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Abstract

MiracidiaofGjgα"ｒｏｂｊ"ｍｌＺｊａｓ〃'zmewerestudiedbylightandscanningelectron
microscopy・Somemorphologicalfindmgsobtainedwereasfbllows:Anapicalglandconnects
withtheapicalpapillathroughaduct，andapairofPAS-positivelateralglandsopenson
eithersideatthebaseoftheapicalpapilla・Fourpairsofsingleciliatedsensoryprojections
situatedinthefburquarters,protrudeonthesurfaceoftheapicalpapillahavingcytoplasmic
fbldsofahoneycomb-likeappearanccThreesecretoryporeslielaterallyoneithersideof
theapicalpapilla，Twopairsoflateralpapillae，ａｂｕｌbousandacrescentinshape，andsix-
teenmulticiliatednerveendingsarelocatedonthenarrowtransverseridgebetweenthefirst
andsecondtiersoftheplates・Apairofexcretoryporessurroundedbydoublecircularbrims
ofcytoplasmicevagmationlieonthelongitudmalridgesbetweentwoplatesofthethirdtier
oftheepidermalplates、Apairofexcretorybladders，thick-walledandelongatedinshape，
arelocatedneartheexcretorypores・Twoclustersofexcretoryductssurroundedbynumerous
PAS-positivesubstanceslieintwoplaces，onelocatedbeneaththenervemassandanother
attheposteriormostportionofthebody・Manynucleatecellsarescatteredamongthegerm
cells、
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(LoVerde,1975;KOieandFrandsen,1976;Eklu-

Natey,αα/､，1985)．

ThemiracidiaofG・ＭｍｍＪｅ，anavian

schistosomewhichiswidelyprevailinginJapan，

havebeenstudiedbyTanabe(1948),Oda(1953）

andlwasaki（1960）attheLMleveLPresent

authorscomparedthe“bald，,ｓｕｒｆａｃｅｏｆＧ、

smmmemiracidiumwiththoseofpreviously
examinedschistosomesandtheothertrematodes

usingSEM，andhistochemicaUyexaminedthe
detailsofthemnerstructureofthemiracidium．

Introduction

UnderUghtmicroscopy(ＬＭ),themiracidia

ofschistosomesexamｉｎｅｄｔｈｕｓｆａｒｗｅｒｅｓｈｏｗｎ

ｔｏｂｅｃｏｍｐｏｓedofacommoninnerstructure，

suchasanapicalgland,apairoflateralglands，

anervemass，twopairsoflateralpapillae，and

twopairsofflamecells,severalgermcells,ａｓｉｎ

Ｇｊｇα"jobﾉﾉﾊα茂れ（Iwasaki，1960)，Ｓｂ肋joso腕α

(Faust,1949),ａｎｄ７７７Ｃｈｏｂ肋ａＭＪ(Ito,1960).I、

thescanningelectronmicroscopic（SEM）in-

vestigation,however,somediffbrencesmthesur-

facestructureofthe“bald，,miracidiafrom

whichciliaareartificiaUyremoved，havebeen

recognizedinthoseofS．〃'α"so"４s．〃e提

cα〃""２，s・ノ叩o"ＩＣ"ｍｏｒＳ・ｈａｅｍα/o伽、

MaterialsandMethods

ThemiracidiaofG・ＳｍmJaewereobtained

fromthefaecesofthenaturallymtctedbird，

graystarling，Ｓ/"、"SCJ"elzJce"s・Thefaeces
collectedatanendemicareaofcercarialder-

matitisinYonagoCity,TottoriPrefecture,were
washedseveraltimesmdistilledwater・Ｔｏｍａｋｅ

Depαr""e"／ｑ/､ＭｅｄｊａＪ/Zoo/ogy，７b"orノ〔ﾉｱz/ve'、〕ノ

ScﾉZooﾉｑ/Ｍｅｄｊｃｊ"e，ＹＯ'、go,683,上pα〃
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tercellularridgebetweenthefirstandthesecond

tiersoftheplates(Fig.５).Theplatesonthethird

andfbrthtiersarebroadscaleinshape(Fig.６)．

Theepidermalplatesexceptforthoseonthefirst
tierarecoveredwithｔｈｅciliaofunifbrmsize

