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Abstrac【  

Thceffect of temperatureon the egg hatehing rate，yOlk utilization and gro＼＼1h orlar＼・al  

JapaneserloundcrPorcrlichEh）・SOIEu口CeuSヽ＼・8SStudicd to deLel111ine optimalrearing co11ditions．   

DuriIlgtheyolksaephase（rro111SpaWningtototE11yolkabsorption）renriI】gLemperaluresヽ＼・erc  

maintain¢dat12，15and180c．Larvaekeptat12and150cpresentedhigherviable曙ghaとぬing  

raね5，WhilesurvivalもOtOtalyolkabso叩もionwashigherforlarvaek叩tat15℃（p＜0．05）．Total  

lcngthathatehingwassignificantlylongerforlar＼，aCmaintainedat18Qcthanrorthosekeptat12  

and15℃（p＜0．05），でhiswasduetothehigheryolkabsorpもionrateduri喝incubahonobservQd  

［oz・theユ8℃gl、OUp．山thcend of‖1eyOlk sncphnseho＼＼・C、rCr．1arv凸ekeptat12nnd15CCwcre  

lo喝erthan血oseaと180c（pく0．05）．E汀iei8nCyOfyolkconversionwase＄timat¢dat25．56，24．93，  

and23．13mm／calforthe12，15，and180cgroups．respecもively．Aslongerlarvaeshouldresultin  

mo王℃SuCCeS或uまiJiitぬまでeeding，atemp8raturereglmenOf15℃まぶexpee紬dtoimprovetbegrowt】l  

andearl〉ldoYelopmentorP．olfLlOCeuSlhroughamorecf［icientuscofits〉▼01kr・eSCrVeS．  

Kcylrords：rishlar＼・ae・yolkutililation．growth・temperaturc・Japanescflounder  

Introduction   

でbeゐpanese rlounderタαrαg孟c如妙ぶ0払αCe㍑ざisoneoぎthemostimportant commercialspecies  

amongPleuronectidfi丸wiもbjuvenilesbeingartificiallyprod11Cedinla柑eSCaleforcultivationto  

m乱rk如sizeandforreleaslr将atCOaStalareasinJapan17・飢）．   

Asmostmarinefishe8duringtheirembryonicandlarvalstages，P．oliuaceusalsodependson the  

乱b80rptionoどyolkreservestoprovideitsnutritionalneedsun七ilitisabletostarもfeeding．Growth  

during thisperiod ofyolkdependenceisconsidered animportant determinant oflater survival  

becauselarvalsまgeandconditionmig加afぎect沈eabilitytobeginexogenousfeeding7・8）．Larger  

fishareexpectedtob8StrOnger，tOSWimbetter，tOSearChagreatervolumeofwaterforfood6，H），もo  

b¢1esssusceptibletodamageandpredation8〉，tOi喝eStlargerroodparticlesandtobelessaffected  

bycompetitionlB）andstarvationl），   

Fまshsizeandgrowthduri喝theyolksacphase（fromrertilizationtocompleteyolkabsorptidn）  

arerunetionsoftぬeamountofyoik，もberateofyolkab50rption，and班eefでicま帥CyWithwhichyolk  
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isconverもedintolarvaltissue，Althot将htheamountoでyolkpresentisbasicallydeterminedbyovum  

Sizell），both the raもe and efriciency or yolk absorptionlargely depend upon environmental  

parameter8，eSPeCia11ytemperature．Ingeneral，therateof yolk absorp七ion varies directly with  

rearlngtemperature．Theinfluenceoftemperatureonyolkconversion efficiency however，ismuch  

morevariable．Whileinsomespecies conversion efficiencyis found toincrease withincreased  

rearlng temperature，in oもhers efficiency decreases at higher temperatures＄），andin stillothers  

efficiencyreachesamaximumatinterrnediatetemperatures柑）．Forcuiturepurposes，itisdesirable  

toadoptaternperaturereglmenthatmaximizestheutilizationofenergyreserves，reSultinginthe  

largestpossiblefirst－feedinglarvae・Toourknowledgehowever，nOWOrk dealing with the yolk  

utilizationandlarvalgrowth has be8n COnductedⅥrith tbis speci那・でherefore，tbis study was  

designedtodeterminetheinfluenceoftemper乱tureOnthelarvaldevelopmentofダ．0払αCe㍑β．  

Matcrials and Mcthods  

Eggswereobtainedfromnaturalspawnsproducedbybroodstockkeptinanoutdoor200－tOntank，On  

