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　　Shrimps　of　the丑amily　Penaeidae　which　support　important　commercial　fisheries

in　the　coastal　blackish　waters　of　westem　parts　ofJapan　has　been　the　subject　of　several

biological　studies．KuBQ（1949）published　a　monograph　on　the　taxonQmy．YAsuDA

（1956），MAEKAwA（1961）and　IKEMATsu（1963）have　contributed　much　of　our　know－

ledges　on　growth，spawning　and　migration　of　various　species　of　penaeid　shrimps．

Unfbrtunately，howeverラnone　ofthese　works　covered　the　planktonic　stage　of　their　lifヒ

history，This　is　mainly　due　to　the　great　di伍culties　encountered　in　distinguishing　larval

stages　ofvarious　species　which　occur　together　in　the　same　general　area，　Apart　f｝om

the　comprehensive　work　of　HuDINAGA（1942）on　P6膨π5プψo紘雛and　of　HuDINAGA
（1941）on　the　nauplius　stages　of　two　species　of　M誘ψ6観6郷，there　has　been　until　late

l960’s　no　published　descriptions　of　the　larval　and　early　postlarval　stages　of　the　penaeid

shrimps丘om　Japanese　waters．Recently　P8ηα郷o漉窺α1乞5（KIM，196610KA，1967），
ルん如ψ8ηα6麗5プqアn6万（LEE　and　LEE，1968）and　P8παθ勝」厩魔祝Jo‘z6郷（SHoKITA，1970）have

been　success£ully　reared倉om　eggs　in　the　labloratory　in　an　attempt　to　develop　a　mass

production　method　of　seed　shrimps　and　their　larval　stages　were　brieHy　described　and

illustrated，　Howeverラour　knowledge　on　this　subject　is　sti11魚r　inadequate　fbr　the

identi且cation　ofplankton　samples．

　　The　present　paper　describes　the　larvae　and　early　postlarvae　ofル蹴ψ6紹6麗5蝕沈6π．

70磁KuBo，a　penaeid　shrimp　of　medium　size　of　local　importance　in　Tokyo　Bay，Ise

Bay，Seto　Inland　Sea，Sea　ofAriake　and　Nanao　Bay，The　rearing　experiments　were

done　in　July，1968at　the　labor飢ory　of　Fujinaga　shrimp　Institute　Foundation　at　Aio－

fht句ima，Yamaguchi　Pre琵cture．Greatest　appreciations　are　extended　to　late　Dr．

Motosaku　FuJINAGA　and　the　members　of　the　Institute　fbr　their　kind　cooperations

我nd　permission　of　using£acilities　of　the　laboratory．Thanks　are　also　due　to　Mr．T．

YATsuYANAGI　and　Mr．T．UTsuNoMIYA　of　the　Fishery　Seeds　Production　Center　of　the

Yamaguchi　Pre免cture　fbr　their　cooperations　in　securing　mature驚males．

MATERIALs　AND　METHoDS

　All　the　descriptions　and　figures，except　later　juvcniles　otherwise　noted，are　taken

丘om　specimens　reared　in　the　laboratory，The　mature免males　were　first　removed丘om

the　regular　commercial　hauls　of　shrimp　trawlers　working　of琵hore　of　Suo－Nada　and

brought　to　the　laboratory。　A免w　probably　normal　eggs　could　be　obtained　by　this

method．But　none　of　the　larvae　hatched倉om　these　eggs　survived　beyond　the　pro－

toz6ea．The　reason　may　be　attributable　to　the　supprest　activity　of　the琵males丘om
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which　these　eggs　are　spawned。Fortunately，a　single　fhlly　ripe免malewas　scooped　with

a　hand　net　on　July90ut　of　the　resorvour　pond　of　the　laboratory，This免male　was

quite　vigorous　and　gave　a　large　number　of　normal　eggs　at　night　of　the　same　day　it

was　trans免rred倉om　the　pond　to　a　spawning　aquarium。The　larvae　hatched丘om
these　eggs　have　been　reared　successfully　as　far　as　juvenile　stage　without　any　serious

mortality．

　　Spawning　took　place　in　a　plastic　aquarium　that　contained　about6001iters　of　aer－

ated　sea　water．The　fヒmale　was　taken　out　of　the　aquarium　a負er　spawning　and　pre－

served　for　the　closer　identi丘cation．The　larvae　were　then　maintained　in　the　same

aqua血m　through　metamorphosis　until　about　l5mm．in　total　length　was　reached

when　the　experiment　was　terminated．Nutrient　salts　were　added　to　the　rearing　water

as　soon　as　the　success血1hatching　was　observed　to　promote　the　growth　of　diatoms身

which　consisted　mainly　of　Sん61θ≠oπ襯α605オ磁規with　admixture　ofvarious　other　species，

Brine　shrimp　eggs　were　introduced　fbr　the　post－protozoeal　stages・

　Average　daily　temperatures　of　the　rearing　water　varied　between24．4and28．50C，

On　fine　days　the　water　temperature　reached　as　high　as34．30C，since　the　aquarium

was　placed　outdoors　in　the　direct　sun。　Salinity　was28。51％o　at　the　beggining　but　rose

to　a　maximum　of33．24％。at　the　end　ofexperiment。

　　Measurements　were　taken　under＆m量croscope　with　a　micrometer　eyepiece．Total

length（T。L．）was　taken丘om　anterior　end　of　body　including　rostrum　when　present

to　posterior　end　of　telson　less　terminal　spines，and・carapace　length（C。L）丘om　tip

ofrostrum　to　posterior　mid－dorsal　margin　of　carapace・

DEscRIPTIoN　oF　STAGEs

　EGG（Fig，1，’A）

Egg　menbrane　is　spherical，0．48mm，in　diameter、It　is　about2，4times　as　large

as　thβdiameter　of　embryonic　menbrane，with　a　wide　perivitelline　space　between　the

two　menbranes，Egg　menbrane　re且ects　bright　yellow　color　mixed　with　a　little　amount

of　red　in　early　stages，　The　reflecting　color　changes　to　almost　red　just　befbre　hatching，