aboutlO-l5／ｚｍｂｙＯ､２，αｍ(Fig.７).Thecilia

onthefirsttiergraduallyincreaseinlengthfrom

ananteriortoposteriordirection・Theseplates

aleseparatedfromeachotherbynon-ciliated,in-

tercellularridges，andboundedbyathin，wavy

evagmationofthecytoplasmicfblds『i9.8).Ｔｈｅ

ｎarrow,transverse,body-encircledridgebetween

thefirstandsecondtiersfOrmtheanteriorring

Theotherridgescoveralargerareaonthesur-

faceofthemiracidialbody,anddonotfOrmso

-calledmedianandposteriorrings・Thebodysur-

faceofthe“bald，，ｍiracidiumiscoveredwholly

withthefinemicrovilli，ａｎｄｎｕｍｅｒｏｕｓｓｔｕｂｓｏｆ

ｔｈｅｃｉｌｉａａｒｅｏbservedontheepidennalplates

(Ｆｉｇｓ７ａｎｄ８)．

Threetypesofsensoryorgansarerecognized

exclusivelyontheanteriorrmgofthebodysur-

face(Figs9andlO).Sixteenmulticiliatednerve

endingsaIesimatedontheanteriorring,although

theciliaarebrokenbysonicationAsshownin

Fig」０，twotypesoflateralpapillae，acrescent

andabulbous-shaped,areobservedclosetoeach
other、

Twoexcretoryporesabout2-31ｕｍｉｎ

diameterarelocatedbilaterallyonthelongi-

tudinalintercellularridgesbetweentheplatesof

thethirdtier､Theyaresurroundedbydoublecir-

cularbrimsofthecytoplasmicfbldswithfine

microvilli(Fig.１１)．

themiracidiaemerge,theywereexposedtoalight

spotfＯｒ５ｈｒａｔａｂｏｕｔ２８ｏＣ・Theswimming

miracidiawerefixedi、２.WOglutaraldehydefor

４ｈｒａｔ４ｏＣ・AfterwashinginO1Mphosphate

buffer(ｐＨ7.2),thespecimensweredehydrated

inagradedseriesofethanol,andthenembedded

inAcrytronEresin.AfterpolymerizationfOr24

hrat4｡Ｃ,theembeddedmiracidiawelesectioned

intoaboutl-2／ｚｍ－ｔｈｉｃｋｓｅｃｔｉｏｎｓｂｙｔｈｅｕｓｅｏｆ
ａｇlassknifeforLMobservations・Thesections

werestamedwithtoluidineblue(TB)andperiodic

acid-Schiff,smethod(PAS)．

Theciliaofsomemiracidiawereremovedby

anultrasoniccleanerinabsoluteethanolfor2-3

mintostudytheirsurfacestructure・After

washingindistilledwater，ｔｈｅspecimenswere

post-fixedinlWbosmiumtetroxidefbrlhrat

4oC，dehydratedinagradedseriesofethanol，

substitutedbyamylacetate,criticaUydlied,coated

withgold，andexaminedinaHitachiS-450

scanningelectronmicroscope．

Results

Scα""j"ｇｅ/Ecrro〃mJcroscOp正obseryarjo"ｓ

Ｔｈｅｆｒｅｅｓｗｉｍｍｉｎｇｍｉｒａｃｉｄｉｕｍｈａｓａgourd

-shapemgeneral(Fig.1).Theciliacoverthebody

surfaceexceptfbrapicalpapillaandintercellular

ridge(Fig.２)．

ThesphericalapicalpapUlalocatedmanterior

tipofthemiracidiumiscomposedofahoney-

comb-shapedcytoplasmicfblds，eightsensory

projectionsandsixsecretorypores・Apairof

umcniatedsensoryprojectionsaresituatedateach

cornerofasquaremscribedinacircularsection

ofthesphericalsurface(Fig.３).Threesecretory

poresaresituatedateachtopoftrianglesection

onbothlateralsurfacesoftheapicalpapUla(Fig.

