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FormationofGanglionsandStomodaeuminNormalandSeparate

EmbryosofHorseshoe Crab，Tbc吻leustridbntatus
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ABSTRACT－The process offormation ofganglions and stomodaeum was examinedin normal

embryo畠andseparateembryoswhosestomodaeadidnotpassthroughthemiddleofthenervoussystem・

Thefollowingfactswereestablished・1）Thestructureofthestomodaeumisrecognizableaftrestage14・
2）Thecellmassesofganglionsareobservedclearlyafterstage16；thecommlSSureSareStainedbyeosin

afterstage19・3）Thefinalnumberofganglionsissettledbystage19；thismeansthatthef。，m。ti。。。f

SegmentPrimordiaissettledbystage19・4）Thestomodaeumpassesthroughtheareabetweenthe

COmmissuTeOfthefirstprosomaticganglions（chelicerasegment）andthatofthesecondganglions．5）

TheでrOSヲlngOfthestomodaeumandthenervoussystemisthoughttobeformedatstage18－19．6）The

CrOSSlnglSCOnStruCtedduringtheclusteringofthecellscomposlngthebrain；thestomodaeumdoesnot

determinethepathwayfortheclusteringofthesecells・7）Thepositionofthemouthisnotappropriate

asanindicatorfordeterminationofhomologoYSSegmentSamOngarthropodanspecies・8）Thecrossing

doesnotconstituteavalidreasonforreJeCtlngtheideathatDeuterostomiahaveorlglnatedfrom
Protostomia．

INTRODUCTION

The morphology and embryology of the

horseshoe crab have been described by many

authorsl7bchypleus tridentatus：1－3；Limulus

POblPhernus：4－7］．However，nOt allstructures

andprocesseshaveyetbeenclarified．Studyofthe

formationofganglionsandstomodaeum，eSpeCia1－

1ythecrosslngbetweenthenervoussystemandthe

StOmOdaeum，remainsincomplete・The present

Study tries to make this process clear for the

Japanese horseshoe crab，7bchypleus tridentatus．

Forthispurpose，We eXaminedthe formationof

ganglions and the stomodaeumin normal

embryos・Wealsoexaminedtheprocessinsepa－

rate embryos whose stomodaea did not pass

throughthemiddleofthenervoussystem・Such

embryos are formed by treatment with calcium－

freeseawaterorDNAsynthesisinhibitorsl8，9］．

The cause of release of the crosslng Of the

nervous system and stomodaeumis discussedin
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thelightofcellconstructionduringtheprocessof

embryonic development・As the crosslnglS a

remarkablecharacteristicofProtostomia，thepos－

Sibilityforchangeofformandstructureinmacro－

evolutionis alsoconsidered．

MATERIALSANDMETHODS

AdultJapanese horseshoe crabs，Tbchypleus

tridentatus（Chelicerata，Arthropoda），COllectedin

north Kyushu，Japan，Were broughttoShizuoka

Universlty，Whereeggswereinseminatedartificia1－

1y・Thedevelopmentalstagesoftheembryoswqre

determinedfromSekiguchi’SヮormaltablFl2］・

Theseparateembryoswere’dbtainedby24－hr

treatment with calcium－free seawater，10LIM

NaHCO30rinhibitorsofDNAsynthesis（10▼2and

5×10－2M hydroxyurea and10－25FLg／ml

azaserine）・Thetreatmentstagesaredescribedin

the results．

NormalembryosandonesglVenthesechemical

treatments were stained vitallywith neutralred

andobservedunderastereomicroscope・Normal

and treatedembryos were alsofixedin Bouin，S，
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Carnoy’S，Or FAA（formalin－70％ethanol－aCetic