　NAUPLIUS（Fig，1，B－H）

　　Body　is　pear　shapedラa　little　deeper　than　wide　with　a　small　dorsal　protuberance．

Antenmle　is2／30r　slightly　less　as　long　as　body．Antenna　is　as　long　as　or　somewhat

longer亡han　antennule，exopod　being　about　l〆3times　lo耳ger　than　i亡s　endopod・　None

of　the　setae　on　exopod　are　biHd　terminally．Mandible　is　nearly　l／2as　long　as

antennule．　Body　is　l量ght　brownish　yellow　as　a　whole．　Tips　of　appendages　are

somewhat　translucent．There　are　no　d三stinct　chromatophores、

　S惚8L　T，L＝027mm。All　the　setae　on　appendages　are　simple　without　setules，

Hind　end　of　body　is　roundly　convex　with　a　minute　spine　in　the　center　and　a　pair　of

caudal　spines、There　are　no　rudiments　of　appendages　posterior　to　mandible．Anten－

nal　exopod　has510ng　setae，and　endopod　ends　in210ng　and　l　rudimentary　setae，

　3君αg62，T，L．＝0．29mm。Hind　end　ofbody　is　somewhat　flattened　between　caudal

spines，which　are　still　l十1in　number　but　are　now　finely　plumose．　Long　setae　on

appendages　are　also丘nely　plumose，Rudiments　of　maxillule　and　maxilla　are魚intly

seen　under　the　skin，　Exopod　of　antenna　has6setae．
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Fig。1．A，egg。B－R，nauplius　l　Bラstage1，vetral；Cラthe　sameラIaterall　D－G，stages2－5ラposterior

　　　　body，ventrall　Hンstage6，ventraL　Scales　denote　O．1mm。

　S囎83．T．L．＝0，31mm．There＆re3十3caudal　spines．Exopod　of　antenna
has7setae．Basc　ofmandible　shows　a　slight　swelling，

　3鰭64．T．L．＝0。33mm。Posterior　part　of　body　is　somewhat　Hattened　dorso．

ventrally．　Hind　end　concave　with4十40r5十5caudal　spines。　Antennal　exopod

has8setae，endopod　ending　in310ng　setae．Rudiments　of　labium　and　fbur　pairs

of　appendages　posterior　to　mandible、are　seen　under　skin．Basal　swelling　of　mandible

is（1istinct．

　　S鰭65，T．L＝O．36mm，Body　is　divided　into　anterior　and　posterior　parts　by

a　shallow，incomplete　transverse　dorsal飴row．There　are6十6caud貧l　spines．Seg－

mentation　of　antenmle　and　antenna　is　indicated。Antennal　exopod　has9setae。

Limb　buds　are　large　and倉ee丘om　the　body　but　has　no　setae．

　S姥66．T．L．＝0．42mm，There　are7十7caudal　spines。Spine4is　the　longest
and　about2／3as　long　as　body。Antemal　exopod　has90r　lo　setae・Limb　buds　are

greatly　enlarged　with　rudimentary　set我e。

　ZoEA（Protozoea，Fig．2）

　As　h抗s　been　well　known，the　first　three　post－naupliar　stages　of　a　penaeid　shrimp

has　structures　so　markedly　di伍erent丘om　the　rest　of　the　larval　stages。This　phase　has

usually　been　called　as　protozoea　because“it　preserved　a　memory　of　a　pre－decapod

ancestry”（GuRNEY，1942），GuRNEY　regarded　it　as　a　distinc亡phase　fめm　the　suc．

ceeding　zoea　mainly　because　it　retained　an　antemal　locomotion．　Strictly　speaking，

however，protozoea　has　setose　and　fhnctional　exopods　on　the　first　two　pairs　of　thoracic

appendages．These　exopods　may　be　used　fbr　locomotion　in　addition　to＆ntemae，

This魚ct　was　ignored　by　GuRNEY．　It　seems　logical　to　consider　that　the　thoracic

propulsion　is　acquiredin　the　Hrst　protozoea。In　this　sense　I　agree　with　WILLIAMsoN
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Fig、2．Protozoeae，　A－Fンstage　l　l　A，ventrall　B，carapace，dorsa1；　Cラmandible三　D，maxillulel

