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INTRODUCTION

The Mecoptera is known first from the Lower Permian

and this fossil record，Piatychorista vinosa and Proto－

merope permianal is the　01dest among the h01ometab01an

insects．　The typiCal mecopteran insects have two pairs

Of similar wings／the subcostal vein not extending to the

Wing apexJ Only one sector branching from the radius′　an

unbranched anterior cubital vein，and no scales．　Based

On the fossii records and comparative morph010gy Of the

Wing－Venation（Tillyard，1935；Hennig，1981），the Mecoptera

is considered to belong t0　0ne Of the most primitive groups

in the h0lometab01an insects．

The Mecoptera，Siphonaptera，Diptera，Trichoptera and

Lepidoptera have been regarded as forming a Panorpoid

COmPlex of orders．　Of course，this is centered on the

Mecoptera，and from the early Panorpoid stock there prob－

abiy arose on the hand the Diptera and Siphonaptera，and

On the other hand the Trichoptera andI」ePidoptera・

As for the h0lometab0lan embry01ogy，that of c01eo－

PteranT dipteran andiepidopteraninsects has been studied

in detail・　However the embry010gy of the Mecoptera is

P00rly knownin spite of the significance of the phylogeneq

tic positionin h01ometab01an orders．

To this day，there are five papers concerning the

embry010gy of the Mecoptera except for the unpublished

Study in panorpa communis by W01f（1961）．　Tw0　0f them
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are on the early embry010gy of Panorpa pryeri（And0．1960），

and P．］aPOnica，Panorpodes paradoxa，Bittacus mastrillii

and B．
marginatus（Ando′　1973）．　The remaining three are

On the embryogenesis of the larval abdominal legs（Ando

and Haga，1974）in p．pryeri and B．mastrillii，and of

the larval compound eye（Ando and Suzuki，1977）and of

the alimentary canal（Suzuki and Ando′1981）in三・Pryeri・

工t is thought that the embry010gy of the Mecoptera

PrObably suggests the basic pattern of the embry010gY Of

Panorpoid orders and h01ometab01ans′　Since the Mecoptera

is considered t0　0ccuPY a Primitive positionin the h010－

metab01an phylogeny．　However the entire embryonic develop，

ment of the Mecopterais never known as mentioned before．

Furthermore，On the relationship of families of the

Mecoptera，there are some arguments．　For example，TillYard

（1935）　divided the Mecoptera into two suborders，1・e・，

the Protomecoptera，　Which has many cross veins on the

Wings and includes the Notiothaumidae and Meropeidae，and

the Eumecoptera，Which is considered to be more ev0lved

than the Protomecoptera by him and includes the Nanno－

Choristidae，Bittacidae，Boreidae and Panorpidae．　Hinton

（1958）　advocated that the Boreidae should be separated

from the Mecoptera，and established as the new order Ne0－

mecoptera based on the comparative anatomY Of the larvae

Of Panorpoid orders．　Recently，however，from the compara－

tive morph010gy of exoskeleton of the genitaiia，Mick01eit
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（1978）and Willmann（1981）suggested that the Nannochori－

Stidae and Bittacidae are thought to be the most primitive

in the mecopteran families，　and they have some doubts

about the view of Tillyard（1935）and Hinton（1958）．

For these above mentioned reasons，the authorinvesti一

gated the comparative embry010gy of the four families of

the Eumecoptera；　Panorpidae，　Panorpodidae，　Boreidae and

Bittacidae．　Zn this paper the author described l）the

embryonic development of these insects in detail，and　2）

examined and discussed the phylogenetic relation of these

families from the comparative embry010giCal views obtained

in the present study．

The author attempted to discuss some ma］Or Subjects

in the last chapter，‖GENERAL D＝SCUSSION AND CONCLUS＝ON日，

and to discuss the others in each item of HOBSERVATZONSl一．

Zn the text，eXCePt for the case when the scientific

name of a certaininsect appears at first，for a conveni－

ence，　the generic name is made abbreviated and brief，

Or the specific epithetis omitted．
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MATERZALS AND METHODS

Specimens used in the present study include four

families．four genera and nine species of the Mecoptera，

that is′　Panorpa pryeril P・〕aPOnicar P・niPPOnenSis′　P・

helena of the Panorpidae；　Panorpodes paradoxa of the

Panorpodidae；BittacuslaevIPeS，B．mastrillii′ 旦・m早r91P卓‾

tus of the Bittacidae；and Boreus westw00di of the Borei－

dae．　The author used mainly Panorpa pryeri as to the

Panorpidae，　and Bittacus laevIPeS aS tO the Bittacidae，

because the author could observe only little differences

Of the embryogenesis between the species of the Panorp1－

dae，and also between the species of the Bittacidae．

Pregnant females of P．prYeri were c01lected at Suga－

dairal Sanada in Nagano Prefecture in June to July during

1980　t01981・　Eachinsect was rearedin a small plastic

Cage With soil or quartz sands′　and fed on killed dipteran

Or lepidopteran insects．　＝n this condition the females

laid their eggs．　Newly laid eggs were transferred to

another plastic case with a humid palster bottom and kept

at　　21C．

Maturedinsects of Pd．paradoxa were captured at Suga－

daira and Kakuma of Sanada，and Yamanokami of Suzaka，and

Usuda of Sakuin Nagano Prefecture in June to July during

1976　t01982．　Many pairs of the insects were rearedin a

mesh walled cage with humid tissue papers，and fed on the

P011en and nectars of some flowers（Chrysanthemumleucan－
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themum，　EuonYmuS Sieb01diana，　Cornus controversa，etC．）．

NewIY laid eggs on or in the tissue papers were kept in

the similar condition to P・旦む竺竺三・

Mated femaies of　旦・1卑eViP竺至　Were C011ected at Kakuma

in August to September during1978　t01981．　Each female

WaS reared in a small plastic cage with a humid filter

PaPer．　The oviPOdited and dropped eggs on the fiiter

PaPer Were Carried to a plastic case with a humid plaster

bottom，and kept at r00m temPerature．

Pregnant females of　旦9． westw00di were obtained at

Ttibingen of West GermanY in December of1979，and reared

With mosses in alaboratory，and eggs were c011ected from

among the mosses．　All of these procedures and fixation

Of eggs were done by Drs．G．Mick0leit and E．Mick0leit・

Larvae and eggs of this species also were c011ected and

fixed by Dr．H．Ando at Freiburg and Ttibingen in early

Apr土10f1975．

Eggs and larvae were fixed in alcoh01ic Bouin，s

fluid warmed t0　4克（8企　or r00m temPeraturein some

CaSeS）for　30　min．　Some newIY laid eggs of B．iaevIPeS

Were fixed in　2．5％　glutaraldehyde in O．05M cacodYlate

buffer at pH　7．2　for　12　hr and postfixed in CarnoyTs

fluid for　30　min at r00m temPerature．　After fixation，

materials were preservedin　70％　ethyl alcoh01．

Zn the case of observations of external feature of

embryos，the chorion，SerOSa and serosal cuticle were re－
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moved by forcepsr then the bared eggs were stained with

MaYerls hematoxylin，and observed in distilled water・Zn

Order to the observation of the thoracic and abdominal

musculatures of the first instar larva of P．pryeri，the

fixed larvae were removed the head and posterior half of

the abdomen，and were stained with eosin，and observed in

telepine01e after dehydration．

For sectioning the eggs and larvael the materials

Were embedded paraffin，Paraffix or paraplast，after dehydN

ration through an ethyl，nOrmal or tertiary butyl alcoh01

SerieS・　TheY Were Cut int0　6　t01071m－thick and stained

With Delafield－　hematoxYlin and eosin，and borax carmin

Drawings were made with the aid of Abbe－s camera

luc土da．

Materials for the scanning eiectron microscope were

PrePared as f01lows．　　Fixed materials by the methods

above mentioned were rinsed in distilled water added a

little detergent．　After the dehydration through an ethyl

Or tertiary butyl alcoh01－isoamyl acetate series，　they

Were dried by the criticai point drying method and

COated with g0ld． ＝n the case of　鱒．laevIPeS eggS，

granules coated the surface of the egg were removedin　5

t0　10％　sodium hypochrorite s01ution．　Observations were

examined under the scanning electron microscope，JSM T－200

0f JEOL．
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OBSERVATZONS

Z・0viposition and organization of newlylaid eggs

Panorpa pryeri

Twelve females reared in　19811aid eggs thirteen

times，and the number of laid eggs at a time was18　to

Ca．100（average，50．7）and only one female oviposited at

twice（39　and　70　eggs）．It seems，however，that a female

OVIPOSits several timesin nature．

A cluster of laid eggs is held together by the

Sticky substance that covers the surface of the each egg．

The newiYlaid egg is oval in shape，though the ante－

rior half is slightly sharp，and their size is ca．1000

by ca・600pm（Fig．1）．　The outer chorionis covered with

a honeycombed network（Figs．1，2）′　and on the some cor－

ners of these minute p01ygons there appears a brushy

PrOCeSS Whichis concerned with an aeropyle（Fig．2）．

The honeycombed pattern of the chorion on and near

the anterior p01e is different from other regions（Fig．

3）＿and the author could not find the micropyie at this

regiOn eVen by the observations using SEM and the light

microscope．　　There is a very thin vitelline membrane

below the chorion．　The c010r Of the newly laid egg is

CreamY White and turns dark gray by haif a day・　The peri

Plasmis　4　t0　571m－thick（Fig・18）and ca・1071m－thick near

the both p01es of the egg，and occupies ca・5！of the egg

V01ume・　The maturation of the female pronucleusis observ－
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edin the cytoplasmic island that lies a little anterior

from the center of the egglength（Fig．18）．　The cytoplas一

mic reticuium or reticuloplasm is found between the y01k

SPherules and vacu01es（Figs．18，19）．　The disk－Shaped

P01ar granule（40　t0　50pm in diameter）is found in the

Periplasm on the posterior p0le（Fig．19）．　The spermato－

Z00n is observed near the anterior p0le of the egg（Fig．

25）．　Y01k spherules are homogeneousiy stained with eosin，

and their diameter varies from　5　t01571m．　Small y01k sphe－

rules mainly distributein the peripheral zone．　The total

V01ume of the eosinophilic y01k spherules occupieS Ca．80％

Of the egg v01ume＊．

Panorpodes paradoxa

During1979　t01981，the author obtained ca．100　egg

batches contained ca．50　t0　60　eggs in each batch．The

batch is held together with the sticky substance as in P．

pryer土．

The shape of the newlylaid eggis oval andits size

is　750　t0　800　bY Ca．500pm（Fig．4）．　The chorion bears

the honeycombed pattern that becomes weak near the both po－

＊　The percentage of the area of eosinophilic y01k spheru－

les in sections was estimated as the rate of the total

V01ume of eosinophilic y01k spherules against the egg

V0lume・　The percentage was nearly equal at anY regiOnS

Of the eggin the same species．
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les．and the author failed to find micropyles from these

regions（Fig．5）．

The chorion is verY thin and creamy white〕uSt after

OViPOSitionl and turns dark bY SeVeral hours・　A relativelY

large quantity of the periplasm（5　t0　611m－thick and ca・6％

Of the egg v01ume）and cytoplasmic reticulum are foundin

the egg（Fig．20）．　Y01k spherules are staine（ま　homogeneous－

iy with eosin，and their diameter is ca・10Jlm，and the

total v01ume of the eosinophilic yolk spherules occupieS

Ca・60％　of the egg v01ume・　There are many vacu01es con鵬

Sidered t0．be traces of diss0lved lipid y01k spherules

（Fig．20）．　Maturating female pronucleus situates in the

CytOPlasmic island of the periplasm（Fig．21）near the

middle part of the egg．　The author couid not find the

P01ar granulein this species．

Bittacus laeviPeS

The author got eggs from　62　females during1978　t0

1981，and a female oviposits ca．26　eggs（ca．10　eggs per

day）．　The oviPOSition almost always started at　4　t0　5

0．Clock p．m．and continued for a few hours．　The hanging

females ovIPOSit eggs，and an egg exists at the tip of

the abdomen and drops out as s00n aS the f0llowing egg is

la土d．

The shape of the newlylaid eggis almost spherical，

Ca．700Jユm in diameter（Fig．6）．　On the surface of the
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Chorion there are numerous granular substances′　but after

removing them the surface of chorion appears a p01ygonal

pattern（F土9．7）．

Two to five micropyles（Fig．8）are observed on the

both p01es of the egg．　The chorion is very tough and

thick（Ca．25Jユm）．and the endochorion of　2　t0　31ユm thick－

ness is stained faintlY With eosin（Fig．22）．　The egg

C010r is yellow〕uSt after oviPOSition，　and turns dark

brown by several hours．　The periplasmis very thin（2　t0

371m）andlightly stained with hematoxylin（Fig・22），and

OCCuPieS Ca．2％　of the egg v01ume．　Little cytoplasmic

reticulum is observed．

Y01k spherules are homogeneously stained with eosinl

and their diameter is ca．2071m though there are smaller

SPherules in periphery．　The rate of the total v01ume of

eosinophilic y01k spherules against the egg v01ume is

less than　70％．　No p01ar granuleis foundin this species・

Boreus westw00di

The shape of matured ovarian eggs and newly laid

eggs is oval and the size is　450　t0　500　by　250　t0　3001ユm

（F土9．9）．

On the surface of the chorion there appears a honey－

COmbed network，and the network becomes faintly near the

both p01es of the egg as in that of Pd．paradoxa．　On the

both p01es two micropyles are found　（Fig．10）．　　The
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Chorionis ca・2pm－thick and thickens near the both p0les

（Fig．23）．The chorionis transparent evenif the embryo岬

genesis proceeds．

The periplasm（2　t0　3pm－thick and　3　t0　4％　of the

egg v01ume）and cytoplasmic ruticulum are p00r（Fig．24）

though richer than those of B．laeviPeS．　The maturating

female pronucleus in the cytoplasmic isiand of the peri－

Plasm locates at the regiOn Of a third of the egglength

from the anterior p0le．　The y01k spherules are stained

homogeneously with eosin and their size in maximum is

about　20pmin diameter・　The total v01ume of eosinophilic

y01k spherules occupieS Ca．60％　of the egg v01ume．　The

author could not find the p01ar granule in this species．

Discussion on this item

Zt seems that eggs are laid in the crevice of soil

in panorpa spp．（Miyake，1912；　Yie．1951；Ando′　1960．

1973；　Byers，1963），　Panorpodes　（Ando′　1973），　and among

the moss in Boreus
SPP．（Withycombe′1922；C00Per，1974）．

it seems also general that the ovIPOSition

PraCticed while hanging aS

1937）′　旦・1aev土pes′　聖・

in Bittacus

mastrillii，B．

of Bittacus is

TliPPOniCワ早　くZshii，

marginatuS′　though

至・Stigmaterus（Setty，1931）deposits the eggs，alighting

On the ground．

The shape of the newly laid eggs is oval in panorpa

（Miyake，1912；Yie，1951；Ando′1962，1973；Byers，1963），
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Panorpodes　（Ando，1973），　and Boreus spp．（Withycombe，

1922；　C00per′　1974）． ＝n Bittacus，　however，　the shape

Varies from cuboidal　（B．　stigmaterus，　Setty，1931；　畢・

nipponicus，Zshii，1937）to spherical（B．apicalis．Hin－

ton，1981；B．mastrillii， B．marginatuS′　Ando，1973；B・

laevipes）．　Ando　（1973）observed that the shape of the

00Cyte in ovari0le of B．mastrillii during chorion forma－

tionis spheroidal．

As for the micropYles，Ando　（1973）　described the

micropyles on the posterior p0le of the eggin B・maStriiW

lii，and Hinton（1981）on the anterior p01ein B．pilicor－

niS．　It is possible that they failed to find the microq

Pyles on the other p01el because the micropyles were obq

SerVed on the both p01esin B． 1aevlpeS．

Eosinophilic y01k spherules of P．　pryeri and B・

laeviPeS may COrreSPOnd to the protein y01k of P・ COmmuni S

（Ramamurty，1964a）．　Ando（1973）、mentionea that the very

thin periplasm of B．mastrillii is observed discontinu－

OuSly・　Zn B・laevIPeS，however，the periPlasm is ob－

SerVed continuously，though it is thin as in B．mastri－

11土土．

The p01ar granules were observed in the eggs of P．

Pryeri，P．japonica（Ando，1973）and P．communis（Ramamur－

ty，1964b），SO that the existence of the p01ar granuiesis

COnSidered to be the common naturein the egg of Panorpa・
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工工．Egg period

The egg period of the species investigated in the

PreSent Study is shownin Table i comparing with those of

Other species reported by several authors．

Tablel．Egg period of Panorpidae，　Panorpodidae，Bittaq

Cidae and Boreidae

Panorpidae

Panorpa pryeri

Panorpa pryer土

Panorpa niPPOnenSis

Panorpa］aPOnica

Panorpa klugi（＝japonica）

Panorpa］aPOnica

Panorpa helena

Panorpa b土cornuta

Panorpa communis

Panorpa communis

Panorpa nuptialis

Panorpa f01sa

Panorpa akasakai

Panorpa taiwanensis

Panorpa sh土bata土

Panorpa pectinata

ca．150hr（2止）

150－160hr（Ca．2た）（Ando′1960）

ca．140hr（2≡た）

ca．160hr（2二た），Ca．150hr（2た）

6－8　days（Miyake，1912）

168－180hr（18－2蓑：）（Ando，1973）

Ca．8　days

ca．7days（2允）（Ando′1973）

144　hr（21C）（W01f′　1961）

5－9　days（Steiner，1930）

8　days（BYerS，1963；Gassner，1963）

9－13　days

15－16

15－16

15－16

15－16
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Table l．（COntinued）

Panorpalongiramina

Panorpa ochraceocauda

Neopanorpa makii

Neopanorpa ophthalmica

Neopanorpa formosana

Neopanorpa sauteri

Panorpodidae

Panorpodes paradoxa

Panorpodes paradoxa

Bittacidae

BittacuslaeviPeS

Bittacus mastrillii

Bittacus marginatuS

Bittacus niPPOnicus

Bittacus stigmaterus

Bittacus punctiger

Bittacus pilicornis

Boreidae

Boreus hyemalis

Boreus hyemalis

Boreus notoperates

14　days

7　days

7　days

6　days

6－8　days

5－14　days

（Y土e′　1951）

28－40（mean，32．6）days（2］た）

ca．26days（20－2赴）（Ando′1973）

250－300（mean，270）days

Ca．245　days（Ando′1973）

Ca．240　days（Ando′1973）

Ca．290　days（Zshii，1937）

216－256（mean，226）days（Setty，1931）

20－37　days（Setty，1940）

29－78　days（Setty，1940）

9－10　days（8．8C）（Withycombe，1922）

21days（21C）（Striibing，1950）

24　days（20C）（Copper，1974）
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Discussion on this item

There are not so many reports on the life historY

and egg period of mecopteraninsects′　and thelife histo－

ries of panorpid ones are examined most circumstantially．

The egg period of the Panorpidae seems to varY from one

to two weeks，and that of the Panorpodidae，that is，Pd．

Paradoxa，is three to six weeks．

The egg period of several species of the Bittacidae

is more than　200　days and they pass the winterin the egg

Stage，though B．punctiger and B．pilicornis overwinter

in the larval stage（Setty，1940）．　Setty（1931）Observed

the exceptional short egg period that is　58　days in B・

Stigmaterus，and this fact suggests that the egg hiberna－

tionis not fixed perfectlyin this species．

The elongation of the egg periodin Bo・hyemalis is

known accompanied with the rise of the incubation tem－

Perature（Withycombe，1922；Strubing，1950）．　This pheno一

menon seems to be concerned with the nature that the ovi－

POSition of the species occurs in winter，and the low

temperature maY be favorable for the embrYOnic development

in the species．

IZI．Early embryonic development

Zn this section the author will describe the embryo－

nic development from］uSt OViPOSition to completion of

the cellular blastoderm as Stagel．
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Panorpa pryeri

The early embryonic development of P．　pryeri was

Studied in detail by Ando（1960）′　and the result in the

PreSent Study agreed with his result．

Stagel．　0－28　hr

Just after oviPOSition，the metaphase of the first

maturation division is found in the cytoplasmic island′

and the second maturation division occurs at l hr after

OViposition（Fig．18）．　The spermatoz00nis observed near

the anterior p0le of the egg（Fig．25），and s00n tranS－

forms into the male pronucleus at there．　The female pro－

nucleus moves to the maie pronucieus and the fertilization

The second cleavage occurs at　4　hr，and the seventh

Cleavage occurs at　8　hr after．0VIPOSition・　The p01ar

granule which located at the posterior p01e of the egg

disappears by the ninth cleavage（ca．10hr after oviposi－

tion）．　At12　hr after ovIPOSition，Cleavage ceils reach

into the peripiasm and the syncytial blastodermis formed

（Fig．　26），　though theY reaCh to both p01es a little

later・The penetrating cleavage ceils or syncytial blasto－

derm ceils divide mitotically again．

At about　20　hr after oviPOSition，the formation of

Cell membrane of syncytial blastoderm cells beginS，and the

Periplasm which does not particiPate in the blastoderm

formation becomes the inner periPlasm by the completion
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Of blastoderm cells（Fig．27）．　The cleavage cells which

did not particIPate in the blastoderm formation remainin

the y01k and become primarY Y01k ceils★．　The aggrigate

COmPOSed of some dozens of primarY y01k cells is situated

at the center of the egg，and the nuciei of them degened

どate later．

The cellular blastoderm is formed at　22　hr after

OVIPOSition．　The blastoderm cells are ca．20pm in width

and the diameter of their nuclei and Y01k ce11sis ca。10

も015pm．

S paradoxa

Stagel．　0－32　hr

Just after oviPOSition，the female nucleus shows the

metaphase of the first maturation division in the cyto罰

Plasmic island．　After fertilization，the first cieavage

OCCurS（Fig．28）near the egg center．　At12　hr after

OViPOSition，the sixth cleavage commences and the cieavage

Cells are located at zone of150　t0　200pm inward from the

egg surface．

At l daY after oviPOSition，the cleavage ceiis reach

the egg peripherYl and y01k spherules are often found

in the sYnCYtial blastoderm（Fig・29）・　The●　nuclei of

＊　Zn the present paperr the term ffy01k cellH has been

adoptedinstead of”Y01k nucleusH．
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the syncYtial blastoderm cells are s00n Partitioned

Dy the formation of the ceil membrane／and the celluiar

blastoderm is completed．　　The Y01k spherules are seen

in the blastoderm cells，and the inner periplasm exists

asin里。pryer土（F土g・30）・

BittacuslaeviPeS

Stage1．　0－3　days

Just after deposition，the female nucleus indicates

the metaphase of the first maturation division（Fig。22）C

the second maturation division f0110WS　3　hr later．　　The

author could not observe the fertilization．

At l day after oviPOSition，the fifth cleavage occurs

and the cleavage cells get to the egg periphery at　2　daYS

after oviPOSition・　The sYnCytial blastoderm cells divide

mitoticallY・　At this timer some nuclei divide tangentia1－

1y against the eggJ Surface，and theY Seem tO be concerned

with the formation of secondarY y01k cells（Fig．31）。

At　3　daYS Lafter oviPOSition，　SynCYtial blastoderm

Cells divide again，and the cellular blastodermis comple－

ted（F土9．32）．

Boreus westw00di

WeStWOOdi，the author could not know how　01d

the fixed eggs are′　and could not study thelate embrYOnic

development。
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Stagel．

The maturation of the female pronucleus and the

fertilization were not able to be observed．　　When the

fifth to the sixth cleavage occurs，the cleavage cells

are located at the zone where is ca．100pm inward from

the egg surface．

As development proceeds cleavage cells reach into

the egg periphery（Fig．33）and inclease in number（Fig．

34）．　Then the cell membrane appears and the cellular

blastodermis completed（Fig．35）．

Discussion on this item

＝n P．pryeri，Pd．paradoxa and B． laeviPeS，the fe－

male nucleus of the newlylaid eggindicated the metaphase

Of the first maturation division as in p．communis（W0lf，

1961），and this fact is knownin manyinsects，三・旦・．in

Odonatan CalopterYX atrata（Ando′　1962），

germanica（Wheeler，1889），megalopteran

blattarian Blatta

Sialis mitsuhashii

（Suzuki，Shimizu and Ando′1981），trichopteran Stenopsyche

griseipennis（Miyakawa，1973），hymenopteran Athalia proxima

（Far00qi，1963）．　The inner periplasm foundin P．pryeri

and Pd．paradoxa is also knownin some h0lometab0lans，i・

e．，Stenopsyche（Miyakawa，1973），Athalia（Far00qi，1963），

dipteran Dacus trYOni（Anderson，1962）．　As Ando（1960）

described，the existence of the inner periplasm is pro－

bably related to the thickness of the periplasm．
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The intake of y01k spherules into the blastoderm

