
1.Introduction

TheJapaneseseabass（Lateolabraxjapo-

nicus）,distributedonthecoastofJapanfrom

HokkaidosouthtoKyushuandthesouthern

coastoftheKorean Peninsula（HATOOKA,

2002）,isknownasatypicaleuryhalinefish,

migratingfromtheseatobrackish/freshwa-

ters,andasanimportantcommercialfish,not

onlyforfisheriesbutforanglinginJapan

（SHOJIetal.,2002）.Therefore,inAriakeBay,

thegrossbiologyofseabasshasbeenwell

studied,especiallytheirearlylifehistories;

eggsarespawnedandlarvaehatchinoff-

shore/open waters,remaining thereup to

about8mminbodylength（BL）,beforemov-

ingtocoastalsurfzones,wherethelarvaeare

dividedintotwomigratorygroups,onere-

maininginthesurfzoneandtheotherswim-

minguprivers（MATSUMIYAetal.,1985;HIBINO

etal.,2002,2006）.InTokyoBay,centralJapan,

manystudiesoftheseabasshavebeencon-

ductedtodate,andtheirspawninggroundhas

beenidentifiedasthemouthofTokyoBay

（WATANABE,1965;SUZUKI,1982）,withlarvae

collected by ring netsin offshorewaters

（KANOUetal.,2002a;NAGAIWAetal.,2005）and

juvenilesusing seinenetsin coastaltidal
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flats/surfzones（KANOUetal.,2000;ARAYAMA

etal.,2002;KOHNOetal.,2008;MOTEKIetal.,

2009）.

Assurvivalduringthelarvalstageaffects

recruitmentandpopulationfluctuationsinthe

seabass,theearlylifehistoryandecologyof

thespecieswerereviewedby ISLAM etal.

（2011）.However,nostudiesareavailableon

therelationshipsbetweenoccurrencepatterns

andthefunctionaldevelopmentoflarvaeand

juvenilesoftheseabass.Thisstudyaimedto

clarifytherelationshipsbetweenontogenetic

habitatshiftsandthefunctionaldevelopment

ofswimmingandfeedingabilitiesofthesea

bassinTokyoBay.Theserelationshipswillin-

dicatewhetherthelarvae/juvenilesmoveac-

tivelyorpassively,andrepresentimportant,

basicinformationforelucidatingthewaysin

whicheachareaofTokyoBayprovideshabi-

tatsfortheseabassandformanagingseabass

resourcesinTokyoBay.

2.Materialsandmethods

Thespecimensusedinthisstudyoriginated

from threesourcesandwerecollectedusing

twotypesofsamplinggear.Asmallseinenet

with1-mmmeshsize,asdescribedbyKANOUet

al.（2002b）,wasdeployedmonthlyatfoursam-

plingsites［stations（Stns.）A－D:Fig.1］on

tidalflatsaroundthemouthoftheTamaRiver

locatedontheinnermost,westerncoastofTo-

kyoBayfromJanuary2007toDecember2008

（exceptFebruary2008）.A1.3mdiameterring

netwith 0.5-mm mesh sizewastowedfor

15minutesby2knotsthroughsurfacewaters

duringdaytime;twovessels,a19-tontraining

ship（T/S）Hiyodorianda277-tonT/SSeiyo-

maru,oftheTokyoUniversityofMarineSci-

ence and Technology were operated.The

Hiyodorisampleswerecollectedmonthlyfrom
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Fig.1.MapofTokyoBay,centralJapan,indicatingthelocationsofsamplingstations.A-D,stationsfor
seine-netsamplings;1－7,thoseforring-netsamplings.



fourstations（Stns.1－4:Fig.1）locatedinthe

innermostoffshorewatersofTokyoBayfrom

January2006toMarch2008,whilethoseof

Seiyo-maruwerecollectedfromtheinnerStn.4

andthreestations（Stns.5－7）inouterTokyo

BayinDecember2005.Theaim oftheSeiyo-

marusampleswastocomparesizesanddevel-

opmentalstages between inner and outer

TokyoBay.Thecollectedspecimenswerefixed

in5％ bufferedseawaterformalinandlater

preservedin70％ ethanol.Theidentification

followedthemethodofKINOSHITAandFUJITA

（1988）forthelarvaelargerthanabout9mm

BL,andtheseriesmethodofLEISandTRNSKI

（1989）wasappliedforthosesmallerthan

about9mm BL.Thesizesofspecimenscol-

lectedweremeasuredtothenearest0.1mmus-

ing a micrometerattached to a binocular

dissectingmicroscopeforspecimenssmaller

than10mmBLandcallipersforspecimens10

mmBLandlarger;developmentalstageswere

determinedbythemethodsofKENDALLetal.