　　　　E，maxilla；F，antema，GラH，stage2；G，carapace，dorsa1，Hシabdomen，ventra1．1－K，stage3；

　　　　1・carapace・dorsal；J・abdomen・ventrall　K・the　s貧me・IateraL　Scales　denote　O，1mm・

（1969）to　include　protozoea　within　the　zoea　phase．

　　Cafapace　has　an　inconspicuous　dorsal　protuberance　and　smooth　ventral　margins，、

Rostrum　appears£rom　stage2ラpointed　and　smooth，and　about　l／5as　long　as　the　rest

of　carapace。A　pair　of　supraorbital　spines　present丘om　stage　l，but　no　antennals

nor　pterygostomians。　Eye　papilla　（丘ontal　organ）　is　distinct　at　the　丘onto－ventral

edge　of　eyestalk，Last6thoracic　somites　are　f｝ee丘om　carapace，Telson　is2、5times

as　wide　as　its　base，Central　indentation　on　the　hind　margin　is　moder翫tely　wide翫nd

deep，Thenumber　oftelson　spines　is7十7in　all　st翫ges，all　inserted　marginally。

Labrum　has　a（iistinct　spine　directinεfbrward　on　the　anterior　edge，

　Antennule　is丘om2／3（in　stage　l）to　l／2（in　stage3）as　longαs　carapace　less　rostrum，

it　is　composed　of3segments　of　which　the　first　is　subdivided　into5segments，except

in　stage3in　which　it　is　not　subdivided，and　nearly　as　long　as　the　second，the　terminal

segment　is　about3／4as　long　as　the　first　and　bears　l　long　and2medium　terminal　setae

in　addition　to　aesthetascs．Antenna　is　somewh飢shorter　than　antennule．Its　endopod

is　about4／5as　long　as　the　exopod，Number　of　setae　on　the　inner　edge　is　I　at　distal

end　of　protopod，2each　at　half　w乱y　up　and　distal　end　of　proximal　segment．There

are410ng　and　l　short　setae　at　tip　of　distal　segment，Exopod　bears　lO　setae　around

inner　and　apical　margins　and　l　outer　seta　each　on　segments3and5．
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　Mand・ible　has　no　pa1P，cutting　and　grinding　Portions　well　di免rentiated　with　several

spinous　teeth　along　the　cutting　edge。Endopod　of　maxillule　is　of3segments　with3，

2and4set批e　on　the　Hrst，second　an（l　terminal　segment　respectively，that　of　maxilla

is　of5segments　ofwhich　the　third　and　the　fburth　partly｛hsed　together　with4，2，2，2

and3setae．There　is　a　small　exopod　on　both　maxillule　and　maxilla　with4and5
10ng　Plumose　setae　respectively．

　First　two　pairs　ofmaxillipeds　are　well　developed。Their　endopods　are　of4segments

and　distinctly　longer　than　respective　exopod。Maxilliped3is　smal1，biramous　and　un－

segmented　in　all　stages，bearing　a　few　setae丘om　stage　L　The　remaining　thoracic

apPendages　apPear　in　stage3as　mdiments，

　There　are　brown　color　along　the　nervous　systemラred　on　cephalothoracic　appendages

and　yellow　green　on　abdominal　apPendages・

　S鰭6L　C，L＝0。36mm。，T．L．＝O。81mm，Eyes　are　sessile．Supraorbital　spine
prqjects　as　a　shortラneedle　like　process倉omjust　inside　ofthe　eye　papilla　on　either　side。

All　the　thoracic　somites　are　segmented　but　all　the　abdominal　somites　and　telson　are

蝕sed　together．Combined　length　ofabdomen　and　telson　is　about　L3times　the　width
oftelson．Maxilliped3is　smal1，slightly　divided　into　two　r風mi　with2setae　on6xopod・

　S惚82．C。L＝0、59mm，，T。L＝L27mm．Eyes　are倉ee倉om　carapace。Ab－
dominal　somites　l－5are　segmented．Combined　length　ofsomite6and　telson　is　about

l。2times　the　width　of　telson．

　　3囎63．C。L＝0，66mm，ラT，L＝1．69mm，Abdominal　somite6is　segmented
o仔丘om　telson　and　as　long　as　or　slightly　longer　than　the　latter。Telson　is　somewhat

wider　than　long．Uropod　is丘ee　but　unsegmented　with2short　setae　on　endopod　and

several　plumose　setae　on　exopod，　It　is　distinctly　shorter　than　telson。　There　is　a　dorso－

median　spine　each　on　abdominal　somites1－5in　a　progressive　order　ofdominance丘om

anterior　backwardりa　pair　of　lateral　spines　on　somite5and6シand　a　pair　of　ventro－

lateral　spines　on　somite6，There　is　an　anal　spine。First　segment　of＆ntennule　is　no

longer　subdivided．Maxilliped3is　distinctly　biramous　with3－4setae　each　on　exopod

and　endopod・

　ZoEA（Zoea，Fig，，3）

　　Carapace　now　covers　all　the　thoracic　somites　and　is　provided　with　supraorbital，

antennal　and　pterygostomian　spines，Antemal　spine，though　smal1，remains　distinct

in　all　stages　while　supraorbitals　and　pterygostomians　disappear倉om　stage5and6

respectively，Hepatic　spine　appears　in　atage5。Rostrum　is　short》straight　and　smooth

reaching　behind　tip　of　eye，with　a　dorsal　tooth丘om　stage5．There　is　a　small　dorsal

spine　on翫bdominal　somites5and6in　a11stages。Somite6has　a　pair　of　ventro－
lateral　spines。No　other　spines　nor　ca血ae　are　present　on　abdomen．There　is　an　anal

spine、Telson　has7十7spines　in　all　stages，Spine　on　labrum　is　distinct　as　in　protozoea．

　Antennule　on　either　side　is　sct　widely　apart　each　other　at　base．　First　peduncular

segment　has　a　ventro－medi＆n　sp孟ne　and，丘om　stage6，a　distal　outer　spine．Antennal

exopod　is　rather　broad，it　is　somewhat　wider　distally　and　about　l／4as　wide　as　long

with　an　apical　spine丘om　stage5，Mandible　is　as　in　protozoea　except　presence　ofpalp

appearing　in　stage4．Exopod　of　maxillule　still　remains　in　stage4but　disappe我rs

in　stage5，while　that　of　maxilla　greatly　expands　both　distally　a⑩proximally　with

an　increasing　number　ofplumose　setae　as　the　stage　proceeds．
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Fig，3．Zoeae．A－D，stage4＝A，ventrall　B，Iaterall　C，end　of　telson，dorsa1，　D，antema．　E－H，

　　stage5：Eラcarapaceラlaterall　F，somite5and　its　pleopod三　G，end　of　telsonl　H，antenna・

　　1－O，stage6：　　1，carapaceつlateral；　　J，somite　5　and　its　pleopod；　　K，end　of　telson，dorsal5