Cells′　aPPeared in pd．　paradoxa，is not so general，

though the similar phenomena occurin c01eopteran Epilach－

na vigintioctomaculata

Pteran Endoclita

（MiYa and Abe，1966）and lepido－

Signifer and E．　excrecens　（Ando and

Tanaka′　1980）．

Generally speaking，the early embryonic development

Of P．pryeri，Pd．paradoxa，B．laeviPeS and Bo，WeStW00di

SeemS tO be similar to those of other manyinsects．

ZV・External feature of embryos during middle and iate

development

Panorpa pryeri

Stage　2．　28－47　hr

At　28　hr after oviPOSition，the embryonic and extra－

embryonic areas differentiate in the uniform blastoderm．

The cells of the embrYOnic area（＝　Ventral piate）are ca．

12Jlmin height and their nuclei are ca・101ユmin diameter

（Fig・36）・　These of the extraembryonic area are　20　t0

2571m．in height，and their nuclei of ca．1571min diameter

are placed at the distal side of the ceils．　Extraembryo－

nic cells have many vacu0les（Fig．37）．　Although the

embryonic and extraembryonic areas differentiate in the

blastoderm′　in this stage the nuclei are located at the

Same intervals as those in the blastoderm stage．At　32　hr

after oviPOSitionT the mitotical figures are observed
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almost onlyin the embryonic area・

At　36　hr after oviPOSition，in the embryonic area

the cells roud to some extent and become　18　t0　20pm in

height，and their nuclei become smaller（ca・8Jユmin dia－

meter）′　though there are found onlYlittle changes in the

extraembryonic area．　Almost all of the mitotical figures

are also foundin the embrYOnic area．

At　45　hr after oviPOSition，the amniotic f01ds appear

at the anterior and posterior marginS Of the embryonic

area（Fig．38）．　At this time，the cells of the extra－

embryonic area are ca・3011m in height and their nuclei

are15　t0　20pm in diameter，and many nuclei are situated

at the inner or proximal sides of the cells．　The cells

Of the embryonic area scarcely alter morph0logiCally ex－

CePt for theincreasein their number．

At　46　hr after oviPOSition，the amniotic f01d appears

in the wh01e margin Of the embryonic area diminishing

in SiZe．　On the median line of the embryonic area the

Primitive gr00Ve OCCurS from the caudal end of the line

（F土9．39）．

Stage　3．　47－51hr

At　47　hr after oviPOSition，a Pear－Shaped germ band

is formed′　and thelarge part ofits ventrai sideis cover－

ed with the amnion（Figs．40′　41）．　It takes only ca．2

hr from the appearance of the amniotic f01d to the
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COmPletion of the pear－Shaped germ band．

At　49　hr after oviPOSition，the amniotic f01d spreads

further，　and the protocorm of the germ band elongates

backward along the egg surface andits caudal end takes a

levelindicated the arrow of Fig．42．

Stage　4．　51－60　hr

The amnion covers the ventral surface of the embryo

Perfectly，and there appears a notch in the center of the

anterior margin of the protocephalon（Fig．43）at　51hr

after oviPOSition．　The y01k cleavage beginS．

At　52　hr after oviPOSition，　a low protuberance′

Which is the rudimental labrum，becomes recognized at the

anteromedial part of the protocephalon．　The germ band

more elongates and reaches three quarters of the egg

Circumference（Fig．44）．

At　54　hr after oviPOSition，the labrum anlage beginS

to be a pair．　A pair of rudimental antennae appears′　and

each segment of the intercalarYl mandibler maXilla and

labium differentiates（Fig．45）．

At　57　hr after ovIPOSition，the length of the germ

band becomes longer than that of　52　hr，and a shallowin－

Vagination or developing StOmOdaeumis foundin the center

Of the protocephalon．　　Three thoracic segments become

distinguishablein thie stage（Fig．46）．
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Stage　5．　60－80　hr

At　60　hr after oviPOSition，the germ band attains

the length of five sixths of the egg circumference（Fig

48）・　The abdominal rudiment segments to ten metameres

and small paired thoracic appendages arise（Fig．47）．

At　70　hr after ovIPOSition，　CePhalic lobes of the

embrYO take a position on the anterior p01e of the egg

and the gnathal segments begin to gather（Fig・49）・

Stage　6．　80－100　hr

At　80　hr after oviPOSition，the anteriorward shift

Of the gnathal segments proceeds furtherl and the rudimen－

tal maxilla divides into the coxopodite and telopodite

（Fig・50）・　Paired tracheaiinvaginations appear from the

SeCOnd thoracic segment to the eighth abdominal segment

at the anter01ateral parts of the each segments．

At　90　hr after oviPOSition，　the future galea and

lacinia are formed from the inner side of the coxopodite

Of the maxilla（Fig．51）．　The thoracic appendages divide

into three segments，and smali paired processes appear on

the first eight abdominal segments（Fig．51）．　They are

arranged in a row with the anlagen of the thoracic

appendages and slightly increase in size during embrYOnic

development．　0n the lateral margin Of the first nine

abdominal segments rudimantal paired dorsal processes are

formed（Fig．52），and a pair of the futurelarval compound
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eyes becomes to make an appearance on the lateral side of

the embryonic head．

Stage　7．100－110　hr

At100　hr after oviPOSition，the head of the embryo

approaches to the completion morph0logically（Fig．　53）．

Each thoraci与：aPPendage consists of four segments as in

the first instar larva．　The spiraCles on the second and

third thoracic segments disappear，and a pair of new

SPiraCles appears at the poster01ateral parts of the

bases of the first thoracic．appendages（Fig・53）・

Paired processes，　1．e．，　rudiments of so－Cailed

abdominal legs develop on the ganglia of the first eight

abdominal segments　（Fig．54）．　The dorsal processes of

the first nine abdominal segments elongate，and a tip of

the process of the tenth abdominai segment is observed

beyond anallegs（Fig．53）．

Stage　8．110－120　hr

At l10　hr after oviPOSition，the embryo more elon一

gates and its caudal end almost touches its head（Fig．

55）．　From this time the y01k becomes to be consumed rapid－

ly，and at l16　hr after oviPOSition the embryo rev0lves

in the manner which twists sideways the posterior half of

its abdomen around the rest of the embryo（Fig．56）．The

dorsai closure of the embryo is completed without the
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first to the fifth abdominal segment．

Stage　9．120－150　hr

At120　hr after oviPOSitionl the embryo finishes the

rev0lution　（Fig．　57），　and the dorsal ciosure is also

finished at the dorsal side of the anterior half of the

abdomen．

At130　hr after ovIPOSition，the embryo almost gets

an appearance of the first instar larva，and an egg t00th

is formed on the top of the cranium（Fig．58）．

Stage10．　firstinstarlarva

The first instar iarva hatches at ca．150　hr after

OViPOSition・　Its body length is ca・3mm・　Characters of

the first instar iarva of P．pryeri are as f01lows；a

pair of compound eYeS Which consist of ca・thirty ommati－

dia in eachr Paired abdominal legs located on the first

eight abdominal segments／・Paired dorsal processes on the

first nine abdominai segments and a dorsal process on the

tenth abdominal segment（Fig．11）．

Panorpodes paradoxa

Stage　2．　32　hr　－　4　days

At　32　hr after oviPOSition，the blastoderm becomes

to thicken（Fig．59）especially near the posterior p01e

and this thick regiOn is the embryonic area　（＝　germ
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disk）．　＝n the area there are some cells which were

divided inwards from the blastoderm cells（Fig．60）and

they seem to be future germ cells．

At　40　hr after oviPOSition，Cells of the embryonic

area become higher and of the extraembrYOnic area lower

Or thinner（Fig．61）．　At this time，an aggregation com－

POSed of about a dozen of primary y01k cells is often

found in the center of the egg・　As development proceeds

the embryonic area commences to sink into the Y01k（Fig．

62）．

At　2　days after oviPOSition，the invaginating embryoN

nic area develops a sac－Shaped germ rudiment（Figs．63，

64）．　Nuclei of the extraembrYOnic area or serosa are

Stained deeper than those of the germ rudiment with hema－

toxyl土n（Fig．64）．

At　3　days after ovIPOSition，　the germ rudiment is

almost released from the egg periphery（Fig．　65）．　Zt

COntains the developing amnion and the embryo which s00n

beginS tO form the inner layer or mesoderm．　The y01k

Cleavageis observed．

Stage　3・　4－14　daYS

At　4　days after ovIPOSition，the germ rudiment is

COmPletely immersed in the y01k．　At　7　days the germ

rudiment or embryo takes a position of the center of the

e9g（Fig．66）．
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As development proceeds the embryo elongates and

approaches to the egg periphery again，　and at iO days

after oviPOSition the embryo touches the egg periphery

Withits protocephalon（Fig．67）．

Stage　4．14－19　days

At　12　days after oviPOSition，the embryo comes out

On the Y01k except for the posterior half of the protocorm，

but the segmentation of the embryo can not be seen in

this stage（Fig．68）．

At　16－17　days after oviPOSition，the embryo exposes

its figure on the y01k except for the fourth and f01lowing

abdominal segments　（Figs・　69，　70）・　A shallow pit or

future stomodaeum arises in the center of head lobes．

Stage　5．19－21days

At　19　days after oviPOSition，　anlagen of gnathai

and thoracic appendages make their appearance（Figs・71，

72）．　The embryo comes out with the posterior abdominal

half Qn the y01k，and this developing abdomen consists

Of ten segments．

At　21　days after ovIPOSition，the gnathal segments

Of the embryo commence to move forward′　and paired spira－

Cles are observed from the second thoracic to the eighth

abdominal segment（Fig．73）．
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Stage　6．　23－25　daYS

At　23　days after oviPOSition，the gnathal segments

become more compact than in the prior stage．　The spira－

Cles of the second and third thoracic segments disappear

and a pair of new spiraCles appears on the first thoracic

Segment（Fig．74）．　Paired swellings arise on the ventrai

surface of the first eight abdominal segments（Fig・75），

and they are arrangedin a row with the developing thora－

Cic appendages．　The swellings do not develop further・

At　25　daYS after oviPOSition，the head and caudal

end of the embrYO almost touch each other（Fig・76）and

itis］uSt before rev01ution．

Stage　7．　25－31days

At　25　t0　27　days after oviPOSitionr the rev01ution

occurs and the manner of the rev01ution is shown diagram一

maticallyin Figs・77r　78′　79・　The dorsal closure fini－

Shes shortly after the rev01ution．

Stage　8．　31－33　days

At　31days after oviPOSition，the embryo almost gets

an appearance of the first instar larva（Fig．80）and

gets an egg t00th on the top of the headl and stays in

the egg for one or two daYS・　As the hatching is coming

to，mandibular tips become fulvous．
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Stage　9．　Firstinstarlarva

At ca．33　days after ovIPOSition′　the first instar

larva hatches．　＝ts body length is ca．2mm（Fig．12）and

has no eyes．　On the medioventral line of the first eight

abdominal segments has a median minute process in each

One（Fig．13），and those of the first and second thoracic

SegmentS are eSPeCially mimute．　The newly hatched larva

bears relatively long setae，but has no dorsal processes

existingin p．pryeri．

BittacuslaeviPeS

Stage　2．　3－4　days

At　3　daYS after oviPOSition or shortlY after the

blastoderm completion，　a Part Of the blastoderm becomes

thick and forms a circular germ disk thatis ca．20011min

diameter（Fig．81）．

Stage　3．　4－20　days

At　4　days after oviPOSition，the germ disk widens

（Fig．82），and the germ disk or germ band becomes pear－

Shape at　5　days（Fig．83）．

As development proceeds the narrow germ band eion－

gates．　and at　9　days after oviPOSition it has a body

length of a fourth of the egg circumference（Fig．84）．
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Stage　4．　20－50　days

At　20　daYS after oviPOSition，head lobes of the em－

brYO become distinguishable（Fig．85），but the segmenta－

tion of the embryois not discernible．

At　25　days，　SegmentS from the intercalary to the

tenth abdominal are observed though indistinctlY，and a

Shailow pit or rudimental stomodaeum appears in the center

Of the head lobes（Fig．86）．　A pair of iabral rudiments

is formed．

At　35　days after ovIPOSition，the labral rudiments

increase in size and antennal anlagen occur（Fig．87）．

The rudimental stomodaeum invaginateS deeper．　The embryo

elongates to thelength of a half of the egg circumference．

At　45　days，　the paired labral rudiments begin tO

fuse，　and anlagen of the mandible，maXilla and labium

developin this stage（Figs．88．89）．

Stage　5．　50－65　daYS

At　50　daYS after ovIPOSition，the embyro elongates

and its length corresponds to three quarters of the egg

Circumference．　At the same time，anlagen of thoracic

appendages are discernible（Fig．90）．

At　55　days′　the labral rudiments almost fuse and the

OPening of the developing StOmOdaeum is hiden by them

（Fig．91）．　The anlagen of the thoracic appendages elon－

gate．
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Stage　6．　65－248　days

At　65　days after oviPOSition，the distal parts of

both rudimental mandibles turn medioventral，　and each

Pair of the developing thoracic appendages meets with

their apexes on the medioventralline of the embrYO（Fig．

92）・The embryo getsinto diapause at this stage．

Stage　7．　248－262　days

Although almost all embrYOS get into diapause at

about　65　daYS after oviPOSition，the time of the termina－

tion of diapause is difference between embryos to some

extent・　　The daY from the termination of diapause to

hatchingl howeverl is approximately regualrr SO that the

author set the day of the termination of diapause to the

248th day from oviPOSition for the convenience of f01low－

ing descriptions．

From　248　daYS t0　260　days after ovIPOSition，the

developing gnathal appendages shift their positions as

Shown in Figs・93194′　957　96・　The maxillary rudiment

differnetiates into two parts，i．e．，the lateral one is

the developing maXillary palp and the medial one is

further divided into the future galea and laciniar and

the labral rudiment diminishes in size and shifts medio－

VentrallY（Fig．95）．

At ca・250　days after ovIPOSition，Paired spiraCles
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appear from the second thoracic to the eighth abdominal

Segment，　and on the ventrai side of the abdomen there

appear two pairs of small processes in each of the first

eight abdominal segments．　The outer processes are arrang－

ed in a row with the rudimental thoracic appendages（Fig．

94），and the inner processes become so－Called abdominal

legs of the firstinstarlarvain future．

At　260　days after ovIPOSition，a Pair of new spira－

Cles appears on the first thoracic segment（Fig．96），but

those of the second and third thoracic segments dis－

appear・　Dorsai processes elongate and pairedlarval eYeS

are discernible（Fig．96）．

Stage　8．　262－268　daYS

At　262　days after ovIPOSition，the Y01k diminishes

in size（Fig．97），and the embryo rev01utes at ca．263

daYS after oviposition（Fig．98）．　After rev01ution，the

embryo finishes the dorsal closure．　The embryo puts its

Caudal end on anY Side of the head（Fig．99）and putsit

On the opposite side at about a dayiater（Fig．100）．

Stage　9．　268－270　days

At　268　days after oviPOSition，　the embryo almost

COmPletes morph0logically（Fig．101）．　On the cranium an

egg t00th and a small process are found・　The process is

made of a thickening of the ectoderm（Fig．102），and
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the author was not able to find innervations from the

brain to the thickening．

At half a day later，tips of the egg t00th and man－

dibles become fulvous，and the antennae and dorsal proces－

SeS bear fulvous at one or more daYSlater．

Stage10．　Firstinstarlarva

The first instar larva hatches at ca．270　days after

OVIPOSition，　and is ca．　3．5mm in length　（Fig．14）。

Paired larval eyes consist of seven ommatidia（Fig．15）．

Paired abdominal iegs are observed on the first eight

abdominal segments．　　Long paired dorsal processes are

Situated on the abdominai segments，　though that of the

tenth segment is single．　There are many clavate setae on

the body wall．

Boreus westw00di

Stage　2．

After the completion of the thin cellular blastoderm，

the elliptic embryonic area or ventrai plate which is

COmPOSed of vacu01ated cells differentiates　（Fig．103）．

The cells of its area are much thicker than those of the

extraembryonic one，and the lateral plates，and the middle

Plate whichlater becomes the inner layer are distinguish－

able in the anterior part of the embryonic area（Fig．
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104）．

Stag■e　3．

As development proceeds，a Pear－Shaped embryo appears

（Fig．105）and the ventral side of the embrYOis covered

With the thick amnion（Fig．106）．　The embryo elongates

and a notch appears in the center of the anterior margin

Of the protocephalon（Fig．107）．

Stage　4．

A shallow invagination which is the future stomo－

daeum first becomes evident in the center of the proto－

CePhalon，and the gnathal and thoracic segments are observ－

ed（Fig．108）．　The caudal end of the embryo is located

On the posterior p01e of the egg．

Stage　5．

The embrYO elongates andits abdomen consists of ten

SegmentS（Fig．110）．　The width of the last three abdomid

nal segments is narrower than that of prior segments．　At

the same time，Pairedlabral and antennal rudiments appear

in the protocephalon（Fig．109），and paired anlagen of

gnathal and thoracic appendages are also discernibie・

As development proceeds，the gnathal segments shift

forward and then the labial anlagen move medioventraliy

（Fig．111）・　The developing thoracic appendages are com－
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POSed of three segmentsJ and paired small swellings are

arranged in a row with the thoracic appendages on the

first eight abdominal segments（Fig．112）・

Larva

The larva is fat scarabaeiform or weevil larva－like

（Fig．16），and the first thoracic legs are smaller than

the other thoraciciegs・　Although thelarva has relativeiY

long setae，　there are no dorsal processes which occur

in P．pryeri and B． laeviPeS．

The middle andlate embryonic development of P・Pry－

eri，Pd．paradoxa′　B．laeviPeS and Bo・

rizedin Table　2　0n the f01lowing page．

V．Change of egg size and hatching

Panorpa pryeri，Panorpodes paradoxa

westw00di is summa－

and Bittacus laeviPeS

As for measurement of eggsr fixed eggs were always

employed．

The change of the egg size from oviPOSition to〕uSt

before hatching is shownin Fig・1131and outlines of the

newlylaid and ful1－grOWn eggS are drawn diagrammatically

in Fig・114・　The v0lume of the ful1－grOWn eggincreased

Ca．2．5　times large as that of the newly iaid one in P．

PrYeri，Ca．2．1times in pd．paradoxa，and ca．3．4　times

in B．laevIPeS．
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Table　2・Middle and late development of Par19fP早　Pryeri，

Panorpodes paradoxa，Bittacus laeviPeS and

westw00di

Boreus

　　 Stage

P．　 Pd．　　 B．　 B0． State　of　development

（1）　 3　hr （1） （1）　 10　hr （1）Pronuclei fuse．

22　hr 28　hr 3 days Blastoderm completes．

Embryonic area appears・（2）　28　hr （2）32　hr （2）3．5 days （2）

46　hr 3　days （3）　　 4 days （3）＝nner layer　differentiates．

（3）　51 hr （3）4 days 9　days Embryo is　covered　with　amnion．

52　hr 10　days （4）

25 days

（4）Labium appears．

Gnathal segments appear．（4）　54　hr （4）15 days

5■7　hr 17　days Thoracic segments appear。

Ten abdominal segments appear．（5）　60　hr （5）19　days （5）

70　hr 21 days （5）　 55 days Gnathal segments move forward・

Spiracles appear from t2 to a8．（6）　80 hr （6）　65 days
－

100　hr （6）23 days （7）260 days Spiracles appear on t1．

Embryo rev01utes．（7）116　hr （7）26 days （8）263 days

（8）120　hr ㌦　27　days 264　days － Dorsal closure　completes．

130　hr （8）31 days （9）　268 days Egg 七〇〇七h appears．

Larva hatChes．（9）150 hr （9）33 days （10）270 days

The parenthesized numberindicates the number of stage．

P・，P・Pryeri；Pd．．Pd．paradoxa；B．，B．laevIPeS；B0．．

B0．WeStW00di；tl， 2，first and second thoracic segments；

a8，eighth abdominal segment．
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The time of the hatching was roughlY Same in a same

egg ciuster in p．prYeri and Pd．paradoxa，though the time

Varies in a same cluster，and in some cases the difference

Of the time becomes about a month in B．laeviPeS．　The

larva cut the chorion with the egg t00th and came out

Of the egg in p．pryeri．　The newly hatchedlarvae often

eat the choria and also chopped insects in P．pryeri and

B・laevIPeS・　However the newIY hatched iarvae of Pd・

Paradoxa never eat the choria and chopped insects，SO

that they seem to be not carnivorous．

Discussion on this item

There are not so many reports on the change of egg

Size during the embryogenesis of mecopteran insects・Yie

（1951）Studied in detail the change of egg size in　三・

f0lsa・　According to him，　the egg v0lume　コuSt before

hatching gets ca．2．2　times large as that of the newIY

la土d egg．

The present data concerned with the rate of the

V01ume of the ful1－grOWn egg against the newly laid one

approximatelY agreed with the data obtainedin other meco－

Pteraninsects，for example，Ca．2．6　timesin p．nuptialis

（Byers′　1963），　Ca．　4　times in B．　stigmaterus　（Setty，

1931）and ca．3．5　timesin B0．nOtOPerateS（C00Per，1974）・

Gassner（1963）observed that the larva of P．nupti－

alis cut the chorion and came out from the egg as
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Observed in p．pryeri．　The first instar larva of Bo・

notoperates has no egg t00th and cut the chorion with the

mandible according to C00Per（1974）．

The fact that the newly hatched larvae of Panorpa

eat the chorion is already known　（Yie，1951；　Byers，

1963）．As for Bittacus′　however，this fact was confirmed

for the first t土mein B．1aeviPeS．

V＝．Formation ofinnerlayer and embryonic envelopes

Panorpa pryer土

Middle in Stage　2，the future middle plate andlate－

ral ones differentiate in the embryonic area，　and the

future amnion becomes discernible in the anterior part of

the embryonic area（Fig．115）．　Late in Stage　2，the

amniotic f01ds appear in the posterior and anterior mar－

ginS Of the embryonic area．　At the same time，Ce・1ls of

the embryonic area thicken a little near the posterior

P01e of the egg（Fig．116）．

As development proceeds′　the primitive gr00Ve arises

from near the posterior p01e of the egg，and reaches to

the posterior part of the protocephalon at Stage　3（Fig．

40）．　The amnion covers the large part of ventral surface

Of the embrY0．　The manner of formation of the amniotic

f01d is shown diagrammatically in Fig．117．The extraem－

bryonic area becomes the serosa．

At the beginning of Stage　3，　the amnion almost
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COVerS the embrY0．　At the same time，SeVeral cells of

the middle plate begin tO invaginate at the preoral

reg土on（F土9．118）．

Middle in Stage　3，the middle plate becomes multi－

Celllayers at the preoral region（Fig．119）．　At the post－

Oral regiOn，however，the inner layer formation alreadY

COmmenCeS in the manner of the invagination of the tubular

middle plate（Fig．120）．　S00n this tubular middle plate

beginS tO break．

Late in Stage　3，the ventral side of the embryo is

COmP01etely covered with the amnion′　and the primitive

gr00Ve reaChes to the anterior margin Of the proto－

CePhalon．　At the preoral regiOn，the multi－Ceil layered

middle plate invaginates as tubuiar－form（Fig．121）．　The

Primitive gr00Ve near the caudal end of the embryo beginS

to close．　At the end of Stage　3，the primitive gr00Ve

almost disappears at a wh01e regiOn Of the embry0．

Panorpodes paradoxa

Middlein Stage　2，the germ rudiILlent beginS tOinvag1－

nate into the y01k mass，and nuclei of the developlng

SerOSa are heavily stained with hematoxylin as mentioned

before（F土g．64）．

Late in Stage　2，　there occur the primitive gr00Ve

and inner layer on median line of the sac－like germ

rudiment（Fig．122）．　The serosa becomes thin（Ca．15pm）′
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though the amnion keeps the original thickness．