（1984）.Specimenscollectedbyring-netswere

allmeasured,whilethosebyseinenetswere

measuredatmost30individualsbyeachsta-

tion/month.

Ofthespecimenssampled,47（19of3.0－8.1

mm BLcollectedbyHiyodorifrom theinner-

mostwatersand28of11.4－30.1mm BLcol-

lectedby seinenetfrom tidalflats）were

selectedforthemorphologicalstudytodeter-

minefunctionaldevelopment.Thesespecimens

wereclearedandstainedbythemethodof

POTTHOFF（1984）,andthefollowingcharacters

wereobserved:finsupportsandfinrays,the

angle of notochord flexion,the vertebral

centra,hemalandneuralarchesandspinesand

thegreatestbodydepthanditspositionas

swimming-relatedcharactersandthestructure

oftheupperjaw（maxilla,premaxillaand

supramaxilla）,thestructureofthelowerjaw

（Meckel・s cartilage,dentary,angular and

retroarticular）,jawteeth,mouthwidth,pre-

maxilla/gape,pharyngealteeth,suspensorium,

hyoidarch,branchiostegalraysandopercular

bonesasfeeding-relatedcharacters.Develop-

mentalphasesweredeterminedbythemethod

ofKOHNOandSOTA（1998）,inwhichboththe

histogrammethodofdevelopmentaleventsby

0.5-mm BL fishsizeintervalsemployedby

SAKAI（1990）andthekeycharactermethod

wereapplied.Inthisstudy,thedescriptionwas

basedonthebodylengthinthestateofethanol

preservation and on thesmallestspecimen

whenthedevelopmentalphenomenaandevents

wereobserved.

3.Results

3.1.Occurrencepatterns

Thetotalnumberofseabasslarvaecollected

offshorebyringnetstowedbybothHiyodori

andSeiyo-maruwas391withsizeof3.67±1.37

mm BL（mean±SD）,rangingfrom 1.8to8.1

mmBL,withamodeof3.00－3.49mmBL（Fig.

2）.IntheinnermostoffshorewatersofStns.

1－4,withoutregardtosamplingvessel,the

numberofspecimenscollectedwas191of4.44

±1.39mmBL,rangingfrom1.8to8.1mmBL,

andwithamodeof3.50－3.99mm BL;water

temperatureandsalinitiesvariedfrom 7.8to

15.1℃ andfrom26.0to32.3,respectively.The

specimenscollectedfromtheouterTokyoBay

ofStns.5－7numbered200,with2.93±0.84mm

BLrangingfrom1.8to6.3mmBLandwitha

modeof3.00－3.49mmBL;watertemperature

andsalinitiesvariedfrom 15.4to16.1℃ and

from 33.3to34.3,respectively.Themonthsof

occurrencewerelimitedtotheperiodfromDe-

cembertoMarch.

Thesizesofthe230Seiyo-marusamplescol-

lectedinDecember2005wereasfollowsby

samplingstation（Fig.3）:Stn.4,n＝30,mean

±SD＝3.15±0.93mmBL,rangingfrom1.8to

6.1mmBL;Stn.5,99,3.43±0.49mmBL,1.8－

5.6mmBL;Stn.6,11,3.62±1.45mmBL,1.8－

6.3mmBL;andStn.7,90,2.29±0.57mmBL,

1.8－4.8mm BL.Thesizesofthesespecimens

weresignificantly differentamong stations

andbetweenStn.7andothers（Tukey・stest,

P＜0.01）.

Ofthe391 larvaecollected offshore,88

（22.2％）wereyolk-saclarvaeandtheremain-

derof303werepreflexionlarvae.Of200larvae

collectedinouterTokyoBay,83（41.5％）were

yolk-saclarvaeandtheremainderof117were

preflexionlarvae.Of191larvaecollectedinin-

nerTokyoBay,5（2.6％）wereyolk-saclarvae

andtheremainderof186werepreflexionlar-

vae.

Allthespecimenscollectedoffshoreininner
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TokyoBaybyHiyodoriwerepreflexionlarvae.

Thetotalnumberofseabasscollectedfrom

tidalflatswas580,varyingfrom11.4to123.5

mmBLwith21.9±11.0mmBLandamodeof

16.0－16.5mmBL（Fig.2）;watertemperature

andsalinitiesfluctuatedfrom 12.3to30.5℃

andfrom0.1to29.9,respectively.Thesespeci-

menswerecollectedfromJanuarytoAugust,

andtheirdevelopmentalstagesvariedfrom

flexionlarvaetojuveniles.Monthlychangesin

theirbodysizesareshowninFig.4.Thesea

bassgrew inthetidalflatsfrom January

（12.3±0.9mmBL:n＝2）toApril2007（19.2±

3.6mm BL:n＝54）andfrom March（16.2±

1.1mm BL:n＝59）to May 2008（40.9±

12.5mmBL:n＝12）.