yebり1989・Atspawnlngtime，Wa捷rt¢mperatureWaSlO・20c・Withinrourhoursorspawnlng，Onlyeggs  

foundtobefloatingwereplacedinl・01iterbeakersfilledwith800rne ofseawatercollectedatspawnlng  

tまm臥 D帥elopl喝embryos w肝¢incubated aも12，ほ乳nd180c uslr噂 a multipl¢ temperature  

incubator・でheexperimentaldesigtnconsis紬dorthr帥もr組tmenもswithfour replieaもes・でhroughouも  

incubation，densitywaslミeptatl・5曙g8p肝mgandnoaerationwasprovid¢d・Every6－8hoursduringthe  

incubationperiod，thedevelopmentalstageoftheeggswasdetermined．Afterhatching，Observationsand  

measurements were madc at8・12hintervals beginnlng・With just hatchedlarvae and continulng  

throug・houtthedevelopmentalperiodtoyolksacabsorption．   

j＼t spa、＼血ng a sample of around500eggs≠・aS fixedin‘l％CaCO3buffered formalin for further  

analysIS・YolksacvolumeswereestimateduslngrOrmulaeappropriaもefortheirshap臥でhevolumeof  

yolkintheeggscouldbem組SuredonlyoncesineelatQrSもagedembryoscurvedovertbeyolkmass  

makingpr鋸isemeasurementsimpossible・でheoneyolkmeasurementma由priortohatehi喝WaSat  

SpaWnlngもime，When曙gSthathadnotsぬrtedcleavag・ey妬andalsoprobablysomeunfertま1izedova，  

WereCOllectedandmeasured・Thevolumeofyolkatthistimewasconsideredtobethatofasphere：  

Ⅴ＝∵打／6〉くd3  

Where“d’’isもhediameter．   

Theyoll｛Saealldoilglobuleoflarvaehadanellipsoidalshapeandtheirvolumewascalculatedasin  
ALDERDICl王e£α～．2）  

Ⅴ＝4／3方［（1／2dl）2×（1／2d2）］  

Wheredlisequaltotheminoraxisandd2tOthemaJOrOne・Inar8WCaSeS払eformulaofthesph¢r¢WaS  

applied－   

Eggsampleswerethoroughlywashedindistilled・Water，driedtoconstantweightinanovenat50℃foT   
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48hoursandweighedon anelectronicbalanceto an accuracy oぎ0．1mg．Fixation on formalin was  

consideredもohavenoslgniricante汀ecもOnかyweight8）．Eggswerethencombusもedinaealorimeter  

（SHIMA】〕ZUCA・4P）．Duetotheminutesizeoftheeggs，itwasnotpossibletoperformdechorionation，  

SOtheyolkwasconsideredashaving・aCaloricvalueor89．09％ortheeggtotalvalue，aCCOrdin嘗tOtJOHNS  

a11dHo＼VEl－Lミニ’daLと10nPaT、alich申′Sdcn（Otp！LS．   

Totと111cngthofthelal・＼・aC＼＼TaSmeaSul・Cdfromtlletipo＝hesnouttothcen〔1ofthecaud111finfold，and  

thestandardlength to theend ofthenotochord．Totalandvi8．blehatching・rateS Were eStimated by  

まncubatinglntriplicaもeanavera卵Or50eg・gSint8Sttubesfil18dwith50mg ors8aWaねr．Viablehatchis  

definedhereasthepereentageoflarvaehatch¢dwi汰ouもanyabnormaliもiessuchasbaekbon¢aTld／ortail  

deどormiもi（∋S．   

Yolkconversionefficiencyfromspawnlng・timetoitstotalabsorptionwasestirnatedbyadapting・the  

methodologyofRYLANI）andNICHOLS19）  

Growthrate（mm／day）  
Conversionerficiency（mm／cal）＝   

Energ・yCOnSumption（cal／day）   

Survivalratesweredeter・minedevery24hourswhenthebottomofthebeakersweresiphoned邑ndonethirdofthe  

mediumwateI、WaSeXehanged．   

Observaもions o】1mOrpilOlogicaland behavioraldevelopment dealespecまa11y withもhose characters conc即・nlng  

feedillgands＼＼・im111ingfuncLions．suellaSmOuth：：digcsti＼・CtraCしCyenndfindcvelopmcnL   

StandardもreatmenとOrdaはineludedanalysisor閥rまance（one－WayÅNOVA）andDuNCAN’sMultipleRangQ  

Test．Differencespresenもatthe5．0％1evelorprobabiiity（p＜0．05）wereconsideredtobesig・niricant，  