　　L，antennal　M，maxillulc；N，maxilla；0，maxilliped　L　Scales　denote　O。l　mm。

　All　the　thoracic　appendages　are　biramous　and　well　developed，Protopod　of　maxi1－

1iped　l　is　Hattened，Maxilliped3is　longer　than　the　preceeding　two　pairs．Setation

of　exopod　tends　to　be　limited　to　terminal　margin　in　max玉11ipeds2and3while　in　maxil－

1iped　l　there　is　a　seta　on　proximal　outer　margin。　In　stage　l　endopod　of　legs　are

unsegmented　and　ne＆rly　as　long　as　or　slightly　Ionger　th我n　their　exopods．Pleopods

appear　in　stage5and　more　or　less　setose　in　stage6．There　are　no　endopods　ofpleopods

inallstages・

　S鰭64．C．L＝、0．71mm，，T．L．＝2。13mm。Rostrum　almost　reaches　tip　of　eye．
It　is　about　I／4as　long　as　the　rest　ofcarapace．There　is　an　antennal　and　pterygostomian
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spines　but　no　hepatics．Supraorbit＆1s　are　present　or　absent．Telson　is　somewhat

wider　posteriorly，＆bout1／2as　wide　as　long　and2／3as　long　as　somite6．　Spine2is

terminaL　Central　indentation　on　the　hind　margin　is　moderately　wide　and　deep　end．

ing　a　little　behind　the丘rst　telson　spine．　Antennule　exceeds　eye　by　its　distal2segments

and　nagella．The　inner　flagellum　is　very　small，the　outer　with　l　group　ofaesthetascs．

Stylocerite　is　just　indicated　and　not　pointed．　Antennal　exopod　slightly　exceeds　eye

without　an　apical　spine。Endopod　is　a　little　more　th＆n　l／2as　long　as　exopod　and　un－

segmented　with　several　remnants　ofsetae．、Mandible　has　a　small　palp　without　setae。

En（iopod　of　legs　are　unsegmented，those　of　legs　l－3have　longitudinal　apical　fhrrows

indicating　developing　chelae．　Pleopods　are　very　smalL　There　are　no　gills。

　　S如g65．C，L．＝0．73mm．，T．L＝2。57mm，There　appears　a　hepatic　spine　while

supraorbitals　disappear。Rostrum　becomes　considerably　shorter　in　proportion　to　the

rest　of　carapace，reaching　middle　of　eye　with　a　dorsal　tooth。Epigastric　spine　rarely

present．Telson　is　parallel　sidedヲabout　I／3as　wide　as　long　and3／4as　long　as　somite

6．Spine2moves　up　to　lateral　margin。Central　indentation　on　the　hind　margin

becomes　inconspicuous　ending　behind　spine2．Outer　Hagellum　of　antennule　has2
groups　of　aesthetascs、　Stylocerite　is　pointed．　Antennal　exopod　is　provided　with　an

apical　spine　which　is　exceeded　by　somewhat　acutely　rounded　tip　of　blade，　Endopod

is　about2／3as　Iong　as　exopod　with　a　basal　joint，Palp　of　mandible　is　large　with　a

fbw　setae　but　unsegmented，Exopod　of　maxillule　disappears，Endopod　of　legs1－5

are　fhlly　segmented　and　are　distinctly　longer　than　thcir　exopods。Chelae　are　fbrmed、

Pleopods　are　long　andsegmented　but　rarelysetose。Maxilliped　l　has　a　mastigobranch。

　　S姥86．C．L，＝0．78mm．，T。L．＝2。82mm．There　is　an　epigastric　spine．Ptery－

gostomian　angle　is　rounded。Telson　is　somewhat　narrower　posteriorly，about　l／3

as　wide　as　long．Central　indentation　on　the　hind　margin　is　only　slightly　indicated。

OuterHagellum・fantennuleisrarelydividedint・2segments，bearing3gr・ups・f
aesthetascs．Inner　flagellum　is　slightly　longer　than　the　outer．Antemal　endopod　is

a　little　shorter　than　exopod　with1，0r　sometimes2，distal　joints．Palp　of　m＆ndible

is　of2segments　with　many　plumose　setae．Endopod　of　legs　are　by鉱r　longer　than

their　exopods．　Pleopods　are　long　with　several　setae．　Buds　of　arthrobranch　appear

on　maxilliped3and　legs　l－4．

　MEGALOPA（Fig，4）

Megal・pahasn・tusuallybeenrec・gnizedinthelarvaldeve1・pment・fapenaeid
shrimp．The　immediate　post－zoeal　stage　is　commonly　known　as　the　Hrst　post－1arva．

It　has　long　been　known，however，that　the　so　called　postlarvae　of　a　first　fヒw　stages