4).Theglobularsecretionsinavarietyofsizes

releasedfromeachhoneycombporeorthe

secretoryporesarerarelyobserved・

Fourtiersoftheepidennalplatesarearranged

mapatternof6,９，４and3platespertierantero-

posteriorlyTheplatesonthefirsttierhavea

triangleshapewithasomewhatroundedposterior

malgin,andthoseonthesecondtierareelongate

ellipseinshape・Thelateralpapillaeandthe

multiciliatednerveendingsareseenonthｅｉｎ－

Ｌｊｇｈ/、〃oscOp正obserMjo"s

Inthehorizontalsection，theapicalgland

stainedwithTBoccupiesmostoftheanterior

regionabovethenervemass､Theglandcellcom-

municateswiththeapicalpapillathroughan

elongatedduct(Figs・naandl2b).Thegermcells

stainedintenselywithTBoccupythemajorpor-

tionoftheposteriorhalfofthebody・Many

nucleatecellsstainedslightｌｙｗｉｔｈｂｏｔｈＴＢａｎｄ

ＰＡＳａｒｅｓｃａｔｔｅｒｅｄbetweenthegermcells・Apair

ofelongated，thick-walledexcretorybladders

stainedwithTBarelocatedatposteriorabout

one-thirdofthebodylength（Figs12a)．Ｔｈｅ
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clustersoftheexcretoryductssurroundedwith

