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ValidationofOtolith 1ncrementFormadonandtheGrowthRate

ofFatGreenlingI』rvae

MJkJrnasaJoHI,2,TakashJJoH',TeppelMATSU-URAlandTetsuyaTAKATSUl･*

Abstract:Weva]LdatedthedaL]yformat)oJ10foto】LlhlncrcmentsofrearedfatgreenL]ng

HexogrammosoEahl1larvaeandexamLnedthegrowthpatternsofwILdla｢VaeThemeannotochord

Lengulandoto】Lth｢adLuSOfnew一yhalchedlarvaewere831rnrnand273LJm,respect)Ve)yNewly

hatchedLarvaehadsomeLnCremCnlsonthc]rlapL]l]andacheckwasformedathatchLngOlatCh

check)Therelatl0nShlPbetweenageal一dther)umberofLnCrernentSforTT)edoutsLdethehatch

chcck(NT)wasal)nearregresslOn(Nl-099Age-030.n-49.r2-098,P<0001)andLtSSloped】d
notdJffcrs1gn16cantlyh~omi(I-tcsIP=031)Th】sJnd】CatesthattheselncremcntsformeddaL)y

WL]dfatgrcenllnglarvaewcrccollectedfromthesurfacelaycrofMutsuBayfromFebruaryto

AprllLn2003Therclat)onshLPbchvcentheoto】LlhradLuS(ORLnLJm)andnotochordlength(NL

lnmm)wasrepresentedbyanaL)ometr]cequat]onThemeanback-calculatedNLwllhtheb】oLogL-

calLnterCePtmethodwas979mmat10daysold,109mmat20daysold.ll6mmal30daysold,

ar)d133mmat40daysoldThedaL)ygrowthratewasrelat]vclyhLghLmmedlale)yaRcrhatchlrLg

(range015-017mm/day)andgraduaHydecreasedTbescf)ndLngSSuggeSlthatfatgrecnllng

)arvaedono=laVeaSlowgrowthpcr10d)usta托elhatchLng

Keywords F̀llgreen)Lr唱】arvae,Growthrate,Lap'Llus,Vallda【10n

Am ongmannerlShes,recrultmentnuCtua←

tlOTllSmaln)ybe]leVedtobecausedbyvar)a-

tLOn)rlSurVIValdurLngtheLrear)ylifehlStOry

(Houde1987) Accoldlngly,var】ousstudleS

havebeencarrledouttoclarifythenleCha-

n】smsthatproducethlSVarlat10n(Leggettand

DeB】oIS1994)011ePOSSlblemechanlSmlefers

tothel̀match/Ⅰmsmatchhypothes上s",WhlCh

focusesonthetelllPOra)oveJlapbetweenthe

maLnhatchJngSeasonan(IproductionCycleof

preyorganlSmS(CushmgandDICkson1976,

Cushlng1981),andhasbeenexamllledln

mal1ySPeCleS(Methot1983,Wr】ghtal1dBalley

1996.NarJmatSuandMunellara1999,SlrOIS

and Dodson2000) TheL̀growth-moJtal川y

hypothesIS",o∫ltheotherlland,focuseson

theassoclatlOllbetweentheear一ygrowth

1996.MeekanandFor(ler1996,Bergemuset

a】2002,Takasukaeta】2003,2004,Takahashl

alldWatanabe2004),fastgrow】ngmdlV】duals

havmgtheadvantageofescapefromPredators

and/orashortenedcrLtLCalper)odforsurv)val.

andasaconsequence,anIncreasedchanceof

survIValIrlVeStlgat10nOfthesehvohypotheses

requlreSeStlmateSOfthehatchlngSeasonand

glowthtraJeCtOneS,andotol)lhmlCrOStrUCture

ana】ysISISuSefuHoltheseest】mat】ons

ITleformatlOnOfotoILthda日ynngshasbeen

repoJtedlnmanySPeCleS,an(IotollthmlCrOI

structulelSaVeryI)OWerfultoo】mStud】esof

earlyllfehlStOl-1eS(CampanaalldNellson1985)