Specimensof8.2－11.3mmBLwerenotcol-

lectedeitherfromoffshorewatersorfromtidal

flats,andinthelatter,few specimenswere

largerthanabout30mmBL（Fig.2）.

3.2.Functionaldevelopment

3.2.1.Swimming-relatedcharacters

Flexionofthenotochordend：Flexionofthe

notochordendwasnotdetectedinthespeci-

menscollectedfromoffshorewaters,thelarg-

estofwhichwas8.1mmBL（Fig.5A）.Noto-

chordflexionwascompleteinthesmallest

specimencollectedfromthetidalflat,11.4mm

BL,andtheanglewasstableatabout40�－

47�.

Caudalfin supports and fin rays：No

elementsofthecaudalskeletonweredetected

until5.5mmBL,whentwocartilaginousbuds

ofhypurals1－2wereobserved.Thecartilagi-

nousbudsoftheparhypuralandhypural3ap-

pearedat6.9mmBLandhypural4at8.1mm

BL.Inaddition,thesmallestspecimenfromthe

tidalflats（11.4mm BL）possessedthecarti-

laginousbudofhypural5aswellasthoseof

thehemalandneuralspinesofthefuturepleu-

ralcentra2and3andepurals1－3.Thebony

urostyleandpleuralcentra2and3wereob-

servedinthe11.4-mmBLspecimen.Ina13.8-

mmBLspecimen,ossificationwasperceivedin

theparhypural,hypurals1－5andthehemal

andneuralspinesoffuturepleuralcentra2and

3.Allcartilaginouselements,includingepurals

1－3,startedossifyingat15.4mmBL.

Principalcaudalfinrayswerefirstdiscerned

at5.5mm BL,whenfourrayswerecounted

（Fig.5B）.Theadultcomplementof8＋7prin-

cipalcaudalfinrayswasattainedat11.4mm

BL.

Dorsalfinsupportsandfinrays：Thesmall-

estspecimenwithdorsalfinsupportswas11.4

mm BL,inwhichanadultcomplementof25

cartilaginous pterygiophores was observed.

Theossificationofthreeofthesewasfirstper-

ceived at14.2mm BL.Allpterygiophores

startedossifyingat17.5mmBL.

Dorsalfinrayswerefirstdiscernedat11.4

mm BL,when12softfinrayswereobserved

（Fig.5C）.Twospineswerefirstperceivedat
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Fig.2.Bodylength（BL）frequenciesoflarvalandjuvenileLateolabraxjaponicuscollectedfromoffshorewa-
ters（n＝391）andtidalflats（n＝311）inTokyoBay.



11.7mmBL,andtheadultcomplementof26－

28rayswasattainedat13.0mmBL.

Analfinsupportsandfinrays：Theadult

complementinnumberofeightcartilaginous

pterygiophoreswasfirstdiscernedat11.4mm

BL.Ossificationoftwopterygiophoreswas

firstobservedat14.2mmBL,andallelements

startedossifyingat17.5mmBL.
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Fig.3.Bodylength（BL）frequenciesoflarvalLateolabraxjaponicuscollectedfromTokyoBayoffshorewa-
tersinDecember2005bythetrainingshipSeiyo-maru,shownbyring-netsamplingsites（Stns.4－7）.
Forsamplingstations,seeFigure1.



Lamer51,201318

Fig.4.Monthlychangesinbodylength（BL）frequenciesoflarvalandjuvenileLateolabraxjaponicuscollected
fromTokyoBaytidalflats.



Theanalfinrayswerefirstdiscernedat11.4

mmBLwithonespineandeightsoftrays（Fig.

5D）.Theadultcomplementof10－12rayswas

attainedat11.7mmBL.

Pectoralfinsupportsandfinrays：Thepec-

toralfin supports ofa rod-shaped bony

cleithrum,acoraco-scapularcartilageanda

bladelike cartilage,which later grew into

EarlylifehistoryofJapaneseseabassinTokyoBay 19

Fig.5.Changesinswimming-relatedcharacterswithgrowthinLateolabraxjaponicuscollectedfromTokyo
Bay.



actinosts,wereobservedinspecimensof3.1－

8.1mm BLcollectedfrom offshorewaters.A

supracleithrum and posttemporalwereob-

servedat11.4mm BL.Ossification ofthe

coraco-scapularcartilageandactinostswas

firstperceivedat15.4mmBL.

Thepectoralfinrayswerefirstdiscernedat

11.4mmBL,wheneightwerenoted（Fig.5E）.

Theadultcomplementof15－18rayswasat-

tainedat13.8mmBL.

