
1.Introduction

TherockfishSebastesinermisinhabitsrocky

reefsandseagrass（ZosteraandSargassum）

beds,preyinguponsmallfishesandmarinein-

vertebrates（NAKABO,2000）.Thisspeciesisim-

portantforbothcommercialandrecreational

fishingactivitiesandisamajordemersalfish

resourceincoastalwatersofJapanandsouth-

ernKorea（KAMIMURAetal.,2011）.InSebastes

spp.,eggsarefertilized,developandhatchin-

ternally,andsoonafterlarvaeareextruded

（released）atanadvancedstageofdevelop-

ment,inwhichorganogenesisisessentially

completebeforestartingaplanktonicstage

（MOSER andBOEHLERT,1991,WOURMS,1991,

NAKAGAWAandHIROSE,2004）.Someyoung-of-

the-yearmigrateintonearshoreareas（e.g.

seagrassbeds）aslarvaeorveryearlyjuveniles,

aftercompletingtheirplanktonicstageoff-

shore.Thisontogeneticmovementhasbeende-

scribed as an adaptive strategy to allow

nearshorerockfishestomaximizesettlement,

1－2monthsafterextrusionforS.inermis

（PLAZAetal.,2003）,andavoidingoffshoredis-

persal.

Thesurvivalsuccessduringtheearlylife

stagesdependsonbothbiotic（predation,food
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availabilityandprevalenceofpathogens）and

abiotic（temperature,tidaltransportationor

oxygendepletion）factors（JENKINSetal.,1998,

BORGESetal.,2007）.Fishlarvaearehighlyvul-

nerabletomortalityandlarvalcohortstendto

experience a rapid loss of individuals

（BOEHLERTandYAMADA,1991）.Thecloserela-

tionshipbetweendailygrowthrateandsur-

vivaloflarvaehasbeen verifiedforsome

speciesandisknownasthegrowth-selective

mortality（ANDERSON,1988,TAKASUKA etal.,

2007）.Definingthetiminganddurationofthe

earlylifestagesiscrucialtounderstandthe

strategiesadoptedbythespeciesduringthe

transitiontobenthichabitat（CHAMBERSand

LEGGETT,1987,HOUDE,1987,MOSER and

BOEHLERT,1991）.Severalstudieshavepre-

sentedeffectivemethodsbyanalysingthese-

quenceofdailygrowthincrementsofotoliths

todescribelifetraits,inparticulartheextru-

sion dateandgrowth rate（NELSON,2001,

TAKAHASHIetal.,2001）,andtodeterminethe

durationofpelagiclarvae（PLAZAetal.,2003）.

Thereishoweveralackofinformationonthe

nutritionalconditionofearlylifeoftherock-

fishS.inermis.Pooroverallnutritionalcondi-

tionisfrequentlyassociatedwithpoorfeeding

successand/orunstableenvironmentalfactors;

therefore,fishwithlowerconditioncouldhave

highermortalityrates（CH�CHAROetal.,1998,

DUTILandLAMBERT,2000）.TheRNA：DNA

ratiohasbeenusedasanindexofnutritional

condition（e.g.CLEMMENSEN andDOAN,1996）.

RNA concentrationfluctuatesinresponseto

foodavailabilityanddemandforproteinsyn-

thesis�higherinearlylifestagesduetoaccel-

eratedsomaticgrowth�whileDNAremains

relatively constant throughout lifecycle

（CALDARONE andBUCKLEY,1991）.Hence,in

earlylifestagesoffishes,RNA：DNA ratio

canbeusedasaproxyofsurvivalpotentialvia

nutritionalconditionandgrowthperformance

（CH�CHAROetal.,1998）.

Theaimofthepresentstudywastoexamine

thespatio-temporalvariabilityofthesettle-

mentofS.inermisintwocomparativebaysin

Miura Peninsula,centralJapan,through

otolithmicrostructureanalysis.Wealsoaimed

toanalyzephysiologicalconditionindicesalong

withdailygrowthratesofjuvenilestocompare

habitatqualityandsuitabilityforjuvenilere-

cruitment.Threehypothesesaretested:H1-S.

inermislarvalduration,growthrate,andset-

tlementtiming along theMiuraPeninsula

showtemporalvariabilityandaretemperature

related;H2-Larvaltransportandsettlement

intoinshoreareasoccurseparatelyforeach

bayandinasmallgeographicalrange;H3-

Nutritionalconditionofsettledrockfishvaries

amongthestudysitesandthegrowthrateis

affectedbytheircondition.

2.Materialsandmethods

2.1 Sampling

Surveyswerecarriedoutattwobaysin

MiuraPeninsula,centralJapan,separatedby

13.5kmfromeachother,SajimaBay（Saj）（35�
12�40.50"N-139�37�1.12"E）andAburatsuboBay

（Abt）（35�9�23.38"N－139�36�50.36"E）（Fig.1）.