貧re　a　member　of　oceanic　plankton（PEARsoN，1936）ラand　show　strictly　pelagic

rather　than　benthic　habit　in　the　culture　aquaria（HuDINAGA，1942），　Thus，the

young　shrimp　of　this　phase　retains　larval　characters　in　the　mode　of　li免while　resem－

bles　juvenile　in　general　structures．　The　equivalent　phase　in　other　decapod　crusta－

ceans　is　very（iistinct　in　structures　and　receives　special　names：ぬ，μ67ぬ5in　Palinurid

lobster，gJ側60孟ho6in　Anomura　and耀8α妙αin　Brachyura．These　are　regarded　as

a　larva　rather　than　adult（WILLIAMsoNヲ1969）．In　every　instances　so亀r　examined

in　various　decapods　the　stage　when　the　young　animals　adopt　a　benthic　existence　in

their　respective　habitat　is　toward　the　end　of　this　phase．　Thus　puerulus，glaucothoe

or　megalopae　which　are　brought　to　the　laboratory丘om　their　natural　habitats　usually
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　　c　　　　　J
Fig。4．　Megalopae。　A－G，stage1：　A，laterall B，antema；

B
1

鮫

E，maxillulel　F，maxillal　G，maxilliped　L　H－M，stage2＝

J，end　oftelsonl　K，endopod　ofmaxillulel　LラendopQd　ofmaxillal　M，endopod　ofmaxilliped1。

Scales　denote　O．1mm．

C，end　of　telsonl　Dシmandiblel

H，c駄rapace，1aterall　Iンantennal

molt　into　natant　young　stage　in　a琵w　days．I　would　like　to　adopt　the　name“megalop＆”

a丘er　WILLIAMsoN（1969）to　denote　this　phase　oftransition　in　the　normal　development

of　a　penaeid　shrimp　even　if　there　are　no　m句or　morphological　distinctions丘om　sub－

sequent　juvenile．

　Megalopa　ofM．6祝7伽70α4ぎmay　be　characterized　as　a　phase　when　the　degeneration

of　larval　structures　and　the　construction　of　the　adult　structures　occurring　at　the　same

time．Within　the　larval　structures　which　degenerate　are　included　the　spines　on　the

first　antennular　peduncle，on　labrum，on　abdominal　somite5，0n　uropod　peduncle
and　in　front　of　the　anus。　Adult　structures　which　develop　are　the　gills　and　epipods

among　others，A　temporary　degeneration　ofcertain　ofthe　mouth　parts　is　also　observ．

ed．This　is　a　common　phenomenon　prevailing　among　the　larvae　of　the　transitional

phase　ofmost，ifnot　al1，decapod　crustaceans。

　It　is　true　that　the　post－zoeal　change　in　structures　is　so　gradual　that　the　distinction

between　megalopa　and　subsequentjuvenile　phase　is　not　very　clear倉om　morphologica1
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evidences　alone。　Thus，by　habit　rather　than　by　structures　megalopa　may　well　be

de価ed．Number　ofstages　in　megalopa，accordingly，is　by　no　means　certain。How－

ever，when　it　is　admitted　that　the　stage　when　the　shrimp　trans驚r丘om　planktonic

to　benthic　existence　is　toward　the　end　ofmegalopa，the　size　and　structures　ofthe　mini－

mum　size　group、of　shrimp　fbund　on　the　intertidal　mud　flat　whereハ4。伽7ん6π70磁is

believed　to　adopt　benthic　existence　fbr　the丘rst　time　in　its　li驚history　will　give　a　val－

uable　infbrmation　to　define　the　end　of　megalopa　and　the　commencement　ofjuvenile

phase，Extensive　surveys　were　made　during　summers　of　l970－720n　the　intertidal

areas　of　the　Seto　Inland　Sea　and　a　number　ofハ46渉ψ6綴6㍑5juveniles　were　collected．

They　were　sorted　into3species：〃Fヴ喫67診．ルf，6顔5andルf・ゐ撤6η70磁，commonly

fbund　in　this　wateL　The　min玉mum　size　of　M．傭融η70副were　LO8mm．in　carapace

length　or3。5mm。in　totaUength。Thc　size　and　the　structures　of　this　specimen　is

quite　comparable　to　those　of　the　second　post－zoeal　stage　reared　in　the　laboratory。

PERAsoN　（1939）states　that　P67z‘z6％5　3認ψ7郷　‘‘normally　passes　the　first　an（i　part　of’

the　second　postlarval　stage　at　sea　prior　to　adopting　a　demersal　habitat　in　shallow，

muddy　estuarine　bays　and　rivers．”　MENoN（1951），studying　on　the　li免history　of

砿認ψ6％6％540加o痂in　Indian　waters，fbund　that　the　postlarva　older　than　the　first

stage　were　absent貸om　plankton　and　presumed　that“they　go　down　soon　a負er　the　moult

into　the　second　stage　and　adopt　the　bottom　living　habit．”　In　our　samplc　ofルf、加7．

ん6η70磁taken丘om　intertidal　mud　flats　the　minimum　size　group　was　represented　by

a　very飴w　specimen　while　many　specimen　were　found　belonging　to　the　immediate

larger　size　group，L3－L6mm。in　carapace　length．The　size　range　and　structures

of　this　group　agree　well　with　those　of　the　third　post－zoeal　stage　reared　in　the　labora－

tory、　There　is，therefbre少considerable　justifications　fbr　supporting　that　the　first　two

post－zoeal　stages　may　be　regarded　as　megaloP我inハ4・δ㍑沈6π70α漉・

　　Rostrum　is　short，hardly　reaching　comea　of　eye　with1－3dorsal　teeth　plus　epigas．

tric．The　first　dorsal　tooth　is　almost　level　with　the　postrior　comer　of　the　eyesocket。

