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ThisstudywasdesignedtoexaminetheecologlCalcharacteristicsoftwobrownalgac，Eiseniabiqclis  
andEckloniacaba，andthemarineforestsformedbythesespecies．Thesespeciesarewidelydistributed  

along the Paci6c coast of centralJal）an and areimportant algae both ecologicauy and economically．  

Whereverthewaterconditionsandsubstratumaresuitablc，bothspeciesfomdense，eXPanSivemarine  

forests，1－3minheight．Ei．biqclisusuaIlygrowsinsha1lowwaterdownto8－10minthesubiittoral  

ZOne．Ec．cava，Ontheotherhand，OCCuPleSdeeperwaterof4－25mormore．  

Ai10metricrelationshipsbetweenstipelcngthordjameterandweightofstipe，blade，andtotaほ・Ond  

WereeXaminedtoobtainuse餌Ianalyticcharactersformeasurlngthepopulationstructure．  

Theregenerationofbothmarineforestswerestudiedwiththemethodsofpermanerltquadratand  
mappingfor6years．Theregenerationprocessandturnovertimewererevcaledascomparedwiththose  
Of terrestrialclimax forests．The three phases of gap，buiiding and mature were distinguished by  

reference to the structuraianddynamicfeatures ofthe populationhtheregenerationprocess．The  
turnovertimewas5M6yearsfortheEi．biqclispopulationand3yearsfortheEc．cal）apOpulation．  

TheanalysisofdistributionalpattemsandproductionstructuresofEi．biq／ClisandEc．cavapopulations  

SuggeStedthattherewassigni鮎antintraspeciticcompetitionforgettinglightbetweenthecanopyfronds  

and recruitsirlVOIving the same age groups．Young fronds of these specjes were growlng under  
COnSiderablylowLightconditionsonthepopulation鮎or，CriticallightconditionsforyoungEi．bわ・Clisand  

gぐ．α㍑協WereeXaminedonthepopulation鮎or．  

ThcdailycompensationlightforyoungEi．bわ・ClisandEc．cavawascalculatedwithmathematical  

modekbasedonphotosynthesis－1ightequationsandnaturallightconditions．TheesthTlateddailylight  

COmPenSationpoirltdidnotconaictwiththeobservedcriticallightunderinsituほghtconditions．Itwas  

ClearthatyoungEc．cavafrondscangrowunderlowerinsilulightintensityindeeperwaterthanyoungEi．  

抽卿姑鉦o11ds．  

ThedemograpllyWaSStudiedmainlyfortllegC．CαぴαpOpulation．TheWeibulはequencydistribution  

WaSuSedtoanaly乙ethefactorsregulatingmortautyfromthesurvivorcurve．TheaveragelifespanofEc．  

α㍑ⅥWaS16．5months，andthemaximuml鮎spa王1WaS5years．asindicatedinl馳table．  

Keywords：Ei5eniabめ，Clis，Eckloniacava，pOpulationstructure．production，demography  

Introduction  

The two species ofbrowrlalgae，Eisenia biqcLis（KJELLMAN）SETCHELL and Echlonid cava KJELLMÅN  

（Laminariaceae），havewidedistributionalongthecoastfromcentraltosouthernJapan（Fig．1）．Ei．biqclisis  

distributedfromsouthofIwatePrefecturetoKyushuIslandfacingthePaci点ccoast，andfrornTsurugaBayto  

KyushuIslandfacingtheJapanSea．Ontheotherhand，Ec．cavaisdistributedfromChibaPrefecturetoMie  
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Fig．1．DistribとItionsofgねβ〃∫α占ざ呼C～由andガcたわ〃衰cαがαarOundthecoastsoりapan．  

Prefecture，SOuthofShikokuIslandandnorthofKyushuIsland．Wherethedistributionalareaofbothspecies  

OVerlaps，Ei．biqcめusua艮ygrowshsha氾owwaterdown to8－10minthe sublittoralzone，andEc．cava  

OCCtlpies deep water，4－25m or more．These species are perermialand usua11y grow attached to soud  

Substratumanchoredintoplacebyiibrousho王dfasts，andformdensepopulationscalledmarineforestsl－3min  

height（Platel）．  

Thelifecyclesofbothspeciesaresimiiar，andshowtypICaionesofLaminariaceae．Fig．2showsthelife  

CyCle ofEc．caua，and Fig．3shows morphoioglCalchanges ofboth species through the growth．Yotmg  

SpOrOPhytes（macroscopicgeneration）germinate色■OmWintertospring．Intheearlystageduringoneyearfrom  

gem血ation，theshapesofbothintactyoung鉦ondsweresimiiar（Fig．3），a肋oughEi．biqclishasawrirlkled  

bladeandEc．cavahasasmoothblade．Afteroneyearfromgermination，theprlmarybladeofEi．bityclis  

decays，andthetopofstipeforksandmanybladeletsareproducedonthebothsidesofthehrks（cf．Fig．3）．  

Ec．cavagrowswithoutapparentchangesintheh・Onds’proportionfromtheyoungtoadultstage．Insummer  

a食erl．5yearsた■Omgermination，SOriinvolvlngthezoosporanglaarePrOducedonbothsurたICeSOfthebiadeletin  

both species．Liberated zoospores develop to female and male microscopic gametophytes（Fig，2）．The  

kmalegametophytesconsistofonlytwoorthreecells，andmalegametophytesconsistofthreeormorece11sina  

row．Witl血onemonthbothgametophytesmatureandmakeeggsandspems，reSPeCtively．Fertilizedeggs  

grow toIM3cm ofvisible size embryoinlatewirlter tO Spnngafterト2months丘－om fertilization．The  

maximumlifespanofEi，bi砂ClisandEc．cavasporophytesaremorethan7yearsforthefomerand5yearfor  

theiatterl・2）．  

Ei．bわ・Cli5andEc．cava，Whicharethem毎OrPrimaryproducersinshi11王owwater，playanimportantrole  

both ecolo騨Ca11y and econonlicallyln the coastalecosystem．Therfore，COnSiderable knowledge has been  

accumulatedontheirdistribution，grOWthandpopulationstructuresfromanecologlCalpolntOfviewl・3肋】9）   
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Platel・Madne良）reStSO柑ねg乃ねみ如cJぬatadept壬10r3m（t明）er），andぷどゐね〃∫αぐαがαatadel）thor71Ⅵ  

（lower），inthecoastofShjmaPeninsula，MiePrefecture．  
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More ヒhan 2 years 01（ま  

／  Z00SpOreS  
Female game七ophyヒe  

河ale gametophy七e  

Fig．2．Lifecycleo＝む朗加涼＝灘焔   

Recent主yseveralstudiesontheirphotosynthesisandresplration2・20－22），eStimatingthepnmaryproduction9・23・24〉  

andproductionecology22，25）werereported・However，littleattentionhasbeenpaidtopopulationdynamics2）・7）  

Popt11ationdynamicsisthe studyofchangesinthenumberoforganismsinpopulationsandofthefactors  

inauencingthem26）・27）・Thestudyofpopuまationdynamicsisgreatlyimportant，nOtOniyfortheecological鮎Id  

but alsoぬど鮎heries and commercial鮎idsin order仁O prOVide鮎ndame出aidaとa女）r man喝ement and  

conservationofmarhebioresources．   

Ei．biqclぬandEc．cavaareperennialalgae，andtheirpopulationsaremaintainedbya旺erna血geachage  

餅OL】p14▼24〉．Bothma血eforestsa托regardedascl血axstagesinthesuccessionalprocessofsublittoralalgal  

vegetation28）．Thus，itwasthoughtthattheyearlychangesinpopulationdensityorbiomasswerescarcelylittle  

andwereinfairlystableequi肋riuminsuchmarineぬrests9・29）・Recently，KIDAandMAEGAWA14）andTANIGUCHl  

andKITO24〉drewattentiontothefactthatthereweredynamicchangesinagegroupsandstructureaccordingto  

theadvancementoftheregenerationprocessinthesepopulations．Inaddition，itisthoughtthatoneofthemost   
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More ヒhan 3 years 01d  

More than 2 years 01d  

gc友Jo召J∂ C∂V∂  

Fig・31h，lorpho）ogjc；1lchangcsinE，1c”iEZbio・C［isandEcklo”iaca川Wlthgro＼Vthoffronds．   

important払ctorscontrol血gthestructureandregenerationprocessarethechangesinhghtconditionand  

intraspec脆ccompetitioninthesepopulations25・30）   

Untiinowmanyfactorssuchasthestabilityofsubstratum，WaVeaCtion，WatertemPeratureandgrazingby  

herbivourshavebeenthoughttoplayanimportantroleincontroningthepopulationstructureofEi．biqcl＆and  

Ec・CaVa24・28）・Manyinvestigationswiththeirrespectstosuchphysicalandbiologicalhctorscontro11ingthe  

populationstructurehavebeenmadeforanotherma血ekelpforests3lM37）   

Thestructureoftheplantcommunityisdependentuponboththeinteractionsbetweenorganismsinthe  

communityandthephysicalnatureoftheenvironment・CoNNELL38）suggeststhatinteractionofcompetitionand  

biologicaldisturbanceprovidesmostoftheorganizationinrnturalcommunities．Thestructuralsigni薫canceof  

COmpetition for gettinglight and／or space on algalpopulations has been shownin various marine  
communities36淋41） ．lnmostcaseswherecompetitiveinteractionspreva軋thealgalassemblageischaracte－  

rizedbyhighabundanceofafewcompetitivelysuperiorspeciesthatareftequentlylong－1ivedandinhibitinvasion，   

The competition for gettinglight plays animportant rolein structurmg many terrestrialplant  

communities絡42）・Thereare，however，afewstudiesbralgalpopulationwithsuchviewpointsofpopulation  

dynamics36）andintrかandinterspeciAccompetitionfor抽t2事43・44）．Thecompetitionforhghtmaybemore  

drasticinmarineforeststhaninterrestrialforests，becausehghtintensityandqualityarealteredgreatlybyboth   
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thevegetationandthewaterinthesea・Manyaspectsofthemarineforestlightenvironmentremainyet  

unde丘ned．   

Inmystudyarea，EiseniaandEckloniamarine丘）reStSaredistributedexpansive蜃yonthesolidstlbstratumin  

thesubkttoralzone．Bothspeciesareexclusivelydominantmacrophytesinhibitingthescarceunderstoryof  

otheralgae．ForanalyzlngSuChpopulationssimilarmethodsusedinlandc嵐maxforestscanbeappl主cable，  

althoughthereareconsiderabledifferencesinthescaleofthepopulationand／orcommunity，andinbiologlCaland  

physiologlCalcharacteristicsofthecomponentsbetweenthetwo・Thestructureofsubmergedalgalvegetation  

isinmanywayscomparabletoterrestrialforests45）・   

Interrestrialforests，theoftenlon計Iivedspecieswhich永）rmthehighestcanopycanmonopolizeughtand  

thusalterunderstoryvegetation26〉．InsubtidalalgalcommunitiesalongthecoastfromcentraltosouthernJapan  

ねcingopensea，Ei・biqclisandEc・CaVaarethemostabundantandwidelydistributed，andplayanimportantrole  

inthesubtidalecosystem．However，Onlyafewstudiesofbothmarineforestshavebeenexperimentally  

conductedfbrevaluatingthealgalcompetitionbrgettinglight，andthee鮎ctsofthecanopyonunderstory  
algae2・46） 

Thisstudywastlndertakentoexaminethecharacteristicsoftwobrownlagae，Ei・biqclisandEc・CaVa，with  

referencetoecologicalpointsofview．Iwiurevealthedifferencesbetweenbothspeciesandma血e払rests  

ecologically and physiologicaliy，with teference tolight condition and production・Particularly，a factor  

contro11ingthedifferenceinverticaldistribution，i・e・Ei・biqclisinshauowwaterandEc・CaVaindeepwater，wi11  

beoneofthemostimportantsubjects．Alltheseresultswiubeexplainedanddiscussedinthefoiiowing  

chapters：ChapterI，DistributionandGrowth：ChapterII，LightandProduction；Chapter肛Demography；  

ChapterIV，Conclusion．  

ChaptcrI．l）istributionandGroutll   

l．Introduetion   

Ei．bityclisandEc．cavahavewidedistribtltioninthetemperatecoastalareafromcentraltosouthemJapan  

（Fig．1）．Comprehensiveresearchontaxonomy，pOPulationstructure，agedistribution，grOwingpattem，etC・．  

hasbeenaccumulatedinvariousareasbymanyauthors，SuChasMatsushimaBay17・24），MiuraPeninstllall），Izu  

Peninsula8），andShikokuIsland15）．Fromtheresultsofthesestudiesitwasreveaiedthatthepopulationdensity  

andfrondlengthofthesespeciesvariedwiththephysicalandbiologicalcircumstances，Whichwerecharacterized  
intheirgrowingloca批y．Forexample，StipelengthofadultEi・biqclisislong（aboutlOOcmforadult）inthe  

coastofIzuPeninsulaandShimaPeninsuh12・13），Whileshort（50－60cm）主nMatsushimaBay．ForEc．cava，  

stipelengthislong（200－300cm）intheeastcoastofIzuPenirlSula，andisshort（80－100cm）inotherareas・It  

wasalsoreportedthattheremightbe20r3variationsofbladetypesinEiseniainJapan捌S）・Inaddition，  

growingdepthanddensityofbothspeciesvarieseveninnearbyareasaroundthecoastofIzuPeninsuia8）・  

Therefore，Iprlmarllyintendedtoobserveandexaminethevariabilityinpopulationstructuresofbothspecies，  

h・ominlandtoopenseawaters，fromsha1lowtodeepwatersconcerningtheirdistributionundernaturalcondition  

inmystudyarea．  

Forterrestrialforests，therearesomestandardmeasu血gcharactersandagecharacterssuchastheheight  

oftree，DBH（tilediameterofbreas＝1eight），D2H（DI∋H2×he感1tOftree），tbeannuai血g，etC．Whichare  
greatlyusefulbranalyzingthestructureandgrowthpatternsof女）reStS49）・Iintendedtosearchfdrsuch   
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CharactersbyusingauometdcmethodfbrEisenidandEckloniapopulations．Therehavebeen，however，Onlya  

fewstudiesinal王ometryformacrophytes良・OmaneCOloglCaipointofview31・5O－51）   

ltisthoughtthattheclimaxmarineforestwasmaintainedbydynamicequiubrium，i．e．partialdestructions  

andconstructionofthecanopy・Consequently，thestructureand餌1Ctionarestableformanyyearsbeyondthe  

lifeexpectancyofthemajorcomponentindividual．Themechanismsoftheregenerationprocess（secondary  

SuCCeSSion）orstab肋yoftheclimaxmarineforestarethesubjectsofstudyattractingeco重0由cal払terestofsome  

researchersinrecentyears・However，littleknowledgewasaccumulatedforthepopulationdynamicsofEi．  

biqclisandEc・CaVatl甘Oughtoutalongstudyperiodfbrmorethan5years2・14・17）．Therecentstudiesof  

Stabuityandsuccessionemphasizetheneedfortherecognitionofappropriatescalesintimeandspace52f53）  
Speci6cally，thetimescaleshouldbelongerthanthemaximumhfespanofthema30rCOmpOnentindividualinthe  

Studyofpopulationdynamics．  

Recent呈y，regeneration processes of cl血ax terrestialforestsin many countries have been studied  

intensively54）・Manyauthourshaveemphasizedthattreefallandopenlngh－thecanopyplay皿pOrtantrOlesin  

terrestrial如estregeneration55－59）・BRAY55）ca追edsuchanopeningthe＝gap＝，andtheregenerationofclimax  

terrestrialぬreststakesplacemainlyinsuchgaps，anditsprocessisnamedthe“gapphaseregeneration”．In  

SuChforests，intrastagephasesexpresslngamOSaicstructurewouldbeseen．Thisphenomenoninwhich  

VariotlSPhasesofregenerationarearrangedspatia㍊yiscaued“cyclicsuccession”or“regenerationcomplex”by  

WAT′r60）．  

王n軌isstudy，Iintendtotracetheregenerationprocessesofbothmarineforestswithmethodssimilartothe  

ecologicalana量ysIS uSedinterrestrialforests，SuChas permanent quadratand mapplng．The fundamental  

propertiesofstructureandregenerationofEiseniaandEckloniamarineforestsarecomparablewe11tothoseof  

terrestrialforests，inspiteofthenotabledi鮎rencesinthescaleofpopulationandtheperiodofturnovertimeof  

theregenerationcyclebetweenthem．InformationofthiskindwillbeusefulnotonlylneVOIvlngandexaminmg  

thetheoryofsuccessionandstabilityofrnarineforestbutalsoinforestconservationandafforestationforits  

PrObabi最tyofapphcatioll．   

Recentecologicalresearchesofmacroalgaehaverepresentedaquantitativedisciplinedesignedtoproduce  

Statisticallyinterpretableanalysesofbioticdistributionandabundancepattemswithinde蝕edhabitats36・61）  

Nondestructivemeasurement，byutihzingpermanentlymarkedsamplhglocatiorlS，prOvidesapowe血Imethod  

払revaluatingthenaturalchangesindispersionofindividualsandintra－andinterspeci丘ccompetition62）．The  

ultimateobjectofthisstudyindistributionalpattemistoobtainsu抗cientunderstandingtoexplainwhythe  

individualsexistedinaparticuak・patternataspeci鮎timeandplace・AnadequateIylargenumberofsamples  

mustbetakenfbrproperstatisticaltreatment，andthisrequlreSthatthemethodisrapidandsimpletouse，   

Severalmethodshavebeenproposedto触dthedistributionalpattemsofplantindividuals．Someofthese  

Werebasedonthedataobtainedfromquadrats63・柳，andothersarebasedonthespacmgmethods65）．Alotof  

knowledgehasbeenaccumulatedaboutthedistributionofindividualsinlandplantpopulationswithusingthese  

methods66）・Thechanges虫1distributionalpattemfoundinseralstagesofterrestriaJforestswasstudiedin  

deta抽yTAGAWA67）・However，nOeXperimentshaveyetbeenmadewhicha1lowonetoevaluatetheprobab批y  

thatdistributionalpatternchangeswiththeseralstageinalgalpopulationandwiththeprocessofregeneration．  

IintendtoexaminethedistributionalpatternOfindividua董sforbothplantpopulationswithspecialreferencesto  

thestrati鮎ationandtheregenerationprocessofmarineた〉reSt．Thissortofstudywi11providethefundamentai  

dataforanalyzingtheintraspeci鮎competitioninmarineforests▲   
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2．Materialsand Mcthods  

a）StudyAre   

ThemainstudyareaforthedistributionandgrowthresearchwasaroundthecoastofShimaPeninsula，Mie  
Prefecture，Centraりapan（Fig．4），Tocomparethelocalityofdistributionalcharacteristics，anOthertwostudy  

areas，ToshiIslandnearthernouthofIseBayandKii－Nagashimasouthwestofmainstudyarea，WereSelectedL  

Intheseareasrockysub＄tratadistributewidelytotheextentof30－4Omindepth・Ei・biqclisandEc・CaVa  

populations formadense，eXpanSivemarineforestalongthecoastexposedtotheopenseawaveaction  

throughouttheyear．   

Ei．biqclisusuauygrowsinshauowwaterdownto8－10minthesublittoralzone，andEc・CaVaOCCuPies  

Fig．4．Mapsshowingthelocationofsurveyedareas・  
KN－1．2，H－1，ト1，2，K－1，G－1，T－1；belttransects．Sts∴ト4pemanentquadrats・   



EcologicalStudiesoぎgぬβ乃由and鼠血加ぬ  8ユ  

deeperwaterof4－25mormore・Onatlatandso主idsubstratumbothspeciescangrowtoadulthoodandforma  

densecanopy．However，OnaSharpslopeandloosesubstratumsuchasboulder，adultplantsareabsentand  

cangrowon長yyoungandsmaIlplal－tSlessthanoneyearold・Ec・CaVaalsoformsadensemarine女）reStなom8  

to15monanatandsolidsubstratum，althoughindeeperwatermorethan15－20mindepththeyaresma量Iand  

donotgrowtoaduithood．   

Inbothwelldevelopedmarineforests theunderstoryvegetationwas scarce．Onlyafewspecies of  

Cゐぬ柁最噴舶用痺β乃ゐOK舶用Ⅰ払，gO乃αわαdねsよチ痴乃αJ・AGARDI柑ndCoゐ‘椚椚α椚〟わぶ嶽刑HAlミVEYWereSeenOn  

thecommunityfloor．Itwasalsonotedthatherbivoreswerescarce；particularly，SeaurChinswhicha魚≡Ctthe  

structureandstabuityofalgalcommunityinmanyways68抽70）existedfewinmystudyareas・   

Forsamplingthemateriaisandquadratstudyingrowthana主ysisandregeneration，Isoughttheareasin  

whicheachmarineわrestmadereasonab量yhomogeneouscanopycompositionsaroundShimaPeninsu量a．In  

addition，these areas had to be wide enough to decrease variab批y witl血and between samples．In  

considerationofthesecriteria，‡chosetwosuitablestudyareas；SOutho‖waizak‖orEi．biqclisandsouthof  