Coul1tlngthenumberofmcrementsprovldes

JnfoJmatLOnOnthehatchdateorage,andthe

est】matesofthegrowthrraJectorycanalsot)e

rateandmortallty (Anderson1988,Campana obta】nedbymeasurlngtheIncrementWld仙
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However.thedallyformatlOnOfotollthIncre-
mentsmustbevalld{lte(IbeforeotollthmlCrOI

structureana】ysISCanbeapp】ledto6eldtaught
larvaeandJuVenlles(Geffen1987)

Fatgreen】lngHexagram mosotaklllSacoastal

rockflShdLStrlbutedthroughouりapan,]nthe

southernpartoftheKoreanPenmsu】a,and

lntheYellowSea(Am aokaetal1995)ItlS

anImportantSPeCleStorCOaStali)shery,and
accordmgly,thebiologyandecologyofadult

fatgreenllnghavebeenstudledwlthrespeclto

ageandgrowth0(obayashleta)1990,Tsutsu1

1998,SeklgaWae【a12002),spat】aldZstTlbutlOn

(Kanarnoto1976).feedlnghabltS(Kanamoto
1979.Kwaketa12005).parentalcareofeggs

OVluneharaandTakenaka2000),andthespawn-
LngSeason(AkjmOtO1991,SeklgaWaetaL2003)
Earlydevelopmentandgrowthhavea】sobeen

examlnedunderrearlngCOndll10nS(Yusa1960,

HamalandKyushln1966,FukuharaandFushlml

1983,Kangeta12002),butvalldat10nSOlda】】y
nngformahonandotoL)thrnLCrOStruClureaha)y-
S】Shavenotbeenconducted

InthlSStudy.tovalldatethedallyformauon

ofotoHthrlngSanddelermlnethehaLchlng

dateandgrowthrateofもeld-caughtlarvaeoffal

greeTllLng,WeI)carrledoutarear]ngexper1-

mentand2)backcalcu】atedtheha【chdateand

growthtrajectoryofwlldlarvae

MaterialsaJldMethods

Valldatwno/dallyrlng/Orlnat10n

1RearingeXJ)erlment

TTlereanngeXPenmentWasCOnductedatrwo

hmes(OctoberandNovember2003)Na【urally-

spawnedfargreenlmgeggswerecollectedlnthe

seaaroundtheUsuJlnFISheneslaboratory(the

FleldSc]enceCen(erforNorthernB10SPhere,

HokkaldoUn)vers】b,)byscuba(F】g1)The

eggsandlarvaewererearedln5Icylmdr)Gal
tankssetlna150Jwaterbathwl仙a12/12h

llght-darkcycleTomaketllereanngCOndltJOnS

uniformbetweenthetwoexpenments,thewater

temperaturewassetat156℃ (range150-

160℃),whlChwasequlValenHothetemperature

oftheseawaterlnWhlCh山eeggswerecap【ured

LnOctoberNew一yhatchednauplL10fArLemla
saLけIaWerefedtolarvae血･omthehatchdate
onceadayat1000ThenaupllLOfAsaLlna,

enrlClledwkhsharkeggpowder(Aquarun,

BASFJapanLLd,Tokyo,Japan),weresuP-

PlledlnSufflClentamOuntS山atapartofthem

remainedLarvalweresachBcedrandom】yevery

daydurlng0-9daysafterhatchLngfromthe

Octobersample,and12,14.and17daysa血er

hatchmgfromtheNovembersample(Table

1)Larvaewereaneslhettzedw]thMS-222and

㌻十等 三二二

･.....i..＼

Flg.1.L∝ahonsofIIexagramTnOSOLL2kJJeggCol)ect】onoffUsu)1rt(OpenStar.leftpane))fortherearulge叩er-
1mentandsamplmgsl加】onsEorw】】d)arvaenMutsuBayw)th)sobaLhs(openandsoIJdclrcles,nghtpanel)
I30thopenandso】】dclrdesshowthesamp】1ng】oeat]OnSOEdleb-a)nJngShlpUsJ110-maTu,andsoIJdclrc)es
showthoseofthei)sh)ngboatSada-maryMutsuBay】sdlvldedlntotworegIons.tJlemnerpart(I)andthe
baymouth(M)NumeraLsshowslat】onnumbers
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pr･eservedin90%ethano】solubon.Individuals

inwhichotolithextractionorpreparabonfailed

wereomittedfromthelatteranalyses.