Boatseinenetandsetnetwereusedforsam-

plinginZosteramarinacanopyareasinboth

baystwicepermonthfrom MaytoJulyof

2010.JuvenilesofSebastesspp.werecollected

andkeptat－80℃ Seasurfacetemperature

（SST）datawereobtainedfrom Fisheriesand

TechnologyCentreofKanagawaPrefectureda-

tabase（www.agri-kanagawa.jp/suisoken/kaik

yozu）.Onlyjuvenilesthatwerecorrectlyiden-

tifiedasSebastesinermisasdescribedbyKAI

andNAKABO（2008）wereusedforthestudy（N

＝550）.Totallength（L）andwetweightwere

measuredtothenearest0.1mmand0.1g,re-

spectively.Bothleftandrightsagittalotoliths

wereextracted,cleaned,andstoreddry.

2.2 Otolithmicrostructureanalysis

Daily growth increment（DGI） readings

werecarriedoutusingtheleftotolith,after

confirmingstatisticalequalityofincrement

numberbetween each pairofotoliths.All

otolithsweremountedinepoxyresin,fixedin-

dividuallyonaglassslide,andpolishedwith

waterproofabrasivegrit400.Theotolithson

glassslideswereobservedunderanopticalmi-

croscopesystem coupledtoacamera（Ratoc

System Engineering, Japan）. DGIs were

countedandDGIwidthsweremeasuredalong

thelongestaxisfrom thenucleuscoretothe

outermostmargin.Duplicatereadingswere

conductedandmeanageafterextrusionwas
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determined.Thedamaged otolithswithout

cleardistinctionofdailyincrementsorclear

signsoflifestageswereexcludedfrom the

analysis.FollowingthevalidationbyPLAZAet

al.（2001）,dailyperiodicityofringdeposition

andextrusioncheckinnewlyextrudedlarvae

（24.7±1.5μmfromthecore,correspondingto

6－10rings）wereadoptedinthepresentstudy.

PLAZAetal.（2001）alsoindicatedthelengthat

extrusionas6.68mm.
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Fig.1.LocationofAburatsuboBay（Abt）andSajimaBay（Saj）onthesouthwestcoastofMiuraPeninsula,
Japan.



Individualage and back-calculated total

lengthof219specimensofS.inermiswereesti-

mated by the biologicalinterceptmethod

（CAMPANA,1990）.Dailygrowthrateswerees-

timatedbasedonback-calculatedsizesusing

thefollowingequation：

Gri＝Li－Li－1

whereGriisthegrowthrateatdailyageofi,Li

isthetotallengthatiandLi－1isthetotal

lengthati－1（CAMPANA,1990,CAMPANAand

JONES,1992）.Regressionlinewasfittedtothe

relationshipbetweentotallength,otolithra-

diusandagebyusingleastsquaresmethod.

Planktonic（Pl）andpost-settlement（Ps）

stagesweredefinedbasedonthedailyring

widthprofile（Fig.2）andobservedsettlement

checkformations（PLAZAetal.,2001）.Plperiod

startsafterextrusionandendswhentheincre-

mentwidthshowsasuddenincreaseratewith

asettlementcheck.Itwaspossibletodistin-

guishtwogrowthphaseswithinthePsperiod:

PsIshowedanincreasingtrendofgrowthrate

afterthestartofthePlperiod,andPsII

showedadecreasingtrendofthegrowthrate

afterthePsIphase.Thetransitioncentered

method（WILSON andMCCORMICK,1999）was

usedtoreducetheageeffectontheanalysisof

growthratesbeforeandaftersettlementin

eachgroupfromeachsite.Theparametersex-

tractedfrom theincrementprofileswereana-

lyzedandusedfordefinitionofeachstage,

originatingseverallifetraitvariables（Table

1）.Lengthat120daysandgrowthrateuntil

120dayswereassessedtoprovideaveragein-

formationonearlylifestagesuntilearlyPsII.
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Fig.2.Meanotolithincrementwidthprofileforearlystages,planktonic（Pl）,andpost-settlement（Ps）Iand
IIforSajima（dashedline）andAburatsubo（solidline）.



Most（92％）offishexaminedwereagedolder

than120days.

2.3 Conditionanalysis

Whitemusclesamplesfrom theleftdorsal

anteriorpartofthebody（100－200mg）offish

representativeofallsamplingdatesranging

from65to77mmintotallength（n＝96）were

usedforRNA：DNAratioassay.Nucleicacids

werequantifiedusingthemethoddescribedby

GON�ALVES et al.（2011）.A fluorometer

ShimadzuRF-1501（Shimadzu,Kyoto,Japan）

wasusedanditsdetectionlimitsandlinear

rangeweretestedbyfluorescenceofserial

dilutionsofDNAandRNAstandards（DNA

activatedfromcalfthymus,RNAtypeIVfrom

calfliver,Sigma,St.Louis,MO）.Therecovery

ratesofDNAandRNAstandardspikesinthe

rockfishmusclehomogenateswere105.4and

99.0％ respectively（n＝5）.Methodprecision

wastestedbyreplicatemusclehomogenate

（n＝5） and found to be 97.1％.Sample

autofluorescence and residual fluorescence

werenegligible.Musclehomogenateswereused

toestimatetotalproteinsbasedonamodified

Lowrymethodkit（Pierce,USA）usingbovine

serum albumin asstandard.Fulton・sK,a

morphometricconditionindexwasalsoapplied

toallindividuals,usingK＝W/L3;whereW is

thefishevisceratedweight（g）andListhefish

totallength（mm）.