HamajimaforEc．cava，Whereeachmarineforestwas乱111ydevelopedmonopolisticaliyatadepthof2－4mforthe  

払mler，and7－10mfortilelatter．  

t））liclt TrilllSCLLt  

FromJunetoAugustin1981and1982，belttransectresearcheswerecarriedouttoobserveandexamine  

thecharacteristicsofverticaldistribtltionofEi，biqclisandEc．cavamarine払rests，aSWe量1asthepropertiesof  

substratum．StudysiteswerearoundthecoastofShimaPeninsula丘●omthemouthofAgoBaytotheopensea，  

ToshiIslandnearthemouthofIseBayandaroundthecoastofKiトNagashima（Fig．4）．IntheseareasalOOm  

belttransectwasextended良・omtheseashoreouttotheopensea．Ialsochosethestudysiteinwhichtheend  

of the belt transect reached more thanlOmin depth where Ec．cava rnade a homogeneous population，  

Furthemore，a50mbelttransectwassetsouthofIwaizaki，WheretheendofthelOOmbelttransectdidnot  

reachtolOmi11depth．   

Aiongthebelttransecttopographicalpro丘Ieofthesubstratum，frequencydistributionofstipelengthand  

populationdensityofbothspeciesgrowIngll－awidthof30cmandalengthof2mweremeasuredcontinuous王y・  

Thetopographicalprofilewasrecordedbyanechosotlnder・Thedepthwasmeasuredwithawaterpressure  

depthgauge，andauowancewasmadeぬrtheheightofthetideatthetimeofdiving，COrreCtingaumeasurements  

tometersbelowELMS（extremelowwaterspring）．Stipelengthwasmeasuredrangingfromthetopofthe  

holdfasttothegrowl11gpOint王ocatedatthebottomofprlmaryblades・  

e）Allometry  

Varioussizesof150M250frondswererandomlysamp塵edfromsouthofIwaizakiat3－4mdepthforEi．  

biqclis，andfromoぬhoreatHamajimaat7－8mdepthforEc．cauaatintervalsoftwoorthreemonthsfrom  

March1983toMarch1984．Inthelaboratory，eaChsamplewasdividedintothreeparts：holdfast，Stipeand  

blade．Then，theb1lowingdimensionsusab王ek）rallometricanalysisweremeasured：Stipelengthanddiameter，  

dryweightofstipeandblade，numberofgrowthringsforbothspecies，andadditionallytorklength払rEi・  

biqclis．ThedimensiorlSbrholdfastwerenotmeasuredbecauseoftechnica盲dif鮎ultiesintearingoffthe  

hold払st血・omsubstratumwithoutwounding，ParticularlyforEi．bityclis．Thestipesandb】adesdividedwere  

driedpreliminariiyoutdoorsbrseveralhours，thereafterdriedat850cfor12hoursandwe短hted・   



MiyukiMÅEGAWA   
82  

InsomespeciesofLaminariaceaeandSargassaeeaetheconcentriczoneswerefbundinalongitudinalor  

transversesectionofthestipesandholdfasts・Methodsofdeterminingtheagebycounthgthesezoneshave  

beendevelopedbythefo辻owingauthours：PARKE71）forLaminariasaccharina（L．）LAMOUR；BAARDSETH72）for  

A物壷＝那加如ぬ（L．）GREV．鮎IN71－－）如エα椚わ‡α痴妙e血柁α（GuNN，）FosLIE；HAYASli氾Al）ぬrgぐ烏わ乃ぬcαむα  

KJELLMANandYosHIDA74）forSamssumrinBgOhiianumHARVEY・AsforEilbiqclis，ARASAK147）sugestedthat  

theconcentriczonesobservedinthetransversesectionofthestipeshaveapossibilityofbeingusedforanage  

Character．Inthis＄tudy，anfrondscollectedwereprovidedforagedetemlination．Atransversediskcutin  

thicknessofO，5－1mmwastakenfromjustabovetheholdfastfbryoung＆ondsand2－3cmabovetheholdfhstfor  

adultonesofbothspeciesforagedetermination・Itwaseasytocountthe紋st，SeCOnd，andthirdringwiththe  

nakedeyes，butitwasdi疏culttocountmorerlngSbecausethosecloseiyapproachedthecortexwhichinvolved  

Photosyntheticpigments．   

ItissometimesobservedthataduitEi．biqclis＆ondsgrowingjustbelowtheintertidalzonehaveshorter  

Stipesandiongerforksthanthoseindeepareas75，76）・Ec・CaVamayalsohaveasimilartendencyinthatstipe  

lengthofadultfrondsvarieswithincreaseinwaterdepth．So，Varioussizesoffrondswereco最ectedfromthe  

fb㍊owingdepths：2，4and8meters forEi．biqclis；5，7and17meters forEc．cava．Thereafter，the  

relationshipsbetweengrowthdepthandstipelengthwereexaminedineachagegroup．   

d）PermanentQuadrat   

Permanentquadratexperimentsforana重yzingtheregenerationprocessandthedistdbutionalpatternwere  
CarriedoutsouthofIwaizakifortheEi・biqclispopulation（St．1andSt．2），ando飴horeatHamajimafbrtheEc．  

CaVapOpulation（St・3andSt・4）・InMay1982，tWOquadratsoflmx3mconstructedwithropesweresetona  

aatrockysubstratumwithineachpopulationatadepthof4mforELbiqclisand8mfbrEc．cava（Fig．5）．Each  

quadratwasdividedinto6smausubquadratsforconvenienceofmeasu血gandmapplng．Allindividuaisinthe4  

quadratsweremarkedbytaggingsequentiauynumberedplasticplates（1cmx2cm）aroundtheholdfastforadult  

plantsandplottingthepositionofindividualsonadistributionmap払ryoungandsmallones．Thesmallest  

5uvenilesrnarkedinthisstudywerel－3cmlongwhichcouldbedistinguishedfromonesofotherspecies．  

■‾－‾‾‾‾‾－‾“－…－－－‥－‥  

Fig．5．PemanentquadratanddispersionoL私通ゐ加ゎa却優良ondsinJune1982atSと．3．Thesizeorcircles  

indicatesthelengthofstipes；1argeopencircles，摘gherthan20cm；Smaliopencircぬ10－20cnl；Small  

SOlidcircles，lowerthanlOcm▲ Permanentquadratisdividedinto6subquadrats．  

FromthemonthwhentheplantsweremarkedthroughJune1986，PreSenCeOrabsenceofindividualsand  
Plantsize（stipelength）weremeasuredbymeansofSCUBAdiving．Thecensusinthequadratswascarriedout  

nineteentimesattwo－Orthree－mOnthintervalsfrom1982to1984，andatsix－mOnthintervaIs＆om1984to1988．   
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Totalplantsmarkedinthe4quadratsfor6yearsreached2000individuals．Suehnumerousdataenabledmeto  

COnductacomprehensivestudyofpopu量ationdynamics．   

e）Dispersionoflndividuals   

王ndividualsinthepopulationaredistributedaccordingtotlweefundamentalpattenrsasfo1lows：random，  

uniformandcontagiousdistributions（Fig・6）・Randomdistributionisrelativelyrareinnature，OCCu血gwhere  

theenvironmentisveryuniformandthereisnotendencytoaggregate・Unifomdistributionmayoccurwhere  

COmpetitionbetweenhdividualsissevereorwherethereispositiveantagonismwhichpromotesevenspacmg．  

Conta如usdistributionwithvadousdegreesofclumpl喝repreSentSbyfhrthemostcommonpattem，When  

hdividualsareattracting．  
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randomdistribution；bandb，′uniformdistribution；Candc｝，COntag10uSdistributionwithsmallclumps・   
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BasedontheqtladrattechnlqueforanalyzlngthespatialdistributionofindividualshlapOPulation，thereare  

many払diceswhichexpressthedegreeofaggregationordeparturefromrandomnessofthedistribtltionalpattem  
ofindividuals63）．However，SOme主ndiceschangewiththeincreaseordecreaseofthequadratsizetakenasthe  

samplingunit・Therefore，inthisstudyIchoseanindexofdispersion，I8，byMorisita63）andanhldexof  

interspec摘cassociation，R，飢byMorisita64），bothofwhichwereinfluencedneitherbytheaveragenumberof  
individuaisperquadratnorbythenumberofquadrats．   

Iuwascomputedbythefouowingequation：   

α    ん＝¢×匪鳴津（均一1）／〃W－1），  
whereniisthenumberofplantindividualsoccurringinthei－thsubquadrat（i＝1，2，……，q），andNisthe  

totalnumberofindividuaissampled．   

lnMorisita，sI8－quadratsizerelation，I8isameasureofdispersionofindividua蔓sinapopuIationwhich  

takesthevalueofunityasshowninFig．6．Iftheindividualsaredistributedatrandomovertheareaand  

the numberofindividualsis verylarge，Igisalmostl（Fig．6，a anda’）．Whentheindividuals are  

distributeduniforrniyoverthearea，I冴takesthevaluesmauerthanl（Fig．6，bandb’）．Ifthedistribution  

ofindividualsiscontagiousJ伊islargerthanl（Fig．6，Candc’）．IappliedthisindextoEi・biqclisandEc・  

cavapopulationsinthepermanentquadratsin血sstudy・   

Inaddition，．Morisita’sindexofinterspeci鮎association，R’5，WaSalsoused・R’urepresentsthe  

correlationbetweentwogroups．R’8isglVeninthefollowlngequation：   

〃    鞘雪綽砂場＋ち）勅均一2／（亀＋ち）ヴ，  

wherenxiandクちireSpeCtivelyindicatethenurnberofindividualsofthegroupxandygrowlnginthei－th  

subquadrat，Nxand杓arerespectivelythetotalnumberofindividualsofthegroupxandywhichwere  

sampledinauthequadrats，and＆andちarethe6Lofgroupxandy，reSpeCtively・   
Iintendedtoana主yzetheintraspeci鮎relationbetweenyoung，Smal＝rondsandadult，largefrondsinEi・  

わ頓才由andgc．cαぴαpOpuiadonshlthepemanentquadrats，altllOuglltlleindexガ’倉WaSdeveiol）edbranalyzlng  

interspecificassociationorcompetition．InMorisita’sR’8－quadratsizerelation，iftwospecies（orgroups）are  

distributedindependentlyofeachother，RJuisalmos仁1・Ifthedistributionalpatternoftwospeciesisattractive  

orrepulsive，R，6takesavaluefromOtolorfrom－1toO，reSpeCtively・   

Inthisstudy，dataforanalyzmgthedistributionalpatternwereoffered魚－Omthepermanentquadrats  

experiments．Aquadrat（1mx3m）wasdividedcontiguoslyinto6groupsinsize，0・25mxO・25m，0・25  

mxo．5m，0．5mxO．5m，0．5mxlm，1mxlm，1mx2mforcomputingtheI5andR’uindices．The  

numberofyoungandadulthldividualswasrecordedforeachsubquadrat・VaiuesofI8WereuSedfor  

detectionofthedistributionalpatternofeachgroupandtotalindividualsinapopulation．ValuesofR’3  
wereusedfordetectionoftheintraspecificcornpetitionbetweenyoungandadultpiants・  

：3．Rcsults andI）iscussion  

ll）Vclltieall）istribution   

Thepro魚1ediagramsofsubstratumandthedistribtltionofEi・biqclisandEc・CaVaareShowninFig・7，A－H・   
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Fig．7．Pl●OtiLedjagraIllSOfsubstratunlanddisthbutionofE血zllabiE）・ClkandEck／0111E7C肌rqOnthebelttransect．  

Numeralsint】1e百郡reS】10Wtllenumberoほondsheach2mxO．3mquadrata王ongthebelttransect．  
A；KN－1，KiiNagashima  
B；ⅠくN－2，OshimalsI；lnd，1くiiNagashima  

C：li－1．rIaIllaji耶l  

工）；K－1．KuroIllOri  

E；ト1，Iwaizaki  

F；ト2，0だshoreofIwaizaki  

G：G－1．Goz；l，ZizoubaIla  

H；’Ⅰ㌧1，ToshiWa糾  

Eachdia訂amhthelowerpartrepresentsaなequencydisとdbutionofstipeleng払ofbothspeciesgrow払gina  

widthof30cmandalengthof2mwhichcorrespondstotheupperpro鎚e．Inthetopographicalprofilethekind  

Ofstlbstratum，SuChasrock，boulderandsand，isalsoulustrated．TheupperlineineachdiagrarnshowsOmof  

ELWS（extremelowwaterspdngs）．   

Fig．7，AshowstheresultinthecoastofKii－Nagashima．Thisstationischaracterizedbysheiteredwave  

actionandrelativelysteepslope．DistributionofEi．biqcliswasrestrictedneartheseashoreabove7m，and   
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largeなondsmorethan50cminstipeiengthwasabsent．Ec．cayawasalsodistributed丘・om3mto17monthe  

SO艮dsubstratum，andmadeadensemarineforests．Wherethebottomconsistedofboulders，iargefrondswere  

absent．OzlthesaTldybottombothspecjescouldnotgrow．lnthecoastofOshimalslandoffX3i－Nagashima  

（Fig．7，B）exposedtotheseverewaveaction，OnlyEi．biqciiswasdistributedontherockfora弘thevertical  

extentdownto18m．Thisisthetypicalpatternofdistributionintheareadirectlyfacingopensea．   

InthecoastofShimaPeninsulainFigs．7，C－E，thepro創eofthebottomshowsmoderateupsanddownsto  

thedepthof20mormore，andthewaveactionisnotsosevere．Atthesestations，Ei．biqcliswasdistributed  

h・Omjustbelowtheintertidalzonetothedepthof8－10m，WhileEc．cavaoccupiedthezone致・Orn4mto15mor  

moreindepth．Thehomogeneousmarineforestwasformedなom2to4mindepthforEi．biqclisandfrom8to  

12mindepthforEc．cava．Indeepareasof13－14monlysmall＆ondsofEc．cavagrewdenselyandadult  

fronds＼Vereabsent（Fig．7，F）．  

NearthemouthofAgoBay（Fig．7，G），Characterizedbysiightwaveactionandrelativelyturbidwater，the  

densityofEi．biqciisinparticulardecreased，andonlysmaufrondsgrewatadepthof6－9m．   

In亡hecoastofToshiIsiandsitedinthemouthofヱseBay（Fig．7，H），densema血efbrestsofbothspecies  

grewintheareafacingtheopensea．Ei．bi騨Clisdistributedinshanowwaterabove5mindepthandEc．cava  

OCCupiedthedeepwatermorethan4－5mindepth．BothspeciesofEi．biGyClisandEc．cavawerebordered  

Clearlyatadepthof4－5mascomparedwithotherstudyareas，  

TheIower血混ofEi．bigclisrangedh・om3mtolOmbelowELMSinthisstudy．Thisresultwas  

comparablewe山南ththoseofotherareas：5minMatsushima王ねy，MiyagiPrefecture9）；3－4．5mintbecoastof  

MiuraPeninsula，KaれagaWaPrefecturell〉；and7－10minthecoastofIzuPeninsula，ShizuokaPrefecture8）．  

ThelowerlimitofEc．cavawascon如medbydivingtobe25mormoreindepth．Thisresultisinagreernent  

扇ththeseofOKAMURA77）aIldIwAllASH18）．   

TAKAMAlljpointedout，however，thattherangeofverticaldistributionofeachspeciesvariedwithiocaj  

Characteristicssuchastheseinaninlandseaorinanopenseaarea．InthisstudiesthelowerbmitofEi．biqcLis  

WaSSha最ow（3－5m）intheinlandseanearthemouthofthebay（Fig．7，G），W旭edeep（8－10m）inthecoast  

facingtheopenseawithmoderatewaveactionasindicatedinFigs．7，C－E．Speci鮎auy，itwasdistributedtothe  

dep琉of13mor！nOreまn班ea托aeXpOSedとOSeVereWaVeaCtioninK義一Nagasi血】aO＄昆ma（Fig．7，軌 SuTO78）  

alsosuggestedthatEi．biqcliscouldextenditsgrowthareatodeeperwaterswhenEc，CaVaWaSabsent．This  

isthetypicalpatemofverticaldistributionintheareadirectlyfacingtheopenseawithseverewaveaction．Itis  

Clear thatthe verticaldistributionalpatternvarieswithlocauty，dependingonthe degree ofwave action，  

topographyofsubstratum，COmpetitionwithherbivores17）ineachplace．However，factorscharacterizingthe  

StruCtureOfmarinefbrestsofthesetwospeciescouldnotbeexaminedbythebelttransectmeasurementsinthis  

Study．   

Thestabilityofsubstratumcontro11sthecommunitystructureandlifeformsofthealgaegrowingthereas  

indicatedbythedetailedinvestigationsofKATADAandKoNNO28），SousA4O），LIEBERMANeial，79）andLIrrLERand  

LIrrLER80）・Inmystudy，itwasalsoapparentthatthe良・equencydistributionofstipelengthvariedinciose  

relationtothestabilityofsubstratumconsistingofsolidrock，boulderorsandasmentionedabove．  

b） Growth Pattern   

Ana1lometricrejationwasexaminedbetweenthestipeleng軋stipediameter，D2H（diameter2×stipe  

length）andweightofstipe，bladeandtotalfrondsforEi．biqclisandEc．cava．Figs．8and9showtheseasonal   
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Stipe Length（Crn）  

Fig．8．Seasonalchanges of the a1lometric relation ofEisenia bわclis from March1983to March1984．  
Regressionequatjonsandcorrelationcoefticientsareshowntogether．SymboIsshowfrondswithno  
dng（◎），O11erirlg（0），Oneringwitllforkstipe（◎），tWOrhgs（A），threel・il唱S（△）and払urrings  

（〔▲1）．  
A；StipeLength－FrondWeight B；StipeLength－StipeWeight C；StipeLength・BIandeWeight  
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changesina1lometricrelationsbetweenthestipelengthandtheweightoffronds，bladeandstipeforboth  

species．‡rlthesefiguresvarioustypesofsymboIsshowtheagegroupsclassi鮎dbythenumberofgrowth  

rings．ZerotofourgrowthringsbrEi．b如clisandzerotothreerlngSforEc・CaVaWereCOuntedthroughout  

the）Tear，andthenumberofgrowthringsincreasedwiththeebngationofstipelength・   

AsfbrEi．biqclis（Fig．8，A－C），theallometriclineswerediscontinuotlSbecauseofremarkablechangesinits  

ぬrmthroughthegrowthofindividuals，i．e．apr）marybladeproducedattheyoungstagewaslostandtheupper  

PartOfstipeぬrkedafterltol．5years＆omgermination（cf・Fig・3）・So，thetwoallometriclineswere  

caicula始d女）rtⅥ70grOupSた・0汀】Otolyearo】dandmorethan2yearsoは Thecorre如ioncoef汽cientsinthe  

groupsfrornOtolyearoldwerealwayshigherthanthoseinthegroupmorethan2yearsoldinevery  

combina亡ionsoHheparametersinallome由吏anaiyses．Tbeとestsわrsi如鮎∂ntdi蝕rencesofslopeandposition  

ofa址ometricunesbetweentwogroupswerecarriedoutafterITO81）・  

Fig．8，Ashowssea＄Onaichan酢Sintheailometricre】ationbetweenstipe】eJ）がband虫●Ondweigbtofgま  

bわ′Clis．In April，the non－rlng grOuP germinatlng fromwinter to the beginrung of sprlng WaS Clearly  

disthlguishedfromotherringgroupsandreached3．5cminstipelength．Aknostofa王ithebTOndsw肋onering  

have already forked．From ApriitoJune，the one－ring group with fork grew up to the two－ring group．  

Individualsgrownuptomorethan2cminstipeiengthformedthe蝕stgrowthring．Therefore，fromAprilto  

Juneh・ondsineachagegroupformedanothergrowthring．FromAugusttoDecember，eaChagegroupshowed  

nomarkedchanges，andtherangeofstipe重engthwasshorterthan3cmねrthenon－ringgroup，from3tolOcm  

fortheone－ringgroup，fromlOto50cmforthetwo－dnggroup，andlongerthan50cmforthethree－OrmOre  

血ggroup．InDecember，frondswithstipeslongerthan3cmbeganto払rkintheone－ring．Consequentiy，  

Ei．biqcliibegantoforkinDecemberandcompletedtoforkinAprilafterahT10StOneyearなomgerm払ation．  

ThisresultcorrespondswelltothereportsbyARASAK147），NISHIKAWAandYosHIDAB2）andKoJIMAヱ0）．  

