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I NT RODUC T I ON 

On the morphological bases9 a cldse affinity between 

the Microcoryphia9 Thysanura s. str.~ and lower Pterygqta 

seems to be clear in ma~Ly resembranees of the general 

organization of t, he body, and it seems that the Micro-

coryphia and Thysanura possess the primitive characters 

that the pterygotan ancestors may have had. Making a 

comparison between the Microcoryphia arl:d Thysanura, 

there seems no douht that the Microcoryphia is less 

specialized or probably more primi,tive~ because the 

former does not possess any speeialized features shared 

with the latter and the pterygote insectsg such as l) 

presence of two mandibular articulations (one articu-

lation in the former) 9 2) presence of a gonangulum, 

5)origin of ventral mandibular stiprtal adductors on 

the tentoriumg an(i 4) presence of longitudinal and 

transverse tracheal trLlnks. 

The machilids and lepismatids are often treated 

simply as the divisions constituting a single order, 

the Thysanura s. Iat., but the present author takes 

the position that they represent each independent order, 

the Microcory~)hia arLd the Thysanura s. str. throughout 

the present study. 

Embryological studies of the Microcoryphia and 

Thysanura are of great value, since they are regarded 

as probably taking such phylogenetical positions as 

just mentioned. Relatively many suc~) studies on th.e 
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Thysanura have appeared (Heymons~ 1897a; Uzel9 1898; 

Sharov9 1955; Sakrhage9 1955; Wellhouse~ 1954; ~'Joodland9 

1957; Yashika9 1960; Larink~ 1970; Klag~ 1977a9 b~ 1978). 

On the other hand9 for the Microcoryphiap we have only 

the brief study on the formation of elnbryonic membrarLes 

of M~Lc･~lilis alternata (=Trigonio hthalmus alternatus) 

by Heymons and Heymons (1905)~ I~arinkss (1969) study 

that deals with the. embryonic development af Petrobius 

brevistylis9 an(i also his papers (19729 1979) concerrLing 

the blastoderm cuticle formation in several microc6ry-

phian species. These papers9 especially Larinkss of 

19699 indeed provide us with many valuable data, but 

they are rather fragmentary. Therefore~ also from the 

interesting characteristics that the Microcoryl)hia ma~ -

possessg the more detailed embryological studies=~through-

out all the course of their embryogenesis have been 

earnestly expected. 

For these reaSoris9 the author set about the embryo-

logical investigation on a machilid~ Pedetontus* unim~cu-

latus Machida (Machilidae9 Petrobiinae). The concre.te 

objects of this investigation are summarized as followsg 

i) describing and discussing carefully the developmental 

process of this insect, 2) examining the affinities of 

* Although Silvestri (1911) regarded Pedetontus Silv. 

as one of the sub~･enera of the genus Petrobius it is 

no~'J regarded as an independent genus (cf. Paclt, 1972). 
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the Microcory~)hia to the other insects and: the myriapodss 

based on only the embryological data, 5) providing some 

ground for the systematical treatment of the machilids 

and lepismatids in higher levelF which is at the present 

much controversial9 fro:n the comparative embryological 

vlews and 4) describing the morphogenetlcal processes 

and origins of each structure to tender sorne valid data 

for the comparative morphology. 

In the present paper9 the developmental process 

of Pedetcntus unimaculatus during ･the whole embryoriic 

stages and in some cases also the early-instar-larval 

will be described9 and the results obtained will be 

discussed arLd compared with previous works. 
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MATERIAl]S AND METHODS 

Specimens were qollected at Shimoda9 Shizuoka 

Prefecture9 Japan. 

A pair of the insects was kept at room temperaturie 

in a plastic case with a plaster bottom. Moistened 

stones or bark coated with unicellular green algae were 

provided as food. The female laid her eggs mainly 

under stones~ under bark9 and in crevices. These 

were transferred to other humid cases and kept at 

room tenrperature. The oviposition of Pedetontus uni-

maculatus lasted from March to September9 and the larvae 

hatched out the following spring. The emhryos in each 

stage~ from the germ disc to the full-grown embry0~ 

and early' instar larvae~ formed the main material of 

this investigation. ~ 
The materials for the observations of external 

features were prepared as follow.ing. In Pedetontus 

unimaculatuss the outer dark arLd inner tranSparent 

blastoderm cuticles ~Lre formed just beneath the chorions 

as in the other machilids (Larink~ 1969s 1972s 1979). 

Eggs were dechorionated with fine forceps~ and the 

dark outer blastoderm cuticle was soaked in 4 ~ anti-

formin. After this treatmcnts it was possible to see 

inside the egg through the trarLSparent blastcderm 

cuticle. The eggs were then transferre(i to Ringerss 

solution. l~1_mbryos were removed 'frorn the eggs with 

forceps and ~'Jashed several times in the latter solution. 
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These embryos were fixed with Bouinss fluid for several 

h01~_rs and stored in 70 % ethyl alcoholL This method 

is favorable for observation because the embryos which 

are flexed in ovo become somewhat straightened~ and 

lack coagulated m..aterial on the surfaee. Advance embryos 

with developed musculature often change their form 

during fixationg therefore9 prior to fixation a few 

drops of Ringerss solution mixed with chloroforrn were 

added to the Ringerss solution containing living embryos. 

l~arvae were anesthetized with ethyl ether vapor for 

several Ininut.es prior to fixation and then fixed with 

alcoholic Bouinss fluid overnight. Materials were 

stained with Mayerss acid hemalum. In order to stain 

larvae or embryos possessing a larval cuticle it ~~'as 

necessary to perforate the body wall with a fine needle. 

The whole eggs were used for sectioning9 other 

than the embryos and larva~ prepared or fixed in the 

same ~~Jay as previously mentioned. The egg membranes 

of whole eggs should be perforated with a fine needle 

in fixatives9 for the purpose of accelerating fixation. 

Prior to perforation9 some of the eggs were dechorionated~ 

or further their outer blastoderm cuticle was resolved 

with antiformin. The alcoholic Bouinss fluid was used 

for the fixation of the eggs. The usual paraffin embed= 

ding method was mainly employed. The materials were 

dehydr*~ted and cleared through arL ethyl alcohol - butyl 

alcohol series or an ethyl alcohol = methylbenzoate -
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butyl alcohol series., The celloidin=Paraffin double 

embedding method was also employed. Sections9 six to 

ten-/Lm thick~ were stained with Delafieldis hematoxylin 

or I'~ayeres acid hemalum and eosin G9 and Massonss 

one-step triple stain modified by Gomori. 

Dra¥~rings were made with the aid of Abbess' camera 

lucida* 
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O B S ERVAT I ON S 

"ihe egg-period of Pedetcntus unimaculatus varies 

from 250 to 580 days at room temperature. Considerable 

individual differences in the period were observed* 

The eggs and embryos in each stage~ irom the germ disc 

tc the full-growrl embryo, and the first three instar 

larvae, formed the main material of this investigation. 

In this study~ the developmental process from the germ 

disc to the full-grown ernbryo is divided into fourteen 

stages9 ac*~ording to the external features (see Chapter 

D) . 

A. Egg and egg memhraues 

The newly laid eggs of Pedetontus unimaculatus 

assume orange color9 and are covered with only the 

chorion and gelatinous layer (Fig. Ia). The chorion 

is initially so soft that the eggs display various 

shapes as in the case for other machilid eggs (1,~Iygo-

dzinsky, 1941; I)elany, 1959; Larinks 1968). The chorion~ 

ho~,lever, soon hardens. The ellipsoidal eggs of Pede-

tontus unimaculatus are about 1.5 mm long, and 0.8 mm 

wide. "i'he gelatinous layer of eg~-s is about 1.5 ~m 

thick~ and the chorion is cornposed of two layers, 

exochorion and endochorion. The exochorion9 ca. 1.5 

~cm thick, is darker tharL the endochorion, ca. 2 ;xm 

thick. At about the time of cleavage, the exoc'norion 

and endochorion become uniformly darker, to be undis-

tinguishable with each other. 
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With the progression of developrnents the blastoderm 

forrns just beneath the chorion. It secretes a hlackish 

cut.icle layer between the blastoderm and chorion (Fig. 

lb). This layer becomes thicker upto ca. 4.5 ~cm 

during the formation of the germ disc ( Stage l)9 and 

is provided with many spinules~ ca. 2 /Lm talls on its 

outer surface (Fig. Ic). T~lis blackish cuticle layer 

with the spinules is designated as vblastoderm cuticle 

Is 

From the germ disc stage (Stage l) to the e~rly 

stage of germ ban(i (early in Stage 2)~ two additional 

blastoderm cuticles successively appears. First~ a 

eosinophilic･cuticular layer9 ca. 6 /Lm tllick9 (blasto-

derm cuticle 2) is formed just beneath tlle blastoderm -cu-

ticle I (Fig. Id). Then~ the blastoderm cuticle 5& ca. 7 /Lm 

thick and unstainable with any of hematoxylin9 eosin9 

chromotrope 2R and light greens apl)ears between the 

blastoderm cuticle 2 and blastoderm (Fig. Ie). The 

longitudinal lines are observed in the blastoderm 

cuticle 5. ~lhe boundary betl~'een the blastcderm cuticles 

2 and 5 is more or less obscure~ and the transient 

region of them assumes a characteristic stainability 

against light green. During the formation of blastoderm 

cuticles~ the blastoderm is folded beneath the germ disc 

(Fig. 5). The bleLStoderm cuticles secreted by the 

folded part of the blastoderm assl~Lmes the peculiar 

spine-like shape. 



- 9~ 

The chorion parts from the egg proper by the for-

mation of blastoderm cuticles mentioned above* With 

the enlargement of egg, the chorion cracks9 and becomes 

to be helpless for the protection of egg. Now, the 

blastoderm cuticles fulfill this function~ instead of 

the chorion. The bleLStoderm cuticles are considerably 

thicker than the chorion9 arLd are resp9nsible for the 

toughness of the egg of this species. Larink (19699 

1972, 1979) studied the formation of egg membranes of 

several sl)ecies of machilids~~. The egg membranes of 

them acquire a complex stnlcture similar to those of 

Pedetontus unimaculatus~ and this seems the character-

istic of machilid eggs. 

The blastoderm cuticles completed in Stage 2 are ' 

in the same condition as they are, until Stage 15. 

Near the hatching, the blastcderm cuticles become 

thinner. In the egg ready to hatching, the blastoderm 

cuticle 5 disa~rpearss the hlastoderm cuticle 2 is also 

much reduced~ and only the blastoderm cuticle I remains 

intact. _~_Ithough it is clear that the blasto(lerm 

cuticles are digested by a kind of hatching enzymes9 

the origin of it is obscure. It is, however, noteworthy~ 

concerning this matter, that embryos of this species 

have ~,Jell-developed pleuropodia. 

~~ l]arink called the blastoderm cuticle 

in his paper of 1969. 

ttl31 as t o d ermm embran 't 
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The cuticles secreted by the embryonic mem~Dranes 

have been reported in many insects~ suc:h as the thysa-

nuran Thermobia domestica (WoodlaJnd~ 1957)~ Odonata 

(And09 1962)~ the orthopteran Melano lus differentialis 

(Slifer9 1957) and the plecopteran Pteronarc s teus 

(Miller9 1940). T~lese cuticular egg mernbranes are 

secreted by the blastoder:n or the serosa~ which the 

blastoderm develops into. Slifer clearly demonstrated 

in her experimental embryological studies (19579 1958) 

that the enzyne secreted by the pleurol)odia is respon-

slble for the thin~ling of the white cuticular membrane 

of Melano lus differentialis ne*-r the hatchlng 

13. 13lastokinesis 

"ihe small germ disc is first observed at the post-' 

erior end of the egg (Stage lg Fig. 2a).. The embryo 

then begins to grov~' anteriorly on the surface of the 

yolk (Stages 2s 5 and 4: Fig. 2b9 c). Next9 the abdom.-

inal region of the･embryo begins to sink into the yolk 

slightly~ but the head 'and thoracic regions still 

remain on' the su_rface. At about the same tlme small 

yolk folds form on both sides pf the embryo (Stages 

5 and 6:Fig. 2d). 

Subsequently the embryo moves further for~･Jard 

and becomes located in the center of the surf*-ce of 

the yolk. The yolk folds increase in size9 and a new 

fold aprp ears in front of the embryo. As the yollk folds 

enlarge~ the ernbryo begins to invaginate bet¥+'een them 
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(Stage 73 Fi,g. 2e). _ At the posterior part of the dorsal 

surface of~ the embryo a new yolk bulge also occursp but 

it is less 1･Jell developed than in PetrQbius brevist lis 

(l]arinkp 1969). 

~'Jith further development9 the yolk folds and yolk 

bulge grow arLd cover the embryo (Stages 8~ 9 arLd 103 

Fig. 2f9 f')p so that only part of the abdomen and the 

caudal filament can be seen through the cleft between 

the folds and the bulge (Fig. 2f'). The embryo continues 

to develop enclosed within them. ' 

As embryonic development progressess the yolk 

folds begin to decrease in size9 since yolk is rapidly 

consumed, and the yolk bulge becomes enclosed as the 

dors**1 cl_osure proceeds (Stages ll and 123 Fig. 2g). 

The frortal yolk fold disappears first~ but th~ Iateral 

fdlds still remain at the back of the thorax before 

the formation of the larv=-1 cut.icle in Pedetontus uni-

maculatus (early Stage 15)s wllile in ryi,achilis alternata 

of a comparable steL~-e (Heymons and Heynrons~ 1905) only 

the horn-sharp e(i yolk sac is left at the anterior ~nd 

of the embryo. Up to tllis time the embryo completely 

fills its shell. 

Finally~ however, th_ ese lateral yolk folds become 

completely incorporated into the embryo and the dorsal 

closure is cornplete (Stage 15). At this point9 the 

chorion becorri*es loose and the egg begins to swell~ 

becoming almost spherical (Fig. 48). ~ihe additional 
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space thus provided gives the embryo room for further 

development (Fig. 49). 

In Stage 14 the egg swells further. The embryo 

grows further9 and again comes to occupy the egg-shell 

completely (Fig. 50). Shortly thereafter the first 

i?n_star larva hatches. 

a, j~i=arly development and formatlon of germ ru(ilrnent 

On the very early development of Pedetontus uni-

maculatus, the available data are not sufficient to 

warrant any descriptions and conclusions* The earliest= 

stage-eggs that are possible to furnish some available 

data already attained the stage with several cleavage 

nucl ei . 

Each of the cleavage nuclei is surrounded by a 

le~rge amount of plasm. At about the time when these 

nuclei commence to migrate centrifugally to the peri-

phery of the egg9 the yolk mass is divided into large 

yolk blocks (Fig. -5) . The second*-ry yolk cleavage of 

Pedetontus unimaculatus is ephemeral~ and breaks down 

at the time of the completion of blastoderm,. The 

alppearance arid breakdown of yolk cleavage of this spe-

cies occur exceptionally in earlier stages~ comparing 

~,Jith those of the other insects (cf. Johannsen arLd Butt9 

1941). Ir!_ Petrobius brevistylis, no yolk cleavage is 

observed throughout the whole developmental stages 

(Larink, 1969). 

The cleavage nuclei finally arrive at the thin 
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peripl~LSm, to form the blastoderm. Initial stages of 

development of Pedetontus unimaculatus are broadly 

similar to those in the majority of insectsg it may 

be concluded~ although the insufficiency of data on 

earlier development9 that the type of cleavage of 

this species is a typical superficial one. The manner 

of cleavage in Pedetontus unimaculatus is fundamentally 

different from the total cleavage found in ･myriapods 

and collembolans. 

L'Ihen the eompletion of blastdderm9 many yolk cells 

stay in the yolk~ and they a~e regarded as the primary 

yolk cells. The plasm surrounding each of them gradually 

diminishes in quantity, and finally becomes undiscernible 

at all. i"he nuclei of blastoderm undergo the multinuciea-

tion, as is the case for Petrobius brevistylis (Larink, 

1969). Judging from this, Larink (1969) suggested the 

presence of secondary yolk cells. 

Parallel with the blastoderm formation, a loosely 

aggregated cellular mass, about 70 ~Lm in diameter9 

is formed at the posterior pole of the egg (Fig. 4). 

This mass is the germ rudiment, arLd marLy mitotic fig-

ures are observed The large dorsal part of the germ 

rudimerLt is the future germ disc. The small lower part 

differentiates into the embryonic membrane~, to form 

* In thls paper the term emb~yonlc membTarLes also~im-

plies the hlastoderm9 other than the serosa and amnion. 
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the folded structures (cf. Fig. 5). The cell arrarLge-

ment of ,the lower part of tlle germ rudiment represents -

the rudimentary condition 'of the folded part of embryo-

nic membrane. Here9 it is notable that the nuclei of 

the fold assume the siTnilar morph:ological cllaracteristics 

to those of blastoderrng i) sizes ii) stainability and 

iii) multinucleation. The folds should be9 therefore~ 

reb*arded as the blastoderm in nature. The folds are 

stretched and thinned~ with the enlargement of germ 

D. Embryonic memhranes and dorsal organ 

The folds of blastoderm situated under the germ^ 

disc is unfolded and stretched in Stages 2 to 4. The 

blastoderrn begins to be concentrated towards the anteti･or, 

and then the ring=shaped thickening9 the secondary dorsal 

organ, is produced (Fig. 6). Parallel 1~Jith this~ a area 

of the embryonic mernbrane, which is scantly cellulated9 

appears between the secondary dosal organ and embryo 

(Fig. 7). The embryonic membrane newly formed is 

proliferated at the margin of embry09 and is undoubt-

edly embryonic in origin. It is, therefore, homologized 

with the arnnion of the higher insects. A part of the 

embryonic m.embrane other than the secondary dorsal 

orgarL and amnion is* now, regarded as the serosa. The 

nuclei of amnion is flattened and relatively smeLll. 

The serosa is more densely cellulated than the amnion, 

and the cells of serosa are ~vith large and flattened 
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nuclei. They tend to undergo the multinucleation as 

in the other insects~ in contrast to those of the 

arnnl on . 

The concentration of embryonic membrane and the 

~~eplacement of the serosa with the amnion are more 

progressive in the dorsal region of egg (Fig. 9). In 

Stage 7~ the serosa is at last concentrated up in front 

of the embryo~ and it remains as the small secondary 

dorseLl organ. At least by Stage 9~ however~ the second-

ary dorsal organ is completely absorbed intc the yolk. 

The tightly packed colwnnar cells of secondary dorsal 

organ are unexceptionally multinucleateds and resemble 

the glandular cells. These cells of secondary dorsal 

organ~ as if they were holocrine cells9 sel)arate into _ 

the yolk9 and are absorbed there (Fig. 8). Such a 

separation and absorption process of the cells of 

secondary dorsal organ has been reported in many other 

insects. The secondary dorsal organ is considered and 

defined as the structure that is produced accompanyingly 

with the concentration and degeneration of the embry0= 

nic membr*"ne. Therefore~ it starLds to reason that the 

secondary dorsal organ of Pedetontus unimaculatus should 

be hornologized with ones of t}le other insects9 although 

the ring-shaped dorsal organ of this species apl)ears 

to be very dij~ferent frorn the ty~)ical ones. 

After the disappearance of th~ secondary dorsal 

orgarL the arnnion rel)resents t'r!_e embryonic membrane.. 
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The yolk folds and bulges mentioned'previously are 

formed at the area of amnion. ','!ith the extension of 

the developing terga$ the dorseLl closure is near its 

com~)letion. The amniotic cells9 with the nuclei 

heavily stained with hematoxylin9 is concentrated in 

tlle dorsal region of embryo (Fig. 85). They are re-

placed with the nel'fly formed terga and degenerate. 

However9 some amniotic cells are left just above the 

heart~ and are taken into the body of full-grown 

embryo (Fig. 84). The similar condition of amniotic 

cells has been reported in I,ocusta migratori*･ ~~~~~i ra-

tcrioides (P,oonwals 1957) . In Pedetontus uniQlaculatus9 

tlle amniotio cells taken into the body are also observed 

in the early instar larvae. -
In Pedetontus unimaculatus9 the primary dorsal 

organ9 found in the myriapods (Tiegss 1940; Seifert~ 

1960; Dohles 1964)9 collembolans (Claypole~ 1898; Philipt-' 

scherL~l~o& 1912; Tiegs9 1941_; Jura~ 1965s 1967a9 b) aJld 

diplurans (Uzel~ i898; Tiegs? 1944; Asaba9 unpublished)9 

is not observed tkrou~~~h:out the ~'Jhole developmental 

stages In ~ihernrob:La domestlc* Ioodland (l0.57) observed 

a grourp of six to ten closely ~p acked cells at the 

extreme anterior end of the egg. According tc himp 

it rep:resents the primary dors='1 organ. If true~ 

h_is observations are extremely interesting in view 

of -the phylogenetic significance v.'hich has been attached 

to this embryonic structure. However9 on the identifi-
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cation of this group of cells9 he took no account of 

the other possible interpretations9 even such as con-

cerning the hydrolp ylar and aeropylar apparatuses as 

observed in some pterygote insects. Reexaminations 

on ~'Joodlandss observations are earnestly expected. 

E::;. External features of embryogenesis 

The external m6rphology of the embryo and the 

fir~t ihstar larva is described. T'ne embryonic develop-

mental process is divided in_to fourteen stages. 

Stage I (Figs. 10 eLnd ll) 

A circular germ disc about 100 ~m in diameter 

forrns. With development9 the germ disc becomes tri-

angulars and begins to differentiate into a protocepha-

lon and a protocorrn. 

Stage 2 (Fig. 12) 

The triangular germ disc elorrgates to become a 

pear-shaped germ band. SegmenteLtion of the embryo is 

not yet evident. 

Stage 5 (Figs. 15 - 15) 

Segnentation of the embryo is first visible at 

this stage. First9 the antennal~ mandibular, a.nd 

maxillary segnents arLd the neural groove appear (Fig. 15). 

As these structures become more distinct9 the labial 

and thoracic segrnents appear successively (Figs, 14 and 

15). Just ar!_terior to the mandiblJl*･r segment a pair 

of flat bulges becomes visible. They are thought to 

represent the develolp ing inte"_'calar"y~ segment. The 
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shallo~'! Stornodaeal notch forms at the extreme anterior 

end of the neural groove. In front of the notch a 

small bulge~ thought to be the clypeolabral anlage9 is 

found (Fig. 14)~ and in several cases a pair of anlagen 

was observed. . 

Stage 4 (Figs. 16 and 17) 

The rudimentary antennae elongate and the anlagen 

of the gnathal appendages appear. The protocorm thick-

ens and becomes segmented. The opening bf the develop-

ing proctodaeum forms at the extreme end of the neural 

gro ove . 

Stage 5 (Figs. 18 and 19) 

Three pairs of flat bi~lges (B19 B2 and B5 in Figs. 

18 and 19) form in the protocephaion. Thes~ structur~s 

correspond to the superficial structures of three pairs 

of protocerebral ganglia. The anlagen of the thoracic 

appendages also differentiate. A pair of bulges becomes 

visible between t. 1le bases of the appendages in each 

sepl,*~lent9 indicating ganglion formation along the ventral 

nerve cord. The abdomen of the ernbryo begins to flex 

ventrally and its posterior end points anteriorly. The 

opening ol~ Iproctodaeum assumes a T-shape. 

Stage 6 (Figs. 20 - 25) 

The three pairs of bulges in the protocephalon 

become distinct and the protocephalon begins to flex 

dorsally (Fig. 20). The maxj.llary and labial appendage 

p-nlagen elongate. At the s=-me time9 they divide into 
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t~'Jo parts and the proximal parts of the rudimentary 

maxilla arLd labium split, forming the future lacinia 

and galea in the former, and the future glossa and 

paraglossa in the latter (Fig. 21). The distal parts 

of the appendage arllagen are 'the rudiments of palpi. 

The structures of the maxilla and leLbium are believed 

to be serially homologous; i.e.~ the lacinia, galeas 

and maxillary palp correspond to the glossa, paraglossa, 

and labial palp. The intercalary se_~nent moves slightly 

anteromedially alid soon disappears. The mandibular 

appendage anlagen do not undergo any morphological 

change . 

Boundaries are observed between the rudimentary 

body wall and the bases of the maxillary, Iabial, ,and ~ 

thoracic alppendages9 Ieading to the differentiation of 

t'ne rudimentary tergum in each segment. The thoracic 

appendages (~ivide transversely tc form, the coxopodites 

and telopodites. 

The anlagen of tlle abdominal appendages first 

appear in this st_･ge. Figure 22 shows the anlagen of 

the first abdomin*"I apperLdages~ formed as a pair ol 

long bulges laterally. Late in this stage, the abdominal 

appendages of the anterior segments belo~'J the first one 

are likewise formed (Fig. 25), and the fir*-t abdominal 

appendage anlagen gro~'f and become similar to those of 

the'thoracic appendages. The ~)roctodaeum, ~'Jith its 

Y snaped or)enlng, becomes deeper. I)uring this stage, 
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the anlage of the caudal filament forms as a small pro-

jection posterior to the anus. 

Stage 7 (Figs. 24 and 25) 

From Stage 6 on~ the head 'lobes extend and curve 

antero- and dorsolaterally9 so that the clypeolabrum 

and eLntennae begin to shift anterodorsally (Fig. 24). 

By a further flexing and spreading of the head lobes9 

their anterior and lateral edges fuse dorsally~ forrning 

the rudimentary head capsule ( Stages 8 - Il). Formation 

of the rudimentary head capsule in Petrobius brevistVlis 

(Iiarink9 1969) is the same as in Ped~tontus unimaculatus. 

The twO initial lobes of the labium9 the primordia of 

tlle glossa and paraglossa~ each divide into two (Fig. _ 

25). Two morphological interpretations have been ad-

vanced with regard to the homologies of the four labial 

lobes in adult machilidsg l) the innermost pair corre-

sponds to the glossae and the outer three pairs to the 

paraglossae (B6rner~ 1914; Snodgrass~ 1955); or 2) the 

inner two pairs correspond to the glossae and the outer 

two pairs tc the paraglossae (Verhoeff~ 1904; Chaudonnerets 

1948). .~_t present, the latter interpretation is gener-

ally accepted9 and this investigation supports it. 

At this steLge, a single bulge observed on the 

ventral surface between the mandibles is the anlage 

of the hypopharynx (Fig. 25). In the thoracic segments 

differentiation of terga proceeds. 
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Stage 8 (Figs. 26 - 28) 

The head lobes spread :rurther and flex upward 

(Fig. 26). The rudimentary hypopharynx grows arLd 

extends t0' the maxillary segnent9 and the prospective 

superlinguae forln as a pair of small protuberances on 

the hypopharynx develops into the lingua (Fig. 27). 

In the abdomens differentiation of the terga 

proceeds, and as in thoracic segments the tergum 

rudiments come directly into contact with appendages 

in each segment. Figure 28 shows that a small protuber-

ance forms laterally at the base of the right appendage 

anlage in the second abdorninal segment; this manifests 

the differentiatiori of the inner ventral sac and the -

outer stylus. With subsequent development9 anlagen of the 

abdominal appendages in the third to seventh abdominal seg-

ments likewise differentiate primordia of ventral sacs and 

s tyli . 

Stage 9 (Figs. 29 arLd 50) 

A pair of compound eye anlagen is formed on the 

posterolatereLl regions of tlle rudimentary head capsule9 

derived from the 131 protocephalic bulges (Fig. 29). 1,'Jith 

morphogenesis of the head capsule9 the 131 bulges becorne 

dorsal to the maxillary and labial segments. The bases 

of labial appendages begin to spread and move mediad (Fig. 

30) . 

The first abdorninal appendages acquire the charac-
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teristic form shown in Figure 29. A~t the same time, 

rudiments of the cerci form at the tip bf the tenth 

abdominal segment. 

Stage 10 (Figs. 51 - 56) 

The head capsule is complete except for the post= 

erior region9 which has not yet undergone dorsal closure. 

The boundaries between the appendages and lateral body 

walls or tergum rudiments become distinct in the maxillary 

and labial segments. In the mandibular segment the 

boundary line also forms, but the anterior boundary of 

its tergum is not yet visible. The developing compound 

eyes are pigmented; Figure 51 shows that each eye 

consists of about ten rudimentary ommatidia in this 

stage. The median boundary of a pair of bulges (B5) -

becomes faint, though prominent at SteLge 9, and soon 

it becomes (iifficult to distinguisll the three pairs 

of bulges, ~31, B29 and I}5. The scapus develops in the 

rudimentary antenna. The maxillary palp elongates, 

and begins to divide into the trochanter and femur. 

A p air of labial anlagen moves further medially, and 

their bases spread over the labial sternum~ (Fig. 52). 

They finally fuse over the sternum completely, 

forming the postmentum (Fig. 55). The labium acquires 

its definitive form9 and then divides into a proximal 

and a distal part with the labial suture. At this time, 

~ As for the nature of sternum see Chap･er G 1 4 

sVentral epidermisi . 
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the mandible changes morphologically; a protuberance9 

'the future molar forms medially from the mandibular 

base~ and the tip of the mandibular rudiment becomes 

the future incisor (Fig. 56). 

Segmentation of the three pairs of thoracic legs 

proceeds synchronously. By Stage 9~ each leg has 

differentiated into two parts, the coxopodite and telo-

podite. At this stagea the coxopodite and telopodite are 

segrnented. In the telopodite9 the trocharrter and pi~etarsus 

(whose tip is slightly split longitudinally) first becorne 

distinguishable9 and then the coxopodite divides into two 

distal end of the telopodite begins to subdivide into the 

femurs tibia9 and tarsus. 

Now eleven abdominal segrnents are clearly observed9 

and the cerci are situated on the eleventh segment. 

The first abdominal appendage.~ transform intc sac=shaped 

pleuropodia. The pleuropodia maintain this configu-

ration until eclosion. The second to seventh abdominal 

appendages have branched into the anlagen of ventral 

sacs and styli. They are better developed in the 

anterior segments than in the posterior ones. These 

segmental appendages become biramous. At this point 

in development~ the eighth and ninth abdominal alrpend-

age anlagen are solid bulge-* (Fig. 54). Soon9 protu-

berances arise fro.m the outer side of each bulge in 
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the eighth and ninth abdominal segments, and elongate 

I)osteriorly (Fig. 55) to develop later into styli. 

