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（Sparidae：TELEOSTEI）　Reared　in　the　Laboratory
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　In　recent　years，助あo　彫σo劣ooのりhαh偲　（Basilewsky）　is　receiving　increasing

consideration　among　aquaculturists　as　a　suitable　species　for　pro丘table　cultiva－

tion．　Although　considerable　e丘orts　have　been　undertaken　to　improve　culture

techniques　for　various　marine　fish　species，including　kurodai，the　knowledge　of

the　development　of　morphological　characters　and　their　ecological　significance

are　sti至1not　adequately　known　for　many　species。Thus，environmental　require・

ments　for　optimum　development，suitable　methods　for　and　optimum　size　at

Iiberation　of　fry　into　natural　habitats　as　well　as　the　biological　importance　of

pre－1iberation　protection　of　see（ilings　in　enclosures　or　embayments　are　not　yet

fully　understood．They・may　provide　an　indispensable　basis　for　a　sound　deve－

lopment　of　a　farming一丘sheries　industry　for　various　marine丘shes．Experimental

studies　are　needed　in　order　to　obtain　these　informations　for　both　the　laboratory

and　the　natural　habitat．

　Morphological　characteristics　during　early　development　under　almost　natural

conditions　are　not　known　in　detail　for　the　kurodai．　Embryonic　stages　and

pre－1arvae　have　been（iescribed　briefly　by　SENo（1912）1）an（i　KlIsHINouYE（1915）2）・

Young　larvae　and　juveniles　from　plankton　catches　are　considered　by　UcHIDA6！

‘zl．（1958）3）　an（i　MITo（1963）4），

　This　paper　describes　the　development　of　the　functional　morphology　of　kurodai，

especially　that　of　finsヲscales　an（i　transverse　stripes，圭n　relation　to　behaviour　of

thelarvaeandjuveniles、Adetailedknowledgeofmorphologicalcharacteristics

de▽eloped　during　successive　stages　may　be　considered　as　important　for　an

ef6ecti▽e　utilization　and　obser▽ation　of　ha亡chery　reare（i　seedlings　planted　in

natural　habitats．

Material　anαMethods

　Fertilized　eggs　were　collected　on21．May1976at　Hiroshima　Prefectural　Fisher－

ies　Experimental　Station　on　Kurahashi　Island．　These　eggs　had　been　spawned

by　parental丘sh　kept　in　a　floating　net　cage　on　the20th　of　May　at　ambient

temperature　of　about18。O　oC，Eggs　were　transferred　to　the　Nansei　Regional

Fisheries　Research　Laboratory，Ohno－cho．　Transportation　took　about2hours．
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Eggs　were　stocked　into　incubation　tanks　imme（1iately’upon　arriva1．　Running