Middle in stage　3，the serosa becomes thinner（ca．

10Jユm），and the y01k spherules existing in cells of the

embryonic and extraembryonic areas disappear．

Late in Stage　3，the serosal celis become much thin－J

ner（Ca．51ユm）and their nuclei become flat（Fig．123）．At

the end of Stage　3，the developing amnion becomes membrane－

OuS（Fig．124），and the inner layer at the protocephalon

SPreads sidewaYS′　but the inner iayer near the．Caudal

end still keeps a tubular form．

BittacuslaevIPeS

Zn Stage　3，it is observed that cells on the median

line of the embryo pr01iferate inward（Fig．125），　and

these cells become to be theinnerlaYer Or meSOderm．

As deveiopment proceeds，theinnerlayer cellsincrea－

Se in number，and are found along the medianline of the

embryo from the anterior end to the posterior one at the

middle of Stage　3（Fig．126）．

BY the same time，the amnion covers the ventral sur－

face of the embry0．

Boreus westw00di

工n Stage　3，the middle plate which differentiated

in Stage　2　becomes a tubular form and invaginateS On the

medianline of the embryo（Fig．106）．
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At the same time，the ventral surface of the embryo

is covered with the vacu01ated amnion．　As development

PrOCeeds′　the tubular form of the middle plate breaks

down at the anterior part of the embryo（Fig・127），but

PerSistsin the posterior part of the embrY0．

Zn Stage　4′　the tubular form of the middle plate

finally disappears at the posterior part of the developing

embry0．

Discussion on this item

Johannsen and Butt（1941）classified the inner layer

formation of the pterYgOteS into f0110wing three tYPeS・

The first type is that the inner layer is formed by a

Sinking middle plate which will be converted into a

Sunken tube by the approach and fusion of the lateral

Plates．The second tYPe is that the inner layer is formed

by a sinking middle plate which is cut off from the

lateral plates．　The third tYPe is that the inner layer

is formed bY the inward pr01iferation of the cells along

the median line of the embrYO Without the differentiation

Of the middle plate．

The first tYPe is observed in many h0lometaboian

insects．　for example，　Megaloptera， Sialis mitsuhashii

（Suzuki，　Shimizu and Ando，1981），　Neuroptera，　Chrysopa

Perla　（Bock′　1939），　Trichoptera，　Stenopsyche　（Miyakawa，
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1974a），C0leoptera，Tenebrio m01itor（Ullmann，1964），Di－

Ptera，Dacus（Anderson，1962），etC・，andin some hemimeta－

b01an Hemiptera，主・三・，PYrilla perpusilla（Sander，1956）

and Gerris paluduminsuralis（Mori，1969）．

The second type is observed in Zsoptera， Kalotermes

flavic011is（Striebel，1960）′　Hemiptera，Oncopeltus faや亘－

卑tuS（Butt，1949）and Hymenoptera，Apis mellifica（Nelson，

1915）．

The third tYPe is reported in some hemimetab01an

insects，1．e．，　Odonata　（And0．

1889）　and Orthoptera， Locusta

1962），　Blatta　（Wheeler，

ratorioides

（R00nWal，1936），and some Symphyta of the Hymenoptera，

Pteronidea ribessii（Shafiq，1954）．＝tis generally thought

that the third type is more primitive than two former

types．

＝n the some Lepidoptera， Peiris rapae　（Eastham，

1927），　Heliothis zea　（Presser and Rutschky，1957）　and

Chilo suppressalis（Okada，1960），the type of the inner

layer formation differs at the parts of the embryo′　SO

that several embry010gists doubt the phylogenetic signifi－

CanCe aS tO the manner of the inner layer formation．

However it is also possible to regard the fact that the

differences in the inner layer formation occur as a sig－

nificant character for thoselepidopteran species・

Zn P．pryeri，Pd．paradoxa and B0．WeStW00di，the

inner layer is formed by the first type same as in P・
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COmmunis（W0lf，1961）and other many h0lometab0lans．　On

the other hand，in B．laeviPeS it is formed only bY the

third type．　Considering the little existence of theinner

layer formation by the third typein the H0lometab0la，it

SeemS that B．laeviPeS is more primitive than P．pryeri，

Pd．paradoxa and B0．WeStW00diin theinnerlayer formation．

Zn the psocopteran Liposcelis divergens（Goss，1953）

and lepidopteran Pieris　（Eastham，1927）　and Diacrisia

Virginica（Johhansen，1929），the developing amnion grows

by mitosis and covers the ventral surface of the embryo。

In P．pryeri and Pd．paradoxa，however，little mitoses in

the developing amnion were observed．

VH．Organogenesis

l．Ectodermal derivatives

i）＝nvaginations

a）Endoskeletons，Salivary and anal glands

Panorpa pryer土

Six pairs of ectodermal invaginations were observed

in the cephalognathal regionin this species（Fig・128）・

Namely，there appear the anterior and posterior tentoria，

extensor and flexor mandibular apodemes，maXillary apo－

demes and salivary gland．　Moreover the　ユabral apodeme and

anal gland appear singly on the medianline of the embryo・

Latein Stage　5，the pairedinvaginations of anterior

tentoria appear at the posterior parts of theintercalary
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Segment Or anter01ateral parts of bases of the mandibu－

lar appendagesr and paired invaginations of salivary

glands arise at the posteromedial parts of bases of the

labial appendages（Fig．129）．

Middlein Stage　6，the pairedinvaginations of flexor

mandibular apodemes arise at the poster01ateral parts of

bases of the mandibular appendages，and the pairedinvag1－

nations of posterior tentoria appear at the anter01ateral

PartS Of bases of thelabial appendages（Figs．130′131）．

At the same time，　tips of the invaginations of the

SalivarY glands become sac－Shaped at the second thoracic

Segment．

In Stage　7，maXillary apodemes begin tO invaginate

at the posteromedial part of bases of maxillary appenda－

ges．　The distal ends of the both posterior tentoria fuse

With each other and form a central body，and then distal

ends of the both anterior tentoria fuse with the central

bodY（Fig．132）．　The deveioping flexor mandibuiar apode－

mes become L－Shaped in the transverse section of the mid－

dle portion．　The rudiments of extensor mandibular apode一

mes arise at the anterior parts of the madibular bases・

The openings of the rudimental salivarY glands fuse with

each other forming a common duct．　From there，the forkedノ

ducts extend to the third thoracic segment，and the sac－

Shaped distal ends occupY the first and second abdominal

SegmentS．
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At the same time，a Shallow invagination which is

the rudiment of the median labral apodeme is formed at

the dorsocentral point of the clype01abral suture／and

the other shallowinvagination which also makesits appea－

rance between the ninth and tenth abdominal segments on

the medioventral line．

Middle in Stage　7，the medianlabral apodeme becomes

deeper（Fig．133），and fromits distal end muscies extend

poster土orly．

Middle in Stage　8，the developing anal gland becomes

deeper andits surrounding mesodermal cells begin tO dif

ferentiate into muscles and fat bodies，but the depth of

the medianlabral apodemeis same asin the prior stage・

Fig・134　Shows the endoskeletons of the firstinstar

larva diagrammaticallY．　Only the tentoria directlY COn－

tinue with the cuticle of the cranium（Fig．135）．　The

maxillary apodemes indirectlY COnneCt With the labium

through the membraneous zone or conコunCtiva・The mandibu－

lar apodemes only connect with the con］unCtiva located

between the mandible and cranium（Fig．136）．

The anal gland of the first instar larva is often

SurrOunded with fat bodies（Fig．137）．

Panorpodes paradoxa and BittacusiaeviPeS

工n Pd． Paradoxa and B．laeviPeS，Six pairs of ectoder－

malinvaginations with tw0　0ther singie ones at the similar
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regiOnS Of embrYOS are found asin p．pryeri．

Zn Pd・Paradoxa，eCtOdermai invaginations arise at

the end of Stage　4　Without a labral apodeme and anal

gland which are formed in Stage　6．　The lumen of the

gland of the first instar larva is filled with the cyto－

Plasm of the gland celis．

＝n B．laevIPeS．　eCtOdermal invaginations begin tO

appear at the end of Stage　5　Without a labral apodeme and

anal gland which arise at the end of Stage　7・　The anal

gland of the first instar larva has a lumen as in P．

pryeri．

In Bo・WeStW00di，the anal gland was not found in

the larva．

Discussion on this item

At the cephalognathal regiOn，four pairs of the ecto－

dermal invaginations appear in manyinsects，yil・，Odo－

nata，　Epiophlebia　岳uperstes　（Ando′　1962），　Trichoptera，

Stenopsyche（Miyakawa，1974b），Lepidoptera，Pieris（East－

ham′　1930）′　HYmenOPtera，Apis（Nelson，1915），etC．　The

Paired anterior tentoria invaginate from the posterior

Part Of the intercalarY Segment Or the anterior margin Of

the mandibular segment・　The mandibular apodemes appear

at the posterior part of the mandibular segment・　＝n the

C0leoptera，LYtta Viridana（Rempel and Church，1971），Tene－

辿（Ullmann，1967），Diptera，Chilo（Okada，1960）and三・
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PrYeri，tWO Pairs of mandibular apodemes，主・三・′　fiexor

and extensor mandibular ones appear・

The paired posterior tentoria arise at the posterior

Part Of the maxillary segment or the anterior part of the

labial segment，　but they appear at the anterior part

Of the maxillarY Segmentin Locusta（R00nWal，1937）．

Eastham　（1930）　considered that the arrangement of

CePhalic apodemes f01lows a metameric sequence，and this

View is generallY aCCePted．　There are，however，　SOme

disputes concerned with the association of some apodemes，

especiallY the anterior tentorium，With particular seg－

ments．

Eastham　（1930）　and Ullmann　（1967）　maintained that

the anterior tentoria are derived from the antennal seg一

ment，　because they observed that the invaginations of

anterior tentoria appeared at the posterior part of the

antennal base．　　Okada　（1960）′　and Rempel and Chruch

（1971）associated this tentoria with the intercalary seg一

ment，and the author agrees with them in p．pryeri，Pd．

Paradoxa and B．laevIPeS，because the anterior tentorial

invaginations never arise at the base of the antennae．

Rempel and Church　（1971）　found the paired labral

apodemes in Lytta and suggested the possibility of the

appendicular nature of thelabrum．　Thelabral apodeme of

P．pryeri，Pd．paradoxa and B．laevIPeS，however，deve－

lops singly from its appearance，　SO that this apodeme
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SeemS nOt tO be the true one being a mark of the metamerism．

The centrai body of the tentorium is derived from

the posterior tentorial invaginations in the odonatan

Tanypteryx pryeri（Ando′　1962），Locusta（R00nWa1，1937）p

Tenebrio　（Ullmann， 1967）and Lytta（Rempel and Church，

1971），　Or from the anterior tentorial invaginations in

the c01eopteran Calandra oryzae （Tiegs and MprraY，1938）。

The formation of the central bodY is the same as in the

former groupin p．pryeri，Pd．paradoxa and B． laevIPeS．

Rempel and Church（1971）associate the extensor man叩

dibular apodeme with the antennal segment in Lytta・　The

author could not determine the association of the extensor

apodemer because the invagination of the apodeme appears

between the anterior part of the mandibular base and the

POSterior part of the antennal base・　Consideringr how－

ever，that only one pair of the ectodermal invaginations

is allowed to be basically associated with one segmentin

the cephalognathal region（Eastham，1930；Matsuda，1965；

Ullmann，1967）′　the extensor mandibular apodemes should

be associated with the antennal segmentr because the

flexor apodeme is associated with the mandibular segment，

and the anterior tentorium is associated with the interca－

iary segmentin p．pryeri，Pd． Paradoxa and B． 1aevIPeS．

The existence of the anal glandis unknownininsects

Without in p．pryeri，Pd． Paradoxa and B． laeviPeS．　The

anal glands of some c01eopteran insects appear in the
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epidermis of the rectum（Snodgrass，1935）and are a diffe－

rent organ from that of the mecopteraninsects．　The anal

glands of P．pryeri，Pd．paradoxa and B． laeviPeS Seem tO

have a spinal naturel because it arises as a single inⅧ

Vagination and has little glandular features at least in

the firstinstar stage．

b）Corpora allata and prothoracic glands

BittacuslaeviPeS

In Stage　7，there appears a pair of cell masses in

the ectoderm　コuSt in front of the invaginating anterior

tentoria（Fig．138）．　The mass consists of about a Ldozen

Cells which their cytoplasmis stained faintlY With eosin，

and this massis the rudimental corpus allatum．

At the end of Stage　7T the anlage of the corpus aila－

tum moves inward keeping a COnneCtion with the bodY Wa11

and is situated between the anterior tentorium，　flexor

mandibular apodeme and suboesophageal ganglion（Fig．139）・

Zn Stage　8，the rudimental corpus allatumloses its

COnneCtion with the body wallT and takes a position on

the side of the stomodaeum at the posterior margin Of the

Cranium of the embryo which is the same as that of the

firstinstarlarva（Fig．140）．

On the other hand，a Shallow ectodermalinvagination

becomes visible at the anterior margin Of the first thora－

Cic segment on the medioventral line at the end of Stage
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7．　The invagination deepens and passes between the deve卿

loping interganglionic connectives，　and the distal part

Of the invagination grows bilaterally and the cytoplasm

Of the parts becomes to be stained faintly with eosin

（Fig．141）．　These distai parts are likely to be future

PrOthoracic glands．

The author failed t0　0bserve the further development

Of these rudiments．　The prothoracic glands are found on

the connectives in front of the first thoracic ganglion

in the firstinstarlarva（Fig．142）．

Panorpa pryeri and Panorpodes paradoxa

＝n P・Pryeri，a Pair of cell masses appears at the

POSterior part of the intercalarY Segment Or in front of

the invaginations of the developing anterior tentoria

（Fig．129）．　The cell mass is composed of four to five

Cells which have nuclei p00rly stained with hematoxylin，

and this cell mass seems to be a future corpus allatum．

The author could not f0110W the further development

Of the corpora allata．

The corpora allata of the first instar larva of

these species are located　〕uSt behind of the corpora

Cardiaca（Fig．169）．

Discussion on this item

The origin Of the corpora allata is generally con－
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Sidered as ectodermal（Nelson，1915；Eastham，1930；R00n－

Wal，1937；Ando′　1962；　etC．），though Tiegs and MurraY

（1938）suggested that the corpora allata are derived from

the antennal coelomic sac，1．e．，meSOdermal origin in

Calandra．

The original segment of the corpora allatar howeverl

SeemS tO be not fixed，namelyis associated with theinter－

Calary segment in p・Pryeri and B・laeviPeS；With the

mandibular segment in dragonflies　（Ando′　1962），Pieris

（Eastham，1930），Chilo（Okada，1960）；Or With the maxil－

lary segment in Apis　（Nelson，1915），Oncopeltus　（Dorn，

1972），Lytta（Rempel，Heming and Church，1977），Stenopsy－

⊆立至（Miyakawa，1974b）．

The developing COrPOra allata are surrounded with

the cellular sheath derived from the antennal mesoderm in

Locusta　（R00nWal′　1937），　but

Observedin p．prYeri，

this phenomenon was never

Pd．paradoxa and B． laevIPeS．

The corpora allata of P．pryeri and Pd．paradoxa

finally become to be close together with the corpora cardi－

aca，and this fact is als0　0bservedin Chiio（Okada，1960）′

Oncopeltus　（Dorn，1972） and Lytta　（Rempel，　Heming and

Church，1977）．

The prothoracic giands are generally derived from a

Pair of invaginations formed at the posteroventral margin

Of the labial segment or the anteroventral margin Of the

first thoracic segment（Okada，1960；Ando，1962；Miyakawa，
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1974b）．　The prothoracic glands of B．laevIPeS Seem tO be

derived from a single invagination and have some doubts

about its foとmation．　Recently，however，Rempel，Heming

and Church（1977）reported that the prothoracic glands of

Lytta are derived from a single invagination at the

labial－PrOthoracic intersegmental regiOn On the medioven－

tral line as in B．

C）Tracheae

Panorpa pryer土

laeviPeS．

Latein Stage　5，Paired tracheaiinvaginations become

evident（Fig．143）On the second thoracic segment to the

eighth abdominal segment．　They locate at the anter0lat－

eral parts of bases of the developing SeCOnd thoracic

appendages and comparable regiOnS Of each of f01lowing nine

SegmentS．　These invaginations are shallow．however the

SPiraCles disappear，and a pair of new spiraCles is found

ヒhan others and grow anteriorly．　Middle in Stage　6，the

tracheal rudimentsin the mesothorax begin to fork（Fig．

144）′　While the other invaginations possess the original

depth．

Zn Stage　7，the mesothoracic tracheal rudiments elon一

gate into the gnathal segment，and then their openings or

SPlraCles disappearl and a pair of new spiraClesis found

On the posterior part of the prothorax（Fig．53）．These

new spiraCles seem to be anteri01y shifted spiraCles of
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the mesothorax．　because the tracheal invaginations are

never found on the pro－　and mesothoracic segments at

OnCe，　and the tracheal invaginations on the prothorax

already have long branched tracheal trunks from their

first appearance．　The openings of the trachealinvaginaq

tions on the metathorax become to be vestigial．　Each of

tracheal invaginations connects with those of the ante－

rior and posterior segments bY Stage　8．　Late in the

Stage，the proximal parts of the tracheal invaginations

COmmenCe tO form rudimental atriums．　The openings of the

tracheal invaginations on the metathorax finally close，

though vestigial tracheal trunks contact with the inner

Side of the bodY Wall（Fig．145）and the connections are

Observed also in the first instar larva．

＝n Stage　9r the developing atriums become chitinousp

and those of the firstinstarlarva have chitinous compart一

ments around the openings（Fig．146）．

Panorpodes paradoxa and Bittacus laeviPeS

The tracheal formation of Pd．paradoxa and B．lae－

VIPeSis similar to that of P．prYeri．

＝n Pd．paradoxa，iate in Stage　5，Paired tracheal

invaginations appear on the mesothoracic segment to the

eighth abdominai segment，andin Stage 7　in B．laeviPeS．

A pair of tracheal invaginations shifts from the mesotho－

racic segment to the prothoracic one in stage　6　in pd．
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Paradoxa and late in Stage　7　in B． laeviPeS．While the

OPenings of the tracheal invaginations on the metathoracic

Segment disappear．　The vestigial tracheal trunks of the

metathoracic segment，　however，　are COntaCting with the

inner side of the metathoracic body wall in the first

instar larvae of pd・Paradoxa and B・laeviPeS aS in P・

Pryer土．

Discussion on this item

The embryonic development of the tracheal systemis

investigated in detail by Ando（1962），and Rempel and

Church（1972）．

The paired tracheal invaginations at first arise on

the mesothoracic segment to the seventh or eighth abdo一

minal segment of the embryosin manYinsects．for example，

in the Odonata　（Ando′　1962），　Locusta　（R00nWal，1937），

Siphonaptera，Ctenocephalides felis（Kessel，1939）′　聖辺長一

brio（Ullmann，1967），P．pryeri，Pd．paradoxa and B．1ae－

VlpeS・

＝n Locusta　（R00nWal，1937），　the spiraCles of the

meso－　and metathoracic segments migrate forward as develop－

ment proceeds，and finally the former is located at the

PrO－　and mesothoracic intersegmentai zone，and the latter

at the posterior margin Of the mesothoracic pleuron．

工n the h01ometab01an embryos，the migration of the

mesothoracic spiraCles to the prothoracic segmentis known
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in Ctenocephalides　（Kessel′　1939），　Lytta　（Rempel and

Church，1972），P．pryeri，Pd．paradoxa and B．laevipes′

SO that the prothoracic spiraCles of these species are

apparently originated from the mesothoracic segments，and

this fact supports Matsuda－s view　（1970）　that in the

H01ometab0la，Hthe anterior thoracic spiraCle has shifted

its position anteriorlY from・the primitive position on the

mesothoraxH．

Snodgrass（1935）suggests thatin the adult of aptery－

gote Japygidaer Hetero］aPyX gallardil the spiraCles of

the thorax do not correspond in their position to those

Of the abdomen，　SO that the thoracic spiraCles are not

SeriallY hom010gous to the abdominal spiraCles．

The thoracic spiraCles′　however，Of P．pryeri，Pd・

paradoxa and B．laeviPeS are aPParentlY arrangedin a row

With the abdominal spiraCies during the embryonic stage，

therefore the author believes that the thoracic spiraCles

are serially hom010gous to the abdominal ones．

＝n the hymenopteran Apis（Nelson，1915）and Athalia

（Far00qi，1963），a Pair of tracheal invaginations arises

in the maxillary segment in the embryonic stage，and in

Apis，traCheal trunks in the head are derived from these

invaginations．　However in P．pryeri， Pd．paradoxa and

B．laeviPeS thoseinvaginations were never observed・

During the embrYOgeneSis，the spiraCles of the meta－

thoracic segment disappear，and the onlY VeStigial tra－
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Cheal trunks connect with the inner side of the bodY Wall

in the firstinstarlarvaein p．pryeri， Pd．paradoxa and

B．laeviPeS．　The same fact is reported bY Rempel and

Church（1972）in LYtta．

Zn the mecopteran Nannochoristidae， Choristella phil－

POtti（Pilgrim，1972），there are nonfunctional and vesti－

gial spiraCles on the metathoracic segment in the larval

Stage，　and this fact seems to suggest the primitive

nature of this species from the result of the present

Study．

ii）Oenocytes and trichogen cells

Panorpa pryer土

Zn Stage　7，there are found paired cell masses in

the ectoderm at just posteromedial positions of the spira－

Cles of the first eight abdominal segments．　These celi

masses are stained p00rly with hematoxylin and consist

Of four to five cells which are large in size（ca．20pm）

and have large nuclei（ca．1011m in diameter）（Fig・147）・

These cell masses are the rudimental oenocytes．　On the

Other hand．there are als0　0bserved paired cell massesin

the ectoderm at the medial parts of bases of the deve－

loping dorsal processes on the first nine abdominal seg－

ments．　These cell masses consist of ten to twelve celis

Which have the similar characters as appearedin the rudi－

mental oenocytes．　　　Moreover there arise paired cell
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masses in the ectoderm at the lateral parts of bases of

the developing abdominal legs of the first eight segments・

These cell masses contain five to six cells which have

the similar characters as the rudimental oenocytes．

Late in Stage　9，all of these cell masses become to

be stained much lighter with hematoxYlin，and theY are

Situated at almost original positions contacting with the

inner side of the body wall in the first instar larva・

During the embryogenesis′　Celi divisions of the oenocYteS

Were neVer Seen．

On the other hand，　there are observed some cells

Which have larger nuclei（Ca．157lmin diameter）and cyto－

Plasmic processes toward the body surface．　They are the

rudimentai trichogen cells．

Panorpodes paradoxa and BittacuslaeviPeS

In Pd・Paradoxa，the rudimental oenocYteS aPPear aS

Paired celi masses in the ectoderm at　コuSt POSterOmedial

Part Of the spiraCles of the first eight abdominal segq

ments in Stage　5（Fig・149），andin Stage　7in　旦・lae－

Vipes（Fig．148）．　Zn Pd．paradoxa，this cell mass con一

Sists of seven to eight cells and the nuclei of the cells

are　5　t0　6pm in diameter and slightly larger than those

Of the surrounding ectodermal cells．

＝n B．laeviPeS，this cell mass contains about ten

Cells which are stainedlightlY With hematoxylin and have
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large nuclei（ca・7Jlm in diameter）．　At the same time′

rudimental trichogen cells become apparentin the ectoderm

Of the body wall，and the oenocytes are stiii found in

the first instar larvae in pd・Paradoxa and B． laevIPeS

as in P．pryeri．

The oenocyte－like cell masses which are found at the

both sides of the rudimental oceonocytes in P．pryeri are

never found through the embryonic stage in Pd．paradoxa

and B． laeviPeS．

Discussion on this item

The oenocytes appear in the ectoderm at the poster0－

medial parts of the spiraCles on the first seven or eight

abdominal segments in many insects，i．e．′　the orthopteran

Locusta　（R00nWal，　1937），　neurOPteran Chrysopa　（Bock′

1939），lepidopteran Diacrisia　（Johannsen，1929），　C01eop

Pteran EurYOP＿与 terminalis（Paterson，1932），dipteran Aedes

aegypti（Raminani and Cupp，1978），etC．　Zn P．pryeri，

Pd．paradoxa and B．laeviPeS， the manner of the oenocyte

formation is the same as in the above mentioned species．

The existence of the oenocyte－like cell masses found at

the both sides of the oenocytes in p．　pryeri may be

unknownin otherinsect embrYOS．

In P．pryeri，Pd．paradoxa and B．laevIPeS， it seems

that the oenocytes does not increase in number during the

embrYOnic stage，but they increase in number in Euryope
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（Paterson，1932）．

