietal．，1972）．TheindividualdensityofC5StageOfCahmusionsusswarmswasfbundtobeinthe  

order ofbetweenlO3－104inds／m3（Kawamura，1974），Taylor and Taylor（1977）demonstrated that the  

varianceofmeandensityofanimaisbecamesmailwiththeincreaseinthemeandensityinlog－logrelationships，  

andthecorrelationbetweenthetwoparameterscharacteristicallyvariedaccordingthespeciesoftheanimal  
tested．Itthissense，thedensityoflO4inds／m3inC・ionsusseemstobeordinaryfortheswarmofthis  

copepod．ThehighestconcentrationsoftheC50fNplumchrusandmixedcopepodidsofMpac絢awerelOO2  

inds／m3（Os87037）and1577inds／m3（Os87055），reSpeCtively．Thesevaluesseemtobeneariyatthelower  

extremeofindividualdensityforthesurfaceswarmOrSWarm－1keaggregation．Theusualindividualdensityof  

thesetwospeciesestimatedbythestandardNorpacnethaulsinthereg10nOfpresentstudywasfoundtobea  
severaltenthinds／m3（Facu靂tyofFisheries，HokkaidoUniv．，1960～1963；Kawamura，1978）．Thesefactsand  

thedatabyKawamuraandHirano（1985）may‡eadtoconsiderationthattheconcentrationofcopepodsmorethan  

severa1100inds／m3wouldbeaunusualhighdensityclosetoaswarm一敗eaggregantion．Whenalocalpeakofa  

m如orcomponentspeciesoccurre札asmalllocalpeakofmhorspeciescoexistedwiぬvar）血gdensities－ No  

loca豊1yhighand monospeci6c zooplanktonconcentrations were observedinthepresentstudy・The wen  

estab最shedswamis，Ontheotherhand，mOnOSpeCi丘ccompositionashavingbeenknowninCalanustonsus  

（Kawamura，1974）andC．．伽marchicus（Wiborg，1976）．Consequently，itisconsideredthata1lorapartoflocal   
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Peaksdetectedintl扇sstudywerenotexactlya‘swarm’，butprobabiytheaggregationata‘precursory’stagefor  

theswarmfomationoronthewayofdispersal．   

Inthepreviousstudythroughtheuseofatownet，KawamuraandHirano（1985）reportedthatthelocal  

COnCentrationsofN・i＞lumchrusoccurredwithaspatialscaleofca．ト2kmwithaseparationdistanceof5－6km．  

Inaggregationofpelagicpianktonofmanytaxonornicgroups，thedensityisusuallyhigherthanlO2qlO3inds／m3  

（OmodandHamner，1982）・Kawamura（1974）estimatedthelowestdensityofactuallyswarmingC．tonsusas  

3・3×102inds／m3，andMotodaandSato（1949）fbundthatN・？lumchrusinthenortbemJapanSeaaggregatedata  

densityof5・5×102inds／m3・Assummgadensityofca・3×102inds′m3tobeaslgnOfplausibleswarm一此e  

aggregation，SixsegmentalcatchesinN．blumchrusand6veinM．Pac絢aoutofthepresenttenconsecutive  

SamplingseriesmaybedesignatedasaggregationclosetowhatistermedaLswarm’（seeFigs．4－13）．The  

localpeakinmostcasesoccurredinasinglesegmentalcatchwhileitoccurredbyconnecting2－3ormore  

COnSeCutivesegmentsinOs87037，Os87055andHo85117．Asthesampungspaceofsegmentaまcatchwas220  

m（Os86036）to400m（Os87055）（SeeTablel），horizontalspatialscaleofanaggregationorswarmcanbe  

estimated200N3700mforN．plumchntsand32O－2900mfbrM．paciGca（Table6）．DuringtheTransPad負c  

Investigations，thelocalaggregations ofN．crisiaius demonstrated spatialextension ofabout200－300m  

（Barrachloughetal”1969）・Thesizeofautheseaggregationsofcopepodsarecategorizedintoalm－1km  

SCalewhichHauryetal．（1978）named‘蝕e scale’patchiness，andare ciearlydi鮎rentfromthe so－Ca11ed  

micro－distdbutionsofpIanktoninwhichthespatialscaleisofanorderofuptoseveraltenthmeters（i．e．，Haury  

and Wiebe，1982）・TwocasesofOs87037and‡io85117，hwhichbighconcentrations of凡才血邪ゐ糊ぶ  

extendedoverten（3・7km）andnine（2・9km）samplingsegmentsrespectivelywereexceptionauylargescaleand  

Shouldbecategorizedas血e‘coarse’aggregations（HauryβfαJ．，197乳 Evenso，thesespatialscalesares仙  