Carapace　has　an　antennal　and　a　hepatic　spine，its即argins　are　otherwise　smooth　with－

out　carinae　nor　grooves，　There　is　a　stout　spine　between　the　leg4身directing　fbrw＆rd．

Hind　margin　of　abdominal　somite5indented　in　the　center　fbr　the　reception　of　dorsal

carina　ofsomite6with　a　minute　vestige　ofdorso－median　spine　in　stage　l　and，in　some

specimensラalso　in　stage2，Somite6is　more　or　less　longer　than　t61son　with　a　dorsal

carina　extending　almost　its　entire　length　and　ending　Postriorly　in　an　acute　spine・

Telson　slightly　tapers　with7十7spines・　The　spines　l　and2are　on　the　lateral　edge

and　spine4is　by魚r　the　longest　ofa1L　Hind　margin　is　roundly　convex　wi命or　without

a　sma11central　indentation．There　remains　an＆nal　spine，the　ventro－terminal　spine

on　uropod　peduncle　and　a　mid－ventral　spine　on　the　first　peduncular　segment　of

antennule．Prosartema　is　absent．Antennal　scale　is　almost　parallel　sided　with　an　ap－

ical　spine　ending　behind　tip　of　blade，the　later　reaching　the　tip　of　antennular　peduncle

or　only　slightly　beyond　it・The　labral　spine　becomes　blunt　and　inconspicuous・Man－

dible　is　robust　but　smooth　without　spinous　tecth　along　masticatory　edges．It　looks

more　suitable　fbr　grinding　than　fbr　cutting．Palp　of2segments　becomes　enlarged

and丘inged　with　many　setae．Endopod　ofmaxillule，maxilla　and　maxilliped　l　become

unsegmented　with　a驚w　rudimentary　setae　in　stage1，that　of　maxillule　having　no

setae　on　proximal　outer　margin．Endopod　of　maxilliped2distinctly　bent　on　itself

with　many　strong　spines　and　setae　along　its　innerフmorphologically　outer，margin。
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Endopods　ofmaxilliped3and　legs　i－5become　quite　firm　and　rigid，chelae　and　claws

being£ully　fbrmed．Vestiges　of　exopod　withdut　setae　remain　on　maxillipeds2and

3and　legsレ5．They　begin　to　develop　again丘om　stage2except　those　of　legs4and
5．　Leg　l　usually　has　a　basial　spine　but　ischial　spine　of　leg　l　and　basial　spines　on　legs

2an（13are　somewhat　irregular　in　appearence。Leg5is　about　l／5！0nger　than　leg4．

There　are　no　epipod　on　any　of　the　thoracic　appendages．　Pleopods　have　no　endopods．

Arrangement　of　gills　is　shown　in　Table　L　They　are　budlike　and　simple　in　stage　l

and　begin　to　fbliate倉om　stage2．

Table1。Arrangement　of　gills　in　the　megalopa．

Appendage

Maxilliped1

　　　　　　　2

　　　　　　　3

Leg　　　　1

　　　　　　　2

　　　　　　　3

　　　　　　　4

5

Podobranch　　　Arthrobranch　　　Pleurobranch

m
1
0
0
0
0
0
0

0
1
2
2
2
2
1
0

0
0

　S囎8L　C．L＝0，81－0．92mm．，T．L＝2．8－3．2mm，Rostrum　has　l（iorsal　tooth

plus　epigastric。Telson　is3／4as　long　as　somite6．The　hind　margin　is　slightly　convex

with　a　minute　indentation　in　the　center．　Both　inner　an（i　outer　Hagella　of　antennule

are　of2segments，The　antemal　Hagellum　is　nearly　as　long　as　or　a　little　shorter　than

the　scale　with2distal　joints。The　scale　is　almost　parallel　sided　and　about　l／4as　wide

as　long．

　　S璽62・C・L＝0・95－LO4mm．，T・L＝3．3－3・6mm．Rostrum　has20r　some－
times3dorsal　teeth　plus　epigastric．Telson　is　about4／5as　long　as　somite6。Hind

margin　of　telson　distinctly　convex　without　central　indentation　nor　median　spinous

process。　The　antennal　fl＆ge11um，w圭th4－5distal　jo圭nts，is　longer　than　scale　bγits

terminaljoint。Endopod　ofmaxillule　has　l　subterminal　and2terminal　spinous　setae，

that　ofmaxilla3inner　and　l　subterminal　outer　spines　which　are　all　very　smalL　Endo－

pod　of　maxllliped　l　is　of2segments　with3subterminal　imer　spines　on　proximal　seg．

ment，and1量nner　and　l　terminal　setae　on　distal　segment。Exopods　of　maxillipeds

are　more　or　less　developed　with　several　setae　and　that　of　leg5is　still　rudimentary　in

all　specimens　examined，while　those　oflegs1－4are　somewhat　irregular　in　development．