Table1.ThenumberofrearedIlexagram桝OSOLakti
larvaesacrifledandusedforoto】ithanaJysisinOctober
andNovember2003

Rea血gdays

0
1
2
3
4
5

6
7
8
9

2
4
7

日リ
日日一=

TTlenumberof Thenumberof
larvaesacriBcedlarvaeforotolithanalysis

5
5
0
5
6
5

4
5
4
5

mり叫
の
.

4

1

(
(
(

tlrLH一tlrJJtHrLHJ

7
0
6
5
4
4

4
3
3
5

2
4
2

■‖J
l
Junl
u

Numbersinparen山esesrepresenHhenumberorlarvae
rearedinNovember.

ユ59

2.0tolithobservationanddataanalysis
OurprelimharyobservationshowedthaHhe

sagittalotolithsofrearedfatgreenlinglarvae

sometimeshave214growthcenters(Fig.2A),
andinthiscasethecenterof山ecoreasthe

startingpointofotolithradiusmeasurement
couldnotbeidentはed.′nleCauseOfthismulti-

CorephenomenonhasnotbeenclariBed;onthe

otherhand,theformationofincrementsonthe

lapilliwasconcentricfromonegrowthcenter

打ig.2B,C).√m us,lapillarotolidlSWereusedin

thisshldy.

Notochordlength(NL:thedptomtheupper

jawtomeendof山enotochord)wasmeasured

withanelech･OniccaliperandlarvaewereclasI

siBedintotwodevelopmentalstages(preAexion

and8exion)bythestateofthenotochordend.

Nopostnexionlarvaewerecollectedinthis

study.Lapilliwereexb･actedunderadissect-

ingmiCroscopeandmountedonaglassslide

Fig.2･Microphotographsofotoliths丘･omrearedH.otakii一arvae.A:sagittBBl0mathree-day-oldlarva.早:1apH山sfroma
larvajusta洗erhatching,C二Iapi]lus血･oma12-day-oldlarva.FourarrowsinAindjcatefourgrow仇centersonotolith.InC,
anarrowshowsthehatchcheck,blankwedgesshowincrements,andtwosoHdwedgesindicatethesameincrement(12
incrementswereobservedoutside山ehatchcheck).



160 MJoh.TJoh,TMatsu-ur且andTTakatsu

W】thepoxyreslnMountedlaplH1WeregrOulld

almosttothecorewILhlapp)ngGlm(9FjmPar-

bcles)bebreobservauonOtol】thlmageSWere

magmfledunderal】ghlmJCrOSCOPeWlt71trans-

lucent)Jglllullderamagnl負callOl10fx1000(011-

immersedx100ob)ectjve]eIIS､NA130.wllha

x10eye-pleCe】ens)orx400(×40ob｣ectlVe

lens,NA075)Aftero【o】】thlTTLageSWereCap-
turedw】thaCCDd】g】ta】cameramountedoll

themJCrOSCOPe,theololllhrll1gSWereeOunLed

andmeasuredwlthotoLLthmLCrOStruCtureanaly-

sISSOftware(ARPVcr500,RATOCSystem

EngLneCrlngCo,TokyoJapan)Oto】LtllradluS
(OR)wasmeasuredastheshortest(listance

fromthecenterolthecoretotheedgeofthe

]apll]usWecons)derthatagrowthlncremenlLS

amlnuleb】partltestructurecons】S【mgoflIICre-

menta]anddlSCOnlコnuOuSZOnCS(term)nOlogyof

Mug】yaetal1981)