Fig．8，BshowstheseasonalchangesintheauornetricrelationbetweenstipelengthandstipeweightofEi，  

biqclis．Thea1lometriclineswerealsodiscontinuousbecauseofremarkablechangesinitsformthro喝hthe  

growthoffronds．However，thediscontinuityoftwoa主lometriclineswassmallerthanthatobservedbetween  

Stipelengthand良・Ondweight，althoughthetwo血eshadstatisticauyasigni鮎antdifference．Thereareno  

remarkableseasona董variationsinaliometricrelationsbetweenstipelengthandstipeweightthroughouttheyear，  

andthecorrelationcoe魚cientshowedhighvaluesmorethanO．97．  

Ontheotherhand，theseasonalchangesintheallometricrelationbetweenst主pelengthandbladeweight  

ShowednotablediscontinuityexceptforoneobservedinApril1983（Fig．8，C）．Speciacauy，a皇lometriclines  

Obtainedfortheagegroupswithforkmorethantwoyearsoldshowedremarkablechangesthroughouttheyear  

andhadrelativelylowercorrelationcoe琉cientsthanthosebetweenstipelengthandweightoffrondandstipe．  

Consequently，themainreasonfordiscontinuityobservedinallometrywasthedrasticchangesinbladeweight  

wherlgねβ邦吉α丘onds払rked．  

AsbrEc．caua（Fig，9，D－F），auOmetriclineswerecontinuous，becauseEc．cavagrewupfromtheyoungto  

adultstagewithoutapparentchangesintheproportionoff（onds，beingdifferentfromEi．bityclis（cf．Fig．3）．  

Fig．9，Dshowstheseasor）a】changesinalometricrelationsbetweens軸elengthandfrondweightofEc．  

CaVa．Juveniieswiththenorl－ringgroupwhichgermedftomwintertothebeginningofspringappearedinApdl．  

ThesejuvenilesgrewuprapidiyandreachedユOc汀】instipe靂er）gthiJ）June．TherarlgeOfstipelengthwasfrom  

lOto30cm良）rtheone－nnggrOuPandmorethan3Ocmfortwo－andthree－nnggrOtlpS．Twogroupswithtwo  

andthreegrowthringswerenotdjsぬguishedveryc】earlyた■OmOneOther，although＆o11dswithrelative】yjong   
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Fig．9．Seasonalchanges of the allometric relation ofEcklonia cava鉦om March1983to MヱIrCh1984．  

Regressiol－equationandcorrelationcoeftcientsareshowntogether・SymboIsshowfrondswithnonng  
（◎），Onering（0），0】1ering（▲）andt奴eeringes（△）．  

D；StipeLength－FrondWeight  

E；StipeLength－StipeWeight  

F；StipeLength・BlandeWeight  
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Stipeshadatendencytobelongtothethree－ringgroup．FromJunetoOctober，therangeofstipelengthineach  

agegroupshowednomarkedchanges．InDecember，thenonNringgrouphadastipelengthshorterthan5cm，  

andthefrondswithstipelengthたom5tolOcmjoinedtheone－ringgroup．Therefore，inDecembereachage  

groupwasintheprocessofdevelopingoneadditionalgrowthring．InApri1198もtheformationofgrowthrings  

WaSCOmple絶d，and班erecruitsw油皿狐一血gsappearedagain・Tbedistdbuぬna量pattemofe∂Cbagegroup王n  

Apri11984were alrnostthe sameas thepreviousApril．Furthermore，therewasno signi鮎antdi鮎rence  

betweenthea払ometriclinesinApri11983andApri11984inthetestofdifferencesinslopeandpositionbyITO，s81）  

method．  

Fig．9，EshowstheseasonalchangesinthealiornetricreIationbetweenstipelengthandstipeweightofEc．  

CaVa．Theauometricunewasalsocontinuousbecauseofnoremarkablechangesintheirformthroughthe  

growthoffronds，beingdifferentfromEi．biqclis．Therewereno remarkable seasonalvariationsinthe  

auome亡rjcreJatjonbetweenstipeJengthands亡ipeweightthroughouttheyear，andthecorrela【ioncoefticient  

ShowedhighvaluesrnorethanO．97．Conversely，theallometricrelationbetweenstipelengthandbladeweight  

Showed notable seasonalvariationsin values ofthe soIpe and the position（Fig．9，F），and the correlation  

COe触：ientwaslowerthanthosebetweenstipelengthandweightoff（Ondandstipe．  

Sim辻artootherspeciesofLaminariaceae，SpOrOphytesofEi，biqclisandEc．cavaexhibitdistinctseasonal  

changesingrowth，i・e・grOWthcycie6I30），Standingstockandnetproduction9，22），andphotosyntheticactivity21）．  

Thegrowthcyclesofbothspecieswereahnost＄imi1ar．BasedonthebiometricstudiesbyHAROUNetai．83），the  

ぬ艮owing4periodsweredisぬ郡i曲edintbeannu81餅OWthcycleofthegど．甜びαb王ade：（ユ）periodofactive  

formationofnewprimarybladesandbladeletsinwinter；（2）periodofactivegrowthofbladeletsinspring；（3）  

periodofthickeningofbladeletsanddevelopmentofsorifromlatespringtosummer；and（4）pedodofdecayof  

Old bladelets du血gautumn．As the resultthe standhg stockreached the maximuminmid－Summerand  

minimumin mid－Winter．The rate ofnet production，however，reaChed a rnaximuminmidrspringand a  

minimuminlatesummer23）・Inthisstudy，a址ometricHnesbetweenstipelengthandstipeweightwerea血ost  

the same throughoutthe year，Whiietheauometric血es between stipelengthandbladeweightexhibited  

remarkableseasonalcわangesinbothspecjes．Consequent軌仁鹿seasonalcわan併Sinstandingstockwere  

mainlyduetothechangeshbladeweight．   

Figs・10andllshowtheallometdcre量ationsbetweenstipediameter，D2Handweightoffrond，Stipe，and  

bladeforEi，biqclisandEc．cava，reSpeCtively．AiltheanalysesweredonewiththedataofJune1983．For  

Ei．biqclis（Fig，10，G－H），there were clear auometric relations which were exhibited by two血esinau  

COmbinationsofparameters．Correlationcoe琉cientswerenearlyatthesamelevelsmorethanO．95inthe  

groupslnCludingthe＆ondswithnon－andonerlng，butwereshghtlylowinthegroupswithmorethantworings．   

Ontheotherhand，ぬeauometricreladonsofgc．〝ぴαbe知eeれS亡ipedねmeter，D2Handかondweight  

ShowednonlinearrelationshipsasshowninFig．11，M－R．Theseresultsmaysuggestthatastipediameterhas  

amaximumsize．Astipelength，Whichmayalsohaveamaximum，reaChesitslowerthanstipediameterdoes・  

Therefore，thegrowthrateofstipediameterhavenolinearcorrelationtothatofotherweightparameters・  

Then，theextendeda艮ometry，WhichhadamaximumvalueforY（stipediameter），WaSadoptedintherelation  

betweenstipelengthandstipediameterasshowninFig．12，S－TforEi．bityclisandEc．cava，reSpeCtively．  

Theextendeda11ometryisexpressedasfollows；  

1／y＝1／αgみ＋1肌班ズ，   
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Fig・12・Extendeda】lometricrelationbetweenstjpelengthandstipediameterofEiseniabiqclisandEcklonia  

CαがαinOctober1983・Regressionequations8reShowntogether．SynlboIsshowfrondswithnoril鳩  
（◎），Oneri噸（0），Oneri咽Withbrkstipe（◎），tWOri咽S（Å），tlばeerings（△）andburrings（葛）．  

WhereYisthestipediameter，Xisthestipelength，MAXisthernaximumsizeofstipediameter，andaandbare  

theconstants．Themaximumsizeofdiarneterestimatedis3．701forEi．biqcHsand2．3現forEc．cava．   

SomestandardmeasuringcharactersusedforanalyzingstnlCtureandagedistributioninthepopulationhave  

beenreportedforEitbiqclぬandEc・Caya，i．e．stipediameterbyKoJIMAIO），D2HbyHAYASHIDAl）andTAKAMAll），  

stipelengthbyMAEGAWAandKIDA18・19）rInthisstudy，Stipelengthwasadoptedasthestandardmeasuring  

CharacterforanalyzingpopulationstruCtureSOfbothEi．bityciisandEc．cava．Thestipelengthhadal払ear  

relationshiptotheweightparameterssuchastotalfrond，bladeandstipeweightinauometry，andwaseasyto  

measureunderwater．Inaddition，thefrequencydistributionofstipelengthrepresentedtheverticalstructure  

Ofthepopulation，Whichwasimportantfortaking良Indamentaldatatoanalyzetheregenerationprocessand  

estimatethe最ghtconditioninthepopulation．   

AsOKAMURA75）pointedoutinはsearlyobservationforg～．∂わきC払st匝1engthofaduitplantsvaded  

accordingtothedepthwheretheplantsgrow，i．e．frondsgrowinginshauowwaternearhightidehadshorter  

Stipesthanthoseindeepwater，InTablesland2thevariationsofstipelengthofEi．biqclisandEc．cavain  

relation to the grow払gdepthwereindicatedin each agegroupco11ectedinmystudyareaaroundShima  

Peninsula・Astheresults，therearenosi加配antdiHerenceshttest（＜0．05）betweengrowingdepthand  

Stipelengthineachagegroupofbothspecies，Yos川DA9）alsoreportedthattherearenomarkeddifferencesin  

Stipelength，frondweightandnumberofbladeletofEi．biqclisamongthoseco11ectedfrom2and4metersin  

depth・Consequently，itwasthoughtthattheadu托Ei．biqclぬfrondswithshortstipesonlygrewinthe  

Shallowestlimitofitsdistributionalrange，SuChasthelowestbandoftheintertidalzone．Ec，CaVahadno  

Variationsintheirstipelengthwiththegrowingdepth．   
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Tablel．Changeswithdepthinstipelength（cm）of  

凱脚血加廟血in each昭e grOup．Values  

aremea王IS士95％com点dence】まmjは  

Table2．Changesw出Idepthin＄tipelength（cm）0ぎ  
gc庵わ乃衰亡β〃βin eac王1age許Oup，Values  

aremeans士95偽con朗ence王imjts  

Dept圭1（m）  Depth（m）  

4  8  7  17  

1．75士0．45  1．33士0．30  

6．99±0，83  6．72士1．39  

40．26士6．34  35．41士5，46  

76．58±7，70  75．21±4・．13  
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3．87±0．73  2．82士 0．45  

13．70士2．89 10．23士1．56  

53．77±4．30 46．46± 4．62  

77．45士6．22 82．00±31．95  

C）Ⅰモcgetler壬Ition  

Theyearlychangesoffrequencydistributionofstipelengthin4quadratshJuneh’Om1982to1987（to1988  

forEi．biqclis）areshowninFig．13forEi．biりClis，andinFig．14forEc．cava．TheshadedpartSShowthe  

numberoflossduringaperiodtinthebliowingyear．  

AsfortheEi．bi拶ClispopulationsinFig．13（St．1andSt，2），therewerenomarkedchangedinfrequency  

distributionofstipelengththroughoutthepehodofthisstudy．Theadu蚤tfrondsalwaysdominatedtoforma  

denserrnrineforest．Thefrondswithstipelengthsmorethan20cmobservedin1982wereusuauymorethan  

2yearsold，eStimated免‘Omtheallometricrelatjonsl扇pshFig．8．In1983manyrecruitsappeared，butalmost  

auofthosedriftedoutandwerelostordiedti11theぬ1lowingyear．Thedensityofadultfrondsdecreased  

graduauyfrom13・3to6・7individualsperm2atst・1，and良・om20tolO・7individua王sperm2atst・2during6  

yearsfねm1982to1987．From1987to1988，neadyhaげof軌e王argecanopyかondswerelosとand汀はnyreCruiとS  

appearedagaln．ItisthoughtthattheremarkablechangeindensityofcanopyfrondsisthekeytothebeginJling  

Ofregeneration．Thelossofmanycanopyfrondsprovidefavorablelightconditionforrecruitstogermandgrow  

Onthepopulation飢）Or．  

AsforEc，CaVaPOpulationsinFig．14，theyearlychangesof免■equenCydistributionofst壬pelengthinboth  

quadratsalsoshowedasぬilartendency．IncontrastwithEi．biqclispopulation，Ec．cauapopulationshowed  

remarkableyearlychanges・In1982largefrondswithstipelengthofmorethan20cmoccupiedgreaterparts，  

butin1983mostofthelargefrondsinthecanopydisappearedandmanyrecruitswereproduced．ln1984and  

1985iargeたondswbicbdeveloped血●OmreCruit＄in1982and19830CCupiedalargepartoftllepOpulation，ねm血g  

acanopy．ln1986mostofthecanopyfrondsdisappearedandmanyrecruitswereproduced，Showingasimuar  

＆equencydistributionasin1983，Frequencydistributionin1987showedasimilartrendasthatin1984．  

Thus，thenumberofrecruitswascontrouedbythedensityoflargeかonds．Aftermostoftheiargeftonds  

formlngaCanOpyWerelostordriftedout，marWYeCruitswereproducedandgrewtothecanopyonetotwoyears  

later，Consequently，theturnovertimeofthecanopylayeroftheEc，CaVamarineforestwas3years．A王arge  

numberofadultftondswerelostfrom1982to1983andfrom1985to1986，i．e．duringthethirdandthefourth  

yearfronlgel111ination．  
Figs．15and16showtheseasonalandyearlychangesindensity，Standingstockandrneanstipelengthwith  

advancementoftheregenerationprocessinbothpopulationsatSts．ト4．Standingstockwascalculatedfrom  

theaMometricrelationbetweenstipelengthandtotalfrondsweightasindicatedinprevioussectiorl．Meanstipe  

3engthistheaverageoftotaほorldsinthequadratateverycenstlS．Therefore，itisaparameterrepresenting   
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theheightofthepopulation．  

AsfortheEi．bieyclispopulationinFig．15atSt．1andSt．2，thedensityofadult魚●Ondsmorethan20cmin  

Stipelengthwashighatthebeginmigofthestudyin1982，andthereafteritdecreasedgraduauy．Thedensity  

Ofyoungfrondsshorterthan20cminstipelengthwasIowexceptfor1983and1988．Thechangesofstanding   
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Fig・15・Changesinthe populationdensitytotalftonds（一十ロー），yOungfronds（－ON）andadultfronds  
（－◎－）（upper魚卵re），andintheaveragestipeIength（－◎冊）andthestandingstock（…0…）  

（lowerfigure）ofEi5eniabiqJClisatSts・1and2b・om1982to1988．Young＆ondsareshorterthan  
20cminstipelength，andadu旺frondsarelongerthan20cminstipelength．   

StOCkweresimi1artothoseinthedensityofadult免・Onds，Whichwerehighatthestartofthisstudy，and  

thereafteritdecreasedgradua㍊y・Themaximumstandingstockwas1571g／m2atst．1and4483g／m2atst，2，  

WhichwererecordedinJune1982atthestartofthisstudy．Themeanstipelengthwashighin1982，1984，  

1985，1986and1987，andlowin1983and1988whenrnanyrecruitsdeveloped．   
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Fig．16．Changesin the population density totalfronds（一口M），yOung fronds（－○－）and adult fronds  
（p◎－）（upper負gure），andintheaverage stipelength（－◎－）andthestandingstock（MOM）  
（lower魚gure）ofEckEoniacavaatSts．3and4from1982to1987．Young＆ondsareshorterthan  
20cminstipelength．andadultfrondsare）ongertl】an20cnlinstipe】ength．   
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Ontheotherhand，intheEc．cαがαpOpu如ion（Fig．16）thetotalnumberof良■Ondsvariedirreg混ady・  

However，thenumberofyoungfrondsexhibitedperiodicchangesatinterva藍softhreeyearsIThedensityof  

youngfrondswashighin1983and1986whenthedensityofadultfrondswaslow，anditwaslowin1982，1984，  

1985and1987whentheadultfrondsformedadensecanopyasshowninFig．14．Themaximumdensityof  

adultfrondswasabout14individuals／m2whichwassimぬrinbothquadrats．Thechangesofstandingstockand  

rneanstipelengthshowedasimilartrend‥i・e・bothwereatthepeakin1982，1984，1985and1987whentheadult  

h・Ondsformedadensecanopy，andwerelowin1983and1986whenmostoftheadtlltかondswerelostandmany  

recruitswereproducedinthepopulation・Themaximumvaluesofstandingstockandmeanstipelengthwere  

O・8kg／m2and30－40cm，reSpeCtively・  

gc〟ノ0〃ゴ∂ C∂V∂   

＿＿＿∴＿＿．  
Opening仁加gap Grow亡h or young rronds Formi喝the canopy  

Time after  

OPeningヒhe gap  3 － 6 months  1－1．5years  

Densi仁y   －Increase＋shal・pdecrease～トSlowdecrease  

SLandir唱StOCk w Increase  Satura亡ion  

Phase or  
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Gap phase  Building pha＄e  M飢ure phase  

．：∴、・・∴・‥√∴∴、＼・・∴●ごご  

＿」‖ ＿．‥ ＿＿  
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regeneration  Gap phase   Buildir唱Pha5e  M飢ure Phase  

Fig．17．Sche111；ltic dhlgr川10fthel■cf：enCl■ationpl■OCeSSinE（kIolli（LCal｝（LnndEi5C）l！（ZbioIC］［spopu）ation，；l11d  

Changesin the population dcnsity and the standhg stockwith advancement of the regeneration  

PrOCeSS・   
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Fromtheresultsmentionedabove，theschematicdiagramwasdrawnforaEc．cavapopulationasillustrated  

inFig．17tosummadzethechangesindensity，Standingstockandregenerationprocess．Thethreephases  

could be distinguished with reference to the structures and the features of the population through the 

regenerationprocess．王nthe丘rstp蜃ace，thegapisopenedbythelossofmanylarge倉ondswhichforma  

CanOPy．Duringtheinitia13to6months丘・Omgapfomation，thedensityofrecruitsincreasesrapidlyfrom  

Wintertospring（gapphase）．Afterthepopulationdensityreachesthemaximuminnearlyhalfayearfromgap  

払mlation，itdecreasesrapid重y，Duringthisperiodplantsgrowrapidlyandthestandingstockalsoincreases  

greatly（buildingphase）．Thereafter，thestandingstockapproachesthemaximum（steadystate）withinlMl，5  

yearsaftergapformation，althoughitshowswinterdepressionbecauseofdeca勇ngoldbladeletsaftertherelease  

Ofzoosporesなomlate－autumntOWinter．Inaddition，POPulationdensitydecreasesgradually（maturephase）．  

Thematurephaseismaintathedforaboutoneyear．TheregenerationprocessoftheEc．cavamarinefbrest  

COrreSpOndswelltothetypical“gapregeneration”interrestrialclimaxfbrests．  

Theregenerationprocess oftheEi．bi砂Clis populationinFig．17is almostthe sameas theEc．cava  

population，althoughthetumovertimeofthefomerislongerthanthatofthelatter．Theperiodandstmcture  

Ofthegapphaseandbuildingphasearesimilarinbothpopulations．Irlthematurephase，Ei．bi伊Clismaintains  

thecanopyfbraconsiderabletime，6or7years．Astheresult，theturnovertimeoftheEi．biqcliipopulationis  

more than8years．The tumovertime ofEc．caL，ais only3years．The difference ofturnovertimeis  

attributedtoEi．biqcl＆havingalongerhfespanthanEc．cava．Moredetai1saboutthelifespanforbothspecies  

W山bediscussedinCapterII王．  

Recently，longtimeecolo感calresearchesofseaweedshavebeencarriedouttoexaminethedistributionof  

Speice＄andtoanalyzethestructureofpopulationsorcommunities．Astheresultofthesestudies，themost  

important factor controuing algalstructure was thought to be wave action33・4O・84・85）and／or grazing by  

herbivores34，37・38）whichactasexternalfactors・So，unthnowithasbeenthoughtthatthedensityandstanding  

StOCkofmarineforestsvariedirregularlydependingonthenumberofherbivoresandthesuddenoccurrenceof  

StOrmS．In this study，Ipropose another factor whichmight be the mostimportant one controilingthe  

population structure ofmarine forestsofEi．biqclis andEc．cava．Itis anintraspeciEiccompetitionlike  

Selfqthimingwhichactsasaninternalfhctorwithadvancementoftheregenerationprocess．Consequently，  

SuChstructuresaspopulationdensityandstandingstockchangeperiodicallyatagivenintervaloftheturnover  

time．Thesel如hinninglSCauSedoriginauybytheprocessofgettingspaceandlight．Particularlylnadense  

marineft＞reSt，近ghtisthemostimportantlimitingfactorforgrowth，andthereisaclearadvantagetobegainedby  

havinglightcouectingapparatusabovethatofneighborhood．Moredetailsconcernmgintraspeci鮎competition  

andhghtconditionasl血itingfactorsw親bediscussedinthenextsectionandinChapterII．   

IntheEc．cayapopulationmanyrecruis，Whichwere45－60fronds／m2atst．3and25－35fronds／rn2atst．4，  