acid，5：15：1）solutions，embeddedin celloidin

and paraffin，and sectioned at5－20FLm・The

sections were stained with Mayer’s hematoxylin

andeosin．Somenormalembryosandlarvaewere

dissectedforanexaminationofthenervoussystem

andalimentarycanal．

RESULTS

fbrJ刀α血〃呼gα〃がfo〃∫α〃d∫わ∽0血e〟mf〃〃Or〝MJ

emわけ0∫

Inthispaper，theganglionsinthefrontareaof

thelstprosomaticsegment（exceptforganglions

Ofthelstsegment）arecalledthebrain・

Enlargementofthegermdiscofthehorseshoe

crabfinished atstagelO（stage ofcompletionof

germ disc）．Obvious morphogenetic movement

startedatstagelO・Observationwithtime－lapse

cinemicrographyin the previous studyl10］had

shown that the formation of the stomodaeum

begins at the stage ofmorphogeneticmovement

（stagell）．The stomodaeum appeared at the

anteriormarglnOftheembryonicarea・Theposi－

tion ofthe stomodaeumdifferedfromthatofthe

blastopore・Inthisprocess，tWOnarrOWbandsare

formedalongthemedianbodyaxis；thesenarrow

bandsmaybeearlynervoussystems・

At the stage ofthe appearanceofprosomatic

appendages（stage14），the stomodaeum was

observed asatubularstructure．Theexistenceof

neuroblasts which would become the brain was

recognized，butconstructionofthebrainwasnot

yetcomplete（Fig・1）・

Ganglionscouldbeobservedinembryosfixedat

thestageofdevelopmentofprosomaticappend－

ages（stage16）・Theopeningofthestomodaeum

（mouth）Couldbeobservedclearlyattheareain

frontofthelstprosomaticsegment（segmentwith

chelicera＝1stprosomaticappendages）・However

thedevelopmentofthebrainandotherganglions

wasincomplete，thecommissuresofganglionsin

particularbeingunder－developed・Theformation

oftheepitheliumofthestomodaeumproceeded

furtheratstage16．

When embryos at the stage after thelst

embryonicmoulting（stage18）werestainedwith

neutralred，nerVOuSSyStemSWereStainedclearly・

A brain and　9　palrS Of ganglions could be

Observed．Thecommissuresoftheganglionswere

not clearin the stained embryos or sectioned

SpeCimens，althoughtheywererecognizedinfixed

embryos．ThemouthbegantomlgratePOSteriorly

atstage18；itwassituatedinthereglOnOfthelst

prosomaticsegmentatthisstage・

Atthestageafterthe2ndembryonicmoulting

（Stage19），the commissures became clear・The

neurofibersdevelopedandwerestainedeasilywith

eosin．ThemouthmlgratedtothereglOnOfthe3rd

prosomatic segment・The stomodaeum passed

throughthe areabetweenthecommissureofthe

lstprosomaticsegmentandthatofthe2ndone・

Alltheganglionswereformedbystage19；that

is，the formation of all segment prlmOrdia was

COmpleteatthisstage・Themouthwassituatedin

FTG・1・The histologlCalfeaturesin the neighboring reglOn Of the stomodaeum・A・Stage14・B・Stage16・

b；PrOSPeCtivereglOnOfthebrain，S；StOmOdaea・ThebarshowsO・05mm・
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FIG・2・Thehorizontalsectionofa2ndinstarlarva・a；alimentarycanal，b；brain，1－6；eaChcephalothoracic

ganglion，Al－A3；eaChabdominalganglion，B；borderbetweenprosomeandopisthosome・ThenumberofpalrS
Ofprosomaticganglionsexceptforthebrainiseight・ThebarshowsO．5mm．
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the reglOn between the3rd and4th prosomatic

SegmentS．Thepositionwasthesameasthatinthe

adults．

Theembryosatstage21（thestageafterthe4th

embryonic moulting）have the same form and

StruCtureaSthelstinstarlarvae．Atthisstagethe

Circumbuccalpart（thestructureoftheperistome）

WaS formed completely．The stomodaeum was

Welldevelopedanddifferentiated・Asaresult，the

PrOVentriculus（fore－gut）andintestine（mid－gut）

Werealsodifferentiated．However，therewasyolk

in theintestine，and the formation of the

FIG・3・Theopisthosomaticnervoussystemofthe2ndinstarlarva・1－8；eaChopisthosomaticganglion・Thelstand