sea　water（ambient　temperature　l　filtered　through　a　sandfilter）was　provided

throughout　the　incubation　time．Immediately　after　hatching，yolk　sac　larvae

were　stocked　into　two　translucent　circular　tanks　of5001capacity　each（diame－

ter：105cm　l　water　depth＝70cm　l　stocking　density：121arvae　per　liter）、　The

rearing　tanks　were　placed　in　the　laboratory　near　the　window　facing　south．

Plastic　blinds　were　usecl　to　eliminate　direct　sunlight　during　day　time．　No

artificial　illumination　was　provided．　Sediments　and　dead　larvae　which　had

accumulated　at　the　bottom　were　removed　daily　by　a　siphon　or　a　pipet，Each

rearing　tank　was　gently　aerated　by　an　airstone．　Tank：water　was　partly

exchanged（about1／50f　the　total　volume）every’three　or　four　days　during

the　first30days　of　the　experiment．　Running　water　was　employe（1throughout

the　remaining　experimental　period　of70days，　The　upward　trend　in　ambient

water　temperature　during1αte　spring　was　also　observe（1in　the　rearing　tanks，

ranging　from18．8to26．30C　during　the　experimental　period．

　From　day3to　day25after　hatching，the　larvae　were　fed　on　rotifer，B7αoh歪o肱s

ヵ1ゴoσあ1露．From　day15to　day35the　copepod　T歪g吻伽sブ碗o吻o％s　was　employed

as　an　additional　food　organism．Food　organisms　ha（i　been　cultured　in　separate

tanks．They　were　added　to　the　rearing　tanks　in　regular　intervals　in　order　to

maintain　an　average　density　of5to10individuals　per　liter．Minced　meat　of

mussels　and　small　fishes　was　offered　as　food　to　post－larvae　and　juveniles　after

day30．

　In　intervals　of5to10days，15to20specimens　were　removed　from　rearing

tank　in　order　to　measure　growth　and　to　observe　the　development　of　meristic

characters，such　as　fins，scales　and　transverse　stripes　of　melanophores．　All

observations　on　external　features　of　the　fish　were　carried　out　on　the　left　side

of　the　specimens　sampled．　Detailed　methods　of　observations　were　similar　to

those　described　previously　in　a　paper　on　the　ma（lai，Chηsoρh別ys卿σブ07（FuKu－

HARA1976a，b）5）6）

　Specimens　of20mm　or　less　in　standard　length　were　preserved　in5％buffered

formalin　solution，and　those　larger　than20mm　in　standard　length　were　kept

in　10％bu任ered　formalin　solution．　The　transverse　bands　of　pigment　were

observed　without　staining丘sh，whereas　observations　on　segmentation，branch－

ing　of　Hns　and　scale　formation　were　made　after　staining　with　Alizarin．Meas－

urements　were　done　under　an　pro五1e　projector　（Nikon，model　V－16）in

connection　with　an　electric　digital　micrometer（Nikon，model　RQ－321S）．For

direct　observations　on　larvae　and　juvenile　specimens　a　binocular　microscope

ha（i　been　employed．
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Results

Appeara皿ce　of　eggs

　Egg　diameter　varied　from　O・96to1．12mm　at　ambient　salinity　of　about32％，・

At　that　salinity　the　perivitelline　space　appeared　to　be　very　nαrrow．The　eggs

observed　during　this　experiment　contained　only　one　oil　globule．There　is　onlyr

little　information　available　on　the　relationship　between　incubation　temperature

and　incubation　time。In　our　experiments　hatching　occurred　in3to2days　after

fertilization　at　temperatures　of18．O　to20．60C，respectively．

　　　General　remarks　on　larval　morphology

　The　average　size　of　newly　hatched　larvae　was2，47mm　in　standard　length．

The　mouth　opened　when　the　larvae　reached　an　average　standard　length　of

about3．O　mm，4to5days　after　hatching　at　ambient　temperatures　of18．O　to

20．60C・　Yolk　absorption　was　completed　within6days　after　hatching，but

active　feeding　started　one　to　two　days　earlier。

　Compared　to　the　larval　development　of　other　breams，no　remarkable　differ－

ences　were　observed　during　the　two　weeks　following　hatching，　The　form　and

extend　of　the　primordia1　且n－fold　change（i　strikingly　at　the　transitional　phase

between　larva　and　juvenile．This　stage　occurre（1between　day25an（128after

hatching．

Observation　on　tke　formatio皿of血皿s

　Fin　rays　were　enumerated　for　each　of　the丘ns　after　staining　the　fish　with

Alizarin．Development　of　segmentation　and　branching　of　fin　rays　were　plotted

against　standard　length　of　fish　（Fig．1），　Segmentation　of　the　unpaired　fins

was　completed　when　the　larvae　reached　a　standard　length　of　about9mm。The

caudal　fin　showed　a　larger　number　of　rays　than　the　other　unpaired　fins，yet

its　segmentation　as　well　a．s　the　branching　of　rays　occurred　considerably　earlier．