Were PrOducedin the gap during the period of3－6months after the opening was madein the canopy．  

Differenceinthenumberofrecruitswasthoughttobecausedbytheavailablespaceon血esubstratumfor  

germinationandgrowthofyoungftonds．Alargenumberofrecruitsasmentionedabovedecreasedrapidlyto  

lO－15免・onds／m2inoneyear・Thisdecreaseindensitysupportstheevidenceofself－thinningwhichiscausedby  

Changesoftheiightconditioninapopulation．Alargenumberofrecruitsgemedtoolateorgrownunderdim  

hghtbeneathneighboringsuperiorrecnlits，aredestinedtodieorloseselectivelybecausetheycannothave  

enoughlighttogrowinthepopuiation．Ontheotherhand，SeVeralrecruitsgermedearuerorgrownrapidly  

haveapossibihtytosurvivetocanopyh・Onds．Recruitswhichweredenselyproducedinthegaptendto   
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increase skewnessin size frequency distributions，Whichis caused for strongintraspecific cornpetition．  

Recruitsarecompetitiveiyinferiortotheestablishedindividuais；theymayremainsmal1foralongperiodandbe  

Subjecttohighmortality・Astheresult，theselLthinningismoreactiveinadensepopulationwithextreme  

Skewnessofsizedistributions，andisoneofthemostimportantfactorsinregulatingthestructureanddensityof  

aplantpopulationdevelopednatura払y49）．  

Regenerationofc最maxmarineわrestssuchasEi．biqcぬandEc，CauapOpulationsisusuallyinitiatedbythe  

払rmationofthegapformedbydeathorlossoflargecanopyfronds．Averysmauopeningformedbylossofone  

large血●ondissoonclosedbya軸centcanopyfronds．Consequently，theregenerationprocessstartswhenthe  

assemblagesofcanopy良一ondsloseatthesametirneandarelat壬velylargeopeningisfomed．Inthisstudy，the  

regenerationprocessstartedwhenthedensityofcanopyfrondswithstipesofmorethan20cmlongdecreased  

to2－4individuals／m2・IwA＝AS＝Ⅰ7）alsoobservedthatalotofrecruitsofEc・CaVaOCCurredwhenthedensityof  

adultplantdecreasedtoト2むond／m2inthecoastalwaterofIzuPe血su豪a．   

WArl〉r60）suggestedthatterrestrialforestcommunitieshavemosaicsofpatchesinwhichvariousphasesof  

theregenerationprocessarearrangedspatiauy，andtheageofplantsinthepatchbecomesalmosteven．This  

phenomenoniscalied“cyc長csuccession”or“regenerationcomplex”．WATT’smosaictheorywasappiicableto  

variousterrestrialbresttypes55・59，87－92） andisava重uableconceptfbrunderstandingterrestrialforeststructures  

andregeneration・WArr60）distinguishedfourphases（gap，bu㍊ding，mature，anddegeneration）inthecourseof  

regeneration・W＝lTMORE93）recognizedthreephases（gap，building，andrnature）intheregenerationprocessof  

many terrestrialforests・In this study，Ia董so ver漬ed three phases（gap，building，and mature）in the  

regenerationprocessinEi．bityclisandEc．cayamarineforestswhichare thesameasthoseofterrestrial  

forests．Itisquiteinterestingthatsuchphasescanbedistinguishedbysimilarstructuresanddynamicfeatures  

Oftheregenerationprocessinbothterrestrialandma血eforests，althoughthereareconsiderabledi鮎rencesin  

thescaleofthepopulationand／orcommunityandinbiologicalandphysiologicalcharacteristicsofthecomponent  

SPeCiesbetweenthetwo・Speci鮎al1y，themostimportantdifEerenceistheturnovertimeofregeneration，  

whichislOO－200yearsormoreforterrestrialforests94・95），W旭eonly3and8yearsforEc・CaVaandEi．biqclis．   

Ithasbeengenera11yobservedthattherewasconsiderableskewnessofagedistributioninEi．biqclis  

population9・11M13・17）andtheEc・CaVapOpu量ation5－7rlト13・15） ・TheskewnessinEi．biqcliswasnotsomarked  

asinEc・Caua・Speci鮎a触youngfrondscanscarcelygrowinafu㍊ydevelopedpopulationofEi．biqclisinthe  

maturephase・Aquadratsamplingmethodhasgenerallybeenemployed氏）ranalyzingtheaged；stributionand  

ぬrestimatingthestandingstockofthealgalpopulation．Whenthequadratisplacedwitl血aparticular餌Ily  

developedpopulationwl血hisinthematurephase，largeandoldcanopyfrondsmayoccupymostpartsofthe  

POpulation，andthemeanstandingstockhltheareamaybeoverestimated・Itisthoughtthatmanyandlarge  

SCalequadratmethodsandalongtermobservationoverthehfespanofindividualsarenecessarytoestimatea  

meansize・Oragedistribution，Standingstock，andregenerationprocessofmarineforests．  

d）111traSpeeilicCompctition   

In this section，the distributionalpatterns mainlyforEc．cavapopulationratherthanforEi．bityclis  

poptllationwillbeexaminedanddiscussed・IcouldfoliowtheregenerationprocessofEc．cavafortwocycles，  

Whichwasenoughtoyielddatatoanalyzethedistributionalpatterns．However，Icouldnotgetsu鮪cientdataof  

Ei・biqclistoanalyzethedistributionaipatternwithadvancementoftheregenerationprocestotheextentofthis  

Studyforsevenyearsasdescribedintheprevioussection・Ican，however，discusstoalimiteddegreeonEi．   
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Fig．18．触alysisofdistributionalpattemsoftheEckloniacayapopulationinJune1982．  

Upper；I〕ispelion nlat）Ofind両dualsin tJle PCrlnanCn【quadl・ntinJune198ごnt St．3．The sizeo（  

Circlesindicatethestipelength；）argeopencircles，adult＆ondslongerthan20cm；Smallopcncircles，  

youngかondsoflO－20cm；SmailsoIidcircles，yOungなondsshorterthanlOcm．  

Middle；I5－quadratsizerelationshipsforadultfronds（脚十＝－），yOungfronds（仙○仙），andtotalfronds  

（岬◎－）．  

Lower；interspeciticassociation，Rゝ，betweenyoungfぬndsandadultfronds．  

biqclispopu重ation，Whichmaydependfundamenta址yonafactorsimilartothedistributionalpattemofEc、CaVa  

popuiation．   

Fig・18showsthedispersionofindividualsandtheresultsofanalysisofthedistributionalpattemandthe  
如毘SpeCi点cco汀eia£ionofthegど・どαぴαpOpulatioれinJune1982，Whichwasi頂tわe籾ic∂imaturephase．1、he  

distributiona長pattemswerecalcu塵atedin血reegroups；yOungindividualslessthan20cminstipelength，adult  

individuals more than20cmin stipelength and totalindividuals・Theintraspeci薫c correlation was also  

COmPutedbetweenyoungandadultindividuals．   

Youngindividua靂sdearlyhadacontagiousdist血btionwhichshowedmorethanoneinIavaiue．王twasaiso  

noticedthatyoungindividua重sofEc．cavahadasmauclump，andtheintra－Clumpdistributionwasmoreorless  

regular・Consequently，theindividualsineachclumphadatendencytokeepsomedistancefromeachother，  

accordingtotheclassi鮎ationofthedistributionalpattemsbyMoR王StTA63〉，Ontheotherhand，adultindividuals  

Showedaregulardistributionwithatendencytokeepsomedistanceた・omeachother．Thedistributional  

patternoftotalindividualswasrandom．ThehltraSpeCi鮎correlationbetweenyoungandadu比individualswas  

negative，indicatingtwogroupsrepulsivewitheachother，   

Fig・19showsyearlychangeshldispersionofindividualsanddistributionalpatternsinJune色・Om1983to   
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Fig．19・Changesin the dispersion ofindividuals and correspondingI8－quadrat size relat主onships with  

advancement of the regeneration ofEck）0，tta Caua POPu）ation from1983（－Cl－）through198i  

（－●－）to19S5（－ロー）・Thesizeofcirclesindicatethestipc）ength；1argeopen亡ircJes，】o11gCr  

than20cm；Sma11opencirecles，10－20cm；SOlidcircles，ShorterthanlOcm．  

1985atSt・30ftheEc・CayapOpulation・Thedispersionofindividualsin1983，1984and1985representedthe  

typicalphaseofgap，buildingandmature，reSpeCtively・Inthegapphasein1983，thedistributionalpattemwas  

COntaglOuS，andthereafteritchangedtorandompatternofthebuildingphasein1984．From1983to1984，  

populationdensitydecreasedrapidlyasshowninthelastsection．Adultindividualsinthematurephasein1985  

ShowedregulardistributioninthesamemannerasshowninFig．15．From1984to1985，pOpulationdensity  

decreased gradua弘y．It was apparent that the distributionalpattern changed with advancement of the  

generationprocessandaccordingtothechangesofthepopulationdensity．   

Inthisstudy，IfoundoutthatthedistributionalpatternoftheEc．cavapopulationchangesinaccordancewith  

Certainpmciples，andwithitsdensityhtheregenerationprocess．Inotherwords，thechangeindistributional  

Patternwiththeprocessofregenerationisconsideredpartlytobedensity－dependent．Itisnoteworthythatthe  

COmpetitionbetweenidividualsofthesamespeciesisoneofthernostimportantdensity－denpendentfactorsin  

plantcommunities．   

Ingeneral，thedistributionalpatternofrecruitsinthegapphaseiscontagious．Thisispartia艮ybecausethe  

Siteavailablefbrgrow也ofgametophytes，andrecruitsisrestrictedbyothersessileorganismsorbythe  

COnditionsofsubstratum，i．e．upsanddownsofpopulation鮎or，androckboulder，graVei，OrSand．Oneofthe  

mostimportantreasonsfortheconta如usdistributionofrecruitsistobecompetitionfor最ghtbetweertyoung  

andadultindividuals・Germinationandgrowthoftherecruitsaresuppressedbydimlightjustbeneaththeadult  

CanOpy血●onds・Astheresult，therecruitscanoccupyonlysmallopeningswherethecanopyfrondsleavesome   
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亜stanceinthepopulation．   

Thenumberofyoung魚・Ondswhich剋thegapgreatlydecreasesinthebuildingphase・Atthistime，a  

strongintraspeci魚ccompetitionforhghtoccursaccordingtothegrowthofeach魚・Onds・Thisresultsindeathof  

manycompetitivelyinferiorindividualswhichmaybesma址and／orshaded，SOthatafewcompetitivelysuperior  

individualssurviveandcanformacanopy．Itisatypicalmodelof“selfqthinnhlg”・王ndividualsinthedense  

dumpexperienceastrongerself．thinningthanisolatedindividuals，SOthatthedispersionofindividualschanges  

なomcontagiousdistributiontorandomdistributionwiththegrowthoffronds・   

Fromthebuildingtothematurephase，adultindividuaiswhichhavereachedsu琉cientheighttofbrmthe  

canopyshowaregulardistribution，becausecompetitionforlightissogreatthatthespaceoccupiedbyindividual  
＆ondsinthecanopytendstobenearlyequaltoeachother・SuchachangeinthedistdbutionalpatternofEc・  
cava，COntagiotlStOregularthroughrandomdistribution，isquitesimdartothatofdominanttreespeciesof  

terrestrialforestsofTypeIIIbyTAGAWA67），althoughtheperiodofeachphaseoftheregenerationprocessofEc・  

cavaisextremelyshorterinmarineforeststhaninterrestrialforests・Thereappearstobefundamental  

similarityinbehavioratthebiochemical，physioiogical，pOpulation，andcommunitylevelsbetweenatleastsome  

seaweedsandterrestrialhigherplants，despitebasicdifferencesinstructureandfunctionasdescribedin  
CousENS抽．   

Itisconcludedthatoneofthemostimportantfactorscontroningthestructt！reOfalgalpopulationisthehght  
conditioninit．Thedistributionalpatternisalsoaresultofintraspeciaccompetitionforgettingiightthroughthe  
growthofindividuals，aCCOrdingtosuchadensityAdependingfunctionasself－thinning・Morediscussionabout  

theimportanceofughtconditioninthepopulationwilibemadeinthenextChapter・  

ChapterII．Lightandproduction   

l．Introduction   

Lightis，Withoutdoubt，themostimportant鮎tora鮎ctingplants，anditisalsooneofthemostcomplex・  

Thiscomplexityarisesinthe鮎stplacefromthenatureofhghtitseif，andsecondlyfromthegreatnumberof  
effectsonpiants．Seaweedsgrowinanexceptionallydyrlamicanddiversehghtenvironment・Thecontinuous  

ebbandaoodoftidesandthepropertiesofwatercolumnandseasurfaceukewaveactionhaveagreateffecton  
thequantityandqualityofsolarenergyreachingseaweeds・   

Solarradiationisanultimatesourceofbiologicalproductionwhichisinitiatedintheconversionofitsradiant  
energyintochemicalenergymorganicmatterthroughphotosynthesisofplants，theprmaryproducers・  

Particularly，photosyntheticauyactiveradiation（PAR），Whichisdeぬedaswavelengthsof400to700nm，is  

avaぬbleforphotosynthesis・Distributionanddiurnalchangesofsolarradiation，eSpeCiallyofphotosyntheticany  

activeradiation（PAR），areimportantforalgalphotosynthesisintheseag7・98）．primaryproductioninthecoastal  

areas ofthe seais cardedoutmainlybymacroalgae．Furthermore，lightis the signalformanyevents  

throughoutthelifecyclesofalgae，includhlgreprOduction，grOWth，distribution，andchangeofalgalcommunity  

S血Cture．   

Inspiteofitsecologicalsign漬cance，Onlyauttleattentionhasthusfarbeenpaidtoevaluatingthedauy  

photosyntheticproductionundernaturalhghtconditionsofaquaticplants2，99MlO3），PrObablybecauseofthe  

di楕culty o‖帥t measurementinl血e community under naturalconditions and aecurate photosynthetic  

measurernentunderdimughtconditions．Onthecornmunity鮎orofEi．biqcliiandEc・CaVa，thelightintensity   
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iscriticalbrtheiryoungfrondstosurviveandtogrowtoadulthood．Photosyntheticcharacteristicsofyoung  

＆ondsofseaweedspeciesunderdimlightconditionnearthedailyughtcompensationlevelwi㍊provideinsight  

htounderstandingthedifferenceinverticaldistributionsofthetwospecies，  

AplantcommunityhasitsownpeculiarstruCture，inwhichphysicalandbioiogicalenvironmentsaredifferent  

largely fromoutside ofthe community．Eachindividualor organ，SuCh as blades，餌ICtionsin anaitered  

envirormlentinthecornmunity．Therefore，itisnecessarytograspthestructureformngacommunityandthe  

Changesinenvirormentalfactorsa鮎ctingthecommunitystructureexactly．Commun托ystructurerelathg  

Cioselytobiomassproductionischaracterizedbythcverticaldistributionofbladesasphotosyntheticorgansand  

bythechangesirlhghtconditioninthecommunity．   

Inthepreviouschapter，IemphasizedtheimportanceofthelightconditioninapopulationinaHectingthe  

regenerationprocessandcontrouingthedistributionalpatternofEi．bi呼ClisandEc．cava．However，inmany  

aspectsofthekelpforest，thehghtenvironmentremainsunde蝕ed．Therelationshipbetweenkelppopulation  

densityorstructureandlightpenetrationhasbeenexaminedbyonlyafewirlVeStigators，althoughmuchwork  

hasbeendoneonthiskindorrelationshipinterrestrialplantcommunitiesIO4）．verticalandhodzontaivariab批y  

inirradiancehasalsobee11eXtenSivelyexaminedinterrestrialforestslO5v冊1O7），butfewsuchmeasurementsexist  

brmarineぬrests2・30，鳩108）  

RelativelyextensiveandadvancedstudiesforMacroqsiismarineforestshavebeencarriedoutfroman  

ecologicalandphysiologica皇pointofviewsinceNoRTlilO9）．rntheforestofMacnqstisAyr痴nl，CanOPyforming  

Piantshaveamajoreffectontheunderwaterughtcondition．Severalstudiesshowedthatphotosyntheticauy  

active radiation（PAR）atnear－bottom depthswithingiantkelp forests was only O．1to5％ofthe surhce  

irradiance43誹い（鋸10） andthat＄hadingbyM動画憫reducedughtbyupto99％45）．Themostimportanteffect  

ofsuchstrongshadingisalowrateofcarbon飯ationbykelptissueslocatedbelowthesurfacecanopylll）．An  

enhanced abundance of recruits k蹴owirlg remOValof the kelp canopyindicated that shading oftenlimits  

recruitmentandgrowthofjuvenilesofMAyr狩mandotherunderstoryalgae33，43－86・112，I13）  

AsforEi．biqclisandEc．cava，COnSiderableknowledgehasalsobeenaccumulatedontheirdistribtltionand  

populationstructures魚・OmaneCOlo由calpolntOfview，aSShowninChapter‡．Thereare，however，fewstudies  

ontheir悠ghtenvironmentsandphotosyrlthesiswhichareimportantforestimatingthepnmaryproduction20・21〉  

andforproductionecology22）・Themethodofmeasuringproductiol－StruCture，developedbyMoNSlund  

SAEK11〉i4）isgreatlyusefu】toanalyzeverticalarrangementofplantbiomassandverticaldistributionofljght・  

′rhereare，however，fewstudiesoftheproductionstructureofmarinealgaeascomparedtonumerousstudiesof  

terrestrialplantcornmunities．TANIGUCHland YAMAJ）A29）and TAN王GuCⅢand Krro24）estimated annualrlet  

PrOduction ofS〟7苫弾ざざ〟沼♪αね柁ざ，ざα将器ざ〃〃2ぶgr和妙Jg〟研and5－αタ騨5S鋸別舶用βγガby measuring seasonal  

variationsoftheproductionstructure．HAYASu犯A30）reportedseasonatchangesinproductionstructureandlight  

distributioninanEc．cavapopulation．Itisthoughtthatthesttldiesinproductionecologyofaquaticplantsisfar  

behjndthoseofterrestdalp払tns．  

AlargepartofbiomassandproductionofEi．biqlisandEc．cayapopulationsisaccountedforbyadultfronds  

formingthecanopy23）・25）＞30）．However，yOungfrondsonthecommunityfloorplayan血portantroleasm如r  

COnStituerltSOfthecomlrlggeneration．Inthischapter，Iintendtotakeaseriousviewoftheyoung＆ondsof  

bothspecies．Knowinghow亡heyoungfrondsrespondandbehavetovarioushghtenvironmentsmayleadusto  

thekeyincomprehendingapopulationstructuremoreaccurately．  

The mainextemal払ctorinnuencmgthe productivityofaigalcommunitiesis，Ofcourse，incident soiar   
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radiation．Onthecommunity鮎orofEc．cavaandEi．biqclis，however，the！ight血ensityisverylow25）事3O），  

becausetheughtisabsorbedbybladesinthecanopyandalsobythewatercolumn．Itisnecessaryforyoung  

丘ondsofthesespeciestoreceiveenoughiight，atleastmorethandailylightcompensationpoint，fortheir  

growth．Thus，thekghtconditioninthecommunitiesisthemostimportantfactoraliowmgyoung＆ondsto  

SurViveandgrowtoadulthood．haddition，itisimportanttoaccuratelyknowthephotosyntheticactivityatlow  

hghtlevelsr）earthecompensationpointぬrestimatingdailyughtrequirements．Furthermore，thedistribution  

anddiumalchangesinsolarradiationareimportantfordeterminingthedailynetproductionandthedaily  

COmpenSationpoint．   
Inthischapterstudieswereur）dertaken，arSt，tOknowtheiightconditioninbothpopulationsbyuslngthe  

methodofproductionstructure，SeCOnd，tOknowchangesinthenaturallightconditionsinthepopulations，and  

third，tO determine the criticaliight conditions for young fronds of both specieswith reference to the  

cbaractedsとicsofpわotosyntbeぬ T昆s最ndofin払m歳出oni＄alsouse如1todeter血eねctorsgovernmgthe  

di鮎rencehlVerticaldistributionbetweenthetwospecies．  

2．九Iat，erials and nIethods  

a）RadiantEnerg〉・andMeasurement   

Radiant energy良om the sun，PrOPagated throughspacein the form ofwaves，rangeS aCrOSS the  

eiectromagnetic spectrum打om thelong－WaVe，まow－energy quanta Ofthe radio reglOn tO the shorトWaVe，  

high－energyCOSmicrays・“Light”referstothenarrowreg10nOfthespectrumthatisvisibletothehurnaneyes，  

plusultravioletandinfraredwavelengths．Thereareimportantdifferencesbetweenthespectralsensitivitiesof  

thehumaneyeandplantphotosyntheticplgmentS．Rodopsm，thevisuaipigrnent，hasonemajorpeakat556nm  

withabsorptiondecreasingoneitherside（seeFig．20），Whereasthechlorophyusandohterphotosynthetic  

plgmentShavemanyabsorptionpeaksacrossabroadreglOnl15Ml17）・Theterm＝photosyntheticallyactive   
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Fig．20．Energysensitityofanidealquantameter（straightline）comparedwithquantumsensor（brokenlirle）  
usedin this studyarld photometric sensor（dotted tine）・（From Lト192SB underwaterquantum  
sensorinstruc亡ionnlanualwは1PermissionofLトCOR‡nc．）   
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radiation”（PAR）hascomehtomoredescriptiveuseofthe spectralpropertiesforphotosyntheticpigrnent．  