2.4 Dataanalysis

Dataareshownasmean±standarddeviation

unlessotherwisestated.Allvariableswere

screenedfornormality with Shapiro-Wilk・s

test and for inequality ofvariance with

Levene・stest.VariableofRNA：DNAratiore-

quiredacommonlog（1＋x）transformation.

DGIvariables were tested for differences

amongextrusionmonthsandsites,whilecon-

dition variablesweretestedfordifferences

amongstcapturemonthsandsites.Thediffer-

enceswereassessedbytwo-wayanalysisof

variance（ANOVA） followed by Student-

Newman-Keuls（SNK）posthocmultiplecom-

parisonstestwhen applicable.Relationship

betweenconditionindicesandgrowthratesof

otolithmarginalincrements（10-daymean）for

differentageclassesby30days（70－100,100－

130 and 130－160 days） wastested with

Pearson・scorrelationcoefficienttest.Thesame

analysiswasalsoappliedtoexaminetherela-

tionshipbetweendurationandgrowthrate

duringPlperiod,andtherelationshipbetween

earlylifevariables（Table1）andcumulative

watertemperature,representedbythethermal

sumcalculatedforeachlifestage.

Inordertofurtherextendandenhancedata

comprehension,amultivariateapproachwas

performedbymeansofcanonicaldiscriminant

analysis（CDA）,usingDGIextracteddataand

alsoconditionindices.Byanalysingthesevari-

ablesinanintegrativeperspective,CDApro-

videsanestimateforthedegreeofseparation

oflifehistoryandnutritionaltraitsamongdif-

ferentextrusiongroups（ordifferentsampling

months）andbetweendistinctstudysites.

TheCDAoutputispresentedinz-1discrimi-

nantfunctions（DF）scores,wherezisthe

numberofgroupsintheanalysisandaDFisa

linearcombinationoftheoriginalvariables

thatbestseparatethegroups.Variablesload-

ingtheDF・swereretainedwhentheirloading

weightswere≧0.5（HAIRetal.,2000）andthe

efficiencyofthediscriminatoryanalysiswas

assessedwithWilk・slambdatest（λ）.All

analyseswereperformedwiththestatistical
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Table1.SummaryofthevariablesextractedfromDGIanalysis

Otolithradiusatextrusion

OtolithradiusatendofPlstage

OtolithradiusatendofPsIstage

RingnumberatstartofPsII

Lengthatsettlement

Lengthat120days

TimedurationofPlstage

TimedurationofPsIstage

Plstagegrowthrate

PsIstagegrowthrate

Growthrateuntil120days

Abbreviations:Pl�planktonic;PsI�firstperiodofpost-settlement;PsII�lastperiodofpost-settlement;120
daysafterextrusionwasfoundin92％ fishaged



softwarepackageSTATISTICA8.0（Statsoft,

Inc.,OK,USA）,andsignificancelevelwasset

toP＜0.05.

3.Results

3.1 Samplingcompositionandtemperature

Samplesfrom Sajrepresented65.2％ ofthe

totalof captured juveniles（N＝550） and

reachedthemaximumnumber（46.3％）during

June（Table2）.InAbt,thecapturewasmore

homogeneously distributedamong sampling

months.TotallengthandweightofsampledS.

inermisrangedfrom43to101mmandfrom1.2

to19.5g,respectively,withjuvenilesinSajpre-

sentinghighermeanvaluesthanthoseinAbt.

Inbothsitesmeantotallengthofsamplesin-

creasedwithtime（samplingmonths）.

ThelowestSSTvalues（Fig.3）wererecorded

inlateJanuaryandearlyFebruary（11.3℃）

forSaj,andinmidJanuaryandmidFebruary

（11.6℃）forAbt.MeanmonthlySSTvaried

significantly（Two-wayANOVA;SNKtest;P

＜0.001）butdidnotshowanystatisticaldiffer-

encesbetweensites（P＞0.05）.

3.2 Otolithmicrostructure

Otolith-basedestimatesofageindicatedthat

rockfishjuveniles（n＝219）rangedfrom 88to

159（123±18.7）daysoldafterextrusion.Lin-

earregressionsfittedtotherelationshipsbe-

tween totallength and otolith radius（r2

＝0.79）,betweenageandotolithradius（r2

＝0.64）,andbetweenageandfishlength（r2

＝0.63）.

From extrusionpattern（Fig.3a）,weob-

servedseveralmonthlyextrusionpeaks,start-

inginlateDecemberuntilearlyMarch.This

distributionwasrepresentedbyasinglepeak

forallextrusiongroupswiththeexceptionof

JanuarygroupinSajwhichshowedthreeover-

lappingpeaks.ForSajthehigherfrequency

wasobservedinearlygroups（DecandJan）,

whileforAbtinlatergroups（FebandMar）.

Althoughsomeextrusionpeaksseemtobesyn-

chronouswithnew moonphases,thisoccur-

rencewasnotconsistentamongallextrusion

groups:somepeaksappearedbeforeandother

peaksdidafterthenewmoonphases.