numerousPAS-positivedepositsareobservedin

twoplaces,beneaththenervemassandposterior

portionofthebody⑱i９．１３).Apairofducts

fromthelateralglandscontainingnumerous

PAS-positivegranulesopenonbothsidesatthe

baseoftheapicalpapilla(Fig.１４)．

ＡｐａｉｒｏｆｓｍａＵｌａｔｅｒａｌｇｌａｎｄｓａｎｄｓｅｖeral

multiciliatednerveendingsareobservedatthe

leveloftheanteriorringmthetransversesection

(Fig.１５)．Thetransversesectionofthe

miracidiumshowsahexagonalshapeatthelevel

oftheanteriorring（Fig.１５）oroftheridge

lackmgtheciliabetweenthesecondandthirdtiers

oftheepidermalplates(Fig.１６).Atthelevelof

thethirdtiers,apairoftheelongatedexcretory

bladdersandfburgroupsoftheciliaareobserved

(Fig.17).Inthetransversesectionofthefirsttiers

oftheplateswiththeshortcilia，ａｐａｉｒｏｆｄｕｃｔｓ

ｓｔａｉｎｅｄｗｉｔｈＰＡＳａｎｄａductstainedwithTBare

observed(Fig.１８).Atthelevelthesecondtiers，

nmegroupsofthecilia,ａｎervemassandHame

cellareobserved(Fig.１９)．

〃ｅｌ７ｍｍ伽''2,s・加陀'℃u〃""zandGjgα"ZDcolヒル

exiPﾉﾋJ"α〃、，butnoglandopeningshavebeen

recognizedinS．〃zα"so"／ａｎｄＲＡｅｐａｊｊｃα
(LoVerde,1975;Scheerboomerq/､，1975;Kpie

andFrandsen，1976；Eklu-Nateyerα/､，１９８５；

Ｄｕｎｎｅｍ/､，1987).Theapicalglandopeningof
O・Sm'mtJelocatedonbothlateralsurfaceofthe

apicalpapillaiscomposedofnumerous

honeycombpores，ａｎｄａｒｅｐｒｅｓｕｍｅｄｔｏｃｏｒｒｅｓ－

ｐｏｎｄｔｏtheopeningsonthelateralglands・

Severalworkershavesuggestedthatthefblds

oftheapicalpapillaservetoattachthe

miracidiumｔｏｔｈｅｂｏｄｙｓｕｒｆａｃｅｏｆｓｎａｉｌｈｏｓｔ

(Kmoti，1971；Willson，1971；LoVerde，1975)．

Conversely，KPieandFrandsen（1976）suggest

thattheapicalpapillaisnｏｔｆｉｔｆｂｒｔｈｉｓｕｓｅ、In

SEMinvestigation，thesurfaceoftheapical

papillaoftheschistosomemiracidiaisshownto

becomposedofelongated，branchedormem-

braneousfolds，ａｎｄｔｏｆＯｒｍｓａｒｏｓｅｔｔｅｐａｔｔｅｒｎ

ｉｎＳ・hael7Mobj"ｍａｎｄＳ.〃e1℃MJm'7z，ｏｒｏｆａ

ｈｏｎｅｙｃｏｍｂｐａｔｔｅｒｎａｔｐａｒｔｏｆｔｈｅａｐｅｘｉｎＳ・

ﾉ叩o"Ｊｃ"ｍａｎｄＳ.、α"so"ｊ(Eklu-Natey,ｅｒａ/､，

1985)．TheapicalpapillaofGs〃、aeforms

whollyahoneycombpattern，ａｎｄｍａｎｙｐｏｒｅｓ

(0.1-0.3,2zmindiameter）formedbythe
tegumentalfbldsareextremelysmallerthanthose

ofotherschistosomespecies・Itmaybe
unreasonablethatsuchastructurefUnctionsas

thetoolfbrattachmenttothesnaiLbutthecon-

tentsoftheglandcellsmaybeabletoserveas

alubricantduringthepenetrationprocess，

Varioustypesofsensoryorganshavebeen

observedontheintercellularridgesofsome

trematodespecies：ｅ､９．s．、α"３０ｍ，Ｓ、

haemarobj"'7ｚａｎｄＳ.ｊ"花rcα〃"ﾉｱz(Eklu-Natey，

ｅＭ/､，1985)，Ｓ・’7zα'9'℃bow〃(Southgateand

Knowles,1977),ＲＭＣ/o〃es版αg"α(Coil,1977）

ａｎｄＲｈｅｐａｒｊａＪ(KIDie，ｅＭ/､，1976)．Ｉｎｍａｎｙ

Discussion

Inmostspeciesoftrematodes，themiracidia

possessapairoflateralglandsandalargeapical

gland（Wright，1971)．ThemiracidiumofG

s〃mmepossessesalargeapicalglandandapair

ofsmaUlateralglandssimilartothoseofother

schistosomespecies、PreviousstudieswithSEM

haveshownthatitisdifficulttorevealthegland

openings、ＯｎｔｈｅａｐｉｃａｌｐａｐｉｌｌａｉｎＲｈｅｐａｊｊｃａ，

twopairsoflateralglandopeningsandtheirducts

havebeendescribedunderLMｏｒＴＥＭｂｙ

Ｗｉｌｓｏｎ（1971）andBuzzell（1983)．InSEMin-

vestigation，apairofsucker-likelateralgland

openingshavebeenshowninS・ノ叩o"に"〃Ｓ、

Fig.１．Agourd-shapedswimmingmiracidiuｍｏｆＧｊｇα"robﾉﾉﾉ皿戊ｊａｓｍｒ"mewithasphericalapicalpapilla

（Ａｐ)andthelateralpapillae(Lp)．

Fig.２．Ascanningelectronmicrograph(SEM)ｏｆＧｓｍｌ"jaemiracidium,showingapicalpapilla(Ａｐ)and

intercellularridge(Ir)．

Fig.３．Apairofuniciliatedsensoryprojection(Sp)aresituatedateachcornerofasquareinscribedina

circularsectionofthesphericalsurfaceoftheapicalpapilla(Ａｐ)．

Fig.４．Secretoryporesarrangedinaninversed-triangle（arrows）onthecytoplasmicfoldsoftheapical
papillahavingtheappearanceofahoneycombpattern．
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Fig.１０.Acrescentlateralpapilla(Lc)adjoiningjustaboveabulbouslateralpapilla(Lb）andmulticiliated
nerveendings(Ｍｐ)withbrokencilia(Cs)．

Fig.１１．Ａ、excretoryporesurroundedbydoublecircularbrimsofthecytoplasmicevaginationswithfine
microvilli（arrows)．