TTleregreSS10nllllethalrepresentedtherela-

t]onshLPbetweentheage(X)an(Inumberof

LnCrementSformedoutsLdcthehatchcheck(Yl,

apromlnCnlIncrement,SeeResuLts)wascom-

paredwlthY=XusLngthei-testTheradLuSOf
tllehatchcheckwascomparedwILh【hcotollth

rad】usofhatch】rLglarvaebyone-wayANOVA

Thelarvae血-omreaTlngeXPenmentSLnOctober

andNovemberwerelrealedasonesample,

becausescarcelyanymorpho】oglCatChangeln

lhcbodyandlhcotouLhwasobservedbetween

9ィIay-oldlalVaculOctoberarid12-dayくIldlarvae
lnNovenlber

Col/ecLLOnalldotoLlthanaLyszsoj'wlldlarLlae

1Fieldsamfl/Ellg

FleldsampllngWasCOnductedfrom25-26

Tilble2Thertumberoft:as【sand〟

MTDnets

篭 望ng s,.･p† ｡a"S::此nu■:a,ujae

Februaryto24Apn)2003)nMutsuBaydunng
thedayune(F】g1alldTable2)Wlde-area

sampllngWasCOnductcdaboardT/SUsjuo-

1naYu(179I)on25-26Februaryand819Apn)

Larvaewerecol】cctedus】nghorlzontaltowsal

depthsofl,10.20.30,40al1d50mat20klfor5
-101mlntlteSWlthMTDnets(056mdlameter

and033millmeshapelLure,Motoda1971)and

obllquetowsWltharingnet(08rnd]ameterand

O33mmmeshaperture)h10mtheseabottomlo

lhCSurfaceatawlre-re(rLeVe-Speedof05m/s
andashlPSpeedof20ktOn16March,24

Marchand24Aprll.salTlp】lngaHhreeorfour

slatlonsalongatransect(depthrange251
53m)wasconductedaboar(lther】sll】ngboat

SadO-maruLArVaCWereC0日ectedusJnghorlZOll-

taltowsatadepthof1mandoblJquetowswtth

arlngnetA-omtheseabottomtothesurface
Flowmeterswcrcauachc(ltoaHnetstoestlmalc

thevo一umeorwaterr】1【eredCol】ec【edlarvae

werepreservedlll90%elhanolsoluh0nThe

watertemperaturewasmeasuredwLthaCrD

(conducbⅥty-temperature-depthproも]cr,SBE119.
Sea-B】rdEIeclronlCS.Benevtle,WA)areachsam-

pllngS【at10n

medensltyOHzLrVaelneachhonzontalhau)

andobllquehaulwascalculatedh-omtheBltered
watervolurrleasthenumberoflndlVlduals/

1(X氾m3andthenumberorlnd】V】dua]S/m2,

rcspcctlVely
HonzontalhaulDelLS砂(Lnds/1CWm3)-

N,/(AIFa/F,.1000)

ObtlquehaulDellStLy(lnds/m2)-

NJ(A･FJ(F,IW))
whcrcN,lStherluJnberoflarvaecotlecLed,AIS
lheeffectlVemouthareaofthenngncl(m2),Fq

oLohlllarvaeC011ecledwithp王allkLoFlnets

Hor110mLaLhaul Obllquehaul

casts ljrvae Casts Larvae Temp'†

25-26Feb T/S 24(4) 34(34)
16Mar ド/8 4(4) 7(7)
24Mar ド/B 3(3) 0(0)
8-9Apr T/S 40(8) 6(6)
24Apl ド/E3 3(3) 0(0)

℃
℃
℃
℃
℃

十T/StralMgShlPUshl… a,N,lt/T3GshlngboatSodamL7rk.-.nOdataNumberslnl泊renLhesesrepresenLthenu'nberorhorLZOnLaL
casISal1zTldeE)lhandnumberorlarvaecoUeCLedb'oTTllhlSlayerHonZOntalhaulswere亡aTTledoutaldepLhso日.10.21)30.40.and
50mwlthMTDneLSan(lat1mwlththenngner
HMeantva-ertenpeTaLureal1mdel]thonstaL10nSLOAlld11
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lStherotal)onoftheflowmeterdunngcollection

(rot),FlLStherneaTlrOtau0nOrthej]owmeter
per1mtowcaku】atedfromtrlpllCate20mtows

wlthoutnetcloth(rot/m),〟lSthewarpou【

length(∩)

2010llthanalysIS

From allcruses,129一arvaeorfatgreen-

llngWereC0日∝tedandorthese85lndlV】duals

wereusedforoto】lthanalys】sTheselarvae

werechosentomc】udeallsampllngStat10nS

fromwhLChratgreenLLnglarvaewerecoHected,
excludlngalarvacollectedatStn9on16March

duetootollthpreparat10nlallureCTab】e3)