The embryonic cuticle forms late in this stage. 

Stage ll (Figs. 57 - 59) 

The compound' eyes develop. A pair of posterior 

ocelli ar2;d a median ocellus are arranged in an inverted 

triangle. In the mandibular segment, the anterior 

boundary line of the tergum rudiment forms '(Fig. 57)9 

independently of the lateral or posterior boundary 

line of the bulge, Bl (see Figs. 2･4, 26s 29, and 51). 

Dorsal closure of the head terminatesg and the head 

capsule is now completed. The boundaries between the 

bulges Bl, B2p and :B5 now disappear. The developing 

compound eyes begin to spread and fuse medially. The 

fusion line extends anteriorly from the eyes along the 

surface of the cranium, diverging above the median 

ocellus. This inverted Y-shaped line, the epicranial 

suture ( Fig. 58), is independent of the median boundary 

line of the pair of bulges (B5) observed in earlier 

stages; it includes the coronal suture of the vertex 

and the frontal suture of the facial region. In 

addition to the scapus, already developed, the pedicel 

and flagellum are visible in the developing antennae. 

The faint tra~lsverse line which marks off a small basal 

portion of the mandible (Fig. 57) can be seen u~p to 

Stage 15. The body of the maxilla differentiates into 

the cardo and stipes. A pit forms at the center of 
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the boundary line between the cardo and stipes. From 

the pit a shallow line runs at the surface of the stipes 

to forrn a T-shaped structure with the boundary line 

between the 6ardo and stil)es. This stnlcture persists 

until Stage 12. The palpifer forms on the basal part 

of the galea* The tibia and tarsus I becorne visible 

in the maxillary palp. The palpiger develops and the 

labial palp divides into three parts9 as in an adult. 

~ihe distal margin of the postmentum thickens (Fig. 59). 

Segmentation of the legs becomes o.bvious and tlle sub-

coxa enlarges. 

The abdominal eLppendages are fundamentally com-

plete and the coxites begin to differentiate from the 

basal parts. The ~audal filament is clearly marked '~ 

off from the abdomen (Fig. 579 cf. Fig. 56). In this 

stages the dorsal closure is complete in the head9 in 

the anterior half of the prothorax9 and in the I)ost-

erior abdominal segments. The tergum of each segment 

becomes tl)ick. Figure 57 shows that tlle terga in the 

maxillary and labial segments thicken9 as in the pro-

tho rax . 

Stage 12 (Figs. 40 - 42) 

During this stage, from late fall to late winter9 

the embryo of Pedetontus unimaculatus enters diapause. 

The ocelli continue to develop. The posterior 

~)aired ocelli are less well developed than the median 

one (as in the first instar larva). Differentiation 
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of the facial :region into the frons, clypeus, and labrum 

proceeds. The epicranial suture becomes faint, an(l 

only the coronal suture remains, Iater be:coming unrecog-

nizable. The inverted triangular area, including the 

three ocelli, protrudes on the facial region. The 

hypopharynx enlarges further, so that the lingua adjoins 

the labium (Fig. 40) and assurnes the sh~Lpe found in the 

early instar larvae. The flagellum of each antenna 

divides into about thirty annuli. ~ihe femur of the 

maxillary palp divides into two parts, and the terminal 

tarsal segment also (iivides' into two parts, as found 

in the adult, so that the tarsus is composed of three 

annuli. The prelabium divides into two parts, the pre-

mentum and ligula. In the gnathal segments, the boundary 

lines of the terga appear to fuse with each other 

behind the ~0mpound eyes. A faint line occurs at the 

lower margins of the maxillary and labial terga, per-

sisting until Stage 15. 

A pit is visible on the boundary line between 

the coxa and subcoxa at the lateral side of each 

thoracic leg (Fig. 42). Each pretarsus splits longi-

tudinally, Iater forming two claws each. 

In each of the second to seventh abdominal seg-

ments, the ventral sac and stylus~ are basally separate 

(Fig. 41). Appendages are not visible in the tenth 

abdominal segment. In each of the first to ninth 

abdominal segnent appendages, a pair of basal parts 
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s~)reads over each sternum9 and approaches each other 

becomes fused. Simultaneouslys the st~rnum 

becomes reduced to anteromedial and posteromedial tri-

angular facets on the ventral surface of each segmeut 

(Fig. 41). The intersegmental lines are visible between 

the ster.na of each segment9 and the degenerate neural 

groove still exists. A small depression_ appears on 

the surface of eaoh ventral sac; it is believed to be 

related to the attachment of the retractcr muscle of 

the ventral sac. A ring-like thiqkening fol~ns around 

the basal part of the cercusg dividing into five annuli. 

Three small swellingss which later become the three anal 

lobes9 occur at the ventral surface of'the eleventh 

The dorsal closure heLS been completed in the post-

erior half of the abdomen9 in the first and second 

abdominal segments~ and in the posterior half of the 

metathorax. The middle abdominal segments are not yet 

completely closedg so that yolk can still be seen. As 

mentioned above, the dorsal closure in Pedetontus uni-

maculatus does not proceed sequentially from the post-

erior tc anterior segments~ differing from that in 

Petrobius brevistylis (Larink ~ 1969). 

Spiracles are first observed in the first to ninth 

abdominal segments. Pigmentation of the body ~'Jall 

begins to develop posteriorly from the head at this 

stage . 
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Stage 15 (Figs. 459 44~ 489 and 49) 

With the termination of diapause, development of 

the embryo resumes. The mesothorax9 the posterior half 

of the prothorax9 and the middle abdominal segments 

finally close dorsally. The dorsal closure is complete 

in all segnents. The larval cuticle then forms beneath 

the embryonic cuticle. I~ate in this stage, the setae 

also appear on the larval cuticle. 

The boundary line between the maxillary and labial 

terga becomes faint (Fig. 45). Th.e regio~_n behind the 

compound eyes (the occipital and postoccipital regio~..ns ?) 

becomes somewhat wider. 

The pit on the boundary between the coxa and sub-

coxa becomes faint in the prothorax9 but persists in ~ 

the meso- and metathorax. The subcoxa is develol)ing 

intc the pleuron. 

The coxite in the abdomen becomes thicl..,~:er. The 

anterior (median plate) and posterior sternites of 

each -*egment also thicken (Fig. 44). The median line 

in the abdominal sterna finally disappears. Large 

arpical setae form at the tip of each stylus. A pair 

of low swellings appears at the ventral surface of the 

tenth abdominal segment. The thickened ,area of the 

cercus base begins to spread over the eleventh sternum. 

Rudiments of the subaJrLal plates become plate=1ike arLd 

extend posterornedially slightly. The rudiment of the 

supraarLal plate becomes more erter+ded. 
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At this stage9 1 igmentation develops in the append-

ages of the head and thorax. S~･Jelling of the egg occurs 

( Figs. 48 and 49) and the embryo begins to move. 

Stage 14 (Figs. 45 and 50) 

The embryo grows9 finally acquiring the same form 

as that of the first instar larva (Fig. 50). Soon 

thereaf+er9 the larva hatches. 

The developmental seqtlence of the pleuropodiurn 

and the ventral sac in the first abdominal segment is 

noteworthy. First9 the stalk of the pleuropodium 

becomes slender and its distal sac diminishes in size. 

I~ater9 a small section separates medially at the root 

of the stalk (Fig. 45). It is the anlage of the first 

ventral sac. Shortly thereafter~ the pleuropodium '~ 

collapses and degenerates. The ventral sac anlage 

persists and develops into the definitive ventral sac 

as in other segments. 

An egg tcoth is not found in Pedetontus unimaculatus 

in any stageg as in Petrobius brevist lis (Larink~ 1969). 

On the other hand3 it is found in the Thysanura9 such 

as Lepisrh;~_ saccharina (Heymonsp 1897a; Sharov9 1955; 

Larinl~p 1970)p Ctenole isma lon icaudata (Lindsay~ 1940)9 

and Thermobia domestica (Sahrhage9 1955) . 

First instar larva (Figs. 46 and 47) 

Although the boundary line between the maxillary 

and labial terga fades~ the line between the mandibuleLr 

and the maxillar~~ terga rem*'insp and a faint anterior 
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boundary of the mandibular segnent can be observed (Fig. 

46). l~he faint transverse line on the t)asal part of 

the mandible disappears. Just after hatching9 the 

molar an(i incisor of the mandible are not as well 

developed as those of an adult. On the maxilla~ the 

stipes elongates an~ the lacinia become denticulate 

api6ally. On the apex of the labial palp several 

sensory cones appear. 

In the adult, Pedetontus unimaculatuss the thoracic 

tarsus divides into three partss but only one segment 

can be seen in the first iristar larva. The thoracic 

styli of the meso- arLd metathorax9 characteristic of 

the adults have not appeared. . . 
In the adult9 a pair of ventral sacs exists in -

the first abdominal segment~ t~,ro pairs in the second 

to fifth segrr}entsp and *- pair each in the sixth and 

seventh abdominal segments. In the first instar larva9 

only one pair of ventral sacs is present throughout 

the first to seventh abdominal seguents (Fig. 47)p while 

during postembryonic develol0+irlent the ventral sacs of 

the second to fifth segnents double. The cercus bases 

spread over the ventr:al surface9 reaching the anterior 

margin of the eleventh abdominal segment9 and medially~ 

tlle subanal plates. In the eleventh segments develop-

ment of the tergum is incomplete. The subarLal plates 

take their definitive form on the I)osterior midventral 

~ihe supraanal plates surface of the eleventh segment. _ 
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are just posterior to the anus. 

F. Formation of inner layer 

The formation of inner layer begins in Stage l. 

~ihe germ disc is initially composed of only the ecto-

derm~ of ~'Jhich cells are irregularly arrarLged ( Fig. 4). 

Soon~ the cell arrangement becomes vertical to the egg 

surfaces and a group of cells irregularly arranged 

appears on the dorsal surface of the ectoderrneLl region 

(Fig. 5). These newly differentiated cells are the. 

inner layer or mesodermal cells. Although this cell 

group is bordered ~JiJith the ectoderm by a basement 

membrane-like structure~ they have a communication at 

the I)osterior end of germ disc, and for some time the 

communication is retained. ~1+Tumerous mitotic figures 

are found in the ectodermal region9 ~'Jh_ile in the inner 

layer r~Lrely. The mesodermal cell,s_ probably migrate 

through this communication from the ectodermal region. 

"ihe cell arrangernent of ectodermal cells in the post= 

erior end of germ disc suggests this idea (Fig. 5). 

~ihe description mentioned above is very similar tc 

that Larink (1969) did 'for Petrobius brevist lis. 

In Stage 2~ with the extension of the germ disc 

which no,,･,' should be called the germ barLd or embry09 

the inner layer also ertends anteriorly on the dorsal 

su~face ol germ band (Fig. 80a). However It does not 

re cn the arterior ertreme end an(~ t..he lateral margins 
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of gerim band. The inner layer9 which is initially rather 

thick~ is now thinned into an unioelluiar layer9 although 

still more or less thick in the posterior region. A 

large number of mitotic figures are found in the ecto-

dermal region9 but the mesodermal cells do not undergo 

mitoses for a time~ until it differentiates into mes0= 

dermal somites later. The anterior migration of meso-

dermal cells is~ therefore~ con_ sidered as the passive 

one that is responsible for the extension of the ecto-

dermal part of germ band. It is possible that the 

additional inner layer cells should be further provided 

from the ectodermal region. In Stage 49 the bounding 

between the ectodermal region and inner layer at the 

posterior end of embryo is finally established9 arLd -

this represents the completion of the d~fferentiation 

o~,_~ germ layers. 

The IDroliferation zone of mesoderm in Pedetontus 

unimaculatus is confined to the posterior region of 

embry09 as in Petrobius brevistylis (LeLrirl~k 9 1969). 

In the Thysanura? the proliferation zone is also 

localizedg upon the central region of embryo in 

Thermobia domestica and Ctenoler)isma lineata (~'Joodland~ 

1957~ arLd upon the anterior region in Le isma saccha-

rina (Sharov9 1955). In Pedetontus unimaculatus9 

the form*-tion of inner layer does _not involve the 

differentiation of primitive groove, as in Petrobius 

brevist lis and the Thysanura. The inner layer for= 
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mation in J~J~phemera stri ata (Ando and Kawanap 1956) 

and the Odonata (And09 1962) is of so-c'alled the 

proliferation tyl)e~ and the primitive groove does 

not intervene the formation of inner layer. The 

proliferation zone9 howevers is not so localized9 in 

contrast to the case in Pedetontus unimaculatus and 

so on. This type of the formation of inner layer, 

the proliferation type without the intervention of 

primitive groove9 is also found in collembolans 

(cf. Juras 1972) and myriapods (Heymonss 1901)g 

but the proliferation zone is not localized in these 

animals. The inner layer formation has been one of 

the interesting subjects in the insect and arthropod 

comparative embryology. l)etailed reviews on this ._ 

subject has been made by Roonwal (1956s 1959as b)s 

Johannsen and Butt (1941)s Siewing (1965) and 

Anderson (1972a$ b~ 1975). 

G. Organogenesis 

In this chal)ter the organogenesis of Pedetontus 

unimaculatus will be described under four sections: 

I. Ectodermal derivativess II. Ivlesodermal derivatives9 

III. J~i~ndodermal derlvatlves and IV Other structures 

The germ layer theory and the definition of germ 

layers are much controversial, but in this papers 

each of germ layers ¥,fill be (~ealt with as follows. 

The cells in the egg are at first differentiated into 

the yoll..,~: cells staying inside the yolk, and the 
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blastoderm and erm rudiment being on the surface of 

the egg. The former.or yolk cells are the endoderm. 

The germ rudiment itself differentiates into two 

principal groups of cells in next development (see 

Chapter F). The organs derived from the outer (lower) 

of these groups of cells will be regarded as the ecto-

dermal derivatives9 and ones derived from the inner 

(upper) as the mesodermal derivatives. 

I. Ectodermal derlvatlves 

l* Nervous system 

i) Central nervous system 

a. Ventral nerve cord 

The formation of ventral nerve cord is the most 

progressive in the gnathal segments, an(i towards 

the I)osterior segments its formation is more delayed. 

For exaJnple9 in Stage 4 the different.iation of neuro-

blasts occurs in the thoracic segments9 while in and 

after stage 10 in the eleventh abdominal segment. 

The following descriptions are, so far as emphatically 

said, based on the observations on the thoracic 

segments. The manner of the formation of nervous 

system in the gnathal and abdominal regions is 

fundamentally the same as that in the thoracic 

s egment s . 

Gan lion In Stage 59 a lpair of s~･Jellings appear 

between the paired appendages on the ventral side 

of each segment of embryos. These.represe~t the 
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differentiation of ganglion anlagen in each segment. 

The mid-ventral groove observed at this time is~ 

therefore~ the rudimentary neural groove ( cf. Chapter 

-" Stage 5). The ectoderrn beuween a palr of gangllon ~~ 

anlagen or lateral cords develo~)s into the median cord 

(Fig. 51). 

In Stage 49 the large cells whose nuclei are less 

stained with hematcxylin~ i.e.9 neuroblasts9 appear 

in the basal region of ganglion anlagen (Fig. 52). 

Each ganglion anlage has four to ･five neuroblasts 

in the transverse section and six tc seven in the 

longitudinal. The cells ventral to the neuroblasts 

are thinned~ tc form the ventr~Ll epidermis. However9 

tllis epidermis is ephemerals and called the sprovision~l 

ventral epidermisi ~in this paper. In parallel wrth 

this9 no~v the neuroblasts are situated at the venter-

most region of the ganglion anlagen. In Pedetontus 

unimaculatus, when the differentiation of neuroblasts9 

the germ band is thick~ and there are marLy cells dorsal 

to the neuroblasts (Fig. 52). ~in' ese cells seem to 

develop into the ganglion cells9 since no degeneration 

figure of cell is observed later. 

The neuroblasts begin a series of divisions~ the 

slp indle axes of which are approximately at right angles 

to t'ne surface of the embry09 to give rise to smaller 

*nd darker daughver cells or ~angllon cells. With 

each subsequent division3 the previ6usly formed ganglion 
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cells are pushed farther av,'ay from the surface~ 

forming a straight rov.J above each neuroblast. The 

daughter cell just above the neuroblast is slightly 

larger than the other ganglion cells~ and retains the 

neurogenic function. The spindle axis of its division 

is generally at right angles to the surface of the embryo. 

A few mitotic figures are also observed in the other 

regions of ganglion anlagen. 

The ganglion cells thus increase in number~ and 

gradually become concentrated into. the ganglia which 

acquire a se_~nental nature corresponding to the external 

body segnent. Then in Stage lOs the formation of 

ganglia at last finishes. A columnar arraJngement of 

ganglion cells has not been recognized~ and the neuro-~ ' 

blasts become undistinguishable from their daughter 

cells. Since no degeneration figure is found where 

the neuroblasts werey it is considered that the neuro-

blasts probably change themselves into the ganglion 

cells proper9 as suggested by I~arink (1969) for 

Petrobius brevist lis and Roonwal (1957) for Locusta 

mi ･ratoria mi ratorioides. 

I~"euro ile About in Stage 79 a pair of :~ibrous 

structures~ i.e. neuropiles~ begins to be produced at 

the dorsal side of the ganglion in each segment A 

palr o~, neuroplles of each segment fuses medially with 

each other9 with the extension of them. T~~'o thick 

bundles are observed bet~~'een a pair of neuropiles ir2-
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their communicating area. ~ihese bundles are the ante-

rior and posterior commissures~ arLd each is respectively 

composed of twO subbundles. As the same time9 the 

communication of neuropiles in each segment with the 

neurop iles in just anterior and posterior segments 

is established with the connectives. Coinciding v,'ith 

this9 from the median outer side of each neuropiles9 

the paired nerve bundles extend out to innervate the 

corresponding segments. ~lhe ganglion cells betw~en 

t'_ne paired connectives almost beco,me degenerate to 

disappear. 

The neuropiles ol~ Pedetcntus unimaculatus are not 

covered ~'Jrth any ganglion cells9 as in the cases for 

Petrobius brevistylis (1,arink9 1969)9 Le isma saccharina 

(Heyr~lons9 1897a) and Thermobi;~_ domestica (*fJoodland9 

1957). This condition is or~e of the anatomical char-

acteristics of the 1~'iicrocoryp'nia arLd T'nysanura. 

l'~Ierve cord In the gnathal and abdominal segments9 

the ganglia are formed in the same l･vay as obse'rved in 

the thor-~cic ones. In Stab'e lO~ the eleventh abdominal 

ganglion differentiates finally. ~,Tow the seventeen 

g-'nglia~ one for each segment from the mandibular to 

the eleventh abdominal9 are observed~ arLd they are 

connected ~'Jith each other by the connectives, to form 

*- ventral nerve cord. In l･erpismatids (Heymonss 1897a; 

~~oodland? 1957)9 the conrLectives of abdominal segments 

are not formed until the postembryonic period9 as in 
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a marked contrast to the cases in the machilidan 

Pedetontus unimaculatus and Petrobius brevist lis 

(l]arink, 1969). The ganglia are extremely concentrated 

in the mandibular~ maxillary and labial seguents and 

the eighth to eleventh abdominal ones. The former 

ganglia'form the suboesophageal ganglion9 arLd the 

latter the eighth abdominal ganglion of the larval 

and imaginal insectsd 

･ Suboesophageal ganglion Only one commissure is 

recognized in the mandibular ganglion (Fig. 55)s ' while 

t¥,Jo in each of the maxillary and labial ganglia the 

same as previously described for the thoracic ganglia. 

This condition in the mandiublar ganglion is probably 

ceLused by the fusion of the anterior and posterior _-

commissures9 owing to the contraction of the mandibular 

segment associated with the progressing concentration 

of the head segrnents. 

In Stage lO, the anterior and posterior commissures 

in each of the maxillar~y and labial segments fuse 

together respectively, and then the neuropiles of 

three gnathal segments begir) to fuse with each other. 

l]ate in this stage~ three ganglia fuse u~) tcgether. 

~rith the progression of developlnent9 the, solidness o~ 

gnathal geLnglia is further promoted. The suboesophageal 

g-*,-.nglion is definitively situated in the region surround-

ed *'nteroventrally with the hypopharynx and postero-

ventrally with the postmentum (Fig. 54). 
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･Eight~l to eleventh abdominal ganglia The eleventh 

abdominal ganglion anlage differentiates in Stage lO 

(Fig. 55). It is clearly marked off from the subanal 

plate anlagen. The two commissures are recognized in 

each of the eighth to eleventh abdominal segments as 

in the preceding segments, but in the eleventh abdominal 

segments only one9 probably owing to the fusion of t¥･Jo 

commissures. Early in Stage ll, the ganglia of the 

tenth and eleventh segments begin to fuse together 

(Fig. 56)e and the posterior commissure of the former 

fuses with the neuropile ol^ the leLtter. This is followed 

by the fusions of the anterior and ~)osterior commissures ' 

in each of the eighth to tenth abdominal segments. In 

Stage 12~ the eighth to tenth with eleventh abdominal -

ganglia fuse together9 to fo~rm the large but compact 

seighth abdominal ganglionf9 and t'ne neuropiles of 

these ganglia are united with each other into solid. 

~ihe newly formed eighth ganglion loses a communication 

with the ventral epidermis. With the extension and 

enlargement of each segnent9 the ganglion relatively 

shifts its position9 and is definitively situated in 

the eighth and ninth abdominal segmer.ts in the embryo 

near the hatching (Fig. 76). 

"ihe eleventh abdominal ganglion has been reported 

in the most lower insects arLd some of the higher, 

such as the microcoryphian Petrobius brevistylis 

(Larink, I0.69), the thysanuran lel)isma saccharina 
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(Heymons~ 1897a) and Thermobia domestica (Woodland9 1957) 

the ephemeropterans (Heymons~ 1896a) 9 the dragonflies 

(Andos 1962)9 the orthopterarL Gr llotalr)a I ariss 

Gllus domestica g. carn estris (Heymons9 1895)s and 

Locusta ~~~~i ratoria ~Agi ratorioides (Roonwals 1957)~ the 

blattarian Peri laneta orientalis (Heymons~ 1895)9 the 

coleopteran Le tinotarsa decemlineata (Wheeler~ 1889)9 

Donacia crassi es (Hirschlers 1909)s and Calandra 

oryzae (Tiegs and Murrays 1958)s and the hyrnenopteran 

Apis Inellifica ('i~Telsons 1915). The presence of the 

eleventh abdominal ganglion may be regarded as one 

of the fundamental characteristics of insect embryos. 

~i~e median cord is a part of the ventral Median cord 

plate which is not involved in the formation of ganglion 

anlagen or lateral cords and left between them (Fig. 51). 

Accordingly the enlargement of lateral cords9 it is 

pushed away dorsally9 to assume a wedge shale (Fig. 52). 

About in Stage 79 the boundary of the median cord and 

ganglion anlagen becomes obscure. Soons the median 

cord is divided intc right and left, and incorporated 

into the ganglion anlage in each side. 

The median cord is ~"antin_* neuroblasts as in petro-

bil~LS brevist lis (Larink9 1969)~ in contrast to the 

case in the Odonata (And0~ 1962)9 Locusta migratoria 

migratorioides (Roon~'Jal~ I0.~7)p Forficula auricularis 

(Heymons9 1895) and so on. 

Various interpretations concerning the fate of 

9
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median cord has been made (cf. Johannsen and Butt~ 

1941; Okada9 1960; Ando~ 1962). That 'is; differenti-

ating into i) a part of the ganglion~ ii) a I)art of 

the endoskeleton~ iii) the neurilemma9 iv) producing 

the fibers of commissuress or v) not developing into 

any tissues~ i.e. degeneration. In Pedetontus uni-

maculatus9 since the neuropile appears where the 

median cord was incorporated into ganglion cellss 

the median cord possibly contributes to the formation 

of the neuropiles mainly the commissures9 as is 

coincident with ILarinkss (1969) and ',Noodlandss (1957) 

views. In Le isma saccharinas according to Heymons 

(1897a) s a continuous rriedian cord or tfdunckler Streifenm 

is set free from the lateral cordss and presents in 

the' freshly hatched insect, extending the entire 

length of the ventral nerve cord. 

b. Tritocerebrum 

The tritocerebrum is derived from the paired 

ganglia of the intercal=･ry segYnent. The intercalary 

ganglion is formed in the same way as in the thoracic 

ganglia. The formation of intercalary ganglion is 

slightly prob'ressive than those of the gnathal ones. 

"ihe paired intercalary gainglion anlagen are situ-

ated just posteriorly to the stomodaeum. They are 

apart from each other except for their posterior 

halves. The ectoderm between them w'nich corre~-ponds 

to median cords of the other segments is broad *-nd 
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makes t~le posterolateral wall of the stomodaeurn. The 

ganglion anlagen of the intercalary segment are in 

contact with anteriorly the antennal ganglion anlagens 

and with posteriorly the mandibular ones. In Stage 7~ 

the neuropile of the intercalary ganglion formss and 

soon the communications with the antennal and mandibular 

ganglia are established by the connectives. In the 

intercal~Lry ganglion9 the anterior and posterior 

commlssures are recogn:LZed as in the succeeding segntents. 

1,Jhen the progression of development9 the intercalary 

ganglion becomes larger9 and its neuropile also increases 

in size .Then9 the intercalary ganglion or tritocere-

brum fuses with the deutocerebrurn. 

In Stage, 129 the tritocerebrum acquires the defiri-

itive stnlcture and position. Its two commissures are 

the characteristio structures known as the suboeso-

phageal commissures. Owing to the morphogenesis of 

the head~ especially of the buccal cavity9 the trito-

cerebrum comes to be apart from the suboesophageal 

ganglion9 arLd the connectives between them9 i.e. 

circumoesophageal comectives become longer. The 

ganglion cells between the tritocerebrurn and suboeso-

phageal ganglion are obliterated. There is no funda-

m~ntally difference between the maurLers of formation 

of the tritocerebrum in Pedetontus unimaculatus and 

in the other insects. The only one characteristic of 

the tritocerebrum of this species is concerning the 
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definitive position. ~ihat is9 it conserves its original 

postoral position (Figs. 559 54 and 70; cf. Figs. 57 

and 58)9 while generally in insects the tritocerehrum 

shifts its position anteriorly from the original post-

oral. Therefores the suboesophageal commissures are 

not so stretchedp and each commissure is clearly recog-

nized in Pedetontus unimaculatus. Furthermore9 the 

circumoesophageal connectives remain rather posteriorly 

to the stornodaeum9 in contrast to the case in the 

other. insects. In the larvae and adults of Pedetontus 

unimaculatus9 the tritocerebruln retains its original 

or br onic postoral position as the definitive9 

as may be considered to reflect the primitive nature 

of this species. 

The tritocerebrum innervates the clyp eolabrum 

with a pair of thick nerve bundless that is~ labral 

nerves . 

c. Deutocerebrum 

The deutocerebrum is derived from the garLglia of 

anterLnal segment. It is formed9 as well as the trito-

cerebrums in the sarne way as the gaxLglia of the suc-

ceeding segments. Its formation is slightly more pro-

gre s s lve . 

The paired antennal gangplion anlagen are situated 

just, anteriorly to the stomodaeuirn~ and are in contact 

1~Jrth the anlagen of the protocerebral ganglia lobi 5 

anteirorly and ~'!ith the intercalary ganglion anlagen 
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posteriorly~. A pair of the antenr.al ganglion anlagen 

is apart from each other except for their anterior 

heLlves. The ectoderm between them which corresponds 

to median cords of the other segments is broad? and 

makes the anterolateral wall of stomodaeum and clypeo-

labral epiderrnis. 

About in Stage 7~ the neurol)iles are formed. 

Soon9 the neuropiles in both sides are connected with 

each other by a fibrous bundle~ and fuse with neuro-

piles of protocerebral ganglia lob-i 5. "ihe antennal 

commissure is not doubled but single. Acconrpanied 

with the progression of developments the antehnal 

ganglia become larger9 and their neuropiles increase 

in size. Then the antennal ganglia (i.e. deutocerebru~,) 

' its definitive form. The deutocerebrum fuses a c. aiul re 

with the other parts of the brain. The definitive 

position of deutocerebrum is anterolateral to the 

stomod**eum9 and it is the same a~ the original (cf. 

Figs. 54~ 579 ='nd 58). The deutocerebrum Innervates 

the antennae with the thick anter.nal ner~ ves. i"here 

is fundam,entally no difference bet~,Jeen the manner of 

deutocerebrum formation in Pedetontus unimaculatus and 

t}lose in the other insects. 

d. Protocerebrum 

In St*ge 5 the ･_nterlor b-oad region of the 

protoceph*-lon differentiates into the ventral unicellular 



~45= 

structure and the dorsal multi-cellula;r one. The 

former is the future epidermis9 and the latter whose 

cells are weakly stained with hematoxylin later develops 

intc the protocerebral ganglia. The latter part is 

originally divi(i~d into tw0~ right and left. In Stage 

49 the each is transversely divided into threeg from 

the most lateral to mediarl9 the lobus Is lobus 2 and 

lobus 5 (cf. Fig. 57). The~*e are the future three 

pairs of protocerebral ganglia (cf. Fig. 58). The 

lobus I is the tioptic ganglionm aid the lobus 5 is 

the ganglion of the so-called preantennal segment. 

The structures called the bulge 19 2 and 5 in Chapter 

E respectively correspond to the superficial structures 

of lobus 19 2 and 5. ~ihe neuroblasts~ shortly9 appear 

in the ventral region of each of the lobus 2 and 5. 

