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-NTRODUCTION

Youngof-the-year(YOY)ofSomeSebastesmi-

grateintonearshoreareas(e.g.seagrassbeds,

Sargassumbeds,orkelpcanopyhabitats)as

larvaeorjuvenilesaftercompletingtheir

planktonicstageoffshore.Theblackrockfish5".

inermis,acommerciallyimportantspeciesfrom

southernHokkaidotoKyusyuinJapanandin

southernKorea(Kilo1984),isoneofthe

rockfishesthatoccupytemporarilynearshore

nurserygrounds.S.inermisextrudestheirlarvae

inwintermonthsinrockyareas,and,aftera

planktonicstage,transformingjuvenilesmove

{ntoZo8'θ 槻or5ヒz層 α靱zfη軍beφsduringthe

springseason.Asjuvenilesincreaseinsizeand

asthebiomassinthenurserygroundsbecome

unfavorable,theymovetodeeperhabitats.

However,onthislifecyclethereazequestions

unresolvedyet.Dolarvaeand/oryoung .juve-

Wilesmoveactivelyorpassivelyinto .thenear-

shorezone?Howdotheysynchronizethemi一
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Flg.1Map.ofSendaiBay,Mlyagi,no曲ernJa】 嘩m,

showingthelocationsatwhichadultfemale(filled

circles)andYOY(rectangle)S.inermiswere

co皿ected.a)Matsushima-2b3∫ 郡o脚 吻 ρbedandb)

Kitsunesaki-Sargassumbeds.

grationwiththetimingofsettlement?Whatrolemighttheplanktonicdurationplayinthisadaptive

strategy?DoYOYdiscriminatebetween7_osteraandSargassumbeds?Whatisthecontributionofeach

nurserygroundtosustainingtheadultpopulation?Theseaspectsaremandatorytounderstandtherela-

tionshipbetweenthelifestageandthepopulationdynamicsoftheadultstock.Inordertodisclosethese

questlonsIusedinfb㎜ 試ion丘om五eld◎ollections,an田ysisoflhema6rostnlcture,microstruc加r『 ～md

microchemistryofotolithsofYOYS.inertnissettledinZosteraandSafgassarmbedsinanorthwestcoast

ofSendaiBay(Fig.1).Thegoalwastoexaminethefollowing4aspectsoftheearlylifehistoryofthis

rockfish.

1.・Spatio-tempor田dist㎡bu重ionofextrus三 〇nofぶ ∫'2〃〃爵 星nSendaiBay

Becausetheextrusionseasoncanaffectthedynamicsofsettlementofjuvenilesintonearshorenursery

grounds,Iexamineherethespatio-temporaldistributionofextrusioninfoursitesfromsouthtonorth

alongSendaiBay:Haragama,Yuriage,ShichigahamaandAyukawa(Fig.1).Toperformthisresearch,

941femaleswerecaughtbyanglingandgillnetsfromOctober2000toMarch2001.Thetotallength,

totalweight,andovaryweightaswellasGSIwererecorded.Inparallel,一agedeterminationwasfocused

todeterminetheagestructureofthesapwnersineachlocation.Forallfishcollectedyearringsofsagittae
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werecounted.Inadditionovariesoffemaleswere

classifiedin4morphologicalstage:a)ripeb)

fertilized,c)eyed,andd)spentovaries.Bathmean

GSIsandovaryweightshowedthatextrusion

seasonofS.inermisrangedfromlateDecemberto

earlyMarch.Inaddition,freduencyofoccurrence

ofdevelopmentstagesshowedthattheextrusion

seasonshiftedinbothtemporalandspatialscales,

beginningandfinishingearlierinsouthern

locationsthaninnorthernones(Fig.2.Ij.Sucha

variationinreproductivetraitswithinasmall

spatlalscaleofkilometersasin、 ∫.112θ朋'3hasnot

beenreportedforanyotherrockfishspeciesto

date.Inaddition,olderandbiggerfemaleS.

ifierrrtistendedtostarttheirextrusionearlierthan

youngerand/orsmallerfemalesandtheshift

appearedtobegradual(Fig.Z.IT).Thisdeclination

inageandbodysizeprogressedgraduallyfrom

thebeg韮mlingtotheendoftheextrusionseasonhl

alllocations,withplotsforAyukawashowingthe

significantlylowerageandsize.Thesefindings

arerelevantforfisherymanagementofthisspecies.