Therelatl0nShlPbe[Weentheoto】1thradluS

(OR)andnoLochordlength(NL)ohhewlld

larvaewasregressedasanallometrlCrela-

LLOnSh'p(NL-aORb)accordmgLotheleast･
squaremethod(SeeResults)uslngtheSolver

programlnExcel(MICrOSOft.Redmond,WA,

USA)Therefore,weassumedthattherelah0n-

shlpbehveenOJ?andNLofwLldlarvacanbe

expressedastheaHometricrelatlOnShipLndl-

vLdua日y,andthegrowth上ra)ecloryorthewl】d

fatgreenl】nglarvaewasest]mateduslngtheb】O-
】oglCalInterceptInethod(Campana1990)InlhlS

study,notochordlength(NLo)andotollthradlUS
(ORo)aLhatchlngWeredelermlnedas831mm

and273〟m,respecttvely,lnthereanngexper1-

mentThus,hvOpararneterS(aandb)wereest1-

matedfromNLo,ORo,NLcapJ,"e,andOR叫Lwefor
eachuldlVldualNLCopL〟,eandORcop,,.,erepresent
thenotochordlengthandotolllhradluSOfeach

lndLVldua)aLcaptureLastly,weback-calculated

thelndlVldualNLatage7(NL.)bysubstltlltLng
OR,forthelndlVldualallometrLCrelatlOnShlP

Thegrowthrateatagei(CR.)wascalcu】atedby

subrractlngNL,-IfromNL.

TTlerelat】onshlpbehveenlarvalgrow仙and

waterteImPeratUreWasmVeStlgated】nwlld

larvaecollecLedon25-26February.becausea

relatlVelylargenumberoflarvaewascollected

汀able2)Pearson'scorrelatlOnCOefflClent(γ)
wasesl】matedbehveenthemeanwldthoff]ve

Incrementsformedmostrecenl】yandthesea-

surfacetemperatureaHhesampllngStatlOn

Resu)ts

ReaylngeXZ･eyzment

Themeannotochordlengthsorthera【green-

1mglarvaewere831mmalhalchlng(range

785-880mrrl,CV-31%),929mmaL9days

old(33%),103mmaL14daysold(53%).and

l19… at17daysold(08%)

Athatchlng,SOIneObscurelnCremen【swere

alreadypresenton【helap】11us(Flg2B),and

afterseveraldays,aprom】nentcheckwas

observed,wlthdearregularLnCremenLsformed

outsldelt(Flg2C)Themeanrad】usofthe

checkwas273〃m,whlChdldnotdlrferfrom

themeanoto】1thradluSatha〔chlng(one-Way

ANOVA,p-095)

TherelauOnSh】pbehveenrear]ngdaysafter

hatchlng(leage)andthenumberofLnC re一

menLs(Nl)formedoutslde山epromlnentCheck

regressedasallnearllne(Nl-099Age1030,

n-49,Y2-098,P<0001,FI昔3),W.Lhtheslope
andtheinterceptnotsigni五caJltlydifferentfrom

1and0,respect]vely(p-031and005,respec-

hvely)

TemL)oTlaLandspatlaldlStY7b7itWnOfwildLarvae

Wl】dratgreenllnglarvaewerecol一ected】n

MuLsuBayfrom25-26Februaryto819AprLl,

butnoton24Aprll,2003(Table2)ⅠIlthebay

(】N)
sIU
a

uJ>JUUtJOJa
q
LJJn
U
a
LL

L
RearHlgdaleallerhatehlng(Agelnday)

Flg3ElelatJOnShlPbetweenreanngdaleafleThatchLng
(age)ndays)andthenLdlbeTOfJnCremenls(Nl)uuts]de
thehalt:hchecklnrearedHoEahL(1arvaeNumeT-aLsLndl-
catethel川mberoFlndlV】dualsoneachcoordlnateThe
soILdl】nelStheregressl0n)LneNI-099Age･030(榊49,
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Table3DerlSltLeSOfFIolak‖一arvaecoHectedbyob】】quehaulsw】tJtanngne【(Lnds/mZ.upperPanel)andbyhorl加ntal
haulsalIndeptJIWlthMTDnetsandanngnetCLnds/1000m3,bottorTIPaneL)