Each has four to five neuroblasts in the transverse 

section. These neuroblasts divide mitotically9 and 

form a straight row of daughter cells above them9 

as observed in the garLglia of succeeding s~gments 

(Fig. 59). No special neurogenic cells are found in 

the lobus I as in Petrobius brevistylis (Larink9 1969)9 

and so the columnar arrangements of ganglion cells are 

not observed. ~~^any mitotic figures are distributed 

at random in the lobus l. Such differences as observed 

in machilids betl!~'een the lobus 19 29 and 5 are general 

in insects (cf. Johamsen and Butts 1941; Anderson3 

1972a9 b). 
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In Stage 79 the neuropiles are formed in the 

dorsal re~-ions of each of the lobus 2 ~ld 5. They9 

soon~ extend~ and the neuropiles of lobus 2 arLd 5 

fuse with each other~ and thos~ of lobi 5 in each 

side are also fus~d together (Fig. 59). The rudimentary 

epidermis ventral to the lobus I becomes thick9 and 

is the future optic plate. The lobus 19 in contrast 

to the lobus 2 and 5, Ioses the communication with 

its epidermis (Fig. 59). A continuous chain of ne~lro-

pile of the lobus 2 and 5 is in contact with the lobi 

l in each side9 but the neuropile formation in the 

lobus I is delayed. The mostmedian part of lobus 5 

i~ marked off~ to become a st-ructur~ named lobus 5' 9 

as Larink (1969) observed for Petrobius brevist lis. 

~,,'ith the advancement of developrnents each of the 

lobus 19 29 59 and 5' increases in size9 and their 

neuropiles also enlarge. These protocerebral gairlglia 

begin to fuse with each other9 to form the protccerebrum. 

Coinciding with fusion of protocerebral ganglias the 

developing I)rotocerebrum fuses with th~ deutocerebrum9 

and tney form a solid brain with the tritocerebrum. 

~ Ith the morphogenesls of head (cf Chatper ji;=9 Stages 

7 - Il) and the enlargement of each cerebral garrglion, 

the relative positions of each ganglion in the brain 

are considerably changed (see e. ~Morphogenesis of 

brains). For example, the lobus 5' is originally a 

small section situated medially to the lobus 3, but 
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now it reaches the lobus 1~ passing between the lobi 2 

of each side (Fig. 65). 

Some morphological differences are recognized 

among the nuclei of protocerebral ganglia about until 

Stage 12. The nuclel of the lobus I are apparently 

smaller and more darkly stained with hematoxylin than 

those of the lobus 2 and 5. . 'i'he nuclei of the lobus 5' 

are9 not so as those of the. Iobus 19 smaller and 

darker. When the advance of development~ these 

morphological differences become obscure. It is im~ 

possible to find any morphological differences between 

nuclei of the lobus 2 and 5. 

Owing to the fusion of protocerebral ganglion9 

it becomes difficult to distinguish the lobus I~ 2~ 

59 and 5' from each other. They are~ howevers sheathed 

with a fine membrane~ i.e. neurilemmay so that they 

are barely distinguishable from each other. A pair 

of the anterior suspensions of anterior tentoria passes 

betv,'een the lobus 2 and 5' in each side. The morphological 

differences of the nuclei of each ganglion~ although 

not p*-rpetual9 also maJk e the distinguishment of the I)roto-

cerehral parts more or less easier. 

In Stage 12$ the protocerebrum or its three pairs 

of ganglia acquire the definitive forms. In the neuro-

piles of the lobus 5~ a p.'~*ir of centers9 i.e. accessory 

lobes or ~a'ebenlappen~ differentiates, and the accessory 

lobes in both sides are connected by the accessory lobe 
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commlssure (Fig. 61). The neuroplles of the lobl 2 

make the principal parts of a pair of the large proto-

cerebral lobes. The region surrounded by a pair of 

the protocerebral lobes~ accessory lobess and the 

accessory lobe commissure is the pars intercerebralis. 

It belongs to the lobus 5 and 5' (Figs. 60 and 61). 

In general the pe~rs intercerebralis of insects forms 

the upper protocerebral bridge and the lower central 

body (cf. Fig. 61). Three ocellar pedicels are forrned 

on the frontal region of neuropile of the lobus 5' . 

be arrarrged in inverted triangle. These structures. 

howeverF are not clearly observed until the postembryonic 

period. The ocellus is~ originally, the merely ecto-

dermal thickening9 and in Stage ll it already differenti= 

ates int'o the outer corneagenous cell layer and the 

inner pigmented retinular cell layer. Later9 the lobus 

5' innervates the retinular eells of ocelli with the 

ocellar nerve which are derived from the ocellar 

pedicels. The neuropile of lobus I is composed of 

the distal small and proximal large strLlctures. The 

former is the lamina ganglionariss and the latter is 

the composite of the distal medulla externa and proximal 

medulla interna (Fig. 62). The medullae interna and 

externa contact ~･Jith the lobus 2 medially. A group of 

l*"rge cells appears medially tc the medulla externa9 to 

be situated at the region of lobus 2 Tnese may be 

a klncL of neu~osecretory cells. 
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From^ the time of their differentlatlon the optlc 

plate and lobus I heLve been apart from each other. In 

Stage 8 or 9s the communication between them is re-estab-

lished. That is9 the posterolateral end of lobus l 

curves laterodorsally to contact with the optic plate 

(Fig. 55). T:hls curvlng structure of lobus I develops 

into the postretinal fiber about in Stage lO. The 

cell arrangement in the o~)tic plate in initially at 

right angle to its surfaces but it is gradually con-

verte(~ into radial. In Stage 109 tYle optic plat~ except 

for its outer thin layer is pigmented. The pigmented 

region includes the retinular cells9 and the cells 

of unpigrnented outer layer develops into the cornea-

genous cells and Semper~s nuclei. The postretinal -

fibers or optic nerves run from the lamina ganglionaris 

posterodorsally in the lobus 19 and curve anteriorly 

to reach the central region of radial cell arrangement 

of the optic plate or rudimentary compound eyes i.e. 

the lo~'Jest ends of retinular cells. In Stage 129 the 

postr･etinal jribers are partially pigmented. 

e. Morphogenesis of brain 

As a result of the cl~Lrving and extending dorsally 

of the head lobep the head capsule is formed (Stages 

7 = Il). 't^,rith these processes and the enlargement of 

cerebral ganglia themselves9 the relative positions of 

each gagnllon of the bralns i.e. the protocerebral 

lobl 1 2 3 and 5' ~ the antennal (deutocerebrum) ar].d 
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the intercalary (tritocerebrum) ganglia, are extremely 

converted.-~ F.igure 63 shows the procesSes of morpho-

genesis of the brain diagrammatically. 

~lhe deutocerebrurn mount.s the tritocerebrum, and 

the ~eutocerebrum itself is mounted by the protocerehral 

ganglia, Iobi 5. The lobi 5' extend posteriorly along 

the median line. The lobi 2 with contact with the lobi 

5 shift their positions posteromedially, to acquire 

the communications with the lobi 5' medially and with 

the deutocerebrtlm anteroventrally. The lobi I hanging 

over the lobi 2 move posteromedially in company with 

the lobi 2s to fuse with each other medially and to 

contact arieriorly with the lobi 5' . ~ihus, the solid 

brain is completed. 

f. INeurilemma 

In later stages, the ganglia are sheathed by a 

fine cellular membrane, that is, neurilemma. Although 

the neurilemma of the lobi l, 2, 5, and 5' of the proto-

cerebrum proves to be derived from the preoral mesoderm 

(mentioned later)9 the author can not sufficiently 

refer to the origin of r~eurilemma in the other gan_"lia. 

The precise determination of its origin is rendered 

difficult by the presence of various loose cells of 

different origins, which lie in a more or less close 

association with the ganglia. 

The neurilemma is generally originated from the 

outer layer of ganglia in insects (Heymor.s, 1895; 
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Strindberg9 1915; =~;eLstham9 19~0; Roonwal, 1937; G~rg9 

1959; ArLdo, 1962; Ashhursts 1965). ~ihe different 

opinions regarding its origin are9 however~ reported 

in various insects (cf. JohaJcLnsen and 13utt, 1941; 

-A~nderson9 1972a9 b). Larinlc (1969) suggested the 

mesodermal origin of the neurilemma in Petrobius brevi-

stylis. In Pedetontus unimaculatus, there are three 

possible interpretations concerning its origing i) a 

part of secondary median mesoderms ii) provisional 

ventral epidermis (see Chal)ter G~ l~ 4)9 and iii) outer 

layer o~~ ganglionic cells. The possibility that it is 

formed 1'!ith the median cord as in Xiphidium ensiferm 

(~Y'heeler, 1895) is precluded in Pedetontus unimaculatus. 

ii) Stomatogastric nervous system 

Hardly any available data on the development of 

stomatogastric nervous systern in Pedetcntus unimaculatus 

are obtained. Only the presence of the frontal ganglion 

and recurrent nerve are recognized. In Stage! 129 

these structures 'aplp ear (Fig. 54). "ihe frontal ganglion 

is situated on the anterior w'all of the storuodaeum in 

the clypeus. The recurrent nerve starts from the frontal 

ganglionp to run backl'Jards along the stomodaeum. The 

neuroT)ile of these stru:ctures differentiates in their 

lower re~"ions. A thin mesodermal layer is present between 

the stomodaeal wall arLd the-*e structures. 

_Llnatomical studies of the stomatogastric nervous 
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system in machilids ~'Jere made by 13itsch (1965) 

2. Invaginations (endoskeletons& glands and traoheae) 

i) Tentoria 

The tentoria are composed of the anterior and 

posterior tentcria. They are the endoskeletal braces 

of the crarLium~ giving attachments to the antennal 

and gna~Jhal muscles. 

he anter~Lor tentorium is formed as the ectodermal 

invagination appearing medially to the mandibular bases 

in the intersegmental groove betv,'een the intercalary 

and mandibular segments- in Stage 7 (Fig. 64). Si_71_ce 

the ventral epidermis is derived from the appendages 

(see Charpter Gs I~ 4)~ the anterior tentorium is also 

appendicular in origin. The anterior tentorial anlagen 

gradually elongate. The pair is connected with a 

bundle of th~ mandibular mesoderm is Stage 109 which 

later develops into the tendon combining the paired 

ti-nterior tentoria. In Stage 12~ the blind ends of 

anterior tentorial anlagen enlarge and closely approach 

e*-ch other9 and are bound by the tendon tightly. The 

blind ends assume triangular shape in the sagittal 

section9 and now become situated just beneath the 

stomodaeum (Fig. 54)9 to make the bodies of anterior 

tentori*-. In full-gro¥1rrL embryos9 the lumen of the 

anterior 'tentorium ¥,Jhich is inrtially more or less 

broad becomes narro~'J. ~ihe part near the *-perture o.f 
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the invagination almost becomes very thin9 but its 

cornmunication ~'Jith the epithelial ectoderm is retained. 

Acoordingly the enlargement of the crarLium~ the anterior 

tentoria more elongate longitudinally. 

The' posterior tentorium is derived from the apodeme 

formed on the lateral wall of the head between the bases 

of anlagen of the maxillary and labial appendages (Fig. 

62). Its invagination begins in Stage ll. "ihe aperture 

of its invaJ~_ination or the posterior tentbrial pit is 

a longitudinally prolonged slit. The paired broad 

posterior tentorial anlagen extend~ twisting themselvesF 

along the suboe~0phageal garLo"lion to fuse to~_-ether 

medieLlly. The paired anlagen no',J make the broad plate 

or the posterior tentorium situated just above the ~ 

suboesophageal ganglion (Fig. 65). The lurnina in each 

plate are completely connected with each other9 and 

are rather narrower than those in the anterior tentoria. 

_f~'~~ mentioned before9 the posterior tentorium is origi-

nated from only the bases of the appendages9 i.e. the 

maxillary and labial~ and is appendic*ULlar in origin. 

i"he anterior and posterior tentoria of Pedetontus 

unim*'culatus aprproach each other~ but they never contact 

or fuse together as in Petrobius brevist lis (Larink& 

1969) and Lepisma saccharina (Larink~ 1970)9 and there 

Is a remar,cable coTltrast to the cases in q_ll pter_ygote 

insects: the anterior and posterior tentorict- completely 

fuse together to ~'~'~orm the central body. The unfused 
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tentoria are the considerable anatomical characteristics 

of the I*"iicrocoryphia and Thysanura. In gene_ral it is 

thougllt that this condition_ of the tentcrium reflects 

the primitive nature of these insects. In full-gro~m 

embryos~ on the outer or free surface of the wal_Is of 

tentoria9 cuticle is secreted9 and is connected vJith 

the cuticle of body surfaces assuming the same stain-

ability as that of the latter: outer layer is darkly 

stained with the eosin or chromotro~)e 2R arLd inner one 

Ghromo phob e . ' 
In insectss the anterior te.ntorium generally 

originates in the ventrolateral ec+voderm between the 

antennal e:nd mandibular segmentss and the lp osterior 

tentorium in that bet~','een the mandibular eLnd labial 

se_~ments (cf. Anderson~ 1972as b). Tlle position of 

tentorial invagination is unsettled in insects~ and 

there are wide variations. rurther9 although the 

anterior tentoria of t'ne Odonata (Ando, IoJ62) and 

LOcusta migratoria migratorioides (Roon¥Aral9 1957) 

are originated from the bases of mandibles similarly 

to th*･t in Pedetcntus unimaculatus~ bu~L the relative 

posrtion to the man(iible is anterior in Locusta9 and 

lateral in the Odonata9 while medial in Pedetcntus ' 

unimacul-･tus. 'Thus9 the differences not tc be ignored 

concernir!_<~.- the invab*in*-ting position of the anterior 

tentorium are fol;!_nd in insects. This is not only true 

of the *-r.terior tentoril~_m~ but also holds good for the 



=55~ 

posterior tentorium~ an(~ further the structures 

mentioned later9 the corpus allatum9 salivary glandp 

and so on.- It remeLins to be proved how these differ-

ences should be dealt wi+uh in the view-point of the 

comparative embryology. 

ii) Lacinial apodemes 

The lacinial apodeme gives the attachments tc the 

stipitc-lacinial~ terg0=1acinial and tentorio-lacinial 

muscles. In Stage 79 a pair of ectodermal invaginations 

ap7p ears near the middle of the medial side of eadh 

maxillary base9 arLd th ey gradually proceed upwards. 

They are the developing lacinial apodemes and are appendi-

cular in origin. In Stage 129 the mesoderm which is on 

the way of differentiat,ion into the muscles attaches -

to the lacinial apodem,es (Fig. 65). _L~*.ll or most of 

insects9 of course9 should possess the homologous 

structures ~'Jith the lacinial a~)odemes of Pedetontus 

unimacul atus . 

iii) Corpora allata 

Yashi~..'~a (1960) studied the development of corpus 

allatu,m of the thysanuran OterLole isma villosa in 

detailp and he~ further~ demonstrated its juvenile 

action in the experimental ~vay. In Pedetontus uni-

maculatus~ the organ whose manner of the develol0+ment 

and morphological characteristics are very similar to 

those of the corpus allatum of CtenoleD, isma villosa 

is ob~erved. ~ihe author identifies this orgarL as the 
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corpus allatum9 on the basis of these similarities 

betl'Jeen it and the corpus allatum of Ctenole isma 

villosa. 

~ihe corpora allata of Pedetcntus unimaculatus are 

forrned as eL pair of ectodermal invaginations which 

appears on the intersegmental groove between the 

mandibular and maxillary segments~ just beneath their 

tergeL. The corpora allata are probably both tergal 

and appendicular in origin. Each proceeds ventro-

mediallys and in .Stage 12 it then .slightly curvesp to 

run dorsomedially. The lwlen of the part in curving 

point is not small9 but in the other parts it is 

hardly discernible (Fig. 65). In Stage 159 the parts 

both distal and proximal to the curving point become 

to degenerate~ and only the I)art in the curving point 

remains to develop into the corpus allatum. In this 

stage9 each of corpora allata is composed of 20 to 

50 Iarge cells whose cytoplasm is more or less darkly 

stained v.'ith hematoxylin9 and is a little more tharL 

20 ~Lm in diarneter (Fig. 66). The corpora allata 

generally originate in the blind ends of invaginations 

in insects~ in a contrast to those of Pedetcntus uni-

maculatus. The invaginating position of corpus allatum 

of Pedetontus unimaculatus is coincidetLt IAJith those 

of the phasmidan Ca_rausius morosus (Leuzinger~ ' ' *,*il e sm ann 

*nd Lenmann 1926)9 the orthopteran Locusta mi ratoria 

mi rat,orioides (Roon~ral 1957) and the coleopte-an 
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Silpha obscura (Smreczy~ski9 1952) and Cor nodes ~~~~J~L~:~~is 

(Patersons 1956). On the other hand~ the corpora 

allata of the hymenol)teran I'tyrmica ruLbra (Janet9 I~99) 

and Apis mellifica (1h:Nelson9 1915) originate in the 

man_dibular segment9 and those of the dermapteran 

Forficula auricularia (Heymons9 1895) originate in 

the maxillary segment~ and those of the coleopterarl 

Calandra oryzae (Tiegs 8.nd Murrays 1958) originate 

in the anterLnal segment. 1,+,'hile the corpora allata 

are formed as the subdivisions of the anterior t~ntoria 

in the Odonata (_Andos 1962)9 the origin of the corpora 

allata is closely.associated with the posterior tento-

rial arms generally in the hemimetabolous insects (cf. 

iv) Salivary glands 

In Stage 79 a pair of ectodermal invaginations 

arlses close to the middle of the median side of 

each lablal base (Fig. 67). They are the anlage of 

the salivary gland9 and al)pendicular in origin. As 

they proceed dorsallys a pair of labial appendage 

anlagen gradually approachs each other ( Stage 9)~ 

and they finally I~use together medially in Stage lOs 

to make the postmentum (see Chapter E). "ihe labial 

arp odemes situated at the inner base of each anlap_e 

of the appendages9 thereT_~ore~ also fuse with each 

other medially~ to form a single tube. This single 

tube bifurcates right and left at the base of the 
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postmentum9 and proceeds laterally (Fig. 68). Each 

tube becomes to be convoluted beneath t'he compound 

eyes~ innerly to the gnathal terga~ to form the salivary 

gland (Fig. 60). Its al erture is situated just behind 

the hyl)opharynx or lingua. 

The salivary glands generally originate in the 

labial segment in insects (cf. Johannsen and Butt, 1941; 

Andersons 1972a9 b). The labial glands are generally 

the salivary ones, but in the Lepidoptera they are 

often the silk glands. In t~le Odonata (And09 1962) 

and the lepidopteran Pieris L~p~~ (Eastham, 1950)9 

the salivary glands originate in the mandibular seg-

ment~ and in Locusta migratoria migratorioides (Roonw*-19 

1957) they are derived from the maxillary segment. 

v) Tracheae 

In the adults of Pedetontus unimaculatus, the 

sl)iracles are present in the meso- and metathorax, 

and the second to eighth abdominal segments. Each of 

them is situated at the anterolo~','er region of the 

inner ¥･Jall of the tergal extension in each segment. 

In the tracheal system of Pedetontus unimaculatus~ 

t~le longitudinal tracheal trunks as found in the other 

insects are not forrned. 

In Stage ll9 ~'Jrth the thickening of the ter~-a9 

the ectcdermal invaginations arise at the anterior 

regions betweer+ t.he each developing tergum and append-

age in the meso- and metathorax (Fig. 69). These are 
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the tracheal anlagen. 

The development of' tracheae in the abdomen could 

not be followed in sectioned materials. In Stage 12~ 

the small pits are formed at the anterolower region of 

each of the first to ninth abdominal terga (see Chapter 

E). They are probably the rudimentary spiracles~ and 

1~he first and ninth ~pits are believed to be degenerate 

later. ~ihese pits are located in the outer surface of 

each tergum,9 while the spiracles are present at the 

inner walls of tergal extensions in adults. The spiracles 

of embryos of Lisma saccharir.a (Heymons9 1897a) ~ which 

arlse in the first ~o ninth abdominal segments and rudi-

mentarily in the tenth9 occupy the similar ppsitions 

on the terga to 'the pits of Pedetontus unimaculatus. 

The sliracles are9 howevers situated at the region 

between the terga and stern*- (precoxosterna) in the 

adults (Sharovs 1955). In Lisma saccharina the 

migration of spiracles is9 thus9 reco~*nized. Some 

kind of migration of spiracles~ such as that in Ler)isma 

saccharina may also occur in'Pedetontus unimaculatus. 

vi) Suboesophageal process 

A single ectodermal invagination formed between 

the circumoesophageal cor*nectives is called the ttsub= 

oesol)hageal processf' here. 

In Stage 99 the median I)ar~b of the intersegmental 

groove between t~.tle intercalary and mandibular segments 

begins to inva_~inate (Fig'. 55). It proceeds up~'Jards 
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to enter the space between the paired circumoesophageal 

connectives (Fig. 70). This is the suboesophageal 

process. It is probably of the definitive ventral 

epidermis~ or arppendicular in origin (see ahapter G$ 

19 4). 

It seems to serve as the endoskeletal brace for 

the hypopharynx and buccal region. 

5 . Alimentary canal 

The alimentary canal is composed of three ~rincipal 

parts; the stornodaeum (foregut), the midgut and the 

proctodaeum (hindgut). The midgut epithelium is exclu-

sively derived from the yolk cells or endoderm, and 

its develolpmental process will be later referred to -

in the other section (Chapter G, 1119 l). Here, the 

ectodermal parts of alimentary canals i.e. the stomo-

daeum and proctodaeum, and further the malpighian 

tubules which are accessories of the proctodaeum are 

dealt with. 

i) Stornodaeum 

In Stage 5~ the shallow stomodaeal anlage arppears 

at the extreme anterior end of the neural groove. Its 

position is between the antennal and intercalary seg-

ments. The stomodaeal invagination initially proceeds 

dorsally~ and then gradually curves posteriorly. Short-

ly~ the lumen of the stomodaeum becomes narrow9 assum-

ing cresent shape in the cross section. At t}1.is time9 
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the dorsal (anterior) wall of stornodaeum is9 therefore& 

thicker than the ventral (posterior) (Figs. 55~ 70~ and 

71). At about Stage 6~ the blind end becomes thins 

soon9 to be unicellular. The stomodaeal invagination 

further proceeds backwards9 arLd excludes the thick 

rudimentary midgut from the developing craniums so 

that the large space *'ppears beneath t}le developing 

protocerebrum. This additional space thus provided 

gives a room for further development to the ruLdimentary 

p ro t o c e reb rum . ' 
"ihe tip of the stomodaeum begins to extend in 

Stage 12 (Fig. 73)9 to differenti*-te into' the cardiac 

valve (cf. Fig. 72). In Stage' 14s the septum between 

the developing stomodaeum and midgut breal..,~s dovJn9 and _ 

the communication between them is established. The 

lumen of the posterior. part of stomodaeum becomes 

round in the cross section. The inner walls of the 

stomodaeum and cardiac valve a.re covere_d with cuticle9 

as in other ectodermal ep ithelia. 

ii) Proctodaeum 

In Stage 49 the "_I-shaped shallow proctod･_eal 

notch appears at the extreme posterior end of the 

neural groove. The proctodaeal invagination i~ ini-

tially covered wit~l the mesodermal mass9 but it soon 

penetrates the latter~ to ~proceed dorsally (Fig. 74). 

"ihe proctodaeal invaginatio~n arises in the abdominal 

region unsegmented J*-et. Only the observatlor!S on the 
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further development are able to provide sufficient 

answers for the question what segment the proctodaeurn 

belongs to. This problem is equivalent to the one 

what segrnent the anal plates surrounding the proct0= 

daeal aperture are derived from or they represent. 

As for this, it will be discussed in sDISCUSSIO~]~'. 8. 

M et am eri sm s 

The chitinous substance arises within the blind 

end of the developing proctodaeum late in Stage 4~ 

as in Petrobius brevistylis (AbschluBmembrans Lariak, 

1969), and is named the ~proctodaeal plugs llere. As 

the developing proctodaeum further proceeds, it inclines 

anteriorly9 to become parallel to the body surface 

(Fig. 75). ~ihe developing proctodaeum further exte~ids 

anteriorly (Figs. 55 and 56). Its lumen assumes Y-shape 

in the cross section. The three parts around the 

aperture of it, which is also Y-shaped, Iater develops 

into a supraanal plate and. a pair of ~ubanal plates. 

Changes of the tip region of the proctodaeum with 

its development are diagrammatically stLmmarized in Fig-

ure 75. T:he proctodaeal plug gradually becomes larger. 

In parallel with this, the anterior cell layer t6 the 

proctodaeal plug (ACL) becomes thinner (Figs. 74 and ,. 

75), and as the lumen of the developing I)roctodaeum ' 

~'/idens, the posterior cell layer to the proctodaeal 

plug (POL) also comes tc be tllinner. When the blind 

end of the developing stomodaeum breaks dovJn in Stage 
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14, first the posterior cell layer (PCL) disappears 

(Fig. 76)9 arLd then the central part of the anterior 

cell layer (ACl~) breaks down9 and the communication 

between the develo~)ing proctodaeum and midgut is 

established. In the second instar larvae9 the procto-

daeal l0+ Iug moves into the lumen of the midgut, ･ and 

then is resolved. The midg~Llt epithelium adjacent 

to the marginal part of the broken anterior cell 

layer thickens (Fig. 77)9 and differentiates into tlle 

pylol~ic valve. The pyloric valve of this species is 

not as developed as in the pterygote insects~ and is 

partially heterogeneolis in origin: the anterior part 

of midgut or yolk cell origin (see Chapter G~ 111~ l)~ 

the posterior part of anterior cell layer (ACL) or 

ectodermal origin. 

The proctQdaeum and the proctodaeal part of 

pyloric valve are covered vJith cuticle, as in other 

ectodermal epithelia. 

iii) i'~1alpighian tubules 

In Stage 12~ nine arLlagen of malpighian tubules 

are evaginated at the anterior part of the developing 

proctodaeum which later develops into a part of the 

pyloric valve (Figs. 75 and 77). "ihey ~'Jindingly 

elongate in the body cavity. 

4. Ventral epidermis 

It is usually reported in insects that the ventral 
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epidermis is derived from the cells just ventral tc 

neuroblasts (derrnatoblasts)9 i.e. is g~nglionic in 

origin (cf. Johannsen and Butt~ 1941; Anderson9 1972a9 

b). Larink (1969) also made the similar observations 

for Petrobius bre.vistylis. 

In Pedetontus unimaculatus~ the cells just ventral 

tc neuroblasts are flattened9 and undergo mitoses ol" 

which axes are parallel with the body surface~ to form 

the ventral el0. idermis indeed (Figs. 52 and 78). A 

small number of cells of the media~: cord probably also 

contributes to the formation of ventral epidermis. 

This kind of epidermis is9 howevers ephemeral gener-

ally in Pedetcntus unimaculatus. About in Stage 7s 

in the thoracic segments9 the bases of paired apl)end-

ages begin to spread over the uprovisioneLl ventral 

el0+ idermis't9 and in Stage 12 they fuse with each other 

along the median lines to form the definitive ventral 

epidermis. Therefore9 the definitive ventral epidermis 

of thoracic segnents is alppendicular in origin. 

"ihe ventral epidermis in the first to eleventh 

abdominal segments is also derived firom the bases ol~ 

al0+pendages or the homologues to them (see Chapter E; 

DISCUSSION, 6. ~Homologies of abdominal appendages~) . 

The small sections or median plates between the coxites~ 

ho',~'eveD~9 are probably originated from t'_h,e t,provisional 

ventral epidermissl 

The ventral epidermis of labial segment is also 
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arppendicular in origin9 to make the postmentum epldermls 

(cf. Chapter jE; l)ISCUSSI0'1~'s 4' sFormation of postmentum?). 

The similar observations were made by Room,Jal (1957) 

for Locusta migratoria migratorioides (see ~)~ ISCUSSIOl~T 

4). The ventral epidermises of the max~llary~ mandibular 

and intercalary segments fuse together and m,ake the 

hypopharyngeal epidermiss which is also exclusively or 

~ostly o~lglnated ~rom the bases of appendages or the 

homologues of appendages of these segments. ' 

As to the pr.otocerehral regian~ in Stage 5s the 

ectoderm of the anterior broad region of protocephalon 

differentiates into the two groulD+ s9 the vertral uni-

cellular ar~_d the dorsal znulticellular parts. The 

latter is' the gan~-lion anla~-es arid the former makes 

th･e epidermis covering the protocerebrum. In the 

antennal segments although data not suffioient9 the 

ventral epidermis is formed probably with the ertension 

of the bases of antennae and of the interganglionic 

ectoderm correspondir+g to the median cords in succeed-

ing segm_e,'".+.s. "ih_e la.bral epidermis is ori*~,inated from 

the intergan*~-lionic ectcderm of the antenna_1 se~~ment. 