speciesoftrematodes，thenarrowintercellular

ridgesformthreetransverserings・Ｔｈｅ
ｍｉｒａｃｉｄｉｕｍｏｆＧ、smmmeresemblesratherS、

ﾉ〃o"に"mthantheabovementionedspeciesin

thefOllowingcharacteristics:１)theintercellular

ridgescoveralaｒｇｅａｒｅａｏｎｔｈｅｓｕｒｆａｃｅｏｆｔｈｅ

ｂｏｄｙｅｘceptfOrtheridgebetweenthefirstand

secondtiersoftheepidermalplatesand2)the

sensoryorgansarefOundonlyontheridgeof

anteriorring

Apairofthelateralpapillaeinschistosome

miracidiaappeartobenerveendingSconnecting

withthecentralnerveｍａｓｓ(ＫＤｉｅｅｔａＬ，1976)．

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，underLMobservationtwo

pairsoflateralpapillaehavebeenobservedon

themiracidiaofG.ｓ/"、ｍｅ(Iwasaki,1960),m

brevis（SuzukiandKawanaka，1980)，Ｓ・

ﾉ叩o"に"、（Ozaki，1952)ａｎｄＳ.〃zα'greboMビノ

(SouthgateandKnowles，1977）Thelateral

bulbouspapillaeofG.ｓ〃ｍｍｅｂｙＳＥＭｒｅｓｅｍｂｌｅ

ｔｈｏｓｅｏｆＲ/zepaZjcα(ＫＤｉｅｅｒα/､，1976)andof

schistosomes（KDieandFrandsen，1976；Eklu

-Nateyem/､1985).InSEMinvestigationsofthe

trematodemiracidia，acharacteristiccrescent-

shapeｄｓｔｒｕｃｔｕｒｅｈａｓｂｅｅｎｓｈｏｗｎｏｎｌｙｉｎＳ

ｍα"so"jmiracidia，however，thisstructurealso

locatedjustabovethebulbouslateralpapillais

explainedastheridgefbldsbyKOieandFrand‐

Fig.５．Epidermalplatesremovedtheciliabyanultra-sonication,showingthoseofthefirst(1)ａｎｄsecond
（Ⅱ)tiersLateralpapillae(largearrows)andmulticiliatednerveendingswithbrokencilia(smallarrows）
areseenonthetransverseintercellularridgeformingtheanteriorring、

Fig.６．ＰＣsteriorhalfofthebody，showingtheepidermalplatesofthethird（IⅡ）andfOurth（1Ｖ）tiers
andanexcretoryporelocatedonthelongitudinalridgebetweentheplatesofthirdtier(Ep)．

Fig.７．Bodysurfaceofamiracidium,showingthefinemicrovilli(Ｍｖ)andthecilia(C)ontheepidermal
plate・

Fig.８．Bodysurfaceofamiracidiumfromwhｉｃｈｔｈｅｃｉｌｉａａｒｅｒｅｍｏｖｅｄｂｙａｎｕｌｔｒａsonication，showingthe
wavyevagination(largearrows)ofthecytoplasmicfbldsseparatingtheplates,andtheciliumstubs(Ｃｓ）
ontheepidennalplates・

Fig.９．Amulticiliatednerveendingbetweenthefirstandsecondtiers（arrow)．
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cellsofthesnailtissue,andthatthelateralglands

(adhesiveglands)helpthemiracidiumtoadhere

tothehosttissueConversely,WikelandBogitsh

(1974)reportthatmostofthecontentsofthe

lateralpenetrationglandsarereleasedafter

penetration、ＩｎｔｈｅｃｅｒｃａｒｉａｏｆＧ､ｓｍｍｍｅ，ｔｈｅ

sen（1976)．

Ｔｈｅｓｅcretionsoftheglandcellsintrematode

miracidiaispresumedtohaveadhesiveor

cytolyticproperties(Dunn,ｅｒａ/､，1987).Wajdi

(1966)suggeststhatthesecretionsoftheapical

glandofS.〃α"so"jhelptodigesttheepithelial
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adhesiveglandsarestainedintensｅｌｙｗｉｔｈＰＡＳ，

wmlethepenetrationglandsarenot(Maejimaej

α/､,1988).Theapicalglandinthemiracidiumoｆ

Ｓ・ﾉtZPo"に"mandalsothepenetrationglandin

thecercariaeofS./ZJpo"ICZｲｍａｎｄＳ.、α"so"Jare

stainedwithArizahnS(Miura,1955;Lewertej

aﾉ.，1966)．Fromtheseresemblancesinthe

histochemicalnaturesoftheglandcellsinboth

cercarialandmiracidialstages，itisreasonable

toassumethattheapicalglandcorrespondsto

thepenetrationgland，andthelateralglandsto

theadhesiveglands・

AsisgeneraUyknown,theexcretorybladder

existsinbothcercarialandadultstagesof

digeneantrematodes,whiletheexistenceofitin

anymiracidiahasnotbeenrecognized・Thedata

presentedhere，however，showthatthemira-

cidiumofG.ｓ〃'７２ｍepossessesapairofthick-

walledexcretorybladdersstainedmtenselywith

TBasinthecaseofthecercarialstage(Ｍａｅｊｉｍａ

ａａＬ，1988)．ThePAS-positivedepositssur-

roundmgtheclusteroftheexcretoryductsmay

becorrelatedmoreorlesswiththeexcretory

fUnctions．
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