Settlementpulsesinbothsites（Fig.3b）ex-

tendedfrom FebruarytoMayandwerenot

closelysynchronouswiththemooncycle.In

Saj,themajorityofindividualssettledinlate

FebruaryandMarch.InAbt,asobservedfor

theextrusiondates（Fig.3a）,thesettlement

showeddistinctbutmoreindiscerniblepulses

withintime.

Transitioncenteredmethod（Fig.4）allowed

thereductionoftheageeffectforeachextru-

siongroupregardinggrowthratesbeforeand

aftersettlement.Allgroupsshowedanabrupt

increaseinincrementwidthduringthetransi-

tionfromPltoPsstages.

FishthatextrudedinJanuary（Table3）

stayedforshorterperiodsandgrewlessinPl

stageachievingsmallersizesatsettlement.

TheygrewlessinPsIstageachievingsmaller

sizeat120days.FishthatextrudedinMarch

stayedlongerandgrewmoreinPlstagethus

achievedbiggersizesatsettlement.Despitethe

shorterperiod,theygrewmoreinPsIstage.

Therewasadecreasingtrendinthevariables

（exceptPlgrowthrate）from fishthatex-

trudedinDecembertoJanuary,followedbyan

increase,exceptinPsIstagedurationofMarch
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Table2.SamplingdataofSebastesinermisjuvenilescapturedinSajimaandAburatsuboin2010

Sampling

month
N

Totallength

（mm）
Range Weight（g） Range

Aburatsubo

May

June

July

66

50

74

62.8±4.5

72.5±8.6

72.9±3.5

43.1－69.3

51.4－87.2

56.6－79.3

3.8±0.6

6.4±2.2

6.6±0.8

1.5－4.6

2.1－11.7

3.3－7.8

Sajima

May

June

July

92

256

12

65.0±4.2

80.2±9.3

87.9±2.8

44.0－83.5

55.6－101.3

83.4－92.2

4.3±2.0

9.3±3.3

11.5±1.9

1.4－9.4

2.4－16.3

10.2－13.2

Totallengthandweightareshownasmean±SD



extrudedgroup,althoughsignificancewasnot

alwaystrue.Individualsfrom Sajgrewmore

duringPlstageandwerebiggeratsettlement

thanthosefromAbt.Althoughtherewereno

significantdifferencesinPsIgrowthratebe-

tweenthetwosites,theindividualsfrom Abt

stayedlongerperiodinPsIstagethanthose

fromSaj.

LongerPlstagereflected highergrowth

rates（Fig.5）inbothsites（Pearsoncorrela-

tiontest;r＝0.24,P＝0.04forSaj;r＝0.49,P

＝0.002forAbt）.Therelationshipwassimilar

withineachextrusiongroupofeachsitewith

theexceptionofFebruary,showingasignifi-

cantnegativerelationshipinbothsites（r＝

�0.60;P＝0.04forSaj;r＝�0.11;P＝0.02for

Abt）.TheDGIvariablesincreasedwithcumu-

lativetemperatureineachsitewithhighsig-

nificantcorrelations（Table4）.

3.3 Nutritionalcondition

JuvenilessampledinMayhadlessproteins

andlowerconditionindexFulton・sK（Table5）,

whileinJuneweobservedtheopposite.Re-

gardlessofsites,theRNA：DNAratiosofin-

dividualssampledinMaywerethehighest（P

＜0.0001）,thereafteritdecreasedinsucceeding

months.Wefoundasignificantdifferencein

RNA：DNAratioofjuvenilessampledinJuly:

theratiosinSajwerehigherthanthatinAbt

（P＝0.013）.Individualsfrom Abthadlower

RNA：DNAratios,totalproteins,andFulton・s

KvaluesthanindividualsfromSaj.

Otolithmarginalincrementwidthsofindi-

vidualsaged100－130daysafterextrusionwas

positivelyrelatedwithbothRNA：DNAratio

（r＝0.41,P＝0.013）andtotalproteins（r＝0.38,

P＝0.022）,whileFulton・sK,althoughnotsig-

nificant,was negatively related with the

otolithgrowthrate（r＝�0.12,P＝0.21）.There-

lationshipbetweenotolithmarginalgrowth

rateandconditionindicesofotherageclasses

followedthesametendency,althoughnotpre-

sentingsignificantcoefficients（ageclassof70－

100days:r＝0.33,0.31and�0.04;ageclassof

130－160days: r＝0.67,0.25and�0.82for

RNA：DNAratio,totalproteins,andFulton�s

K,respectively;P＞ 0.05）.
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Fig.3.Frequencyofextrusiondates（a）andsettle-
mentdates（b）ofSebastesinermisinSajimaand
Aburatsuboin2010.Extrusionisshownforre-
spectivesamplingmonths:May（open）,June

（grey）,andJuly（closed）.Dottedlinesindicate
seasurfacetemperature（SST）.Lunarcyclesare
shownabovewithfullmoon（opencircle）and
newmoon（closedcircle）.