In Pedetontus unirnaculatus~ the deflnlt:Lve ventral 

elpiderrnisp ~Lt least in the intercala~._"y to the eleventh 

abdominal segr~,*ents is~ in all probability9 appendiculefr 

In orle~ln~ and i-Us formation is in a marked contrast * 

to the previous reports for. various insects. ihls 

conclusion ~probably valid for the .'~-n_ tennal segment~ 
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althou~-h partially. It has been reloorted generally In 

the other insects that the definitive ventral epidermis 

is derived from only the cells situated ventrally to 

the neuroblLasts~ but the reexaminations on this sub-

ject are desired. The manner; of formation of the defi-

nitive ventral ep idermis in Pedetontus unimaculatus is 

very similar tc that observed in the chilopodan Scolo-

~~~~~~~~~:dra cin~rulata ('.'~i~eymons9 1901). 

The strLlctur~ called the o sternum8 in chapter E 

and DISCUSSION correspond to the provisional ventrai 

epidermis. 

II. Mesodermal derivatives 

All the organs mentioned in this section are exclu-

sively derived from the inner layer or the mesoderm. 

l. Segmentation of inner layer and formation of coelom 

In Stage 29 the inJler layer covering the germ band 

dorsally beco,mes thin except for ir~ the posterior end. 

Soon~ t~le cells at th_ e mediolongitudinal' region of 

inner layer9 between the ~)resumptive areas of the stomo-

d*･eum and proctodaeum9 are oblitereLtedp or diminish 

exceedingly in number (Fig. 80b). Consequently the 

paird continuous mesodermal barLds are formed. 'These 

bands are then segmerted first in the gnathal region 

intc the somites (Fig. 80c)9 and subsequently the 

segmentation proceeds from there to the posterior and 

anterior regions . In parallel with it9 the mesodermal 
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cells in each somite begin to divide mitotically9 and 

the somite becornes thicker. 

In the intercalary and the preoral segnents~ the 

separation of inner layer is incomplete~ as in the case 

for Petrobius bre~rist lis (Larink9 1969)9 and a broad 

mesoderrnal I)late slreads there (Fig. 57). In the region 

posterior to the intercalary segnent~ the mesodermal 

communication between the I)aired somites is generally 

abscent (Figs. 52 and 57). Whenever the communication 

or the so-called prima:ry median m~soderm may be present9 

it is soon replaced ~'Jith the secondary median mesoderm. 

Each of the segmented mesodermal somites shortly pos-

sesses a narrow lumen9 narnely coelornic cavity~ within 

itself (Fig. 51). The coelomic cavity is formed by th~' 

delaminationg i.e. a Qleft that appears in the solid 

mesoderm9 in a contrast with the general c*-ses in insects 

such as in nihermobia domestica (V!oodlands 1957) arLd 

I~ocusta migratoria migratorioides (Roonwal~ 1957); th,e 

cavities are formed by the folding over the lateral 

margins of solid somites. In the Odonata (ArLd0~ 1962)a 

the coelomic cavities are p roduced through both the 

delamination and the folding-up . The coelomic sacs 

intrL~de into each appendage newly developeds and their 

cavities become sornewheLt larger (Fig. 52). Ho~^[ever~ 

these cavities do not develop into such large ones as 

generally observed in pterygote ins=ects. The dorso-

anterior part of each coelomic sac extends anteriorly9 
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to contact with the coelomic sac of ju~t anterior seg-

ment (Fig. 79). This extending part corresponds to the 

rostral pouch in Locusta migratoria migratorioides 

(Roonwal~ 1957). 

The formeLtion of coelomic cavities is most progres 

sive in the gnathal segments, Iate in Stages 2 to 5. 

In the thoracic'~ antennal9 intercalary and preantennal 

regions9 the formation occurs in Stage 4. It is notable 

that the intercalary and preantennal sornites possess 

the coelomic sacs~ although small ' (Figs. 57 and 79). 

Late in Stage 5 s the segmentation of mesoderm and' the 

formation of coelomic cavities begin in tlle abdominal 

region. ~ihe paired mesodermal bands in the region 

connect posteriorly ~'!ith the large mesodermal mass ~,Jhich 

surrounds the developing~ proctodaeum. The mesodermal 

b･_nd~3 are segmented anterior to posterior, in the same 

method as in the preceding segments9 and the coelomic 

ca~;~ities a.p~)e~Lr in each somite. ~ihe formation of coe-

lomic sacs proceeds in Stage 6 upto the fourth abdominal 

segment (Fig, 74)~ and in Stage 8 upto tlle seVenth. 

Figure 74 indicates that the abdominal coelomic sacs 

also in_trude into their appendages. Finally in Stage 

l0~ the tenth abdominal coelomic sacs are I~ormed (Fig. 

81). In the eleventh abdominal seguent, the mesodermal 

somites communicating ~,*'ith the tenth are also formed, 

but no coelomic sac appears as observed in Petrobius 

brevistylis (Larink9 1969)9 LeT)isma saccharina (Heymons, 
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1897a) and Thermobia domestica (Woodland9 1957). "ihe 

mesoderm intruding into the , caudal filament is origi-

nally connected anteriorly with the unsegnented mes0= 

dermal mass (Fig. 75)9 but in Stage lO& the communi-

cation is lost (Fig. 55). At the same time9 the meso-

derm surroun~ing the proctodaeum becomes subsisting 

independently of the eleventh abdominal somites. 

Thus~ in Pedetontus unimaculatuss a total number 

of twenty pairs of mesodermal somites arisess one for 

each of the preantennal*~ antennal~9 intercalary9 three 

'gnathal9 three thoracic and eleven abdominal segments**. 

The eleventh abdominal ~omites possess no cavity. The 

preantennal to intercalary somites and the tenth and 

eleventh abdominal somites are not separated from each 

"ihe distribution of mesodermal somites and the other. 

relative positions of them to the ganglia in the cephalic 

region are diagrammatically sh_own in Figure 57. 

The preantennal and intercalary somit~s differenti= 

~ In this papers a inclusive name 8preoral mesoderms 

is often given to the preairltennal and antennal 

mesoderms 

*~ All of these segments are regarded as the eusegmentss 

as ~.Jill be discussed later in the DISCUSSIOi*~'~ 8. ~~,eta 

merisms. Tlle segment just anteri0+- to the arLtennal 

segment is callecL 'tDreartennal segmenttr t~lroughout 

thi~ ~~aper. 
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ate also in Petrobius brevist lis (Lar.ink~ 1969)~ J~~~~~Le i-

sma saccharina (l~arinlc9 1970) and Tllermobia domestica 

(Woodland~ 1957)9 but no coelomic cavities appear~ in 

a contrast to pedetontus unimaculatus. The confirma-

tion of the preantennal coelomic sacs in Pedetontus uni-

maculatus is the first report for the apterygote insects 

In the collembolans9 the coelomic cavities are totally 

lacking in Isotoma cinerea (Philiptschenkos 1912) and 

Tetrodontophora bielanensis (Juira~ 19659 19669 l. 967a~ 

b)s although Hoffmann (1911) observed tlle coelomic 

cavities of intercalary somites in Tomocenls I aris, 

and Cla~pole (~_898) postulated the presence of coelomic 

cavities in Anurida maritima. In the hemimetabolous 

insects~ the coelomic cavities are formed in'each of 

many segments as in Pedetontus unimaculatus. Howevers 

in general holometabolous insects~ the coeloms do not 

well develops in comparison with those in tlle hemimeta-

bolous. The preantennal coeloms have b'een reported 

in the Odonata (Andos 1962)9 Carausius rr],orosus (Leuzin= 

ger9 ~･~iesmann and Lehm;3~nn~ 1926)~ I~ocusta mi ratoria 

migratorioides (Roonwal9 1957)9 PterorLarc s teus 

(1'"iiller9 1940)9 Pyrilla perpusilla (Sander~ 1956)~ 

Forficula auricularia (Heymons~ 1895)9 the lepidopteran, 

Chilo suppressalis (Okada~ 1960) and Pieris ~~~~~~ 

(lEastham~ 1950). The Intercalary coeloms appear In 

the Odonata (And0~ 1962)9 Locusta (Roonwals 1957)9 

Pteronarcys (1'1illerp 1940)~ the hemipteran Rhodnius 
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r)rolixus (1""lellanby~ 1956)9 the coleopteran Don*-cia 

crassilDes (Hirsc~ller~ 1909) and Euryope terminalis 

(Paterson~ 1952). The coeloms of eleventh abdominal 

segment have been reported in the orthopteroid insects 

(1,'Jheelerp 1889; Heymons~ 1895; Roonl'Jal9 1957). 

2. Further development of mesodermal somites 

In the gnathal segrnents~ the further development 

of mesodermal somites is also most progressives and 

slightly delayed in the thoracic. _ In the abdominal 

segrnents it is more delayed. The following descrip-

tions in this and the succeeding sections are~ so far 

as emphatic*-lly said9 based on the obs~rvations on the 

thoracic segments. The development*-1 processes in the. 

gnathal and abdominal segments are fundamentally the 

same as those in the thoracic. The coelomic sacs or 

somites differentiate in the posterior abdominal 

segments in and *fter Stag 9 In these segments 

the dorsal closure has already proceeded to a good 

extent or completed~ as in a contrast to the preceding 

segm.ents. "ihis condition in the lposterior abdominal 

segments~ ther~fore9 must cause some differences in the 

manner of further develo~~mental processes of the meso-

dermal somites bet~~reen the posterior abdominal segments 

and the preceding. ).To sufficient or available data aT_e9 

however~ obtained on the further developmental processes 

of the mesodermal somites in these posterior abdominal 



~ 7 2~ 

s egment s . 

As mentioned previouslys the paired somites are 

not separated with each other in the preantennals 

antennal and intercalary segrnents9 but the primary 

median mesoderm is generally lacking in tlle gnathals 

thoracic and abdominal segments. The coelomic sac 

intruding into the appendages i.e. the so-called append-

icular coelomic sac9 begins to extend medially and 

dorsolaterally in 'Stage 5 (Fig. 82). The median 

extension of the coelomic sac fuses medially with the 

extension of another side9 to make the secondary median 

mesoderm ( Fig. 78). The secondary median mesoderm 

does not include the cavity within itself. The dorso-

lateral extension makes the dorsal coelomic sac. Althc~ugh 

the dorsal coelom is usually flattened~ a bilayered 

cell arrangernent is clearly discernible. The coelomic 

sac remaining in the appendage is now the so-called 

ventral coelomic sac. 

In Stage 79 the coelom begins to collapse (cf. Fig. 

78). In paocallel with this9 t.he mesodermal cells of 

the ventral coelom begins to rearrange intc the indi= 

vidual muscles. The lateral and median walls of the 

dorsal coeloln are now connected with each other only 

at their dorsal apices. The collapsed coelom cor+sti-

tutes the mixocoel (=psudocoel~ schizocoel), which is 

characteristic of the arthropods, with the epineural 

sinus. The coeloms of the other segments also bree~k 
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down. TLhe mesodermal cells of the collapsed coelomic 

sacs of each segment begin to differentiate into the 

individual organs. 

5. Splanchnic mesoderm and somatic mesoderm 

The cells of･ ventral coelomic sacs and the lat~ral 

¥,/all of dorsal coelom are the somatic mesoderm9 and 

those of the median wall of the dorsal coelom which 

contacts with the yolk becomes the splarLchnic mesoderm. 

The splanchnic mesoderm closely contacts with the 

ental membrane (see Chapter G9 I~Vs l) (Fig. 7e). In 

Stages ll to 129 the splanchnic mesoderm extends medi-

ally9 substituting the ental membrane~9 to fuse v,'ith 

the mesoderm of another side above the ganglion. In 

* In Locusta migratoria migratorioides (Roonwal9 1957)9 

the splanchnic mesoderm extends on the ventral surface 

of the ental membrane. In Pedetontus unimaculatuss 

the nuclei of the splanchnic mesoderm closely resemble 

those of the ental membrane9 and it is difficult to 

distinguish them. However9 it is more natural tc 

consider that the splaj~_chnic mesoderm does not sub-

stitute the ental membrane~ but the former practically 

only ertends over the la.tter also in Pedetontus9 as 

in Locusta. The author~ howevers will go a step for-

v,'ard*_ in the descri~)tion9 following the practically 

observed data that the splarLchnic mesoderm appears to 

reT)lace the ental mem.brane. 
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lp arallel ~'Jith this processs the lateral and median 

wall of dorsal coelom also extend laterodorsally9 

~'Jith the progressing dorsal closure~ to fuse with 

each other of the another side middorsally just above 

the developing tnidgut in SteLges 12 to 15 (TFigs. 85 

and 84). The yolk is originally covered with the 

amnion dorsally9 but is now ~"ith the splanchnic meso-

derm derived from the median wall of the dorsal coe-

lom instead of the amnion. A bilayered arrangement 

of splanchnic mesoderm is often 'observed (Fig. 84). 

It may represent the rudimentary condition of the 

bilayered enteric muscles. 

"ihe splanchn:Lc mesoderm thus9 constitutes a 

thick and long sac filled up ~'Jith the yolk~ maklng 

the outline ol~ developing midgut. Since the ental 

membrane in:tervenes between the tips of the stomo-

daeum and, proctodaeum9 the splanchnic mesoderm, which 

has replaced t'ne ental menibrane9 now joins the ends 

of the stoni.odaeum and proctodaeum. It fuses with 

the stomod*-eal and ~)roctodaeal mesoderm lay~ers~ 

to develop into th_e musculature of the alimentary 

car+al with the latters. On the inner surface of tlre 

splanchnic Inesoderm~ the deT.._~initive midgut epithelium 

is later formed Y,,ith the yolk cells. 

,'Jith the progression of dor~-al closure~ the lat-

eral ~vall of the clorsal coelom e~xtends aor~ally In 

compan*y ¥･,'ith the ~,,edian ',･.'all~ and fuses with the one 
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of another side dorsomedially. The mesoderm of 

lateral wall or the somatic mesoderm differentiates 

into the hearts Pericardial cells9 fat bodies and 

musculatures. ~ihe mesoderm of the ventral coelom 

exclusively develops into t~le musculatures. 

4. Heart9 ~)ericardial cells9 dial)hragm and fat bodies 

!,,ll of the hearts pericardial cells9 dialphragm 

and fat bodies are originated from the lateral wall 

of the dorsal coelorr],9 i.e. the ~0rnatic mesoderm. The 

origins of these organs in Pedetontus unimaculatus 

are9 on the whole9 coincident with those in the other 

insects (cf. P,oon_ wal~ 1957; Johannsen and Butt9 1941; 

~L~ndo 1962 Ande~son l072a b) . Otller than the 

precurso~s of these organsg the lateral ~,/all of the 

dorsal coelom includes a large number of myoblasts. 

"ihe morphological differenc~s betvJeen the cells9 

belonging to the lateral *,,Jalls different in their 

fates are not recognized until near to the completion 

o:c aor*al closu-e although the differentiation of 

muscles is somewhat earlier. 

i) Heart or dorsal blood vessel 

A Id-rge cell taking its position at the inner* 

most a~)ex of the lateral wall of the dorsal coelom 

Is the ca-dlool*st (Fig. 85). It does not assume 

suc'n ch_ ar*-cteristic crescent-sha.pe or stainability 

as often observed in the other insects. ~ihe ca_rdi.o-

blasts of each side dorsornedially fuse with each 
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other~ above the developin-*- midgut~ to constrtute 

a dorsal hlood vessel or heart between themselves 

(Fig. 84). Blood cells are often observed in the 

ve s s el . 

The formation of the heart or dorsal blood 

vessel occurs in the gnathal9 thoracic and abdominal 

regions~ and a continuous tube along the dorsomedian 

line is formed. Since the vessel lies throughout 

the vJhole length of body trunks t}le last posterior 

abdominal segments probably also particil)ate in the 

formation of the blood vessel. 

ii) Pericardial cells 

"ihe pericardial cells are originated from the 

cells situated at the outermost apex of the lateral 

wall of the dorsal coelom. The pericardial cells 

are characterized by its large nucleus and a large 

amount of cytoplasrn with the eosinophilic granules 

(Figs.. 85 and 84). ~ihe pericardial cells definitively 

take their positions dorsally to the cardioblasts 

of e-'ch side. The pericardial cells ares usually 

in insects~ located laterally or ventrolaterally to 

the heart. 

1*+,'ith the progression of dor~-al closure~ the 

amnion is contracted dorsally9 and it is gradually 

replaced with the tergum9 to degenerate (Fig. 85). 

*o~,,ever some *mnlotlc cells are left just above the 

heart and are ta~{en Inuo vhe body~ of the full-grown 
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embryo ~Fig. 84) (see Chapter I)). It is note*,~Jorthy 

that the pericardial cells corLnect with these arnnio-

tic cells. It indicates that the pericardial cells 

probably give the attachmert of dorsal coelom tc 

the amnion or the developing body wall. 

Generally in insects9 the functional ID+ roperty 

of the pericardial cells is regarded as their ability 

tc absorb colloidal particles I~rom the blood9 i.e. 

the excretory function ('L'Jigglesworth9 1950). The 

fact that the I ericardial cells･ possess the eosino-

philic granules of various sizes in Pedetontus uni-

maculatus may suggest this functional ability. 

iii) I)orsal or pericardial diaphreLgm 

The outermost cells of lateral ~~'all of the dorsal 

coelom are arranged into a thin layer9 to constitute 

the dorsal or pericardial diaphragm (Figs. 83 ･_nd 

84). It links the body wall and the pericardial 

cells, and the space bounded by the diaphragm and 

the body wall is the ttdorsal or pericardial sinus't 

The dorsal sinus is filled ~'Jith the blood, and the 

blood cells are fo*ULnd there. The dorsal diaphragm 

of Pedetcntus unimaculatus is not 1~'ell developed9 

and its longitudinal running is often irterrupted 

by the muscles such as the dorso-ventral. The 

dorsal diaphra,_.~*,_.-~~m, generally in insects lies just 

b. eneath the heart or is connected, ~'Jith the inter-
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vention of the pericardial cells~ .V:entrolaterally 

to the heart9 in a contrast to the case in Pedeton= 

tus unimaculatus. This difference is responsible 

for the unusIJLal positiori of the pericardial cells 

in Pedetcntus unimaculatusg they are situated dorsally 

to the heart. ' 

Roon~'Jal (1957) studied the development of the 

diaphragms exld hlood sinuses of Locusta migl~atcri.a 

migratorioides in detail. According to him, in 

the locust9 the dorsal diaphr~gn is derived from 

the innermost cells of th_e lateral wall of the dorsal 

coelom~ and the outermost cells differentiate into 

the suspensions of the heart. Contrary to the c~se 

in the locust~ the dorsal diaphra~~~n is originated 

from tlle outermost cells of the lateral wall, in 

I)edetontus unimaculatus9 and the innermost cells 

does not develop into *-ny particuleLr organs. The 

ventral diaphragm9 as develops in the Orthoptera, 

Odonata, Ephemeropter*^9 Hymenoptera and Lel)idopteras 

is lacking in Pedetontus unimaculatus. 

iv) Fat bodies 

The fat cells'make the principal part of the = 

lateral wall of dorsal coelom with the myoblasts. 

In Stage 12, the cytoplasm of the fat cells becomes 

reticulated9 and it makes the clear distinguishment 

of the fat cells from the other cells. The fat 

bodies are formed in all of the gnathal9 thoracic 



~ 79~ 

and abdominal regions of the embryo. 

5. ~lood cells 

The blood cells are produced mainly in the 

thoracic and gnathal regions in Pedetontus unimacu-

latus. The production of blood cells in the thoracic 

region seems to be biphasic. In Stages 9 to lOs the 

cells of lateral parts of th_e secondary median meso-

derm are silccessively dissoeiated~ to differentiate 

intb the blood cells (Fig. 78). They suspend in the 

epineural sinus ~･Jhich has not be.en ~'Jidened and is 

practically restricted only to the space above the 

appendages still no~~'. In Stage 129 the blood cells 

are vigorously liberated from the median part of the 

secondary median mesoderm into the broadened epineu-

ral sinus (Fig. 69). Many blood cells are also liber-

ated between the connectives. They are not originated 

from the cells of the ganglion or the median cord, 

but they are derived from the cells of the secondary 

median mesoderm fallen into t~le space between the 

connectives. 

In Stage 12p a number ol~ blood cells appears 

in the head~ the broad epineural sinus above the 

suboesolphageal ganglion (Fig. 54). They are probably 

derived from the secona'.ary median mesoderm belonging 

to the labla.1 se-_-~ment. ,~ihe secondary median mesoderm 

of the m'~ndibular and maxillary segments mainly deve-

lo~)s into the transve~+."se muscles or tendons The 
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possibility that the blood cells originate in the 

suboesophageal body as in Bombyx mori (Toyama9 1902; 

~',!ada9 1955a9 b)9 is precluded in Pedetcntus unimacu-

latus . 

A slnall number of blood cells also a~ppears in 

the abdominal region. They~ are (~erived from the 

lateral parts of the secondary median mesoderm. 

Blood cells in insect embryos }lave been variously 

described as arising from yolk cells (",^Jill9 1888); 

from the cells of the serosa (Ayers~ 1884); from' 

the walls of the heart ('vJheeler9 1889); from undiffer-

entiated mesoderm cells (',~rheeler9 1892; Carri~re and 

Bilrger9 1897); from mesoderm cells at the junction 

of the somatic and sllanchnic mesoderm (Pattens 1884~; 

from the suboeso~)hageal body (Toyama9 IoJ02; '~'iad~9 Ia)55a9 

b) and from the median mesoderm or "I3lutzellenlammeler' 

(Heynons~ 1895; l]euzingers ~'Jiesmann and Lehmann9 1926; 

Easthams 1950; Roonwal9 1957; J30ck9 1959; Okada9 1960; 

And09 1962; i~~Iori9 1969). Contem.porary authors9 however9 

seem to agree in the vie~,J that the embryonlc blood cells 

are mectlan mesodermal In orlgin (cf. rYlori9 1979). 

6. Gonads 

In adlJ!Its of pedetontus unlmaculatuss three 

lp~-.irs of the testioles are pre*-ent~ and they ,occupy 

the laterodorsal ~portions of the met*tnorax. "_._i'he 

ovary conslsvs o* s*v*n palrs of the ovarloles and 

t}ley are situated at the ILaterodors**1 portions of 
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the second to the sixth abdominal segments. 

In pterygote insects~ tlle germ cells are often 

recognizable by the time when the embryonic primodium 

has been established and has begun tc elongate as a 

germ band. In apterygote insects9 in Lepisma saccharina 

(Heymons, 1897a; Sharovs 1955) the germ cells also 

appear in early developmental stages. In collembolans9 

they become recognizable already during the cleavage 

(Philiptschenk09 1912; Jura, 1965)9 but the manner 

of formation of the gerro: cells exhibits a great con-

trast to that generally observed in the other insects. 

In Pedetcntus unimacIJLlatuss in Stage 2, a peculiar 

spherical body9 ca 50 ~cm in diameter, which is composed 

of about fifteen to t¥,Jenty of weakly stained large 

cells9 is observed in the mesodermal mass at the post-

erior end of the germ band (Fig. 85)! The further deve-

lopment a~ld the fate of the body could not be followed. 

There may beg however, a high possihility that the body 

should be the germ cells. 

The cells certainly identified as the germ cells 

first appear in Stage 5. In some thoracic and abdomi-

nal segments~ several germ cells are observed in the 

dorsal wall of the appendicular coelom9 which is the 

future median wall of the dorsal coelom, as in Ther-

mobia domestica (Woodland, 1957) (Fig. 82). The nuclei 

of the germ cells are just spherical and slightly 
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larger than the nuclei adjacent to them~ and tlley 

are characterized by their ckromatines: the equal-size(i 

compact chromatins are evenly distributed in the karyo-

plasm& so that the nuclei of the germ cells appear tc 

be I)aler. The ger!_ital ridge9 appearing in Le isma 

saccharina (Heymons9 1897a; Sharovs 1955) and the 

most pterygo'te insects9 is not formed in Pedetontus 

unimacul atus . 

The germ cells increase in number9 in Stage 9 

upto about ten in each the group. In parallel with 

this~ they slip out of the median wall of the dorsal 

coelom into the coelomic cavity which has been par-

tially collapsed (Figq 86). A clump of germ cells 

is enveloped with the thin mesodermal cells. Seven 

pairs of the clump s are present9 one in each segment 

from the prothoracic to the fourth abdominal segments. 

For a times each the clump of the *~erm cells is liber-

ated from the other tissuess and takes its position 

ventrol_aterally to the developing midgut2 above the 

alpendage of each segment (Fig. 78). 'iJith the ~pro-

gression ol~ the dorsal closure~ the clumps of the 

germ cells are carried dorsally9 to be finally situated 

dorsolaterally to the developing midgut in the continu-

ous chain of fat bodies of each side. In Stage 149 

the paired clumps of the germ cells are segmentally 

arranged in the metathoracic to the sixth abdominal 

segments. One or two gerrn, cells becorne larger th･n 
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the others in each clump9 and possess a conspicuous 

nucleolus. "ihe further development of the genital 

organs is not followed. TL:hei_r completion occur in 

the postembryonic stages. 

7. Suboesophageal bodies 

A ~p air of the suboesophageal bodies develops 

from the intercalary mesoderm9 as in Petrobius brevi-

stylis (IJ*-rirlLkk9 1969) arLd Lepisma saccharina (Lariak? 

1970)9 in St~Lge 7. ~j~ach of the suboes.ophageal･ bodies 

is composed of about ten to fifteen vacuolated cells~ 

and ca. 20 ~tm to 50 ILcm in diameter (Fig. 64). It 'is 

initially situated anterolaterally to each of the 

mandibular a~p odemes (anterior tentoria). The cells 

of the suboesophageal body are highly vacuolated. 

The suboesophageal bodies move posteromediallys 

in compe.n~~ with the anterior tentcrial anlagen. "iheir 

relative position to the latter changes intc lateral 

and further into posterior. In St*-ge 129 the paired 

anterior tentorial anla~-en fuse to-_-ether medi.a_.lly9 

and the suboesophageal bodies of each side closely 

-'pproaob_9 or often they come to contact with each 

other (Fig. 62). The suboeso~phageal bodies defini-

tively contact anteriorly ~'Jith the anterior tentoria9 

a_nd dorsally or dorsornedially ~~rith the stomodaeum. 

~',rit'n their migration~ the morp~*ological ch;,_racter-

istics of the suboeso~phageal bodies are altered: the 

vacuoles disappear? and the nuclei that are orlglnally 
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flattened and pressed by the vacuoles become normal. 

In and after Stage 12~ the cells of them are character-

ized by a large nucleus alld a large amout of cytoplasm 

(Figs. 54 and 62). In Petrobius brevist liss the sub-

oesophageal bodies disappear just before hatching 

(l]arink~ 1969). In Pedetontus unimaculatus9 howevers 

they remain alives and are found at least in the larvae 

of the early instars. In Gryllidae and Blattidae~ they 

persist in the larvae (Heymonsp 1895)~ and in the 

isopteran Eutermes chaquima ensis they are present 

even in the sexually matured individuals (Holmgrens 

1909). The *-uboesophageal bodies are generally con-

sidered as one of the ernbryonic organss but it cannot 

The function of fate of the suboesophageal bodies 

are much controversial (cf. Roonwe.1$ 1957; Johannsen 

and Buttg 1941; Andersong 1972a). Concerning their 

function9 howevers the excretory is generally accepted9 

during the embryonic life (*,Vheeler~ 1893; Hirschlers 

1907; Roonwal9 1957; Kessels 1961). Roonwal (1957) 

further suggested the homology between the suboeso-

phageal bodies and pericardial cells. 

"ihe suboesophageal bodies show a uniform structure9 

and seem to be9 in all probability~ homologous in all 

insects. However9 their origin is also remarkably 

varied (cf. Roonwals 1957; Johannsen and Butt9 1941; 

Ander*-on9 1972as b); although the mesodermal origin~ 



~85~ 

especially in the intercalary segments is the most 

usual. Rempel and Church (1969) ascribed an ecto-

dermal orib"in to it in tlle coleopteran l~ tta viridana~ 

but it is to be regarded as one of the extraordlnary 

8. I,'iesoderrn in head 

"ihe fate of the mesoderm In each segment of the 

head are summarized. 

i) Preantenn*-1 and antennal mesoderms 

The preantennal and the antennal meso(~erms are 

connected with each other. r"'iost of the preantennal 

mesoderm intrLldes into the developing clypeolabrums ~ 

with the protrusion_ of the latter (Fig. 71)~ to 

differentiate into the labral and clypeal muscles. 