Pelvicfinsupportsandfinrays：Thepelvic

finsupport,thebasipterygium,wasfirstdis-

cernedat11.4mmBL,andossificationstarted

at15.4mmBL.

Thepelvicfinrayswerefirstdiscernedat

11.7mmBL,withonespineandthreesoftrays

（Fig.5F）.Anadultcomplementofsixrayswas

attainedat13.8mmBL.

Vertebra:Novertebralelementswererecog-

nisedinthespecimenscollectedfrom offshore

waters,upto8.1mmBL.Inthesmallestspeci-

mencollectedfromthetidalflat（11.4mmBL）

allhemalandneuralarchesandspinesand

centrawereobserved,withtheossificationof

thefirstthreeneuralarchesandspines.All

archesandspinesstartedossifyingat14.2mm

BL.

Maximumbodydepthanditsposition：The

ratioofthemaximum bodydepthtoBLwas

13％ inthesmallestspecimenexaminedof3.1

mmBL,andvariedfrom13％ to20％ inspeci-

mensupto14.2mmBL（Fig.5G）.Thereafter,

theratioswerestableatabout22－26％.

Thepositionofmaximumbodydepthvaried

from23％ at4.3mmBLto56％ at6.1mmBL

（Fig.5H）andbecamestablefrom28％ to39％

thereafter.

3.2.2.Feeding-relatedcharacters

Mouth width：Themouth openedin all

specimensexamined.Themouthwidthwas0.3

mminthesmallestspecimenof3.1mmBLand

increasedgraduallyinspecimensfromoffshore

waters（Fig.6A）.Thegrowthratebecame

moreorlessrapidinspecimensfrom 11.4to

about20mm BLandslowedthereafter,with

thelargestspecimenexamined（30.1mm BL）

possessinga4.2-mm-widemouth.

Jawstructure：Thesmallestspecimenof3.1

mm BLpossessedthemaxillaandMeckel・s

cartilage.Premaxilla,dentary and angular

werediscernedat5.5mmBL,theretroarticular

at13.0mm BLandsupramaxillaat14.7mm

BL.

Premaxillalength/Gape：Theratioofpre-

maxillatogapewas66％ at5.5mm BL（Fig.

6B）.Althoughtheratiotendedtoincreasein

specimenscollectedfrom offshorewaters,the

ratiovariedfrom70％ to90％ inthespecimens

fromtidalflats.

Jaw teeth：Thefirstupperjaw teethob-

servedweresixinnumberat5.5mmBL（Fig.

6C）.Thenumberofupperjawteethincreased

exponentiallyuptoabout20mm BL,witha

maximum of198at19.5mm BLandvarying

from100to150thereafter.Thelowerjawteeth

werefirstobservedat11.4mm BLwithfour

noted（Fig.6D）.Thelowerjawteethincreased

uptoabout20mmBLwithamaximumnum-

berof112at19.5mmBL,andthenumberbe-

camestablethereafter.

Suspensorium：Thepalatoquadrateandhyo-

mandibular-symplecticcartilageswerefirstob-

served at 3.1 mm BL and the bony

ectopterygoidandendopterygoidat11.4mm

BL. The quadrate, hyomandibular and

symplecticstartedossifyingat13.0mmBLand

thepalatineandmetapterygoidbeganat13.8

mmBL.

Hyoid and branchiostegal rays： The

ceratohyal-epihyaland interhyalcartilages

werefirstobservedat3.1mm BL andthe

hypohyalcartilagewasnotedat11.4mm BL.

Theceratohyalandepihyalstartedossifyingat

13.0mm BL,theinterhyalbeganat13.8mm

BLandthehypohyalstartedat15.4mmBL.

Abranchiostegalraywasfirstobservedat

5.5mmBL,andtheadultcomplementofseven

rayswasattainedat11.4mmBL（Fig.6E）.

Pharyngealteeth：Thefirstupperpharyn-

gealteeth,10innumber,wereobservedat5.5

mm BL（Fig.6F）.Thenumberofteethin-

creasedexponentiallywiththemaximumnum-

berof134at22.0mmBL.

Thefirstlowerpharyngealtooth,1innum-

ber,wasobservedat8.1mmBL（Fig.6G）.The

numberofteethincreasedexponentiallywith

themaximumnumberof132at22.0mmBL.

Opercularbones：Thefirstopercularbones

toappearweretheprepercleandopercleat5.5
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mm BL.Theinteropercleandsuboperclewere

firstobservedat11.4mmBL.

4.Discussion

4.1.DevelopmentalphasesofJapanesesea

basslarvaeandjuveniles

Thedevelopmentofcharactersconcerning

theswimmingandfeedingfunctionsofthe

EarlylifehistoryofJapaneseseabassinTokyoBay 21

Fig.6.Changesinfeeding-relatedcharacterswithgrowthinLateolabraxjaponicuscollectedfromTokyoBay.