The rudimental trichogen cells newly appear at the

Stage When oenocYteS are formed，and the nuclei of trich0－

gen cells are larger than those of the oenocytes in p．

PrYerir Pd・Paradoxa and B・laevIPeS・　These characters

Of the trichogen cells are als0　0bserved in Chrysopa

（Bock．1939）and Diacrisia（Johannsen，1929）．

iii）Nervous system

a）Ventral nerve cord

Panorpa pryeri

Latein Stage　4　0r at the beginning of Stage　5，neurO－

blasts are discernible in the ectoderm of gnathal and

f011Owing segments on both sides of the medioventral line

Of the embryo（Fig．150）．　These cells are easily distingu－

ished from the surrounding ectodermal cells′　Since they

are stained lightiY With hematoxylin，large in size（Ca．

20Jlm）an’a have large nuclei（10　t01271m in diameter）．

There are about ten neuroblasts on each side of the seg一

ment in the thoracic regiOn．　At the same time，there

appears a shallow furrow along the medioventral line，and

itis the rudimantal neural gr00Ve・

Late in Stage　5，the number of neuroblasts increases

to fifteen to twenty on each side of the thoracic segment・

Zn Stage　6，　the neuroblasts repeat mitoses and pile up

inward two rows of daughter cells which become the future
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ganglion cells．　The peripheral daughter cells become to

be slightly flat and cover the developing ganglia（Fig・

151）．

On the other hand′　the neurai gr00Ve deepens and the

ectodermal cells of the medioventral line become to be

Situated between the developing ganglia．　TheY are the

rudimental median cord．　As development proceeds，in the

developing median cord／there occur three to four cells

Which are stained iightlY With hematoxylin and have iarge

nuclei（ca．10pmin diameter）（Fig．152）．　They are similar

to the neuroblasts as to the above mentioned characters

and are foundin each of segments．

Middle in stage　6，　the paired developing ganglia

begin tO COnneCt With each other by two commissures′

though by onlY One COmmissure in the mandibular segment・

The neuroblast－like cells of the median cord seem to

Participate in the formation of the giial elements（Fig・

153）．At the same time，the peripheral daughter cells

mentioned before begin tO be membraneous，and seem to be

the developing neurilemma．

Each ganglion in which the neuropiles do not Yet

differentiate is connected with adjacent ganglia by two

connectives．　The median cord aimost loses its connection

With the ventral epidermis．　At the interganglionic reg1－

OnS，median cord cells do not particiPatein the ganglion

formation and degenerate during thelate embryogenesis．
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Latein Stage　6，the gangiia of the mandibualr，maXil－

lary andlabiall and of the eighth to the tenth abdominai

SegmentS begin tO gather・　＝n Stage　71these ganglionic

COnCentrations further proceed，　and the former forms a

large suboesophageal ganglion at the posterior part of

the head，and thelatter forms alarge synganglion at the

eighth abdominal segment・

Panorpodes paradoxa，BittacuslaeviPeS and Boreus westw00di

The formation of the ventral nerve cordin pd．parah

doxa and B． laeviPeS is basically the same as that of P・

PrYeri．　In Pd．paradoxa and B．laeviPeS′ at the end of

Stage　4，neurOblasts are distinguishable in the ectoderm

Of the gnathal and f01lowing segments on both sides of

the medioventral line（Fig．154）．　Zn each of thoracic

and abdominal segmentsl there are about a dozen neurobla－

StS On eaCh side of the segment，and severallarge cells

Of the median cord seem to take part in the glial element

formationin pd．paradoxa and B．laeviPeS aS 土n p．pryer土．

Zn Stage　6，the gnathal ganglia start gathering toge－

ther，and the same tendency is observed in the eighth

to the tenth abdominal ganglia of Pd．paradoxa and B．

1aevlpeS．

Zn B0．WeStW00di，neurOblasts are discernibie in the

gnathal and f01lowing segments at the end of Stage　4，and

about ten neuroblasts are counted on each side of the
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thoracic segments（Fig．155）．

b）Brain

Panorpa prYeri

Late in Stage　4′　there arise three pairs of the

PrOtOCePhalic ectodermal bulges（Fig．156）in which there

are found some round cells′　namely neuroblasts・

Middle in Stage　5，the neuroblasts increase in num－

ber and are stainedlightlY With hematoxylin（Fig．157）．

These neuroblasts begin tO form the tissues of lobus l′　2

and　3　0f the future protocerebrum．　At the same time，

Paired neuroblast masses of which the future deutocerebrum

are found in the ectoderm at both sides of the developing

StOmOdaeum．　On the other hand′　a Pair of neuroblast mas－

SeS aPPearS in the intercalary segment，and these masses

develop to the future tritocerebrum．　Fig．158　shows dia一

grammatically the distributions of the ganglia and

mesodermal cells of the cephalognathal regiOn in this

Stage．

Middle in stage　6，the neuroblasts of thelobus l′　2

and　3　produce alarge number of daughter cells by division

and these lobi begin tO be free from the protocephalic

body wall．　　There is also a pair of small neuroblast

masses at the median parts of the innermost lobi，namely

lobi　3，and these masses seem to be lobi　31（Fig．159）．

The lobus l，2，3　and　3－　fuse with each other to form the
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future protocerebrum′　and at this time，this developing

PrOt0－1deuto－　and tritocerebrum become to connect with

neighbors．　The optic plate differentiates in the protoce－

Phalic body wall connecting with thelobusl（Fig・160）・

＝n Stage　7，the pairedlobi　3　are connected by the

COmmiSSure，　and the connective also appears between the

PrOtO－　and deutocerebrumr and neuropiles are formed in

the developing brain・　The lobus l differentiates into

the proximal and distal parts（Fig．161），and the former

is the future medulla，　and the latter is the future

lamina ganglionaris．The commissure of tritocerebrumloca－

ted beneath the developing stomodaeumis formed（Fig・132）・

Zn Stage　9，the brain of the embryo reachesits com－

Pletion・　ln the upper part of the lobus　21there arise

two to three round cells which have large nuclei（Ca・

2071min diameter）．　These nuclei arelittle stained with

hematoxYlin and contain a few particles stained with

eosin・　Regarding their positionr they are probably consi－

dered as globuli cells of the corpora pedunculata・At the

Same time，the innervations are found from the deutocere－

brum to the antennae，and also from the tritocerebrum to

the frontal ganglion．

＝n the lobus l，about a dozen cells which are stain－

ed slightly deeper with hematoxYlin than surrounding

Cells are discernible at the distal margin Of the meduila

（Fig．162）．　Their cytoplasmis stained darkly with eosin
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in the firstinstarlarva・　Fig・163　shows diagrammatica1－

iy the brain of the firstinstarlarva．

Panorpodes paradoxa，BittacuslaeviPeS and Boreus westw00di

In B．laeviPeS′　there are three pairs of the protoq

CePhalic bulges middle in Stage　4．　Late in the stage，

neuroblasts appear in the protocephalic ectoderm・　The

f01lowing embryonic development of the brainl including

those of Pd．paradoxa， is basically the same as those of

P．pryerl．

In Pd．paradoxa，neurOblasts appearin the protocepha－

lic ectoderm late in Stage　4，　and in Stage　5　in Bo・

westw00di．

C）Stomatogastric nervous system

Panorpa pryer土

Middle in Stage　5，three evaginations first become

apparent along the mediodorsal line of the developing

StOmOdaeum（Fig．164）．　The future stomatogastric nervous

SyStemis derived from these three evaginations・

Middle in Stage　6r the evaginations eiongate forward

along the stomodaeal r00f（Fig．165）．　The rudiment of

the frontal ganglion arises from the anterior evaginationl

those of the recurrent nerve and the hypocerebral ganglion

are derived from the median and posterior evaginations

respectively・　As development proceedsl the tubular form
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Of the evaginations beginS tO break down．

工n Stage　7，the developing frontal ganglion migrateS

forward，　and the nerve fibers are formed within the

frontal and hypocerebral ganglia，　and recurrent nerve．

The anlagen of the corpora cardiaca begin tO differentiate

from the anteroventral part of the developing hYPOCerebral

ganglion whichis situated near the bottom of the develop－

ing stomodaeum（Fig．166）．

Middle in Stage　7，the openings of the anterior two

evaginations close，　and then that of the posterior one

also closes．　Middle in Stage　8．the rudimental corpora

Cardiaca begin to shiftlaterally（Fig．167）．

＝n the first instar larva，the corpora cardiaca are

iocated at the poster01ateral parts of the hypocerebral

ganglion（Fig．168）．　There observes a pair of paracardiac

nerves which run forward from the anterior ends of the

COrPOra Cardiaca．　0n the other hand，the corpora allata

unite withl the posterior ends of the corpora cardiaca

（F土g．169）．

Panorpodes paradoxa and BittacuslaeviPeS

工n Pd． Paradoxa and B．laeviPeS the stomatogastric

nervous sYStem is formed from the three evaginations

Which arise at the stomdaeal r00f in the beginning of

Stage　5（Fig．170）′　and the formation of the sYStem is

fundamentally the same as that of P．pryeri．
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Discussion on this item

The embryogenesis of the brain in p．prYeri，Pd．

Paradoxa and B．laeviPeS is similar to those observed in

Other insects　（R00nWal，1937；　Kessel，1939；And0．1962；

MiYakawa，1974b）．

Zn Tenebrio（Ullmann，1967），the neuroblasts do not

appearin thelobusl or the opticlobe through the embryo－

genesis．　The neuroblasts′　however，aPParentlY arise in

the lobus l in P．pryeri，Pd．paradoxa and B．laeviPeS．

Furthermore Ullmann　（1967）　States that the lobus i is

derived from the ectodermal invagination，and the same

manner of the lobus l formationis knownin Lytta（Rempel，

Heming and Church，　1977），　though in p．pryeri，Pd・

Paradoxa and B．laeviPeS the lobus l is never derived

from the ectodermalinvagination as observed above mention－

ed species．

The stomatogastric nervous sYStem OriginateS from an

evagination of the stomodaeal r00fin　堅主9P叫ebia　（Ando，

1962）．　Howerver in Chilo（Okada，1960）and Aedes（Rami－

nani and Cupp，1978）．　no evaginations appear and the

SYStem is derived directly from the epipharyngeal r00f．

Zn P．pryeri，　Pd．paradoxa and B．laeviPeS，the sYStem

OriginateS from three evaginations of the stomodaeal r00f

as known in many other insects（R00nWal，1937；Tiegs and

Murray，1938；　Ullmann，1967；Rempel and Church，1969；
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Miyakawa，1974b）．

As for the embrYOgeneSis of the ventral nerve cord，

there are two problems．　The first is the particiPation

Of the median cord in the glial element formation，and

the secondis the origin Of the neurilemma．

Baden（1936）suggested that the median cord partici－

PateS in neither ganglionic formation nor other organic

formation，and degenrates．　＝t seems to be the general

View．however，that the median cord takes part in the

formation of the glial elements or neuropiles　（Okada，

1960；Springer，1967；Springer and RutschkY，1969；Miya－

kawa，1974b；etC．），and the result of the present study

SeemS tO agree With this view．

As for the origin Of the neurilemma，there are three

Views′　主・・三・，the firstis thelateral cord origin（Nelson，

1915；Eastham，1930；R00nWal，1937；Ando′　1962；Ashhurst，

1965），the second is the median cord origin（Tiegs and

Murray，1938；Okada，1960）．and the thirdis the mesoder－

mal origin（Baden，1936；Larink′　1969）．　Zn P．pryeri，

the peripheral ganglionic cells derived from the lateral

COrd seem to form the neurilemma．

iv）Sense organ　－larval eyes

Panorpa pryer土

Middle in Stage　6，at the lateral body wall of the

embryonic head′　rudimental optic plates become evident，
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and they are thicker than surrounding ectodermal parts

and connected with rudimental postretinal fibers of lobi

l．　　Simultaneously the cell arrangement of developing

OPtic plates begin to beirregular（Fig．160）．

＝n Stage　7，rudiments of the retinular and Semper’s

Cells differentiate in the developing OPtic plates，and

CrYStalline cones are formed bY the SemperTs cells（Fig・

161）．

Middie in Stage　9，the developing CryStalline cones

become conspicuous（Fig．171），because theY are nOt Stain－

ed with hematoxylin or eosin．　Rudimantal rhabdoms are

descernible beneath the crystalline cones．　On the surface

Of the developinglarval eyesl thereis a corneal zone of

l t0　1．5ノユm－thick secreted by the corneagenous cells or

Primary pigment Cellsl and a basement membraneis distingu－

ishable．　As development proceeds．the cornea thickens to

Ca・6Jlm－thick in maximum and that of the first instar

larva shows slightly biconvex（Fig．172）．　Judging from

its staining character，the cornea is dividedinto three

layers．　The outer laYer，Ca・411m－thick′is transparent，

the middle layer r Ca・lJユm－thick′　is stained with eosin

and the inner layer is stained with hematoxYlin．The eYeS

located near the posterior parts of the antennal bases

COnSist of about thirty ommatidia severally・　An ommatidium

has four Semperls cells and eight retinular cells．
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BittacuslaevIPeS and Panorpodes paradoxa

Zn B．laeviPeS，　the rudimental postretinal fiber

appears beneath the developing OPtic piate middle in

Stage　5．　The cell differentiation occurs in the optic

Plate which beginS tO thickenin Stage　7．and the develop－

ing crYStalline cones are discerniblein Stage　8．

The components in an ommatidium of the first instar

larva（Fig・173）are simiiar to thosein三・PrYeri・

工n Pd． paradoxa， a rudimental postretinal fiber elon－

gates from the lobus l of the protocerebrum to the future

OPtic plate at the end of Stage　4　0r the beginning of

Stage　5（Fig．174）．　Zn Stage　6，the rudimental optic

Plate slightlY thickensl though no cell differentiation

is observed．　Late in this stage，however，the postretinal

fiber degenerates and the optic plate has no connection

With the lobus l，and then the optic plate becomes again

thin（Fig．175）．　As a result，the first instar larva of

Pd．paradoxa has n01arval eyes．

Discussion on this item

GenerallY SPeaking，larvae of the h01ometab01an in－

SeCtS have lateral ocelli or stemmata（Snodgrass′　1935；

Paulus，1979），　and the embrYOgeneSis of the stemmata

SeemS tO be fundamentally classifiedinto two types．　The

first type is that the formation of the stemmata is

accompanied with the ectodermal invagination of the deve－
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loping OPtic plate，andinvaginated ectodermal cells diffe－

rentiate into retinuiar cells of the stmmata．　This tYPe

is reportedin the coleopteran Hydrophilus（Patten，1887）・

The second tYPe is that without ectodermalinvagina－

tion of the optic plate，and the plate thickens and the

elements of the future stemmata including retinular

Cells occur within the developing OPtic plate．　This type

is known in the lepidopteran Ephestia kdhniella　（Bus－

Selmann，1935）and Heliothis（Presser and Rutschky，1957）′

and the mecopteran P．prYeri and B． laeviPeS，and more－

OVer the compound eye formation of the hemimetab01an

insects，1．e．， Epiophlebia　（Ando，1957）　and Oncopeltus

（Butt，1949）belongs to this type．　The insects included

in the second type are divided into two groups further。

The first group has a typiCal ommatidium which has four

Semperls cells and eight retinular cells／and Epiophiebia

and Oncopeltus and other hemimetab01an insects belong to

this type（Snodgrass，1935）．　The second group includes

the stemmata which has three Semper－s cells and seven

retinular cells　（Ephestia，　Busselmann，1935； Hel土oth土S，

Presser and Rutschky，1957）．

The ommatididm of P．communis（Bierbrodt，1942），P．

Pryeri and B．laeviPeS has four Semper■s ceils and eight

retinular cells′　SO that they should be included in the

first group of hemキmetabolan insects．　　Paulus　（1979）

SuggeStS that the stemmata of the second group mentioned
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above is modified from the ommatidium of the hemimetab0lan

insects・　Accordingly the larvai eyes of P・ COmmunis，P．

Pryeri and B．laeviPeS are thought to be more akin to

those of the hemimetab01ans than those of the c01eopte－

rans on the manner of its development，and than those of

the lepidopterans on the degree of the modification of

the ommatidia．

Zn Pd．paradoxa，the first instar larva has no eYeS，

this fact already observed bY　＝ssiki（1959），and this

Character seems to be not palingenetic．but caenogenetic

judging from the embryogenesis．

2）Mesodermal derivatives

i）Segmentation of inner layer，formation of coelomic sac

and differentiation of splanchnic and somatic mesoderm

Panorpa pryer土

Zn Stage　4，meSOdermal cells of the preoral regiOn

iie scattered in the protocephalic lobes　（Fig．156）．

Those of the gnathal segments begin t0　1ie segmentally

and expand laterally（Fig．176）before the segmentation

Of the embryonic ectoderm while there exists a layer of

mesodermal cells‘at the intersegmental regiOnS．　＝n the

POSterior part f01lowing the gnathal segments，however，

the segmentation of the mesoderm does not yet occur in

this stagel and the primarY median mesoderm still distri－

butes on the medioventral line of the embrYO・　The mes〇一
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dermal cells of caudal end of the embrYO eXistin alarge

mass（F土9．187）．

＝n Stage　5T the segmentation of the mesoderm finally

reaches to the tenth abdominal segment・　Simultaneously

paired coelomic sacs appearin thelateral sides of each

segment from the mandibular to the third abdominal segment

（F土9．150）．

Middlein Stage　51COelomic sacs of the tenth abdomi－

nal segment are formed finally・＝n the part anterior to

the mandibular segmentr coelomic sacs are found onlY in

the labral and antennal regiOnS・　Fig・158　shows dia一

grammaticallY the distribution of the mesodermal cells

and coelomsin the cephalognathal regiOn．

Zn Stage　6，the ventral wall of the coelom beginS tO

extend and lines the ectoderm of the embrYO・

As development proceeds，　the celis of the coeiomic ventrai

Wall scatter and become rudimental somatic mesodermal

Cells（Fig．151）．　At the same time，the mesodrmal celis

Of the dorsal wall persist their original cell arrangement，

and theY are the future splanchnic mesoderm．

Panorpodes paradoxa，Bittacus laevIPeS and Boreus w竿St－

W00dl

Zn Pd．　paradoxa and B．laeviPeS，meSOdermal cells

distribute from the anterior end to the posterior end of
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the embrYO（Figs．126，177）middle in Stage　3，and in

Stage　4，the segmentation of mesoderm beginS before the

ectodermal segmentation of the embrY0．

In Pd・Paradoxal late in Stage　41Paired coelomic

SaCS are formed in each of the gnathal and f01lowing

SegmentS／andin Stage　5in B・laeviPeS・　＝n the cephalic

regiOn，　COelomic sacs of the antenna and labrum are

found，and in the abdominal segment the paired coelomic

sacs are discernible in each of ten segments in the both

SPeCies（Fig．178）．

The coelomic sacs of the gnathal and thoracic seg－

ments commence to differentiateinto the developing SOmatic

and splanchnic mesoderm in Stage　5in Pd・Paradoxal and

in Stage　6in B．laeviPeS．

In B0． WeStW00di，the primarY median mesoderm migra－

tes laterally in Stage　4・　As development advances／the

Segmentation of the mesoderm occurs in the gnathal and

thoracic segments before the ectodermal metamerization of

the embry0．

Late in Stage　4′　the coelom formation begins（Fig・

155），and the wall of the coelom differentiates into the

SOmatic and splanchnic mesodermin Stage　5．

Discussion on this item

The segmentation of the mesodermis generally prior

to the metamerization of the ectoderm of the embryo（Johan－
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nsen and Butt，1941；Ando′1962；Rempel and Chruch，1969）

and itis also truein p．prYeri，

PeS and B0． WeStW00di．

Pd．paradoxa，B．laevi－

Concerning the differentiation of the somatic and

SPlanchnic mesoderm，the splanchnic one arises from the

COelomic dorsal wall，　and the somatic one occurs from

the ventral wall in general　（Nelson，1915；Bock．1939；

Luginbill．1953；Sander，1956；etC．），and the differenti－

ation is undergone in the same way in P・Pryeri，Pd・

Paradoxa，B．laevIPeS and B0．WeStW00di．

＝n the Hemimetab0la，　COelomic sacs often appear in

the labral，antennal，intercalarY and three gnathal seg－

ments in the cephalognathal region（Mellanby，1936；R00n－

Wal，1937；Ando′　1962），andin the embrYOnic abdomen theY

are found as far as the tenth（Ando，1962）or eleventh

abdominal segment（R00nWal，1937）．

On the other hand，in the several H01ometab0la，COelo一

mic sacs of the intercalary segment disappear（Trichopte－

ra，Miyakawa，1974C；Lepidoptera，Eastham，1930；Shphona－

ptera，Kessel，1939），and furthermore coelomic sac’S of

the mandibular and maxillary segments disappear in the

c01eopteran Calandra（Tiegs and MurraY，1938）and hymeno－

Pteran Athalia（Far00qi，1963）．　Zn the trichopteran Steno－

PSYChe（Miyakawa，1974C）and siphonapteran Ctenocephalides

（Kessel，1939），COelomic sacs of the tenth abdominal seg－

ment do not appear during the embrYOnic development．　＝n
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P．prYeri，Pd．paradoxa，B．laevIPeS and B0．WeStW00di

COmParing with the hemimetab01an insects，Only the coel0－

mic sacs of the■intercalary and eleventh abdominal seg－

ments disappear，SO that in a point of the coelomic sac

development，meCOPteran insects seem to possess the more

Primitive character than those of h01ometab01an insects

mentioned above．

ii）CirculatorY SYStem

a）Aorta

Panorpa pryer土

Middle in Stage　6，meSOdermal cellslocated near the

bases of the rudimentary antennae become membraneous and

begin to elongate backward in the embryonic head（Fig。

179）．　This membraneous structure is to be a rudimental

aorta．

Zn Stage　7，the developing aOrta is found above the

StOmOdaeum though itis not Yet tubular（Fig．166）．　Mid－

dle in Stage　8，the aorta gets a tubular form（Fig．167）・

As development proceeds，　the tube　（Jf the rudimental

aorta grows backward and meets with the developing heart

Or dorsai bl00d vessel at the first thoracic segment．

＝n Pd．paradoxa and B．leaviPeS，　the formation of

the aortais undergonein a similar process as in p．pry－

erl．
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b）Heart，Pericardial cells′　dorsal diaphragm and bl00d