2ndabdominalganglionsbelongtotheprosome・Thelstopisthosomaticganglionisequaltothe3rdabdominal
one．The barshowsO．5mm．
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alimentarycanalwasnotcomplete．

The condition and position of the brain and

Otherganglionsofthelstinstarlarvaeweresimilar

tothoseofthe2ndinstarlarvae．Intheselarvaeall

theprosomaticganglionshadcommissures・Inthe

border area between the prosome and opistho－

SOmetherewerenoganglionswithoutappendages

（Fig．2）・Theprosomehadabrainand8pairsof

prosomaticganglions・Theprosomaticganglions

COnSistedof6palrSOfcephalothoracicganglions

and2pairsofabdominalganglions（ganglionsof

Chilariaandoperculum）・Theshapeofthecepha－

lothoracic ganglions differed from that of the

abdominalohes・Theopisthosomehad8palrSOf

ganglions（the rest were abdominal ganglions）

（Fig・3）・Theshapesoftheopisthosomaticgan－

glions were similar to those of the abdominal

ganglionsintheprosome．

Thealimentarycanalofthe2ndinstarlarvaWaS

COmPlete・Atthisstage，formationofintestinewas

finishedandthelarvaebegantoeat・

尺eJed∫eげ〟はCrO∫∫血gげ血〝erVO揖∫γ∫Jemα〝d

∫わ∽0血e〟mi〃∫甲αrαおembヮ0∫

Calcium－freeseawater，NaHCO3andinhibitors

OfDNA synthesisinduced the separate embryo

（Tablel，Fig・4）・Theventralplateoftheseparate

embryowasdividedintoananteriorreglOnanda

posteriorreglOn．

The conditions ofinduction were as follows．

When embryos were treated for24hr with cal－

Cium－freeseawaterorNaHCO3atStageS7，8and9

（stageofenlargementofthegermdisc，thegastru－
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1a stage），they developedinto the separate