Sma丑withthegenerallyknownzooplanktonpatchinessinpela由cwaters（i．eリCushingandTungate，1963；  

Steele，1976）．   

Thetotaldistancecoveredbythetenconsecutivesamplingsin1985－1987amounts88km，andswarm一炊e  
aggregationsnumbered5for肱3＞aC≠如aand6forN．？lumchrus，Whichmeansthataggregationofoneofthetwo  

COpePOdspeciesexpectedtobeencounteredatevery8kmofseasurface・Analyzirlgthedistributionofcatch  
locationofwhalesandtheirstomachconditions，Kawamura（1978）obtained2－22kmastobethespacing  

Table6・EstimatedScaleoftheSurfaceAggregationshthcTwoCopepodSpecies  

Distanceof   
Sampiing  

Segment（m）  

I  FrenCy  w】這3  Remarks   
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distanceofCalanusswarmsinthenorthwesternNorthPac抗c．ThelocaIpeaksofC．bmanhicusintheNorth  

Sea（Mackasetal．．1985）showedverysimilaroccurrencestoabove－mentioned銭gures．Theoccurrenceof  

highconcentrationsofcopopods（morethanlOOinds／10miie）払undintheConiinuousPhmkわnRecwdsinthe  

NorthSea（RaeandRee，1947）wasalsoataspatialscaleclosetothepresentestimation．Different＆omthe  

regions where various oceanic蝕）1舐S eXist，the preserlt S餌dy was conductedin morlOtOnOuS mid－OCeanic  

environment．Consequently，itisun駄elythatthesmau－SCaleloca王aggregationsofzooplanktonfomedinthe  

Suぬce払yer面担becau＄edbyphysicocわemi00iconditjons．HauryandWiebe（ユ982）areofasi扇ユaropj点joれ  

duetotheiranalysesofLHPRsamples．Probablytbe胤1e’or‘coarse’scaleaggregationsorpatchinessas  

Observedin this studyareatthespat童ajpatterns ofprocessesinbiologicalinteractionsrelatingtomutual  

attractionbetweenanimaisofformingaggregativegatheringswhichStavn（1971）named‘coactivepattems’、  

Thetrendstoaggregate，eSpeCiailyatthe5thcopepodidstageinherbivorousmembersofNeocalanus，are  

noteworthyinconsideringpossib呈ecausativereasonsforthegatheringsincontrasttothecaseinsomeCalanus  

SpeCieswhichwasfoundinbothadultandhtecopepodidstages．AhighconcentrationoraggregationofN．  

Cr由iahiSOfanyofthecopepodidstageswasnotdetectedinthisstudy．Itwasperhapsduetothedistributionof  

densepopu蚤ationofN．cristaiusat30－40minthenorthernNorthPaci鮎（Barraclougheial．1969）．  
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北部北太平洋，ベ｝リング海及びアラスカ湾における  

表層動物プランクトンの局所的集合  

河 村 車 人  

三並大学生物資源学部   

源渾の衆層で大観動物プランクトンが示す局所的な炎合分和こついて，その空間規模と払現頻度の推定を観みた。  

北太平洋北方寒冷水域において線画下1－5m探に摺下した水中ポンプを用いて合昏＝0固の適続採集を行った。生物  

螢（漫蕊螢）は20－3700mg／m3の変動を示し，局所的な分布のピークは主として節5期ステージの〟血肌涼椚描  

画弼励Ⅶと複数の発育ステージからなる〟め庖ぬ知和動Ⅵによって形成されていた。出現確度は特定できなかった  

が，両様は涯衆層郎で高密度の集合分布をし，これによって二次生産が‘massconsumption’に曝される蕊賽なチャン  

ネルとなっている。凡妙刑Cゐ徹と肱匝節用の激高個体襟度は各々1002と1577inds／m3であった。多くの場合，  

局所的ピークが連続採鋸標本の申で払現する位記聞係は種問で輿なっており，この現象が外部環境による塊根ではな  

く生物の内在的賓因によるものであると考えられた。過去のデータから300inds／m3程度の個体密度をコペボーダの  

集群状態の敢低額皮とすれば，今回の仝採集シリーズを通じてこれを超えた例は凡が抑祓Ⅶで針6回，肱か両独  

で計5蘭であった。これらから〃．錘㈱由偶の個所約な嵩密詞集合の起こっている空間規模は約220－3700m，〟．  

錘頑ねでは320－2900m程度であり，このような局所的ピークほ海衣耐8kmあたり1回程度起こっている現象と推  

定された。しかし，見いだされた局所的な高密度の集合は常に複数種からなっており，単一楼からなるいわゆる  

‘swamタではなく，SWamの形成過程か，離散過掛こあるものでほないかと考えられた。   