3.4 Multivariateapproach

Basedonthecanonicalcorrelationpatterns

ofthe11differentDGIvariables（Table1）,Saj

andAbtwerewellseparated（Table6）.The

variablesrelatedtoPlandPsstage,supported

thisdiscrimination,whichwasshownbythe

greatdifferencebetweenthegroupcentroid

scores,and82％ oftheindividualswerecor-

rectlyclassified.Theextrusiongroupswere

highlydiscriminated（Fig.6a）withacleardis-

tinctionbetweentheearlygroups（Decand

Jan）andthelate（FebandMar）groups

mostlybasedonPlstagerelatedvariables（Ta-

ble6）.Thisclassificationwassuccessfulin78％

ofthecasesandthefirsttwodiscriminant

functionsexplained90％ ofthetotalvariance

amongtheextrusiongroups.

The CDA based on condition variables

showedastrongdiscriminationbetweenthe

sites,mainlyowingtoRNA：DNAratio,with

84％ ofcorrectclassification（Table6）.The

highercentroidscoreforSajshowedahigher

meanRNA：DNAratiowhencomparedwith

Abt.Samplingmonthsseparationbasedonnu-

tritionalconditiondata（Fig.6b）wasalsoob-

served（77％ ofcorrectclassification） and

RNA：DNAratiosandtotalproteinswerethe

variableswithhighereffects（loads）inthe

analysis.Hence,whencomparedwiththemor-

phometricconditionindex（Fulton・sK）,the

biochemicalconditionindices（RNA：DNAra-

tioandtotalproteins）weremorerelevantto

thetemporaldiscrimination.
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Fig.4.Otolithincrementwidthbeforeandaftersettlementbasedonthetransitioncenteredmethodapplied
toeachextrusiongroupinSajimaandAburatsubo.Groupsrepresentedusing:December（◇）,January
（△）,February（□）,andMarch（○）withopensymbolsforSajima（dashedline）andfilledsymbolsfor
Aburatsubo（solidline）.



4.Discussion

Thesettlementpatternsandthenutritional

statusexhibitedbyS.inermisjuvenilesinthe

twobaysfromMiuraPeninsulaincentralJa-

panwereinvestigatedinthepresentstudy.The

larvaefrom theearlyextrusiongroups（Dec

andJan）experiencedlowertemperaturesdur-

ingthePlperiodthanthelatergroups（Feb

and Mar）,and thelarvaefrom theearly

groupsremained in planktonichabitatfor

shorterperiodswithlowergrowthrates.This

phenomenonwasconfirmedbythecorrelation

betweenthecumulativeSSTandDGIdata（Ta-

ble4）andbyaclearseasonaldiscriminationof

early（winter）andlate（spring）extrusion

groups（Fig.6a,Table6）.Settlementtimings

seemedtodependonenvironmentalconditions:

thelarvaesettledearlieratsmallersizeswhen

theyexperiencedunfavorableconditions（e.g.

lowertemperature）duringthePlperiodand

grewmoreaftersettlement（Fig.4）.Thispat-

terncouldbeinterpretedasoneadaptivestrat-

egyofthisspeciestomaximizethegrowthrate

andenhancesurvivalduring theearly life

stagesindifferentenvironmentalconditions,

andhereitwasfoundtoberelatedwithtem-

peratureasfoundinotherspecies（LOCKETT

and SUTHERS,1998,�LVAREZ etal.,2012）.

HURST etal.（2005）referstotheincreasing

growthrateinjuvenilesasa・compensatory

growth・mechanism,inresponsetotempera-

turereductionandgrowthhistoryoftheindi-

viduals.Thesamemechanism mighthelpto

explain theearly settlementandrespective

highergrowthratesaftersettlementfoundin

earlygroups（DecandJan）.
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Table3.MeanvaluesofDGIvariablesforthedifferentextrusiongroupsforSajimaandAburatsuboextracted
fromotolithsoftherockfishSebastesinermis