Cells

Panorpa prYeri

＝n Stage　6，median mesodermal cells situated on the

Ventral nerve cord migrate laterallYr and there remains a

Small amount of mesodermal cells on the ganglia．　Simul－

taneousIY，　amOng the mesodermal ceils on the ganglia

there appear a few cells stained p00rlY With hematoxYlin

（Fig．151）．　They are rudimental bl00d cells．

Zn Stage　7，　there are observed the cells having

large nuclei（Ca．6Jユm in diameter）stained lightlY With

hematoxYlin are discernible at the lateral margin Of the

SOmatic mesoderm of thoracic and f0110Wing segments（Fig．

180）．　They are the rudimental cardioblasts．

Middle in Stage　8，they change a crescent form in

the transverse section．　A few cells or future pericardial

cells locate at the lateral side of the abdominal cardio－

blast（Fig．181）．　Several cells of the somatic mesoderm

existing at the ventral side of the developing SPlanchnic

muscles become to be less stained with hematOXylin，and

are arranged in a row（Fig．181）．　They are considered

to be the future dorsal diaphragm．

Zn Stage　9，the tubular heart appears on the medio－

dorsal line of the embryo from the first thoracic to the

ninth abdominal segment．　The vacuolated pericardial cells
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（Fig・182）are observed especiallY at the lateral sides

Of the heart from the second to the ninth abdominal

Segment，and in the same segments the well developed dor－

Sal diaphragm exists．

Fig．183　shows the heart，Pericardial cells which

are associated with fat bodies，and the dorsal diaphragm

at the intersegmental regiOn between the second and third

abdominal segments in the firstinstar larva．　The dorsal

diaphragm contacts with the bodY Wall onlY at the inter－

Segmental regiOnS．　The pericardial cell has often two

nuclei stained faintly with eosin，and its cYtOPlasm is

little stained with hematoxylin．　　Fig．184　shows the

heart and its muscles，and ostial valves which exist in

each segment from the fourth to the eighth abdominal

OneS．　The bl00d cells are found especially in the head．

heart and its circumference．

Panorpodes paradoxa and BittacuslaeviPeS

＝n Pd．paradoxa，Cardioblasts first become discerni－

ble at the lateral marginS Of the somatic mesoderm of the

thoracic and abdominal segments late in Stage　5　（Fig．

185），andin stage　6in旦・ laeviPeS．

Zn Stage　7，　the nuclei of the cardioblasts become

Slightly large and are less stained with hematoxylin

in B．laevipes（Fig．148）・

Zn Pd・　Paradoxa and B．laeviPeS′　bl00d cells are
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derived from the scattered median mesodermal cells，　and

the formation of the pericardial cells and dorsal dia－

Phragmis essentially the same as those of P．pryeri．

Discussion on this item

Zn Stenopsyche（Miyakawa，1974C），the aortais formed

from the labro－antennal coelom，and in Locusta（R00nWal，

1937），PYrilla（Sander，1956）and Epiophlebia（Ando，1962）

the aorta is derived from the antennal coelom．　　The

Origin Of the aorta of P．pryeri，Pd．paradoxa and B・

laeviPeS is the same as that of Locusta，Pyri11a and

Epiophlebia．　The cardiobl8．StS Originate from thelateral

edges of the somatic mesoderm，and the dorsal diaphragm

OriginateS from the dorsal side of the somatic mesoderm

in manY insects　（Eastham，1930；　R00nWal，1937；　Ando′

1962；Miyakawa，1974C，etC．）and P．pryeri，

and B． 1aevlpeS．

Pd．paradoxa

As for the pericardial cells，they are derived from

somatic mesodermal cells located at the lateral side of

the cardioblasts in Locucta（R00nWal，1937）and Melanoplus

（Kessel，1961），and they arise from the first thoracic to

the eighth abdominal segment．　Zn P．pryeri，Pericardial

Cells appear associating with cardioblasts as in Locusta．

TheY，however・do not appear in the thoracic segments・

The bl00d cells of P．pryeri，Pd．paradoxa and B・

laeviPeS Originate from the scattering primarY meSOdermal
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Cells as in peiris（Eastham， 1930），Chrysopa（Bock′1939），

Pimpla turionellae（Bronskill，1959），Chilo（Okada，1960）

and Stenopsyche（Miyakawa，1974C），however in Epiophlebia

（Ando，1962）and Gerris（Mori，1969），the bl00d cells are

formed from the secondarY median mesodermal cells which

migrate from thelateral mesoderm．

iii）Suboesophageal bodies

Panorpa pryer土

Middle in Stage　5，meSOdermal cells belonging tO the

intercalarY Segment are located beneath the developing

midgut rudiment which elongates backward from the blind

end of the stomodaeum．　As deveiopment advancesl the celis

become to be apocytes（Fig．164）andless staied with hema－

toxylin，　and they are of the rudimentai suboesophageal

bodies．　Then they migrate backward accompaning with the

invagination of the rudimental anterior tentorium．　At

first they locate on the ventral side of the stomodaeum，

then they surroundit．

＝n the first instar larva，the suboesophageal bodies

SurrOunding the stomodaeum are observed at the posterior

regiOn Of the cranium．　During the embryogenesis，the

mitoses of the suboesophageal bodies are never found．

Panorpodes paradoxa and BittacuslaeviPeS

Zn Pd．paradoxa，the suboesophageal bodies develop
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from the mesodermal cells the intercalarY Segment at the

beginning of Stage　5，and in Stage　7in B．laevIPeS，and

theY SurrOund the lateroventral side of the stomodaeum at

the posterior end of the cranium in the first instar

larvae。

Discussion on this item

The suboesophageal bodies are found in the orthoN

Pteran，　Plecopteran，isopteran，mallophagen，　C01eopteran

and lepidopteran insects　（Johannsen and Butt，1941）。

AIso′　they are known in the Trichoptera（Patten，1884；

Miyakawa，1974C）and Diptera（Okada，1960）．

Patten（1884）suggested that the origin of the sub一

〇eSOPhageai bodies is endodermal．　Other many embrY010－

gists′　however，rePOrted that the bodies are mesodermal

in origin．　These bodies are derived from the mesodermal

Ceils of the mandibular segment in Locusta　（R00nWal，

1937），Melanoplus（Kessel，1961）and lepidopteran Bombyx

聖三主（Wada，1955）・　TheY are formed from the mesodermal

Cells of the intercalarY Segment in pieris　（Eastham，

1930）′　Calandra （Tiegs and MurraY，1938）′　Chilo（Okada，

1960）′　and Stenopsyche（MiYakawa，1974C）．

Rempel and Church（1969）reported that the suboeso－

Phageal bodies are derived from the ectodermal pr01ifera－

tion of the intersegmental regiOn between theintercalary

and mandibular segments in Lytta，namelY，eCtOdermal ori
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gin，and they emphasize the necessity for the re－eXamina－

tion of the origin Of suboesophageal bodies．

These bodies，however，Originate from the mesodermal

Cells which belong to the intercalary segment in p・

PrYeri，Pd．paradoxa and B．1aevlpeS．

In Bombyx（Toyama，1902；Wada，1955），the suboesopha－

geal bodies pr01iferate the bl00d cells．　The suboesopha－

geal bodies of P．prYeri， Pd．paradoxa and B．laevIPeS

Seem nOt tO ParticiPate in the formation of the bl00d

Celis，because the author could not find the mitotical

figures of those bodies during the embryogenesis as men－

tioned before．

iv）Gonads

Panorpa pryer土

in Stage　31there are observed several iarge cells

in the mesodermal cell mass of the caudal end of the em－

brYO（Fig．186）．　They seem to be rudimental germ cells・

Middle in Stage　4′　fifteen to twenty germ cells are

discernibie on the mesodermal cell mass of the tenth

abdominal segment（Fig．187）．　工n Stage　5，they begin tO

be round and less stained with hematoxylin，and migrate

forward with the development of the proctodaeum　（Fig．

188）．　Middle in Stage　5，they become to distribute from

the sixth to the tenth abdominal segment．　Middle in

Stage　61the germ cells located at the caudal end are
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SCattered，　and the center of their distribution becomes

to be in the seventh abdominal segment（Fig．189）．　At

this stage，One Or tWO germ Cells are observed on the

ridges of the somatic mesoderm，namely，rudimental genital

ridges in each of abdominal transverse sections　（Fig．

190）．　工n Stage　7，the distribution of the germ cellsis

limited to the sixth and seventh abdominal segments・

TheY become a pair of cell masses surrounding bY VaCu01a－

ted mesodermal cells．　　These vacu01ated cells become a

Cell strand which elongates backward from the germ cell

mass．　Middle in Stage　8，eaCh of the germ cell masses

becomes round，　and takes their position in the sixth

abdominal segment（Fig．191）．　They are almost the same

Shape to the gonads of the firstinstarlarva．

＝n the first instar larva，eaCh gonad contains ca・

120　germ cells andis stained deepiY With hematoxYlin and

eosin．　　The gonads and the ducts which run from the

gonads to the eighth abdominal segment are associated

with fat bodies．

Panorpodes paradoxa and BittacuslaevIPOeS

＝n Pd．paradoxa and B．laeviPeS，the manner of the

gonad formationis similar to that of P．pryeri．

The rudimental germ cells become recognizable as a

Cluster which contains about a dozen cells slightlylarger

than the surrounding mesodermal cells on the tenth abdomi－
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nal segment middle in Stage　4　in Pd．paradoxa，and in

Stage　5in B．laeviPeS （F土9．192）．

＝n the first instar larvar the gonads take their

POSition near the posterior margin Of the sixth abdominal

Segment in pd．　paradoxa，　and of the fifth abdominai

Segment in B．laeviPeS，and have short ducts at their

POSterior end．　Each gonadis composed of seven to eight

germ cellsin pd．paradoxa，and their cytoplasmis stained

faintlY With eosin．

In Bo． WeStW00di，about fifteen rudimental germ cells

are found on the mesodermal cell mass of the tenth

abdominal segment at the end of Stage　4．

Discussion on this item

Generally the germ cells make their appearance after

the gastrulation of the embryo in many insects，and the

POSition of the appearance is the anterior part of the

abdomen in BombYX（Miya，1958），Center Of the abdomen in

Ctenocephalides（Kessel，1939）and posterior part of the

abdomen in Epiophlebia（Ando，1962），Lytta（Chruch and

Rempe1，1971）　and Stenopsyche　（Miyakawa，1974C）．　　The

latter case is true for P．　pryeri，　Pd．　paradoxa，旦・

laeviPeS and B0．WeStW00di．

As development advancesr the germ cells spread their

distriubitonr namelyl from the sixth to the eighth abdomi－

nal segment in Bombyx（MiYa，1958），from the fifth to the
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Sixth in Epiophlebia（Ando′1962），and from the second to

the seventh in Stenopsyche（Miyakawa，1974C），though the

germ cells do not migrate from the orignial position in

Ctenocephalides（Kessel，1939）．

The germ cell strands on lateral sides of the embrYO－

nic abdomen metamerize temporarilY，and take their posi－

tion on each genitai ridge，then theY gather into a pair

Of cell masses，1．e．，　rudimental gonads　（Miya，1958；

Ando，1962；　Church and Rempel，1971；Miyakawa，1974C）．

The author，however，failed to find the temporary segmenp

tation of the germ cell strandin p．prYeri，

and B． 1aev土pes．

Ⅴ）Differentiation of muscles and fat bodies

Panorpa pryeri

Pd．paradoxa

＝n Stage　6，COelomic sacs of the each segment begin

to break down and differentiateinto the somatic and splan－

Chnic mesoderm．　＝n Stage　7，amOng the somatic mesoderm，

there are the cells which have somewhat fibrous shape，

and their cytoplasm is stained lightlY Wi．th eosin（Fig．

147）．　　They are developing mioblasts．　At the same time，

there are also found the cells which commence to migrate

from the somatic mesoderm into the developing ePineural

SinuS　（Fig．147）．　TheY are the rudimental fat bodies．

As development advances′　the rudimental fat bodies are

VaCu01ated and stained slightlY With eosin．
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＝n the first instar larva，fat bodies mainlY aSSOCi－

ate with the gonads，heart and midgut，and are observed

in the thoracic and abdominallegs．

Panorpodes paradoxa and BittacuslaeviPeS

In Pd．paradoxa，the differentiation of the rudiments

Of the muscles and fat bodies from the somatic mesoderm

OCCurS at the end of Stage　5，and middle in Stage　7in B・

1aevユpeS．

＝n P．pryeri，Pd． Paradoxa and B．laevIPeS，the diffe－

rentiation and formation of the muscles and fat bodies

are similar to those of many otherinsects（Nelson，1915；

R00nWal，1937；Bock，1939；And0．1962；Mori，1969；etC．）．

Thereforet there are no special discussions for thisitem・

Vi）　Musculatures of thoracic and abdominal segments of

first instar larvae

Panorpa pryeri

＝n the first instar larva，the main thoracic muscula－

ture is essentiallY the same in the three thoracic seg－

ments，　and the main abdominal musculature is also the

Same in each of the abdominal segments except for thatin

the caudal one．　Accordingly，Fig．193　shows the main

muscuiatures of the metathorax and first abdominal segment

for the convenience of the comparison．　The muscles of

the anallegsis shownin Fig．194．
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Discussion on this item

Zt is noteworthY that in the first eight abdominal

SegmetnSl there are the lateral muscles connecting to the

inside of small processes as before mentioned（See P・

23），and theY Seem tO be hom010gous with the thoracic

lateral muscles connecting with the bases of thoracic

legs（Fig．193，arrOW）．　No muscles concerning with the

anal legs are likelY tO be hom010gous with those of the

thoracic and abdominal segments．

3．Alimentary canal formation

i）Stomodaeum or foregut

Panorpa pryer土

At the end of Stage　4，a Sharrowinvagination of the

StOmOdaeum appears in the center of the protocephalic

lobes（Fig．46）．　As development proceeds，the rudimental

StOmOdaeum elongates backward′　and its bottom appears

flat middle in Stage　6（Fig．165）．　Middle in Stage　7，

the developing StOmOdaeum further elongates and beginS tO

narrow，and the bottom slightlY eVaginateSinto thelumen

Of the rudimental midgut（Fig．133）．　Late in Stage　9，

the closing membrane which is the border between the

StOmOdaeum and midgut breaks and degenerates（Fig．195）・

An inf01ding of the distal end of the stomodaeum forms

the cardiac valve．
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＝n the first instar larva，along oesophagus f01lows

the pharYnX．and the proventriculus does not differentiate・

Panorpodes paradoxa，Bittacus laeviPeS，and Boreus west一

W00di

Zn Pd．paradoxa and B0．WeStW00di，a Sharrowinvagina－

tion of the rudimental stomodaeum arises in the center of

the head lobes late in Stage　4　（Figs．　70，108）′　and

middlein Stage　4in B． 1aev土pes（F土9．86）．

The further development of the stomodaeum of pd．

Paradoxa and B．laeviPeS is essentially the same as that

Of P．pryeri．　The proventriculus does not differentiate

in these species，t00．

ii）Proctodaeum or hindgut，and malpighian tubules

Panorpa pryerl

Middle in Stage　4′　an aPParentlY thickened amnion

COntinues for a length of about100pm from the posterior

end of the embry0．　The thickened amnion includes the

future dorsal wall and the blind end of the proctodaeum

（F土9．187）．

Zn Stage　5，the caudal end of the embryo beginS tO

Sink into the y01k′　and the mesodermal cells first cover

the lateral sides of the rudimental proctodaeum，and then

the dorsal　（Fig．188）．　　These mesodermal cells later

differentiateinto muscles surrounding the proctodaeum．
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Middle in Stage　5，　the developing PrOCtOdaeum is

approximately at right angie to the posterior part of the

embrY0．　Latein Stage　5，the blind end of the developing

PrOCtOdaeum becomes thin（Fig．196），and a sheet of the

midgut epithelial rudiment is found on it．　At the same

time′　three paired rudiments of the malpighian tubules

evaginate from the anterior end of the proctodaeal wall

（Fig．196），and are situated at the comparable l，3，5，

7，9　andll oTclock positions．

Middle in Stage　6，the developing PrOCtOdaeum elon－

gates forward and l00PS at its middle part．　The l00Ped

Part eXtends from the anterior end of the seventh abdomi－

nal segment，Where the blind end of the proctodaeum is

Situated′　tO the posterior end of the eighth abdominal

Segment．　Simultaneously，the malpighian tubules extend

up to the second abdominal segment and turn back to the

eighth one．　As development proceeds，the blind end of

the proctodaeum and the sheet of the midgut rudiment fuse

With each other，and form a thick closing membrane middle

in Stage　8．　Late in Stage　9，the pyloric valve appears

コuSt behind the proximal part of the malpighian tubuies，

and the duodenal valve appears at the posterior end of

the pYlorus．　　The closing membrane breaks down　］uSt

before hatching．　　The alimentary canal of the first

instarlarvais shown diagrammaticallYin Fig．197．
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Panorpodes paradoxa and BittacuslaeviPeS

The formation of the proctodaeum and malpighian tubu－

1es of Pd． Paradoxa and B．laeviPeS undergoes basically

in the same manner of that observedin P．pryeri．

The sinking of the developing PrOCtOdaeum into the

y01k beginS middle in Stage　4in pd．paradoxa，B．leavi－

PeS and B0．WeStW00di．　The three pairs of the rudimental

malpighian tubules occur from the blind end of the develop－

ing proctodaeum late in Stage　4in pd．paradoxa，andin

Stage　6in B・laevIPeS・　The developing PrOCtOdaeum has a

100Ped part middle in Stage　5in pd．paradoxa，andlate

in Stage　7in B．

i土⊥）Midgut

Panorpa pryer土

1aevlpeS．

Anterior midgut rudiment

At the end of Stage　4，a few pr01iferating cells in

the posterior wall of the invaginating stomodaeum are

distinctlY Observed・　The anterior midgut rudimant arises

from these cells（Fig．198）．

Zn Stage　5，from the wh01e regiOn Of the posterior

Wall of the developing StOmOdaeumt the anterior midgut

rudiment elongates backward between the Y01k and mesoder－

mal cells（Fig・199）．　The rudiment further develops bY

mitosis andit beginS tO fork atits distal end middlein

Stage　51but it is still a cell mass elongating from the
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POSterior stomodaeal wall．

As development advances／the rudiment separates bi－

laterally at its proximal regiOn Where it attaches with

the stomodaeal wall，and assumes the form of a pair of

ribbons．　The distal ends of the rudiments reach up to

the first thoracic segment．

Posterior midgut rudiment

Zn Stage　51the arrangement of mon01ayered cells at

the blind end of the future proctodaeum beginS tO be

irregularr and a few cells of the posterior midgut rudi－

ment appear there（Fig．188）・　As development proceeds′

these cellsincreasein number．　As a result，a multilayer－

ed cell mass of the rudiment is formed on the blind end

Of the rudimental proctodaeum．

Middle in Stage　5，　aS the developing PrOCtOdaeum

invaginateS deepIY，its blind end flattens．　Then the

Cell mass of the posterior midgut rudiment（Fig．196）

elongates anteriorly as a pair of ribbons owing to mitosis

as in the anterior midgut rudiment，and extends up to the

eighth abdominal segment．

Further deveiopment of midgut rudiments

Middlein Stage　5，the paired ribbons of the anterior

midgut rudiments reach up to the first thoracic segment，

and of the posterior midgut rudiments extend up to the
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eight abdominal segment・　The ribbons of both rudiments

elongate along the dorsal part of the coelomic sacs・

Zn Stage　61the ribbons of the anterior and posterior

midgut rudiments meet and fuse in the third or fourth

abdominal segmentl and as a result the rudiments continue

between the bottoms of the stomodaeum and proctodaeum・

Then the ribbons widen，COVering the ventral side of the

y01k′　and the splanchnic mesoderm f0110ws andlines them

（F土9．190）．

In Stage　71the ribbons become widerl and the ventral

exposure of the Y01k merely remains above the ventral

nerve cord（Fig．147）．　The splanchnic mesoderm commences

to thin and becomes bilayered／and the epineural sinusis

COnSiderablY enlarged above the ventral nerve cord′　aS a

result of the remarkable consumption of the y01k．

Middle in Stage　8，the midgut rudiments completely

COVer the ventral side of the y01k（Fig．200）．　As a re－

Sult of the growth of the dors01ateral wall of the

embryo，the midgut rudiments spread dorsallY．　Then they

fuse on the dorsal side of the Y01k，and the developing

midgut assumes a complete tubular form．

Middle in Stage　9，the midgut epithelial cells are

thicker on the dorsal side than on the ventral，and have

manY CytOPlasmic processes that later differentiate into

microvilli，in the distal parts of the cell（Fig．182）・

Many regenerative cells are foundin the thicker dorsal
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epithelial cells more thanin the ventral ones．

＝n the first instar larva，the epithelial cells have

manY VaCu01es，and morph010giCally differentiate in each

Of the four regiOnS Of the midgut，i．e．，RegiOn I－ZV

（Fig．197）・　＝n Region Z（Fig．201），the epithelial cells

are somewhat irregular in height　（20pm maximum）′　and

Region H or middle part of the midgut（Fig．202），they

are of uniform height（ca・20pm）．　＝n RegiOn HZ of the

midgut，　they show a characteristic shape　（Fig．　203）．

These cells（20　t0　5071min height）have no microvilli at

their round distal ends．　They seem to correspond to the

Celis of’TYPe H一　in the iarval midgut of P．communis

（Grell，1938）．　＝n Region IV，there are taller cells（20

t0　30pmin height）．

Panorpodes paradoxa，Bittacus 1aevlpeS and Boreus westw00di

The midgut formation of Pd．paradoxa and laeviPeS

is the bip01ar formation and proceeds princiPaily in the

Same manner aS that of P．pryeri as〕uSt mentioned．

The anterior midgut rudiment is derived from the

bottom of the invaginating stomodaeum middle in Stage　4

in pd・Paradoxa and B．laevIPeS′　and in Stage　4in B0．

WeStW00di（Figs．204′　205）．

The posterior midgut rudiment occurs from the blind

end of the developing PrOCtOdaeum middle in Stage　4　in

Pd・Paradoxa，and in Stage　5in B．
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WeStW00diit does not yet appearin the stage．

Zn the first instar larva of B．laeviPeS， the midgut

epithelial cells situated at the anterior part of the

POSterior half midgut have no microvilli．　TheY Seem tO

be comparable to these cells of RegiOn HZ in P．pryeri，

though their distal ends are not round．

Zn Pd・Paradoxal there are no epithelial cells which

Seem tO be comparable to the cells of RegiOn ZH of P・

Pryeri．

Discussion on this item will be giVen in”GENERAL

DZSCUSSZON AND CONCLUSION日．

4．The other structures and phenomena

i）Fate of embryonic envelopes

Panorpa pryer土

Zn　草tage　4，the edge of the amnion covered the ventral

Surface of the embryo beginS tO SPread laterally on the

y01k mass from the cephalic to the thoracic region（Fig．

206）．　工n Stage　5，the lateral spread of the orlginal

amnion occurs to the seventh abdominal segment　（Fig．

207）．　As development proceeds，the amniotic spread almost

COVerS the wh01e egg surface without the regiOn near the

Caudal end of the embryo（Fig．208）．　Middle in Stage　5，

the embryo and y01k mass are covered completelY With the

SPread amnion・　Consequently at this timer the y01k massis

COVered with the inner or dorsal amnion，　and the outer
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One Situated〕uSt beneath the serosa．　As the result of

the final fusion of the double amnions，a few round cells

Of the inner amnion separate from the caudal end of the

embrYO into the space between the outer andinner amnions

（Fig．209）．　Zn Stage　7，the inner amniotic cells on the

dorsal side of the egg become vacu01ated and thick，and

further thicken in Stage　8（Fig．210）．　This thickening

Part Of the inner amnion becomes undistinguishable at the

Stage Of the embrYOnic rotation．　＝n Stage　9，the inner

amnion disappears by the completion of dorsal closure of

the embrYO，but the outer amnion persists at the hatching．

Panorpodes paradoxa，BittacuslaeviPeS and Boreus westw00di

＝n Pd．paradoxa and B．laeviPeS，the formation and

fate of the inner and outer amnions are the same as those

Of P．pryer土．

The Y01k mass is completely covered with the inner

amnion middlein Stage　4in Pd．paradoxa，late in Stage　4

in B．laeviPeS′　andin Stage　5in B0．WeStW00di．　Zn B0．

WeStW00di，there observes a thickening of the serosa at

the anterodorsal part of the egg late in Stage　4（Fig・

211）．

Discussion on this item

As far as the author is aware，there are few papers

in which described on the differentiation of the inner
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and outer amnions・　＝n some c01eopteran insects′　三・旦・′