embryos whose ventralplates were separated

mainly at the reglOn between the3rd and5th

prosomaticsegments・Whentreatedfor24hrat

StageSlOandll（stagesofobviousmorphogenetic

movement），the ventral plates of the treated

embryoswereseparatedmainlyatthe2ndand3rd

PrOSOmaticsegments・Followlngtreatmentfbr24

hrwithaninhibitorofDNAsynthesisatthestage

Ofenlargementofgermdisc，thetreatedembryos

developedintoseparateembryos，Whoseventral

Plateswereseparatedmainlyatthe2ndand3rd

PrOSOmaticsegments．

Whenembryosatthestageofenlargementof
thegermdiscweretreatedwithcalcium－freesea－

WaterOr NaHCO3，the connection between cells

COmpOSlng the germ disc was weakened．Their

VentralplateswereseparatedmainlyatthereglOn

betweenthe3rdand5thsegmentsofthecepha－

lothorax，Which was formedin the process of

enlargementofthegermdisc・Whenembryosat

the stage ofenlargement ofthe germ discwere

treatedbyinhibitorsofDNAsynthesis，Cellprolif－

erationofgermdiscbecameincompleteandthe

CelldensityofthegermdiscbecamelowinsplteOf

normalspreadingofthegermdisc・Theincom－

pletegermdiscwasseparatedmainlyatthe2nd

and3rd prosomatic segmentsin the process of

Obvious morphogenetic movement・During the

movement，the embryonic area elongated anter－

iorlyandposteriorlyatthereglOnWherethe2nd

and3rd prosomatic segments had recently been

formed・Calcium－free seawater and NaHCO3

TABLEl・Thefrequencyofformationofseparateembryos・Theembryoswere

treatedfor24hreitheratthestageofenlargementofthegermdisc（I）Oratthe

Stage Ofobvious morphogenetic movement（II）

器（％，器琵，
【1】

Hydroxyurea5×10‾2M　　　　134（32．1）　　　318（74．2）

Azaserine　　25FLg／m1　　　　　73（16・7）　　　　436（68．4）

【ⅠⅠ】

NaHCO3　　10．1M　　　　　　20（19．2）　　　104（13．4）

Ca2＋－freeseawater　　　　　　　57（29．2）　　　192（43．3）

Normalseawater　　　　　　　　　6（0・1）　　　6，829（100．0）
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FTG・4・Examplesofanormalembryoandseparateembryos・A：Ano†malembryo（stage20）・B：Anincomplete
separateembryo（stage20）whoseventralplateisseparatedatthepolntbetweenthelstprosomaticsegmentand

the2ndone．C：Acompleteseparateembryo（stage21）whoseventralplateisseparatedatthepointbetweenthe

3rdprosomaticsegmentandthe4thone・D：Acompleteseparateembryo（stage21）whoseventralplateis

Separatedatthe2ndprosomaticsegment・The2nd

directlyaffectedthecentralreglOnOfelongationat

the stage ofobvious morphogenetic movement・

The ventralplates ofthe treated embryos were

separatedmainlyatthe2ndand3rdprosomatic

SegmentS・

Theformandstructureoftheseparateembryos

depended on theposition ofseparation・Itwas

impossible to recognlZe any difference between

embryosinducedbydifferentreagents，iftheposi－

tionofseparationwasthesame・Inadditionthe

Separateembryosobtainedinnormalseawaterhad

the same characteristics as those ofthe separate

embryosobtainedbytreatmentwithchemicalrea－

gents・

appendagesarelost・ThebarshowsO・5mm・

The separate embryoscouldbe classifiedinto

thecompleteandincompleteseparateones・The

Ventralplateofthecompleteseparateembryowas

SeParatedcompletely，butthatoftheincomplete

onewasnot・Thecentralnervoussystemsofboth

typesofseparateembryoswtfeseparatedatthe

position of separation of the ventral plate，

althoughlight microscopy did not revealclearly

theveryfinenervousfibers・Ontheotherhandl

alimentarycanalswerenotseparatedinanytype

Ofembryo・

Insomeoftheseparateembryos，thestomodaea

passed through the middle of the brain・The

CrOSSlngOfthe nervoussystem andstomodaeum
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FIG・5・Thebrainsandstomodaeainanormalembryoandinseparateonesatstage20・A：Ahorizontalsectionofa

normalembryo・B：Ahorizontalsectionofaseparateembryowhoseventralplateisseparatedatthe2nd

PrOSOmaticsegment・Thestomodaeumpassesthroughthemiddleofthebrain・C：Ahorizontalsectionofa

SeparateembryowhoseventralplateisseparatedatthereglOnbetweenthelstprosomaticsegmentandthe2nd

One・Thestomodaeumandthenervoussystemdonotcrosseachother・D：Alongitudinalsectionofaseparate
embryowhoseventralplateisseparatedatthesamereglOnaSinuC，，・HB，，andHCMweretakenatthesame