The　size　difference　in　standard　length　of　fish　between　the　first　appearance

of　segmented　rays　and　the　completion　of　segmentation　was3。O　mm　in　the　case

of　the　unpaired　fins．　This　size　difference　of　larvae　was　equivalent　to　a　five

day　rearing　Period　in　this　experiment．

　Branching　of　rays　in　unpaired　fins　began　shortly　after　the　larvae　had　attained

a　standard　length　of　about10mm　when　segmentation　was　almost　completed。

Anal　and　caudal　fin　branching　was　completed　at　about20mm　standard　length．

No　further　increase　in　the　number　of　branching　of　the　dorsal　fin　was　observed，

when　the　larvae　attained　a　size　of　about30mm．In　general，branching　of　rays

in　unpaired　fins　required　a　considerable　longer　time　than　segmentation　of　rays．

Similar　trends　had　been　observed　in　the　development　of　soft　rαys　of　the　m＆dai

（Chηsoφhηs〃zの07）reared　under　laboratory　conditions（FuKuHARA1976a）5），

　In　genera1，9soft　rays　observed　in　the　specimens　smaller　than18．O　mm　in

3



＞、

o

o
の

で
Φ

‘o
⊆

o
』

o
で
Φ

⊂
Φ

E
bρ

Φ
の

o

Φ

oE
コ

Z

11

10

9
8
7
6
5
4
3
2
1

Dorsal　fin

0

9
8
7
6
5
4
3
2
1

10 20 30 40 50

AnaI　fin

60

0
17

14

10

6

2

10 20 30 40 50

Oaudal　fin

60

0

5
4
3
2
1

10 20 30 40 50

Ventral　fIn

60

0

14

12

10

8
6
4
2

5 10 15 20 25

Pectoral　fin

30

0

Fig、

10 20　　　　　　30　　　　　　40
　　Standard　length　（mm）

50

1、　Segmentation（open　circles）　and　branching　（close（1　circles）　of　nn
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standard　length．In　specimens　of18。O　to27．5mm　in　standard　length　either90r

8soft　rays　were　observed，whereas　in　specimens　larger　than28．O　mm　standard

length　only8soft　rays　had　been　counted　in　the　anal　fin．

　The　segmentation　and　branching　of　the　soft　rays　in　the　pectoral　fin　levelled

off　to　a　constant　number　when　the　fish　reached　about30mm　in　standard　length．

Development　of　ventra1丘ns　was　peculiar　in　that　the　branching　occurred　almost

concurrently　with　segmentation　within　a　narrow　range　of丘sh　size（9－12mm

standard　length），whereas　in　the　other　nns　branching　occurred　distinctly　later

than　segmentation（Fig，1）．　Thus，the　development　of　the　ventral　fin　was

completed　considerably　earlier　than　that　of　the　others．

　Developmental　changes　in　the　primordial　fin－fold　were　similar　to　those　of

the　madai，the　entire　fin－fold　was　replaced　by　the　respective　unpaired負ns　at

the　transitional　phase　from　post－1arva　to　juvenile　when　the　larva　attaine（18－10

mm　in　standard　length，At　the　same　time，the　hind　margin　of　the　caudal　fin

change（1rapi（11y　from　a　rQun（1ed　shape　to　a　truncαted　form，　This　feature　can

be　used　for　rough　estimates　on　developmental　stages（Table1），　The　pectoral

fins　also　changed　their　shape　from　a　round　to　a　triangular　form・The　initially
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triangular　ventral　fins　appeared　to　be　falcated，