Fig.2.(1)Percentageofoccurrenceoffourdevelopment

stagesofovariesinfemaleS.inermiscollectedfrom

October2000toMarch2001infowlocationsinSendai

Bay:Hazagama(A),Yuriage(B),Shichigahama(C),

andAyukawa(D).--)Changeinagestructureof

femaleS:inermiswithfertilizedovariesasreproductive

seasonprogressedinSendaiBay.Eachplotrepresentsa

singlecallectiandateinagivensite.Verticalbarsde-

note血estandaぼdde、4ation.
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2.一 〇tolithmicrostructure(OM)oftheblack

rock行sh,3ε ゐα∫螂'〃 の 〃ゴ5

Inadditiontoageandgrowth,fishotolithsmayalsorecordlifehistoryeventssuchasmetamorphosis,

settlement,andmigration.InthissectionIfocusedtoanalyzeindetailtheOMofjuvenileS.inermis

collectedinMatsushinla-Zo3卿 η1η 癖72αbedtodisclosetheearlyIi色his亡oryeventsrecordedonthem,
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'

andtovalidateextrusioncheckandthedailyperiodicityoftheincrementdeposition.YOYS.inermis

werecollectedinaZosteramarinabedinMatsushimaBayfromMarchtoNovemberin1998and1999.

Theextrusioncheckwasvalidateduponexaminingnewlyextrudedrearedlarvae.Tetracyclinetreatments

acidathermalmarkingexperimentshowedthattheotolithincrementswereproduceddaily.Fourzones

wereobserved(Fig.3):aclearcentralzone(CZ),whichevolvedaclearextrusioncheck(EC),after

whichaplanktoniczone(PZ)wasdeposited(Fig.3A).PZextendsfromECtoacleartransitioncheck

(TCh)(Fig.3B&C).ThischeckmarkstheboundarybetweenthePZandthefollowinglayer,thepost-

settlementzone(PSZ).PZzoneappearstoconstitutetheplanktonicperiodforthisspecies.Increment

widthsafterTCh(i.e.duringthePSZ)wereclearlybroaderthanthoseinthePZ.ThePSZseemedtobe

formedbytheshiftofenvironmentalconditionswiththeimmigrationintoseagrassbelts.Totheborderof

otolithappearedthehyalinezone(正 砿,Fig.3D),v童sibleonlyinbiggerjuveniles.Itisatranslucentgrow飴

zonewithincrementsnarrowerandlessresolvablethanthoseoftheouterboundaryofthePZ.Thislayer

extendedovertheremainingperiodofjuvenilesintheseagrassbeds(fromsummertoautumn),and

graduallytheresolutionoftheincrementsdecreased.Thisresearchhasshownthattheplanktonicduration

andpostsettlementperiodcanbedistinguishedtostudythepatternsofsettlementofthisspeciesinto

nearshorenurserygrounds.
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3.一Pattemsofsett長ementofjuve鳳 韮1eS∫ πεア〃2なinto、Zoβ 陀ハαand3α ㎎ ・α5ぶ麗〃山edsinSend劉iBay

InthisstudyIexaminedthetemporalpatternof

extrusion,planktonicperiod,growthrates(GR)of

individualYOYduringtheirplanktonicperiod,as

wellasthetemporalpatternsofsettlementofYOY

S.inermiscollectedfrom1998to2001inMa-

tsushima-ZosteraandKitsunesaki-Sargassumbeds.

Otolithanalyseswereusedtoestimatetemporal

patternsofsettlement.YOYamvedindistinctive

groupsfromearlyApriltomiddleMay(Fig.4A).