PARisde触edaswavelengthsかom400to700nm．  

Speci鮎temsareusedtodistinguishbetweenenergyemittingfromasource，Whetheritisthesunorlamp，  

andenergybeinginterceptedbyano擁ctsuchasaseaweed．“Radiance”isthe飢lX（rateoflow）radiatedbya  

SOurCe：“Irradiance”istheauxinterceptedperunitarea．Typically，Plantphysiologistsareconcernedwith  

irradiance．Oftentheterm“lightintensity”isusedlooselyandincorrectlyinsteadofirradiance．  

Authetermsmentionedaboveapplytoenergy．Theenergyofaphotonishverseiyproportionaltothe  
WaVelength．ThtlSaSthewavelerlgthincreasesfromtheblueregion（400nm）totheredregiorl（700nm），the  

amountofener汐Perphotondecrease．Pigmentsabsorbingphotonsatdi鮎rentwavelengthsarereceiving  

differentamountsofenergy，buttheenergyavailableforphotosynthesisisthesameinallcasesl18）；thusthe  

rrumberofphotonsreceived（photon鎖uxdensity）isause餌Imeasureofirradiance．  

Theunitmostcommonlyusedtomeasurephoton飢1Ⅹdensityistheeinstein（E）ormicroeinstein（pE），  

whichreferstoamoleofphotons（1mole＝1einstein＝6．022×1023photons）．Someauthorswouldsimplyuse  

moleormicromolebecausetheeinstehisnotanSIunit．TheappropriateSIunitsbrmeasuringenergyare  

joulesU）andwatts（W）．Thejouleisusedtomeasurethetotalquantityofenergytransferredinthequanta．  

ThewattisusedtoIⅥeaSureradiallt触Ⅹ119）．Thus，1W／m2：＝1J／m2／s．  

Perhapsthemostcorrmoninolderbiologicalliterature，andunforヒunatelyisstininuse，aretheilluminance  

unitsぬrphotometry，SuChasfoot－Candleandlux．Photometryreferstothemeasurementofvisibleradiation  

Withasensorhavingaspectralresponsibiutycurveequal，nOttOthephotosyntheticplantplgmentS，buttothe  

averagehumaneyeorrodopsまn，Illuminanceunitscannotbepreciselyconvertedintoirradianceunitsexceptfor  

speci鮎dughtsources，butsomeapproximatevaluesforconversionareglVenbyLtining120）・Thereasonwhy  

muchofthebiological王ightdataareglVeninluxorfooトCandlesisthatphotornetersorIightmetersareeasyto  

useandinexpensive；theyhadbeentheonlyinstrumentsavailableforalongperiodoftirne．  

Animportantpartofthe玖ghtmeasuringlnStrument，eSpeCianyoneusedunderwater，isthecouector．This  

isthewindowthroughwhichthelightbeamspassontheirwaytothedetector．Thewindowmaybeaaat  

Sur払ceoftranslucentdi私1Singmaterial，SuChasopalglass，knownasa27（OrCOShecouector，Whichmeasuresall  

rayscomingh・Omthehemisphereaboveit．Altematively，itmaybea47rCOllector，i．e．asphereco11ectingrays  

from alMirections．Both types are usefulfor biologicalmeasurements．Phytoplanktonare more orless  

Spherical，aSaretheirplastids，SOtheyareessentialy47rCOOlectors．Manyseaweedshaveamoreorless  

horizontalsurhcetocollectradiantenergy，andmightbebetterrepresentedbya27rCOueCtOr，   

Inthisstudy，Iusedthequantumsensorwitha27rCOllector（LトCOR190SB，192SB）formeasuringthe  

radiantenergyinphoton蔦uxdensityinwateraridinthelaboratory．Theunitisexpressedineinstein（E）or  

microeinstehl（FLE），althoughtheyarenotSIunits．TheideaiinstrumentforplantphysioIogywouldmeasure  

theexactnumberofquantaabsorbedbyplantpigments．Suchanidealisunattainable，butitispossibleto  

measuretheenergyorquantarelativelyuniformlyacrossthespectrum，andthusobtainabettermeasureofthe  

ughtavailabletoplantsthanisobtainedfromanilluminancemeter．Instrurnentsarepresentlyavailablethatcan  

measuretotal反radianceand／ortotalquantaacrossthePARspectrum（400－700nm），aSShowninFig．20．  

ThedistributionanddiurnaicharlgeSinsolarradiationareimportantfordetermhingdailynetproductionand  

thedailycompensationpoint．Inthisstudy，PARonthehorizontalplanehavebeencontinuouslymonitored  

Sir）CeApri11986，atthecampusofMieUniversityabout70lmtothenorthofthesamp血gsite．Valueswere  

integratedeveryonesecondandrecordedatlOminutesintervaltothedataNlogger（LI－CORu－1000）．   
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b）Strat浦edClipMethod   

Thestrati鮎dchpmethodwasdevelopedbyMoNSlundSAEK】114），bywhichverticalstructureofthe  

communitywasschematizedasaparticularformnarnedproductionstruCture・Aproalediagramofproduction  

structurerepresentsaverticalarrangementofplantbiomassandtheughtdistributioninacommunity，SOthat，it  

isavailablenotonlyforestimat主ngaproductionbutalsoforstudies ofhter－，intraspeci鮎competitionor  

SuCCeSSlOrl．   

AstudyinproductionstruCtureOfEi・biQ，ClisandEc・CaVaPOPulatiorlSWaSCarriedoutinthecoastalareaof  

ShimaPeninsu皇a，MiePrefecture，fromJunetoJuly1984．Studysiteswerelocatedatadepthof3rnoぼ  

IwaizakibrEi．biqcltsandatadepthof8moffHamaj血aforEc・CaVa・Sixquadrats（1mxlm）weresetin  

eachstudysite，WhereIchoseapopulationwithadifferenttypeofstructureandonasimilarpropertyof  

substratumatthesamedepth．FurthemlOre，quadratsforbothspeciesweresetinrenewmgpopulations  

bnowmgremovalofauthe如ndsinpreviousOctober1983・   

Beforecuttingdownanthefrondsforthestratifiedclip，lightconditioninthepopu‡ationwasrneasured・  

UnfortunateIyquantumsensorwasnotavailableintimebeforetheproductionstructurestudy；therefore，Iused  

thephotometdcsensor（MINOLTAT－1）0nlyintheproductionstructurestudy・Lightintensitywasmeasured  

every20cmfromthebottomtothetopofthecanopyandontheseasurface・lightdataweresimultaneously  

monitored by arecorder（YliP3057）on a boat，and the reiative ughtintensity was calculated・Light  

measurementwascarriedoutunderdifalSehghtconditiononacioudyday．   

Itwasveryd滅culttoapplythestrati鮎dchpmethodinpracticeunderwater；thereforeIplannedthe  

fouowingprocedure．Allindividualsinthequadratwerecutjustbe主owthestipe，andthencarriedtothe  

FisheriesResearchLaboratoryofMieUnviersityinAgoBay．Afterthemeasurementofstipelengthandage，  

eachmaterialwasarrangedhorizontauyonaboardasnaturalintheforminwateraspossible；Visibleobservation  

arldphotographswereusedforreference．Therea氏er，frondswerecutoffeverylOcmなomjustbelowthe  

stipestothetopoftheblades．Samplesineachlayerweredividedintotwoparts（bladesandstipes），rinsed  

withfreshwater，anddriedat850covernighttoobtaindrywel痴t，   

Todeterminethecriticalhghtconditionoftheyoung魚－OndsofEi．biqぬandEc・CaVa，thelightdistribution  

onthecommunitynoorwasmeasured．Studieswerecarriedoutat4mindepthoffIwaizaki，MiePrefecture，  

onJune13，1986，forEi．biqclispopulation，andat5mindepthinNabetaBayneartheShimodaMarine  

ResearchCenter，UniversityofTsukuba，OnJune21，1985，forEc．cavapopulation．劫lofthe＆ondsinthe  

quadrat（1mxlm）werelabeledandmarkedonadispersionmap・Theughtdistributiononthepopulationaoor  

wasmeasuredat121pointslOcmapart＆omeachotherbyusingaquantummetersystem（Lト185B／u－192SB）・  

Photontluxdensi仁yonthepopulationfloorandtheseasurfacewassimultaneouslymonitoredbyatwo－Pen  

recorder（YHP3057）onaboat，andrelativeirradianceonthepopulationaoorwascalculated．Aftertheught  

measurement，prOduct主onstructureofbothpopt11ationswasobtairledbythestrati鮎dcuptechniquementioned  

above．  

c）PhotosynthesisandRespiriltion  

PhotosynthesisandrespirationofyoungEi．biqclisandEc．cavaweremeasured魚■OmApriltoJuly1986・  

IntactyoungfrondslessthanoneyearoldlB・19）withftondareaof15－35cm2anddryweightof60－250gwere  

collectedたomthecommunitiesatdepthsof3－4mforEi．biqcぬand7－10mforEc．cavaaroundthecoastof  

ShimaPenins血，MiePrefecture：Whensampleswerecouected，photonnuxdensityatthegrowmgsitewas   
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measured．SamplesweretransportedtotheFisheriesResearchLaboratoryofMieUniversityandwere血sed  

With艮Iterdseawatertobefreeofobviousepiphyteswithcarefulhand血gnottowoundthefrondsandtoprotect  

them魚・Omdirectsunlight．  

A允er keeping the sampleた■Ondsin running seawater overnight to avoid abnorrnalresults caused by  

cutting20），photosynthesis and respiration were measured with a differentialgas－VOlumeter，りProducト  
meter〃12＝22） ，adaptingforlargeseaweedsorpieces123）・Twenty－OneSamplesofyoungEi．biqclisand  

thirteensamplesofyoungEc．cavawereusedforphotosyntheticandrespiratorymeasurements．Measure－  

mentsofphotosynthesisandrespirationwerecarriedoutat200cat8diff6rentphoton餌Ⅹdensities免■OmOto  

400FEE／m2／sbyusingaprqjectorlamp（KondolOOV－300W）asalightsource．Thephotonauxdensitywas  

Changedwithneutraldensity61ters（ToshibaTND－50，－25，－12．5）．  

Culture月asksofabout250mlcapacitywereusedforreactionandreferencevessels，and批eredseawater  

（50ml）waspouredintobothvesselswithasample反ondinthereactionvessel．Afterpre－incubationfbr30  

rninutesat400pE／m2／s，SeaWaterinbothvesselswasrenewed，andthephotosyntheticmeasurementwas  

Startedfromhightolowirradiancewiththesame丘■Ond．Photosynthesiswasalsomeasuredwiththesample  

h・Ondirradiated ftom one side orた■Om both sides of the blade．Respir離ion was measured after the  

photosyntheticmeasurements．Eachmeasurementofphotosynthesisandrespirationtookabout25minutes  
and the seawaterwas renewed each time．As the result，it took5－6hours from O9：00hfora series of  

measurement．After the measurement，SamPle丘■onds were rinsedwith freshwater and provided fbr  

measurementsofareaandchlorophy11a・ThechlorophyuacontentwascaluculatedbytheSCOR，UNESCO124）  

払rmula．Theywerethendriedat850covernighttoobtaindryweight．  

3．Resultsandl）iscussion  

a）Production Structure  

Figs．21and22showproductionstructurediagramsofEc．cavaandEi．biqclねpopulations，reSpeCtively．  

Theたequencydistributionsofstipelengthandage，Whichwasestimatedbycountingthenumberofgrowthrings  

asmentionedaboveinChapterII，Werealsoshownineachproductionstructtlrediagram．  

AsbrEc．cavainFig．21，theproductionstructureatSts．5，6，and7correspondedtotheherbtype  

reportedinterrestrialplantcommunities．AgreatpartOfbladebiomasswasdistributedintheupperlayerfrom  

30tollOcm，ParticularIyin70－80cmiayer；maXimumvaluesof251，178and14Ogwererecorededineach  

Sttldysite，reSpeCtively．StipebiomasswashighinthebottomlayerlessthanlOcm，anddecreasedgraduaily  

toward the top of the canopy．Light was absorbed greatlyln the upper hyer where the biade biomass  

COnCentrateddensely．Thereareimportantcharacteristicsofthetypicalherbtypeofproductionstructure．  

Relativelightintensitydecreasedrapid重ydownwardsandshowedanalmostconstantleveまoflO％inthelayer  

under50cm．Thenumberofstipesincreasedgraduaily＆omthetoptothebottomofthepopulation，and  

SpeC漬cauyitincreasedconsiderablyin80－60cmand20－10cmlayers．Inthefrequencydistributionofstipe  

length，thereweretwogroups；OneWaSadultgrouplongerthan50cminstipe王engthand3－4yearsold，andthe  

Otherwasyounggroupshorterthan20cminstipelengthandl－2yearsold．  

Sts．8arid9weredi鮎rentfrompreviousstations，havirigawidedistributionofbladebiomass免・Om30to80  

gin20－90cmlayersandnoc王earmaximum．Lightwasnotmuchabsorbedintheupperlayerandpenetratedto  

thebottomofpopulation．Relativeughtintensityonthepopulationnoorwas13％；thiswashigherthanthatof  

theherbtypeproductionstructure．Stipebiomasswasscarceintheupperlayerandhadamaximumvaluein   
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Fig．21．Productionstructurediagramsandtheh・equenCydistrbutionsofstipelengthandageofEckloniacaua  

communitiesatSt．5－10．H，heightofpopulatiorl（cm）；L，relativelightintensity（％）；NS，numberof  
stipes；F，photosyntheticorgans（bladcs，gdryweight）；C，nOI叩hotosyntheticorgans（stipcs，gdry  
weight）；SL，Stipelength（Cm）；NF，numberoffronds・NumeralsIp5indiagramsoftheた‘equenCy  
distributionofstipelengthshowtheage（years）．ShadedpartsareforEiseniabiqc   

thelowestlayer，48gatSt．4and131gatSt．5．InthefrequencydistributionofthestipeIength，therewere  

fewadultfrondsandwerentlmerOuSyOungfrondslessthanlOcminthestipelengthattheageofト2yearsold・  

ThedensityofyoungfrondsatSts・8and9was133and121individuals／m2，reSPeCtively・   

St．10wastherenewingpopulationaftercuttingdownaufrondsaboutayearbefore，andwasakintoagrass  

typeproductionstructure，Whichwascharacterizedbythebladebiomassmostlydistributedinthelowerlayer・  

Thebladebiomasswashighest（153g）in20－30cmlayer，andthestipebiomasswas49gh－thelowestiayer・  

Relativeughthtensitydecreasedgreatlyin30－80cm】ayer，andreachedlO％onthebottom・In血spopulation   
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oneindividualofEc．cm，・aWaSmixed．   

TheEi．bigcliipopulationatSts．11and12（Fig．22）showedthetypicalherbtypeofproductionstructure・  

Bladebiomasswasdistributedfromtheuppertothemiddlelayers；maXimumvaluesof788g（St・11）and517g  

（St．12）occurredin70－80cmlayer．Thestipebiomassincreasedgradua弘yfromthetopto50cmlayer，WaS  

almostconstantB・Om50toIOcmlayer，andshowedamaximumvalueinthebottomlayer・Measurementof  

ughtdistributionwasnotcarriedoutatSt・12・AtSt・11，agreaterpartOflightwasabsorbedintheupperlayer  

morethan60cm，aSischaracteristicofthetypicalherbtypeproductionstructure・Relative払ghtintensity  
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Fig．22．ProductionstructurediagramsandthefrequencydistributionsofstipelengthandageofEisenidbiqclis  
communitiesatSt．11－16．H，heightofpopulation（cm）；L，relativelightintensity（％）；NS，numberof  
Stipes；F，Photosyntheticorgans（blades，gdryweight）；C，nOnphotosyntheticorgans（stipes，gdry  
weight）；SL，Stipelength（cm）；NF，numberof良■Onds・Numeralsト4indiagramsofthefrequency  
distributionofstipelenが1Showtheage（years）．Shadedpartsareforgcゐわ乃fα∽むα・   
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decreasedrapidlyintheupperlayer，andwasverylow（aboutl％）inthemiddleandlowerlayers．Therewere  

noyoungfrondsatSt．11andafewatSt．8．Adult色・Ondsmorethan40cminstipelengthandmorethan4years  

Olddomi11atedinthistypeofproductionstructure，   

AtSt・13，thebladebiomassdistributedinwiderangesofthelayersandshowedtwopeaks；280ginthe70－  

80cmlayerand17Oginthe30－40cmlayer・Fromtheviewpointofftequncydistributionofstipelength，this  

populationwasconstitutedbytwogroups；OneWaSadultgenerationsmorethan70cminstipelengthandmore  
than4yearsold，andtheotherwasyounggenerationsshorterthan40cminstipelengthandlessthan3years  

Old・Re皇ativehghtintensitydecreasedrapidlyintheupperlayermorethan60cm，anddecreasedgradually  

downwardsto7％onthepopulationfloor，   

AtSts・14and15thepopulationshowedawidedistributionofbladebiomassandshowednoconspicuous  

PeakinthesamemannerastheEc・CaVapOpuまationatSts・8and9・Thebladebiornassvariedfrorn50to215g  

atSt・10and丘・Om60to124gatSt・15，eXCeptfortheupperandthelowestlayers・Relativelightintensity  

decreasedrapidlyintheupperlayerhigherthan60cmタanditdecreasedownwardsgraduauytolO－17％onthe  

bottomlayer・inthe＆equencydistributionofstipelength，theadultgenerationmorethan4yearsoldwas  

SCatteredinthetlPperlayerandtheyounggenerationlessthan3yearsolddomhatedinthelowerlayer．   

AtSt・16thepopulationwastherenewingoneaftercu比ingdowna11frondsaboutayearbebre，andwasuke  

thegrasstypeinproductionstructure，insamemannerastheEc．cavapopulationatSt．10．Thebladebiomass  

WaShighest（200g）inlO－20cmlayer，andthestipebiomasswas22gintbelowestlayer．Relativehght  

intensitydecreasedgreatlytolO％onthebottom．AtSts．15and16theEi．biqclispopulationcontainedone  

individualofEc．c〃LI〝．   

Table3showsstandingstock，C／Fratio，anddensityofEi・biqclisandEcrcavapopulationsstlrVeyedinthis  

Study・TheC／Fratioisarelativevalueofnonphotosyntheticorgasntophotosyntheticorgans・Inthisstudy，I  

Calculateditasaratioofstipeandbladebiomass，althoughaconsiderableamountofphotosyntheticplgmentis  

COntahledincortexofthestipe．StandirlgStOCkwashigherinEi．biqclisthaninEc．cava；themaximumvalue  

OfthetotalbiomassrecordedatSt．11女）rtheformerwas氏）urtimesasmuchasthatatSt．5ねrthelatter．This  

Table3・Standingstock（dryweight），C／F（stil）eS舟Iadesratio），anddensityofthe  

飢献由娩励拍】1d動地扁㍑甜叩Opulations  

StandingStock（g／m2）  
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differenceofthetotalbiomasswasattrib11tedmainlytothedifferenceofthebladebiomassbetweebothspecies．  

Onthe otherhand，the populationdensitywas higherinEc．cavathaninEi．biqclis，particulariy，itwas  

COnSiderablyhighatSts．8and9．C／Fratiovaried丘・omO．06toO．66inbothspecies，WaSSOmeWhathigherin  

gど．Cαがαthaningま∂桓cgぬ．  

ThreecharacteristictypesofproductionstructurewerebundinbothEi．biqclisandEc．cavapopulations．  

The丘rstonewastheherbtypeobservedinAluygrOWrlpOPulationsinwhichmostofthebladebiomasswas  

distdbutedinupperlayerofthepopulationandlarge致・Ondsdominated（Sts．4，5，6，11and12）．Thesecondone  