Baymouth hnerpart

25-26Feb
16Mar
24Mar
8-9Apr
24Apr

1

〇

一
〇

一

1
･
O

l
二

l

l
l
T
2
･
1

▼

苧

15

一
一
-
一
一

14

l
-

3
･
O

l

13

一
一
一
一
一

12

一

〇〇
一
〇

=

06
･8o
l
0

10

71
.7m
0
.
0

9

一
d

一
一
一

25-26Feb
16Mar
24Mar
8-9Apr
24Ap√
ーnOdata

moutharea,larvaewerescarcerTable3)andno
larvaewerecollectedattheshalloweststation

(Stn12)atadepthof25m On25-26February

arld8-9Aprll.wecarrledoutslmUltaneous-

hortzontaltowsuslngMTDnetsatdepthsofI,
10,20,30,40and50∩,andfatgreenllng一arvae

wereonlycollectedh'omthe1rn)dyerrTable2),

andtheneusto･11CappearanceOffatgreenllng

一arvaewass】mllartothosepreⅥOuslylePOrted

lnSOmeLlteratUre(Horik11979,Ak]rnoto1991)

Thenotochordleng【hsoflarvaeusedfor

otollthanalyslsrangedfrom 821154rnrn

andlhemean (±SD)waslO9±131mm

Developmelltalstagesofwlldfatgreen】lng

larvaewereprenexJoll(81%)andfrexlOn(19%)
larvae

Hatch111g♪eYWdalldgTOWlhLraJecEory
TTlemaXlnlumnumberofIncrementsforned

outs】dethepromLnentCheckwas43(Flg4A)

Thenumberof<17daysoldlarvaewas68%

ofallspecimensTherewasnomorphologl-

ca】changeln【hebodyandtheotollthbe【ween

rearedlarvaealldwildones,exceptforheavy
pLgmentat10nOnthebodysurfaceof山ereared

larvaeTheyoungestnex10nlarvaeandthe

o一destpreflex10nlarvaewere14daysold

(117mmNL)alld31daysold(115mmNL),

respectlVelyTtehatchdatesofwュldfatgl-een-

1lnglarvaeranged血-om7JanualytO18Match

2CK)3′merelatユOnShlPbetweentheotoLlthradius

(UJ
TT)
tltPLJnluatu巴
UU
l

(∈
tu)
上も
uaLPJ
0エUO
IO
N

ウ一
l

(

PJ∈
∈)
a

)
V

J
LJ言
OLC)

･●････へ････････.････････∴.･･･.･.･●●■●･

0 10 20 30 40

Age(day)

F】g･4Changelndal一ymcremerLtWLdthlnthe】apLILar
otohlh(A).theback-CalculatednolochordleTLgth(B),arld
growthrate(C)ofw】LdrloLL7k"I.汀VaeCOLlecledFrom
February25toAprJL9,2003CLrdesarLdverlLCalbars
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byanaHomelr■ccurve(NL-1360RO57,～-86,
r2=099.P<0001)ThemeanlnCremelltWldth

rangedfrom057toO76〟mandwasnearly

slable,1nCreaS】ngSl】gllllylnlarvaeo一derthan38

daysOT]g4A)Meanback{alculatcdl10tOChord

】engthswere979mm(CV-41%)at10dayso一d,

109mm (54%)at20dayso】d,116mm(67%)

at30daysold,and133mm(69%)at40days

o一d(Flg4B)MeangrowthrateswerebetWeell

015andO17mm/dayfromhatchlngt08days

oldandthereaftergraduaHydecreased,andafter

28daysold,therateswerebetween009and

013… /day(Flg4C)