Settlement;roupsoccurredaroundnewandfull

moonphases(inspringtides)almostallyearsin

Matsushima-Zosterabed,except.for1998,inwhich

YOYarrivedaroundthird-quartermoonphases(in

neaptides).Thesynchronismtothenewandfull

moonswasalsoobservedfarthoseYOYsettling

intoKitsunesakiSargassumbed.Ithenanalyzed

timingofparturition,planktonicdurationand

growthrateduringtheplanktonicstage,aswellas

thesizeatsettlement.Parturitiondatesalso

occurredaroundthenewandfullmoon(Fig.4B),

Februaryinalmostyearsandhabitats.Inaddition,
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Fig.4Temporalpatternsofsettlement(1)and

birthdates(II)ofS.inermisinMatsushima-

Zosterabedin1999,whichwasalsothemost

commonpatternobserved.Filledandopencircles

denotenewmoonandfullmoon.Maximaltidal

heightsazeplottedforeachday.

/ン

吾/。
/

andweredistributedmainlyfromearlyJanuarytolate

YOYextrudedeazlierfirstappearedinthebedsand

viceversa.Planktonicperiodsrangedwidely

amongsettlementgroups,yearsandhabitats

(fromabout50to115days).GRsofindividual

YOYrangedfromO.1toO.3mm/d,followinga

similartrendamongsettlementgroups,yearsand

betweenhabitats(Fig.5),althoughsettlerswith

longerplanktonicperiodhadthelowerplanktonic

growthrates(Fig.6.n.Therewereinterannual

0102030405060706090

Planktonicperiod(days}

Fig.SChangesin10day-averageofgrowthratesof

individualYOYS.inermisduringtheirplanktonic

periodinoffshorewatersbeforesettlingin

Matsushima-Zo∬ θrαbed血.1999.Capitalle質ers

denotesettlementgroupsillustratedintheFig.4.

differencesinplanktonicgrowthrates,

particularlyinfirst3weekofthelarvallife(Fig.

6.皿:).Su曲ce、watertemperatureduringthe

planktonicperiodfollowedaparabolictendency

fromearlyJanuarytolateApril,withcoolest

temperatureonFebruaryandMarGh(Fig.6皿).
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Thegeneraltrendwasaconsistentpatterninthesizeatsettlementaround20mmTLbetweenhabitats

andamongsettlementgroups.(Fig.6.IV}.
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Fig。6AlOday-averageofindividualgro賊hratesfbrYOY8.'η θ7槻 εhav血gshorterand

longerplanktonicpehodsσ).Interannualcompar嬉onofgrowthratedu血gplanktonic

periods(II).Plotsofdailywatertemperaturefrom1998to2001inTashiroIsland,Sendai

Bay,northernJapan(I--}.SizeatsettlementofYOYinMatsushima-Zosterabedin1999;

lettersdenotesettlementgroupsandnumeralsinthegraphdenotemeanvalues(IV).

4.一L漉historytraits.ofYOYぶ 伽 εア〃3むd服ringthepost-settiementperi6d董n2擁 陀アαand距 τgα∬ 惚〃2

bedsinSendaiBay.

Young-of一 一the-year(YOY)Sebaszesinermisusesseagrassbedsasatemporarynurserygroundafter

completingtheplanktonicstageinoffshorewaters.Inthisstudy,Iexaminedtheseasonalchangesin

abundanceandtheearlylifehistorytraitsofYOYS.inermisinaZosteramarinabedinMatsushimaBay.

Ianalyzedthedailygrowthincrementofotolithstoestimatebirthdates1998,1999,2000and2001-year

classes.Inaddition,IaddressedontheseasonalvariabilityingrowthratesaftersettlementinZosteraand

Sargass:smbeds.Theresultsobtainedshowedthefollowingmaintraitsinalmostyears:CPUEofYOYin

M誠sushlmadecreasedshalplylnsummermonths(Flg.7.皿:)synchronizingwiththemaximumvaluesof

watertemperature(Fig.7.1)andthelowestvaluesofleaflengthofZ.marina(Fig.7.II).Therewereinter-

annualfluctuationsinthemagnitudeofsettlementintoseagrassbed.Compositionofbirthdatesin

Matsushima-ZosterabedrangedfromLateDecembertoearlyMarch,buttherangevariedamongyears.