The stomodaeal musculature is derived from the pre-

antenn~LI mesoderm. It is possible that the antennal 

m~soderm also participates into its formatior. partially. 

The preantennal mesoderm also contributes to the for-

mation of the stornodaeal suspensions co_nl~_ecting the 

stcmodaeum ~'Jith the clypelJ_s ( Fig. 87). 

"ihe antennal_ coelomic sacs intrude into the 

antennal anlagen, to develop into the antennal muscles. 

A part of the antennal muscles eLttaches the anterior 

tentoria (Fig. 87). A pair of the lateral susl)ension_s 

of the a~terlor tentor:L* (Fig. 88)9 ~'/hich runs in para-
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llel with the antennal muscles from the posterior 

bases of the antennae to the anterior tentoriap is 

also derived from the antennal mesoderm. These sus-

pensions pass bet¥･Jeen the deutocerebrurn･arLd the lobus 

2 of the protocerebral ganglion. 

The preantennal and the antennal mesoderrns ini-

vially coveri the head lobe dorsally (cf. Fig. 57). 

A part of them is involved between the protocerebral 

ganglia9 with the progression of the cerebral morpho-

genesis to form the neurilemma of the protoc~rebral 

garLglia (Fig. 70). However~ there are no defining 

the origins of the deuto- and tritocerebr~al neuri-

lemma. In Stage ll9 eL pair of the arterior suspen-

sions of anterior tentoria which connects the ante-

rior tentoria with the body ~~'all just anterior tc 

the compound eyes~ and which passes betvJeen the 

protocerebral ganglia lobus 2 and 5' s are formed 

(Figs. 65 and 88). 'They originate in either the rpre= 

antennal or the *'ntennal mesoderm~ but their origin 

can not be definitively attributed to the one for 

the present. 

ii) Intercalary mesoderm 

i'~,Io*-t of the intercalary mesoderm develops into 

the suboesophageal bodies. A_Ithough the stomodaeal 
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musculature is mostly derived from the preoral meso-

derm9 the circular muscles at the base of the stomo-

daeum originate in the intercalary mesoderm9 probably 

its lprimary median mesoderm (Fig, 71). The intercala-

ry mesoderm forms also the paired suspensions of the 

stomodaeum (Fig. 87) which connect the latter ~l'ith 

the anterior tentoria. 

iii) i",'iandibular9 maxillary and labial mesoderms 

~*!ith the morphogenesis of the head capsulea 

three gnathal segments are extremely contracted9 

esl)ecially in their dorsal and lateral regions9 so 

that the gnathal mesoderm is also concentrated in _ 

these regions. It is~ there.j~ore, difficult to judge 

which segment among th~ three the individual organs 

such as fat bodies9 dorsal blood vessel9 muscles 

and splanchnic mesoderm are originated from. As 

for the muscless however9 it is probably more natural 

to ascribe the origin of one muscle to one; segment 

~'Jhose aplp endages are attached with the muscle. Figure 

87 diagramrn,atically shows the distributions and the 

rtmnings of the princi~)al muscles of the head. It 

is also difficult to determine the origin of the 

spla.nchnic mesoderm in the head9 but it probahly 

ori_~-inates in every gnathal segme~lts. 

A pair ol~ the posterior suspension_s of anterlor 
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ten~Loria is derived from the mal~_dibular mesoderm 

(Fig. 88). It starts from^ the dorsoposterior angles 

of the anterior tentoria9 passing laterally to the 

stomodaeum and between a pair of the lobi I of prot0= 

cerebral ganglia9 to th:e postccular epidermis9 probab-

ly the marldit)ular tergum. ' The tendon binding the 

right and left anterior tentoria$ and the mandibular 

transverse tendon is also originate(i from the znandi-

bular mesoderm (Fig's. 549 70~ and 87). Both of them 

are derived from the secondary median mesoderm. In 

Pedetor!_tus unimaculatus~ the mandibular trans~erse 

tendon and the fan-shaped muscles9 namely the ventral 

adductor muscles9 tak iug their origin on this tendon 

are well developed. It is one of the remarkable 

characteristics of most of the mandibulatan animals-~ 

whose mandibles possess only a single articula.tion9 

i.e. the ApterygoteL except for the Thysanura9 the 

Symphyla~ Chilopoda9 I)iplopoda9 Pauropoda~ and Crus-

tace~. 

The blood cells app earing in the head probably 

originate only in the labial segment9 i.e. its sec-

ondary median mesodermp among the gnathal9 as mentioned 

I)reviously. 

9. ~"iusculature of alim.entary canal 

Initially~ the stornodaeum is covered ~Y,ith the 

mesoder.*^, mainly at its an_terior (dorsal) and lateral 

sides (Fig. 71). Its posterior (vertral) surface of 
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it is also sheathed with the mesodermal layer~ although 

thinly. It is I)robably responsible for the extension 

of the mesoderm present at the anterior (dorseLl) and 

lateral sides. Thus9 the outer surface of the stomo-

daeum is overlaid ~,Jith a continuous mesodermal layer. 

The blind end9 h_owever9 is always lacking the meso-

derm. The midgut is also enveloped with a thin meso-

dermal layer9 the srplanchnic mesoderms as previously 

mentioned (see Section 5. iSplanchnic mesoderm and 

somatic mesoderm'i). The proctodaeum is also covered 

with the niesoderm througholJtt all its surfaces except 

for the blind end (Figs. 55 ar.d 56). 

The three principal parts of the alimentary carLal 

are9 thus9 covered with the mesodermal envelopes. 

These envelo~)es fuse togethers to develop into the 

musculature of the alimentary canal ( Fig. 89). The 

stomodaeal muscular sheath consists of mainly circular 

fibers9 and the longitudin~.1 ones are ~resents inner-

ly to the circul~r, only at the anterior base of the 

stomodaeum. The muscular sheatll of the midgut9 i.e. 

the enteric musculature~ is principally made of the 

longitudinal muscles. The posterior part and the 

anterior one except fot the anterior region ol~ the 

gastric caeca are also sheathed with the circular 

muscles innerly to the longitudinal. The proctodaeal 

muscul~Lture is composed of an outer layer of longitu-

dinal muscles and of an inner layer of the circular 
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ones . 

The stomodaeal muscle is derived from the pre-

antennal9 arLtennal and intercalary mesoderms ( see 

the preceding section). The enteric muscle is origi-

nated from the splanchnic mesoderm of th_e gnath~Ll~ 

thoracic and abdominal regions. The proctodaeal 

musculature originates in the mesodermal mass surround-

ing the proctodaeum anlage. Until long after the pro-

ctodaeal mesoderm differentiates9 this tnesodermal mass 

does not undergo the segmentation. It is9 therefores 

very difficult to determine what abdbminal segment 

the proctodaeal mesoderm belongs to. For the solu- _ 

tion of tllis problem9 it is the most promising to 

ascert~Lin the ori~-in of the proctodaeum. Further9 

the dispute on the attribution of the proctodaeum 

will be provi(~.~d ¥,!ith an answer by discussing what 

segment the anal plates constituting the aperture of 

proctodaeum or anus belong to or represent. It *,Jill 

be discussed in the DIScuSSIONs 8. si',~,etarnerism~ 

The proctodaeum is supported by the suspensions 

consisting of pai~ed ventrolateral ro'/Js and a do. rsal 

row (Fig. 76) . Each ro~'J of suspensions attaches the 

tergum or the ventral plate of -th_e eleventh abdominal 

segment. They are probahly derlifecL from the eleventh 

abdominal mesoderm. 
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III. Endodermal derivatives 

l. Midgut epithelium 

The ~ormation of ori.gin of the midgut eprthelium 

are controversial subjects in the comparative embryo-

logy of insects. For the solution of this controver-

sy9 the investigations on the primitive groups, such 

as the Apterygota and the lower Pterygota, seem to 

be the m^ost promising. "ihe studieS of the midgut 

epithelium formation of the I~1icrocoryphia, which 

has not yet been reported, may provide some basis 

for discussing the formation and origin of the mid-

gut epithelium in insects. 

i) Contribution of the yolk cell~~ to midgut epithe= 

lium formati0."+ 

In Pedetontus unimaculatus, the midgeLt epi-

thelium develops entirely from the yolk cells, as 

shown diagr*~mmatically in Figure 91. When the 

dQrsal closure begins at the posterior abdominal 

segments, the amitoses of yolk cells are observed 

as in Lqpisma saccharina. (Sharov9 1955) and -Lhe 

yolk cells~ ~'Jith the spherical nucleus deeply 

stained ~'Jith 'r.ematoxylin9 differentiate (Fig. 9la). 

In "ihermobi･_ domestica (~,!oodland9 1957)9 ho~'Jever~ 

yolk cells under~-0 both mitosis and amitosis. 

~ Ir_ this paperp for cor!_venience; the terrl? syolk 

ce~ls nas been *dopted Inste~d o~~~~ iyolk nucleusi . 
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With the progression of the dorsal closure9 

the yolk is covered up with the splanchnic meso-

derm. ~ihe yolk cells mentioned above migrate to the 

yolk periphery and settle on the splanchnic mesoderm 

layer one by one in Stage ll~ as in Lelc), isrna saccharina 

(Sharovs 1955) 'and T}lermobia domestica (1,Voodland9 1957) 

(Fig. 9lb). They then undergo amitoses, as in ~~~~:l~e i-

sma saccharina (Sharovs 195~) to forrn the cell groups, 

ncrypts'i (Fig. 69). The crypts of Pedetontus unimacu-

latus are closely sirnilar to the 8fcryptsu or the 'tregen-

erative nests'i of Le isma sacch~Lrina (Heymons, 1897a; 

Sharov, 1955)s Thermobia domestica (~'!oodland, 1957)s 

Tetrodontophora bielanensis (Jura9 1966)s several 

species of the Odonata (Tschuproffa 1905; And09 1962) 

and the chilopodan Scutigera coleolDtrata (Knoll, 1974). 

In Stage 12s each crypt is composed of about ten 

cells as a result of amitoses. Then the crypt cells 

begin to undergo mitosis actively. At the same time 

the whole yolk commences to divide into blocks (yolk 

blocks), envelope~ with fine membr*"nes (Fig. 9lc and d). 

The phenomenon is also reported in the anim'-Is mentioned 

abovep but in Thermobia domestic'- ('f',roodland, 1957), 

the nyolk blocksii almost break do¥^m after blastokinesis. 

In Le'pisma saccharina (_i*'_eymons~ 1897a) and Thermobia 

domestica (Woodland, 1957), one yolk cell is found 

at the center of each _volk block, but in Pedetontus 

unim*'culatus more yol'..'~c cells are present in each block. 

"ihe nucleoli of the crylpt and yolk cells are more con-
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spicuously eosinolphilic than those of the er~,bryonlc 

ones . 

T:he yolk material incorporated into yolk blocks 

dirninishes in (~uantity. 1,~ith the further consuxpp-

tion of the materials the longitudinal lumen appears 

at the center･ of the yolk tkroughout the ~'!hole length 

of tlrle developing mid*~Lt by shrinkage of the yolk 

bloCk s in Stage 14 (Figs. 90 and 9ld). The crypt 

cells continue to divide mitotic*~lly and increase 

in number, so that they are compactly *~rranged there. 

A section of the crypt cells ~tarts to slil a~'Jay from 

the crypts along the peri~)hery of the developing mid-

gut (Figs. 90 and 9ld). The nuclei of these cells 

(~ in Figs. 90 and o.1) morphologically dil~fer from 

those of the origint~-1 crypt cells: they are larger 

and more sl0+herical with conspicuously edsinophilic 

nucleoli and less hematoxylinophilic karyorplasm. 

At ･_bout t'ne same times the yolk cells left behind 

in t'ne yolk again actively undergo amitosis to 

inc~e;~~se in number two to three tirnes. "ihese yolk 

cells are fre(~uently observed in groups of two or 

three, resulting I~rom the *-mitctic divisions9 and 

are so^",^etimes situated at the fine boundary membrane 

ol yolk blocks Shortly they begin to migrate9 settl-

Inb au the periphery of the developing mid~~lt (~ in 

Figs. 90 and 91). "f_hese' cells (b in Figs. 90 and 91) 

-'*.re sim,ilar to those *-lipping a.¥~'='*y from the crypts 

(~ in Figs. 90 and 91). ~･'~orphological cha-acte s 
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of these two groups of cells (~ and ~) are like 

those of epithelial 'cells of the definitive midgut. 

Both these cells (~ and ~) Iater develop into 

the midgut epithelial cells. ~ihey divide amitotically 

at the perilhery of the developing mi~gut, so that 

they are often found in p-~irs. After }latclling the 

cytoplasm starts to accumulate in the yolk blocks 

of the first instar larvas in which the digestion 

of yolk material is ~)rogressing. As development 

progresses9 (due to further slippin*' of crypt cells, 

further migration of the newly proliferated yolk 

cells from the yolk and their amitosis), the cells 

increase in number at the periphery of the developing 

midb･ut (Fig. 9le). At the end of the second larval 

Inst*r as In Le ism*- saccharina (Sharovs 1955), 

Tnermobla domestlca (,"oodland 1957) and the Odonata 

(Ando, 1962), the yolk IT],aterial is at last consumed 

up and replaced by the accumulated cytoplasm^. In 

the third instar larva, the midgut epithelium is 

essentially completed. These eprt~_elid*1 cells further 

undergo amitosis and the epithelium comes to be more 

densely cellular (Fig. 9lf). "ihe crypts are covered 

with the definitive epithelium and these cells pre-

serve the ability for mitosis. ~ihe crylo*ts possibly 

represent the regenerative nests of the midgut epi-

thelilJ_m in ol_der insectss as in Lepisma saccharina 

(t)~harov, 1955) and 'i*herr~,,obia dom,estica (1+,,'oodland, 



~95~ 

1957). The larvae of J!~edetontus unimaculatus feed 

for the first time in the third ins~ar. 

I¥:,'ot all the yolk material is incorporated into 

the yolk blocks; a part of it is left behind in the 

lumen of the developing midgut. Shortly9 the remain-

der of the yolk material is also digested v,'ith the 

proctodaeal plug mentioned previously in the lumen 

of the midgut. At the anterior and posterior ends 

and the ventral side of the developing midgut, the 

crypt cells are more densely distributed, and the 

yolk cells both proliferate and digest the yolk 

actively so that the midgut epithelium formation is 

more progressive in tn' ese regions. The region*-l 

differences in the epithelium formation are not due 

to t'..ne direct particip ation of any elements other 

than the yolk cells; such as components of the stcm0= 

daeum, proctodaeum or middle strand of the inner 

layer. In l~episma saccharina (Sharov~ 1955), the 

crypt cells begin to divide mitotically in the second 

larval instar~ Probably as trregenerative nests'f 

ii) Cardiac region and gastric caecum 

As the blind end of the developing stomodaeum 

is thinned, its tip begins to extend in Stage 12 

(Fig. 75b)9 as in ILisma saccharina (Sharov, 1955). 

",~ * +..1* extended ~Dart of stomodaeum Is the developing 

carcLl*c valve (Fig. 75c ar!_d d). Thls paru never 
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d'ifferentiates into the midgut epithelium and it 

preserves such ~istological characteristics as 

observed in the stomodaeum (Fig. 72)s in contrast 

to that of ~e isma saccharina (Sharov9 1955). 

The anterior re~ion of the midgut epitYlelium 

in Pedetontus unimacul--tus al'so orip_inates exclusively 

from the yolk cells9 as previously described, and 

de~velops into the gastrib caeca (Fig. 75d). They 

-consist of one pair of large and two pairs of small 

c*-eca in this species. Their formation begins with 

the cleaving of the anterior tip of the developing 

midgut into right and left. In the third instar 

larvae9 each half again divides into t}lrees and in 

the fourth instar six caeca are lplainly visible. 

iii) Pyloric region 

The part of midgut epitheliurn develops into 

the anterior part of pyloric valve (Fig. 77)g the 

pylorit valve is heterogeneous in origin in this 

speciesp and the post,erior part is derived from the 

proctodaeum. _AS mentioned above9 the blind end of 

proctodaeum is almost broken down in Stage 14~ and 

only the m~'rginal part of the anterior cell layer 

to the proctodae='1 Plug (ACL) persists, and differ-

entl*+es Into the posuerlor part of pyloric valve 

(Fig. 75). It preserves such histological character-

istics as the proctodaeum assumes. Although the 
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anterior part of the proctodaeum in Le isma saccharina 

differentiates into the rnidgut epithelium (Sharov9 

1955) that In Pedetontus unimaculatus does not dif-

ferentiate into it. 

IV. Other structures 

l. Ent;~~1 membrane 

About in Stage 9s the embryo is found to be 

covered dorsally wrth a fine membrane so sparsely 

cellulated. This is the so-called ental membrane. 

~ihe ental membrane contacts with the embryo 

at the point of the origin of the amnion where the 

dorsa_1 coelom ~-Iso ~Lttaches the embryo proper or 

ectoderm. (Fig. 78). It covers t'n.e embryo througho~utt 

all its dorsal surfaces and the anteriormost of the; 

ental membrane attaches the margin of head lobe or 

the developing- head capsule (Fig. 70), and the post-

eriormost attaches the develolD+ing terga of the post-

rlor *bdomlnal segments (Flgs 55 and 56). The 

bllnd ends of tne stomocLaeum *nd proctodaeum come to 

cont-･._ct ¥'Jith the ental membrane (Figs. 55~ 559 56~ and 

70). The similar structures to the ental membrane 

of Pedetontus unimaculatus have been reported In 

the Odonat=･~ Orthoptera9 Plecoptera9 )'1allophage~ 

~i.e,~^lpuera I~eu~opte+a and so on (cf ~ndos 1962): 

for ex･-~i~mple? the ental mem.br*-ne of some odonat*･ns 

(.tLndo, IoJ62)~ the provisional dorsal closure of Locusta 

mlgra.orla ml~;r-toTlolc~es (RoorLval 1957) and the 
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ental anmion of Pteron~~rc s T)roteus (~liller~ 1940). 

Tbey are considered exactly homologQus with the 

ental membrane of Pedetontus unirnacul~--tus9 on the 

basis of the close resernbrances between them 

The origin and the exact time of t~le apl earance 

of ental membrane could not be determined. It ren-

ders these determinations much difficult that the 

nucleiL of ent-･1 membrane closely resemble those of 

spl･_nchnic mesoderm. It was shown in P rilla ~~~~-

psilla (Sander9 1956) and some odonatans (Andos 1962) 

that the ental membrane is originated from the blind 

ends of the stomodaeum and proctodaeum. The ental 

membranes of the orthopteran Stenobothrus v*-riabilis 

(Graber 1888) and the locus*u (Roonwal9 1957) are, 

hov,'evers s*'id to be derived from the lateral edges 

of the germ band. For the stoneflys ~'liller (1940) 

is not sure about its origin9 but he suggested the 

probable origin of it from the lateral ectoderm or 

coelomic s~!_c. 

Room,Jal reported t'_:~le degeneration process of the 

provisional dorsal closure, but in Pedetontus uni-

maculatus~ the further development and the fate of 

the ental membr~~ne could not follo*,ved. 

2. ~,･+,plneural slnus 

C-enerally in insects? the ental membr**ne is 

widel_~r apart frorn the ventral nerve cord~ and a 

broad space is formed between them throughout all 
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the length of the embryo. This is t.he tfepineural 

sinustr. In Pedetontus unlmaculatus the ental mem 

brane initially stands close to the ventral nerve 

cord9 and the epineural sinus is hardly discernible 

(Figs. 569 709 and 75). In Stages ll to 12s the 

ental membrane becomes apart from the latter9 so 

that the epineural sinus enl*-rges. However9 it is 

restricted only to the gnathal and the tyloracic, 

mainly mesothoracic regions (Figs. 54 and 69). In 

the epineural sinus above the suboesolphageal ganglion~ 

the tentoria9 suboesophageal bodies9 gnathal transverse 

muscles and tendons~ and so on take their positions. 

In the thoracic epineural sinuss the muscles run. 

_~fter the collapse of the coeloms9 the epineural 

sinus is to be called the 'tmixocoeltr. The epineural 

sinus or the mixocael extends9 with the progression 

ol~ t'ne dorsal closure~ The membrane bounding the 

epineural sinus dorsally iss ori･_"inally, the ental 

mernbra~le. Tn' e ental membrane iss ho~'.'ever9 replaced 

with the splanchnic mesoderm (see Chapter G9 Ils 5' 

sSpl*･nchnic mesoderm and sorri,atic mesoderms )9 so that 

the dorsal boundar~~ of the epineural sinus is exclu-

slvelv regdrded as the splanchnic m^esoderm9 ~"fter the 

completion of the repl;~~cerr].er_t? _ fo~ example in and 

~Lfter Stage 12 in the thorax. 
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DISCUSSION 

The results of the present study have been dis-

cussed in each former section. Here, some subjects 

considered significant in the comparative embryology 

or morpholcgy of insects ~'!ill be further examined. 

l. Embryonic membranes 

Heymons and Heymons (1905) found that the amnion 

and serosa are formed without the interventioh of the 

process of the anatrepsis=katatrepsis in the machilidan 

Machilis alternata (=Trigoniophthalmus alternatus) , 

and they rega~rded the amnion and serosa of the spe-

cies assuming one of the most primitive conditions 

among those of insects. Heymons and Heymons9 furth~ers 

believed that the embryonic membranes of the machilids 

ar.e still more primitive than those of the lepismatids 

which are considered less developed thai those of the 

pterygote insects. They also thought that the machi-

lid embryonic mernbranes assume the intermediate deve-

lopmental condition linking those of the lel0+ismatids 

and pterygote insectss and those of the myriapods and 

other aptery~gote insects. These ideas formulated by 

Heymons and Heymons have affarded not a few signifi-

cant bases for the phylogeny of the Insecta~ --nd the 

s･J'stematical divisions of mach_ ilids and lepisrn~Ltids 

in the suprafamily level until the present (cf. Sharov, 

1966 ) . 
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However~ Larink (1969) contr*-dicted Heymons and 

Heymonss ideas9 from the basi-~ of hi,s investigations 

for the machilidarL Petrobius brevist lis. In the spe-

cies the fold of the embryonic membrane or blastcderm 

is formed over the embryo~ as in Pedetontus unimacu-

latus (cl~. Fig. 5). l)arink (1969) regarded such a 

fold in the same light with the amnio-serosal fold 

of lepismatids and pterygote insects which is produced 

through the anatrepsis. He believed that the *-mnion 

and seros*' of Petroblus brevlstylls (and probably 

also of the other machili(~ans such as I~'=,achilis alter-

nata) must be I)roduced with the intervention of the 

process of the anatrepsis-katatrepsis in the same 

way -~s in the lepisrn*~tids and pterygote insects. -

~'rom thls in the natural course of events, he reached 

the concl-Llsion that there is no fundamental difference 

between the phylogenetical condition in emb~yonic mem-

branes of the machilids and those of the lerpis'matids 

and pterye~~ote Insects He appe*rs to have supposed 

th** r]e~rnons ancL He~mons? conclusion h*-d been inappro-

priately brought about by overlookin~_- the folded con-

dition of the embr~~onic membr*~nes, although he did 

not directly say so. 

~iol~'evers the results of the present study of 

Pedetontus unirnaculatus offer some new evidences 

agair.st tlr)e Larinl~is conclusion. Larink (lo)69) sul0.-

posed h=t the fold over the embr"yo is produced through 
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the proce*-s qf the anatrepsis2 but in Pedetcntus uni-

maculatus such a process is not recoo"nized at all. 

Instead9 it is confirmed that the formation and 

stnfucture of the fold is ascribed only to the cell 

arrangement of the mct-rginal region of tYle germ rudi-

ment in the most initial stages (see Cha~)ter C. of 

OJ:'-SJ~;-RV,f~~"iiONS) It Is not throu h the rocess of the 

anatre sis that the fold should be constituted. Fut-

thermorep on the basis ol* the morphological character-

istics of the nuclei of the fold~ it cannot be homo-

logized 1'Jith the namnio-serosal I~oldll of the lepisma-

tids *'nd pterygote insectss but it should be identi-

fied as a kind of the blastoderm**1 or sero~al struc= 

ture . 

In tYle i"hysct~nura and Pterygota9 the amnio-serosal 

fold is well developed~ and the arnnion and serosa 

are formed through the process of the anatrepsis-kata-

trepsis. On the formation of their embryonic mem-

branes and amnio-serosal ~old9 the developmental suc-

cession is recognized; that is9 the thy~sanuran ~~~Te i-

sma sc~~ccharina ~}-nd Thermobia domestica - the thysanuran 

Ctenolepisma lineata - the Pterygota (cf. Sharov~ 1966; 

Jura~ 1972). In a contrast with the cases in these. 

insects~ in the }tyriapod*-9 Collembola and JDiplura 

the arnnio-serosal fold or the cellular membrane such 

as the amnion that should envelope the venter of the 

embryo~ are not9 of course~ differentiated. On the 
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other hand9 in Pedetontus unimaculatus, 

amnion and serosa differentiate indeed9 

without the intervention of the lorocess 

although the 

they are formed 

of the anatre-

psis-katatrepsis. It is just coincident with Heymons 

and Heymonss conclusions. l'~ol~'9 it may be possible 

and reasonable to interpret the developmental con-

dition of the embryonic membranes in Pedetontus uni-

m,aculatus as the intermediate or transient tylD+ e be= 

t¥.Jeen the I~'1yriapoda9 Collembola and Diplura Qn one 

h*-nd~ and the Thysanura - Pterygota on the other. 

nihat is to say9 the author supports Heymons and Hey-

monss (1905) phylog~netical hypotheses referred to 

in the opening of this section. Ree)iaminations are 

desired on Larlnk?s (1969) data 

njhere is little in doubt that the embrvonic 

memb,ranes of Pedetontus unimacul*-tus l~ 'chllls alter 

nat** (Heymons and Heymons9 1905) and Petrobius brevi-

stylis (Larin'_'~cs lo)69) assume the ancestral or primi-

tive co-."+ditions of those of t'ne ~pterygote insects~ 

as v.!ell -'s those of the lepism'-tids~~~ (Heymonss 1897a; 

Sh~'rovs 1955; 1,'joodland9 1957). Further9 the differ-

ences on the embryonic membranes9 have been mentioned 

*" h~s '~,_~or the co*-"uparative embryological discussions 

or!_ the embr~~onic membr-*^"+es l*'yin_~i stress on t'_rle 

lepismatidsp see ~tli"-eymons a_Ti,d '.-Iey~lons (1905)~ Sharov 

(190f6) Tura (1972) arld Larink (in press). 
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previous.lys between the machilids and lepism;~~tids 

deserves special emphasis9 and they suffice to regard 

the embryonic membranes of the fo~._rmer as,more primi-

tive and arLcestral than those of the latter. 

2. Blastoklnesls 

In Pedetontus unimaculatuss the e,-*,Dryo deeply 

invaginates among the yolk folds9 as in the cases 

for the other machlllcLan ~achllis alternata (Heymons 

and_ Heymons9 1905) eLnd Petrobius brevist lis (Larink9 

. *Jhen dlscuss:Lnb' the phyloe5"eny of Insectss 

such an invagination of th e embryo observed in the 

machilids is often compared ~'Jith'the immersion of 

the embryo into the yolk in the pterygote insects 

(cf. Sharov~ 1966). However~ they are not comparab-le 

to each ouner9 a (loJ72) pointed out~ because +, s Jura 

the yo.lk" folds .-~re given rise to in the a~ea con-

sisting" only of the amni0.-. (see Chapter D. of OBS-*+,R-

VA'i*IO_N,S). They can be in~~eed homologiv:_ed v,'ith each 

o he~ In functlon I e the protection of the venter 

of embr~yo~ but there is9 of coursep no phylogenetlcal 

homology bet Jeen them. S'ucll an inva~-ination of the 

embryo *-mong the -y-olk folds as found in Pedetontus , 

unimaculatus should be rather conside~+*ed as ~L~ pecul-

iar phen0+menon to the 1~'~',icrocoryphia. 

Since no process re'~~'arded **s the -'natrepsis and 

k~;~tetrepsis is9 therefore~ Present ir+ the m'~chilids 

such *,s Pe**euontus unlm*~culatus it is a'ifficult to 
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detect any fundamental differences in the blasto-

kinesis between the machilids and the m_yriapods2 

collembolans and diplurans. ~it is in a marl,_'~ed con-

trast to the case in the lepismatids (Heymons~ 1897a; 

Sharov 19)5 1,,'oodkud 19)7) both the remp-rl_}cable 

anatrepsls anct kauatrepsls are pe-formed as In the 

p~~erygote insects. Ho¥^Jever~ ~,lhen comparing the blasto-

'_'~inesis of the machilids with: that or~ the myriapods9 

collembolans an(~ diplur~-nss it is never to be forgot-

ten that tn' e forrner is accompanied wit'..n the differen-

tlation of +he amnlon and serosa ~-s emphasized in 

t'ne preceding section9 in a mar~ced contrast o the 

l --tter. 

5. nierga of three gnathal segrnent~;-

In Pedetontus unim~~cul*-tus9 t'ne err.bryonic terg*" 