Brachyrhinus（Butt，1936），Apion apricans and P01ydrosus

SeriCeuS　（KrzYSZtOfowicz，1960）both amnions are found．

Therefore，the existence of the inner and outer amnions

SeemS tO be a character for the mecopteran P．prYeri，Pd．

Paradoxa，B．laevIPeS and B0．WeStW00di．

The similar phenomenon that the amnion covered a

Wh01e embryo persists till］uSt before hatchingis observ－

ed generally in the lepidopteran insects（Eastham，1930；

Presser and RutschkY，1957；　Okada，1960；　Anderson and

W00d，1968；Kobayashi，Tanaka，Ando and Miyakawa，1981；

etc．）．　Zn these lepidopteran insects．the amnion which

is comparable to the outer amnion of the mecopteran

insects mentioned above．　Zn the Lepidoptera the conti－

nuous amnion is formed as the result of completion of the

dorsal closure，and there remains the y01k in the space

between the amnion and serosa．　However this phenomenon

iS neVer Seen in P． Pryeri，Pd．paradoxa，B．laeviPeS and

B0．WeStW00di．　Although there are some differences of

the amnion formation in the lepidopteran and mecopteran

insectsl it seems to be a significant character for the

COnSideration on the relationship of these orders．

The partial thickening of the serosain B0．WeStW00di

resembles morph010giCally to the hydropyle cells or c01um－

nar serosa of the some heteropteran insects　（Cobben，

1968；Mor土，1969′1970；Madhavan．1973）．

－　95　－



ii）Formation of abdominallegs

Panorpa prYeri

Zn Stage　7，Small paired processes，Which consist of

ectodermal cell masses（Fig．212），first become evident

above each ganglion of the first eight abdominal segments，

and theY are anlagen of abdominal legs・　Middlein Stage

8，the paired ceil masses commence to protrude cytoplasmic

PrOCeSSeS On the ventral surface of the embryo（Fig・213）・

Zn Stage　9，the paired cytoplasmic processesincrease

in SiZer and several nuclei migrate from the proximal

part to the middle onein the develoiping abdominallegs

（Fig．214）．　As these nuclei move to the peripheral zone

Of the abdominal legs，a CaVity appears within the leg．

Fig．215　Shows the abdominalleg of the firstinstarlarva・

Panorpodes paradoxa and BittacuslaeviPeS

Zn B．laevIPeS，Paired smail cell masses′　namely，

rudimental abdominallegs become recognizable on the first

eight abdominal ganglia middle in Stage　7．　The further

development of the abdominal legs are essentiaily the

Same aS those of P．pryeri．

Zn Pd．　paradoxa，　there are observed no abdominal

legs during the embryonic development．　However a small

PrOCeSS is found at the center of the medioventral line

Of each of the first eight abdominal segments in the
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first instar larva．　　This small process is formed as

f0110WS．

Late in Stage　6，a Small cell mass in the ectoderm

arises at the positions as］uSt mentioned・　Middle in

Stage　7，these cell massses without those of the first

and second abdominal segments begin tO PrOtrude cYtOPlas一

mic processes on the ventral surface of the embrYO（Fig．

216）．

As development proceedsl theY elongater the nuciei

still stay at the proximal part of the processes・　Fig・

217　shows the process of the first instar larva／and the

process has several nuclei at the baseJ and their cYtOPlasm

is stained lightlY With eosin・　On the other hand′　the

PrOCeSSeS Of the first and second abdominal segments become

Small pouches．

Discussion on this item

＝n the H0lometab0la，larval abdominal legs，Pr01egs

Or PSeudopods are known in the Lepidoptera，Tenthredidae

Of the Hymenoptara and Blepharoceridae of the Diptera

（Snodgrass．1935；Matsuda，1976）．

The thoracic leg formation of the mecopteraninsects

StartS aS a Slight thickening of the ectoderm（Fig．218），

and the thickening are transformed into the evagination

Which is filled with subsomitic mesodermal cells　（Fig．

219）．　As development advances，lining mesodermal cells
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differentiate into muscles and fat bodies　（Fig．　220）．

The abdominal leg formation proceeds in the same manner

Of the thoracic leg formation mentioned above in the

lepidopteran Diacrisia（Johannsen，1929），hymeopteran　些主車重－

lia　（Far00qi，1963）　and dipteran Neocurupira chiltoni

（Cra土9．1967）．

On the other hand，the abdominalleg formation of P・

Pryeri and B・laeviPeS is conspiCuOuSIY different from

the thoracic leg formationl and the formation is rather

Similar to the development of trichogen cells・　These

POints seem to suggest that the abdominal legs of P・

PrYeri and B・ laeviPeS are Clearly different from the tho－

raciclegs．　Ando and Haga（1974）observed that no pleuro一

POdia occur in the embryos of P．pryeri and B． mastrillii，

and a pair of styliform appendages or abdominallegsis

formed in the each of the first to the eighth abdominal

SegmentS along the medioventral line of grown embryos・

TheYl howeverl did not refer to the hom0logy of the thora－

Cic and abdominal appendages．

＝n Pd・Paradoxar small processes on the medioventral

line of the larval abdomen are similar to the abdominal

legs，　tO SOme eXtent，in the manner of its formation．
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iii）Formation of anallegs and telson

Panorpa pryer土

Late in Stage　5，the wall　0f the developing PrOCt0－

daeum is very thick（Fig．196），and the thickness per－

Sists till Stage　7．　　Zn Stage　7，the boundary between

the posterior end of the tenth abdominal segment and the

PrOCtOdaeum becomes distinct（Fig．221）．　Middlein Stage

7，the wall of the proctodaeum commences to be thin ex－

cept for the posterior end of the abdomen or telson（Fig・

222）．　　At the same time，aS the ganglion of the tenth

abdominal segment migrateS forwards′　the posterior mar－

gin Of the segment becomes a f01d and surrounds the

telson（Fig．222）．　Late in Stage　7，the ectoderm of the

telson beginS tO be thinl and several mesodermal cells

which line the telson differentiate into muscles conne－

Cting with the distal end of the telson（Fig．223）・　Four

POSitions with which these muscles connect are thelateral

and dorsolateral sides of the proctodaeal opening，and

these points become ectodermal protrusions when develop一

ment proceeds・　They are the developing anal legs・　After

rotation of the embryoJ these protrusionsinvaginateinto

the body cavity・　　Discussions for this item will be

attempted later（See Chapter ZH，■Interpretation on the

metamerism in terminal regiOn Of the abdomen，in HGENERAL

D＝SCUSS＝ON AND CONCLUSIONH）．
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iv）Serosal cuticle

Panorpa prYeri

1n Stage　5，there is a very thin envelope stained

SCarCely with hematoxylin between the serosa and chorion

（Fig．224）．　tt is the serosal cuticle secreted by the

SerOSa．　Middle in this stage，it thickens slightlY and

has tw0　0r three layers stained faintlY With hematoxYlin

（Fig．225）．　＝n Stage　6，the cuticle composed of multi－

layers becomes ca．10pm－thick．　The serosal nuclei are to

be p00rlY Stained with hematoxYlin．　　＝n Stage　7，the

Cuticie is ca．15pm－thick′　and becomes　5　t01011m－thickin

Stage　9．　The serosal nuclei indicate degenerating fig－

ures，though the amniotic nuclei are relatively apparent

in Stage　9．　The cytoplasm of the serosal cells becomes

granular and stained faintly with eosin．　The serosal

Cuticle persists〕uSt before hatching．
、与。

Panorpodes paradoxa， BittacuslaeviPeS and Boreus westw00di

The serosal cuticle beginS tO be secreted late in

Stage　2in pd．paradoxa，middlein Stage　3in B．laevIPeS．

and in Stage　4　in B0．WeStW00di．　In Pd．paradoxa，the

SerOSal cuticle reaches to the maximum thickness in Stage

6（15Jlm），andin　旦・laevipesin Stage　5（ca・7Jlm）・

Discussion on this item

The serosal cuticle is observed in many insects，
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e．g．′　thysanuran
Pedetontus unimaculatus（Machida，198la），

Odonata　（Ando，1962），　Orthopteran Melanoplus　（Slifer，

1937），　Plecopteran PteronarcYS PrOteuS　（Miller，1940）′

hemipteran pyrilla　（Sander，　1956），　C01eopteran LYtta

（Church and Rempel，1971），etC．

As a r0le，it is considered that the serosal cuticle

PrOteCtS the egg together with the chorion．　＝n some Odo－

nata（Ando′　1962）and Pedetontus（Machida，198la，b），the

SerOSai cuticle becomes a virtual protective membrane，

because the chorion of these insects ruptures in the

later embryonic development・　The choriain p・PrYeri and

Pd．paradoxa do not rupture，but theY are SO thin and

frail，SO that the serosal cuticle in these species seems

to have an important r01e for the protection of the egg

COntentS．

Zn B．laeviPeS′　however，the chorion is very thick

（2571m in thickness）and itsj SerOSal cuticle is only a

half thickness of those of P．prYeri

Ⅴ）Embryonic diapause

BittacuslaeviPeS

and Pd．paradoxa．

Early in Stage　61the embrYO COmmenCeS tO diapause

for ca．180　days．　During the diapause，in the embryo no

development of organs or little mitotical figures，and

also no discernible consumption of the Y01k are observed・

Zn Stage　7，the embryo terminates the diapause，and the
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mitotical figures are foundin various regiOnS Of the em－

brYO，eSPeCiallYin the ectoderm of the developing PrOCtO－

daeum which beginS tO elongate remarkablY from this stage

（F土9．226）．

Discussion on this item

Zn Bombyx，　the embryo enters the diapause in the

Stage When the inner layer formation〕uSt StartS，and

Okada　（1971）　noted the r01e of the chorion as to the

COntr0l mechanism of the diapause．　Zn the orthopteran

Aulocara elliotti　（Visscher，1976），　the embrYO enterS

the diapause when the development of the central nervous

SyStem COnSiderably proceeds′　and she suggested that the

diapause seems to be contr01ed bY the brain－COrPOra Cardi嘘

aca complexin this species。

＝n B．laeviPeS．the diapausing embrYO has a relatived

ly developed brainr so that it seems to be possible that

the developing brain contr0ls the diapause of this species．

ー　102　－



GENERAL DISCUSSZON AND CONCLUSZON

The results obtained in the present studY have been

discussedin each of the formeritems．　Here，the subjects

COnSidered significant in the comparative embry0logY Or

morph010gy ofinsects will be further examined．

＝n this section，a term，Mecoptera will be used to

represent P．pryeri，Pd．paradoxa，B．laevipes and B0．

WeStW00diT and these species will be described bY the

names of the families to which they belong for the conveniⅦ

ence of the description when no confusion will be supposed．

Z．Alimentary canal formation

i．Stomodaeum and proctodaeum

The stomodaeum of the Mecoptera arises from a shallow

invagination in the center of the protocephalic lobes of

the embryo，and the manner of its formation is the same

as in many insects（Johannsen and Butt，1941；Anderson，

1972；Haget，1977）．　On the other hand′　in the Mecoptera

the thickened amniotic part of the embrYOnic caudal end

ParticiPateS in the proctodaeum formation．　　This for一

mation resembles to those in the Odonata（And0．1962），

hemipteran Oncopeltus、（Butt， 1949），　Pyrilla　（Sander，

1956），Siphonapteran Ctenocephalides（Kessel，1939），tri－

Chopteran Stenopsyche　（MiYakawa，1975）　and lepidopteran

Endocl土ta Signifer（Kobayashi，Tanaka，Ando and MiYakawa，

1981）．　However the proctodaeum formation in the Meco－
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Ptera，Which the future blind end of the proctodaeum orig14

nates from the thickened amniotic part，differs from those

in the above species．

＝n the Mecoptera，it is also interesting that the

Pyloric valve is situated just behind the openings of the

malpighian tubules，because the valve is generally found

between the posterior end of the midgut and openings of

the malpighian tubules（Snodgrass，1935）．As Grell（1938）

SuggeStS in the larva of P．communis，the existence of

the duodenal valve，Which is situated at the posterior

end of the pYlorusI SeemS tO be also the characteristic

Of panorpid larvae，and the same is true for the Panorpo－

didae and Bittacidael though the simiiar structure is

Seenin the cockroach，Blatta orientalis（Henson，1944）．

2．M土dgut

ln the apterYgOteinsects （C01lemb0la，Tetrodontophora

bielanensis，Jura，1966；MicrocorYPhia， Pedetontus，Machida

and Ando′1981），the midgut epithelium is wh011Y derived

from the y01k cells or vitellophages，thoughin the Thysa－

nura s．str．，LepISma SaCCharina（Sharov．1953），both ends

Of the midgut epitheiium are ectodermal in origin，i．e．，

the anterior end of the midgut originateS in the cells

derived from the posterior end of the stomodaeum，and the

midgut posterior end is formed with the cells derived

from the proctodaeal anteiror end．
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＝n the Odonata（And0．1962），the epithelium of the

midgut is formed by the Y01k ceils except those of both

ends of the midgut，therefore the both ends are ectodermal

in origin asin Lepisma（Sharov，1953）．

＝n some hemimetab01ans，the midgut epitheliumis form－

ed bY the cells or the outgrowths of the stomo－　and

PrOCtOdaeum，namelY，bip0lar formation（Hemiptera，Oncopel－

tus．　Butt，1949；　Pyrilla，　Sander，1956），　and the Y01k

Cells particIPate tOgether with the ectodermal bip0lar

formation of the midgut epithelium in the psocopteran

Liposcelis（Goss，1953）and embiopteran Haploembia s01i－

eri．（Stefani，1961）．　＝n the hemipteran Gerr土S　（Mor土′

1976），however，the midgut epithelium is formed only by

the y01k cells．

＝n the h01ometab01an insects′　aS reViewed by Haget

（1977），the midgut epithelial formation is basicaily bi－

P0lar（Neuroptera，Chrysopa，Bock′1939；C01eoptera，Phylq

lophaga fervida，Luginbill，1953； HYmenOPtera，Mes01eius

tenthredinis′　Bronskill，1964；Trichoptera，　StenopsYChe，

Miyakawa，1975；Lepidoptera，BombYX，Miya，1976）．　＝n the

Mecoptera，the formation is bip01ar and commences as s00n

as the invagination of the stomo－　and proctodaeum．　Zt

OCCurS in early developmentai stage than in the above

mentioned h01ometab01an species・　However it is known

that the formation beginS in more early stage in the

Siphonapteran Ctenocephalides（Kessel，1939）and dipteran
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Dacus（Anderson，1962）．　Although there are some diffe－

rences in the time of appearance of the midgut rudiments

in these species，they are ectodermal in origin，and the

bip01ar formation of the midgut seems to be general in

the h01ometab01an embryogenesis．

There are some insects that show the bip0lar forma－

tion of the midgut，　but the inner layer　（mesodermal）

Cells take part in the formation of the midgut rudiments．

For example，the megalopteran Sialis lutaria（Strindberg，

1915），　C01eopteran Donacia crassiPeS　（Hirschler，1909），

and lepidopteran Catocala nupta　（Hirschler，1928），　and

moreover the midgutis formed only bY the median mesoderm－

al cells in the c01eopteran Phyllobius glaucus　（Jura，

1956）．　Zt is of particular interest that the mesodermal

Cells particiPate in the midgut formation of megalopteran

S土al土S． Which are thought to be one of the most primitive

groups in the H0lometab01a together with the Mecoptera．

The data on Sialis，however，need to be re－eXamined．

H．Hom010gyinlarval abdominallegs and thoraciclegs

According to Berlese－s theorY，the firstinstarlar－

Vae Of hemimetab01an insects have only thoracic legs

（01igopod）．and when the h01ometab01an larvae hatch they

have legs on the thoracic and abdominal segments（P01Y－

POd）．　Hinton（1958）considered that the iarval abdomi－

nal legs of the panorpoidinsects（Mecoptera，Trichoptera，
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Lepidoptera，Siphonaptera and Diptera）are secondarY adap－

tive structures and not homologous with the thoraciclegs・

Recently，Matsuda（1976），gaVe an attention to the posi－

tion of abdominal legs in insect embrYOS′　and suggested

that the larval abdominal legs are seriallY hom010gous

With the thoraciclegs．

Then the author attempts to hom010gy in the larval

abdominal legs and the thoracic ones in the Mecoptera

COmParing with other h0lometab01an insects which have

larval abdominai legs・　　The author will recognize the

abdominallegs hom010gous with the thoraciclegs when the

f0110wing two criteria are satisfied．　The first is that

in each segment paired abdominallegs must be arrangedin

a row with the thoracic legs．　The second is that the

abdominal legs must develop hist010giCally in the same

manner as that of the thoracic legs，at least in their

earlY and middle development．

＝n the h0lometab01an insects，the abdominal legs or

apppendages are foundinlarval stages of the Megaloptera，

Lepidopteral Tenthredidae of Hymenoptera and Blepharoceri－

dae of D土ptera．

Zn the larvae of lepidopteran Diacrisia（Johannsen，

1929），hymenopteran Athalia

Neocuruplra

（Far00qi，1963）and dipteran

（Craig，1967）′　the abdominallegs are arranged

in a row with the thoracic legs′　and the formation of

abdominallegs are similar to that of the thoracic legs・
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The larval abdominal legs of these insects satisfy the

above two criteria so that the author recognize which

they are to be hom010gOuS With the thoraciclegs・

In the c0leopteran Lytta（Chruch and Rempel，1971）

and neuropteran ChrYSOPa（Bock′1939），the abdominal appen－

dages occur onlY in the first abdominal segment，and dis－

appear during the embrYOnic stage．　These appendages are

the pleuropodia．

Zn the megalopteran Protohermes grandis′　Miyakawa

（1979）　mentioned on the abdominal appendages of the

embryo as f01lows，TTThe abdominal segments have two pairs

Of swellings．　The median onesimmediatelylateral to the

Ventral nerve cord are smail and homotopous with the

Pleuropodia．　　These median swellings later disappear．

The lateral swellings are conspiCuOuS StruCtureS located

between the median swellings and tracheal pits，and they

later giVe rise to the abdominal filaments or tracheal

gills”．　＝n this species，median swellings seem to be

hom010gous with the thoraciclegs judging from his descriP－

tion that the median ones are homotopous with the pleuro－

POdia，because the pleurpodia are generally thought to be

hom010gous with the thoracic legs（Wheeler，1890；HusseY，

1926；Machida，198la）．　Consequently thelarval abdominal

appendages or filaments of Protohermes are not considered

to be hom010gous with the thoraciciegs．

＝n the mecopteran P・Pryeri and B・
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Ventral surface of the embryonic abdomen there appear two

Pairs of the processes，主・三・′　median andlateral proces－

SeS′　On the first eight abdominal segments（Figs．54　and

94）．　The lateral processes are located at the positions

COmParing to those of thoracic legs，and persists in the

first instar larva．　The median processes are located on

each of the abdominal ganglia and become abdominallegs．

The abdominal leg formation is considerably different

from that of the thoracic legs（see Chapter VH，4，ii，

曹Formation of abdominallegs－in HOBSERVAT＝ONS”）．

Furthermore in the first instar larva of P．pryerl，

there are the abdominal lateral muscles，COnneCting with

the lateral processes mentioned above，and they seem to

be hom010g■OuS With the lateral muscles associated with

the thoracic legs（Fig．193，arrOW）．　From these observa－

tions′　the author concludes that the median processes or

SO－Calledlarval abdominallegs of P・Pryeri and B・

PeS are nOt hom010gous with the thoraciclegs・

1aevi－

＝n conclusion，in many・CaSeS the larIVal abdominal

legs of h010metab01aninsects are thought to be hom010gous

With the thoracic legs as mentioned by Matsuda（1976）．＝n

SOme CaSeS，　三・旦・′ in protohermes （MiYakawa，1979），里．

Pryeri and B．laeviPeS′　however′　the larval abdominal

iegs or filaments seem to be not hom010gous with the thora－

Ciclegs as suggested by Hinton（1958）．
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HZ・Znterpretation on the metamerism in terminal regiOn

of the abdomen

Concerning the metamerism in terminal regiOn Of the

insect abdomenl HeYmOnSr in his embrY010giCal works on

hemimetab01an insects（1895，1896），regarded the telson

Or tWelfth abdominal segment which consists of the subanal

and supraanallobesl despite thelack of segmental gangliar

COelomic sacs and appendages・　On the other hand／Snodgrass

（1935）　suggested that HZn most insects no trace of a

twelfth s，egmentis to be found．and the periproct（＝telson）

must be supposed to be represented，if at all，bY a Cir－

Cumanal membrane at the．end of the eleventh segmentI，。

Matsuda（1976），however，　from the elaborate examinations

On the studies concerned with the segmentAtion of the

insect abdomenP COnCluded thatr supporting Heymonsl view′

the abdomen consists of the eieven segments and telson

（＝the twelfth abdominal segment）in the lower insects

（ThYSanura－Pterygota）．　Recently，Machida（198la，b），from

his embrY010giCal study on the thYSanuran Pedetontus′

denied SnodgrassT vieW′　and supported one proposed bY

Heymons（1895′1896）and Matsuda（1976）．

As mentioned above′it seems to be general that the

telsonis not derived from the eleventh abdominai segment

in the ThYSanura and Hemimetab0ia．　Zn P．prYeri，the

telson is located around the opening of the proctodaeum

（See Chapter VZZ，　4，iii，　TFormation of anal legs and
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telson．in　”OBSERVATZONSH）．　but it is not derived from

the posterior part of the tenth abdominal segment．

Zn　三・Pryeri，the problem is that the rudimental

eleventh abdominal segment exists or notin the posterior

Part Of the tenth abdominal segment．　＝n this species′

the eleventh abdominal ganglia and coelomic sacs never

appear during the embrYOnic stage　（See Chapter VH，1，

111，a，一Ventral nerve cord－　and　2，1，一Segmentation of

inner laYer，formation of coelomic sacs，and differentia－

tion of spianchnic and somatic mesodermTin　一’OBSERVATZONS’’も

While there is a possibilitY that the eleventh abdominal

mesodermal cells are inv0lved in the large mesodermal

mass of the tenth abdominal segment．　The author，however，

Can nOt deny the possibility that the rudimental eleventh

abdominal segment exists in the posterior end of the

tenth abdominal segment for the f01lowing reasons．

＝n the first instar larva of P．pryeri，the caeto－

taxY Of the first nine abdominai segments is fundamentarY

Same。　　That of the tenth abdominal segment is also

Similar to the other abdominal segments without the additi－

Onal three pairs of spineS Which occur op the posterior

margin of the tergum（Fig・17，arrOW）as in　三・klugi

（＝japonica）（Miyake，1912），P．nuptialis　（BY畠rs′　1963），

P．f01sa and ten species of Panorpa and Neopanorpa（Yie，

1951）．　This group of the spineS is never found on the

first nine abdominal segments．and seems to be regarded
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as that of the eleventh abdominal segment．　　Furthermore

in p．communis（Rottmar，1966），the imaginal disk of the

PuPal eleventh abdominal segment is formed in the poste－

rior part of the prepupal tenth abdominal segment．

Judging from these data，the tenth abdominal segment

Of P．prYeriis thought to contain the rudimental eleventh

abdominal segment in its posterior part．　　Consequently

the．author considers that the abdomen of P．pryeri con－

Sists of ten segment and telson，and the rudimental ele－

Venth abdominal segment is to be hiddenin the tenth abdo叩

minal segment．

＝n Pd．　paradoxa，　＝ssiki　（1959）　reported that the

abdomen of the first instar larva apparentlY COnSists of

eleven segments．　and on the eleventh abdominai tergum

there are found three pairs of spineS．　The author，how－

ever，　failed to find the distinguishabie intersegmentai

Suture at the posterior part of the tenth abdominal seg一

ment of its first instar larvae．　Moreover in the embry0

0f this species he also could not find the ganglia and

COelomic sacs of the eleventh abdomina⊥　segment（Fig．178）．

The abdomen of the first instar larva of Pd．paradoxa

is composed of ten segments and telson，but the vestigial

eieventh abdominal segment is possibly inv01豆ed in the

POSterior part of the tenth abdominal segment as in P．

PrYeri，Since there are three extra pairs of the spineS

On the posterior margin Of the tenth abdominal tergum
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（Fig．227，arrOW）pointed out bY Zssiki（1959）．