Presence　of　basial　spines　on　legs1－3is　also　inconsistent．　No　ischial　spine　is　observe（i

on　leg　L

　JUVENILE（Figs．5and6）

　　In　early　stages　ofjuvenile　certain　of　the　larval　structures　of　minor　importance　may

stiII　be　retained，while　on　the　other　hand　adult　structures　a　not　yet血lly　fbrmed．

It　should　be　supposed　that　the　reconstruction　of　structures　is　still　going　on　fbr　a　while

a丘er　the　adoption　of　benthic　existence、The　stages　ofjuvenile　phase　may　be　defined

somewhat　arbitrarily　according　to　the　size　and　morphological　characteristics。
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　　Rostrum　is　almost　straight．It　is　shorter　than　eye　and　about　l／40r　l／3as　long

as　the　rest　of　carapace　in　early　stages，but　becomes　longer　than　eye　and　about

2／5as　long　as　the　rest　of　carapace丘om　stage7．Dorsal　teeth　deminish　in　size丘om

posterior　fbrward，and　the　first　is　almost　level　or　slightly　anterior　to　the　postrior　corner

of　eyesocket（Fig．5）．Hepatic　carina　may　be　seen魚intly丘om　stage3and　becomes

distinct丘om　stage4，．It　runs　obliquely　down丘om　un（ier　the　base　of　the　hepatic

spine　right　toward　the　pterygostomian　comer．It　bends　anteriorly　near　its　posterior

upPer　end，but　the　rest　of　its　length　is　almost　straight，　Cervical　carina　is　also　distinct

丘om　stage、4，straight　an（i　almost　as　prom孟nent　as　but　a　little　shorter　than　hepatic

carina，accompanied　by　a　row　of　spinules，and　almost　parallel　to　the　straight　part　of

hep乱tic　carina．Abdominal　somite5may　still　retain　a　vestige　of　median　dorsal　spine

at　the　hind　end　in　stage　L　Dorsal　c＆rina　becomes　distinct丘om　stage3．Somite6

is喚early　as　long　as　or　slightly　longer　than　telson。Telson　gradually　assumes　adult

structures（Fig．6）。　The　hind　end　between　spine4gradually　protrudes　into　a　tri－

angular　process　and　the　telson　eventually　becomes　cuneifbrm　as　a　whole。Spines

5－7are　always　nearly　of　the　same　length　and　disappear　in　stage6in　which　spine4is

still　by魚r　the　longest　and　not　exceeded　by　the　central　process．Examinations　ofwild

specimens　showed　that　certain　of　the　telson　spines　may　be　retained　until　the　c翫rapace

length　reaches7mm（25mm。in　T，L）．Small　vestige　of　anal　spine　may　be　retained

until　stage　3，and　that　of　ventro－terminal　spine　of　uropod　peduncle　until　stage　4・

Prosartema　begins　to　develop丘om　stage5while　the　vestige　of　midventral　spine　on

the　first　peduncular　segment　may　be　retained　until　stage6．Antemal　scale　is　more

or　less　wi（ier　proximally，extending　fbrward　slightly　beyond　the　tip　of　antennu1＆r

peduncle。

　Mouth　parts　gradually　assume　adult　structures　at　each　molt。From　stage2endo－

pod　ofmaxillule　has　a　proximal　o耳tgrowth丘inged　with　setae，and　that　ofmaxilla　has

a　lamellar　expansion　on　the　outer　edge　at　about　ha1飾ay　hp．Endopod　of　maxilliped

l　is　of2segments　in　stage　I，3segments　in　stage2，and4segments　and　becomes　longer

than　its　exopod丘om　stage5．

一 　　　　　　IV　　　V
皿

M w
　　　　　H

I
『

Fig・6・Juveniles，telson，dorsaL　Setae　are　not　shown。　Roman　numerals　indicate　the　arbitrarlly

　　　　de丘ned　stages．Scale　denotes　O．1mm．
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　　1》resence　of　basial　and　ischial　spines　on　leg　l　and　basial　spines　on　legs2and3is　still

irregular　in　early　stages　but丘om　stage3all　ofthese　spines　are　distinct　in　all　specimens

examined・　Maxillipe（is　l－3　and　legs　1－5　bear　short　but　setose　exopods・　Exopods

oflegs4and5are　usually　smaller　and　less　setose　than　in　the　preceeding　legs　and　may

be　rudimentary　in　an　early　few　stages．Exopod　of　leg5，which　will　eventually　be　lost

in　the　adult，becomes　longer　and　even　setose　keeping　pace　with　that　of　leg4during

at　least　early　juvenile　stages、　It　is　retained　as　late　as　stage8．

　　Endopods　of　pleopods1－5appear　at　the　same　time　in　stage5and　those　of　pleopods

3－5become　setose丘om　stage6．

　Rudiments　ofepipod　appear　on　maxilliped2and　legsレ3in　stage　l　and　grow　rapidly

as　the　stage　proceeds。Epipod　of　maxilliped2is　earlier　in　development　than　those

ofposterior　limbs，and　setose丘om　stage2，while　those　of　legs　l－3become　setose丘om

stage3，All　but　one　gills＆re　distinct倉om　stage4and　more　or　Iess　fbliate倉om　stage

6．An　arthrobranch　ofradial　structure　at　the　base　ofmaxilliped　l　is　Iate　in　appearence。

The　mhlimumjuvenile　in　which　it　is　distinct　is16mm，in　total　length。

　Approximate　ranges　of　carapace　length　and　certain　of　the　distinguishing　characters

ofarbitrarily　definedjuvenile　stage　are　summarized　in　Table2。

Table2。　Approximate　ranges　ofsizc　and．certain　ofthe　distinguishing　characters　forjuvenile