Percentage data were arcsine・Square rOOt tranSrOrmed before analysis，but only untrans－  

fol、Inedvaluesal、ePrCSentCd．Alldatnarepresentedasmeans（±SD）．  

Rcsults  

Eg菖SWerepelag・icandsphericalinshape，andtheirdiamet群aV¢ragOdO．957（±0．017）mm．Yolk  

withinもhe曙gOCCupiedavolum80川．375（±0．026）mm3，OrapprOXimately81．7％of汰eeggvolume－A  

slngleoilg・lobuleintheposteriorportionoftheyolksacwaspresentanditsinitialvolumewas3．289×  

10－3（±0．713×10岬3）mm3，Thee紺SCOllectedaもSpaWningtimehadaealoricvalueofO．165calp¢r曙gOr  

approximatelyO．147calperyolk，   

Meantemperaturesobs¢rVedduringもbe¢Xperimentalperiodwere wellin aecordancewitb thelevels  

previouslydesig・ned．Meanvaluesobtainedforthed8Sig・nedlevelsor12，15and18℃werell．9（±0．1），15．3  

（±0．1），and18．30c（±0．3），reSpeC損vely．   

Developmenもalsequenceswereobservedearlierinhig・hertemperaも㍍eS（でablel）but柑gardlessor  

temp¢raturelarvae presented th¢Same mOrpholog・1Calcharacters aもhatching．A widely ext紺d¢d  

ll用rginalrinsurroundingthctrunkandcaudalareas，andno pectoralrin buds were evidenl．The eye  

lenseswerealreadyrormedbutnotpigmenも¢d．Aparもhllyformedaliment乱ryCanal（mouもhnotrorm¢d  

andanusclosed）couldalsobeobscl・＼TCd．As ror pigmentation，Chromatophores wer・e SPread o＼・eLlthe  

entirebody，eXCepもOn the post¢rior parもOf the yolk sac，Caudalarea and eyes、Before totalyolk  

ab80rptまon howev吼rully plg・mented¢yeS，a functionalmouth，an apparently runctionaldig・eStive   
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でablel．Meanperiodorもime（hours）rromspawning  
to selccted dc＼・elopmentalstages of Paro一  
揖加わ′SO£ZuαC紬gatdi汀erenttemperaもures  

もmcも，andpecもoralfins（抽oughsti111acking  

rays）wereobservedandぬereぎorelarvaewere  

COnSidellCdnblctostarLfil・St－rCedi）lg．   

During dc、・elopment，yOll〔and oilglobule  

＼ざ01ume deereased as a rcsul10flheLir uliliza－  

tion as encrg〉P SOur・Ce for maintenance and  

conversiontoLissue（growth）．Fig．1clearly  

demonstrateslhaL beforc hatching the さ・011く  

utilizaもion was ratherlow aも12and15℃．  

Afterhatching・however，highyolkuもilization  

rates were observed forもhese groups．For  

embryosmaintainedat18℃，4臥1％oftheyolk  

TEMPERATURE  
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APPEARANCEOFEMBRYO  

CLOSUREOFBLASTOPORE  

MOでILITYOFEMBRYO  
50％HAでCHING  

PECTORAL FIN FOnMED 

MOUTH OPENING  

TOTALYOLIくABSORPTION  

●Obs色rVationswer8m8由in30embryoand18でVae（n芝30）  
initialvolunleWaSabsorbedberorehatching・，  

ascomparedtoonly16．1and13．4％rorthQ12and15℃groups，reSpeetively・   

Viablehatchingraもespresentedsignificanはifferencesbetweenもr紘tmenもS（Table2）・Resultsobtained  

witbineubationaも158cwerenotdiぎferentfrom120c，butboもhweresuperiorto18℃（p＜0．05）．   

Athatching，1arvalle咽tbwassigniricantlydi汀erenもbe抽e¢ntr組hnents（p＜0・05）・Larva¢k叩もat12  

℃reached2．42mm（±0．18）andw¢reSmallerもhanもhoseaも18℃（2．72±0．09mm）．Sizeoflarvaeheldat  

150c（2．60±0．13mm）wasnotsignificanも1y dirrer¢nもどrom th¢0ぬer two treatments・AtもOtalyolk  

absorpもion，aninversionorthetotallenかbvalueswasobserved■ Larvaek叩tat12and15℃werenot  

di汀er8nもbetw餌nth8mSelve8butwerelongerもhanthoseat18℃（p＜0．05）・Moreover，SurVivaltototal  

yolkabsorpもionwassi卯ificantly higherat15℃（Table2）・Growth rates aも12，15and180c were  

estimatedaも0．317，0．526andO．687mm／day，reSpeCtiv由（Table3）．Growthand紺ergyCOnSumpもion  

rates were directly proportionalto temperature（Tab183）．Yolk conversion efficiency however，  