Matsuda（1976）regarded the larval anal legs of Pano－

rpa as caenogeneticallY mOdified cerci of the eleventh

abdominal segment．　The anal legs of P．pryeri are，how－

ever，directlY derived from the telson（see Chapter VH，

4，111，，Formation of anal legs and telson■　in”OBSERVA－

TZONSl．），　and hence the author believes that these of P．

Pryeri are not cerci of the eleventh abdominal segment．

＝Ⅴ・PhYlogenetic consideration on mecopteran families

from embry010giCal aspects

Up to the present daY，SOme▼embry010gists have attem－

Pted to examine the phylogenetic relationship of the in－

SeCtS by means of the comparative embry01ogY・　According

to Johhansen and Butt　（1941），in the hemimetab0lan and

h01ometab01an insects，the types in the formation of germ

bands and the relation in their length to the egg form

have no significance for the phylogenetic research．

Sharov（1957，1966）explained the phylogenetic relation－

Ship between the thYSanuran and pterygote insects in

POint of the manner of the embryonic envelope formation．

Krzysztofowicz　（1966）studied the c01eopteran embrYOgen－

esis included three families and　28　species，and suggested

the significance of the embrYOnic envelope formation and

the liquified y01k existing between the amnion and serosa

for the comparison of these families．
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Ando　（1962）investigated the embry010gy of seven

families of the Odonata，and divided theminto two groups

by the germ band typesin relation to the y01k′i・e・r the

Partiallyinvagination tYPe（Cordulegasteridae and Libellu－

lidae）and invaginated type（the remaining families）．　He

also showed the relationship of the seven families by means

Of the comparative embry010giCal data agrees with the

taxonomical ones of the Odonata．　　Cobben　（1968．1978）

Studied the eggs，arChitecture of the shell，grOSS embrYO伽

logy and eclosion of the Heteroptera in detail，and used

the tYPeS Of blastokinesis of embryos as a character for

the phylogenetical studies on ten heteroptaran superfami－

1土es．

RecentlY the relationship of the Trichoptera and

lower Lepidoptera was examined as for the germ rudi一

ment formation，and it was suggested the close affinity

betweeen these orders　（Ando and Tanaka，1976；Ando and

Kobayashi，1978；　Ando and Tanaka，1980；　Kobayashi and

Ando，1981；Akaike，Ishii and Ando，1982；KobaYaShi and

Ando，1982）．

From the results quoted above，there are some cases

in which the data from the comparative embry010gy gave

imporpant criteria for the studY Of the insect phYlogenY，

When one investigates the embrY010gy of theinsects situ－

ated on the phylogenetical divergent point，and compares

the results obtaining in the early and middle stages of
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the embryonic development．

Therefore the author attempts to examine the rela－

tionship of the mecopteran families bY meanS Of the comd

Parative embry01ogy．

1．00plasm

＝n general there is a tendency that eggs of the

lower pterygote as in the Hemimetab01a are p00r in the

00Plasm（periplasm and reticuloplasm）compared with the

amuont of the y01k′　On the contrarY，the　00Plasmis rich

in the higher pterygote eggs as in the H01ometab0la

（Krause，1939，1961；Anderson′1972；Ando，1981）．

＝n the Mecoptera，　the eggs of the Bittacidae are

P00r in　00Plasm compared with the amount of the yolk′　and

these of the Panorpodidae and panorpidae are rich in　00d

Plasm，and these of the Boreidae are nearlYintermediatein

the relative amount．　Especiallyin the Bittacidae，little

reticuloplasm is foundin their eggs．　One maY think the

egg character of the Bittacidae as an effect of the egg

hibernation．　Ando（1973），however，denied the supposition

quoting the case of hibernatant and nonhibernatant eggs

in the Odonata which exibit almost the same characteris－

tics concerning the relative amount of the　00Plasm and

y01k．　Zf the diapause effects on the nature of the eggs，

the accumulation of the y01k for the f00d during the winter

is considered．　However，atleast，the amount of the eosi－
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nophilic y01k in the Bittacidae is not so different from

that of the Boreidae　（See Chapter　＝，　一〇bservation and

Organization of newly laid eggs，in．，OBSERVAT＝ONS”），and

thereis not distinguishabie consumption of the Y01k during

the diapause（see Chapter VH，4′　Ⅴ′．EmbrYOnic diapause．

in’’OBSERVATZONS”）．　Consequently the nature of eggs of

the Bittacidae seems to be not caenogenetic，but paiin－

genetic as suggested bY Ando（1973），and this nature is

iikelY tO be more primitive than that of eggs of the Borei鵬

dae，Panorpodidae and Panorpidae．

2．Znnerlayer formation

As discussed in Chapter V＝，in lower hemimetab01an

insects，the inner layer formation is carried out only

the cell pr01iferation along the median line of the em－

brY0．　0n the other hand，　there are few h01ometab01an

insects in which the inner layer is formed only by the

above－mentioned manner，i．e．，PrOliferating tYPe，and in

almost all other h01ometab01ans the inner layer is formed

by the invagination of the middle plate aiong the median

line，主・三・，theinvaginating type・

＝n the Mecoptera，the inner layer of the Bittacidae

is formed by the pr01iferating type，and that of the Bore－

idae，Panorpodidae and Panorpidaeis formed bY theinvag1－

nating type，SO that the Bittacidae is likely to be more

Primetive than the other three famiiiesin this aspect．
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3．TYPe Of germ band

Krause（1939）classified the germ band of theinsects

into three types・　The first tYPe is that the germ band

includes only the future protocephalic and gnathal regiOnS

at firstl and the future thoracic and abdominal regiOnS

develop from the posterior end of the germ band as it

elongates・　He termedit as the short germ tYPe・　On the

COntrarY，the germ band，Which includes all of the future

PrOtOCePhalic，　gnathal，　thoracic and abdominal regiOnS

from the beginning，is termed the long germ type．　The

germ band，Which includes the future protocephalic′　gna－

thal and thoracic regiOnS at first，is termed the semilong

germ tYPe・　　He suggested that the short germ type is

Often foundin hemimetab01ans′　三・旦・．Odonata，Orthoptera

and Hemipteral and the long germ type is foundin higter

h01ometab01ans′　三・旦・，Diptera and HYmenOPtera・　The semi－

long germ typeis foundin some c01eopterans．

＝n the Mecoptera，the germ band of the Panorpidae is

regarded as the semilong germ type and those of the other

three families are regarded as the short germ one（Fig．

228），hence the germ band of the Panorpidaeis thought to

be more derived type than that of the other families．

4．Germ band or germ rudiment formation

Zn several species of the c01eopteran Chrysomelidae，

Zakhvatkin（1968）Observed that the eggs of Leptinotarsa
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decemlineata and Phyllodecta vitellinae are rich in y01k

and p00r in　00Plasml and germ bands are formed on the

Surface of the eggsJ namelyl the superficial type of the

germ band．　On the contrarY，the eggs of Galerucella line－

01a and Chalcoides aurata are rich in　00Plasm and not so

rich in Y01kJ and their germ bands sinkinto the y01k at

first，　that is the invaginated type．　　Therefore he

COnCluded that the relative amount of the Y01k and00Plasm

determines the tYPe Of the early embrYOgeneSis．

＝n the Mecopterar the germ band formation of the

Bittacidae，　Boreidae and Panorpidae is the superficial

typel and the germ band or rudiment formation of the Panor－

POdidae is the immersed tYPe Which the invaginatd germ

rudiment ieaves from the egg periPnery and sinks into the

y01k completelY・　Concerning the considerable differencein

the formation between the Panorpodidae and Panorpidae，

though they have similar　00Plasm－rich eggs，the author

thinks that the affinity of these two families is not so

Close．

5・GenealogiCal tree of the Mecoptera based on embry0－

10giCal characterS

FinallY，the foregoing conclusions from the present

Study are summed upin the figure on the f0110wing page・
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GENEALOG＝CAL TREE OF THE EUMECOPTERA

Pr01iferating p00r Short

Semilong
l

germ type

SuPerficial
I

l

type of

germ band
format土on

B＝TTACZDAE

BOREZDAE

PANORPODZDAE

PANORP＝DAE

The genealogiCal tree of the four eumecopteran families

based on the embry010giCal characters′　PrOPOSed by the

author，does not agree with one concluded by Penny（1975）．

He considered that the Boreidae and Panorpodidae branched

after their common ancestor branched from the ancestor

Of the Panorpidae，because onlY the Boreidae and Panor－

POdidae have scarabaeiform larvae in the eumecopteran

families・　　The tree proposed by the authorl howeverT

agrees with the mecopteran geneaiogiCal tree suggested

by Mick01eit（1978）based on the comparative morph010gY

Of exoskeleton of the femaie genitalia，and also agrees

With that suggested by Willmann（1981）from that of the
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exoskeleton of the male genitalia．　While according to

the embrY0logiCal data，the author can not favor Hintonfs

PrOPOSal（1958）that，from the morph010gical difference

Of the larval cranium，maXilla and labium，the Boreidae

is to be separated from the mecopteran families and to

be established as a new orderT Neomecoptera・
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SUMMARY

l．The comparative embry01gy of nine species of the Meco－

Ptera，rePreSenting four families belonging tO the sub－

Order Eumecopterais studied．

2．EspeciallY the entire embryonic development of Bittacus

laeviPeSJ Panorpodes paradoxa and Panorpa prYeri is

described′　and the early and middle development of Bore－

us westw00di is also described．

3．でhe

4．

egg shape of B．laeviPeS

B0．WeStW00di，Pd．

is sphericai，and that of

paradoxa and P．pryer土

The eggs of B．laeviPeS and B0．

土s oval．

WeStW00di have micropy－

les at both p01es．

5．The newIY laid eggs show the metaphasic figure of the

first maturation division・　The egg of P・Pryeri has

the p01ar granule at the posterior end of the egg

per土phery．

6．The egg of B．laevIPeS is p00r in　00Plasm，While the

eggs of Pd． Paradoxa and P． Pryeri are rich，and the

quantitY Of the　001pasm of B0．WeStW00diisintermediate

to that of B．laeviPeS and P．pryer土．

7．The egg periods are ca．270　daysin B．

days（21C）

pryeri．

laevIPeS，Ca・33

in Pd．paradoxa，and ca．150　hr（21C）in p．

8．The verY thin blastoderm is formed in B． laevIPeS and

B0．WeStW00di．　The thick blastoderm is formed and the

inner periplasmis foundin pd・Paradoxa and P・Pryeri・
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9．The external features of embryos of four species，and

the firstinstarlarvae of B．laevIPeS， Pd．paradoxa and

P．pryeri are describedin detail．

10．The embryonic period is devided into eight stages

土n Pd． Paradoxa and P． PrYeri，and nine in B．laeviPeS．

ll．The very small germ disk is formed on the ventral

Sureface of the eggin B． 1aevlpeS．

12・The germ rudiment formation of Pd．paradoxais of the

SO－Calledimmersed type，and the germ band formation of

B．laevIPeS，　B0．　WeStW00di and P． PrYeri is of the

SuPerficial one．

13・The germ band of B．laevIPeS，B0．WeStW00di and Pd。

Paradoxa is classified into the Short germ tYPe，and

that of P．pryeriis the semilong germ type．

14．TheinnerlaYer formationis of the so－Called pr01ifer－

ating tYPe in B・laeviPeSJ and of theinvaginating tYPe

in B0．WeStW00di，Pd． Paradoxa and P．pryeri．

15・Zn the cephalognathal regiOn，the ectodermal invagina■

tions are six pairs・　Moreoverr the singleinvagination

appears on the medianline of thelabrum．

16．The single invagination of the ectoderm arises on the

medioventral line at the intersegmental regiOn between

the ninth and tenth abdominal segments in B・laeviPeS′

Pd．paradoxa and P．prYeri，and it is the future anal

91and．

17・The formation of the corpora allata and prothoracic
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glandsis describedin B．laevIPeS．

18・The tracheal invaginations appear in the mesothorx to

the eighth abdominal segments・　The spiraCles of the

mesothorax shift to the posterior margin Of the protho－

rax，and the metathoracic ones are disappearlater．

19・The oenocYteS OCCurin the ectoderm at the posteromedi－

al position of spiraCles of the first eight abdominal

SegmentS in B． laeviPeS，Pd．paradoxa and P．pryer土．

20・The ventral nerve cord consists of sixteen paris of

ganglionr One for each segment from the mandibular to

the tenth abdominal．

21・The median cord has the neuroblasts which particiPate

into the ganglion formationin B．

and P．pryer土．

laeviPeS，Pd．paradoxa

22・The neurilemma is originated from the outer cells of

the lataral cord in B．laeviPeS．Pd．paradoxa and P．

pryer土．

23・The brain consists of three pairs protocerebral gan－

glia（lobus l，　2，　and　3＋3．），　the antennal gangiia

（＝deutocerebrum），and the intercalarY ganglia（＝trito－

Cerebrum）．

24・The stomatogastric nervous system is derived from

three evaginations of the stomodaeal r00f in B．iaevi－

PeS，Pd． paradoxa and P． pryer土．

25・The larval eyes of B．laeviPeS and P．pryeri are the

COmPOund eYeS and their formation is described．　The
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OPtic plate of Pd・Paradoxa becomes vestigial during

the embrYOnic stage，and the first instar larva has no

eyeS・

26．The coelomic sacs are formed eighteen pairs，One for

each of the labral，　antennal，　three gnathal，　three

thoracic，and ten abdominal segments．

27・The aorta is formed bY the antennal mesodermai cells

in B．laeviPeS，Pd． Paradoxa and P． pryeri．

28・The heartl Pericardial cellsr and dorsal diaphragm

are derived from the lateral walls of coeioms in the

thoracic and abdominal regiOnS in B．iaeviPeS，Pd・Par早－

doxa and P．pryeri．

29．The bl00d cells are originated from the primary median

mesodermin B．laeviPeS， Paradoxa and P．pryeri．

30・The suboesophageal bodies arise from the mesodermal

Ceils of the intercalarY Segment in B・

Paradoxa and P．pryeri．

laevIPeS，Pd。

3l．The formation of the gonadsis describedin B・

peSJ Pd．paradoxa and P．pryeri．

1aev土－

32・The fat bodies and body muscles differentiate from

the lateral walls of the coeloms．

33．The musculatures of the thoracic and abdominal seg－

ments of the first instar larva are described in P．

pryer土．

34．The stomodaeum and proctodaeum are formed in the

usual manner as ectodermalinvaginations．
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35．The three pairs of the malpighian tubules evaginate

from the blind end of．the proctodaeum in B．laeviPeS′

Pd．paradoxa and P．prYeri．

36．The anterior and posterior midgut rudiments are derived

from the pr01iferating cells of the stomodaeal and

PrOCtOdaeal blind ends severally．　Therefore the mid－

gut epitheliumis entireiy ectodermalin origin．

37．The duodenal valve is formed at the middle part of

the proctodaeum．

38．The midgut epithelium of the first instar iarva is

Classified into four regiOnS from the morph010giCal

Characters of the cellsin p．pryeri．

39．The amnion of the embrYO SPreadsiateraliy，and differ－

entiates into the outer and inner amnions．

40．The thickened serosa appears near the anterior p01e

Of the eggin B0．WeStW00di，and the serosal cuticle is

formed in B．laevIPeS，B0．WeStW00di，Pd．paradoxa and

P．pryeri．

4l・The embrYOS Of B． laevIPeS diapause for ca．180　daYS．

42．The formation of the abdominal legs is described in

B．laeviPeS and P・PrYerir and the legs are not hom010－

gous with the tho＿raCiclegs・

43．The formation of the anallegs and telsonis describ－

ed in p．prYeri．　The anal legs are formed from the

Part Of the telson，and seem not to be modified cerci
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Of the eleventh abdominal segment．

44．The tenth abdominal segments of Pd．paradoxa and P・

Pryeri are likely to inv0lve the vestigial eleventh

abdominal segments．

45．The relationship of the four mecopteran families is

discussed′　and the genealogiCal tree is giVen based on

the present embry0logiCal data・　　The Bittacidae is

thought to be most primitive，and the Panorpidae seems

to be the most derived family in the four mecopteran

families．
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ABBREV＝AT工ONS USED ZN THE FIGURES

a′　amnlOn

a1－10′　first to tenth abd0－

minal segments

ac′　amniotic cavitY

af，amniotic f01d

ag，antennal ganglion

ag1－10，first to tenth abd0－

m土nal gan91ia

al，abdominaileg

amr，anterior midgut rudi一

ment

anJ anuS

ang，anal gland

anl′　analleg

ant，anterior tentorium

apc，amnioproctodaeal cavity

ar．aorta

at，antenna

atm，antennal mesoderm

atr，atrium of spiraCie

b，bra土n

b1－3，PrOtOCePhalic buldges

l t0　3

bc′　bl00d cell

bdc，blastoderm cell

bep，　blind end of procto－

daeum

bm，basement membrane

bz，budding zone

C．Cuticle

Ca，COrPuShailaヒum

Cb，Cardioblast

CC，CrYStalline cone

CCa，COrPuS Cardiacum

Ceb，Central body of tento－

Ch，Chorion

Cnr Cleavage nucleus

Cnt，COnneCtive

COC′　COrneagenOuS Cell

COn，COn］unCtiva

COr′　COrnea

COS．COmmOn duct of saiivary

glands

COX．COXOPOdite

CP，CYtOPlasmic process

Cr，CYtOPlasmic reticulum or

reticuloplasm

Crap Cranium

CS′　COelomic sac
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cse，C0lumnar serosa

Ct，COXa Of thoracicleg

Ctr，　COmmissure of trito－

Cerebrum

CV，Cardiac valve

da，developing aOrta

dc．deutocerebrum

dcm，　degenerating closing

membrane

dd，dorsal diaphragm

dm，　distribution of meso－

dermal cells

dn，　developing neurilemma

dp，dorsal process

dv，duodenal valve

e′　eye

ea，embrYOnic area

ec，eCtOderm

eea，eXtraembryonic area

ema，　eXtenSOr mandibular

apodeme

es′　ePineural sinus

est，eVagination of stomat0－

gastric nervous sYStem

et′　egg t00th

fbl fat body

fg，frontal gangiion

fm，　first maturation divi－

Sion of female nucleus

fma，flexor mandibular apo－

deme

gc．germ cell

gd，germ disk

gi，ganglion of intercalary

Segment

gr，germ rudiment

gri，genital ridge

gs，granular substance

h，heart

hg，hypocerebral ganglion

ia，inner amniOn

ic，intercalary segment

il，innerlaYer

iP，inner periplasm

iPg，invagination of proth0－

racic gland

isg，invagination of saliva－

ry　91and

l′　1umen

l1－3′10bi l t0　3　0f proto－

Cerebrum

la，labral apodeme
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lg，lamina ganglionaris

l土．1ab土um

lig，labial segment

lp，1ateral plate

lpa，lateral process of ab－

dominal segment

ls，lateral spread of amnion

mc，meSOdermal cell

md，mandible

mdc，median cord

mdg，mandibular ganglion

mdl，medioventral line

mds，mandibular segment

me，midgut epithelium

med，medulla

ml，medianline

mp，micropyle

mpc，　m土tot土cal f土gure of

PrOCtOdaeal cell

mpl，middle plate

mt，malpighan tubule

mu，muSCle

mv′　m土crov土11土

mvl，medioventral line

mx，maX土11a

mxa，maXillary apodeme

mxg，maXillarY ganglion

mxs，maXillary segment

nb，neurObiast

nbm′　neurOblast of median

COrd

ne，neurilemma

ng，neural gr00Ve

np′　neurOp土1e

Oa，OPeni，ng Of amniotic f01d

Oam，Outer amnion

Oe，OeSOPhagus

OeC′　OenOCyte

Og，Outer ganglionic cel1

01，0Pticlobe

OP，OPtic plate

OV′　OStial valve

pb，p01ar body

pc．protocorm

PCC，Pericardial cell

PCe′　PrOtOCerebrum

PCl，PrOtOCePhaion or proto－

CePhaliclobe

Pd．proctodaeum

Pg，Primitive gr00Ve

Pgl，PrOthoracic giand

pl．periplasm
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Pmr，POSterior midgut rudi一

ment

Pn，ParaCardiac nerve

pog■，p01ar granule

Prf，POStretinal fiber

Pt，POSterior tentorium

pv，pylor土c valve

PW，PrOCtOdaeal wall

ra，rudimental amnion

rc，regenerative cell

rd．ridumental dorsal pro－

rdd，rudimental dorsal dia－

phragm

rel rudimental eye

rec，retinular cell

rg，rudimental gonad

rh，rhabdom

ria，　rOund cell of inner

rmt，　rudimental malpighian

tubule

rn，reCurrent nerVe

rng，rudimental neural

gr00Ve

rop，rudimental optic plate

rpf，rudimental postretinal

f土ber

rs，rudimental serosa

SI SerOSa

Sb′　Suboesophageai body

SC，SerOSal cuticie

Sd，StOmOdaeum

Sdu，SalivarY duct

SeC，Semper－s cell

Sg，SalivarY gland

Sm，SeCOnd maturation divi－

Sion of female pronucleus

Smu，SPianchnic muscle

SOm，SOmatic mesoderm

Sp，SplraCle

SPC，Small process on cra－

SPm′　SPlanchnic mesoderm

Sr，StOmOdaeal r00f

Stn，StOmatOgaStric nervous

SyStem

SZ，SPermatOZ00n

t，tentOrium

t1－3，first to third thora－

Cic segments

tc，tritocerebrum
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te，telson

ter．tergum

tgl－3，first to third thora－

Cic ganglia

tl1－3，first to third thora－

Ciclegs

tp，telopodite

tr，traChea

trc，trichogen celi

tri，　traCheal invagination

V，VaCu01e

Vtt，VeStigial tracheal

trunk

Y，y01k or Y01k granule

yc，y01k cell　（＝　Y01k nu－

Cleus）

yca，y01k cell aggregation
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EXPLANAT工ON OF F工GURES

l。　Newlylaid egg of P．pryeri．

2．　Close－uP Of Fig．l showinglateral side of shell．

3．　Anterior p01e of egg of P．prYeri．

4。　Newlylaid egg of Pd．paradoxa．

5。　Anterior p01e of egg of Pd．paradoxa．

Scales　＝10011m（Figs・1，4）and10pm（Figs。2，3，5）。
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EXPLANATtON OF F＝GURES

6． Newlylaid egg of B．laeviPeS．

7．　HoneYCOmbed pattern of shell of B．laeviPeS．　Granular

Substance on egg surfaceis removed．

8．　Anterior p01e of egg Of B．laevIPeS

9．　NewIYlaid egg of B0．WeStW00di．

Showing micropyies．

10．　Anterior p01e of egg of B0．WeStW00di showing microq

pyles．

11．　Firstinstarlarva of P．prYeri．

Scales　＝100pm（Fig．6），10pm（Fig．7），5pm（Figs。8，10），

50㌢m（Fig。9）and　50011m（F土g・11）。
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EXPLANATZON OF FZGURES