Lamer51,201322

F
ig
.
7.
S
ch
em
a
ti
c
re
p
re
se
n
ta
ti
o
n
o
f
th
e
d
ev
el
o
p
m
en
t
o
f
sw
im
m
in
g
-r
el
a
te
d
ch
a
ra
ct
er
s
w
it
h
g
ro
w
th
（
b
o
d
y
le
n
g
th
,
B
L
）
in

L
a
te
ol
a
b
ra

x
ja
p
on

ic
u
s
co
ll
ec
te
d

fr
o
m
T
o
k
y
o
B
a
y
.
O
p
en
ci
rc
le
s,
ca
rt
il
a
g
in
o
u
s
el
em
en
ts
st
a
rt
a
p
p
ea
ri
n
g
;
cl
o
se
d
ci
rc
le
s,
a
ll
ca
rt
il
a
g
in
o
u
s
el
em
en
ts
st
a
rt
a
p
p
ea
ri
n
g
;
o
p
en
sq
u
a
re
s,
b
o
n
y

el
em
en
ts
st
a
rt
a
p
p
ea
ri
n
g
;
cl
o
se
d
sq
u
a
re
s,
a
ll
b
o
n
y
el
em
en
ts
st
a
rt
a
p
p
ea
ri
n
g
;
o
p
en
tr
ia
n
g
le
s,
ca
rt
il
a
g
in
o
u
s
el
em
en
ts
st
a
rt
o
ss
if
y
in
g
;
cl
o
se
d
tr
ia
n
g
le
s,

a
ll
ca
rt
il
a
g
in
o
u
s
el
em
en
ts
st
a
rt
o
ss
if
y
in
g
;
o
p
en
d
ia
m
o
n
d
s,
fi
n
ra
y
s
st
a
rt
a
p
p
ea
ri
n
g
;
cl
o
se
d
d
ia
m
o
n
d
s,
fi
n
ra
y
s
b
ec
o
m
e
co
m
p
le
te
in
n
u
m
b
er
;
a
n
o
p
en

st
a
r,
n
o
to
ch
o
rd
fl
ex
io
n
b
ec
o
m
es
co
m
p
le
te
;
cl
o
se
d
st
a
rs
,
fl
ex
io
n
p
o
in
ts
o
f
m
o
rp
h
o
m
et
ri
c
ch
a
ra
ct
er
s
a
re
o
b
se
rv
ed
.



EarlylifehistoryofJapaneseseabassinTokyoBay 23

F
ig
.
8.
S
ch
em
a
ti
c
re
p
re
se
n
ta
ti
o
n
o
f
th
e
d
ev
el
o
p
m
en
t
o
f
fe
ed
in
g
-r
el
a
te
d
ch
a
ra
ct
er
s
w
it
h
g
ro
w
th
（
b
o
d
y
le
n
g
th
,
B
L
）
in

L
a
te
ol
a
b
ra

x
ja
p
on

ic
u
s
co
ll
ec
te
d
fr
o
m

T
o
k
y
o
B
a
y
.
O
p
en
ci
rc
le
s,
ca
rt
il
a
g
in
o
u
s
el
em
en
ts
st
a
rt
a
p
p
ea
ri
n
g
;
cl
o
se
d
ci
rc
le
s,
a
ll
ca
rt
il
a
g
in
o
u
s
el
em
en
ts
st
a
rt
a
p
p
ea
ri
n
g
;
o
p
en
sq
u
a
re
s,
b
o
n
y
el
e-

m
en
ts
st
a
rt
a
p
p
ea
ri
n
g
;
cl
o
se
d
sq
u
a
re
s,
a
ll
b
o
n
y
el
em
en
ts
st
a
rt
a
p
p
ea
ri
n
g
;
o
p
en
tr
ia
n
g
le
s,
ca
rt
il
a
g
in
o
u
s
el
em
en
ts
st
a
rt
o
ss
if
y
in
g
;
cl
o
se
d
tr
ia
n
g
le
s,
a
ll

ca
rt
il
a
g
in
o
u
s
el
em
en
ts
st
a
rt
o
ss
if
y
in
g
;
o
p
en
d
ia
m
o
n
d
s,
te
et
h
a
n
d
b
ra
n
ch
ia
l
ra
y
s
st
a
rt
a
p
p
ea
ri
n
g
;
a
cl
o
se
d
d
ia
m
o
n
d
,
b
ra
n
ch
ia
l
ra
y
s
b
ec
o
m
e
co
m
p
le
te

in
n
u
m
b
er
;
o
p
en
st
a
rs
,
m
o
u
th
o
p
en
s
a
n
d
p
re
m
a
x
il
la
st
a
rt
a
p
p
ea
ri
n
g
;
cl
o
se
d
st
a
rs
,
fl
ex
io
n
p
o
in
ts
o
f
te
et
h
n
u
m
b
er
a
n
d
m
o
rp
h
o
m
et
ri
c
ch
a
ra
ct
er
s
a
re

o
b
se
rv
ed
.