GrowthratesrangedfromO.4to-0.8mm/daftersettlementinbothhabitats,andsettledgroupsfolloweda

samegrowthtrajectoryregardlessarrivingtime(Fig.7_IV).Settlersthatwereextrudedearlierfirst
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appearedintheZosterabed,andtheywerethefirsttoleave,whereasthoseYOYextrudedlatertendedto

staylongerinZと)舘 θ雌belt.4
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marina(II),meanCPUEofYOYS.inermis(III),andpost-settlementgrowthrateof

individualYOYineacharrivinggroup(capitalletters)(IV

5.一Co"t㎡b面onofM識tsu曲ima-Zo吻 アα、bedto

sustainingtheadultpopulationofS.inermis.

KnowledgeonthecontributionofYOYfishes

growinginZasteranurserygroundstotheadult

populationismandatoryforfisheriesmanagement.

Thegoalsofthisresearchwere:toevaluate2new

techniquesforclassifyingYOYS.inetmisinto

Zo・9彪 雌and諏 ㎎ α33毎〃3beds,basedonthe

microchemistryofotoliths(usinghighresolution

inductivelycoupledplasmamassspectrometry

(HR-ICPMS),andmeasurementsoftheotolith

kernel(themacroscopicnucleusareaofotolithof

adultfish).JuvenileS'inermisfromMatsushima-

ZosteraandSargassumbedsweredistinguished

withhighaccuracyusingboththetraceelements

.OnagawaoKitsunesakioMatsushima
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Fig.9Date飢 飴 ㎜ationofthe缶sthyal血ezone

estimatedbyotolithmicrostructureanalysisfor

YOYS.inermiscollectedinMatsushima-Zostera

andSargassumbedsinsummerof1999and

aim

(TE=Li,Mn,Ni,Cu,Zn,andBa,Fig:8A)andthe

kernelmeasurements(KMwidth&length,Fig.

8B).ThesefindingssuggestthatTEandKMcanbe

usedasnaturaltagsofYOYgrowinginnearshore

nurserygrounds.Inparticular,thewidthandlength

oftheotolithkernelallowedtoperformdiscriminant

algorithmstoclassifytheadultfishwithunknown

pastlife,andrevealedthatover50%ofadultfishes

collectedinvarioussiteswerethosewhichgrewin

Matsushima-Zo3彪 御 脚 万ηαbed.Theproprietyof

KMsasanaturaltagwasbaseduponthefactthatthe

firsthyalinezoneinotolithofYOYS.inermiswere

formed-atarelativelyfixedtimeinMatsushima-

ZosteraandKitsunesaki-Sargassumbedseachyear,

althoughsignificantlylaterintheSargassumbed

出anintheZo3彪 πzarea(Fig.9).
●

DISCUSSIONANDCONCLUSIONS

Otolithanalyzesasunderlinedheredemonstratedtobeapowerfulandaccuratetooltodisclosetheearly

lifbhistoryeventsoftheblackrockfishS.ゴ ηθ肋 な,i.e.theextmsion,planktonicperiod,settlement

patterns,andpost-settlementperiodinZosteraandSargassumbeds,aswellastoestimatethe

contributionofMatsushima-Zosterabedtotheadultpopulation.

疎 〃〃3∫0η,pぬ ηセα2'C、ρθガ04α124∫ θ即0π τ1pα∫彪η23qズ3θ ∫'陀〃2θ〃'

Resultssupportthatthetimingofextrusionandsettlementseemtobetriggeredbyasimilar

帥 樋ro㎜entalsig謡(moonphおe)tomaxim{zese廿1ement.Oldα 免maleswithahigher`reproductive

potentialspawnedfirstinsitesclosertoMatsushima-Zosterabed(thepreferredhabitatinviewofitshigh

contributiontotheadultpopulation),whereastheyoungeronespawnedlaterinsitesclosertoSargassum

bed.Hence,thesefindingssuggestthatthereisanadaptivestrategydevelopedforthisspeciesto

synchronizemaximalreproductivepotentialwithsuccessfuluseofitsnearshorenurseryhabitats.

