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Insectovariesareusuallycomposedoftwoclusters
ofeggtubestermedovarioles.Traditionally,twobasic
categoriesofinsectovariolesarerecognized,meroistic
and panoistic.In meroistic ovarioles,incomplete
cytokinesisofgonialcellsleadstotheclusterformation
ofgermcellsconnectedwitheachotherbyintercellular
cytoplasmicbridges.Oneorseveralcellsineachgerm
cellclusterdevelopintooocytes,whiletheothers
differentiateintotrophocytes.Relationshipsbetweenthe
oocytesand trophocytesallow the subdivision of
meroisticovariolesintotwotypes:polytrophicand
telotrophic.Inpolytrophicovarioles,eachoocyteis
accompaniedbyitssiblingtrophocytes(nursecells)and
aneggchamber(oocyte–nursecellcomplex)isformed.
Intelotrophicovarioles,alltrophocytesareretained
in the germarium,thereby forming atropharium.
Elongatedintercellularbridgesreferredtoasnutritive
cordsensurethesupplyofnutrientsfromthetropharium
tothegrowingoocytes,whichmigratetothevitellarium.
Inpanoisticovarioles,alloogoniadevelopintooocytes.
However,detailed ultrastructuralinvestigationsre-
vealedthatgermcells,interconnectedbyintercellular
bridges,formaclusterinthethysanopteranpanoistic
ovarioles(PritschandBüning,１９８９;Tsutsumietal.,
１９９５).Thisovarioletypeisregardedasaderivativeof
themeroisticonewithasecondarylossofnurse
celldifferentiation;theterm ”secondarypanoistic”or
”neopanoistic”hasbeenproposed(PritschandBüning,
１９８９;ŠtysandBiliński,１９９０;Büning,１９９４).

Theseinsectovarioletypescorrespondtoinsect
taxaattheordinal,subordinalorfamilylevels(Kingand
Büning,１９８５;ŠtysandBiliński,１９９０;Büning,１９９４,
１９９８).Analysisofthedistributionofovarioletypesin
variousinsecttaxaleadstothefollowinganagenetical
hypothesis.Panoisticovarioleswithoutthegerm cell
clusterareregardedasthemostbasictype,and
polytrophic meroistic ovarioles are derived from
panoisticovarioles.Telotrophicmeroisticovariolesand
neopanoisticonesoriginateindependentlyfrompolytro-

phicmeroisticovarioles,respectively(ŠtysandBiliński,
１９９０).

Taxonomically,the‘Paraneoptera’iscomposedof
fourneopteranorders:Zoraptera,Psocodea(‘Psocoptera’
+‘Mallophaga’+Anoplura),Thysanoptera(Terebrantia
+Tubulifera)andHemiptera(Heteroptera+Coleorrhyn-
cha+Auchenorrhyncha+Sternorrhyncha)(Kristensen,
１９７５,１９８１;Hennig,１９８１).The‘Paraneoptera’hasall
insectovarioletypes,i.e.,panoisticinZoraptera,
polytrophicmeroisticin Psocodea,neopanoisticin
ThysanopteraandtelotrophicmeroisticinHemiptera.
Below,Ioutlinetheultrastructuralfeaturesofovarioles
inthe‘paraneopteran’orders,exceptforZoraptera.
Wehaveveryincompleteinformationontheovarian

structuresandoogenesisofZoraptera.Theovariolesof
Zorapteraarenormallyfourtosixinnumberperovary
and contain only oocytes in various stages of
development(Gurney,１９３８;Matsuda,１９７６).Their
ovariole type is said to be panoistic but the
ultrastructuralfeatures oftheir ovarioles remain
unknown.Recently,itwassuggestedthatZorapterahas
phylogeneticaffinitywithsomepolyneopteranorders,
e.g.,Embioptera,DictyopteraorDermaptera(Yoshizawa
andJohnson,２００５;Yoshizawa,２００７).‘Paraneoptera’
withoutZorapteraisreferredtoAcercariaandallthe
ordersofAcercariahavetheovariolessecondarily
derivedfrompanoisticovarioles.