PrCSCnledanoppositctrendl  
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Fig．1．Yolkutilizationby th¢Japanese rlounder（タαrαヱ£e如ッぶ0ヱiuαee㍑ぷ）aもdirrerent  
temperaturelevels．Arrowindicate50％hatching・   
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Tablc2．Mean（±SD）percentage Or tOtaland  
Viaも1e batcbi咽raもes，and survivalto  
totalyolk absorption of劫rα～ic加わ鳩  
OliL・OCeuSlal、＼・ae at diffel・ent tempera－  
tul・eS  

Table3．MeaIl（±SD）1eng・thathatchingand at  
toもaltoね1yolkabsorptiorl，grOWthrat¢，  
energ・y COnSumption，yOlk conversion  
e汀iciency of タαrαgic如九ッβ OZ£ぴαee比ぶ  

1allVaCatdiffcrenttemperatures  

TEMPERATURE‥  TEMPERATURE‥  OBSERB＾TIONS●  OBSERVATIONS●  12℃ 15℃ 18℃  12℃ 15℃ 18℃  
LENGTHATHATCHING  2．▲12b 2．60叛 2．72】  

（mm）（0．18）（0．ほ）（0．09）  

LENGTHATYOLIく  3．69】3．63A 3．38b  

ABSORPTlION   （mm）（0．71）（0．13）（0．12）  

GROWTHRÅでE（mm／day）0．317 0．526 0．687  

ENERGYCONSUMPTlON O．01封 0．02110．0297  

RAでE  （eaま／day）  

YOLXCOMSUMPTION  25．56 24．93 23．13  

EFFICIENCY （mm／day）  

TOTAL HATCHING   70．2■b 77、3A  63．lb  

（2．3）（3．2）（5．6）  

ⅤIABLEHAでCHING  65．8麟  70．8払  53．9b  

（2．8）（1．9）（6．9）  

SURVIVALで0で0でAL 62．1b  77．5瓜  4諷1e  

YOLIくABSORPTION （3．8）（5．1）（；l．9）  

●Obscrv△tionswcrc m8dein50cggs for totELIELnd＼・iablc  
hatehing（n＝5O）．andin4 groups of700・1，100eg官S for  
＄urVivaitotot81yolkabsorption．  
‥Within row勘distinet superscripts r叩reSent S唱niぎicant  
diどferenees（p＜0．05）．  

●Observations wer¢mad¢in301arvae  

‥Within ro＼＼・S，distinet supcrs亡ripts rcprcsent signific8nt   

difrerences（p＜0．05）．  

Discussion  

Li】くCmOStlnariIICfishes with pelagic eggs，P．oltL・OCe【LShatches out withits organsilla preCOeious  

State．Ne、Vly hatchedlar＼Pae preSent nO eye pigmentaLion，1ack a functionaldigestive traet，andlhe  

peetoralfinbudsarenotinevidcnce．Simi1arl）1．SElIく：＼IetaZ．：J「1・CpOrtedthatflounderLar、・aChatch out  

OntOgeneticallyearlierthanotherspeciesdo．Thoughtheirmouthis not formed at hntehing，ja＼＼・and  

buecalca＼・ity developmentis rapid during the yolk sac phase，SuggeSLing a rapid de＼・elopment of  

predatory abilities．The high rate8Of differentiation and growth post－hatching aTe believed to be  

8SSenもkldeterminants oflaも¢r SurVival．Many authors＝…）have reportedidentまcalearly growth  

PatternSin otller SpeCies and concluded that thisis a eompcnsEltOry meChanism．for smaller－Sized  

larvae．considered thatlar＼・ae that do not achicve a rapid growth8．nd difrerentiation would present  

reducedsurvivalrates．   

Temperatureisknown to exertoneofthemostpotentinfluences on therate ofdevelopment．The  

reductionofhatchinganddevelopmentaltimeclearlydemonstratesthattemperatureindeedarfectedthe  

biologicalprocessesoccurringduringearlydevelopment．HigherreELringLemperaturesreducedboththe  

durationo［theyolksaepcriodandtheenergyaⅧilableforgl・OWthduriIlgthatperiod，SpCCiallypriorto  

hatching，軸gsincubatedat18Ccproducedもhelong・eStlarvaeathatching・．TheanalysIS Ofthisslngle  

datum＼＼rOuldleadusLotheeonelusionthat180cistheoptimumtempel・aturefol・い1eearlydevelopmentor  

floundcr．Ho＼＼7eVel・，itmustbetal（enintoconsiderationthaLsueh且“maXimumlengthathatching”＼＼raS  