SettlementofS.inermisoccurredintemporallyseparatedpatches,independentofage,andwashence

underactivebeha縦oralcontro1.Settlersarrivedmainlyatnewand制lmoonphasessuggestingthat

settlersusedthespringtidalcurrentstomoveshorewardactivelyandfaster.Synchronismtofirstand

thirdquartermoonphasesseemedtobeexceptionaland.governedbyunknownmechanisms.Settlers

arrivedataconsistentsize,anditsoptimizationseemedtobelinkedtotheplanktonicgrowthrates,which

rangedfromO.1toO.25mm/d.'Thesevaluesarelowerincomparisonwithothernon-wintersapwnersof
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Sebastes.Despitethis,itappearsthattheadaptiveselectionoftimingofextrusioninwintermonthsis

advantageouswhensettlementoccursinpulsesandataconsistentbodysize,becauseavariable

planktonicperioddoesnotaffectlargelytothesettlementsizewhengrowthrateislow.

Post-settlementperiod

GrowthratesrangedfromO.4toO.8mm/daftersettlementinbothhabitats,andsettledgroupsfolloweda

samegrowthtrajectoryregardlessthearrivingtime.Thisfactsupportsthatsettlementattemporally

separatedgroupsseemedtobeanadaptiveresponsetooptimizetheuseofshallownurseryhabitatsin

whichthehighwatertemperatureinsummermaybecriticalforbiggerYOYthanforsmallerones.The

existenceofoptimaltemperaturesforgrowthnotonlysuggestwhyYOYS.rnermisneedtorecruitat

pulsestooptimizegrowthduringaseasonofincreasingwatertemperature,butalsothatthehigher

temperaturesinsummercontributetotheprogressivemigrationofYOYfromtheZosterabed.In

consequence,YOYarrivinginlatergroupsdonotneedtomigratefromthebedbecausetheystillhave

notattainedthesizeatwhichthehighwatertemperaturemaybecomealimitingfactor.Thesefindings

arethefirstfieldevidencessupportingthehypothesisofLoveetal(1991)thatontogeneticmovementsof

juvenilerockfishesfromnurseryareasintodeeperwaterisattributedtoontogeneticchangesin

temperaturepreference,ratherthanlackofsuitablepreysorhabitats,

COη 励 罐0〃 σ η撚 θ型9劉0〃 η伽0伽 磁 〃 .ρρρ〃勧 ノ0〃

JuvenileS.inermisfromMatsushima-ZosteraandSargassumbedsweredistinguishedwithhighaccuracy

usingkernelmeasurementsofotoliths.Thediscriminantfunctiongeneratedrevealedthattherelativeper-

c㎝tageofadultsthatgrewinMatsushima-Zb3彪 雌 溺 αr吻bedswereover50%Thehigh◎ontdbutionsof

YOYthatgrewinMatsushima-Zosteranotonly

suggestthatthishabitatiscrucialforthisspecies,7
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Fig.10Fittedregression(r2=0.96).betwe㎝themean

grov㌧花hrate(mm/d)atthe3weekof.thelarvallifband

theabundanceofYOY5:1η θ耀 ノ5ρollectedinmid-May

inMatsushima-Zosterabed.Theregressionsupportthe

hypothesisthatamorerapidgrowthrateresultinan

enhancedsurvival.

butalsosuggestthatsettlementmagnitudeinto

Zosterabedisanindicatorofyearclassstrength.