of three g]rLct-thal segmentss i.e.~ th_e m*",ndibuld-r9 

~,,axlllctry~ and labial segments9 forrn ir+ the s*'me 

manner as in the thoracic segmentss and they are 

serially homologous ~vit'.". t'ne thor~'*cic terg---'~. It is 

hot-flble that tne ~osuerlor paTt of the cranlum 

derives from t~_e terga of the gnathal segments. 

Bitsch (1965) determined the distribution of the head 

se~crn*_,+ents in r,'1achilis burgruLndiae9 based on details of 

musculature a.nd innervation. ~i"_ne results of the 

lpresent study a~*ree ',･Jith his work-. According to 

T,latsuda (1965)a the boLlndary llnes bevY een t}~e man 

~nc beul een the m~'~xill=-'ry dlbul~r *nd rn*xllleLry terga9 ~ 
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and labial terg~L~ correspond to the occipital arLd 

postoccipital sutures in lower insects. 

In the lower insects~ cephalic segnental terga 

may be found. According to Sharov (1959)9 for in-

stance~ the fossil species Dasyleptu's brongni*-rti of 

the l"ionura h*･s mandibulars maxillarys and labial 

terga. The boundary lines bet¥^Jeen these terga9 how-

evers do not reach the vertexs and do come into con-

tact vJith the lower edge of the compound eye9 so that 

the compound eye seems to spread over these terga. 

Judging from the fact th'at in the embryo of Pedeton-

tus unimacul･_tus the compound eye never spread over 

the terga of the gnath;~_1 segmentss it is question= 

able whet~_er these bound*-r'J' Iines of D*-s le tus *~re 

actually e"~+uiv*-lert to the intersegnental sutures O~ 

the primary (or embryonic) segments, or *'re merely 

secondarv. structures. In the embryos and early in-

sta~ Iarv-e oJ. JJ'plsm sacch*rln* (Sharov 1953) dis-

tlTlct te~ga of the m~'xlllary and labial segments do 

occur~ but Heymons (1897a) did not find these struc-

tures. It is noteworth~~r that the primitive thysanuran 

~iricholepidon gertsc'ni, a living fossil~ Possesses a 

Y.'ell developed occiput *-ncL= postocciput (',tygodzinsky~ 

loJol). In ~-~piophlebia st~pert5~tes (Odonata)9 Ando (1962) 

'_n='s illustrated t'ne structures thought to be tbe deve-

lo~*In_ ma.*ill.'.ry and lablal ter~ <*. . 
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4. J:Formation of t_.he r)ostrnentum 

Snodgrass (1935) illustrated th_e particip-~tion 

of the sternum in the postmentum formation of l'~",achilis 

(p. 1499 Fig. 85)9 ,,,/hile Chaudonneret (1948) concluded 

that no sternal element takes part in postmentum for-

mation in r(achilis anrLulicornis. 

i~n Pedetontus unirnaculatus9 the bases of the 

labial appendage anlagen sl)read over the ventral sur-

face of labial segment to forrn the I)ostmentum. Al -

though in Stages 10 ･_nd ll the sternum~ persists as 

small triangular part in the posterior margin of t'ne 

1~_bium (Figs. 55 and 59) this pa-t gradually becomes 

un~ecogn:LZable due to further spreadin5" of the bases 

of labial append*ge anlagen Thus In Pe(le ontus 

unimaculatus9 the postmentum derives from the bct-se-* 

of t'ne labial append~_g~ss and the sternum doe-* .-*ot 

contribute to rp ostmertum form*~~tions as C'naudonneret 

(1948) sugges.ted for i'i*'*-hilis ar._T].ulicornis. "Ihe fact 

tn*t tne common auct of palred s*li-vary glands runs 

ao¥~Jn long tne mecLl n llne of postrn,,enturm throughout 

all the length ol~ t'..~le latter indirectly supports this 

concluslon (see Chapter G9 I~ 2p iSalivary glands in 

the OBSIL;~R'V~Ar~iIOI~~'~S) . 

In Eutermes ch*- uifna* ensis +'ne submentum 

ir!_cludin~- t'ne mentum - originates fr0.'r] the iT)._terseg-

~ . s or the n*uure of sternum see Chapter G~ 19 4' 

i~~rentr*-1 epidermiq_f ir. the OT::~*.'SERVATIO.':¥'S. 
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mental memorane bet,Jeen the lablal and prothoracic 

se~5'<~~,nents and n~Ls no relatlon to the labial append 

age (Holmgren9 1909). Crampton (1928) extended 

H~ ol_mgre~nis conclusions and said that the submentum 

is of sternal origin. In ILocusta migratoria ~2~~~~i ra-

torloldes hov evers the submentum.forms by the fusion 

ol~ t'ne labial appendage basess and no sternal element 

p-~rticipates (Room~'als 1957). mihe developrnent of 

the postrnentum in Pedetontus unimaculatus is similar 

to tllat of tlle locusts but very different from that 

of -,+,+utermes. 

5 Coxopodltes ancL telopodltes of the gn*-thal 

As Figl~re 20 sho~･.'ss the rriaxillary and labi~Ll ~ 

append~~~~.~~e anlagen divide transversely into tv,'o parts 

in the sarne w~ay as in the thoracic appendages. ~_c= 

cordingl~~9 t~le distal parts of the maxillary *'nd 

labial arppenda~-e anlagen are re6-arded as the telo-

podites9 -~nd th_e lproximal parts as the coxopOdites. 

In Pedetontus unimaculatus~ only the palpi of the 

maxilla ar!_d labium orio*inate in the distal parts 

(telolpodites); the other structures originate from 

the proxim.al p~rts (coxopodites). 

'The laclnla and galea of the maxilla9 and the 

glossa <'~･-_nd par'~*_.'10ssa of the labiums corri*e from the 

inner (r,",edial) par~Ls of their coxol0.0dites. Since 

the inner part of the thor~'cic coxopodite~ ho~'!ever9 
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forms no lobe during de~;~elopment~ only the outer p~~rt 

of the m~~xilla and lct-bium coxopodrte's corresponds to 

the thoracic coxopodite. The latter becomes sub-

divided into two partss the coxa ~~nd subcoxa. Parts 

of the maxilla and labium corresponding to the thoracic 

coxopodite also divided into two parts: the stipes 

*-nd ct~-rd09 and the prementum and postmentum~ respec-

uively. 

~･,To p-Plp occurs in the mandible during develop-

ment9 so that in Pedetontus unimaculatus the entire 

m_*'ndible is the coxopodite9 as ~'Jith other insects. 

The m~~ndible is temporarily (Stages ll - 15) divided 

into tvo parts9 ho~,rever~ ~LS are the coxopodites ,of 

maxillaryp lablal and thoraclc segments 

6. Homologies of abdominal apper.dages 

IDuring the embryonic development of Pedetontus 

unirnaculatus9 the appenda~~^*'e anla,gen of the first to 

ninth abdominal segments form on the ventral surface 

of each segment. T~ne _coelomic sacs of each segment 

intrude into its appendage anlagen as those of gnathal 

and thoracic segmentss a.nd it is noteworthy tha.t the 

=1DT)encL'ge anlagen are arr=ngect i-n a row with the head. 

*'nd thoracic append**ge a.Tl_lagen. Therefore9 it is 

justi--fiable to believe tha.t the abdominal appendage 

anl--･.__,_･en are true apTpenda_~:･es. 'i'he bases of the tt~nlagen 

~ over the ventra~_ surface of e-pch gradud~lly spre-* * ~ 

se~l7~=ent9 ar+d becorne pla~Le-like cil feTentlatln~ Into 
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the coxite. Thus~ in the first to ninth abdorninal 

segmentsp the *'ppendage is fundament~-lly divided into 

tv.'o parts~ a basal and a distal part~ a coxopodite 

and a telopodite. Basal parts of abdominal appendage 

anlagen are the coxites of the first to ninth abdominal 

segments; the dist*-1 pcL~rts are discussed belo',,,'. 

The cercus Is as Is ~-enerally accepted an 

alplp endage of the eleventh abdominal segment. The 

eleventh abdominal appendage or cercus l~irst differ-

entiates into a basal loart and a distal one9 as in 

segrnents or;e to nine. In Stage 12F a ring-shaped 

part forms around the base of the cercv_s9 and this 

basal rin･_- is th_ought to be 'homologous with the 

coxite of the other abdominal segments. In the tenth 

abdominal segments a pair ol" Iol~r swellings, which 

do not undergo further development, occur on the 

vertr~L~1 pl*-te during and after Stage 15 iu Pedetontus 

unimacula~tus and in Petrobius brevistylis (Larink9 

1960.). TL:lle observatlons on t~le seculoned materlals 

sho,,･,, th*･t the ventral epidermls of the *uenth ~-b~ominal 

segment i~;~ probabl~- derived from the homol0~-0us re 

gions ~'Jitn uhe I)leu~al ones or the aploen(llcular bases 

o, the other precedln_ se*pments. The pair of lo~'/ 

swellings on the terth abdominal se~ri*-.nent lpossibly 

represents the rudimentary appendages of this segment. 

A small protuberance appears ciist**lly at the 

l*teT-'~ Icte ol e~cn -~n+1a･c~>~',e in the second to seventh 
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abdominal appen'~~ages~ and e'~ch gr~~duall-y el0.ngates to 

form a rod. i"his later develops into the stylus? 

~'J~hile the rest of the a~llage also elongates and 

develops into the vertral sac~s as observed in Petro-

bius brevis~Lylis (~]arink9 1969). ~ihus these --bdominal 

aplp erLdae5~es become biramous. i"he eighth and ninth 

---brlomir.al segments of Pedetontus unimaculatus lack 

ventral sacs and have o_nly styli. The parts corres-

ponding to the ventral sp-c anlagen of the second to 

seventh abdominal segrnents (Fig. 559 RVS) appear to 

remain undevelolp ed in the eighth and ninth abdominal 

seb･-merts; only the stylus anlagen develo~)-

The distal lp *~rt or~ the first abdominal segment 

appendage is the pleurolp odium in the embry0~ but 

this degenerates as a ventral sac in larval and ima_._"i= 

nal stages develops. m~he change occurs right before 

hatching (Stage 14s ~ig. 45). The rudiment of the 

larval (or imagir.al) ventral sac forms on the basal 

medial_ side of the degenerating pleuro~podium9 and 

thereby the pleuropodium and ventr~~1 sac t)ecome 

basally connected. inherefore9 the l~irst abdominal 

appendages as ~'Jell as those of the second to the 

seventh abdominal segments *-re biramous. Pleurolo* odia 

~ In tl_e discu~sion9 the term v ntral sac :LS applled 

onl~ to the 0.".e formed during the embryonic stp~ge, 

the o_ne forrned duT_in~~ the postembryonic stage is 

not ta'_Ken into consider~!~tion. 
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and ventral sacs of the first abdominal segment *･re 
homologous with the styli and ventra'l sacs of t'ne 

other abdominal segments. 

In their ernbryological study of Machilis alter-

nata Heyrnons and Heymons (1905) thought that the 

pleuropodium ( frLateralorgantt) I~Jas homologous with 

t'ne ventral sac of subsequent abdominal segmentss 

and regarded it as the ttventral sac'f of the first 

abdominal segment. In support9 they noted that the 

first abdominal appendage is only present in embryo-

nic stages as the pleurol)odium9 while it is absent 

during larval and itnaginal stages. However~ et~ pair 

of ventral sacs is actually present on the first 

abdominal segment of the 7jllachilidae9 including Machi-

lis (~irigoniophthalmus)s and this contradicts the 

interpret*-tions of Heymons and Heymons (1905). On 

the basis of their relative positions9 it is more 

reasonable to regard the pleuropodia as homologues 

of the styli rather than of the ventral sacs. The 

author agrees with Heymons and ~'t!"'_eymons (1905)9 how-

ever9 in interpretir+g both the pleuropodia and ventral 

saqs as appendicular in origin. 

~_s discussed above~ each of the first to ninth 

abdomin*-1 segments of Pedetontus unimaculatus has a 

lp air of biramous appendages~ althou~-h they may be 

transitory or rudimertary in some cases. Hetero-

c._hrony with re~-ard to the I~orm*-tion of the ol)_ter 
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and inner parts is also observed. In the second to 

seventh abdominal segments the inner part (ventral 

seLc) develops earlier; howevers in the first9 eighth9 

and ninth abdominal seguents~ the outer part (the 

pleuro~0.0dium or stylus) develo~p s earlier. These 

differences in the first to nint'n abdominal segments 

m^ight result from secondary modifications in each 

segnent. On the basis of Heymonsl embryological 

study '(1897a) of l]episma saccharina~ Snodgrass (1952) 

indicated that the styli do not represent abdominal 

aplp endages in the Thysanura9 since in the embryo of 

Lepisma saccharina they unite entirely with the ster-

num and appear during postembryonic growth. HoI~Jevers 

in Pedetontus unimaculatuss the styli are derived 

directly from abdomir_al appendages9 and are therefore 

clearly appendicular in c;rigin~ as Heymons (1897a) 

concluded. In the dipluran Campodea st~phylinus 

(L',"zel9 1898)~ the ventral sac and stylus form by the 

subdivision of the appendage anlage as in Pedetontus 

unimaculatus~ and they seem to be homologous ~~'ith the 

ventral sac and stylus of Pedetontus unimaculatus9 

respectively. In the Symphyla9 the abdominal segnent 

possesses a pair of legs9 eversible sacss and styli. 

In the symlohyl~n Hansenlella agllis (Tiegss 1940)9 

the eversible ･sacs are formed independently of tne 

appendages~ whereas ir+ Pe*~~'etontus unimacl;_latus, the 

ventral sacs *'re evidently appendicular in origln. 
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"~he diff~rent developmental processes through which 

the homologous structure~ the ventral sac~__is formed 

in Pedetontus unimacuiatus and the Symphyla9 illus-

trate a case of what Matsuda (1976) ealled mhomology by 

substitution (in developmental ~)rocess) u. The deve- ' 

lopmental process through which the homologous struc-

tures - in the vertral sac and the stylus - are formed 

in Pedetontus unimaculatus and Cam odea sta h linus 

represents a case of euhomology as proposed by r~1atsuda 

(1976). He regarded the substitution of llomologous 

~pal~ts as the homeostasis of homology which h*-s been 

maintained by natural selection. He also noted that 

the conce~)t pareLllels Lerner8s (1958) concept of genetic 

7. Formation of midgut epithelium 

i) Contribution of yolk cells to the midgut epithelium 

fo rmat i on 

In Tetrodontor)hora bielanen~-is (Jura& 1966; 

Jura and Krzysztofowiczs 1977)s the mldgut eplthellum 

is formed by the only proliferation of the crypt 

cells. In the thysanuran teD, isma saccharina (Sharov~ 

1955) and Thermobia domestica (','!oodland9 1957)~ the 

crypts are formed as in Tetrodonto hora bielanensisg 

but they sho~~r no activity for the definitive midgut 

epithelium formation and become active only during 

the posternbr*/'~'onic period. In Le isma saccharina 

(Sharov9 1953) ~ anct The~mobia domestica (**'!oodland 
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1957), the definitive midgut epithelia are formed 

with the migration of the yolk cells9 wllich are left 

behind in the yolk9 to the periphery of the developing 

midgut. In Pedetontus unimaculatus (Microcoryphia) g 

both the proliferation of crypt cellss as in ~ietro-

dontophora bielanensis (Jura9 'l966) and the migration 

of yolk cells to the peripherys as in le isma saccha= 

rina (Sharov9 1953). and Thermobia domestica (1,Ioodlands 

1957), contribute to the definitive midgut epithelium 

formation. Therefore9 the manner of the contribution 

of yblk cell in Pedetontus unimaculatus is belie~fed 

to be of the intermediate type between those in the 

collembolans Tetrddontophora bielanensis and the Thysa-

nura . 

In Campodea staphylinus (1)iplura) (Heymons9 1897b) 

the midgut epithelium is derived ent.irely from yolk 

cells~ as in Pedetontus unimaculatus. However, it is 

formed by only the migration of yolk cells to the yolk 

peri~)hery and no crypt is formed in this species. 

According to Knoll (1974), it is considered that_ 

in Scutigera coleoptrata (Chilopoda) the midgut e~pi-

thelium is of yolk cell origin throughout its length 

and is formed by the proliferation of t~le crypt cells. 

This process of the midgut epit_helium formation. 'in 

Scutigera coleoptrata, therefore, is similar tc that 

in "ietrodontophora bielanensis (Jura, 1966). In the 

9
 

symph_ ylan9 Hanseniella agilis also ("iiegs~ 1940)9 the 
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midgut epithelium develops entirely from the yolk 

cells. But crypts are not differentiated, and the 

midgut eprthelium formation in Hanseniella ilis is 

similar to that in Caml)odea sta h linus (Heymons, 

1897b). In Scolo endr*' cingulata (Chilopoda) (Heymons, 

1901)? the manner of midgrutt epithelium formation is 

very different from that in Scuti era coleo trata 

(Knoll, 1974). Heymonsi (1901) observation concern-

ing the origin of endoderm is open to question9 as 

Knoll (1974) I)ointed out. ' 

ii) The phylogenetic conslderatlon of the mldguu 

epltnellum formatlon In Insects and myriarp ods 

In Hanseniella agilis (~iiegs, 1940), Scuti ･era 

coleo~ptrata (Knoll, 1974)s "ietrodonto hora bielanensis 

(Juras 1966)s C~L~mpode*- sta hylinus (Heymonsf 1897b) 

and Pedetontus unirnaculatuss the midgut epitnelium 

develops entirely out of yolk cells. On the other hand9 

in T*episrn,a saccharir+a (Sharov~ 1955) the extended tips 

of the developing stonodaeum and proctodaeum differ-

entiate into the midgut epithelium, so that the anterior 

anct posterlor reglor!S of the eplthelium are ectodermal 

and the middle region is of yoll..,~ cell origin. In 

Thermobia domestica; although l,'joodland (1957) did 

not clearly refer to the participa+ion of the com-

ponents of developin~- stomodaeurn and proctodaeum in 

*he mld･ut eplt}~ellL~rr] formatlon~ ""=ellho'ULSe (1954) 

reportec~ th--t t(le colr]~Donents of t'ri,e developing stom0= 
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daeum and proctodaeum particip-"te in the midgut 

epithelium I^ormation~ as in Le isma s~Lccharina (Sharovs 

1955). The exten~ion of +uhe tip o~~* t~le developing 

stornodeL~eum of Pedetontus unimaculatus (Fig. 72) is 

very similar to_that of Le isma saccharina (cf. SharQvs 

19559 Plate 5s Figs. 56 and 58). Their extended re= 

gions are considered homologous with each other9 but 

the extended region of Pedetontus unimaculatus does 

not differentiate into the midgut epithelium9 in con-

trast to that of Lepis~na saccharina. 

In the Odonata (Tschuproffs 1905; Andos 1962)9 

the middle region of the mide~=~ut epithelium is of yolk 

cell origin~ and the anterior and posterior regions 

are derived from the stomodaeum and proctodaeurn (that 

is ectoderma.1 in origin)~ as ir. Le isma saccharina 

(Sharov9 1955) and in Therrnobia domestica (',.;~rellhouse. 

lo)54). ~._,hese ectodermal regions are formed from the 

proliferation of midgut epithelium anl･-gen differenti-

ated *-t the tips of the developing stomodaeurn and pro-

ctcdaeum (*"nd09 1962). In most pterygote insects9 the 

mldgut eplthellum Is formecl b'J' a pair of midgut epi-

thelium anlagen~ derived from the developing stomo-

daeum and proctodaeum (the bipolar formation); these 

anlagen are more developed than those in the Odonata. 

Howevers it has been reported that in some of the hemi-

metabolous insects the yolk cells participate9 although 

on a small scale9 in the midgut epithelium formation9 
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as reviewed by Haget .(1977). Furthe~, in a water strider~ 

Gerris ludum insularis (Mori9 1976)~ the yolk cells 

also participate in the midgut epitheliurn formation9 

and in the ephemeropteran~ E hemera tri ata (Ando and 

Kawana9 1956)9 this event was also suggested as possible. 

"I_here are several reports on the midgut epithelium 

formation in the Collembola (cf. Juras 1972). Phil_ipt-

schenko (1912) made an embryological study on Isotoma 

cinerea and stated that the midgut epithelium is formed 

from the inner layer. Uljanin (1875) came to the 

conclusion similar to Philiptschenko?s in other collem.-

bolan species9 while other authors, such as Jura (1960') 

agreed that the midgut epithelium is of yolk cell , 

ori~-in. Hov,'evers it is significant that in the sym-

phylan~ -H'anseniella agilis and the chilopodan, Scuti-

~3~era coleoptrata the midgut epithelium is entirely of 

yolk cell origin, and that in apterygote insects also 

it is generally derived from yolk cells. In the Ptery-

gota, *-Ithough it ha~ been reported that in sorne spe-

cies the midgut elpithelitLm is derived from the inner 

l.".yer, in most cases it is exclusively ectodermal in 

origin. "ihe method of midgut epitheliurrl formation in 

the "ihysanura, Odon'-ta and sorr!.e other hemimetabolous 

insects is of the intermediate or transient type between 

the Apterygota and Myriapoda on one hand and most of the 

Pterygota on the other. 
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uhllopoda *'nd Insecta ("Irignath･~)p In the Symphyl*'~ * 

th_ e developriental successions as ment.ioned aboves is 

recogrLized. In the Trignath*･s therefore9 the midgut 

epithelium is cor!_sidered tc be fundament. ally ol~ yolk 

cell origin~ and the ectodermal bipolar riature faund 

in most pterygote insects is reg-~rded as the specialized 

t~J~pe9 ~,Jith lesser ~0.articipation of yolk cells in the 

midgut epithelium formation in higher insec~~ orders. 

"Ihe midgut epithelium of Pedetontus unim*-culatus deve-

loDS entlrely frorr:^ yolk cellss and the formation is 

one ol the represent-ulves of t_he primitive type in 

the Insecua or tne Aundamental type In tne ~i-:Lgnavha 

i¥_Ithough there are several reports on the midguu 

epithelium forrnation in the Diplopoda (Dignatha) (cf. 

Jo'n--,'-nnsen and Butts 1941), t}le available inforrnatiorl 

is more or less c0.".tradictory. Ho~','ever, the process 

of t'_.:ne midgut epithelium formation in the Diplopod-･-*~ 

<'-,.s ¥'Jell e.s in Pauropus silvaticus (1)ignath;~_9 Pauropoda) 

(~ilegs 1947) is different from that in ll;he Trignau_na. +' 

i~*or exarrple9 in tl~e latter9 + uhe mi*~'gut is formed around 

the yoll'l~cs but not so in tln,e Dignatha. This fact may 

sug~~~*.'-.*est the valicL'ity of t~_e division of the Antennata 

llnvo uhe Dlgn-tn' and "irlp_natha ~t*s rproposed by ~J-iegs 

and l･':p_n_ton (1958) *"nd others. 

8. Metamerism 

i) rl*ri-teri- ~or me~U."._r,",erism 
'+ 

-*_'he _follo~'Jing" six criteri.-_ cLre u*"u**ll-y employed 



- 1 20= 

for the determination of metamerism: i.e.~ Presence 

of l) a pair of ganglias 2) a pai_r~ o~ coelomic sacs9 

5) a pair of ~Llrpendages~ 4) eL pair of apodemes~ and 

pattern of 5) innervation and 6) musculature. ~･"*atsuda 

(19659 19709 1976) and Rempel (l0.75) examined the valid= 

ity of each criterion of these in detail. It is said 

that the last two of these criteria do not al~'Jays ihdi-

cate the primary or embryonic condition of the segment9 

because they tend to be considerably modified second= 

ary with the functional re(~uire.ment. 

"*ow the other four crlterla will be reexamined l~ 

and discussed. As for the appendages9 they are direct-

ly -~ssociated with the function. It is indeed sib･nifi-

cant that a pair of appendages appears in a segment , ' 

during the embryonic stage9 even if they are absent 

in the segment during the la~val or imaginal life 

(for example~ the intercalary eLppendages of Pieris 

rapae~ Eastham~ 1950). Ho¥'!ever9 whenever a. air of 

aT)T)enda.es rr!,a be absent durih the embr onic life, 

It c n not al~*,'a 's offer an ositive evidences for 

discussing the metamerism. 

The apodemes are also directly assoclated wlth 

some function such as the endosk eletal brace~ the 

;~-tt*-chment of muscles and so on. Therefore as ~'ell 

as the *'-,~ppendages9 the r)resence of a odemes is si ifl 

cant but the absence of them can not alwa s su I the 

ositive grounds for the ar ment of metamerlsm 
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"ih* apodernes9 in som,e c~-ses (ex. posterior tentoria 

and corpora all*"ta in most insects)~ can or should 

be qualitatively regarded as some kind of th,e inter-

segment;~_1 grooves. ¥,Jhen employing this criterion 

in e**ch segments the~efore It m*y be Oustlflaole 

to substitute the itintersegmental groovett ._.T~or the 

f'apodeme"p altn' ough Rempel (1975) defined the apodemes 

as t'ne ',nfell=de~j~eloped ectodermal invaginations. 

As for the coelomic s='.csp even in the segment 

that should be reg*-rded as the eusee~~~~~ment~ the coelomic 

cavltles In It are often less develo.ped or laclJ~cing9 

such as in many collembolans (cf. Ju~ra9 1972) and 

some groups of the dipterans (i.e. ~'~ematocera and 

some Cyclorrhapha) (cf. Anderson~ 1972b). Furthers 

in the segments of the head and the pot5-terior abdomen 

which must be rather modil~ied or specialized9 the 

mesodermal somites usually possess no coelomic c--vity. 

olten not completel*.･ separated with e='ch They are ~ 

other in some cases9 ;~~nd even their segmental condi-

tion is not rec0~-niz,able at ~_l~_ in the ot'.n:er. "ihere-

fore~ althou*-"~h the ~)resence of coelomic sacs is fairly 

significarit on the determinatior+ of the metamerisms it 

sholJ!_Id be taken into consideratiorL that t~_ere ma ･ be 

sorne cases ~,ihere thev do not develo~), well. 

_'~s for the es'~r_anglia~ being a mcL~tter of courses the 

nervous svStem alwa~vs goes straight back¥･!ards frorr!, t'ne 

eye ',,,"nic~-i, is sil3*_ue(1' *'u tne extreme *-nte~lor enct of ' .* *~ + 
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it in all Insecus (and urther the arthrolDocLS onycho 

phor*-ns and annelids). All the se~ments are not lack-

Ing the nervous system although there may be some 

exceptional cases such as the last abdominal regiorL. 

In employing this criterions it is not necessar~~ to 

take account of the cases of ~tabsent,f at leasu in the 

anterior and intermediate regions of the embryo, in 

a contr*"st to the ot'r*er c~*iteria such as the append-

a~~e and apoderne. For this reasons this criterion is 

t_he most valid and romisin- amon~; th'e four for both 

the morlD~olo lcal ancl h~-lo ,'enetical considerations 

on the metamerism. 

ii) }~etemerism in the ~preoral region 

On discussing t'ne metamerism in insectss th:e m.ost 

controversial is the ~problem concerning the preor-'1 

region. The detailed reviews on this subject ha~;~e 

been ~lven by }ri~tsuda (1965) and _.FRempel (1975). 

In Pedeton~Lus unimaculd-tus~ a pair of antennal 

~-'anglia is forrri,ed inde~pendently of the * otners9 and 

t~le antermal se_*~~~nent possesses a pair of IY'ell-developed 

coelo.'"^iic sacs and appendages. Th_ese represent t'_n_is 

antenrial segm,env to be one of the eusegments rlhls 

must bep in all possibilityp true ot_~ all the otlner 

insects. nihe -'In._~ennal segment of Pedetontus unlmacu 

l~*tus, hcwe~j~erp lpossei:~-ses no apod_eme~ in - contrast to ~L 

the c*-ses in C~L--'*"ausius morosus (Leuzingers 1,'Jiesm,.ann *'r!_d 
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Lehm~~=n_n~ 1926; Scholls 1969) ~-nd i~~-tta viridana (Rempel 

and Churchs 1971). The l~act that the antennal ganglia 

are formed independently of the other ganglia in insects 

deserves special ernp'-~leLSis nihe authors such as Holmgren 

(1910(). Hanstr~rn (19279 IoJ289 1950) and Snodgrass (1955s 

1958s loJ60) ~;-upp osed th_at the antenrLal gct~n*~.lion is not 

independently present and to be a part of the homologue 

of the annelid archicerehrum. That is9 they did not regard 

the antennal ganglion or deutocerebrtLm as rep~esenting 

~- neuromere of one conrplete seo~ner+t9 but as a part of 

the gan~*lion of t'ne *'cron (=prostomium of annelids) 

However9 on the basis of the or the archicerebr~Lm. 

', it pr~ oves tc be not necessary to embryological dat* 

connect t}le nuenr+~--1 *･･'anglion with the archicerebrum 

of anne~lcLs 

In Pedetontus univ!.aculatusy as in the other insects; 

three pa~rs 'of gar,p_~'1ia are reco~"nized anteriorly to 

the ~;~rtennal se*.･-__'mei".t. In this species~ furthermore9 

a IDalr oJ_ coelo.'-,!~c s=cs Is formeGL *nterlorly to the 

antenn*'1 coelorr!S nihese are enough ct~t+a to manlfest 

+' . un* pTesence of or+e addltlonal eus gment anuerior to 

uhe ntennal -he gangllon of this seo~nent is regarded 

as the lobus 5 o'-J_~ protocerebral ganglion~ *"Jhich is 

situated just - * *nLe~lorly to uhe antennal gct~nglion. 

This se~~n_,1ent or the preanvelnn'l se_.~m*_.*ent ho*,,e~Jer 

possess~s no *-pperid~'--- ",~"* prea-ntenr.al ge and apo*n'eme. *++' 

'eported in C･~L-rausius or l=･bral apoder~es h*-ve been r 
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morosus (Leuzinger9 1,*!ies,'nann and Lehm_ann~ 1926; Scholl9 

1960J) and Lytta viridana (Rempel and Chl;!_rch~ 1971). 

'The conclusion drawn in Pedetor.tus unimaculatus9 

as v,'ell as Larinl_.,~ss based on Petrobius brevist lis 

(1969) and IJepisma saccharina (loJ70)p is coincident 

~'!it'_n those of l･'1alzacher?s (1968)F Schollss (laJof9) 

ancL RemDel and Churchss (loJ71)~ ~'Jhlch seem the +~ ~ * u~ ~e 

,',"ost reliable *~t the pre n+ ,., According to r~'1alzacher 

and o*uhers9 the preor,~,1 region consists of the '~cron 

ar.d the labral or pre*'ntennal ~~Lnd antennal se~~r~*er.ts. 