Obtaincd due to the absorption ofalmost50タ・60rthcinitialyollく＼▼01ume．At12and15Oc embryos  

consumedonlyaboul15P60ftheiryolkandafterhaLehingl，despitetheirsmallersize．the）′disposedofa  

greateramounもofyolk．Consequenも1y，atもOtalyolkabsorptionlarvaeaも12and15℃wereslg・nirieantly  

largerthanthoseat18eC・Itseemsthatat18eC embryospresent a rcduccdさ▼01k con、，erSion cffieiency  

probabl〉▼aS a reSult ofincreasing maintenanee costs．This has already been demonstratedin  

salInOnids9・附  

Insomefishspeciesefficiencyofyolkutilizationreachesamaximumwithintheirrang・eOfthermal   
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tolerance，decreaslngtOWardsbothlower and upperlimits．Other species，reSpeCted their range of  

thcrlllaltoIcrance，preSent a thel・malindependcnce，i．e．，the abilit）・tO COmPCnSfLte ph），SioIogicall）・rOr  

Chang・eSintemperatureduetotherollowi喝interrelatedprocesse8：theraもeorincreas¢inmetabolic  

requiremenも＄0Vertheもemperaもurerangeandthedecreaseind郡eloplng・もimewithrまsingt8mperatureら）・  

Incasebothproce8SeSCbang・eatthesamera紬，theyolk u損ization¢汀iciency would r¢main consもant．  

JOHNSand HowELl．’さ’found that thc summer floundcrPorolichEhユ！S deT血t！LSpl・eSentS SuCh EL thel・IllE11  

indcpendcnceandlhererollegrOSSCOn＼rCrSionefricieneics＼＼・ereSimilar＼＼一ithinLherangc of teInPeratureS  

studied．The presentresults show thaもyolk utili£ation and groⅥrth aresimilarin㌘．0～iuαCe昆ぷ1arva8  

rearedat12and15℃，Whilethoseheldat18℃w¢reinreriorinmostaspectsexamined．This凱噂geStSthat  

P．oltunce【LSisIlOtableofmaintainingthcrmalhomeostasis＼＼・ithinitS rangC OfthcrmalLolerance and  

alsothatまtsmaximumyolkutilizationisaround15℃．   

Attotalyolkabsorption，もhelong・eStlarvaewer80btainedat12and15℃．王ritisassumed軌atlong・er  

larvae present a mor8SuCCeSSfulinitialfeeding・，then a better post－feeding growth and survivalis  

expccLcd．Thisassumptionhowevcr，muStberurtherin＼reStigated．Accol・dingto the present results w  

concludethatthelnaintenanceoralempcraLurellegimenof150cmi昌・htimpro＼・enOtO】11ylhecgghatching  

rateandlarvalsurvival，butalsothegrowthofダ．oZiuαCe㍑ぷ1arvae．  
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20  RonaldoO，CAVAuふ MasaakiXASli王WAGI，andToshioIwAI  

異なる水温で飼育したヒラメ仔魚の卵黄利用と成長  

RonaldoO．CÅVALLI‥柏木正牽・岩井帝大＝  

三東大学生物資源学部  

ヒラメの卵および仔魚の飼常における段通条件を明らかにするために，受精卵と卵黄仔魚を水温12，15および18℃  

で飼育し，これらの温度が卵の酵化率および仔魚の卵黄利用と成長に及ぼす彫轡について検討した。卵の正常貯化率  

は12℃と15℃において高く，卵黄吸収完了までの仔魚糊の生残率は15℃において最も高かった（p＜0．05）。また，  

聯化時の仔魚の全長は18℃のものが12℃と150cのものより大であったが（p＜0．05），卵蟄吸収完了時の仔魚の全長  

は反対に，12℃と15℃の方が大であった（p＜0．05）。12，15，18℃における卵蟄転換効率ほそれぞれ25．56，2郎乳  

23．13mm／calであった。卵黄を吸収して摂餌を開始する仔魚にとって，そのサイズが大きいということは摂餌戦略  

の面で有利である。以上の結果の総合的判断から，ヒラメの卵および仔魚の飼育における戯適温皮ほ15℃と推定さ  

れる。   

リオグランド大学海洋学部（ブラジル）  

‥ 三蔑大学名登教挽 〒569－1051大阪j紆商機苗字原324   