Japaneseseabasslarvaeandjuvenilesobtained

inthisstudyareshowninFig.7and8.

4.1.1.Developmentalphasesofswimming

function

Basedonthedevelopmentofcharactersre-

latedtoswimmingfunction,seabasslarvae

andjuvenilesweredividedintothefollowing

fourphases.

1）Thephaseoflessactiveswimming（3.0－

5.5mmBL）

Noswimming-relatedcharactersappeared,

otherthanthepectoralfinelementssuchasthe

cleithrum,coraco-scapularcartilageandfan-

likecartilaginousplate,whichdevelopedlater

intoactinosts.Thelarvaeinthisphaseare

thereforeconsideredtodriftpassivelyrather

thantoswimactively.

2）Thephaseofcaudalfinpropulsion（5.5－

8.5/11.0mmBL）

Inthisphase,thecaudalfinsupportsandfin

raysstartedappearing.However,noother

charactersrelatedtoswimmingweredetected;

therefore,thisphasewasjudgedasthecaudal

finpropulsionphase,duringwhichthebeating

ofthecaudalfinproducespropulsion.Larvae

of8.5－11.0mmBLwerenotexaminedinthis

study,andthustheendofthisphaseandthe

beginningofthenextphasewerenotprecisely

determined.

3）Thephaseofwholebodypropulsion（8.5/

11.0－14.0mmBL）

Theneuralandhemalarchesandspinesand

thevertebralcentrastartedappearing and

werecompletedinnumberduringthisphase.

Thesecharactersareconsideredtoreinforce

thebodyaxis（KOHNOetal.,2000）.Notochord

flexionwasalsocompleted,alltheelementsof

caudalfinsupportsappearedandthenumber

ofcaudalfinraysreachedtheadultcomple-

mentduringthisphase,indicatingthatthe

beatingabilityofthecaudalfinwouldincrease

（KOHNOandSOTA,1998）.Thestrongbodyaxis

andcompletedcaudalfinallowlarvaetoswim

powerfullybypropagatingthebeatofthe

wholeofthebodyposteriortogeneratepropul-

sion（OMORIetal.,1991）.Thedorsalandanal

finsupportsandfinrayswerealsocompleted

duringthisphase;thesecharacterspreventthe

larvaefrom rolling caused by whole-body

beating（GOSLINE,1979）.Inaddition,thepecto-

ralandpelvicfinraysstartedappearingduring

thisphase.Thedevelopmentofpairedfinrays

indicatestheimprovementofmanoeuvrability

（NARISAWAetal.,1997）.

4）Thephaseoffunctional,juvenileswim-

ming（overabout14.0mmBL）

Allcharactersconcerningswimmingfunc-

tionbecamecompleteinnumber,andossifica-

tionstartedinallrelatedelements.Therefore,

larvae/juvenileslargerthanabout14mm BL

wereconsideredtohaveacquiredthefunc-

tional,juvenileswimmingmode.

4.1.2.Developmentalphasesoffeedingfunc-

tion

Basedonthedevelopmentofcharactersre-

latedtofeedingfunction,seabasslarvaeand

juvenilesweredividedintothefollowingfive

phases.

1）Thephaseofprimordialsucking（3.0－5.5

mmBL）

Theoralcavitywasenclosedbythemaxilla,

Meckel・scartilage,apartofthesuspensorium

andhyoidarch,indicatingthatthefeeding

modeinthisphaseissucking.However,these

elements,otherthanthesmallbonymaxilla,

arecartilaginous,andthusnegativepressure

forsuckingisconsideredtobelow（seeKOHNO

etal.,1997）.

2）Thephaseofincreasingsuckingability

andbitingpreparation（5.5－8.5/11.0mm

BL）

Thegapeelementsofthepremaxilla,dentary

andangularstartedappearinginthisphase,

indicatingthatgapeopeningandclosingabili-

tiesincrease（SHINAGAWAetal.,2002）.Theap-

pearanceofbranchiostegalraysandopercular

boneswouldincreasethesuckingabilitydur-

ingthisphase.

Although theupperjaw andpharyngeal

teethstartedappearingduringthisphase,no

lowerjawteethwererecogniseduntil11.4mm

BL.Thefunctionsofthejawandpharyngeal

teetharetobite/captureandtopropelacquired

foodorganismstothedigestivetract,respec-

tively（GOSLINE,1971）.Nospecimenswereex-

aminedbetween8.5and11.0mm BLinthis

study,andthusthelarvalsizewhenthefeeding

modeofbitingstartedcouldnotbedetermined;
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therefore,thisphasewastentativelyrecog-

nisedasbitingpreparation.