I~~'~ol'J9 there remain the difficult problems; whether the 

appendages are I)resent in the preantennal segment~ 

v.'hic'n can be regarded as the preantennal appendages9 

if presents or whether the labrum can be thought to ~)e 

the lpreantenn'~1 ap7p, enda_･-e as maint*lr!ed by ~;crtol~ (1969~ 

*nd .~empel and Church (1971). "ihe fact that the labral 

pnla~5e assumes no pair-~ -condition in the apterygote 

insects (Collembole.. Claypole9 180JS~ Folsom 1900 

P..lllDtschenKo 191~ Haget and Garaudy, 1964; l)~iplura9 

Uzels 18aJ89 Silvestri9 Ia55; -i~licrocory~phias L-arink9 

1960J; "i"･nysanura~ ~~!"'.eymons? 1897as Sh~-rov~ 1955~ Larlnk 

1970)? the symphylan Han~5-eniella ilis ('i"ie~'~~:s9 1940) 

and the ch_ ilopodan Scolopendra in lat~- (Heymonss 1901) 

is s-e-id to constltute a barrler to rega~dlng 1:;he lab~um 

=**- the *ppena!age. Ho',,'ever~ it Is Inot so unre'sonable 

to con-lcie~ thau a p ILr of the l-bral anlagen should 

fLISP to~-'~~ether prior to their enou~-h protrusion and 
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developrnent to be discerr.ed in the apterygote insects 

ancL myrl-lDocLS* Indeed in Pedetontus unlmaculatus as 

mentioned in chapter ~;~ df OBSJ~~R~ATIOil~'S a palr of flat 

s',vellings has been observed ¥'Jhere single clypeolabrum '. 

ar_lage should be later given rise t09 although only In 

~everal c*'ses~ but this fact is thought significant. 

mjner~ eforep it may be conside~red that the unpaired labral 

ar.lage of t'ne apterygote insects and myriapods does 

not al'~,,'a"ys constitute an insuper*'ble barrier to regard-

In~g t(le la.brum in insecto~ as an ･append~-ge of some seg-

ment. It is~ ho~','ever~ conf-+"onted 1'.'ith a greater dif-

ficulty to ret~'""ard th~ Iabrum ;}~s the appendage of the 

pree.ntennal se~~'--~n:ent. nihat isp in Scololo endra cin_.o,rLllata 

'~r*ymons laol) one adcLltlonal seo~nent just anteriot ( l+~ 

seu~~T!ent is lprese?1._t to t~e *r+tennal l.e. p~_eantenn-"'1 * 

ouner th~~n the se~･",'ment includin~*' the I~L-bral an~ **e *. 
-*~ -

s le-*-,,1*'-nn ~na JJer!m*nn (1926) observecL ~'i"urt_n_er? _Teuzln~er 1'!' ', 

~) Ir of ~~)pendcLge ll~ce st++*ulctures bet¥¥'een the c_~nlagen 

o , l･o~al and antenn*1 *rp rp encLages In Ca~*.usius embryo. 

l,'or the validity of t~:e labral se~,-~nerlt Rempel (197~)-) 

olfere sorne evldences blJ!+ thel; are r.ot s--tisfactor~~. 

rurth_er additio~nal compar.:~.tive err].br~J'ological data are 

required on t is subject. Icpreserit al'.thor talJ(es ~ r*'~^ * 
_~1 viel'v tn' at there *' to connect the labrum is no n_ecessitJ 

- ~"~l se~~..~I~].ert. ¥~'ith the pre-r.t*mi 

"ihe proto erporu- of l=,-･~~'edetor-tus t',_nimaculatus 

','; p~.･*ir-q ol ~;3~r}fll-*9 i.e. Iool~s ~ pos~5-es*-e*- the ot*er tl~o 
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and 29 than the lobus 5s tlle same as in most of the 

other insects. The remarkable structure, corpus 

pedunculatum9 is not developed in the lobus 2 of 

Pedetontus unimaculatus9 but the lobus 2 of this 

insects may well be homol06-ized with that of t~le other 

insectsg which usually contains the paired well-deve-

loped corpora pedunculata. It is often reported 

that the archicerebrum of the' annelids possesses the 

corpora pedunculatap and so it is the most justifiable 

to donsider that the lobus 2 of the insects corresponds 

to, a part of archicerebrum of th~ annelids9 and that 

the .lobus 2 constitutes the neurorrlere belonging to 

the acron with the lobus I situated distally to the 

lobus 2. However9 the ganglion cells of the lobus 2 

are In a marked' contrast to the lobus I produced wlth 

the intervention of the neuroblasts9 the same as in 

all the succeeding ganglias including the lobus 5. 

This deserves spe.cial emphasis. Paying an attention 

to this characteristics of the lobus 2, it is not 

unnatural to consider that the lobi 2 may represent a . 

pair of ganglia of one additional segment preceding 

the preantennal. This matter remains as a topic for 

further discussion. 

iii) }'1etamerism in the intercalary, gnathal9 thoraclc 

and abdominal' regions 

Each of the segments of the gnathal thoraclc 

and t,he first to ninth abdorn.inal segments fulfills 
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the criteria I~or metamerism aforesaid in this chapters 

Section i). The tenth abdominal segment practically 

possesses no appendicular structure9 but it may be 

considered that the structures regarded as homologous 

with segnental appendages, although they undergo no 

further d~vel~pment, may be present in this segments 

as mentioned in I)ISCUSSION9 6. sHomologies of abdominal 

This is probably true in the intercalary app endage s s 

segmert& which also has no appendage. In the eleventh 

abdorninal segrnent9 a coelomic cavity is not produced9 

but this segnent has a pair of the mesodermal somitess 

although connected witll the tenth. 

In Pedetontus unimaculatus9 each segment of the 

intercalary to the eleventh abdominal may well be 

regarded as a eusegment, since each fundamentally 

f}llfills the criteria for metamerism. Contemporarily9 

the same conclusion as this has been generally accepted 

in the other insect**. The posterior segments of Pede-

tontus unimaculatus are more or less modified second-

ary as in the other insects. The degree of modifica-

tion of these segmentsa however~ is generally far 

lower in the machilids including Pedetontus unimacu-

latus and lepismatids (Heymons~ 1897a; Sharov, 1955; 

~,Joodland, 1957; Larin'.c~ 1969) and the lower pterygote 

insects such as the Odonata (Ando, 1962) and Orthoptera 
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(Roonwal~ 1957)s comparing with the higher insects. 

In Pedetontus unimaculatus9 some homological relation-

ships among the segments of the mandibular to the ele= 

venth abdominal are clearly recognized in the external 

features of embryos (see I)ISCUSSIOI~~& 5~ 5~ and 6), and 

it may represent that the segrnents of Pedetontus uni-

maculatus on the whole do not extremely undergo the 

modifications and they preserve the nprim*'ry!t or 

nprimitivett conditions. 

iv) rfLetamerism in head 

As have been discussed9 the author9 for the present, 

concludes as to the metamerism of the head in Pedetontus 

unimaculatus as follows. The head consists of arL ac~on 

and six eusegments, i.e. the preantennal~ antennal9 

intercalary9 mandibular& maxillary, and labial. In 

the other apterygote insectss the similar interpreta= 

tions have been made by many authors; in the Collernbola 

by several authors such as Claypole (1898) and Philipt-

schen~ko (1912) (cf. Jura9 1972)9 in the Microcoryphia 

by Larink (1969) and in the Thysanura by Larink (1970). 

According to Uzel (1898) and Silvestri (1955)9 the 

head of the Diplura is also compbsed of six segments. 

However, it is highly doubtful whether their data pos-

sess the enough reliability for further comparisons, 

since t~lese observations were mainly on the external 

features of embryos. 
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v) Interpretations on the metamerism in terminal 

region of the abdomen 

The last problem remained is the metamerism con= 

cerning the terminal region of abdomen. Heymons~ in 

his series of embryological ~rorks on insects (1895, 

1896bs 1897~~ etc.)~ regarded the subanal and supraanal 

lobes as representing a segment (the twelfth abdominal)s 

despite the lack'of some attributes of a segrnent (seg-

mental ganglia9 coelomic sacs, appendages). However~ 

Snodgrass (1955) said 8'In most insects no trace of a 

twelfth segment is to be founds and periproct must be 

supposed to be representeds if at all~ by a circumanal 

membrane at the end of the eleventh segrnentf3. He 

regarded the supraaneLl lobe (Snodgrasss epiproct) and 

subanal lobes (1)araprocts) as structures of the eleventh 

segment. Most recent workers apparently follow this 

interpretation of Snodgrassi~ and often the lobes in 

question are considered to be the structures of the 

eleventh or even of the tenth. I~ately, however. Matsuda 

(1976)s from the serious examinations on the data hith-

erto accumulateds came to the conclusion supportive 

for Heymons? interpretation on these lobes. In one 

view~ Heymons8 hyl)othesis~ supported by Matsuda9 may 

be accepted to be the denial to a popul~Lr idea that 

the anal lobes are the accessories of the eleventh 

abdominal segment. 

In Pedetontus unimaculatus, the ectodermal part 
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of every segment consists of only the tergal, append* 

icular and ganglionic anlagen in the ~3arly stages of 

the differentiation9 and no other element is recognized. 

Therefore, in the sagittal section of each segnert, 

only the' ganglionic anlage and~ if already closed 

dorsally, the tergal one sllould rep~eserit the segment 

they belong to. No.w, judging from the sagittal sections 

of terminal region of the abdomen newly segnented, it 

is found that the subanal and supraanal lobes differ-

entiate, being clearly ma~ked off from the anlagen of 

the eleventh abdominal ganglion and tergum (cf. Figs. 

55 and 56). In these sections, the part to be regarded 

as representing the eleventh abdominal segment is 

occupied by only its ganglionic and tergal anlagen. -

Accordingly, it is confirmed that the anal lobes are 

formed inde endertl of the eleventh eLbdominal se ents, 

and the are the inde endent structures situated oste-

riorl to this se ent. Although it remains as a un-

settled problem whether the anal lobes represent the 

twelfth abdominal segnent9 the' should be considered 

at least not to belon to the eleventh abdominal se -

ment~ and it supports Heymonss hypothesis. 

Sir-ce the proctodaeum can be~ in one vie*,J~ regarded 

as the inner ertension of anal lobess its origin should 

be determined as the sarne as that of anal lobes. The 

proctodaeal musculature which differenti2~-tes and ex-

tends in corn.panv. with the proctodaeum is probably inde= 
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pendent of the eleventh abdom.inal mesodermal somite, 

and it is justifiable to consider that the procto-

daeal musculature originates from the twelfth abdom-

inal mesoderm~ if the anal lobes and proctodaeum can 

be representative of tlle twelfth abdominal segment. 

Snodgrass (1955) supposed that the tergal region 

of the eleventh abdominal segment develops into the 

caud--1 filament in the machilidss and that in this 

group of the insects the generalized structure of 

tllis segment is most fully retained. In Pedetontus. 

unimaculatuSs shortly after the differentiation of 

the eleventh abdominal segments the caudal filament 

anlage becomes clearly marked off from the eleventh 

segrnent and supraanal lobe (arrows in Figs. 55 and 56). 

It is significant that the true tergum of the eleventh 

abdominal segment is for~ned quite in(iependently of the 

caudal filament (see Chapter E of the OBSERVATIONS). 

Therefore~ it is the most reasonable to cousider the 

caudal filament as a independent structure clearly 

separated from the body trunk, i.e. from the eleventh 

segnent and even irom the anal lobes (the twelfth seg-

me~Lt ?)9 ~Lgainst Snodgrasss idea. The caudal filament 

of Pedetontus unimaculatus might h*-ve some relation= 

ship to the telson of the annelids. 

vi) Conclusion 

Thus~ the body of Pedetontus unimaculatus is corri*-

posed of an acron9 six cephalic9 three thoracic and 
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eleven abdominal~ narnely an' acron and t~,Jenty segments~ 

or an acron and twenty-one9 if the anal lobes can be 

regarded as rel)resenting a segment (the twelfth abdom-

inal ) . 

9. A_ffinities of the Microcoryphia and their allies 

based on the embryological studies 

Among the Apterygotap we have no available embryo-

logical knowledge for further comparisons on the Protura~ 

although there is only a very brief report on their egg 

(Bernardp 1976). Here9 the affinities of the Micro-

coryphia will be examined and discussed~ by the aid of 

coznparisons among the embryological data of Pedetontus 

unimaculatus~ other apterygote insects except for the 

Protura and pterygote insectsg and a few of myriapod~. 

The developmental processes of the Thysanura and 

Pterygota seem to resernhle fundamentally each other9 

but there appear some differences not to be ignored 

on the formation of en2bryonic membranes and that of 

midgut epithelil4m. However, as for the formation of 

emb~yonic membranes the difference concerns only whe-

there the amniotic cavity remains open to the exterior 

at the amniotic pore. or not~~9 and it is considered that 

the manner of the formation of midgut epithelium in the 

* For example9 in Le isma saccharina. Heymons (1897a) 

and Sharov (1955) reported that the amniotic pore is 

never closed, and it is said to be representative of 

(-continued on the following page) 
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Thysanura sufficiently falls under the category of the 

lower pterygote tTPe as previously=m~ntioned in the 

DISCUSSION~ 7. sFormation of midgut epitheliums. There-

fore~ these differences are regarded as simply repre- -

senting the prin2itive nature of the Thysanura (see l)IS= 

CUSSION9 l. 8Embryonic memb:ca:nes8 and 7)9 and the deve-

lopmental process of the Thysanura can be fundarnentally 

regar(ied in the same light with that of the Pterygota. 

This suffices to suggest the close affinity of the 

Thysanura tc the Pterygota9 and it should be believed 

that these groups of the insects together constitute a 

phylogenetically compact group (Thysanura-Pterygota 

The developmental process of the Microcoryphia , 

fundamentally resembles that of the Thysanura-Pterygota 

group9 especially tha~ of the Thysanura. Larink (in 

press) said that there is no essenti~Ll difference between 

the developmental processes of the MiQrQcoryphia and 

Thysanura. From- the present embryological study of 

Pedetontus unimaculatus9 however9 some significant dif-

ferences are found between them. First9 the manner of 

the midgut epithelium formation in Pedetontus unimacula-

tus is closely similar to or fundamentally the same as 

( - ) the condltlon of the embryonlc membranes in the 

Thyeanura. However~ l]arink (in press), in the same 

speciess observed that the amniotic pore is closed 

the same as in the Pterygota. 
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that in the Collembola~ Diplura and trignathan Myriapoda~ 

and it is practically different frorn t'hat in the Thysa-

nura=Pterygota group~ although some resembrances are 

recognized (see I)ISCUSSION~ 7. 5Formation of midgut epi= 

thelium~). Second~ the developmental degree of the 

embryonic membranes of Pedetontus unimaculatus is thought 

as taking its position between the Myriapoda9 Collembola 

and l)iplu"a on one hand and the Thysanura on the other 

The developmental succession of the embryonic membranes 

of the Trignatha is considered as follows; Myriapodag 

Collembola and Diplura - r･1icrocoryphia - Thysanura = 

Pterygota (see DISCUSSIONS l. 8Embryonic membrarLes? and 

2. fil3lastckinesisfi). Therefore~ the embryonic membranes 

of the present species seem to be more primitive9 compar-

ing that of the Thysanura-Pterygota, and this difference 

between Pedetontus unimaculatus and the Thysanura-Ptery-

gota deserves special em~)hasis. Third9 the ventral 

epidermis iss on the whole~ regarded as appendicular 

in origin, in a remarkable contrast to the case in the 

Thysanura-Pterygota, i.e.9 the ventral epidermis is 

exclusively derived from the dermatoblasts situated 

ventrally to the neurogenic cells (see Chapter G~ 1~ 4 

of OBSERVATIONS). The manner of the formatlon of ventral 

epidermis in Pedetontus unimaculatus may closely resem-

ble that of the trignathous myriapodan? Chilopoda (Hey= 

monss 1901). These differences mentioned between ~ede-

tontus unimaculatus of the Microcoryphia and the Thysa-
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nura are considered tc be far greater tharL those 

bet~'Jeen the Thysanura and lower Pterygota~ arLd it 

may be suggested that this grou~) of the insects is much 

more primitive than the Thysanura. Consequently the 

Microcoryphia should be systematically regarded as 

apart from the Thysanura-Pterygota group. On the other 

han_d~ the close resemblance on･ the developmental process 

between the Microcoryphia and Thysanura-Pterygota should 

be fairly appreciated. That is9 it may well be considered 

th*-t the Microcoryphla should constltute a more exten 

sive group with the Thysanura-Pterygota (the Microcory-

phia=Thysanura-Pterygota group) . 

The developmenta~ process of the other apterygote 

insects or the Collembole~~ *~nd Diplura is said to dif-

fer considerably from that of the Thysanura-Pterygota 

group. This is true of the relationship between the 

Miicrocoryphia~ and the Collembola and Diplura. For 

example, first~ in t~_e Collembola and Diplura the pri-

mary dorsal organ9 which is formed also in the Symphyla 

and some Diplopoda~ appears during their embryogenesis~ 

but all the insects of the Microcoryphia-Thysanura=Ptery-

gota group are unexceptionally lacking this organ. 

Second, the general number of the abdominal segments 

is six in the Collembola, and ten in the Diplura, while 

it is fundamentally eleven exclusively in the ~'iicro-

coryphia-Thysanura-Pterygota. Third, the cleavage in 

the Collembola is at first total (but later superficial), 
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while it is throughout superficial in the Microcory-

phia-Thysanura-Pterygota (also in the Diplura super-

ficial9 Uzel9 1898; Asaba~ unpublished). Thus~ the 

developmental process in the CollernboleL and Diplura 

contrasts in s striking way with that in the Microcory-

phia-Thysanura-Pterygota group. This difference is 

greater beyond coml)arison than that between the Micr0= 

coryphia and Thysanura-Pterygota and that between the 

ThysarLura and Pterygota. The developmental processes 

of both the Collembola atld Diplur.a are in some degree 

similar to those of the trignathan Myriapoda9 especially 

t}le Symphyla9 but they are considerably dissimilar to 

each other~9 mainly concerning their manner of cleavage 

and general number of abdominal segments. As the con-

clusion of these comparisons mentioned heres l) the 

r~"licrocoryphia and Thysanura or the Microcoryphia-Thysa-

nura-Pterygota group should be regarded as phylob*eneti-

cally apart from both the Collembola and I)iplura9 and 

2) it is justifiable to consider that the Collembola 

and Diplura possess no close affinity with each other. 

As previously mentioneds the Miicrocoryphia-Thysa-

nura=Pterygota group can be subdivided into two major 

sectionss the ~+*icrocoryphia and the ~ihysanura-Pterygota9 

and the difference of developmental process between 

the ~ilicrocoryphia and "ihysanura is greater than that 

between each order of the Pterygo~ta. Therefore, the 

conventional systematical treatment that the machilids 
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and lepisrnatids are collected under one order~ the 

ThysanureL (s. Iat.), as suborders or farnilies, seems 

not to be a~)propreate. It is, however, much difficult 

tc determine what level in the systematical system of 

the insects these groups correspond to. 13uts 'here, 

the machili(ls and lepismatids are~ for a convenience9 

treated as taxa in ordinal level. . Some scientific 

nalnes in ordinal level have been proposed for mabhilids 

and lepismatids; i.e. for machilids Microcoryphia Ver-

hoefl^s Trinemura Crampton& and Protcthysauura Crarnpton_, 

and for lepismatids Thys*-nura Verhoeff. The present 

author has employed fl,1icrocoryphia~ and sThysanura -

s. str.s throughout the present paper, in the light of 

simply the priority. 

The conclusion, brought about from the standpoint 

of the embryology, on the affinities of tYle Microcory-

phia and their allies is summarized as follows. 

l) Both the ~licrocoryphia and Thysanura are regarded 

as possessing close affinities to the Pterygota, and 

they are considered to constitute a single comprehen-

sive group wrth the Pterygota, the Microcoryphia-Thysa-

nura-Pterygota gr(;)up. The compactness of this group 

may be suggested by the following section. 

2) The I,"*icrocoryphia and Thysanura are considered to 

be much remote in affinity from the other apterygote 



=158= 

insects, the Collembola and I)iplura. Nowadays, such 

interpretation is generally accepted'from the stand-

point of the phylogenetical considerations including 

the comparative embryology (cf. Johannsen and Butt, 

1941; Manton, 1964, 1972; Jura~ 1972; Anderson, 1975; 

Ando, 1981). 

5) The Microcor hia-Th sanura-Pter ota rou can 

be h lo enetlcall subdlvlded Into two ma or sectlons 

the l~Iicrocor hia rou and the Th sanura-Pter ota one. 

4) In the l~icrocoryphia-Tllysanura-Pterygota group~ 

the Microcoryphia are interpreted as the most primitives 

and the Thysanura may follow in this respect, as is 

generally accepted. 

5) It may be justifiable that the machilids and lepi-

smatids should be systematically treated independently 

as taxa in ordinal or supra-ordinal level. 

These foregoing conclusion is summed up in the following 

t abl e . 

Col I embola 

plura 
Apterygota 

Insecta r{icrocoryphia 
( =Hexapoda 

Thysanura 

Pterygota 

(Tlle Protura are not taken intc cor!_sideration.) 

It is the third section that should deserve the most 

special emphasis among the five sections of the conclu-

sion. It is on the whole coincident with Hennigss (1955 s
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1969) and Kristensen8s (1975) ideass w~ich are mainly 

based on the comparative morphological data. 

I,astly9 one example of the conventional interpre= 

tations concerning the affinities within the Insecta 

in higher level is presented for tlle benefit of compari-

son. 

Protura 

Collembola 
Apt erygo t a 

Diplura 
~Machilidae 

Insecta Thysanura (~･ Iat.) 
l]epismatidae 

pt erygo t a 

(Compare thls table wlth the one on the I)receding page.) 
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SUMMARY 

l. The development of a bristletail, Pedetontus unimacu-

latus is described9 and the results obtained are dis= 

cussed and compared with previous works. 

2. The eggs display various shapes. The ellipsoidal 

eggs are about 1.5 mm long and 0.8 mm wide. The egg-

period varies from 250 to 580 days at roorn temperature. 

5. The cleavage is superj:icial. 

4. A small germ rctdiment is forrned at the posterior pole 

of the egg. 

5. Three-layered blastoderm cuticles are produced. 

6. The serosa and amnion differentiate without the 

intervention of anatrepsis-katatrepsis process9 and 

the f8amnio-serosal foldes does not develop. The for-

mation of embryonic membranes in insects is discussed. 

7! The secondary dorsal organ is formed. 

8. The blastokinesis is described. 

9. The innerlayer formation is of the so-called prolif-

eration type. The primitive' groove does not develop. 

lO. The brain consists of three pairs protocerebral gan-

glia (lobus Is 29 and 5+5')~ the antennal ganglia (=deut0= 

cerebrLlm)~ and the intercalary ganglia (=tritocerehrum) . 

ll. ~ihe development and fate of the protocerebral lobi 

are described. The lobus 5 represents the ganglion of 

preantennal segment. 

12. The tritocerebrum (=intercalary garLglia) retains 

the original postoral position. 
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15. The ventral nerve cord consists of seventeen pairs 

of ganglieL9 one for eeLch segment from the mandibular 

to the eleventll abdominal. 

14. The median cord of'tlle ganglia is lacking the neuro-

blasts9 and is incorporated into each ganglion. 

15. The anterior tentoria are formed as the paired ecto-

dermal invaginations appearing medially to the mandi= 

bular bases in the intersegTnental groove between the 

intercalary and mandibular segments~ and do not fuse 

wit;h each other. 

16. The posterior tentorium is derived from the paired 

apodemes formed on the both lateral walls of the head 

between the bases of anlagen of the maxillary and labial 

17. The anterior and posterior tentoria never fuse with 

each other. 

18. The corpora allata are forrned as a pair of ectodermal 

invaginations which appears on the intersegmental groove 

between the mandibular and maxillary segments. 

19. The salivary glands are formed as the paired apodemes 

arising close to the mid(lle of the median Side of each 

labial base! 

20. The spiracles arise in the meso- and metathoracic~ 

and the first to the ninth abdominal segments. 

21. The stomodaeum and proctodaeum are formed in the 

usual marLner as ectodermal invaginations. The nine 

malpighian tubules arise from the proctodaeum. 
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22. The chitinal proctodaeal plug arises within the blind 

end of the proctcdaeum. 

25. The pyloric valve is heterogeneous in origin; anterior 

part of yolk cell origins and posterior one ectodermal. 

24. The ventral epidermis is appendicular in origin at 

least in the mandibular to eleventh abdominal segments9 

in a remarkable contrast to the caseS in the other insects. 

25. A total number of pairs of mesodermal somites is 

twenty~ one for eaoh of the preantennal9 antennal9 inter-

calary9 three gnathal9 three thoracic9 and eleven. abdom-

inal segnents. Each of the preantennal to tenth abdomi-

nal somites possesses a coelomic cavity. 

26. The primary median mesoderm is generally lacking 

in the segments other than the preantennals antennal~ 

and intercalary. 

27. The enteric muscle originates in the median walls 

of dorsal coeloms in the gnathal9 thoracic and abdominal 

regl ons . 

28. The heart9 pericardial cellss dorsal dial)hragm arLd 

fat bodies are derived from the lateral walls of dorsal 

coeloms in the gnathal~ thoracic9 and abdominal regions. 

29. ~ihe blood cells arise from the secondary median mes0= 

derm mainly of the gnath*-1 and thoracic regions. 

50. The peculiar clump of cells9 w}lich seem to be germ 

cells~ are found in the mesodermal mass at the poste-

rior end of the early germ, band. The cells certainly 

identified as the gerrn, cells first arise in the dorsal 
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walls of the appendic~uLlar coeloms. 

51. The suboesophageal bodies are intercalary mesodermal 

in origin9 and they persists at least in the early-instar 

l arvae * 

52. The development and fate of the mesodermal somites 

in the head are described and summarized. 

55. The embryonic musculature of alimentary canal is 

described. 

54. The external features of embryo and first instar 

larva are described in detail. 

55. The homologies of segmental appendages are discussed. 

56. The first abdominal appendages are well-developed 

pleuropodia. The preantermal9 intercalary~ and tenth 

abdomin~l segments practically possess no appendicular 

strLlcture . 

57. The terga of the mandibularg maxillarys and' Iabial 

seg~nents are obviously recognized9 and they take part 

in the formation of the head capsule. 

58. In the maxilla and labil;_m9 the palps are homologous 

with the telopodite of the legs; the other parts proximal 

to the palps are homologous with the coxopodites. 

59. 1¥To sternal element contributes to the postmentum 

formation. 

40. Both glossa and paraglossa consist of two lobes. 

41. The pleurol)odium of the first abdominal segment is 

homologous with the styli of the successive abdominal 

segments; the ventral sacs of succeeding segments are 
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serially homologous. 

42. The basal parts of appendage anlagen cover each ven-

tral surface in the first to ninth abdominal segrnents 

to form coxites~ which are therefore appendicular in 

orl gl n . 

45. The basal part of the cercus also covers the ventral 

and lateral surfaces of the eleventh abdominal segment. 

44. The midgut eprthelium is entirely of yolk cell origin. 

The formation of midgut epithelium in the Trignatha is 

summarized and discussed. 

45 . The ental membrane is described. The epineural sinus 

is practically restricte(1 only to the gnathal and meso-

thoracic regions. 

46. The embryonic metamerism is discussed. 

47. The body is composed of an acron and six cephalic 