　　Standard　length　of　fish　appeared　to　be　positively　correlated　with　pectoral　and

ventral　fin　length（r＝0．994an（i　O。990，respectively）．Growth　rates　of　both　fins

are　similar　up　to　a丘sh　size　of15mm　standard　length．In　larger　larvaeンhow－

ever，the　growth　rate　of　the　ventral　fin　increases　over　that　of　the　pectora1丘n

（Fig、2）．

Observations　on　scale　formation

　　Squamation　in　kurodai　may　be　divide（1into7stages（A－G）．This　is　shown

semidiagrammatica11y　in　Figure3．Each　stage　was　assigned　by　the　two　basic

crite1・ia：the　number　of　rows　of　scales　and　the　exten（i　of　body　coverage　of

squamation．The　characters　of　each　stage　wa＄defined　as　follows：

　　　Stage　A，A　few　scales　appear　in　the　posterior　portion　of　the　trunk　along

　　　　　　　　　　　the　lateral　line．　No　teeth　are　visible　on　the　expose〔1　portion　of

　　　　　　　　　　　the　scale．

　　　Stage　B，There　are4scale　rows　and3teeth　on　each　scale・　Scale　forma－

　　　　　　　　　　　tion　extends　to　each　direction　on　the　trunk，anteriorly　reaching

　　　　　　　　　　　the　posterior　en（10f　operculum，an（1posteriorlyンthe　central　portion

　　　　　　　　　　　of　the　pedunde．

　　　Stage　C，There　are6to7scale　rows．the　squamation　covers　anteriorly　a

　　　　　　　　　　　part　of　the　opel’culum，and　posteriorly　the　base　of　the　caudal　fin。

　　　　　　　　　　　The　squamated　area　tapers　toward　the　cauda1。

　　　Stage　D，There　are9to10scale　rows．　Squamated　area　is　horizontally

　　　　　　　　　　　almost　identical　with　stage　C，but　extends　more　dorso－ventrally，

　　　　　　　　　　　About　one　third　of　the　lateral　area　of　body　on　each　side　is　covered

　　　　　　　　　　　with　scales．

　　　Stage　E，There　are　ll　to12scale　rows．Squamation　reaches　posteriorly

　　　　　　　　　　　to　the　hind　end　of　the　trunk．Two－thir（1s　of　the　Iateral　area　are

　　　　　　　　　　　squamated。

　　　Stage　F，Squamation　is　almost　completed，1eaving　only　the　base　of　the

　　　　　　　　　　　dorsal　and　anal　fin　and　abdominal　portion　uncovered．

　　　Stage　G，Fully　squamated．

　Figure4shows　the　distribution　of　these　developmental　stages　in　relation　to

standard　length．　The　largest　larva　without　scales　was　about11、O　mm　in

standard　length，whereas　the　first　appearance　of　squamation　was　observed　in

specimens　as　small　as10．2mm．In　all　specimens　larger　than16mm　in　standard

length　the　squamation　was　always　completed．

　Measurements　on　scale　size　were　done　on3to4scales　taken　near　the

pectoral　fin　on　the　left　side　of　the　specimens．The　mean　length　of　scales　are

plottedagainststandardlengthinFigure5．Astraightlinerelationshipis
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obvious　and　may　be　expressed　by　the　equation　R＝0．0296SL－0．280（r＝0．990），

where　R　and　SL　represent　the　scale　length　and　standard　length，respectively，

The　concentric　lines　drawn　in　the　insert　of　Figure5indicate　the　developmental

changes　of　the　scale　to五nal　shape　of　a　typical　ctenoid　scale。　The　scale

assumed　characteristics　of　a　ctenoid　when　it　reaches　O．5mm　in　length．　This

scale　length　corresponds　to　a　standard　length　of　about25mm　in　juvenile　fish，

The　number　and　size　of　teeth，grooves　and　ridges　increased＆s　the　juvenile
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　ハ4メfo解α‘700砂加彪3．　RelatiQship　between　scale　length（R）and

　standard　length（SL）．Insert＝The　concentric　line　drawings　indicate

　developmental　changes　to　the　final　rim　of　a　typical　ctenoid　scale．

　The　exposed　portions　are　speckled。Sc＆le　denote　O．5mm。

Observations　on　black　stripe　formation

　A　maximum　of7to8transverse　stripes　are　formed　on　each　side　of　the　body．

They　are　most　clearly　to　be　distinguished　in　the　late　juvenile　stage．Their

sequence　from丘rst　appearance　to　fuII　development　is　shown　semidiagrammati－

cally　in　Figure6and　photographically　in　Plate1．　The　first　stripe　appeared

dorsally　at　the　anterior　end　of　the　tmnk，and　the　formation　proceeded　posteri－

orly．　Each　stage　shown　in　Figure6may　be　de丘ned　as　followsご

　　　Stage　A，Melanophores　are　concentrated　in　the　anterior　base　of　the　dorsal

　　　　　　　　　　　fin　forming　a　transverse　stripe，which　tapers　ventrally．

　　　Stage　B，The　second　stripe　appears　between　the4th　and7th　spine　of　the

8



　　　　　　　dorsa1且n，and　extends　dorso－ventrally　further　than　the且rst．

Stage　C，The　third　stripe　appears　at　the　anterior　position　of　the　caudal

　　　　　　　region　between　the　lst　and3rd　soft　ray　of　the　dorsa1丘n．　This

　　　　　　　stripe　covers　the　whole　depth　of　the　tmnk　extending　posteriorly

　　　　　　　along　the　base　of　the　anal　Hn。

Stage　D，The　fourth　stripe　appears　between　the　first　and　second，and　is

　　　　　　　narrower　than　the　other　stripes　already　present．

Stage　E，The丘fth　stripe　appears　between　the8th　and9th　spine　of　the

　　　　　　　dorsa1丘n．This　is　the　last　one　formed　on　the　trunk，and　is　as

　　　　　　　wide　as　the　fourth．

Stage　F，The　sixth　stripe　appears　at　posterior　end　of　the　cau（i段1peduncle。

　　　　　　　This　is　the　second　stripe　in　the　caudal　region　and　is　continuous

　　　　　　　anteriorly　with　the　third　stripe　along　the　ventral　margin．

Stage　G，The　seventh（the　third　one　in　the　caudal　region）appears　between
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6．ハ4頭o解α‘ro6砂加」祝5。　Semidiagrammatic　drawings　showing　the