3）Thephaseinwhichsuckingandbiting

abilitiesimproved（8.5/11.0－13.5mmBL）

Inthisphase,suckingabilitywasimproved

bytheappearanceofallthesuspensoriumand

opercularboneelements.Thenumericalcom-

pletionofthebranchiostegalraysalsohelpsto

generatemoreorlessstrongnegativepressure

forsucking.Inadditiontosucking,thefeeding

modeofbitingisgainedbytheappearanceof

lowerjawteeth.Thestableratioofpremaxilla

lengthtogapeof70－90％ isconsideredtoal-

lowgapeopeningandclosingtofunctionwell

andthustoimprovebitingability.

4）Thephaseofpre-functional,juvenilefeed-

ing（13.5－20.0mmBL）

Allthecharactersconcerningfeedingfunc-

tionexceptforthenumberofjawandpharyn-

gealteethbecamecompleteinnumber,and

ossification began in allrelated elements.

Therefore,larvae/juvenilesof13.5－20.0mm

BL areconsideredtohaveacquiredapre-

functional,juvenilefeedingmode.

5）Thephaseoffunctional,juvenilefeeding

（overabout20mmBL）

Thenumberofjawandpharyngealteethbe-

came stable,and the functional,juvenile

feedingmodewasconsideredtobeacquiredin

juvenilesofover20mmBL.

4.2. Relationships between developmental

stagesanddistributionpatterns

Therelationshipsbetweenthedevelopmental

phasesobtainedinthisstudyandtheappear-

ancesofJapaneseseabasslarvaeandjuveniles

in TokyoBay areschematically shown in

Fig.9.

4.2.1.Spawningandontogeneticshoreward

migration

Inthisstudy,yolk-saclarvaeweremainly

collectedfromouterTokyoBay,andthesizes

ofoffshorespecimensweresignificantlydiffer-

entamongstationsandbetweenStn.7andoth-

ers.These results supportthe results of

WATANABE（1965）andSUZUKIandITOH（1984）,

accordingtowhomthespawninggroundofsea

bassinTokyoBaywasconsideredtobelocated

inwatersofthebaymouth,withhatchinglar-

vaemovingtotheinnerwatersofTokyoBay

withgrowth.Also,inAriakeBay,thespawn-

inggroundislocatedinthecentralregionof

thebay,andtheeggsandlarvaedisperseto-

wardtheinnerregion（HIBINO,2002;HIBINOet

al.,2002）.Thesespawninggroundsarelocated
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inthermohalinefrontalregionsformedbe-

tweentheouterandinnerbaywaters,andeggs

are densely distributed in these regions

（WATANABE,1965;NAKATA and IWATSUKI,

1991;HIBINOetal.,2007）.

Thisstudyrevealedthatnearlyallthelarvae

collectedoffshorethatweresmallerthan5.5

mm BLwoulddriftpassivelywithprimordial

charactersrelatedtotheirswimmingfunction,

andevenlargerlarvaeuptoabout8mm BL

wouldswimonlyweaklyusingcaudalfinpro-

pulsion（Fig.9）.Theseresultssupportthesug-

gestionthattheinshoreontogeneticmigration

ofseabassearlylarvaedependsonshoreward

currents.OHMI（2002） speculated thatthe

gravitationalcirculationinWakasaBayinthe

SeaofJapanplaysanimportantroleinlarval

drifttotheinshoreregionthroughthemiddle

tobottom layer,andHIBINO etal.（2007）

showedthatinAriakeBay,larvaetemporally

expandtheirdistributionintotheinner,shal-

lowwaterregionsviathemiddlelayer.Inthis

periodofshorewardmigration,thefirstfeed-

inglarvaepreyonsmallerzooplankton,based

on the estimated mouth size（ISLAM and

TANAKA,2005）.Seabasslarvaesmallerthan

about8mm BLlikelygeneratelownegative

pressuretosuckfoodorganismswithapoorly

developedoralcavity.

4.2.2.Habitatshiftswithdevelopment

Thelargestlarvacollectedfromoffshorewa-

tersinTokyoBaywas8.1mm BL,andthe

smallestlarvafrom theinnermosttidalflats

was11.4mm BL in thisstudy.Dodging

behaviourbyseabasslarvaelargerthan8mm

BL isvery unlikely becauseKANOU etal.

