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Insectsaccountforthreequartersofallanimal
species,andmorethan９９percentofthemarewing-
acquiredinsects,i.e.,Pterygota.Pterygoteshave
achievedspectacularprosperityandradiation,andthe
elucidationoftheirevolution,theirmorphogenesisand
groundplansisoneofthemostinterestingsubjectsnot
onlyinentomologybutalsoanimalphylogeny(Janzen,
１９７７;Wooton,１９８６;KingsolverandKoehl,１９９４;
Wilson,１９９６;Dalyetal.,１９９８).Insectswerethefirst
organismstohavedevelopedpoweredflight,perhaps
from within the Devonian or even the Early
Carboniferousperiods(e.g.,EngelandGrimaldi,２００４;
GrimaldiandEngel,２００５).Themostobviouseffectof
wingsistheabilitytodisperse.Aflyinginsectcanreadily
exploitnewhabitats,andshouldthelocalenvironment
becomeunfavorable,itcanmoreeffectivelyseekbetter
habitats.Utilizingitsflyingcapabilitiesithasaccesstoa
broaderrangeofbiologicalniches.

Withregardtothe‘originofwings,’whichhasbeen
arguedoveralongperiod,varioushypotheseshavebeen
proposed,suchasthe‘paranotallobetheory’(Snodgrass,
１９３５;Hamilton,１９７１;Quartau,１９８６)andthe‘epicoxal
exite(outerlobeorpoditeofthemostbasallegsegment)
theory’(Kukalová-Peck,１９７８,１９９１).Ofthesehypothe-
ses,presently,thelattermaybecurrentlyaccepted.The
epicoxalexite hypothesis ofwing origin can be
reconciledwithanotherrecurringview thatwings
arederivedfrom trachealgillsofancestralaquatic
“protopterygotes.”Theabdominalwinglets(orgills)of
theprotopterygotemaybeseriallyhomologouswith
thoracicwings(Kukalová-Peck,１９９１).Accordingtothis
theory,thegillitselfisamodifiedepicoxalexiteofa
hypothetical,basallegpodite.Thearticulatingepicoxal
exiteofthemostproximalappendicularsegmentthen
becamemodifiedintoagillandthenintoawing.Onthe
otherhand,themovableabdominalgillsofthemodern

aquaticmayflynymphsmaybehomologouswiththe
abdominalwingletsoftheprotopterygote,andbeserially
homologouswiththoracicwings(Kukalová-Peck,１９９１).
Indeed,thegillsofsomemayflieslookliketinywings,
andthetracheationinthegillsresemblesthevenationin
thewings.Inaddition,recentdevelopmentalbiological
evidencehasalsosupportedthe‘exiteorgilltheory’by
comparingtheexpressionofgenesfoundin‘crustacean
gills’withthetwogenesfoundinwingsoftheinsects
(AverofandCohen,１９９７).

Onverifyingdirecthomologyofwingtoepicoxal
exite,itbecomesimportanttocomparetheserial
homologybetweenwings(orepicoxalexites)withother
proximalexitesofappendages(e.g.,subcoxal,coxal,
trochanteralandprefemuralexites).Unfortunately,the
significant‘exitestructures’ofproximalappendicular
poditesdonotremaininpresentpterygoteinsects
(Kukalová-Peck,１９９１).Thosehavebeenonlyrecog-
nizedinthePaleozoicfossilinsects(Carboniferousto
Permian;about３５０–２５０millionyearsago).Because
accordingtoeachinsectshabitat,undertheeffectof
phylogeneticalevolution,each oftheirappendages
adaptedandmodifiedaccordingtotheirfunctions
(sometimeswiththeaccompanyingstructuralsimplifica-
tionordegenerationofnon-functionalstructures).

However,werecentlyfoundthestructurestobe
regardedastheremnantsofsubcoxalandcoxalexitesin
the headwater-specific heptageniid mayfly Bleptus
fasciatus,belongingtooneofthemostbasalpterygote
cladesEphemeroptera(Fig.１A,B),whichisendemicto
mountainareasofJapan(exceptHokkaidoislandand
Ryukyuislands)andKorea(MiyairiandTojo,２００７).In
thecoxalexites,thetracheationcanbeclearlyobserved
(Fig.２).Throughthisdiscoveryamongstpresentwinged
insects,longrequiredresearchhasbecomepossibleinto
theverificationoftheserialhomologybetweenthe‘coxal
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exite-subcoxalexite-epicoxalexite(i.e.,wing),’and
thatbetweenthe‘epicoxalexite(i.e.,wing)-gill’with
variousnewlyavailableapproaches.
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Figs.１–２ExternalfeaturesoftheheptageniidmayflyBleptusfasciatusnymph.
Fig.１ SEMmicrographs.A.Dorso-lateralview.Notethecoxalexite(CxEx),thesubcoxalexite(ScEx)andthehindwingpad(HWP=‘epicoxal

exite?’).B.Enlargementofthebaseoflefthindleg(lateralview).
Fig.２ ALightmicrographofthebaseofrighthindleg(dorsalview).Thetracheation(arrowhead)isclearlyobservedinthecoxsalexite.
Ab１:firstabdominalsegment,A-P:anterior-posterioraxis,CE:compoundeye,Cx:coxa,CxEx:coxalexite,Fe:femur,FWP:forewingpad,H:head,
HWP:hindwingpad,ScEx:subcoxalexite,Th１–３:pro-,meso-andmetathorax,ThL１–３:pro-,meso-andmetaleg,Tr:trochanter.Scales=１A:
１mm;１B:５００µm;２:３００µm.