(i.e.9 preantennals antennal, intercalary9 mandibularg 

maxillary9 and labial)9 three thoracic~ and eleven ab-

dominal segrnents9 namely an acron_ and twenty segmentss 

or an acron and twenty=0ne segnentss if the anal lobes 

may represent a segment (the twelfth abdorninal). 

48. The anal lobes and the caudal filarnent are the struc-

tures quite independent of the eleventh abdorninal seg-

ment. The problems concerning these structures are 

discussed. 

49. The affinities of the Microcoryphia and their allies 

are discussed~ on the basis of the embryological data. 

The Microcoryphia are considered to constitute a compact 
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com.prehensive group with the Thysanura and Pterygota 

(the Microcoryphia-Thysartura-Pterygota group) s arld ' 

this group may be I)hylogenetically subdivided into 

two major sections~ tl)e Microcoryphia and the Thysa-

nura-Pterygota group. 
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ABBREVIATlor~'S UsEl) IN THE FIGURES 

a, midgut epithelial cell 
derived from cryl)t 

A, anus 
AbT, abdominal tergum 
ACL, anterior cell layer to 
proctodaeal plug 
ACLO~ accessory lobe 
Am, amnion 
AmC9 amniotic cell 
An~ antenna 
AnG, antennal ganglion 
AnS, arrtennal segment 

AnS09 antennal somite 
Appg appendage 
App.l-XI, first to eleventh 
abdominal appendab'es 

ASAT9 anterior suspension of 
anterior tentorium 
AT, anterior tentorium 
bg midgut epithelial cell 
directly derived from yolk 
cell s 

Bl-5, protocephalic bulges 
19 2 and 5 
BATp binder of anterior tento-

ria 
BC, blood cell 
131, blastoderrn 

13.lC l=59 blastoderm cuticles 

l, 2 and 5 
Ca~ cardo 
Cb9 cardiohlast 

CC9 cleavage cell 
CdV, cardiac valve 
Ce9 cercus 

CES compound eye or compound 
eye alilage 

CeB~ central body 
CF9 caudal filament or caudal 
filament anlage 

Ch9 chorion 
CiCon~ circumoesophageal conne-
ctive 

Cl~ clypeus 
Cllr~ clypeolabrum 
Cm9 coelo.m 

CmSs coelomic sac 
C0~ coxa 
Cps ccxopodite 
Cr9 crypt 
Cx9 coxite 
Dc~ deutocerebrum 

DCms dorsal coelom _ ~ 
DDpS dorsal diaphragm 
DSaGl~ duct of salivary gland 
l)Sn9 dorsal sinus 
DV~J~;9 de;finitive ventral epi-

dermis 

E9 embryo 
E}"i~ embryonic membrane 

Enchs endochorion 
EnM~ ental nlembrane 

EnM,u~ enteric muscle 
T:_pSn~ epineural sinus 

ESu~ epicranial suture 
Exch~ exochorion 
FB9 fat body 
FC~ fat cell 
Fe9 femur 
Fl~ flagellum 
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FrG9 frontal ganglion 
G9 ganglion 
G.1-X1~ first to eleventh 
abdom*inal ganglia 

Gas galea 
GC9 genn cell 
GDS germ disc 
Gls glossa 
GIJ9 gelatinous layer 

GnT9 gnathal tergum 
GnTMu9 gnathal transverse 
muscl e 

GR~ germ rudiment 
GsCcp gastric caecum 
H9 heart 
HCs heart cell 
Hpg hypopharynx 
IGS intercalary gaJnglion 

IL~ inner layer 
IMe9 intercalary mesoderm 
Ins incisor 
ISs interceLlary segment 

IS09 intercalary somite 
l~l-39 51 protocerebral lobi 

19 29 5 and 5 
La~ lacinia 
LaAp~ Iacinial apodeme 
Lb9 Iabiurn 

LbG~ labi~-1 garLglion 

LbP9 Iabial palp 
LbS9 Iabial segment 
LbSo~ labial somite 
LbSu9 Iabial suture 
~~bT9 Iabial te!rgurn 

LG~ Iamina ~'anglionaris 

Li? Iingu'_ 

Lr,~g, Iumen of midgut 

l]r, Iabrurn 

LSAT, Iateral suspension of 
a:nterior tentorium 

IL~*!DCm, Iateral wall of dorsal 

coel om 

M9 mouth 
}"*Cd~ median cord 

}'Id, mandible 

~~dG9 mandibular ganglion 
l"IdS, mandibular segm9nt 

I*~dS09 mandibular sorriite 

}IdT9 mandibular tergunl 

r+1dTTe, mandibular trarLSverse 

tendon 
Me~ mesoderrn 

~IEX~ medulla externa 
}"Igs midgut 

MgEp, midgut epithelium 
M,gEpCs midgut epithelial cell 
~'^In, medulla interna 

l"~os molar 

MPs median plate 
i"tpTu, malpighian tubule 

~llu~ muscle 

MX~ maxilla 
}'1XAM9 maxillary arthrodial 
m emb ran e 

MxG~ maxillary ganglion 
Mx-LbT~ maxillolabial tergum 
MxP5 maxillary palp 
}'1xS, maxillary segnent 

I,ixSo, maxillary somite 

MxT, maxillary tergum 
Nb, neuroblast 
NG, neural groove 
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~~1, neurilemma 

Np, neuropile 
NsC9 neurosecretory cell 
O, ocellus 
OPe~ ocellar pedicel 
OpP9 optic plate 
P~ Pleuron 
Palc, pars intercerebralis 
Pc, protocerebrum 
PcBr, protocerebral bridge 
PCL, posterior cell layer to 
proctodaeal plug 
PCLO~ Protocerebral lobe 
Pd9 proctodaeum 
PdMiu, proctodaeal muscle 

PdP9 proctodaeal plug 
PdS~ Procto(~aeal suspension 

Pe, pedicel 
PerCp Pericardial cell 
Pfs Palpifer 
Pg, palpiger 
Pgl, paraglossa 
P19 pleuropodium 
Pm9 postmentum 
pps Periplasm 
PPd~ presumptive proctodaeum 
PjcaS09 preantennal somite 

PreoMe, preoral mesoderm 
Pr~~~ Postretinal fiber or 

postretinal fiber anlage 
PSAT~ posterior suspension of 
anterior tertorium 
PSd, presumptive stomodaeum 
PT, posterior tentorium 
PteL~ pretarsus 

p~f_F, provisional ventral 

e pi d ermi s 

PyRs Pyloric region 
ReNv9 recurrent nerve 
RVS~ rudimentary ventral sac 
S9 sternum or sternite 
S.1-X19 first to eleventh 
abdominal sterna 
SaG19 salivary gland 
Sba~ subanal lobe or plate 
SbB9 suboesophageal body 
SbCom~ suboesophageal commissure 
SbGg suboesophageal ganglion 
Sc9 scapus 
Sc09 ' subcoxa 

Sd9 storriodaeum 

SdMus stomodaeal muscle 
SI)O& secondary dorsal organ 

Se9 serosa 
SgNvs stomatogastric nerve 
Sli9 superlingua 
SMMe9 secondary median mesoderm 
Sos somite 
S091-XI? first to eleventh 
abdominal somites 
So~le~ somatic mesoderm 

Sp~ spiracle 
Spa9 supraanal lobe or plate 
S~pl~es splanchnic mesOderm 

Stis stipes 
Sty9 stylus 
Ts tergum 
T.1-X19 first to eleventh 
abdominal terga 
Ta9 tarsus 
Tc~ tritccerebrum 
Thl-39 pr0=s meso- and 
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metathoracic segments 
Thl-5So, pro-, meso- and 
metathoreLcic somites 

ThT, thoracic tergum 
Ti, tibia 
Tps telopodite 
Tr, trochanter 
VCm, ventral coelom 
VS~ ventral sac 
Y, yolk 

YB, yolk bulge 
YBl, yolk block 
YC, yolk cell 
YF, yolk fold 
YG9 yolk globule 
I-XI, first to ele~;~enth 

abdominal segments 
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EXPI~~*'･_._~,'~~',ATIOr+,~ OJ~~ FIGURE 

l. I)iagrams showing development of egg membranes ( a-e) ' 

Bls blastoderm; 13,lC l-59 blastoderm cuticles 1~ 2 

Ch9 chorion; Enchs endochorion; Exch9 exochorion; 
gelatinous layer; Pp9 periplasm; YG9 yolk globule 

and 5; 
Gl~ , 
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5. Egg in cleavage. 

4_ Section of germ 
50 ~cm. 

5. Sagittal section 

Chorion omitted. 

Scale = 
rudiment . 

of germ 
S c al e 

lOO /hm. 

Chorion 

disc 

50 

with 
;hm. 

omitted. 

Inner 

Scale = 

l ayer. 

:B19 blastpderm; BIC 19 29 blastoderm 

CC9 cleavage cell; Chs chorion; GR9 
inner layer; Pp9 periplasm 

cuticles I and 
germ rudiment; 

2; 

IL, 
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6. Diagrammatic sagittal 

Egg membranes omitted. 
7. Sames in surface view. 

8. Secondary dorsal organ 
yolk ( Stage 7). Scale 

section of egg 

and its cells 
= 50 ~cm. 

in Stages 4-5. 

se parating into 

Ams amnion; Es 
dorsc~-1 or.gan; 

embryo; Sd9 

Se9 serosa; 

st omo daeum ; 

Y~ yolk; YG9 

SDO 9 

yolk 
secondary 
gl obul e 
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EXPILA NA~i I Ol¥T OF FIGURE 

9. Diagrams 

organ and 
showing the movement of 
the extensi,on of amnion 

secondary 
( a-d ) . 

dorsal 

A~mp 

Se9 

amnl on ; 

serosa 

E9 emhryo SI)O ~ secondary dorsal o rgan ; 
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l~:_XPLA!NATION OF FIGURES 

Scale = 100 /Im. 

lO. Ventrolateral 

ll. Ventrolateral 
12. ¥rentrolateral 

15. Ventrolateral 
14. Ventrola,teral 

15. Lateral view 
l 4 . 

16. Ventrolateral 

17. Lateral view 

18 Ventrolateral 
19, ILateral view 

20. Lateral veiw 

21. Ventrolateral 

22 VentroleLteral 

25. Ventrolateral 

24 .l]ateral veiw 

view of 
view of 
view of 
view of 
view of 
of embryo 

view of 
of embryo 
view of 
of embryo 

of embryo 

view of 
view of 
view of 
of embryo 

early germ disc~ Stage l. 

(leveloped germ disc, Stage l. 
embryo in 'Stage 2. 

embryo in Stage 5. 
embryo late in Stage 5. 

in same stage as in Figure 

embryo in Stage 4. 
in Stage 4. 

embryo in Stage 5. 
in Stage 5 . 

in Stage 6. 
head of embryo in Stage 6. 

abdomen of embryo early in 
abdomen of embryo late in 
in Stage 7. 

Stage 

Stage 

6e 

6,~ 

Ag anus; An~ antenna;'AnSs antennal segment; Bl-5~ 
protocephalic bulges 1g 2 and 5; CF9 caudal filament; 
Cllr9 clypeolabrum; Cpg coxopodite; EMs embryonic mem-
brane; Ga~ galea; G19 glossa; IS9 intercalary segment; 
Las lacinia; ILba labium; LbP~ labial palp; I]bS, Iabial 
Segment; 1'1& mouth; Md9 mandible; MdS~ mandibular seg-

m.ent; Mx~ maxilla; MxP~ maxillary palp; MxS~ maxillary 
segment; NG9 neural groove; Pgl9 paraglossa; Th2g 5~ 
meso- and metathoracic segments; ThT~ thoracic tengum; 
Tp~ telopodite; Yg yolk; 19 V~ V19 first~ fifth and 
sixth abdominal segments 
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T:_XPLANATION OF FIGURES 

Scale = 100 kCm. 

25. Ventrolateral view of head of embryo in Stage 7. 
26. I~ateral view of embryo in Stage 8. 

27. Ventrolateral view of head of embryo in Stage 8. 
28. Ventrolateral view of abdomen of embryo in Stage 8. 
29. ILateral view of embryo in Stage 9. 

30. Ventral viev,* of head of embryo in Stage 9. 

51. I~ateral vie¥~r of embryo in Stage lO. 

52. Ventrolateral view of head of embryo in same stage 
as in Figure 51. 

AbTg abdomina.1 tergum; An, antenna; Bl-5, protocephalic 

bulges l, 2 and 5; Ce, cercus; CE, compound eye anlage; 
CF, caudal filament; Cllr, clypeolabrum; Cp, coxopodite; 

Ga, galea; Gl~ glossa; Hp, hypopharynx; La, Iacinia9 
Lb, Iabium; LbP, Iabial palp; LbT, Iabial tergum; Li, 
lingua; Md, mandible; MxP, maxillary palp; MxT, maxillary 
tergum; Pgl, paraglossa; P19 pleuropodium; S, sternum; 
Sc, scapus; Sli, superlingua; Sty, stylus; ThT, thoracic 
tergum; Tp, telopodite; VS, ventral sac; I-X19 first 
to eleventh abdominal segments 
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EXPLANA^TION OF F!IGURES 

Scale = 100 pcm. 

55. Ventrolateral view of labium of embryo late in Stage 
lO . 

54. Ventrolateral view of abdomen of embryo in same stage 
as in l?i~ure 51. Right pleuropodium removed. 
55. I~ateral view of posterior abdominal segments of en~bryo 

late in Stage lO. 
56. Posterior view of left meLndible in Stage lO. 

57. Lateral view of embryo in Stage ll. 

58. l~aterofrontal view of head of embryo in Stage ll. 

59. Ventrolateral view of labium of embryo in Stage ll. 
40. Ventrolateral view of head of embryo in Stage 12. 

41. Ventrolateral view of abdQmen of embryo in Stage 12. 

- Oaudal filament and right pleuropodium cut. 

_AbT abdomlnal tergum Ca cardo Ce cercus CES compound 
eye CF9 ･caudal fileLment; C19 clypeus; Co~ coxa Cx 
coxite; ESu~ epicranial suture; Fe, femur; F19 flagellum; 
Ga, galea; Gl, glossa; Ins incisor; La9 Iacinia; IbP9 
labial palp; LbSu, Iabial suture; LbT9 Iabial tergum; 
l]i9 Iingua; l~r~ labrum; Md, mandible; MdT, mandibular 

tergum; Mgs midgut; M09 molar; MxP9 maxillary palp; I~IXT~ 

maxillary tergum; Os ocellus; Pe9 pedicel; Pf9 palpifer; 
Pg9 palpiger; Pgls Paraglossa; P19 pleuropodium; Pm9 
postmentum; Ptas Pretarsus; RVS~ rudimentary ventral 
sacs S~ sternite; Sba9 subarLal lobe; Sc9 ~.capus~ Sc0$ 

subcoxa; Sli~ superlingua; Spa, supraanal lobe; Sti9 
stipes; Sty9 stylus; Ta9 tarsus; Tis tibia; Trs trochanter; 
VS9 ventral sac; I-X19 first to eleventh abdominal segments 
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E)CPI~ANATIOr¥T OF FIGURES 

Scales = 100 /Im. 

42.l~ateral view of embryo in Stage. 12. 

45. Iateral view of embryo in Stage 15. 

Ang antenna; Ces cercus; CE9 compound eye; CFS caudal 
filament; Cos coxa; Cxs coxite; F19 flagellum; Lb9 
labium; LbP~ labial palp; LbT9 Iabial tergum; Lr9 Iabrum; 
l'~Id~ mandi~le; MdTp mandibular tergum; ･ Mx9 maxilla; MxP9 

maxillary palp; ~~xTs maxillary tergurn; Mx-LbT9 maxilld-

labial tergum; P9 pleuron; Pfs Palpifer; Pg9 palpiger; 
Pls Pleuropodium3 Pme Postmentum; Sc0g subcoxa; Sp9 
spiracle; Sti9 stipes; Stys stylus; Thl9 5s Pro- and 
metathoracic segments; Tr9 trochanter; VS~ ventral sac; 
Ys yolk; I-Xls first to eleventh abdominal segments 
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-J~;XPL_~NATION OF FIGURES 

Scales = 100 /Lm. 

44. Ventrolateral view of abdQmen of embryo in ~tage 15. 
Caudal filament and right pleuropodium cut. 
45. Ventrolateral view of first and second abdominal 
segments of embryo in Stage 14. 
46. I~ateral vie¥,J of first instar larva. Flagellum and 

caudal filarnent cut. 

47. Ventrolateral view of abdomen of first instar larva. 
Caudal filarnent cut. 

Ce, cercus; CF, caudal filalnent; Cx, coxite; Mg, midgut; 

r4p, median plate; P19 pleuropodium; RVS, rudimentary 
vent~al sac; S, sternite; Sba, subanal lobe or plate; 

Spa, supraanal lobe or plate; Stys stylus; Thl~ 59 pro-
and metathoracic segments; VS, ventral sac; I-XI, first 
to eleventh abdominal segments 
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~!c~XPL!L^I~+ATION OF FIGURES 

Scales = I mm. 
48. Photcgraph of eggs in Stage 159 before (left) and 
after (right) swelling. Chorion removed. 
49. Photograph of swelling egg in Stage 15 (dorsal aspect). 

Arrows show the space prod~tced with the swelling. 

Chorion removed. Outer dark blastoderm cuticle 
almost resolved by antiformin. 
50. Photograph of egg in Stage 14 (lateral aspect)9 showing 

compactly packed embryo in egg membrane. Chorion 
removed. Outer dark blastoderm cuticle almost' dissolved 
by antiformin. 
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~J~,XPLANATION OF FIGLTRES 

51. Transverse section through thoracic region of embryo 
in Stage 5. Scale = 50 ~Lm. 

52. Transverse section through thoracic region of embryo 
in Stage 4. Scale = 50 kCm. 

55. Slightly oblique sagittal section through head of 
embryo in Stage 9. Scale = 100 /Lm. 

54. Slightly oblique sagittal section through head of 
embryo in Stage 12. Scale = 100 ~cm. 

Am amnlon; AnGs antennal ganglion; AT~ anterior tento-
rium; BAT~ binder of arrterior tentoria; BC, blood cell; 

CE, compound eye; Cllr, clypeolabrum; Cm, coelom; CmS~ 
coelomic sac; Dc9 deutocerebrums DSaGl, duct of salivary 
gland; En'vM., ental membreLne; EpSn, epineural sinus; FC, 

fat cell; FrG, frontal ganglion; GnT, gnathal tergum; 
GnTMu, gnathal transverse muscle; Hp, hypopharynx; IG9 
intercalary ganglion; IMes intercalary mesoderm; Ll-5, 
protocerebral lobi 19 2 and 5; Lb9 Iabium; ILbG, Iabial 
gang~ion; ~i, Iingua; MCd, me(~ian cord; MdG, mandibular 
ganglion; MdTTe9 mandibular transverse tendon; Me, mesoderm; 

r･'*xG, maxillary ganglion; Nb, neuroblast; NGg neural groove; 
Np, neuropile; 0~ ocellus; OpP9 optic plate; Pm,postmentum; 
PrF, postretinal fiber anlage; PT, posterior tentorium; 
PVE, provisional ventral epidermis; ReNv9 recurrent nerve; 

SbB9 suboesophageal body; SbG, suboesophageal ganglion; 
Sd, stomodaeum; Sli~ superlingua; Spl,~,e, splanchnic 
mesoderm; Tc9' tritocerebrllm; Thle Proi;horacic segment 
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EXPLANATION OF FIGURES 

Scales = 100 ~m. Arrows show the boundary of the body 
truak and caudal filament. 
55. Sagittal section through posterior abdominal region 
of embryo in Stage lO. ' 

56. Same, in Stage ll. 

ACl~~ anterior cell layer to proctodaeal plug; Am amnlon 
CF caudal fllament l)VjE, definitive ventral epidermis; 
EnM9 ental membrane; G.X9 XI, tenth and eleventh abdo-
minal ganglias Me9 mesoderm; N~)9 neuropile; PCL, post-
erior cell layer to proctodaeal plug; Pd~ proctodaeum; 
PdP9 prQctodaeal plug; Sbas subanal lobe; Spa, supraanal 
lobe; T.Xls eleventll abdominal tergum 
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EXPl],AI'~ATION 

57 I)iagrams 
gangl ia 

aF FIGURE 

showing the distribution 
(b) in cephalic region of 

of mesoderm (a) 
embryo in Stage 

and 
6 e " 

An, antenna; AnG, antcnnal ganglion;. AnSo, antennal 

somite; Cllr, clypeolabrum; IG~ intercalary ganglion; 
IS09 intercalary somite; Ll-~, protocerebral lobi l, 2 
and 5; LbG, Iabial ganglion; LbSo, Iabial somite; MdG, 
mandibular ganglion; MdSo, mandibular somite; MxG9 
maxillary ganglion; ~lxSoe maxillary somite; PraS09 
preantennal somite; Sd, stomodaeum 
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EXPLANATloN OF FIGURE 

58. Diagrammatic representation of dej~initive construc-
tion of: ceph~L-lic ganglia. 

Acli0~ accessory lobe; CiCon~ circumoesophageal connective; 
Dc9 deutocerebrum; IJl-5s 51 Protocerebral lobi I~ 29~ 5 
and 5~ I,Gs lamina ganglionaris; I!iEx~ medulla externa; 

Mlng medulla interna; NsC~ neurosecretory cell; OPe9 
ocellar pedicel; Palcs ipars intercerebralis; Pc9 proto-

cerebrum; PcL09 protocerebral lobe; PrF9 postretinal 
fiber; SbOom~ suboesophageal commissure; SbGs suboeso-
phageal ganglion; Sds sto_ modaeum; Tcs tritocerebruln 
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EXPLANATION OF FIGURES 

Scales = 100 /Jm. 

59. Transverse section of head lobe of embr~~o in Stage 7 

through protccerebral ganglia. 
60. Horizontal sectio~l of head of embryo in Stage 12 

through pars intercerebralis. 
61. Transverse section of head of embryo in Stage 12, 

through mandible. 
62. Same, posterior by ceL. 150 /im, through intersegmental 

region of maxillary and labial segments. Arrows 
shovJ the invagination of posterior tentoria. 

AcLo, accessory lobe; BC, blood cell; CE, compound eye; 
Cel39 central body; Dc, deutocerebrum; DS*-G19 duct of 
~salivary gland; Ll-5, 51 protocerebral lobi l, 2s 5 

and 5~ Md~ mandihle; r･'IdTTe9 mandibular transverse tendon; 
}~e, mesoderm; ~1Ex9 medulla ey.terna; Mln, medulla interna; 

~Nb~ neuroblast; Nl, neurilemma; Np, neuropile; NsC, 

neurosecretory cell; OpPs optic plate; Palc, pars inter-
cerebralis; PcBr, ptotocerehral bridge; PCLOS Proto-
cerebral lobe; SaGl, salivary gland; SbB, suboesophageal 
body; SbG, suboesophageal ganglion; Sd9 stornpdaeum; 

Tc, tritccerebrum 



◎
O

○
、

Q
↑

．
出
舵
㌘
蛋

　
　
　
　
　
　
　
津
↑
℃
婁

U
ω
o

ぷ㌦

、
　
．
、＼

　
ψ
　
一
　
㎞
　
“
こ
、
　
　
、

’
　
9
．
一

¥
 ¥
 
¥ ,1, 

’

〃

1

　
1

＼

6
一＼

、
舅
ゆ

N
J

　
芦

！
　
、

δ
◎
◎
o

、　
⑱
．

．
山
Σ

一

り

、

　
　
　
℃
り
o

　
こ
　
、

ノ■、、

亭
「
己
饒

コ

…
一

　
　
　
鰯
　
　
8
。

／
〆
ぐ
　
　
＼
　
　
　
◎
J
身

　
　
　
⑧
　
　
　
　
　
、

　
　
⑧
1
　
　
　
　
，
1

　
⑬
　
　
　
N
い
、

／
　
　
　
　
　
　
　
　
　
　
　
　
　
　
i
1

　
　
　
　
　
　
一
一

　
　
　
　
　
雪
一

　
　
　
　
　
　
才
一
・
・
¢
、
、
。
阯

↑
0
Q
⑩
O
蓋
ど
　
．
岩
轟

ぐ
り
J
　
ノ

　
　
£
Σ

◎
J
◎
阯

り
冠
阯

、

迫
z

、
，
、
、
二
騒

◎
⑳

O
㎝
Z

山
O

£
Σ

も
◎

　
　
　
　
’

　
　
　
’

　
　
／
、
一

　
　
／
鶴
、

　
〃
（
／

曼

＼一

N
⑩

⑩
婁

⑳
邸



- 200-

E XI) LA..T'~'A~1 1 OI¥T OF FIGURE 

65. I)iagrammatic representation of 
in dorsal view (a=c). Arrows 

movement of each ganglion. 

AnG~ antermal 
~)rotocerebreLl 

gangl i on ; 

lobi I~ 2s 

IG , 

5
 

cerehral 

show the 

mo r pho gene s i s 

directions of 

intercalary ganglion; 
and 5f; Sd, stomodaeum 

Ll-5~ 51 
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EXPL_~+N1{^TION OF FIGURji;-S 

64. Part of transverse section through intersegmental 
region of intercalary and marLdi~ular segments of 
embryo in Stage 7. Arrow shows. the i~Lvagination 
of anterior tentorium. Scale = 20 /Lm. 
65. Transverse section of head of embryo in Stage 12 

through dors*-1 part of maxilla. Arrows I and 2 
respectively show the invaginations of corpora 
allata and lacinial apodemes. Scale = 100 /Lm. 
66. Corpus allatum in Stage 15. Scale = 10 /xm. 
67. Part of transverse section through labial segrnent 

of embryo in Stage 7. Arrow shows the inv*-gination 
of salivary gland. Scale = 50 ~cm. 

~ASA"i~ anterior suspension of anterior tentorium; AT~ 

*-nterior tentorium; BC9 blood cell; CES compound eye; 
I)Cm9 dorsal coelom; DSaG19 duct of salivary gland; DVE~ 

definitive ventral epidermis; G19 glossa; IMe9 inter-
calary mesoderm; Ll-5, 5; protocerebral lobi.Is 2s 5 
eLnd 5t LbP9 Iabial ~alp; I~Txs maxilla; Nps neuro~)ile; 

Pgls Paraglossa; PT9 posterior tentorium; SbB~ suboeso-
phageal body; SbG9 suboesophageal ganglion; Sd9 stomo-
daeum; S~'il*Ie9 secondary median mesoderm; VCm9 ventral 

coelom 
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EXPLAI~IA"iION OF FIC*URJ~;~S 

68. I)iagram showing the defihitive position of salivary 
glands and their duct in head (posterior view). 
69. Transverse section through metathoracic segment of 

embryo in Stage 12. Arrows ~hovJ the tracheal in-

vaginations. Scale = 100 1~m. . 
70. Slightly oblique sagittal section through head of 
embryo in Stage lO. Arrow sho¥,Js the invagination 

of suboesophageal process. Scale = 100 /Im. 

Amp am_nion; AnG, antennal gahglion; App, appendage~ 

BAT9 binder of anterior tentoria; :BC, blood cell; 
Cllr~ clypeolabrum; Cr, crypt; I)SaG19 (~uct of salivary 

gland; Enr,19 ental membrane; EpSne epineural sinus; FB, 

- fat body; GCs germ cell; IG, intercalary ganglion; 
I~le9 intercal*-ry mesoderm; 1~1-59 protocerehral lobi 

19 2 and 5; Lb9 Iabium; l~bG, Iabial ganglion; MdG9 
mandibular ganglion; IfidTTe9 mandibular transverse 

tendon; Mes mesoderm; r･'ixG9 maxillary ganglibn; N19 
neurilemma; Np9 neurol)ile; OpPg optic plate; Pm9 

postmentum; PrF, postretinal fiber anlage; SaGl, 
salivary gland; Sd, stomodaeum; Slis superlingua; 
SMMe, secondary median mesoderm; Splae, splanchnic 

mesoderm 
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~~'~XPLANATION OF FIGURES 

Scales = 100 /Lm. 
71. Sagittal section through head of embryo in Stage 6. 

72.Part of sagittal section of stomodaeum and midgut 
in second instar 'larva. Midgut epithelium adjacent to 

stomodaeum is essentially completed. Arrows show 
boundary of stomodaeum and midgut. 

AnG, antennal ganglion; CdV, cardiac valve; Cllr, clypeo-
labrum; Cr~ crypt; EnMu, enteric muscle; GsCc, gastric 
caecum; IG, intercalary ganglion; IMe9 intercalary 
mesoderm; L59 protocerebral lobus 5; LbG, Iabial ganglion; 
r,IdG, mandibular ganglion; MgEpC, midgut epithelial cell; 
~lixG, maxillary ganglion; PreoMe, preoral mesoderm; Sd, 

-stomodaeum; SdMu~ stomodaeal muscle; SgNv9 stomato-

gastric nerve; YBl, yolk block; YC, yolk cell; YG, yolk 
gl obul e 
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EXPLANATION OF FIGURE 

75. I)iagrammatic sagittal section showing the develop-
ment of alimentary canal (a-d). 

AaL, anterior cell layer to proctcdaeal plug; CdV, 
cardiac valve; Cr, crypt; GsOc, gastric caecum; LMg, 
lumen of midgut; MgEp, midgut epithelium; MpTu9 malpi-
ghian tubule; PCL, posterior cell layer to proctodaeal 
plug; Pd, proctodaeum; PdP, proctodaeal plug; PyR, 
pyloric region; Sd, stcmodaeum; YBls yolk block; YC, 

yolk cell 
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EXPLANATION OF FIGURES 

Scales = 100 Ilm. 

74. Part of a little oblique sagittal section through 
abdomen of embryo in Stage 6. 

75. Part of sagittal section through abdomen of embryo 
in Stage 9. 

76. Sagittal section through proctodaeum and part of 

rudimentary midgut of embryo in Stage 14. 

ACL, anterior cell layer to proctodaeal plug; Arn, 
amnion; App.1, first abdominal appendage; CF, caudal 
filament or caudal filament anlage; Cr9 crypt; EriM, 
ental membrane; J~i~nMu, enteric muscle; G.VIII$ eighth 

abdominal ganglion; Me, mesoderm; MpTu, malpighian 
tubule; Nl, neurilemma; PCL, posterior cell layer to 
proctodaeal plug; Pd, proctodaeum; PdMus Proctodaeal 
muscle; PdP~ Proctodaeal plug; PdS, proctodaeal sus-
pension; S.VIII, IX, X19 eighth, ninth and eleventh 
abdominal sterna; Sba, subanal lobe; So.IV9 fourth 
abdominal somite; Sp~~, supraanal lobe; T.Xl~ eleventh 

abdominal tergum; Th5So, metathoracic somite; VIII, 
eighth abdominal segment 
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EXPLANATION OF FIGURES 

77. Part of sagittal section through midgut and procto-

daeum in second instar larva. Arrow shows boundary 
of midgut and proctodaeum. Scale = 50 ,/Im. 
78. Transverse section through metathoracic segrrient of 

embryo in Stage lO. Scale = 50 ~m. 
79. Parasagitt*-1 section of embryo in Stae~~e 4 through 

appendages. Scale = 100 ~m. 

Am~ a,mnion; AnS09 antennal somite; App9 a.ppendage; 

BC blood cell ~)Vl~~ deflnltive ventral epidermis; 
EnM, ental membrane; GC, ~-erm cell; IS09 intercalary 
somite; LbSop labial somite; l,~dSo, mandibular somite; 
~"igEps midgut epithelium; Mp.Tu9 malpighian tubule; 

_ ~1xSos maxillary somite; Nb9 neuroblast; Np~ neuropile; 

Pd, proctodaeum; PraS0~ preantennal somite; PVE~ pro-
visional ventral epidermis; PyR~ Pyloric region; SMr~,e9 

secondary median m^esoderm; SoMe, somatic mesoderm; 
Spr*1e9 splanchnic mesoderm; Th5S09 metathoracic somite 
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E~)LAI¥T!i^ ni 101'~' OF FIGURE 

80. I)iagrammatic representation of early 
(Stage 2)~ showing three successive 
development of inner layer (a=c). 

Cm9 coelom; 
daeum; PSd9 

g e rm 

s t age s 

ILS inner layer; PPd9 presumptive 
presumptive stcmodaeum 

band 
in the 

procto-
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EXPI~ANATION OF FIGURES 

81. Transverse section through 
ment of embryo in Stage lO. 
82. Part of transverse section 

segment of embryo in Stage 
the extension of somite* 
85. Part of transverse section 
segrnent of embryo in Stage 

tenth abdominal seg-

throngh mesothoracic 

5. Arrows represent 

through fifth 
12. 

abdominal 

An2C9 amniotic cell; App9 appendage; BC9 blood cell; 
Cb9 cardioblast; Crs crypt; DCm9 dorsal coelom; I)Dpp 
dorsal diaphragm; DSns dorsal sinus; Enl~19 ental mem-

brane; FB9 fat body; Ga9 germ cell; r,~u, muscle; Pd9 

proctodaeurn; Pdh~u9 proctcdaeal muscle; PerCg peri-

cardial cell; SMMe9 secondary median mesoderm; So.X9 
tenth abdominal somite; SpMies splanchnic mesoderm; 
_9 tergum; VCm~ ventral coelom "' 
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E XPLAN1*+TIO'N OF FIGURES 

84. Part of transverse section through sixth abdominal 
segment of embryo in Stage 12. Scale = 10 /Lm. 

85. Transverse section through posterior region of germ 
band in Stage 29 sho'fJing peculiar cellular mass in 

inner layer. Scale = 100 ~cm. 
86. Part of transverse section through metathoracic 
segment of embryo in Stage 9. Scale ='50 ~Lm. 

AmC& amniotic cell; App9 appendage; BC~ blood cell; 
DI)p~ dorsal diaphragm; I)Sn dorsal sinus; I)VEv definitive 

ventral epidermis; EnMu~ enteric muscle; FC9 fat cell; 
GCs germ cell; HC~ heart cell; IL9 inner layer; I~V*11)Cm9 

lateral wall of dorsal coelom; PerCg pericardial cell; 
SMr,T,e, secor:!_dary median mesoderm; Spl'les splanchnic meso-

derm; T9 tergum 
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-~_* XPT*ANA~ TIOI~'~ OF FIGURE 

87. l)iagrammatic horizontal section of he*-d9 showing 

the principal musculature. ArrowS I to paired 
I)reocular apodemes~ arrows 2 and 5 to postocular 
region or gnathal tergum~ and arrows 4 to genal 

reglons . 

An, antenna; AT9 anterior tentorium; BATS binder of 
.-nterior tentoria; Cllr* clypeolabrum; DSaal9 duct of 
salivary gland; l]aAp, Iacinial apodeme; l]bg labium; 
~id, mandible.; I~~dTTe, mandibular transverse tendon; 

Mx, maxilla; r,IxAJ~'i, maxillary arthrodial membrane; 

SbG~ suboesophageal ganglion; Sds stomodaeum 
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J:~-XPLAI+J'~,A TION OF FIGURES 

88. I)iagrarns showing the relative positions of tentorial 

suspensions to anterior tentoria (a~ dorsal view; 
b, Iateral view). 
89. l)iagrammatic sagittal section of alimentary canal, 

shovJing its musculature. 

90. Transverse section through rudimentary midgut of 
embryo in Stage 14. The lumen filled with the lique-
fied yolk is formed at center of yolk blocks or 
developing midgut. Scale = 100 ~cm. 

~~, midgut epithelial cell derived from crypt; An, 

antenn~L; ASAT, anterior suspension of anterior tentc-
rium; AT, anterior tentorium; b, midgut epithel_ial cell 
directly derived fro,m yQlk cells; CTi:_, compound eye; 

Cr, crypt; EnMiu9 enterlc muscle G gangllon GsCc 
*pastrlc caecum H heart; Ii:~ig, Iumen of midgut; LSAT, 

lateral suspension of anterior tentorium; Mgs midgut; 
Pd, proctodaeum; PSATS Posterior suspension of anterior 
tentorium; PT, postejc,ior tentorium; Sd~ stomodaeum; 

Yl31, yolk block; YO, yolk cell; YG9 yolk globule 
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E)CP~ANA~iION OF FIGURE 

91. Diagrams showing development of midgut epithelium 
in transverse section (a-f). 

a, midgut epithelial cell derived from crypt; b, midgut 
epithelial cell directly derive(~ frorn yolk cells; Cr, 

crypt; Lr･ig, Ium~n of midgut; MgE-pC, midgut epithelial 

cell; Y, yolk;･ YBl, yolk block YC yolk cell 
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