　　developmental　sequence　of　black　stripes　in　kurodai　reared　in　the

　　laboratory．　Each　stage　is　de丘ned　αccording　to　the　number　of

　　transverse　stripes。Scales　denote　l　mm．
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　　　　　　　　　　　the　th至r（i　one　an（i　the　sixth　stripe．

　　　Stage　H，The　eight，stripe　appears　at　the　posterior　end　of　the　caudal　region、

　　　　　　　　　　　All　the　stripes　in　the　caudal　region　are　connected　along　the

　　　　　　　　　　　ventral　margin．

　Figure7depicts　the　relation　between　stripe　formation　an（1standard　length。

The　largest　specimen　without　any　stripe　deveiopment　was11。O　mm　and　the

smallest　one　on　which　first　stripes　occurred　was　about9．O　mm　in　standard

length．　The　development　of　stripes　was　completed　in　all　the　specimens

examined　when　the　larvae　attaine（125mm　in　standard　length．

　In　some　specimens　the　number　of　stripes　were　not　obvious　owing　to　the

development　of　melanophores　between　stripes．　There　were　a　few　variations

along　the　edges　of　the　black　stripes，　In　several　case，　the　second　stripe

branched　towar（1either　the　dorsal　and　ventral　end，and　in　other　case　the

fourth　stripe　branched　toward　its　dorsal　end。
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Growth　and　behaviour　of　reare証Iarvae

　　Growth　in　standard　length　of　reared　Iarvae　is　shown　in　Figure8．　Number

of　measured　larvae　was　less　than15during　the　first20days　of　the　experiment，

therefore　the　standar（1error　was　not　inserted　into　the　figure．

　The　size　of　newly　hatche（11arvae　ranged　from2．20to2．35mm　in　standard

length．Due　to　their　buoyancy　they　are　concentrated　near　the　surface　and　are

at　the　mercy　of　water　movement　due　to　aeration．　Acti▽e　swimming　was

observed　towards　the　end　of　yolk　absorption，when　the　larvae　attained　about

4．O　mm　in　standard　length，At　this　stage　the　larvae　assumed且exed　postures
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of　the　bo（iy　axis　in　S－shaped　form　before　striking　on　any　foo（1　0rgεしnism，as

has　been　observed　in　many　other　fish　species　（RosENTHAL1968，7）　BLAxTER　and

STAINES19718））．

　Metamorphosis　occuπed　when　the　larvae　reached　a　length　of　about9．O　to

10．O　mm．Average　growth　increment　during　the　rearing　period　for100days

was　O．74mm　per　day．　The　growth　rate（1iffers　between　the　larva　and　the

juvenile，attaining　values　of　O．25mm　per　day　in　the　former　and　O，95mm　per

day　in　the　latter．Thus　the　growth　rate　during　the　luvenile　stage，especially

after　attaining30mm　in　standard　length　was　consi（ierably　larger　than　that

during　the　larval　stage．

　Another　striking　changes　in　the　behaviour　was　observed　among　the4－week

old　larvae，in　which　about　one－third　of　the　total　survivors　stayed　at　the　bottom

of　the　rearing　tank　and　a　few　other　specimens　swam　near　the　bottom。　The

remaining　larvae　swam　in　the　middle　layer　of　the　tank．　Metamorphosed
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Growth　in　length　of　larvae　of　kurodai，Mメ∫o窺αcro6砂hα彪5，reared

under　laboratoryP　conditions．　Vertical　bars　in（1icate　standard

errors．The　feeding　scheme　is　also　shown。Points　are　the　means

of　about20measurements．
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juveniles　reacted　very　sensitive　to　various　stimuli　such　as　noise　and　light，