Extrusiongroups

December

（n＝50）

January

（n＝67）

February

（n＝44）

March

（n＝58）
Total

Plperiodduration

（days）

Abt

Saj

Total

47±3ab

50±4b

49±3†§

41±3a

49±3ab

45±3†

49±4ab

47±2ab

48±3†§

54±4b

51±3b

53±4§

47±4

49±3

PsIperiodduration

（days）

Abt

Saj

Total

65±4a

60±6ab

62±5†

57±4ab

55±4b

56±4§

66±4a

60±4ab

63±4†

57±3ab

52±5b

55±4§

62±4＊

56±5

Plgrowthrate

（mm/day）

Abt

Saj

Total

0.33±0.04a

0.41±0.04ab

0.37±0.04†

0.35±0.04a

0.38±0.05ab

0.37±0.04†

0.38±0.04ab

0.42±0.04ab

0.41±0.07†§

0.41±0.03ab

0.47±0.07b

0.44±0.08§

0.36±0.04＊

0.43±0.05

PsIgrowthrate

（mm/day）

Abt

Saj

Total

0.50±0.05b

0.55±0.05ab

0.53±0.05

0.50±0.05b

0.53±0.07b

0.52±0.06

0.54±0.04b

0.54±0.09b

0.54±0.07

0.55±0.02ab

0.57±0.06a

0.56±0.04

0.52±0.04

0.55±0.07

Lengthatsettlement

（mm）

Abt

Saj

Total

22.0±3.4b

24.5±5.2b

23.4±4.3†§

20.4±4.0b

23.0±3.7b

21.7±3.8†

23.4±4.1b

25.8±2.5ab

24.6±3.3†§

27.5±3.3b

30.1±4.7a

28.7±4.0§

23.4±4.0＊

25.9±4.1

Lengthat120days

（mm）

Abt

Saj

Total

61.8±4.5a

62.2±4.9a

62.0±4.7

59.6±4.0a

61.4±3.1a

61.0±3.4

61.3±3.2a

65.4±4.8b

63.4±3.8

63.4±1.8ab

63.3±1.6ab

63.3±1.7

61.5±3.5

62.4±3.6

Abbreviations:Pl－planktonic;PsI－firstperiodofpost-settlement;Abt－Aburatsubo;Saj－Sajima;120days
afterextrusionwasfoundin92％ fishaged
a,brepresentssignificantdifferencesamongextrusiongroupsineachstudyarea,†,§ indicatessignificantdiffer-
encesamongextrusiongroupswithbothareascombined,andasterisk（＊）representssignificantdifferencesbe-
tweenstudysites.Dataareshownasmean±SD;two-wayANOVA;SNK;P＜0.05



PLAZA etal.（2003）foundthatsettlement

pulsesinS.inermisintoseagrassareaswerein-

ducedbyselectivetidalcurrents,withgovern-

ancebysemi-lunarcyclescrucialfortheactive

migrationoftheselarvaeintonearshoreareas.

However,ourresultsindicatedaweaksynchro-

nismofextrusiondatesandspringtides,anda

muchweakerrelationbetweentidalvariation

andthesettlementpatternoflarvaeinboth

sites（Fig.3）.Althoughthecauseofsuchdif-

ferencesisnotclear,tidalvariationdoesnot

seem tobethemaindeterminantofhabitat

shiftfrom planktonictobenthiclifein S.

inermislarvaeinourcasestudy.Therefore,

furtherstudieswillneedtoexaminetheeffects

ofabioticfactorsinthefuture.

DurationandgrowthrateofPlstagecorre-

latedpositivelyinbothsites（Fig.5）inallex-

trusiongroupsexceptinFebruarywherethis

relationwasnegative.MIZUSAWAetal.（2004）

alsofoundanegativerelationshipbetween

thesevariablesforindividualsfromtwositesin

similargeographicarea,butthoseauthorsex-

aminedashorterextrusionperiod.Webelieve

thattemperatureisthemainfactorresponsible

forthepositiverelationshipofthesevariables,

asacuetothereactionnormintheiradaptive

strategyasdiscussedabove.Nevertheless,we

alsobelievethenegativetrendfoundinFebru-

arygroupcouldbeexplainedbythepresenceof

anontogeneticstabilizingeffect.Becausesizeis

relatedtotheproductofgrowthratesand
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Fig.5.Relationshipbetweenplanktonic（Pl）durationandgrowthratefordistinctextrusiongroupsof
S.inermis:December（◇）,January（△）,February（□）,andMarch（○）withopensymbolsforSajima
andfilledsymbolsforAburatsubo.RegressionlineisshownforSajima,dashedline（y＝23.0x＋38.9）,and
Aburatsubo,solidline（y＝51.5x＋25.9）.



periodduration,respectivesettlementsizeswill

bestabilizedifthereisanegativerelationship

betweenthegrowthratesanddurationofthe

Plstage,even ifindividualvariability in

growthratesispresentwithinagroup.This

suggestedscenarioisschematizedinFig.7.

Regarding theplanktonicstageduration,

CHAMBERSandLEGGETT（1987）suggestedthat

anegativerelationshipbetweengrowthrate

anddurationoflarvalperiodisfavorableto

larvalsurvival:larvaethatgrowfasterstays

shorterperiodinvulnerablestageandenhances

survivalprobabilities（i.e.・stageduration・

mechanism）.Theresultsforthereactionnorm

todifferenttemperatureobservedinthepre-

sentstudywerenotconformabletosuchhy-

pothesissoothergrowth-relatedmechanism

mightbeoccurringinthiscase.TAKASUKAet

al.（2004）refersthatlongerplanktonicperiods

canbeadvantageousforasuccessfulrecruit-
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Table4.PearsoncorrelationcoefficientsbetweenDGIvariablesandtherespectivecumulativeSST（℃）for
SajimaandAburatsubo

DGIvariable Correlationcoefficient P-value

Sajima

（n＝121）

Plgrowthrate

Plduration

PsIgrowthrate

PsIduration

Lengthatsettlement

Lengthat120days

0.82

0.92

0.43

0.97

0.67

0.51

＜0.0001

＜0.0001

0.015

0.001

＜0.0001

0.003

Aburatsubo

（n＝108）

Plgrowthrate

Plduration

PsIgrowthrate

PsIduration

Lengthatsettlement

Lengthat120days

0.86

0.91

0.58

0.96

0.79

0.45

＜0.0001

＜0.0001

0.0003

0.041

＜0.0001

0.004

Abbreviations:Pl－planktonic;PsI－firstperiodofpost-settlement;120daysafterextrusionwasfoundin92％
fishaged;PearsoncorrelationsignificantforP＜0.05