（2002a）collectedlarger,moreactivefishlarvae

suchasa39.4mm BLjuvenileofatherinid

Hypoatherinavalencienneis,a28.4mmBLju-

venileofcarangidSeriolaquinqueradiataanda

24.6mm BLmugilidMugilcephaluscephalus

usingthesamegearandmethodsasthoseused

inthisstudy.OHMI（2002）reportedthatsea

bassof8－14mmBLappearedinsandybottom

watersof5－10m depthofftheYuraRiver

mouthofWakasaBay.Therefore,seabasslar-

vaeof8－11mm BLwouldbedistributedin

shallow,bottomwatersofTokyoBay（Fig.9）.

Thelarvaeandjuvenilescollectedfrom the

tidalflatsrangedfrom11.4to123.5mmBLin

thisstudy.However,fewfishmeasuring13.5

mm BLandsmallerwerecollected,andnum-

bersdecreasedsuddenlyatabout30mm BL

andlarger,withameanof21.9mm BLand

modeof16.0－16.5mmBL.Thejuvenilestage

wasattainedat13.8mmBLwhenthefinrays

reachedtheiradultcomplementsinnumber.

Therefore,thetidalflatsofinnerTokyoBay

provideanurserygroundmainlyfor13.5－30-

mm BLjuvenileseabass（Fig.9）.Thisstudy

showedalsothatseabassearlyjuvenilesstart-

ingat13.5mmBLacquirefunctional,juvenile

swimmingandfeedingabilities.

Theearlyjuvenilesappearinginthetidal

flatsswim activelyandselectthisareaasa

habitat.Thecompletejuvenilefeedingmode

wasacquiredat20mmBL,withthestabilityof

toothnumbers.NIPetal.（2003）reportedthat

seabassof11－20mmBLfedoncopepodsand

cladocerans,shiftingtodecapodsandamphi-

podsat20mm BLinToloHarbour,Hong

Kong.FUJITAetal.（2007）alsoindicatedthat

seabasslargerthan20mmBLfedexclusively

onmysidsinAriakeBay.HIBINOetal.（2006）

showedthatinthesandflatsoftheeastern

partofAriakeBay,seabassjuvenilesof16.7

and22.9mm BLonanaverageatthespring

andneaptides,respectively,migratetoshallow

wateraftersunrisetofeedoncopepodsbefore

emigratingfromthereaftersunset.

4.2.3.Importanceoflarvalandjuvenilehabi-

tatsfortheTokyoBayseabass

TokyoBayhasbeenaleadinglocationfor

thecatchofseabass,withtheproductionfrom

thebayaccountingforabout30％ ofthetotal

catch in the 2009 fiscalyear（Fisheries

AGENCY,2011）.AspointedoutbySHOJIetal.

（2002）,theTokyoBayseabasscatchhasbeen

favourablyretainedsincethe1990s,indicating

thattherecruitmentofseabasshasbeensta-

ble.Amajorfactoraffectingrecruitmentvari-

abilityisthesurvivalrateduringtheearlylife

history（HOUDE,1987）.TheTokyoBaysea

bass,asamigratoryfish,isconsideredtoface

twomajorchallengesduringtheegg,larval

andjuvenilestages,onebeingthelong-distance

migration from the spawning to nursery

grounds,andthebeingothertheselectionofa
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nurseryground.

Noseriousenvironmentalproblemsaffect

theseabassspawninggroundatthemouthof

TokyoBay.However,thedistancefrom the

spawninggroundatthemouthofTokyoBay

totheinnermosttidalflatsisabout50km,and

theavenuetothenurserygroundincludingthe

spawninggroundisnarrow andexperiences

heavymaritimetraffic,withthegiantportsof

Yokohama,TokyoandChibabeinglocatedin

theinnerbay.Therefore,thechallengingmi-

grationoftheseabasstothenurseryground

couldlikelybedisturbedbyanthropogenicim-

pacts,althoughthedetailsofthemechanisms

oftransportforeggsandearlylarvaetothe

nurserygroundsareunknown.

Manystudieshavepointedoutthatseabass

nurserygroundsarediversified,includingsurf

zonesinopenwatersandtidalflats,shallowar-

eas,seagrassbedsandriversinembayments

（HIBINO,2002;KINOSHITA,2002;FUJITA etal.,

2007）,andtheadaptabilityofseabasstothese

diversifiedenvironmentswouldincreasethe

stabilityoftheirpopulationdynamics.How-

ever,thesenurserygroundsininnermostTo-

kyoBayhavebeendestroyedbyfactorssuchas

reclamation,dredgingandtheconstructionof

portsandestuarinedams.

ToproperlymaintaintheTokyoBaysea

basspopulation,furtherstudiesareneededto

demonstratethemechanismsofshorewardmi-

grationsandthevarietyofembaymentnurser-

iesused,andtheenvironmentsofthehabitats

requiredduringtheearlylifehistoryofthesea

bassshouldbeprotectedfrom anysortofde-

struction.
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