Aggressive　and　territorial　behaviour　was　often　observed　among　the　survivors

at　this　stage　as　has　been　described　in　madai（YAMAGlsHI19699））．No　further

striking　changes　in　behaviour　were　observed　during　the　rearing　to丘sh　up　to

80and85mm　in　standar（i　length　（100（iays　after　hatching）。

1）iscussio皿

　The　sequence　of　development　in　extemal　characters　of　kurodai　observe（1in

this　experiment　summarize（i　in　Table1。　The　horizontal　bars　indicate　the

range　in　length　between　the　largest　size　of　the　larvae　with　undeveloped

features　and　the　smallest　size　of　the　larvae　with　fully　developed　features．

　Segmentation　in　the　unpaired丘ns　tended　to　develop　earlier　than　those　in　the

paired　fins．　In　the　caudal　fin　the　rays　are　segmented　earlier　than　in　other

unpaired　fins．　The　difference　in　timing　of丘n　development　seems　to　reflect

their　role　in　changing　locomotion　pattems　and　development　of　swimming　be－

haviour．　Unpaired丘ns　are　the　primary　organs　of　balancing　and　proPlusion

and　the　cauda1丘n　plays　a　leading　role　in　locomotion，As　outline（i　by　GosLINE

（1973）10），the　e伍ciency　of　the　fins　is　provide〔l　by　the　且exibility　and　elasticity

。fthesegmentedrays。Theref・re，itisreas・nablet・assumもthatthem・de・f

behaviour　of　the　early　juvenile　in　which丘n　rays　are　segmented　is　fundamen－

tally　different　from　that　of　the　larvae　in　which　movement　is　effected　by

undulations　of　the　tail　only．

　Branching　of　the　rays　developed　later　and　required　longer　periods　than

segmentation，with　the　exception　of　the　ventral　fin　in　which　both　processes

occur　almost　concurrently　within　less　duration　than　in　the　other　fins。　Short

period　is　required　in　ray－development　for　the　ventral　fin　and　this　seems　to　be

due　simple　to　the　small　number　of　rays。No　information　is　available　about　the

functional　role　of　branching　of　fin　I’ays。

　According　to　UcHエDA6渉σ1．（1958）3），segmentation　of　the　caudal　fin　in　the

wild　specimens　appeared　at9．8mm　in　total　length，which　is　quite　a　similar

size　of　the　specimens　reared　in　this　experiment．Unfortunately，no　descriptions

are　available　on　the　developmental　sequence　of　other丘ns　and　no　data　are

reported　about　the　branching　in　the　wild　larvae。

　The　smallest　larva　in　which　squamation　started　was　about10mm　in　standard

length（Fig。4）and　the　largest　larva　with　undeveloped　features　was11，0mm　in

standard　length．The　smallest　Iarva　with　fully　develope（i　scales　measured16．O

mm　in　standard　length．AII　juveniles　larger　than16。O　mm　had　attained　full

squamation．It　is　generally　accepted　that　the　functional　role　of　the　scale　is　to

protect　the　body　surface　from　various　extemai　stimuli（KAwAMoTo1956夕11）
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Table1． Length　ranges　of　which　respective　meristic　characters　occurred

in　kurodai，Mylガoη躍6ro‘砂肋1祝5during　experimental　rearing。

Arrows　depict　to　the　Ieft　the　largest　size　at　which　undeveloped

condition　were　observed．　The　right　end　of　the　each　arrow
indicates　the　smallest　size　at　which　the　fully　developed　condition

was　observed，

Standard　Iength　in　mm5 10 15 20 25 30 35
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MATsuBARA6！α1．196512））．The　luveniles　with　full　squamation　can　reasonably－

be　assume（1to　have　a　better　ability　to　adapt　to　a　wider　range　of　environmental

con（1itions　than　before．　In　the　wild　specimens　two　or　three　scale　rows　were

observed　at　the　length　of14．1mm　and　the　completion　of　squamation　at18。O　mm

in　total　length．These　size　are　very　well　compar＆ble　to　those　Qf　the　larvae

reared　in　this　experiment，

　　The　black　stripe　began　to　develop　at　nearly　the　same　time　as　in　the　scale，

but　was　completed　later　than　the玉atteL　Specimens　as　small　as　about9。O　mm

in　standard　length　had　some　of　the　stripes。The　stripe　for皿ation　seemed　to　be

c。mpletedinallthelarvaelargerthanab・ut25mm，alth・ughlargevariati・ns

between　individuals　had　been　observed．　The　main　role　of　the　stripes　are

generallybelievedt・beinc・ncealmentandcam・u且age（LAGLER伽1・196213）・

MATsuBARA6砂1．196512）），therefore，the　stripe　formation　seems　Iargely　to　be

relatedt。habitatpreferences・ftheエarvae，asisthecaseinscalef・rmati・n・

　　The　marginal　shape　of　the　caudal　fin　showe（i　a　characteristic　change　until　it

assumed　the丘nal　furcated　shap3．　The　development　may　be　divided　into3

stages，though　the　duration　of　each　stage　varied　greatly　from　one　larvae　to

another．Major　changes，however，were　concentrated　in　most　of　the　specimens
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at　or　near　the　stage　of　about8．O　mm　in　standard　length．　Since　the　shape　of