On25126February.therangeofsea-surface

temperalurcsatclghtsampllngStatlOnS(llable

3)fromwhlChfatgreenllnglarvaewerecollected

was31155℃(mean44℃)rIllelarvaecollecled

lnthlSCruSeWeredlVldedlntO4groupsaccor(l-

lngtOthe】rage(≦10daysold,ll-20daysold,

21130daysold,≧31daysold)Betweenage

groups,themeanw】dthsoH】ve】ncrements

forlnCdmostreceJlt)yd】dnotd止ferslgnif]caJltly

(one-wayANOVA_p-061)Moreover,tllemean

w】dthsdldnotd･fferbc亡Wecnthreesampllng

statlOnSlnWhlCtl≧4fatgreenllnglarvaewere

collected(Stn5,6,and15,one-wayANOVA,

p-058)Therefore,themeaJIWldthsofalllrldト

vldualwcrcpooledTherewasnoslgnlflCant
correlatJOnbetween]ncrementwldlhandsea-

surfacetemperature(Y-004.P=076)

Discussion

Vahdat10Jl

WeconcludedthatLnCrCmenlsoutsldethe

hatchcheckonthelaplllusoffatgreenllnglarvae

formeddallyunllJtheywere17daysold,and

larvalagecouldbeestlmatedbycounbngthese

】11CrementS(Flg3)Incrementdeposlt】OnWas

foundonthelaplllusbeforehatch]ng(Flg2B)

andaprommenlcheckwasformedathatchmg

OlatChcheck,Flg2C)Checkforma【10nLSCOn-

S】deredlooccurmrelabonto】mportantevents

durlngearlyI)fehLStOry(VICtOr1982,Penny

andEvaJlS1985.Joheta12005)Although 丘rst

checkformatlOnWasObservedathatch]ngfor

fatgreenllng】arvac.formanyottlerSIX･CleSLtlS
formedatthetlmlngOftrams)t)onfromendog_

enoustocxogenousnulrlt10n(Brothcrsela1

1976,Hayashletal1989.Jobeta】2005)1¶e
)ncubatLOnPerLOdoffatgrceJlllnglSrClatlVe]y

long(TangeandTakeda1969)andhatchlng

larvaehavealargebodys】ze Furthermore,

thclreyesarealreadyp】gmerltedandttle】r

Jawsa一readyfunctlOnalatllatChmg(FukL】hara

an(】Fushlml1983),suggestlngthatfatgreen-

】mg一arvaeareontogenet】cal】ywe】トdeve】oped

athatchlngamongdemersalmarlnefishes

Moreover,larvaeathatchlngwereavallable

preyItemsThesefactsareposslb】yapartofthe

reasonforlnCrCmentformat)onbeforehatchlng

andcheckformat】onathatchlng

ThegrowLho/wildLayvae

Although wcvalldatedthedallyformal10mOf

olouthLnCrementSLnlarvaefromhalchLngl017

daysoldlnthercarlngeXPerlmCnt.WeCamed

ouHheotolJlhanalystsOfwlldlarvae>17days
oldFleld-caughtlarvae>17daysoldcontlnU-
ous)yhadclearandregularotoILthIncrements

formedcollCentrLCallyMoreover,noobvious

cllange)nthere】atlOllShlpSbehveenageand

bodylengthwasobservedbch･ccn≦17days

oldand也eolderlarvae(F】g5)Therefore,we

assumedthatda日yrormat】OnorotollltllnCre-
rnentswerecontinuedwlthlntherangeof)alVal

agesthatwasusedforotollthm】croslruc【ure

ana】ys】smthe6cld(maxJmumage43daysold,

seeResu)ts)Theoccurrcnccofsub-da))ynngs,
however,wasreportedlnsomespec)es(Mlller

andStorck1982,Pa】omeraeta11988,Powell

andLaban20(巾)TolnVeSt]gatetheoccurrence
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ofsub-daHyrlngS】nthe】apl】1】of>17-day-O一d
laJIVaeaJldtoobservetheotol]thm]crosb･ucnlre

ofolderlarvae,anotherrearLngeXPerlmentlS

neededonlarvae>17daysoldandJuVen】】es

Thegrowthrateofwlldfatgreen))nglarvae

wasfastfromhatchlngtO8dayso】d(015-

017mm/day)andthendecreased(Flg4C)