WaSthetypeinwhichthebladebiomasswasdistributedwidelyineverylayersofthepopulationandsmaufronds  
dominated（Sts－8，9，13，14and15）．Thethirdonewasthegrasstypeinwhichmostofthebladebiomasswas  

distributedinloweriayerandtheheightofthepopulationwaslow（Sts．10and16）．  

ThesethreetypesoftheproductionstructureofEi．biqclisandEc，Cayafundamentanyresemblethoseof  

terrestrialplant communities；however，there are some characteristic di鮎rences between them．For  

examples，C／Fratioofthepopulationofbothspecieswasconsiderablylowerthanthatofterrestrialplant  

communities．TheC／Fratiowasト10ingrasslandsand20－50interrestria抽restlO4・114），incontrasttoO・06－  

0，66inEf．如拶CJぬandgc・Cα〃αpOpulationsinthisstudy・YoKO｝王旭Aβ～αg・23）alsorepo氏edalowC／Fratioof  

O．24－0．23inEc．cavapopulationsaroundthecoastofShimoda，IzuPeninsula免●ornJunetoAugust．Thisis  

becausethedensityofwateri＄750timesashighasthatofairatnormaltemperature，andusuallyaquatic  

macrophYteSdonotneednon－photosyntheticorganstosupportthebladeandcanopy，beingdi鮎rentftom  

terrestrialplants．Somespeciesof良1myalgaesuchasthoseofUlvaceaehavenonon－Photosyntheticorgans．  

SuchaIowC／FratioisalsoreportedinsubmergedplantsinfreshwaterlOO）・Astheresult，thisisageneral  

CharacteristicrepresentedbymacrophytesgrowlnglnWater．Alittleorlackofnon－photosyntheticorgansallow  

摘ghnetproductionofalgaebecauseoflowrespiratorylosslO2・103）   

Assolarradiationpenetratestheseaitisalteredbothquautativelyandquantitatively．Thehghtattenuation  

resultsfromabsorptionandscatteringbywater，Whichisthemainreasonforarapiddecreaseofsolarradiationin  

WateraSCOmparedtothedecreaseinatmosphere．Inthisstudylightwasreducedto60％onthetopofEi．  

∂わ′Cぬpopu如ion，andto30％onthetopof慮r．cαがαpOpulation．  

Thedensityofsmallandyoungなondswascontrouedbytheughtconditionwhiこhwasrelatedtothedensity  

Oflargeandadultfrondsfbrmmgacanopy．lnthefuuygrownEc．cavapopulationoftheherbtypeproduction  

StruCture（Sts．5，6and7），1argeandadu比individualsdominatedandsmauandyoungかondswerescarce．This  

typeofpopulationischaracterizedbytherapidabsorptionoflightintheupperlayer，andthelightintensityinthe  

bottomlayerdecreasestolO％ofthetopofcanopy（only3％ofwatersurface）．Itisthoughtthatsuchalow  

ughtconditionsuppressesthegerminationandgrowthofyoungfronds．Conversely，atSts．8and9yotlng  

frondsdominatedandadultfrondswerescarce．Insuchpopulations，ughtintensityonthebottomlayeris  

higher（13－20％ofthetopofcanopy）thanthatintheherbtypeproductionstructure．Sucharelativelyhigh  

揖ght htensity enabIe numerous young免‘Onds to germ and grow．The results obtainedin this study  

correspondedwelitothosereportedbyHAYAS＝lDA30）fortheEc．cavapopulationinIzuPeninsula，Shizuoka  

Prefecture．Iemphasizethathghtconditiononthepopulation鮎orisoneofthemostimportantiimitingfactors  

わrgrowthofyoungh・Onds，aSHAYASH】DA30）observed・   

InEi．biqclispopulationstherearethreetyepsofproductionstructurewhicharethesameasinEc．cava  

POPulat10nS．E［．biqlCIis，however．hasmore bIade biomass tl】anEc．caLra：COnSequently，Lightisabsorbed  

greatlyintheupperiayeranddecreasestolO％orlesseveninthetypeshowingwidedistributionofblade   
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biomass（Sts．13，14and15）．Suchalowlightintensitymaysuppressthegerminationandgrowthofyoung  

fronds，inthesanlemanneraSinEc．caL＞a．   

InChapterI，Iintendedtotraceyearlychangesofpopulationstructure，andIsucceededto触doutthegap  

regenerationinEi．biqclisandEc．cavapopulations．Threephasesintheregenerationprocess（gap，building  

andmaturephase）weredistinguishedbyexaminingthechangeofthestructureandthefeaturesofboth  
populations．Inotherwords，StruCtureandfeatureofbothpopulationschangeperiodica址ywithadvancementof  

theregenerationprocess．Oneofthemostcharacteristicchangesofthepopulationstructurewasperiodical  
replacementofthedomhantgroups，yOungandadultones，Whichwereaitereda允eraperiodof3yearsforEc・  

cavaand7－8yearsforEi．biqclis・AccordingtoWArr，s6O）mosaictheory，Variousphasesoftheregeneration  
processdistributerandomiyinmosaicofpatches．Astheresult，Ipostulatedthateachtypeofthepopulation  

structureinthisstudycorrespondedtoastepoftheregenerationprocess；fbrexample，theherbtypeproduction  
structurecorrespondstothematurephaseoftheregenerationprocess・  

However，itiswe11knowthatpopulationstructuresorfeaturesvarylargelydependingonthebiologica壬and  

physicaldisturbancesinthegrowmgsite31M35）・Grazingdisturbanceplaysanimportantroietoconstructand  

maintainthealgalpopulationand／orcorrununity6B－70）・Naturalorarti6cialreductionsinherbivoredensitylead  

toincreasingaigalabundanceandchanginginspeciescompositionandstructure，andthisalsoalteresplanトplant  

competition43・70・125・126）・The e鮎ct ofphysicaldisturbance can be much the same as that ofbiological  

disturbance；thedisturbancemayactdirectlyonplantsorindirectlybya鮎ctingotherorganismswhichinteract  

withplants．Inmarinemacroalgalassemblages，physicaldisturbanceisoftencausedbyhighwatermotionthat  

mayremovevegetation33▼36，40・84）・Furthermore，StruCtureSOfthecommunityand脆fomsofalgaedependon  

thestabihtyofsubstratum28，40）・hChapterI，Icon触medthattheverticaldistributionalpattemandpopultion  

struCtureVariedwiththelocahty，dependingonsuchcharacter＄aSthedegreeofwaveaction，tOpOgraphyof  

substraturnandstabilityofsubstratum，althougha免・equenCydistributionofstipelengthanddensitywassimilar  

withinasmanareaatthesamedepthontheaatbottom．   

Inthestudyofproductionstructure，Ichoseareaswherebothspecieswerefuuydeveloped，andseteach  

quadratonthenatrockwithinthepopulationatthesamedepthinasma追area・Therefore，itisthoughtthat  

biologicalandphysicaldisturbancehaveanahnostequale鮎ctonthepopulationineachquadrat・Accordingly，I  

conclude that each type of the population structuresin this study correspond not to the differencein  
characteristicofthelocahty，buttoastepintheregenerationprocess．1tisapparentthattheherbtype  

production＄truCtureinbothspecies（Sts．5，6，11，12and13）isinthematurephase，andthegrasstypeof  

productionstructure（Sts．10and16）isinthebuildingphase．Ar10thertypeofproductionstructurehavingwide  

distributionofbladewithnumerousyoungindividualsofEc．cavawasinthegapphase（Sts．7，8，9，14and15）．  

TheEi．biqclispopulation，however，havemorebladebiomassthantheEc・CaVapOPulation，SOthatinthe  

Ei．biqclispopulationthehghtisabsorbedgreatlyintheupperlayerbyonlyafewcanopy＆ondsanddecreases  

tolO％orless，eVeninthetypehavjngwidedistributionofbladebiomass（Sts．14and15）・Accordingiy，the  

gapfomationinEi・biqclisw親occurwhenlossoftheassernblageofcanopyfrondstakesplaceatthesametime，  
andthereafterarelativelylargeopeningisformed．  

b）CriticalI．ight払rYouI噂Fronds   

Fig．23showtheproductionstructuresofEi・biqclisandEc・CaVapOpulation，andthedistributionofrelative  

photontluxdensityonthepopulation鮎ortogetherwiththedistributionofindividualftondsforthespecies   
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Fig．2B．Productionstructurediagram（upper），anddistributionsoftherelativelightintensity（％ofthewater  

Suぬceintensity）andindividualsonthe鮎or（iower）ofg由g乃fα占わdねandgcゐわ乃由c〝ぴαpOpulations  

atadepthof5m．H，heightofpopulation（Cm）；L，relativelightintensity（％）；NS，numberofstipes；  

F，photosyntheticorgans（blades，gdrywt．）；C，nOnやhotosyntlleticorgans（Stipes，gdrywt）；NF，  

numbero‖ronds．Thesizeofcirclesindicatethestipelength；largeopencircIcs，longerthan30cm；  

SmallopellCircles，10－20cm；SmauSOIidcircies，ShorterthanlOcm．   

i11ustratedhltheupper丘gure．StandingstockoftheEi．bityciispopulationwas2348g（dryweight）／m2：1921g  

Ofbladesand427gofstipes，andthatoftheEc，CaVapOpulationwas2505g（dryweight）／m2：1955gofblades  

and550gofstipes・Densitywas28individuals／m2intheEi．biqclispopulationand49individuals／m2intheEc．  

CayapOpulation．TheproductionstructureofbothspeciescorrespondedtothetypICalherbtype，Conse－  

quently，thehghtwasabsorbedgreatlyintheupperlayersanddecreasedtoonly3％and2％onthepopulation  

鮎orofEilbiqclisandEc・CaVa，reSpeCtively．Thephoton鮎Ⅹdensityonthetopofbothpopulationswas  

reducedbywatertoabout50％ofthesurhcevalue（4－5mindepthfromtheseasurfacetothetopofthe  

POpulations）．So，therelativephoton貝uxdensityonthepopulation鮎orwasonlyaboutl．5％ofthesurface  

VaLueforEi．biり・C［isandl％forEc．caL）a．   

RelativephotonfluxdensityonthepopulationnoorvariedfromO．6to2．2％oftheseasurfdceforEi．  

biqclis，and魚■OmO．2tol．8％oftheseasurfaceforEc．cava．Mostoftheyoung如）ndsshorterthanlOcmin   
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Stipelengthwerefoundgrowingintheplaceswhererelativephotonauxdensitywashighertbanl・0％forEi・  

bi＊clisandO．5％forEc．cava．Itshouldbenotedthatthecriticallightconditionforstlrvivalandgrowthin  

betweenl．Oandl．5％fortheformerandbetweenO．5andl．0％forthelatter．Thusitisclearthatyoung  

なondsofthetwospeciesweregrowmgurlderverydim艮ghtconditiononthepopulation鮎or．Therelative  

photonnuxdensityofl％correspondedtoabout20jLE／m2／satlocainoononhedaysfromAprialtoJu！yinthe  

regioninvestigated．   

Duringtheperiod丘・OmlatewintertospringwhenjuvenuesofEi．biqclisandEc．cavageminated，the  

bladebiomassofcanopyfrondsshowedalowerpeak（seeChapterI）．Asaresult，thejuvenilescouldreceive  

enoughughttogrow．Therea氏er，thebladebiomassincreasedtoreachthemaximuminsummer・Inafu弘y  

grownpopulationofbothspeciesinsurrmer，the短htconditiononthepopulation鮎ordecreasedtoト2％ofthe  

watersurface追ghtintensity，andthecriticallightconditionwasl－1．5％foryoungEi．biqclisandO．5－1％for  

youngEc．cava．ItistherefbreapparentthatlightisaumitingfactorforyoungEi・biqclisandEc・CaVatO  

Surviveandgrow．  

c）EstimationofDailyCompensationPoint   

Photosynthesis－iightcurvesontheなondareabasisofyoungEi．biqclisandEc・CaVaareShowninFig・24・  

The photosynthetic rate ofboth species was a血ost saturated at200pE／m2／s，and the ughトSaturated  

photosyntheticrateofEi．biqcliswashigherthanthatofEc．cava．Underdimhghtconditionlowerthan25  

FEE／m2／s，however，the net photosynthetic rate ofEc．cava was higher than that ofEi・biqcl＆and  

photosynthesis・kghtrelationshipwas肋earinbothspecies．Table4showsthelinearphotosynthesis一弘ght  
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Fig．24 Photosy】1thesishghtcoⅣeSat200cofyoungEねβ乃ぬ晦ぐぬ（－◎－）andgc紬邦ざαCαがα（－○－）・  
Verticalbarsindicate士95％con薫dencelimits．   
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Fig．26．Diurnalchangesin photosyntheticaliy active radiation（PAR）under3types ofweather conditions．  

Brokenlinesshowthesinecurves蔦tted．  

蝕e， んニ2130×Shl■3（が〟か）；  

c10udy，んニ1250×sinl・3（方・〟か）；  

rainy，ん＝150×Sinl・3（が～脇）．  

I．”Photon触Ⅹdensity（fLE／m2血）at8giventime蔦D，lengthofdaytime（h）．   



MiyuはMJゝEGAWA  124   

equationsrepresentedonthe良・ondareabasis，dryweightbasisandchl．abasis，Whichwerecalculatedbythe  

leastsquaresmethodwithinphotonauxdensitylowerthan25FLE／m2／s．Photosynthesis－1ightrelationships  

WereClear重ydiffbrentbetweenthetwospecies．However，theslopeofeachunewasahnostthesame（no  

Signiticantdifferenceat95％con餌encelevel）．Ontheotherhand，therespiratoryrateofEc．cava（1．82  

〆02／cm2／h）wasalmosthalfthatofEf．物cJね（3．38〆02／cm2／h）．Thecompensationbglltlevelwas8．2  

〃E／m2／sforgf，物cJゐand4．8〃E／m2／sfor駄cαぴ〟．   

Fig．25showstherelationshipsbetweenthelightcondition（relativeirradiance）ongrowingsitesandthe  

lightcompensationpointofyoungEi．biqclisandEc．caya．Thelightcompensationpointwascalculatedfrom  

eachphotosynthesis－1ightequationintherangelowerthan25FLE／m2／s・Therearenosignificantcorrelations  

betweenthelightconditionongrowlngSitesandthelightcompensationpointinbothspecies，althoughthelight  

COmpenSationpointofEi．biqclisisclearlyhigherthanthat6fEc・CaVar  

Fig．26showsthediumalchangesinphotosyntheticauyactiveradiation（PAR）under3typesofweather  

conditions，触e，C長oudyandrainyday．Solarradiationonthewatersurface（J。，FLE／m2／s）atagiventimethours  

aftersu∬iseisapproximatelygivenby：  

ん＝ん闇Sinl・3（方・〟か），  ……（1）  

WhereImaxisthemaximumsolarradiationdu血gthedaytimeandDisthelengthofdaytime良・omSunriseto  

SunSet，Table5summarizestheresults ofughtconditionobtain寧dinApril，May，JuneandJulydu血gthe  

photosyntheticstudy．TheaverageInlaXinthisperiodwas1440FLE／m2／s，Whicl－WaS65・8％ofthemaximum  

SOlarradiationon艮neday．Theaveragelengthofdaytimewas13．9hours．  

Table5．Clla昭eSin the m8Ximum so】ar radiation  

げ－。aX）andthelenがllOfdaytime色◆omAp摘  

toJuly1986  

才一ⅥaX（〝E／m2／s）  

Daytime（h）  
Fineday Averageday  
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Under natura‡conditions young打onds receiveiight b・om both sides ofthe bladein the population．  

However，thephotosynthesis－hghtcurvesinustratedinFig．25wereobtainedwithfrondsirradiatedfromone  

Sideofthebladesinthelaboratory．Therefbre，meaSurementSOfthephotosynthes料Iightrelationshipwere  

carriedoutwiththesameEc，CaVafrondwhenirradiated色・Ombothsidesaswellasfromonesideoftheblade．  

TheresultsareshownbFig．27（upper）．ThephotosyntheticratesaturatedataboutlOO／∠E／m2／swllenthe  

bladewasirradiatedftombotl－Sides，Whereasitsaturatedatabout200pE′m2′swhenirradiatedfromoneside・  

Theiight－Saturatedphotosyntheticratewasnearlythesameinbothmeasurements．Underdimlightlowerthan  

25FLE／m2′s，thephotosynthesis－1ightreIationshipwaslinearinbothcases，andthephotosyntheticratewhenthe  

bladewasirradiated魚・ombothsideswastwiceashighasthatwhenirradiatedfromoneside．   
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Fig．27．PhotosynthesislightcurvesofyoungEchloniacavawhenirradiated＆ombothsides（～0～）andfrom  

One Side（山◎－）ofthe blade（upper）．Relativelightcondition around the youngfrond nearthe  

P叩uiatio11鮎0＝lower）・  

ltisconsideredthatphotosymthesisinayoung打ondismoreactivewhenthefrondisirradiatedmainlyata  

rightangletothebladethanwhenirradiatedatotherangles．Inthisstudy，最ghtdatawasmeasuredonthe  

horizontalplane．Therefore，thereiativephotonnuxdensitywasmeasuredonthesameplaneasthebladeand  

reference to the horizontalplaneimmediately above the blade tipin the population．The resu重ts are  

SChematizedinFig．23．Therelativephotonnuxdensityonthesameplaneasthebladewas80％ofthatofthe  

horizontalplaneimmediatelyabovethebladewhichwasonly50％ofthephoton餌xdensityattheseasurface．  

Thus，thegrossphotosyntheticrate（鞍，P102／cm2仇）ofbothspeciesonafrondareabasiscanbewrittenas  

払1lows：  

Pgニ2×0・8×0・41×J（わrg～・ね吻cJ由）  ……（2）  

ち＝2×0・8×0－38×J恥rgc・α択昭），  …‥・（3）  

whereIisthephotonauxdensity（pE／m2／s）measuredonthehorizontalplaneabovetheyoungfrondtipinthe  

ra喝elowerthan25／ノE′m2′s・   

Basedontheaboveeqtlations，thedailyproductionanddailycompensationlightleve董ofyoungEi．biqclis  

fronds were estimated as follo＼VS．   

Thephotonauxdensityonthewatersurfaceatagiventimethoursaftersunrisecanbegivenbyeq．（1）．  

Relativeirradianceonthecommunitytloor（都isgivenby：  

Z＝J〝。．   
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Hence，thegrossphotosyntheticrate（タg，eq・2）atagiventirnethoursaftersunriseisgivenby：  

ち＝0．66×ZxんⅧ×sinl・3（方・〟β）．  

Thus，theda羞ygrossproduction（Qg，fL102／cm2／d）isgivenby：  

Og＝ムか0．66×ZxJ研α×sinl・3（方・膵）・dt  

＝1．21×Zxん甜×か／ち  

……（4）  

……（5）  

asthefunctionof3parameters，therelativeirradianceonthecommunityaoorq），maXimumphoton伽ⅩderlSity  

duringthedaytime（Jm。X）andthelerlgthofdaytimeU），13．9hinthepresentcase）・Thedailynetproduction  

（Q～ま，〃JO2／cm2／d）isalsogivenby：  

Q，ま＝1．21×ZxJ〝，僻×β／方－3．38×24．   

Thedailycompensationhghtlevel（＆．d）isgivenby：  

ろ．d＝（3．38×24×カ／（1．21×んJα×β）．  

……（6）  

…‥・（7）   

ThedailyproductionanddailycompensationughtlevelsofyoungEc・CaVaV；ereCalculatedinthesameway  

startingwitheq．（1）andeq．（3）．Thegrossphotosyntheticrate（グg）atagiventimethoursaftersunriseis  

騨Venby：  

ちこ軋61×ZxJ刑郁×Sinl・3（方・路）．  

Theda㍊ygrossproduction（Og，〝102／cm2／d）isかenby：  

Qg＝だ0・61×ZxJ桝α×Sinl・3（方・膵）・dg  

＝1．12×ZxJ椚溢×β／方  

Thedailynetproduction（Q，，，P102／cm2／d）isalsogivenby：  

¢”＝1．12×Zxん一朗×β／方－1．82×24．   

Thedailycompensationlightlevel（Zc．d）isgivenby：  

ろ．が＝（1．82×24×め／（1．12×J沼∬×か）．  

…‥・（8）  

……（9）  

……（10）  

……（11）  

Therelationshipsbetweendailynetproduction（Q”）and王ightconditionばand／orI”，。X）inbothspeciesare  

examinedinFig．28．Values ofI桝aXmayrepreSentthe type ofweatherconditions；e．g．mOre than2000  

jLE′rn2′sona触eday，lowerthan150fLE／m2′sonarainydayand1440FLE／m2／sonadayofaveragesolar  

radiation（cf．Table5）．Plantshaveapecuiiardailycompensationpointinwhichthephotosyntheticoxygen  