Hence,itispossibletopredicttherelativeabun-

danceofacohortofadultS.inermis,whileitisin

itsfirstyearoflife.Inconsequence,itmightbe

possibletotestthehypothesisthatgrowthand

survivalduringthelarvalperiodmightbedirectly

related.Thefigure10showssettlementmagni-

tudeasanindicatorofyearclassstrengthinthe

foursyearsstudied.Growthrateduringtheearly

larvalstageandsettlementmagnitudewere

significantlycorrelated,whichsupportsthe

hypothesisofenhancedsurvivalinfastgrowing

五sh.
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論 文 審 査 結 果 要 旨

メバル(Sebastesinermis)は 北海道から九州までの浅海岩礁域に棲息する卵胎生の漁獲対象種で,

外洋の岩礁域で産 まれた後,外 洋に面 した岩礁域の褐藻ホンダワラ群落(ガ ラモ場)や 内湾の維管束植

物のアマモ群落(ア マモ場)で,初 春から盛夏にかけて,そ こを保育場として生活を送ることが知 られ

てお り,古 くから数多 くの研究が行われてきた。 しか し,保 育場への移入 ・回遊や着底個体数の変動機

構,そ れらの場所における成長,減 耗や移出機構 といった個体群変動を解明する上で鍵となる事項につい

ての研究は殆ど行われてこなかった。この研究ではそれらのことを耳石の微細構造の解析により追求した。

著者は最初に,仙 台湾南部から北部までの4ヵ 所における産仔期の時間的変動を雌親魚の調査により

明らかにしている。産仔は12月 下旬か ら3月 初旬の問に起こり,南 ほど,ま た高齢で大型の個体ほど

早かった。

次に,発 育に伴う生態的変化が耳石の成長軸(時 間軸)に 沿った微細構造の変化として捉えられるか

否かを解析 した。まず,中 心帯の外側に見 られるマークが産仔マークであること,そ の外側の微細輪紋

が日周輪であることを産仔直後の仔魚の耳石の観察と耳石にマーキングした仔魚の飼育により確認 した。

また,ア マモ場に出現 し始める体長,艀 化後経過 日数,日 単位での成長履歴,生 態的変化に関する情報

から,浮 遊 ・遊泳生活期,着 底生活への移行期,着 底後の生活期を示す微細構造が存在することを明ら

かにし,こ の成果に基づいて以下の事柄を明らかにした。

まず,4月 上旬から5月 中旬までの期間に沿岸に近づいた仔魚は明瞭に識別できる幾つかの群として,

月周期に同調 し,大 潮を利用 して保育場に移動 し,着 底することを明らかにした。さらに,産 仔は主に

1月 上旬から2月 下旬の期間に満 ・新月に同調 して起 こること,早 く産まれた群ほど早い時期に着底す

るが,着 底するまでの浮遊 ・遊泳期の長さは大きく変動 し,産 仔期,産 仔場との関係 で長い浮遊 ・遊泳

期を持つ仔魚ほどその間の成長速度が低いことを明らかにした。これらのことにより,満 ・薪月に同調

した産仔による効率的移送システムと浮遊 ・遊泳期の成長変動が至適体長での着底を可能ならしめる機

構 として機能 している可能性を示 した。

着底後の各個体の日成長履歴と各加入群の保育場か らの逸出過程を解析 した結果,稚 魚がアマモの枯

死による食物条件の悪化により保育場を離れるのではなく,個 々の加入群はある一定の体長に達すると,

成長に伴 う至適温度の低下により随時保育場 を離れること,こ のこととパルス状に保育場に加入する加

入の仕方がアマモ場での種内競争 を緩和 している可能性があることを示 した。

最後に,内 湾のアマモ場,外 海のガラモ場での稚魚に耳石の構造,微 量金属に有意な違いがあること

を示 し,産 卵親魚の耳石を用いて内湾アマモ場育ちの親魚の割合を求め,仙 台湾の親魚の約50%が 松島

湾のアマモ場育ちであることを示 し,保 育場 としての重要性を具体的数値 として示 した。

これら知見はメバルの初期生活史,特 に保育場への加人,移 出機構と内湾アマモ場の親魚個体群への

貢献度の高さを初めて異体的に示 したものであり,審 査員一同,博 士の学位 を授与するのに充分に値す

るもの と判断 した。
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