Psocodeaiscomposedofthreetraditionalgroups,
i.e.,‘Psocoptera,’‘Mallophaga’andAnoplura.Allofthese
traditionalgroupshavepolytrophicmeroisticovarioles
(Gross,１９０６;RiesandvanWeel,１９３４;Bilińskiand
Jankowska,１９８７;BüningandShost,１９９０;Büning,
１９９４).Theovarianstructureandoogenesisofthree
traditionalgroupsareextremelysimilartoeachother,
exceptforthenumberofnursecellsineachgermcell
cluster,threein‘Psocoptera,’sevenin‘Mallophaga’and
fiveinAnoplura.Fivenursecellsandoneoocyteineach
clusterofAnoplurashow areductioningonialcell
mitosisandsimilarreductionsarealsoknownamong
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endopterygotan(holometabolous)polytrophicmeroistic
ovarioles(Büning,１９９４).ThelargetaxonPsocodeais
supportedbysomeobvioussimilaritiesinthefeaturesof
theovarianstructureandoogenesisamong‘Psocoptera’,
‘Mallophaga’andAnoplura.
Psocodea and Endopterygota with polytrophic

meroisticovariolesshareasetofcommoncharacters:１)
germcellsformabranchedcluster,２)anursechamberis
formedbyinteractionoffollicularcellswithnursecells,
３)２n–１nursecellssupportoneoocyteandtheoocyte
alwaysoriginatesfromoneofthetwooldestcellswith
the maximum numberofintercellularbridges,４)
nursecellnucleienhancetheirDNA contentsby
endomitoticpolyploidization(Büning,１９９４).Polytrophic
meroisticovariolesinendopterygotanordersshowsome
variationsordeviations,butsuchvariationsordeviations
areseldom foundinPsocodea(Büning,１９９４).These
allowustoassumeacommonoriginofthepolytrophic
meroisticinPsocodeaandEndopterygotaandfundamen-
talityinthepolytrophicmeroisticofPsocodea(Büning
andShost,１９９０;Büning,１９９４,１９９８).

InThysanoptera,germ cellclusteranalysishas
beenperformedinbothsuborders,Terebrantiaand
Tubulifera,andithasbeendemonstratedthattheir
ovarioletypesareneopanoistic(PritschandBüning,
１９８９;Tsutsumietal.,１９９５).Germcellclusterformation
isalwaysobservedinovarianrudimentsoflarvaeand
germariaofimaginalovarioles,butnursecellsnever
differentiate.Thegerm cellsformingaclusterare
separatedintoseveralsmallsubclusters,andeachofthe
germ cellsfinallybecomesasolitaryoocyte.Inthe
aspectofnotropharium,thysanopteranovariolesareto
be derived from psocodean polytrophic meroistic
ovarioles.

In Hemiptera,though the ovariole type of
Coleorrhyncha remains unknown, all the other
threesubordershavetelotrophicmeroisticovarioles
(Matsuzaki,１９７５;Ksiązkiewicz-Kapralska,１９８５,１９９１;
SzklarzewiczandBiliński,１９９５;Simiczyjewetal.,１９９８;
Štysetal.,１９９８;Szklarzewicz,１９９８).Thetelotrophic
meroistic ovarioles ofHemiptera are uniform in
structureandaresupposedtobederivedfrom the
polytrophicmeroisticovariolesofPsocodea.However,
thearchitectureoftropharium showssomeobvious
differencesamongsubordersandamonginfraordersof
Heteroptera(Simiczyjew etal.,１９９８;Szklarzewicz,
１９９８).Inprimitiveheteropterans,theirtrophariaare
composedofindividual,usuallymononucleatenurse
cells,whileinmoreadvancedones,e.g.,Pentatomomor-
pha,theirtrophariaarebuiltofsyncytiallobescontaining
severalnursecellnuclei.Thesyncytialareasseemto
ariseasaresultofmembranefusionbetweensome
nursecells.Mononucleatenursecellsinthetropharium
arealsoobservedinprimitivehemipterans,suchas
AuchenorrhynchaandSternorrhyncha.Mitoticallyactive

nursecellsintheapicalregionoftropharium are
observedinmoreadvancedheteropterans,whilein
primitiveones,nursecellsintheapicalregionof
imaginaltrophariumdonotdividemitotically.Asimilar
situationhasalsobeenfoundinAuchenorrhynchaand
Sternorrhyncha.Itisprobablethattheindividualityof
nursecellsandabsenceofmitoticactivityofnursecells
intheapicalzoneofimaginaltrophariumareprimitive
conditionsinhemipterantelotrophicovarioles.
The ultrastructural features of the ovarian

structuresandoogenesissupportarecentphylogenyand
classificationoftheordersbelongingto‘Paraneoptera’or
ratherAcercaria.Inordertoconfirmthecertaintyof
relationshipsamongandwithinfourorders,Zoraptera,
Psocodea,ThysanopteraandHemiptera,ultrastructural
investigationsoftheovarianstructuresandoogenesisof
Zoraptera,primitive thrips (e.g.,Merothripidae),
fulgoromorphanAuchenorrhyncha,Coleorrhynchaand
primitiveheteropterans(e.g.,Enicocephalomorpha)are
muchdesired.
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