PrOductionis equivalent to the resplratOryloss tl甘Oughout entire day・The daily compensation pointis  

representedbythebrokenhneinFig．28．Thecompensationpointsarel・1％forEi．biqclisandO．6％brEc・  

cavaat1440fLE／m2／sofImaxonanaveragedayintheperiodofthepresentstudy・Thesevaluesagreewel蜃with  

theobservedcritica＝ightforbothspeciesonthecommunity鮎orinFig．23．   
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Fig．28．RelationshipsofthedailynetproductiontothemaximumPARofdaythTleforyoungEiseniabiqclii  
（】eft）andEc抽niacava（頑1t）i11relationtodifferentrelativelightintcnsity（numeralsontheline）・  

Brokenlinesshowt】1edailycompensationpoints．   

Thelightsaturatedphotosyntheticrate，lightcompensationpointandrespiratoryrateofyoungEi．bわclis  

andEc．cavainthe present studywere wellir”greementwiththose ofadultfronds20・21）・Thehght  

COmpenSationpointestimatedbythelinearphotosynthesis－1ightrelationshipofyoungftondsirradiatedなomone  

sidewas8・2iLE′m2′sぬrEi・biqclisand4・8FLE／m2／sforEc・CaVa・Thesevalueswerehigherthanthoseof  

adultoryoungMacroり！Stii妙靡ra127Y128）andyoungLaminariajqi，Onica129），althoughthesaturatedlightlevel  

wasalmostsimilar．  

王t was reported that mature blades ofMamqstis如r砕m from d主fferent depths exhibited different  

photosynthetic characteristics；i．e．the photosynthetic rate ofcanopy blades was higher under saturating  

irradianceandtheirphotosynthetice琉ciencywashigheratlowirradiancethanthoseofdeeperblades13O）  

Thesedifferencesinphotosyntheticcharacteristicsofbladescollectedfromdifferentdepthswerepnmariiy  

attributabletoacclimationtolightconditions．hyoungEi．biqclisandEc．cayaofthepresentstudy，the  

COmpenSationlightintensity variedwith growing sites ofvarious ught counditions fromwhere they were  

COllected，eVenthoughnosigni鮎antcorrelationswerefoundbetweenthelightconditionatgrowingsitesandthe  

COmPenSationughtintensity（Fig．25）．However，thelevelofcompensationlightintensitywasdistinguishab重e  

betweenthe twospecies．Thephotosyntheticrateundersaturatingirradiancecouldalsobedistinguished  

clearlybetweenyoungEi．bわ′ClisandEc．cavaregardlessoftheughtcond主tionsattheirgrowl喝Siteinthe  

presentstudyasweuasinapreviousstudy22）・   

Thedifferenceofphotosynthesis－hghtcurveinreiationtoughtquautywasreportedtoberemarkablein  

greenandredalgael15事116）・However，KAGEYAMAandYoKOHAMAu7）reportedthatthephotosymthesis－ught  

curvewasslightlydifferentwiththelightqualityinthreespeciesofPhaeophyta，Ishなどsinicoh7，Sa御Sum   
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rinwldianum and Undariapinnaii＃da，COllected hAom Sha1low water，btlt WaS nOt differentin Undaria  

berte7Senianafromdeeperwater．Inthepresentstudyitwasassumedthattherewasnosigniacantdifference  

inphotosyntheticratebetweenEi．biqcl由andEc．cavainrelationtolightquality．   

Itis wellknown that photosynthesis ofmadne algae shows a diurnalryhthm．In general，0Ⅹygen  

productionishjghestinthe嵐離periodandjowest5nthedarkper30d131r132・133）．JnthepresenthlVeStjgationthe  

measurements of photosynthesis were carried out during the same pedod of daytime．Consequently，  

COmParisonoftheresultscanbeproperlylTはdewithoutconsiderationofthee鮎ctofdiurnalphotosynthetic  

CharlgeS．   

AccordingtoGEfミARDlO8），yOungfrondsareexposedtoIowerandlessvariab！eughtconditionsthancanopy  

bladesinthekelpbed，andphotosyntheticparametersdeterminedunderartiAcialughtinthelaboratorymaynot  

accuratelydescribephotosynthesisunder臥1Ctuatinglightconditionswhichcharacterizeakelpforest．Itwas，  

howel，el・．l▼er）・dif如uJtinthepresen［studyH＝11eaSureL］uctuatinglightcondjtjonsjnE（．CL7t）H；mdEi．hio・r／71s  

populations．Theproblemwillbeinvestigatedinthe知ture．   

Inthepresentstudy，theimproveddifferentialgas－VOlumeter123）withlargereactionandcompensation  

VeSSels（250mDwasusedtomeasurephotosynthesisandrespirationwithhltaCtyOungfrondsofcomparatively  

largearea（15－35cm2）ofEi．bicyclisandEc．cava，anditwaspossibletoobtainaccuratephotosyntheticoxygen  

CharlgeSunderdimlightconditionevennearthecompensationlightlevel．  

Estimationofthecritica‖ightintensityforyoungEi．bi砂ClisandEc．cavawascarriedoutinthepresent  

Stud）・1l・・出】SPeC品＝■eferencetothenl；Jthel】1aticalmodelofcommL】nit）・PhotosYnthesjsforsubmel■ged；1qu；雨e  

plantsbyIKUSIMAlOl）．Inhisreportthe最ghtintensityonthewatersurface（J，klux）atagiventimethoursafter  

Su11dsewasapproximatelyglVenby：  

J＝んま張Sin2（方・〟∂），   

WhereIm。XisthemaximumlightintensityduringdaytimeandDisthelengthofdaytime（h）．Inthepresent  

study，however，diurnalchangeinsolarradiationU，fZE／m2／s）isrepresentedby：  

Jニ∫那ぽSinl・3（方・〟研，   

asshowninFig．26．Itisthoughtthatthediscrepancybetweentheequationsmaybeduetothedifferenceof  

measuringmethodsandunitswhicllarei11uminance（lux）intheformerandphotonnuxdensity（FLE／m2／s）ofPAR  

inthelatter．  

Theestimatedcriticalhghtlevelwasl．1％forEi．biqclisandO．6％forEc．cauainreferencetotheught  

intensityatthewatersurface（Figs．27and28）．ThesevaluescorrespondedtoaboutO．42E／m2／dandO．24  

E血2／drespecかeiy，Wbichwereぬosと班esameas軌eda裏ycompensation鹿hとkveまofphytopja血ton134）．  

Photosynthesis－ughtrelationsofEi．biqclisandEc．cavarespectivelyrepresentedcharactersofsunandshade  

typesofphotosynthesisinterrestrialplant135）・ItisclearthatyoungEc・CaVafrondscangrowunderthelower  

insituughtintensityindeeperwaterascomparedwithyoungEi．biqclisfronds．Thisdifferenceincriticallight  

COnditionis oneofthe mostirnportantfactorsindeternAmgthe differencesintheirvertica王distributions，  

Particularlythelowerlimitofdistribtltionofbothspecies．Theestimateddailycompensationlightofboth  
SPeCiesagreedweuwiththeobservedcritica11ightconditionsonthecommunityaoor．Thisindicatesthatthe  

PreSentmeaSuremelltSOfiightconditionsinthe触dandphotosyntheticrateintheiaboratorywereaccurateLy  

Cardedout．   
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ChapterIII．Dem（将raphy   

l．Introdueもion   

Ei．biqclisandEc・CaVaarebothperennialandhaveapotentialtoliveatleast5years14・17）・Therefore，the  

POpulationdensityofbothspeciesdependstosomeextentonthenumberofrecruitmentandlossingrowlng  

sites．Itisofcommercialandecologicalinteresttostudythepopulationdynamicsofreproduction，reCruitment  

andmortalityofthesea廃easCHAPMAN136）hasstressedtheneedforsuchworksinhisreviewofseaweed  

biology．  

BiologistshaveiongbeeninterestedinthesurvivorshipofplarltSandanimalsinnaturalpopulationssincethe  

beginmng ofthis centtlry．Three basic survivor patterns，uSua追y summarized as survivor curveS，have  

emergedfromearlierstudiesofDEEVEY137）・Survivorcurvesaregraphicexpressionsoftheprobabnityof  

survivingtoagivenage（Fig．29）．TypeIsurvivorcurvereSultswhentheage－SPeCi8cmortaiityrate（i．e．the  

PrObabihtyofdyinginag羞ventimeinterval）decreaseswithincreashgage，andshowsthepositiveskewnessona  

logarithmicscale．TypeIIsurvivorcurverestlltswhentheage－SPeCi負cmortalityrateisconstantandhasno  

relationtothechangeofage，andshowstheLinearrelationshiponalogarithmicscale．TypeIlIsurvivorcurveis  

producedwhentheage－SPeCificmortalityrateincreaseswithincreaslngage，andshowsthenegativeskewness  

onalogalithmicscale．ThesethreetypesofsurvivorcurveSarerepreSentedcompletelybythe“Weibu11  

freqtlenCydistribution〃138）・Thisisanextremely鮎Ⅹiblefrequencydistributionwhichcanpossesseither  

positiveornegativeskewness．IthasbeenwidelyusedinenglneerlngaSatime欄tO一払iluremodelandhas  

previouslybeenconsideredas a modelofhumal－Survivorship139）and ofnaturalpopulation dynarnics of  

animals138）．  

∩
＝
U
 
 

n
U
 
 

n
U
 
 

ハ
U
 
 

n
U
 
 

n
U
 
 

n
U
 
O
 
O
 
n
〓
U
 
 

n
U
 
n
U
 
n
＝
U
 
O
 
 

O
U
 
 
 
 
（
h
U
 
 
 
 
4
 
 
 
 
2
 
 
 

S
H
O
A
両
A
い
っ
S
 
叫
O
 
h
む
q
∈
コ
置
 
 

（
ぴ
一
再
U
S
 
か
O
T
）
 
 

S
h
O
＞
T
＞
h
コ
S
 
u
O
 
h
む
q
∈
コ
E
 
 

0  1   2  3  4  5  

でime エn years  

0   1   2  3  4  

でエmeln years  

ー
ヘ
）
 
 

Fig．29．Survivor curves described by Weibuuなequency distributions with various values of the shape  

pilra】11eter沼．F短uresareexpressedon】i11earSCaIeandonlogarithmicscale▼ Valuesofthescale  

parametcrnhavebeenadjustedsothatthesunTivingproportionapprocheszeroatage＝5years・  

Ⅰ，忍√〃＝1000exi卜（軋26）0・5；  
Ⅰ工，∬r〃＝1000exp－（絡70）1；  
批点r〃＝1000exp－（〟22．9）2．  

Rr〃numbcrofsurvivorsatagiventimei（years）・EachlinecorrespondstoTypeI，ⅠⅠ，andIlIsurvivor  
curveby伽EVEY】37）．   
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Recentiy，SeVeraldemographicstudiesforalgaewithahfetableanalysISWererepOrted打omanecoIogical  

pointofview，β．＆GuNNILL140）forj）めβ吉富αカぶ～如砺CHAPMANandGouDEY141）ゎどェgα伽ぶfαd彿珊怨，CoYEIミand  

ZAuGG－HAGLUND35）brPel喝砂hycusPorra，DAYTONetal．36）forseveralmacroalgaeintheirstudyofpatch  

dynamicsandC】jAPMAN142）forLaminarialongicururis・Tomyknowledge，however，Onlyonestudyconducted  

inmacroalgaeAsc砂妙IlumnodosumhasexperimentauyapproximatedthesurvivorshipdatatothetheWeibuli  

frequencydistribution96）・Therearenostudieswhichexaminedthesurvivorshipdatawithref6rencetothe  

regenerationprocessoranalysisoffactorscontrol血gthemortalityofalgalpopulatiosn．   

In ChapterIand王Ⅰ，f fbund the characteristic yeary changes ofthe population derlSitYand tわe age  

distributionofEi．biqclisandEc．cavawithadvancementoftheregenerationprocess，Thedensityofcanopy  

鉦ondscontroIsthelightconditioninthecommunity．Particularly，theughtconditiononthecommunity伽oris  

themosと血portanと1如流血g怨ctorforyoungp】antsとOSun7iveandgrowtotheaduithood2・22，犯30）・Thereis  

StrOngintra－SPeCi点ccompetitionforhghtinthegapandthebuildingphaseofregenerationprocessofEi．biqclis  

andEc．cava．Strongalgae－algaecompetitionresultsinthedeathofinferiorindividuals．Inthematurephase，  

themostimportantfactorfordeathisnormalsenescense．Theseprocessesofdeathcanbestudiedwiththe  

methodofdemography，i．e．survivorcurveandlifetable．Demographicstudiesleadtoagreaterunderstanding  

OfpopulationbioIogyandproductionecology．  

This chapterisundertakentodeterninetheregenerationprocessofboth specieswiththemethodof  

demography．Iinvestigated the changesin population density，mOrtality rate andlossin the permanent  

quadrats女）r魚veyears．AnalyzingthesedatawiththeWeibtlii＆equencydistribution，itispossibletodetermine  

thefactorscontrolungrecruitmentandrnortahtyofEi．biqclisandEc．caua．  

2．n′latcrialsand Methods  

a）Coh（汀tAnalysis  

DatafordemographicstudyofEi．bわ・ClisandEc．cayawereobtainedh．om女）urpermanentquadratsstudied  

for5yearsh・Om1982to1986asshowninChapterI．A11individualsinthequadratsweremarkedbytagging  

sequentiallynumberedpiasticplates（1cmX2cm）aroundtheholdfasts如adultpiants，OrPlottingthepositions  

ofindividualsondistributionmapsforyoungandsmallones．Thesmallestjuvenilesmarkedinthisstudywere  

l－3cmlongwhichcouldbedistinguishedfromonesofotherspecies．Fromthemonthinwhichtheplantswere  

markedtl∬OughJune1986，PreSenCeOrabsenceofindividualsandplantsize（stipelength）weremeasuredwith  

SCUBAdivings．Thecensusinthequadratswascarriedoutnfteentimesattwo－Orthree－mOnthintervalsfrom  

1982to1984，andatsix－mOnthintervalsfrom1984to1986．Atotalof514pJants良）rEi．bわ・Cぬand874pjants  

forEc．cava were markedin four quadrats for5years．Such numerous data enabled me to conducta  

COmprehens主vestudyofdemography．  

Survivorshipdataoftherecruits werearla】yzedbythemethodof“survivorshipdirectlyobserved”as  

describedinDEEVEY137）inwhichthesurviviorratecouldbecomputeddirectiy＆omthesurvivorshipdata・Fora  

periodafterthelastobservationthepresenceofindividualsindicatedtheirstlrVivorship，andtheirabsence  

implieddeathorlossduringthatperiod．Thedateoflossforeachplantwasassumedtobethemiddleday  
betweenthedateitwaslastlyfoundandthedateitsdisappearancewascon負rmed．AtthebegilmlngOfthe  

ObservationinJune1982，thekelppopulationwascomposedofplantswithvariousages．Eachagegroupwas  

Separatedaccordingtotherangeofstipelengthbytheauometricrelationship（cf．ChapterI）．Sincealmosta1lof  

therecruitsofbothspeciescou主dbevisibleinMarch，thesurvivorcurveandlifetablewerecalcu吏atedbystarting   
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hAOmthismonth．Thus，the“cohorts”couldbecreatedbystartingtheufetirnesimultaneouslyinthesameway  

asGuNNILL140）employed．   

b）Wcibullfrequcncydistribution   
Foranaly血gねctors onrecrui亡ment success andmortality ofgざ．みざαC～ねandガc．rαがα，theWeibull  

h・equenCydistributionwasemployedasamodelofsurvivorcurve．王fthecontinuousvariablethasaWeibu11  

distribution，theprobabihtyofobservingavalueeqtlaltoorlessthanaspeciAct．F（i）isgivenbythecumulative  

distribution魚1nCtionasねuows：  

ダ（g）＝1－eXp－（紬）け’，  ……（1）  

where nis the scale parameter and mis the shape parameter of the Weiblu㍊＆equency distribution．  

Accordingly，thereiiab批yfunction，R（i），isgivenasfoilows：  

ガ（J）＝1－ダ（／）  

＝eXP－（〃再′’‘．   

andaverageoftheWeibulldistribution，E（t），isgivenbythefouowingequation：  

g（g）＝乃r（1十1／椚）．  

（r：ga111Illadistribution）  

……（2）  

……（3）  

F（のinequation（1）expressestheratioofthecumulativenumberofdeathstototalindividuals，R（i）expressesthe  

probabiiityofsurvivingtoagivenage t，andE（t）expressestheaverageufespanofthecohortinnatural  

popuiation．  
Age－SPeCi鮎mortalityrateatagivenaget，入（i）isgivenasfonows：  

人（J）＝－d〟（／）／dt．1／ガ（J）  ……（4）  

入（t）isalternatelyknownasthe“forceofmortality”inactualworkandthe“hazardfunction”inengineering  

problemsinvoIvingtime－tO－払iluremodels．Itexpressestheconditionalprobabiutydensityofdeathorfhilureat  

aspeci鮎t由venthattheorganismorsystemsurvivestotimet．Fromtwoequations（2）and（4），入（t）hasthe  

fonllaS follo＼＼rS：  

入（g）＝（∽／乃）（掬）別…1  ……（5）  

Clear！y，Whenm＜1，Å（i）isamonotonouslydecreasing免InCtionofi．Whenm＝1，Å（t）isconstant．Whenm＞  

1，Å（i）isamonotonouslyincreasingfunctionoft．lnthe鮎1dofen由1eering，thesethreepatternsareknownas  

ぬIlows：initialfailureordecreasingfailure；randomfailureorconstantfailure；WearOutfailureorincreasing  

ぬilure，reSPeCtively．王n demography，these three criteria respectivelycorrespond to TypeI，II，andIII  

survivorcurveSaSShowninDEEVEY137〉．Theformofthesurvivorcurveisthusdeterminedentirelybythe  

ValuesoftheshapeparametermandthescaleparameternasshowninFig．29．  

Similarvaluesofmintwopopulationsdonotensuresimilaraveragelifespans．Aithoughthevalueofthe  

Shapeparametermmaybesimilar，thevalueofthescaleparameternmaydi鮎r．Becauseaveragetifespanis  

determinedbybothmandnasshowninequation（3），pOpulationswithsimilarshapeparameterscanhave  

di鮎rentaverage臓spans．   



MiyukiMAEGAWA   
】32  

PINDERetal，138）proposedthattheWeibullfrequencydistributionhastwopotentia㍊y輌）Ortantappiications  

insurvivorshipstudies・First，theshapeandsca宣eparameterssummarizea11thesurvivorshipinLormationina  

lifetable．Second，eStimatesofmcomputedfromdifferentpopuiationscanbecomparedtodeterminewhether  

thepopuiationshavesimilarlyshapedstlrVivorcurves．Furthermore，inthisstudylproposear10therimportant  

app悠cationintheWeibunh’equencydistribution・Ifthe払ctorscontrolぬngthemorta批yratechangew姐血a  

Periodofiifetime，thevalueofshapeparpeparametermalsochanges．Consequently，itispossibletodeterrnine  

the払ctorscontroilingthemorta批yrateaccordingtothechangesinpararnetermwithinthelifetime．  

ForapproximatingthesurvivorshipdatatotheWeibu㍊frequencydistributionandexaminingthelifetable，it  

is required to sat主sfYaCertainconditionunderwhicha丑membersinthe cohortdie out．IntheEc．caua  

population，allmembersobservedatthebeginningofthepermanentquadratstudydiedotltandwerealternated  

Withnewmembersw抽血theperiodofthisstudy・However，SOmeOfEi．biqclis，Whichhadalongerlifespan  

thanEc・CaVa，livedthroughoutthepermanentquadratstudyoftiveyears．Therefore，Iapproximatedthe  

SurVivordatatotheWeibu11frequencydistributionandexaminedtheiifetablek）rOnlytheEc．cavapopulation．  

3．ResultsamdI）iseussion  

a）SurvivorCurYe  

AsshowninChapterI，thechangesin魚■equenCydistributionofstipelengthanddensityshowedasimilar  

tendencyatSts・1and2良）rEi・biqclisandSts・3and4forEc・Caua・Therefore，theaveragesurvivorships  

WereCOmPutedrespectivelyforbothquadratsandtheresultsareshowinFig・30・Thesurvivorshipdata女）r  

lOOOrecruitsareexpressedbothonalinearscaleandonalogarithmicscale．   

AsforEまbiqc払inFig・30，thenumberofrecruitsgreatlydecreaseddurirlgthefirstyearearlyinthe  

lifetime，andthereafteritdecreasedgradual壬y．Themortalityrate，eXPreSSedbytheinclinationofthe血eona  

logarithmicscale，WaShighduringthenrst20months，andthereafteritdecreasedgradua11ytothelowlevel．  

A鮎r69monthsftomrecruiぬg，3loutoftheinitiallOOOindividualssurvived．   

As払rEc・CaVainFig・30，thenumberofrecruitsgreatlydecreasedduringthe鮎styearearlyinthelifethTle  

asinEi・biqc払andthereafteritdecreasedgraduauyduringthesecondyear．Aftertwoyears，however，the  

numberoffrondsindicatedrelativelyhighdecreaseagaln・ThemaximumiifespanofEc・CaVaWaSless6years．  