Table5.ConditionindicesfortherockfishSebastesinermisinSajimaandAburatsuboatdifferentsampling
dates

Samplingmonth Total

May（n＝31） June（n＝33） July（n＝32）

RNA：DNAratio Abt

Saj

Total

1.92±0.54a

1.97±0.42a

1.95±0.68†

1.43±0.27ab

1.76±0.51ab

1.59±0.41§

1.05±0.19b

1.99±0.37a

1.31±0.28§

1.32±0.47＊

1.88±0.33

Totalproteins

（μg/mgtissue）

Abt

Saj

Total

37.65±3.81a

43.45±4.86b

41.73±5.62†

50.2±2.21c

63.4±5.68d

52.90±3.39§

47.37±7.83bc

51.65±5.72cd

48.44±6.74¶

44.00±4.13＊

47.76±6.28

Fulton・sK Abt

Saj

Total

1.55±0.20a

1.68±0.22ab

1.64±0.22

1.68±0.16ab

1.86±0.20b

1.75±0.17

1.72±0.11b

1.75±0.17b

1.71±0.12

1.66±0.16

1.70±0.21

Abbreviations:Abt－Aburatsubo;Saj－Sajima
a,b,c,drepresentsignificantdifferencesamongsamplingmonthsfromeachstudysite,†,§,¶indicatesignificantdif-
ferencesamongsamplingmonthswithbothsitescombined,andasterisk（＊）representsignificantdifferences

betweenstudysites.Dataareshownasmean±SD;two-wayANOVA;SNK;P＜0.05



mentsincetheprobabilityoflarvaetobetrans-

portedtofavorablenurserygroundsishigher.

Itseemsthattheindividualsherestudied

mightbeadoptingsuchstrategy（i.e.December

andJanuarygroupsinSajima）,yetfurtherin-

vestigationshouldbeconductedtoclarifythis

issue.

Regardingthefirsthypothesisofourstudy

（H1）,settlementofS.inermisalongMiuraPen-

insulacoastpresentedtemporaldifferentia-

tion.Thelarvaladaptivestrategyasareaction

todifferentwatertemperaturewasthemain

determinantofthesettlement.

Severalaspectshelptointerpretthegeo-

graphicalrangeofthelarvaltransportandset-

tlement:thecleardifferencesinthepatternof

dailyextrusionandsettlementbetweenthe

studysiteswithearlierextrusioninSaj（Fig.

3a）,thesignificantdifferencesofPlgrowth

rateandPsIdurationbetweenthesites（Table

3,Fig.5）,andthecleardifferentiationofsites

usingDGIdata,concerningvariablesrelated

withthePlandPsstages（Table6）.Wesug-

gestthatthegroupsinbothbaysarehighly

separatedandlarvaldistributionoffshoreis

unlikely.Thedifferencesbetweenthesitesas

statedabovewouldbeeliminatedifthisoff-

shoremixinghadoccurred.Concerningthesec-

ondtestedhypothesis（H2）,larvaltransport

andsettlementoccurredseparatelyforeach

bay,andmigrationifitoccurs,seemstobe

confinedtoasmallgeographicalrangearound
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Table6.Summaryofthediscriminantanalysis（CDA）performedonoveralldatasetregardingSebastesinermis
juvenilesinordertoidentify:sitesandextrusiongroupsbasedonDGIvariables;sitesandsampling
monthsbasedonnutritionalconditionindices

Discriminant

parameters

DGI Nutritionalconditionindices

Site Extrusiongroup Site Samplingmonth

Wilk・s

Lambda（λ）
0.89 0.67 0.67 0.54

Fvalue 2.56＊ 2.88＊＊ 15.01＊＊ 11.04＊＊

Variability

explained（％）

DF1

100

DF1

59.1

DF2

31.4

DF1

100

DF1

86.3

DF2

13.7

Variables

loading

Lengthat

settlement

Otolithradius

atendofPsI

PsIduration

Plgrowth

rate

Lengthat

settlement

Otolithradius

atendofPl

Otolith

radiusatend

ofPsI

PsIduration

PsIgrowth

rate（-）

RNA：DNA

ratio

Totalproteins（-） RNA：DNA

ratio

Centroidsof

thegroups

（discriminant

scores）

Saj（-0.19）

Abt（0.62）

December

（-0.39）

January

（-0.22）

February

（0.4）

March（1.62）

December

（0.45）

January

（-0.21）

February

（0.56）

March

（-0.52）

Saj（0.55）

Abt（-0.87）

May（0.88）

June（-0.78）

July（-0.72）

May（0.01）

June（0.55）

July（-0.35）

Classification

success（％）
82.0 78.3 83.9 77.2

＊P＜0.05,＊＊ P＜0.001;（-）indicatesvariableloadingthediscriminantfunctionnegatively
Abbreviations:DF1,2-discriminantfunctions1,2