　　　　　　stages・

　　　　　　　　　　　　　　　　　No．of　segment　of

　　　　　　　ApProx、　　　antennular　Hagella

Stage　　C．L．，mm，
　　　　　　　　　　　　　　　　Inner　　　　　　Outer

No．of　dorsal　spine　　Length　of　antennal

　　onrostrum　　　Hagellumlscale
　less　epigastric

1
2
’3

4
5
6
7
8
9

1．1－1．3

1．3－1．6

1．7＿1．9

1．9－2．3

2．4－2．7

2．8－3．5

3．8一ヰ．2

4．6－5．0

5．4－6．0

2
2
2－3

3
3－4

　5

8
9
9

　3

　3

　3

　3

5－6

6 7
　9

10

1星

2－3

3
　3

4
4
　5

　5

　6

6－7

　1，2

　1．3

　1．4

　1．8

1．8－2．0

2．0－2．5

2．8－3．2

　4．5

　5．0

CHRoNoLOGY　oF　LARVAL　DEVELoPMENT

　　In　this　study　the　eggs　were　spawned　at　night　ofJuly　l9and　hatched　the　fbllowing

about　noon．The　protozoea　was　first　noted　in　the　early　moming　ofJuly22．The

number　of　days　aRer　spawning　when　the

in　Table3．

o
n
d

iCated　StageS　Were　firSt　nOted　are　liSted

DISCUSSION

　In　M欽ψ6紹6％55励扉ηgねndルf．40650漉GuRNEY（1927）and　MENoN（1951）fbund　only

3naupliar　stages　based　on　the　samples　taken丘om　plankton。　However，6n＆up．

1iar　stages　were　usually　fbund　inルf。6漉5andハ4．伽7ん6解oα4乞（HuDINAGA，1941）and

81



Table3．　Chronology　of　Iarval　development　in　M、加雁η．、

　　　　　　70α漉

Stage Date N…fdaYS
a丘er　spawmng

Zoea（Protozoea）1

　　　　　　　　　　　2

　　　　　　　　　　　3

Zoea（Zoea）　　　4

　　　　　　　　　　　5

　　　　　　　　　　　6

Megalopa　　　l

2

7／22

7123

7124

7126

7127

7129

812

8／6

3
4
5
7
8
10

14

18

M．ゴ卿67∫（LEE　and　LEE，1968）when　they　were　reared丘om　eggs　in　the　laboratory．

In　other　genera　of　penaeid　shrimps　also5－6naupliar　stages　were　usually　observed　as

in　P6％6螂（PEARsoN，193gl　HuDINAGA，1942三DoBKIN，19611KIM，19661SHoKITA，
1970），in　T7α吻穿襯郷（PEARsoN，1939）in　Xψh吻観6麗5（RENFRo　and　CooK，19621

KuRATA，1970）and　in　S吻70痂（PEARsoN，19391CooK　and　MuRpHY，1965）．
　　The　setation　along　the　inner　edge　of　antennal　endopod　has　successfUlly　been　uscd

by　CooK（1967）as　a　distinguishing　character　of　protozoeae　of（lif日erent　penaeid　genera・

In　this　respect　protozoea　ofハ4．わ％沈6η70α読ンhaving　1十2十2setae，agrees　with　that　of

Pα7‘ψ6照6麗5，倉om　which　it　is　dif琵rent　in　comparatively　longer　antennule　and　wider

telson．　The　same　setation　has　also　been　observed　inハ4，6π厩3protozoea（KuRATA

and　PusADEE，in　preparation）。　This　character，therefbre，may　be　considered　as

generic　fbrル蹴ψ6襯6麗5protozoeae．　MENoN（1961），however，reported　a　different

setation　in　the　protozoea　of　M．40650漉丘om　Indian　waters．　His　materials　were

obtained　only丘om　plankton　and　the　setation　was　O十2十2，which　agrees　with　that

of　T7α6妙卿綴6麗5protozoea　according　to　the　CooK’s　key．　T．6祝魏705緬5（STIMpsoN）

is　reported　by　RAcEK　and　DALL（1965）to　be　rather　common　in　the　waters丘om

which　MENoN　obtained　his　materials．　LEE　and　LEE（1968）was　success血1in
rearingハ4．プ卿67乞larv＆6丘om　eggs　spawned倉om　known免m＆les玉n街e　laboratory・

Unfbrtunately，however，this　character　was　not　refヒrred　to　and　the　illustrations　are

inadequate　in　their　paper・

　　Zoea　of　M．加7ん6η70α漉agrees　well　with　that　ofハ4．40ろ50漉described　by　MENoN

（1961）in　general　structures　with　the　exception　of　the　number　of　telson　spines　in　stage

L　It　is8十8inルf。40ゐ50痂コwhile7十7inルf．δ撚θπ70磁．The　number　ofthese　spines

in　M。40ゐ50漉is　reported　to　decrease　to7十7in　stage2and3ラwhile　inハ4．勧7初η70α漉

it　does　not　change　through　zoea　ph＆se．It　seems　rather　unusual　fbr　the　penaeid

zoeae　that　the　number　of　telson　spines　decre＆se　in　stage2，though　the　reverse　may

sometimes　be　observed　as　in　Xψho汐6紹6麗5ん吻副（KuRATAラ1970）。

SUMMARY

Larval　and　early　postlarval　stages　ofノレ露’ψ6π46郷ウ4沈卯z70召4乞KuBo　reared　」ヤom
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eggs　sp＆wned　in　the　laboratory　are　described　and　illustrated。Megalopa　phase　was

established　in　the　normal　development　of　a　penaeid　shrimp，This　is　a　transitional

phase　between　planktonic　zoea　and　benthic　juvenile　during　which　reconstructions　of

various　body　parts　occurs，and　the　bottom　living　habit　is　adopted　toward　the　end，

　Six　stages　in　the　naupliusラsix　stages　in　the　zoea　including　Protozoea　and2stages

in　the　megalopa　were　recognized，The　larvae　developed　to　megalopa　stage2in18
days　at　tenlperatures　of24，4－28。50C　and　salinities　of28・51－33・24％・in　the　laboratory・
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