Growthpatternsat】arvalstagesareoftenrepre･

sentedbyaslgmOldcurveformanyもshes,that

LS,thegrowthrateLSSlowafterhatchJng,thereaf-

terrapLdlylncreasLng,andbecom]ngslowagain

neartometamorphos】S(Jones2002)Forexam-

ple,MeekanandFortler(1996)reportthatthe

dallygrowthrateofAt】ant)ccodCadusmorhua

was015mm/dayat10dayso】dandIncreasedto

025rrlm/dayat40daysold,andthereafterthe

growthratedecreasedThere】at】Onshlpbetween

theageandbodylengthofJapaTteSeSandhnce

Ammodytesf･eysOnatuSlarvaewasRttedtothe

logJStlCmodel(TomLyamaandKomatsu2006)

aTtdth]smeansthatthegrowthrate)srehtlVely

lowLrrlrnedlatelyafterhatch)ngaTtdthengradu-

a日yIncreased′menewlyhatchedlarvaeoHat

greenllngWerelargewithaweu-developedbody,

andlarvaecouldfeedonpreyatthehatchdate

TTleSeCharactensbcswereprobablythereason

forthelrhlghgrowthperformance]mmed)ately

afterhatchmg

On25-26February.thereLSnOCOrrela-

t10nbetweentherecentgrowthrateandthe

envLrOnrrlentalwatertemperatureAlthougha
temperature-dependentgrowthratehasnotbeen

reportedforEatgreenllnglarvae,bothreared

andwlldspec】rnens,watertemperaturelSCOrn-
monlyconslderedasoneofthemost】mportant

envlrOnmentaHactorsLn月uenclng】arvalgrowth

(Jones2002)On25-26February,therange

ofsea-surfacetemperatureswherefatgreen-

)mglarvaecol1ectedwasrelatlVelynarrow(3i

-55℃),andconsequent】y.山egrowthdepen-

denceontemperaturem】ghtbeunclearFurther

compansonsbehveen山elarvalgrowthrateand

watertemperaturearerequlredunderawlde

rangeofwatertemperatures

Wlldfatgreenllnglarvaewerecol)ectedon)y

lnthesurfacelayerLnMutsuBayCrable2)

Someuteralurereportsthatfatgreenllnglarvae

Honkl1979)Doyleeta](1995)reporttheneus-

ton]Cappearanceofsomehexagrammldlarvae

(Hexagrammosdecagyammus,HLagocePhaLus,

HocloglammuSetC)lnthewesternAlaskaBay
andsuggesHhattheyarel】kelytobetolerantto

d]verseandpoorpreyabundaTtCeJnthesurface

layerbecauseofthelrre】abve]y】argebodys)ze

Fatgreenllng】arvaealsohavea】argebodysIZe

andfeedlngabllltyathatchlngThus,WesupI

posedthatfatgreenlJnglarvaealsohavethe

advantageofaneustonlCexistence

FatgreenllnghasarelatJVelylongspawn-

mgseasondur】nglateautumn-mnter(AklrnOtO

山resrapld】ydecreaseConsequent】y,larvaeare

exposedlovar】ousenvJrOnmentalcondlt10nS

depend】ngonthetlmlngOfhatchmg,andthus,

the】rgrowthandsurvIValaJ.ealsol】kelytoduc･
tuatelnthefuture,wewlllexamlmeannualand

seasonalchangeslnthedletandgrowthrateof

EatgreenllngtOCluijythelrSurVIValmechaTt]SmS

andenⅥronmenta】adaptabons
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アイナメ仔魚の耳石日周輪形成の確認と成長率

城 斡昌 城 孝3; 松浦菅平 高津哲也

7イナメ飼ff仔魚の耳Jb一口か.J綴形成の確BJcJと,天妖仔魚の成長は止を検討した｡硬イ_ILには斬化時

に明卯な掩紋 (筋化チエノ'/)が形成され7L=｡r]齢 (Age)とWflヒナ1ノクの外側の指紋致 (Nl)の関

係は前席で示され (NI･099Age1030.n-49,r2-098P<0001).傾きは1とは有掛 こ沢ならなかっ
たことから (L検定 p-031),これらの給紙はけ同指と判Wrされた｡陸奥将では2003年2月からn月

まで天妖仔魚が表桶で採集された｡耳七半径と脊索長のIl馴系は7ロメトリ-式で表され,バイオロジ

カル インタ-七7'ト法による平均逆算体長は10日齢で979mm.40日齢で133mm と推起された.

ナメでは鮮化砕後の低成li期はみられないものと考えられた｡