Earlylifehistoryoftherockfish 43

Fig.6.Canonicaldiscriminantanalysis（CDA）basedonDGIvariables（a）andonnutritionalconditionindices
（b）forrockfishjuveniles:a）Canonicaldiscriminantscoresofthefourextrusiongroupsfrombothsites
combined,basedonthefirsttwodiscriminantfunctions（DF1&2）with78％ofindividualssuccessfullyclas-
sified.Groupsrepresentedusing:December（◇）,January（△）,February（■）,andMarch（●）,b）Canoni-
caldiscriminantscoresofthethreesamplingmonthsfrom bothsitescombined,basedonthefirsttwo
discriminantfunctions（DF1&2）with77％ ofindividualssuccessfullyclassified.Monthsrepresentedas:
May（X）,June（□）andJuly（○）.



eachbay.

Averagetotallengthofsettledjuvenilesin-

creasedamongstsamplingdatesinbothsites

（Table2）.Thefactthatindividualsfromearly

groups（DecandJan）werescarceorabsent

fromthelatersamplingmonths（Fig.3a）sug-

gestsapossibleontogenicmovementofjuve-

nilestoadjacentnearshoreareasineachsite

afterseveralmonthsaftersettlement.Gearse-

lectivityeffectwasconsiderednegligiblepartly

becauseadultswerealsocapturedandpartly

becauseHARADA（1962）alsodescribedashort

distancemovementofpost-juvenilestoadjacent

areasinthisspecies.Suchmovementcouldbe

happeninginapossibleresponsetoachangein

resourcerequirementsand vulnerability to

predation（LOVEetal.,1991）.Fromtheresults

ofthepresentstudy,itisnotpossibletodeter-

minethegeographicscaleofsuchmovement,

therefore,abroaderstudyonthesubadultand

adultpopulationisrecommendedtofullyas-

sessthisissue.

Differencesfoundinconditionindices（Table

5）indicatedthatjuvenilesfromSajareinover-

allbetterphysiologicalstatus.Thisconclusion

wassupportedbyCDA（Table6）,whereRNA：

DNAratiowasdeterminant.Thisindexiscor-

relatedwithfoodavailabilityandisagoodin-

dicatorofthenutritionalcondition（GARCIAet

al.,1998,GEIGER etal.,2000,ISLAM and

TANAKA,2005）.Basedonthisrelationship,the

highervaluesofRNA：DNAratiofoundinju-

venilesfrom Sajreflecthigherenergeticre-

servesaftersettlementasobservedinother

species（VASCONCELOS etal.,2009）.Onthe

otherhand,thelowestindicesfoundinjuve-

nilesfrom Abtmightreflectalowersurvival

potential,asalsofoundinotherspecies（BLACK

andLOVE,1986,PASTOUREAUD,1991）.

Basedmainlyonthebiochemicalcondition

indicesratherthanthemorphometriccondition

index,S.inermisjuvenilesatthesettlement

groundwereclearlydiscriminatedamongsam-

plingmonths（Fig.6b）.Inaddition,RNA：
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Fig.7.DiagramoftherelationshipbetweenPldurationandPlgrowthrate.Ellipsesshowtherangeofvari-
abilityineachextrusiongroup.Solidarrowshowsthedirectionofreactionnormtodifferenttempera-
turefordifferentextrusiongroups.Dashedarrowsshowthedirectionofindividual・svariabilitywithin
eachextrusiongroupcausedbyanontogenicstabilizingeffect.



DNAratioandtotalproteinscorrelatedposi-

tivelywiththeincrementwidthsoftheotolith

margin.Itsuggeststhatthereisapositivere-

lationshipbetweenfishconditionandgrowth

ratesasfoundinotherspecies（MALLOY and

TARGETT,1994,BUCKLEYetal.,1999,RAMIREZ

etal.2004）.Theuseofallconditionindices（to

ourknowledge,thisisthefirsttimeassess-

mentforthisspecies）allowsanecological

evaluationoffishhabitat（LLORETetal.,2001,

ISLAM etal.,2006,VASCONCELOSetal.,2009）.

OurcaseshowedthatSajimaBayisahigher-

qualitynurserygroundwithmoresuitable

characteristicsforS.inermisearlystagedevel-

opment,whichsupportsthethirdhypothesis

（H3）.Sajhaslargercanopyareaswhichpro-

videhigherprotectiontothesettledjuveniles.

Inaddition,thewaterinthisbaymaypresent

highernutrientenrichmentsincethereisanin-

fluenceofastreaminthisarea,andthismay

bringecologicalbenefits（e.g.LLORET etal.,

2001）.

Thepresentstudyprovidedbasicbiological

informationontheearlylifeofS.inermis.The

resultsenabledthedifferentiationoftwogeo-

graphicalgroupsusinganintegrativeanalysis

oflifetraitsandnutritionalcondition.Further

studieswillneedtofocusonalargertemporal

rangeandonadultpopulationstoenhancethe

comprehension of inshore/offshore connec-

tivityofpopulations,forthiscommerciallyim-

portantspeciesinJapan.
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