hind　margin　of　the　caudal　fin　was　a　useful　index　to　estimate　the　stage　of丘n

development　as　reported　in　the　previous　paper（FuKuHARA1976a5〉），it　may

also　be　useful　to　predict　the　behaviour　changes．Thus，the　larvae　with　round－

ed　tail　swam　undulated　fashion　in　the　upper　Iayer　of　the　rearing　wateL　As

the　hind　margin　approached　the　final　form，the　juvenile　swam　in　the　lower

layer　with　increased　swimming　speed　and　developed　diverse　behaviour　pattems

such　as　aggression　and　camibalism．　Comparable　changes　in　swimming　be－

haviour　from　undulating　movements　with　high　amplitude　of　the　tail　beat　to

those　with　low　amplitude　but　increased　net　progress　were　described　by

RQsENTHAL（1968）7）for　herring　larvae　during　the　transitional　stage　between18

and25mm　in　total　length．　At　this　stage丘ns　were　we11developed。　They

played　an　important　role　in　prey　capturing　manoeuvres．　Therefore，it　will　be

justified　to　conclude　that　the　morphological　changes　are　closely　linked　with　the

development　of　swimming　and　feeding　behaviour，

　Morphologically，development　of　the　reared　specimen　was　almost　comparable

to　those　of　the　wild　fish　described　by　UcHIDA6渉．σ1．，however，comparison　of

behaviour　between　出e　artificially　reared　specimen　and　the　wild　one　needs

further　studies．
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Summary

　1，Morphometric　development　of　Hns，scales　and　black　stripes　during　postem－

bryonic　stages　are　described　and　figure（i　in　detai1．

　2．Data　are　obtained　from　specimens　reared　in　the　laboratory（continuous

water且ow，ambient　temperatures　between18．8to26．30C）from　eggs　to　juvenile

fish．

　3，The　sequence　of　development　of　each　character　is　shown　in　Table1．

　4。Striking　changes　were　observed　within　the　size　range　from　about9mm　to

ll　mm　in　standard　length．

　5。Development　of　unpaired五ns　was　completed　when　the　fish　reached　a
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standard　length　of　about30mm．

　6，Scale　development　starte（l　at102mm　standard　length　and　full　squamation

of　juveniles　was　attained　at　a　size　of16．O　mm．

　7．Occurrence　and　number　of　black　stripes＆re（iescribed　in　reiation　to　larval

growth．A　total　of8stripes　can　be　counte（i　in　juveniles　of25mm　standard

length．

　8．Branching　of　rays　of　unpaired丘ns　as　well　as　the　formation　of　the　final

shape　of　the　caudal　fin　margin　rapidly　assumed　the　characters　of　adult丘sh，

　9．It　is　suggested　from　observations　made　during　this　rearing　experiment，

that　the　development　of　behaviour　in　larvae　and　juveniles　is　closely　linked　to

the　development　of　morphological　characters　such　as　fins，scales　and　transe－

verse　ban（is．
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ク・ダイ稚仔魚の二，三の形態について

福 原 修

　クロダイ幼期の各発育段階における形態的特性を知るため，室内で人工飼育した標本を用いて鰭，鱗，

斑紋などの器官の発達経過を観察した。計測形質と器官発達の点からみると体長範囲9～11mmの期間を

境として形態的に大きな変化がみられ，次の発育段階に達することが明らかとなった。この時期には，

観察した諸器官がたがいに関連しながら発達し，行動にも変化がみられることから器官の発達と行動様

式が密接に関連していることがうかがわれた。

Plate1． Photographs　showing　the　b】ack　stripe土ormation　of　the　reared

kuro（iai，Mン1どoηz‘κ706θρhα♂％5，under　laboratory　conditions．
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