magnihcation．ThebarsindicteO．1mm．

WaSreleasedinsomeoftheseparateembryos（Fig．

5）・Releaseofthecrossingwasobservedinboth

typesofseparateembryo，thecompleteseparate

embryosandtheincompleteones・Thismeansthat

thereleaseofthecrosslngWaSnOtrelateddirectly

to the degree of separation，butit was related

Closelywiththepositionofseparation，thatis，the

extentoftheanteriorreglOnOftheseparateven－

tralplate（Fig．6）．Whentheanteriorregionhad

morethanthreepalrSOfappendages，thestomo－

daeumpassedbehindthebrainandbothstructures

CrOSSed each other．Whenit was moderate，the

StOmOdaeum passed the middle of the brain．

When the anterior ventralplate ofthe separate

embryoshadnooronlyonepalrOfcephalothor－

acicappendages，thecrosslngWaSreleased・The

SizeoftheposteriorreglOnOftheseparateventral

platewasnotrelateddirectlytothereleaseofthe

CrOSSlngOfthenervOuSSyStemandstomodaeum．

Inembryoswhichhadlosttheanteridrventral

plates（no－anteriorembryos），therewasnobrain

OrStOmOdaeum・Intheseparateembryoswhose

Ventralplateswereseparatedatthelstprosomatic

Segment，the neuroblasts ofthe brain were clus－

tered behind the stomodaeum and formed the

brain at this position・Crosslgn Ofthe nervous

SyStemandstomodaeumdidnotoccur（Fig．7）．
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FIG・6・ReleaseofthecrosslngOfthestomodaeumandnervoussystem・Theschematicdiagramsshowthefeaturesof

eachpieceoftheseparateventralplates・Eachmarkindicatesanembryo・×‥Embryoshavingnobrainsor

StOmOdaea・●：Nervoussystemsandstomodaeadonotcrosseachother・△‥Embryoswhosestomodaeapass

throughthemiddleofthebrain・○：Embryoswhosestomodaeapassbehindthebrain（normalposition）・＊：

Embryoswithoutanteriorpiecesofseparatedventralplates（＝nO－anteriorembryos）．

B C

FIG・7・Diagrammaticrepresentationsofdevelopmentofnormalembryosandseparate embryos・A‥A normal

embryo・B：Aseparateembryowhoseventralplateisseparatedatthe2ndandthe3rdprosomaticsegment・C‥A

Separateembryowhoseembryonicareaisseparatedatthelstprosomaticsegment・



Ganglions＆Stomodaeumin Horseshoe Crab

DISCUSSION

Several facts about normal embryos are re－

corded for thefirst time here．We consider the

CrOSSlngOfthenervoussystemandstomodaeum・

The tubular structure of the stomodaeum was

formed at stage14・The commissures of the

ganglionswerenotformedatthisstage・Remark－

ablydevelopedcommissureswererecognizableat

stage19・Theopeningofthestomodaeum（mouth）

firstappearedinfrontofthelstprosomaticseg－

ment．ThemouthbegantomlgratepOSteriorlyat

Stage18・These results and the fact that the

StOmOdaeumpassedthroughtheareabetweenthe

COmmissure ofthe ganglions ofthelst and2nd

PrOSOmaticsegmentindicatethatthecrosslngOf

the nervous system and stomodaeum occurs at

Stage18－19・

Prospective cells ofthe stomodaea and brains

Weredeterminedbeforethetimeofseparationof

theventralplates，becauseregulationdidnotoccur

afterseparation・Theprospetivecellsofthebrain

weremovedbytheseparation（Fig・7）・Whenthe

anterior part of the separate ventralplates was

VerySmall，theprospectivecellsofthebrainwere

situatedbehind thestomodaeum．Asaresultthe

CrOSSlngOfthe nervoussystem andstomodaeum

did not occur．

The release of crosslng reVeals the followlng

four polntS．（1）The crossingis constructed

throughtheprocessofclusteringofbraincells・（2）

Itis not determined that the cells of the brain

cluster anterior to the stomodaeum；thatis，the

stomodaeum does not determine the clusterlng

polnt Ofthe brain・Further the brain does not

determinethepathwayofelongationofthestomo－

daeum．（3）As the position of the mouthis

Changedeasily，itisnotapproprlateaSanindicator

Ofdeterminationofhomologoussegmentsamong

arthropod species【11，12］・（4）The crossingis

SuSCeptibletomodificationinatleastonerepre－
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Sentative Protostomia，the horseshoe crab．

AttemptstoderiveDeuterostomiafromProtost0－

miacannotbereJeCtedbecauseofthecrosslngOf

thealimentarycanalandcentralnervoussystem．
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