Themortahtyrate，eXpreSSedbythehlClinationofthelineonalogarithndcscale，WaSlowdu血gthefirsttwo  

yearsexceptrelativelyhighratesintheinitialthreemonths．A氏ertwoyearsthemorta】ityrateincreased  

餅adualiy．   

Thus，themortahtyratedidnotchangeuniformlyinthelifetimeofEc・CaVa，SOthatitwasnotpossibleto  

extrapolatethesurvivorcurvetoonlyonespeci点cequation・Therefore，inthepresentstudytheWeibu11  

equationwasexpressedasfollows：  

／．－＝Jexp－（〃〃）’’＼   

Whereらisthenumberofsurvivors，Iistheinitialnumberofindividua重sinapopu】ation，tisthet血e，n，isthe  

SCaleparameterandmistheshapeparameter・Forcalculath－gtheregressionline，theWeibulleqtlationis  

transfonlledns follows：  

1111Il（JノJ．、・）＝川1Il（／ト川111（〃1   

WhenY＝旭nU／ん），X＝ln（i）andB＝－mln（n），equation（6）isrewrittenasfollows：  

……（6）   
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Fig．30．StlrvivorcurvesofEiseniabiqclisandEckloniacavaforlOOOindividuals・Datawereexpressedboth  
onlinearscale（－○舶）andonlogarithmicscale（酬◎－）．  

y＝刑ズ十β．   ……（7）  

The relation betweenXand Yislinear，SO that the survivordata canbe触ed to the Weibu㍊h・equenCy  

distributionbytheleastsquaresmethod．  

Fig．31shows arelationship between the numberofsurvivors（ん）forlOOOindividuals and time（t）in  

months．Thesurvivordataareapproximatedon3regressionlinesfbr3periodsofthelifetime：duringthe長rst  

24months，fromthe24thtothe42ndmonthandfromthe42ndtothe69thmonth．Theshapeparameterm  

WaSO．488，1．376andl．976foreachperiod，reSPeCtively．   

Inthesurvivorcurveanalysisofseaweedpopulationsseveralequationshavebeenempioyedtocalculatethe  
ntlmberofsurvivors forthe selected timeintervals throughout thelifetime forhfe table analysis；e．g．the  

exponentialequation142〉，thelog－logequation140）andtheGompertzequation141）．   

‡nthepresentstudythechangesofmortalityrateexhibitednouniformitywithinthelifetimeofEc・CaVa・  

Hencethesurvivorshipdata鮎tedfdrthe3Weibuliequationsforthe3periodsasshownpreviously・These  

threeequationsaccordingtothechangesofparametersmandnindicatethatthemainfactorcontrollingthe  

mortalityrate ofEc・CaVaVaries throughouttheperiodhthelifet血e・Forthedemographicstudylthe   
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Fig．31．TheWeibullfrequemcydistributiomtittedtothesurvordateofEckloniacaya・  
0－24months，ら＝1000exp一飯／弧3〉0・棚；  
24－42montllS，ん＝1000exp－（∬／22，7）l事376・ 1  
42－69montllS，らニ1000exp－（ズ／2715）1・976  

J∬，numberofsuⅣivorsatagiventime∫（months）．  

parametermintheWeibuuequationismoreusefultodetermhetheshapeofasurvivorcurveandthefactors  
COntrOuingthemortahtyrate．   

Whenm＜1，themortalityrateisadecreasing魚InCtionofage，i．e．themortautyratedecreasesgradua艮yas  

血eageincreases．Inyoungstageofgc．cαぴα（∽＝0．488intbepresentstudy）パheねctorcontrol肋gtbe  

mortahtyrateistheintraspeci鮎competitioncausedbyself－Shading，reSultinginself－thinning・Competitively  

inferiorrecruits，Whichgermtoomuchlaterthanothersorgrowunderdim量ightconditionbeneathasuperior  

neighborhood，aredestinedtodieorloseselectively・WithdecreaseinpopulationdensitythroughselfLthiru－ing，  

themortalityratealsodecreases免・OmgaPtObuildingphaseduringthe丘rst24months・Anotherfactormightbe  

sweepmgoverthesubstratumbybladesoflargerplants，OrCharacteristicsofsubstratumuponwhichyoung  
plantswereattachin㌔5）．   

Whenm＝1，themortalityrateisconstantand／orunrelatedtoage・Inthepresentstudy，theparameterm  

wasnotfar打omlfortheperiodfromthe24thtothe42ndmonthintheufetimeofEc・CaVa・Itwasthought  

thatthelossofadult蝕・OndsinthisperiodwascausedbyoccasionalseverewaveactiorL Ec・CaVafrondsgrewto  

adulthoodandreachedthecanopysurfacewithin2years．Waveactioninnuencedlargecanopyfrondsmore  
Signiacantlythanyoung如）ndswithinthepopulation・   

Whenm＞1，themortahtyrateisanincreasingfunctionofage，i，e．themortalityrateincreasesgraduauyas  

theageincreases．Du血gthelastperiodfromthe42ndtothe69thmonth（m＝1・976inthisstudy），皇ossor  

driftoutoflarge致・Odnswascleariytheresultofnormalsenescence・   

Whenthepopulationdensitywashigh，thesurvivorcurvesshowedthatthemortahtyofjuvenileswasmuch  
higherthanthatofoiderplants・ThesurvivorcurveofEc・CaVaObtainedinthepresentstudywassimilartothat   
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ofPelLZgtQhycusPoryareportedbyCoYElモandZAUGG－HAGLUND35）．survivorcurvesofP．porYaischaracterized  

byahighmortalityrateattheyoungerstageandbyarelativelylowmortalityrateattheadultstage．Whenthe  

mainhctorregulatingthemortalityratevariesinthelifetimeofthespecies，thesurvivorcurvedoesnotshowa  
SmOOth血ebutshowsremarkablechangesinskewness（正Fig．30）．   

InthedemographicstudyofLaminarialo7qicruris，C＝APMAN142）showedthattheimportantdemographic  

ParameterSinthepIantpopulationweremorecloselyrelatedtosize（orstage）thantochronologicalage．He  

approximatedthesurvivorcurveofL．わngimErねtotheexponentialdistribution，givingconstantmortality，Which  

correspondedtoTypelImodelofDEEVEY137）・However，payingattentiontothe蔦gureshowingthedistribution  

OfsurvivordataofL．わnglCurunS，itappearsthatthemortalityratevariedwithageasissimilartomystudyof  

Ec．c〃〃〟．   

Inthe preserlt Study thecensus ofEc．cavawas carried outなomrecruitsト3cmlong．However，  

extremely highmortalityofthis species occurred before plants reached this size，ma Similarmarmeras  

mentionedaboutinotherkelpspecies143・144）．Themajordeterminantofthemortalityattl王sstagewasnot  

identi鮎dinthepresentstudy．MoreadvancedtechniquesandequlpmentSuSableinwaterandinthelaboratory  

W揖enableustodomorecomprehensivestudiesindemographyofalgae．  

b）Li鮎TabIe  

Lifetableisaconvenientforrnatfordescribingthemortalityschedu呈eofapopulation．CoiumnsoftheLife  

tablearesymboHzedbyletters，andthesesymboIsareconstantlyusedindemographicstudy：  

∬＝age，  

ら＝numberofsurvivorsatthestartofagex，  

砿＝numberofindividualsd3血gduringtheagextox＋a；ら－ら＋。，  

1000qx＝rateOfmortaiityduringtheagextox＋aperlOOOindividua量s；1000qJら，  

ex＝meanufeexpectancyfororganismsauveatthestartofagex，   

（α；ageinteⅣal）．   

Tosetupalifetable，OnemuStdecidetheageintervals（a）togroupthedata．Theageintervalmaybelor5  

yearsforhumans，anditwas3monthsforEc．cavainthisstudy．Usuany，theageintervaltakeslunit（year，  

rnonthorday）．Additiona11y，LxandTrcolumns，Whicharenecessarytocalculateex，maybeincludedinthehfe  

table．  

ThecalculationofmeanLifeexpectancy（ex）issomewhatcompucated．First，ageStruCtureOrnumberof  

ぬdividualsaiivewhicharebetweenagesズandガ＋射ん）isかenasぬuows：  

⊥．、・＝（／．、・十J．T十〃）／2．   

Second，SuCCeSSivevaluesofLxobtainedinthiswayaresummed鉦omthebotomofthecolumnuptoeachagex．  

ThisgivesTr．71isthesumofmonthsofremaInlnglifeofthepopulationatagex，Atthistime，OneShould  

notethatvaluesof7；areexpressedinunitsof“individua董sxtimeunits”，SOthat71mustbesummedasinthe  

わ1lowmgequation：   

わ    ㌔㌔蔓。（エgxα）・   
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Inmanycasesoflifttableanalyses，timeintervalislunit（1yearOrlmonth）．Then，Tlisobtainedonly  

bysurrmgLxvaluesfromthebottomofthecolumn．  

Dividing71byらgivesthemeanlifeexpectancy（ex）asfouows：  

ち＝7；／ら．   

ThevalueofmeanlifeexpectancyatageOisthesameaStheaverageliLtspanOfthecohort．Forolder  
individuals，itistheaveragelifespanremaiⅠ血gtothoseattainingaglVenage．  

LifetableofEc．cavawasshowninTable6．Thenumberofsurvivors（ら）fora3－mOnthintervalwas  

Calculated血■Om3WeibullequationsasshowninFig．31．Noindividualscouldhavebeenalivefor69  

monthsinthesurveyedquadrates；COnSequentlyらat69thmonthwasO．Whenx＝0，theaveragelife  

SpanOfthecohortortheaverageliftexpectanCyOfeachindividual（ex）was16．5months，andthemaxhum  

valueoftheaverage脆expectancy（ex）was21．1monthswhenx＝6months．Themaximum脆spanof  

Ec．cavawas5yearsormore，butdidnotreach6yearS．RelativemortalityforlOOOindividuals（1000qx）  

decreased during thefirst2years；COnSequently，itincreased gradual1y as expectedinthe Weibull  

打equencydistributioninFig．31．  

Table6，LifetableofEckloniacava．Abbreviationsareasfollows；X，ageinmonths；ん，thenumberofsurvivors  

at age x；4r，the number ofindividuals disappeared during eachinterval；1000q，，the number of  

individualsdisppearedforlOOOindividualsaliveatagex；Lx，thenumberofindividualsalivebetweenage  

Xandagex＋3；（71），SumOfmonthsoftheremaininglifeoftheindividualsatagex；ex，themean1ife  

expectanCy（months）forthoseatagex．DateofらfromO－66monthswerecalculatedbythe3Weibuu  

equationsinFig．31  
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0 16．5 16506．0  

5 20．8 13995．0  

5 21．1 12121．5  

5 20．6 10494．0  

5 19．6  9037．5  

5 18．3  7713．0  

0 16．7  6496．5  

0 14．9  5371．5  

5 12．7  4321．5  

0 12．1  3393．0  

5 11．4  2628．0  

0 10．7  2002．5  

InthehfetableanalysisofL．longlCruirisbyCHAPMAN142），thereisanumderestimationofmeanlife  

expectancy（qr）duetomiscalculationof71colurrm．Inhistable，TriscalculatedonlybysummhgL，xValuesfrom  

thebottomofthecolurnn，preSumablywithoutconsiderationofageintervalof2months．ThesameSOrtOf  

miscalculationisalsofoundinCHAPMAN136）forMacroり′Stis少額mbasedonthedataofRosENTHALetal．33）；age  

intervalis4monthsinhiscase．InthelifetableofPelvetiajas吻わtainGuNNILL140），meanlifeexpectancy（ex）  

WaSrepreSentedbythesurvivalof50％ofindividualspresentatthestartofeachinterval．Thisisanother  

COnCePtOfexusedindemographicstudy．   
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LifetableanaIysisisgreatlyuse丘Iinotonlyfortheeco重0gicalfieldtopresentaconcisesuInmaryOfcertain  

vitalstatistics ofa population but also for tisheries and comrnercia＝ields to provide fundamentaldata for  

managementandconservationofnaturalbioresources．Morecomprehensiveresearchaboutdemographyof  

algaeaccompairledbyanalyses ofsurvivorcurvesandlife tablesisnecessarytomakeclearthe population  

dynamicsofalgae払nature．  

ChilptCrIV．Co11Clusion  

Inthecourseofthepresentstudy，IhaveexaminedtheecologlCalcharacteristicsoほf．∂わ・Cぬandgc．cαがα  

marineforestsinreference tothefo1lowlngpOints：distributionalpattem，regenerationprocess，prOduction  

ecology，anddemography．Iappliedsomesimilarmethodsused女）rterreStrialforeststoanalyzepopulation  

StruCtureandpopuiationdynamicsinmarinefbrestsofbothspecies．Bothmarineforestshave良Indamentaily  

Similarstructuresandfunctionstoterrestrialforests，althoughthereareconsiderabledi庁erencesinthescaleof  

populationand／orcommunityandinbiologicalandphysiologicalcharacteristicsofthecomponentsbetweenthe  

two．  

EiseniaandEchloniamarineforestsoffercertainadvantagesforthistypeofpopulationstudyascompared  

withterrestrialforests．Thescaleofmarineforestsinusua11ysmallascomparedwiththatofterrestrialforests；  

thisleadmetouncomplicatedapproachwithmarineforestsforunderstandingpopulationstructure．Furth－  

ermore，SinceEi．biqclisandEc．cayabiologica11yandphysiologlCa主iyhavesimplerconstitutionsthanterrestrial  

plants，itisrelativelyeasytomeasurepreciselyphotosynthesisandrespirationwiththehelpof“Productmeter”．  

Themostimportantadvantageinstudyingpopulationdynamicsofmarine払restsisanextremelybriefturr10Ver  

time of regeneration as compared with terrestria蔓fbrests．These advantageswiu enhance my study of  

ecologicalandphysiologicalaspectsofmarinealgaeandmarineforestsmoreextensively．  
Therewerea艮ometricrelationshipsbetweenstipelengthordiameterandweightofstipe，bladeandtotal  

＆ond．Stipelengthwasthemostuse餌1analyticcharacterforunderstandingthepopulatioriStruCturebecauseof  

itseaseinmeasurlngunderwaterwithSCUBAdiving．  

Theregenerationprocesswassttldiedwiththemethodsofpermanentquadratandmapplngfor6years．  

Thetumovertimeofthecanopylayer（regenerationcycle）was5叫6yearsfortheEi．biαCiispopulationand3  

years for the Ec．cava population；the regeneration process of both marine forests was so－Caued“gap  

regeneration”．Threephasesofgap，buildingandmatureweredistinguishedwithreferencetothestruCtural  

anddynamicfeaturesofthepopt11ationthroughtheregenerationprocess．  

TheanalysisofdistributionalpatternSOfindividualsinEi．bibTClisandEc．cayapopulationssuggestedthat  

therewasasigniticantintraspeciiiccompetitionbetweenthecanopyfrondsandrecruits，andmoreoveramong  

thesameagegroups．Thedistributionalpattemsappearedastheresultofintraspeci員ccompetitionfbrlightin  

themiedassemblageofplantsofvariousagesandsizes，  

ProductionstructuresofEi，biqclisandEc．cavapopulationswerestudiedwithspecialreferencetothe  

light conditionsinpopulations．Youngh：Onds ofthese species were growmgunderconsiderably dimlight  

COnditionsorlthepopu蜃ation蔦oor．CriticalughtconditionsforyoungEi，biqclisandEc．cavaobservedonthe  

populationnoorwererespectivelyl．0－1．5％andO．5－1．0％ofthelightintensityatthewatersur払ce，The  

densityofsma11，yOungfrondswasdependentontheughtconditionwhichwasrelatedtothedensityoflarge  

CanOpyなonds．   
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Dailynetproductionwascalculatedwiththemathematicalmodelsbasedonphotosynthesis．ughtequations  
andnatural1igl沈COnditions・TheestimateddailycompensationほghtofyoungEi・biqcliswasl・1％andyoung  

Ec・CaVaWaSO・6％ofthewatersurfhcelightintensityonthedayofaveragesolarradiation・Theestimateddaily  

COmpenSationughtintensityagreedwe址withtheobservedcriticallightintensityforbothspecies．Itisclear  

thatyoungEc・CaVafrondscangrowunderlowerinsituHghtintensityindeepwaterthanyoungEi．biqclis  

frondsinslla1low water．  

DemographywasstudiedmainlyfortheEc．cavapopulation．TheWeibuliなequencydistributionbasedon  

thesurvivorcurvewasusedtoanalyzethefねctorsregulatingmortahtyofthepopulation．Attheyoungstage  

Withinthe鮎st24months，intra＄peCiiiccompetitionforlightwasthoughttobethemainfactorindeathorloss．  

Attheadultstagefromthe24thtothe42ndmonthwhenplantsformedacanopy，losswascausedmainiyby  

WaVeaCtion．Duringthelastperiod免●omthe42ndtothe69thmonth，lossoflargefrondsresultedfromnomlai  

SeneSCenCe・TheaveragelifespanofEc．cavawas16．5monthsandthemaximurnhfeexpectancyof21．1  

monthswasobtainedatthe6thmonthafterrecruiting．ThelongevityofEc．cavawascalculatedtobe5years  

OrmOre，butlessthan6years．   

Fromtheseresults，IconcludedthattheregenerationprocessofEi．biqcli5andEc．cavapopulationswas  

COntrOnedbyintraspeci5ccompetitionforgettinglight・Thediだdrenceinregenerationcycleofthetwospecies  

resultedfromthedihrenceintheirufespan．工naddition，thedifferenceincriticalughtconditionsbetween  

young魚■Ondsofthetwospeciesisoneofthemostimportantfactorsindeterminingthedifferenceintheirvertical  

dstributions．   

Thesestudiesofpopulationstructureanddynamicsaccompaniedbyproductionresearchsuchaslightand  

photosyntheticmeasurementswiubeause餌andessentialapproachtotheecoIogyofalgae．  
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アラメおよびカジメの生態学的研究  

前 川 行 率  

褐凍頬コンプ科に属するアラメおよびカジメは本邦畷海域に分布し，ト3mの高さになる大形海藻である。山般に  

アラメは潮間帯擬下から水深10m付近まで，カジメは水深4m付近から25mもしくはそれ以探にまで分布する。  

本研究は，群落の構造やその変動を研析することにより，アラメおよびカジメの機の特性を生態学的な見地から解明  

することをl∃的としたものである。   

両様の群落構造を解析するための基卿惇磐を得るたれ多くの個体について茎凝，芸子乳年齢，乾蕊数等を測定し，  

各形質聞の相対生長関係を検討した。一㌣の結果，相関係数，測定の難易度を考慮して茎戊を基湘汐賛として採用した。   

群落の更新課役を把臆するため，アラメおよぴカジメ群落内に永久コドラートを役燈し，個体の発生，死亡状況お  

よび基凝の伸薫状況等を6年間にわたり連続的に測魔した。カジメ群落では3年周期で成体群と幼体群の交代が行わ  

れるのに対し，アラメ群落では成体群が5－6年以上にわたって林道を形成し続ける。また，分布様式の解析から，  

小形群の消戊は，大磯瀾の密度によって強く支配されることも明かとなった。   

群落内の光環境と立体構造を明らかにするため，層別刈取り法により生塵構造を求め，解析の基準資料とした。両  

種とも群落床部の光環境は林冠を形成する大形群の密度に強く支配され，大形個体の少ない群落では，床都の相対光  

強度は比鮫的高く，多数のノJ、形個体が生育する。また，アラメ群落はカジメ群落に比べ葉蕊魔が3－4倍多く，光は  

群落上層で急激に吸収され，小形群の出現や生長が著しく制御される。   

光条件がアラメおよびカジメの分布や生長に及ぼす密接的な影野を明らかにするため，両雄の幼体について坐骨場  

所の光環境，光合成特性，日射の冒変化等を測定し，冒補償点を推免するためのモデル式を作り，両様幼体の光環境  

からみた生育限界を解析した。推愛されたE用ぎ償光強度を海耐に対する相対光強度で嚢すと，アラメ幼体では1．1乳  

カジメ幼体では0．6％であった。これらの偽は幼体の生育する群落床郡の相対光分布の実測催とよく一致した。   

カジメ群落について生存曲線や生命衆を作成し，若齢時の死亡要因を検討した練乳 幼体の生艮に伴う個体群密度  

の増加が原因となる棟内鴎争が主な死亡繋瀾と考えられ，また，アラメは奔命が7－8年と，カジメの5年に比べ明  

かに長く，戌期にわたり大形個体が優占する群落せ形成し続けることが明かとなった。   

以上の結果から，カジメはアラメに比べより弼光に適応しており，両種の光に対する適応の特性や野命の相違が，  

両種群落の構造やその更新裸凝の追いに反映しているものと結論される。   