12．　Firstinstarlarva of Pd．paradoxa．

13・　Small ventral process of third abdominal segment

Of firstinstarlarva of Pd．paradoxa．

14． Firstinstarlarva of B．laevIPeS．

15．　Larval eYe Of B．laeviPeS．

16．　First instar larva of B0．Wedtw00di．

17．　Laterodorsal view of tenth abdominal segment of first

instar larva of P・Pryeri・　Arrows show three pairs

Of spineS Which belong to vestigial eleventh abdominal

Segment．

Scale　＝　5001ユm（Figs・12，14′　16），10pm（Figs。13，15）

and50ガm（F土冒。17）。
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EXPLANAT＝ON OF F工GURES

18．　Part of transverse section of egg of P．pryeri，Show－

ing second maturation division of female pronucleus

early　土n Stagel．

19・　Part of longitudinal section of egg of P。PrYeri，

Showing p01ar granule earlyin Stagel．

20．　Part of transverse section of egg of Pd。Paradoxa

earlyin Stagei・

21．　Part of transverse section of egg of Pd．paradoxa，

Showing first maturation division of femaie pronucieus

earlYin Stagel．

22。　Part of transverse section of egg of B．laeviPeS，

Showing first maturation division of female pronucleus

earlyin Stagel．

Scales　＝　50pm・
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EXPLANAT＝ON OF F＝GURES

23・　Longitudinal section of chorion through anterior

（A）and Posterior（B）p01es of egg of B0．WeStWOOdi．

24・　Part of transverse section of egg of B0．WeStW00di

earlyin Stagel．

25。　Part of transverse section of egg of P。Pryeri，Show－

ing spermatoz00n．

26。　Part of longitudinal section of egg of P．pryeri

土n Stagel。

27・　Part of longitudinal section of egg of P・Pryeri

土n Stagel．

28。　Part of transverse section of egg of Pd・Paradoxa

earlyin Stagel．

29a Part of longitudinal section of egg of Pd・Paradoxa

latein Stagel。

Scales　＝　50pm。
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EXPLANAT＝ON OF F＝GURES

30．　Blastoderm cells in pd．paradoxa late in Stage i。

31．　Cleavage nuclei at egg periphery in B．laeviPeS in

Stagel．

32．　Blastoderm ceilsin B．laeviPeSlatein Stagel．

33r　34′　35・　Consecutive stages of blastoderm formation

in B0．WeStW00di during Stagei．

Scales　＝　50pm・
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EXPLANATlON OF FLGURES

36．Cells of embryonic areain p．pryeri earlyin Stage　2・

37・Cells of extraembryonic area in p・Pryeri earlY in

Stage　2．

38．Lateral view of egg of P．pryerilatein Stage　2．

39．Ventral view of germ band of P．pryerilatei11Stage　2．

40．Ventral view of germ band of P．pryeri earlYin Stage

3．

41．Lateral view of germ band of P．pryeri earlyin Stage

3．

42．Ventral view of germ band of P．pryerilatein Stage　3．

43．Ventral view of germ band of P。Pryeri earlyin Stage

4．

44．Ventral view of germ band of P．pryeri earlyin Stage

4．

Scales　＝　50Jlm（Figs。36，37）and　500pm（Figs・38－44）・

Arrows indicate the position of the caudal end of the

germ bands．
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EXPLANAT＝ON OF FtGURES

45．　Ventral view of embry0　0f P．prYeriin Stage　4・

46．　Ventral view of embrYO Of P．pryeriiatein Stage　4・

47・　Ventral view of embrY0　0f P・PrYeri earlYin Stage　5・

48・　Dorsal view of embrY0　0f P・Pryeri earlyin Stage　5・

49・　Ventral view of embry0　0f P・Pryerilatein Stage　5・

50．　Ventral view of embry0　0f P・Pryeri earlyin Stage　6・

51．　Ventral view of embry0　0f P．pryeriin Stage　6・

52．　Lateral view of embrY0　0f P．pryeriin Stage　6・

Scale　＝　50隼m・

Arrows indicate the position of the caudal end of the

embryos．
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EXPLANATZON OF F＝GURES

53。　Laterai view of embrY0　0f P．pryeriin Stage　7．

54．　Lateroventral view of third thoracic to second abdo一

minal segments of embrY0　0f P．pryeriin Stage　7。

55．　Laterai view of embrY0　0f p．prYeri earlYin Stage　8・

56．　Ventral view of embry0　0f P．pryeriin Stage　8．

57．　Ventral view of embry0　0f P．pryeri earlyin Stage　9．

58。　Laterai view of embry0　0f P．prYeri latein Stage　9．

Scale　＝　500pm。

－　168　－



58



EXPLANATLON OF FZGURES

59。　Longitudinal section of egg of Pd．paradoxa early

in Stage　2．

60．　Longitudinal section of egg of Pd．paradoxa earlY

in Stage　2．

61。　Longitudinal section through posterior part of egg

Of Pd。paradoxa earlyin Stage　2．

62・　Longitudinal section through posterior part of egg

Of Pd。Paradoxain Stage　2．

Scales　＝100ym（Figs・59，60）and　50ym（Figs。61，62）。
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EXPLANAT＝ON OF FZGURES

63，65，66，67・　Diagrams showing consecutive stages of

germ band formation of Pd．paradoxa during Stage　2

（Figs．63，65）and　3（Figs．66，67）．

64・　Transverse section through germ rudiment of Pd．para－

doxalatein Stage　2．

68．　Lateral view of germ band of Pd．paradoxa earlY in

Stage　4．

69・　Lateral view of embry0　0f Pd．paradoxalatein Stage

4．

Scales　＝10071m・
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EXPLANAT＝ON OF F＝GURES

70・Frontal view of embry0　0f Pd．paradoxalatein Stage　4．

71・Lareral view of embry0　0f Pd・Paradoxa earlyin Stage

5．

72・Ventral view of embryo of Pd・Paradoxa eariyin Stage

5．

73。Lareral view of embry0　0f Pd・Paradoxalatein Stage　5・

74・Lateral view of embry0　0f Pd・Paradoxa earlYin Stage

6。

75。　Ventral view of third thoracic to second abdominal

SegmentS Of embry0　0f Pd。Paradoxa early in Stage　6．

Scale　＝100um。
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EXPLANAT＝ON OF F＝GURES

76。Lateral view of embrY0　0f Pd．paraaoxalatein Stage　6．

77，78，79．Diagrams showing consecutive stages of rev01u－

tion of embry0　0f Pd．paradoxa during Stage　7．

80．Ventral view of embrY0　0f Pd．paradoxa in Stage　8．

Scales　＝100pm（Figs。76，80）。
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EXPLANAで工ON OF F工GURES

81．　Ventral view of germ disk of B。 laevIPeS in Stage　2．

82．　Ventral view of germ disk of B．laevIPeS earlY in

Stage　3．

83．　Ventral view of germ band of B． laeviPeS in Stage　3．

84。　Ventral view of germ band of B．laevIPeS late in

Stage　3．

85・　Ventral view of germ band of B．laeviPeS earlY in

Stage　4。

86。　Ventral view of embry0　0f B・laeviPeS in Stage　4・

87．　Ventral view of embry0　0f B。

88b Frontal view of embry0　0f B。

89．　Lateral view of embry0　0f B．

Scale　＝　500pm・

laeviPeSlatein Stage　4．

laeviPeSlatein Stage　4．

laeviPeSlatein Stage　4．
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EXPLANAT＝ON OF FZGURES

90．　Frontai view of embry0　0f B．laevIPeS earlyin Stage

5．

91．　Frontal view of embrY0　0f B．laevIPeS in Stage　5．

92．　Frontal view of embry0　0f B．laeviPeS in Stage　6・

93・　Frontai view of cephalognathal regiOn Of embry0　0f

B．laeviPeS earlyin Stage　7．

94・　Frontal view of cephalognathal regiOnt and third tho－

racic and first abdominal segments of embrY0　0f B．lae－

ViPeSin Stage　7．

95．　Frontal view of embrY0　0f B．laevipes in Stage　7．

96．　Frontal view of embry0　0f B。

Scale　＝　500ym・

laeviPeSlatein Stage　7．
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EXPLANATZON OF F＝GURES

97．　もateral view of embryo of B．〕．aeviPeS earlyin Stage

8．

98．　Lateral view of embry0　0f B．laeviPeS in Stage　8．

99．　Lateral view of embrY0　0f B．laeviPeS in Stage　8．

100．　Lateral view of embry0　0f B．

8．

101．

laeviPeS late in Stage

Full grown embry0　0f B．laeviPeSin Stage　9．

Scale　＝　500pm・
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EXPLANATZON OF F工GURES

102．　Sagittal section of small process in the cranium

Of firstinstarlarva of B．laeviPeS．

103．　Ventral view of egg of B0．WeStW00di in Stage　2。

104．　Part of transverse section through embrYOnic area

Of egg of Bo・WeStW00diin Stage　2．

105．　Ventral view of germ band of B0．WeStW00di early

in Stage　3．

106．　Transverse section through germ band of Bo。WeStW00di

earlyin Stage　3．

107．　Ventral view of germ band of Bo。WeStW00di late

土n Stage　3．

Scales　＝　50）ユm（Figs・102，104，106）and10071m（Figs。103p

lO5′　107）．
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EXPLANAT＝ON OF F＝GURES

108．　Ventral view of embry0　0f B0．WeStW00diin Stage　4。

109．　Ventral view of embrY0　0f B0．WeStW00di early in

Stage　5．

110・　Posterior part of abdomen of embrY0　0f Bo。WeStW00di

early　土n Stage　5．

111・　Lateral view of embrY0　0f B0．WeStW00di late in

Stage　5．

112・　Ventral view of embry0　0f B0．WeStW00di late in

Stage　5．

Scale　＝100pm．
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EXPLANATION OF F＝GURES

・113・　Change of egg size of P・Pryerir Pd・Paradoxa and

B．laeviPeS． R　＝　time of rev01ution of embry0．

114・　Outlines of newiY laid（brokenline）and full grown

（S01id line）eggs of P．prYeri（A），Pd．paradoxa（B）

and B。 laevipes（C）。

Scale　＝　500pm。
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EXPLANATエON OF FZGURES

115．　Transverse section through middle part of egg of

P．prYeriin Stage　2．

116．　Longitudinal section of posterior part of egg of

P．pryerilatein Stage　2．

117．　Diagrams of transverse sections虻hro叫葛h middle part

Of eggs of P．pryeri，Showing the germ band and embry一

〇nic envelope formation．　　The parenthesized number

indicates the number of cells。　A，Stage　2；B′　Stage　3．

Scales　＝100pm・
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EXPLANAT＝ON OF F＝GURES

118．　part of transverse section through preoral regiOn

Of germ band of P．prYeri earlYin Stage　3．

119．　Part of transverse section through preoral regiOn

Of germ band of P．pryeriin Stage　3．

120．　Transverse section through abdominal regiOn Of germ

band of P．pryeriin Stage　3．

121．　Part of transverse section through preoral regiOn

Of germ band of P．prYerilatein Stage　3．

122・　Transverse section through germ rudiment of Pd．

Paradoxalatein Stage　2．

Scales　＝　5071m・
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EXPLANAT＝ON OF FIGURES

123．　Serosal cells of Pd．paradoxalatein Stage　3．

124．　Transverse section through protocepha10n Of germ

band of Pd．paradoxalatein Stage　3．

125．　Transverse section through middle part of germ band

Of B．laeviPeS earlYin stage　3．

126．　Sagittai section of germ band of B． 1aevlpeS　土n

Stage　3．

127．　Transverse section through anterior part of germ

band of B0．WeStWOOdilatein Stage　3．

Scaies　＝　50pm。

－　194　－



123

127



王XPLANATZON OF FIGURES

u8．　Diagram showing the position of ectodermal invag1－

nations of embry0．　Dotted circiesindicate transverse

SeCtions of bases of gnathal appendages．

129．　Parasagittal section through cephalognathal regiOn

Of embry0　0f P．pryerilatein Stage　5．

130。　Slightly oblique parasagittal section through cepha－

10gnathal regiOn Of embry0　0f P．pryeri in Stage　6・

131．　Parasagittal section through cephalognathal regiOn

Of embrY0　0f P．pryeriin Stage　6．

監ale　＝100pm。
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EXPLANAT＝ON OF F工GURES

132・　Transverse section through head of embry0　0f P・

PrYeriin Stage　7・

133・　Sagittal section through head of embrY0　0f P・Pryeri

土n Stage　7．

134．　Diagram showing endoskeletons of head of firstinstar

larva of p．pryer土．

135。　Part of lonqitudinal・SeCtion of tentorium of first

土nstarlarva of P．pryer土．

136。　Part of parasagittal section through head of first

instar larva of P．prYeri，Showing the proximal part

Of extensor mandibular apodeme．

137．　Sagittal section through anal gland of firstin畠tar

larva of p．pryer土。

Scales　＝　50pm（Figs。132，133）andiOpm（Figs。135－137）。
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EXPLANATZON OF FZGURES

138。　Part of parasagittal section through cephalognathal

regiOn Of embry0　0f B．laeviPeSin Stage　7．

139．　Part of horizontal section through head of embry0

0f B．laevIPeSlatein Stage　7．

140。　Part of horizontal section through posterior regiOn

Of stomodaeum of embry0　0f B．laevipesin Stage　8．

141。　Part of transverse section through intersegmental

regiOn between the labial and first thoracic segments

Of embry0　0f B． laeviPeSlatein Stage　7．

142。　Anterior part of harizontal section through the first

thoracic gangiion of firstinstarlarva of B．laevIPeS．

Scales　＝　50pm。
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EXP工JANAで工ON OF F工GURES

143・　Parasagittal section through thorax of embryo of

P・Pryerilatein Stage　5．

144・　Parasagittal section through head and thoracic regiOn

Of embry0　0f P．pryeriin Stage　6．

145・　Part of transverse section through metathorax of

embrY0　0f P・Pryerilatein Stage　8．

146・　Atrium of first abdominal spiraCle of embry0　0f

P．prYerilatein Stage　9．

147・　Part of transverse section through first abdomen

Of embry0　0f P・Pryeriin Stage　7・

Scales　＝50pm・
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EXPLANATZON OF FZGURES

148．　Part of transverse section through second abdominal

Segment Of embry0　0f P．pryeriin Stage　7．

149．　Part of transverse section through second abdominal

Segment Of embry0　0f Pd．paradoxain Stage　5．

150．　Part of transverse section through prothorax of

embry0　0f P．pryerilatein Stage　4．

151．　Part of transverse section through prothorax of

embry0　0f P．；prYeriin Stage　6．

Scaies　＝　5011m・
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EXPLANAで工ON OF F工GURES

152．　Part of transverse section through metathorax of

embrY0　0f P．pryeri earlYin Stage　6．

153．　Part of transverse section throufg second abdominal

Segment Of embryo of P．pryeriin Stage　6．

154．　Parasagittal section through posterior part of ab－

domen of embry0　0f Pd．paradoxalatein Stage　4．

155．　Part of parasagittal section through thorax of embry0

0f B0．WeStW00dilatein Stage　4．

Scales　＝　50pm・
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EXPLANATZON OF FZGURES

156．　Horizontal section through head of embry0　0f P・

Pryerilatein Stage　4．

157．　Part of horizontal section through head of embryo

Of p．pryer土　土n Stage　5．

158・Diagrams showing the dis＿tributionL Of ganglia（A）

and mesodermal ceils（B）in the cephalognathal region

Of embrY0　0f P．pryeriin Stage　5．

159・　Horizontal section through head of embry0　0f P。

PrYeriin Stage　6．

Scales＝10pm（Fig。156）and50pm（Figs。157，159）。
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EXPLANAT＝ON OF FZGURES

160。　Part of transverse section through head of embry0

0f P．pryeriin Stage　6．

161。　Part of transverse section through head of embry0

0f P．pryeriin Stage　7．

162．　Part of transverse section through brain of embry0

0f P。PrYeriin Stage　9．

163・　Diagram showing the brain of first instar larva

Of P．pryerL

164。　Sagittal section through oral regiOn Of embry0　0f

P．prYeriin Stage　5．

Scales　＝50pm・
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EXPLANATZON OF FZGURES

165。　Sagittal section through head of embry0　0f P。Pryeri

土n Stage　6．

166．　Part of transverse section through head of embry0

0f P．pryeriin Stage　7．

167．　Transverse’section through posterior part of stomo－

daeum of embrYO Of P．pryeriin Stage　8．

168。　Diagram showing the stomotogastric nervous system

Of firstinstarlarva of P．pryeri．

169。　Transverse section through middle part of stomodaeum

Of firstinstarlarva of P．pryeri．

Scales　＝　50pm。
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EXPLANAT＝ON OF FZGURES

170．　Slightly oblique sagittal section through cephaloq

gnathal regiOn Of embryo of Pd．paradoxa in Stage　5．

171．　Longitudinal section through compound eye of embry0

0f P．prYeriin Stage　9．

172．　Longitudinal section through compound eye of first

instarlarva of P．prYeri．

173．　Longitudinal section of ommatidium（A），and trans－

VerSeSeCtion of crystallin cone（B）of first instar

1arva of B． 1aevlpeS。

Scales　＝　50pm（Figs。170－172）and10pm（Fig。173）。
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EXPLANATZON OF FZGURES

174。　Part of transverse section through head of embrY0

0f Pd．paradoxain Stage　5．

175．　Part of transverse section through head of embrY0

0f Pd．paradoxain Stage　6．

176。　Transverse section through maxiliarY Segment Of

embrY0　0f P．pryeriin Stage　4．

177。　Sagittal section of egg of Pd．paradoxain Stage　3．

178．　Parasagittal section through posterior part of abdo一

men of embry0　0f Pd．paradoxain Stage　4．

Scaies　＝　50pm（Figs。174－176，178）and100pm（Fig・177）。
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EXPLANATlON OF FZGURES

179．　Parasagittal section through head of embry0　0f P。

Pryeriin Stage　6・

180．　Cardioblasts of P．pryeriin Stage　7．

181．　Part of transverse section through first abdominal

Segment Of embry0　0f P．pryeriin Stage　8．

182。　Part of transverse section through third abdominal

Segment Of embry0　0f P．prYeriin Stage　9．

183．　Part of transverse section through intersegmental

regiOn between second and third abdominal segments

Of firstinstarlarva of P・PrYeri。

Scales　＝　50pm（Figs・179，183）and10pm（Figs。180－182）。
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EXPLANAT＝ON OF FZGURES

184・　Transverse section of heart through seventh abdominal

Segment Of firstinstarlarva of P．prYeri．

185．　Part of transverse section through mesothorax of

embrY0　0f Pd．paradoxain Stage　5．

186．　Sagittal section through posterior end of embry0

0f P。PrYeriin Stage　3．

187．　Sagittai section through posterior end of abdomen

Of embrY0　0f P．pryeriin Stage　4．

188。　Sagittal section through posterior end of abdomen

Of embry0　0f P．pryeriin Stage　5．

Scales　＝　50pm・
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EXPLANATlON OF F＝GURES

189・　Part of parasagittal section through posterior regiOn

Of abdomen of embry0　0f p．prYeriin Stage　6．

190・　Part of transverse section through seventh abdominal

Segment Of embry0　0f P．pryeriin Stage　6．

191。　Part of parasagittal section through posterior regiOn

Of abdomen of embry0　0f P．pryeriin Stage　8．

192。　Sagittal section through posterior end of abdomen

Of embry0　0f B・laeviPeSin Stage　5・

Scales　＝　501ユm・
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EXPLANATZON OF FIGURES

193．　Diagram showing main musculature of metathorax and

first abdominal segments of first instar larva of p・

Pryeri．　Arrows　＝　See teXt（P．85）．

194．　Diagrams showing posterior view of caudal end of

abdomen（A）and parasagittal（B′　C）and sagittal（D）

SeCtions through posterior part of abdomen of first

instarlarva of P．pryeri。
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EXPLANATZON OF FIGURES

195・　Sagittal section through anterior part of midgut

Of embryo of P．prYeriin Stage　9．

196．　Parasagittal section through posterior part of abd0－

men of embry0　0f P．pryeriin Stage　5．

197．　Diagram showing alimentarY Canal of first instar

larva of P．pryeri．

198．　Sagittal section through stomodaeal regiOn Of embry0

0f P．pryeriin Stage　4．

Scales　＝　50pm・
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EXPLANATZON OF F＝GURES

199．　Sagittal section through stomodaeal regiOn Of embry0

0f P．pryeriin Stage　5．

200．　Part of transverse section through second abdominai

Segment Of embry0　0f P．pryeriin Stage　8．

201．　Midgut epithelium of RegiOn Z of firstinstarlarva

Of Pニ　pryeri．

202．　Midgut epithelium of RegiOn　工Z of firstinstarlarva

Of P．pryer土．

203．　Midgut epithelium of RegiOn HZ of first instar

larva of P．pryer土．

204・　Sagittal section through stumodaeal regiOn Of embry0

0f B．laeviPeSin Stage　4．

205。　Sagittal section through stomodaeal regiOn Of embryo

Of Bo。WeStW00diin Stage　4．

Scales　＝10pm（Figs・199，20ト205）and　50Jユm（Fig。200）¢
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EXPIJANAT工ON OF F工GURES

206．　Diagram showing lateral spread of amnion（A），and

Part Of transverse section through head of embrYO（B）

Of P．pryeriin Stage　4．

207．　Diagram showing lateral spread of amnion（A），and

Part Of transverse section through head of embryo（B）

Of P．pryeriin Stage　5．

208．　Diagram showing lateral spread of amnion of embry0

0f P．prYeriin Stage　5．

209。　Part of sagittal section through embrY0　0f P。PrYeri

土n Stage　5．

Scales　＝　50pm・
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EXPLANATZON OF FIGURES

210．　Sagittal section through thickened inner amnion

Of embry0　0f P．prYeriin Stage　7．

211．　Sagittal section through anterior part of embry0

0f B0．WeStW00diin Stage　4．

212。　Rudimental abdominalleg of second abdominal segment

Of embry0　0f P．pryeriin Stage　7。

213．　Abdominal leg of second abdominal segment of embrYO

Of P．pryeriin Stage　8．

214。　Abdominal leg of second abdominal segment of embrY0

0f P．prYeriin Stage　9．

215。　Abdominal leg of second abdominal segment of fiとSた

土nstar larva．

216．　Small abdominal process of third abdominal segment

Of embry0　0f Pd．paradoxain Stage　7．

217。　Small abdominal process of third abdominal segment

Of firstinstarlarva of Pd。Paradoxa。

Scaies　＝10pm（Figs。210，212－217）and　50pm（Fig・211）・
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EXPLANATlON OF FZGURES

218。　Part of transverse section through prothorax of

embry0　0f P．prYeriin Stage　4．

219．　Part of transverse section through prothorax of

embry0　0f P．pryeriin Stage　5．

220．　Part of transverse section through prothorax of

embry0　0f P．pryeriin Stage　7．

221。　Parasagittal section through，POSterior part of abd0－

men of embry0　0f P。Pryeri earlyin Stage　7．

222。　Parasagittal section through posterior part of abd0－

men of embry0　0f P。Pryeriin Stage　7．

223・　Parasagittal section through posterior part of abdo一

men of embryo of P．prYerilatein Stage　7．

Scales　＝　50Ym。
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EXPLANATION OF FZGURES

224・　Serosa and serosal cuticle of P。Pryeri early in

Stage　5．

225．　Serosa and serosal cuticle of P．pryeriin Stage　5．

226．　Parasagittal section through posterior part of abdo－

men of embry0　0f B． laevIPeSin Stage　7．

227。　Diagram showing main caetotaxY Of eighth to tenth

abdominal segments of first instar larva of Pd．para－

doxa．　Arrows　＝　See teXt（P．112）．

Scales＝10pm（Figs。224′　225）and50pm（Fig。226）。
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EXPLANATZON OF F＝GURE

228・　Diagrams showing tYPeS Of germ band。　AI B・laeviPeS；

B′　B0．WeStW00di；C，Pd．paradoxa；D，

ー　238　－
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