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INTRODUCTION
The Mecoptera is known first from the Lower Permian

and this fossil record, Platychorista vinosa and Proto-

merope permiana, 1is the oldest among the holometabolan

insects. The typical mecopteran insects have two pairs
of similar wings, the subcostal vein not extending to the
wing apex, only one sector branching from the radius, an
unbranched anterior cubital vein, and no scales. Based
on the fossil records and comparative morphology of the
wing-venation (Tillyard, 1935; Hennig, 1981), the Mecoptera
is considered to belong to one of the most primitive groups
in the holometabolan insects.

The Mecoptera, Siphonaptera, Diptera, Trichoptera and
Lepidoptera have been regarded as forming a Panorpoid
complex of orders. Of course, this 1s centered on the
Mecoptera, and from the early Panorpoid stock there prob-
ably arose on the hand the Diptera and Siphonaptera, and
on the other hand the Trichoptera and Lepidoptera.

As for the holometabolan embryology, that of coleo-
pteran, dipteran and lepidopteran insects has been studied
in detail. However the embryology of the Mecoptera is
poorly known in spite of the significance of the phylogene-
tic position in holometébolan orders.

To this day, there are five papers concerning the
embryology of the Mecoptera except for the unpublished

study 1in Panorpa communis by Wolf (1961). Two of them




are on the early embryology of Panorpa pryeri (Ando, 1960},

and P. japonica, Panorpodes paradoxa, Bittacus mastrillii

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

on the embryogenesis of the larval abdominal legs (Ando

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

the larval compound eye (Ando and Suzuki, 1977) and of
the alimentary canal (Suzuki and Ando, 1981) in P. pryeri.

It 1s thought that the embryoclogy of the Mecoptera
probably suggests the basic pattern of the embryology of
Panorpoid orders and hblometabolans, since the Mecoptera
is considered to occupy a primitive position in the holo-
metabolan phylogeny. However the entire embryonic develop-
ment of the Mecoptera is never known as mentioned before.

Furthermore, on the relationship of families of the
Mecoptera, there are some arguments. For example, Tillyard
(1935) divided the Mecoptera into two suborders, 1i.e.,
the Protomecoptera, which has many cross veins on the
wings and includes the Notiothaumidae and Meropeidae, and
the Eumecoptera, which is considered to be more evolved
than the Protomecoptera by him and includes the Nanno-
choristidae, Bittacidae, Boreidae and Panorpidae. Hinton
(1958) advocated that the Boreidae should be separated
from the Mecoptera, and established as the new order Neo-
mecoptera based on the comparative anatomy of the larvae
of Panorpoid orders. Recently, however, from the compara-

tive morphology of exoskeleton of the genitalia, Mickoleit



(1978) and Willmann (1981l) suggested that the Nannochori-
stidae and Bittacidae are thought to be the most primitive
in the mecopteran families, and they have some doubts
about the view of Tillyard (1935) and Hinton (1958).

For these above mentioned reasons, the author investi-
gated the comparative embryology of the four families of
the Eumecoptera; Panorpidae, Panorpodidae, Boreidae and
Bittacidae. In this paper the author described 1) the
embryonic development of these insects in detail, and 2)
examined and discussed the phylogenetic relation of these
families from the comparative embryological views obtained

in the present study.

The author attempted to discuss some major subjects
in the last chapter, "GENERAL DISCUSSION AND CONCLUSION",
and to discuss the others in each item of "OBSERVATIONS".

In the text, except for the case when the scientific
name of a certain insect appears at first, for a conveni-
ence, the generic name 1is made abbreviated and brief,

or the specific epithet is omitted.



MATERIALS AND METHODS
Specimens used in the present study include four
families, four genera and nine species of the Mecoptera,

that 1is, Panorpa pryeri, P. japonica, P. nipponensis, P.

helena of the Panorpidae; Panorpodes paradoxa of the

Panorpodidae; Bittacus laevipes, B. mastrillii, B. margina-

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

dae. The author used mainly Panorpa pryeri as to the

Panorpidae, and Bittacus laevipes as to the Bittacidae,

because the author could observe only little differences
of the embryogenesis between the species of the Panorpi-
dae, and also between the species of the Bittacidae.

Pregnant females of P. pryeri were collected at Suga-
daira, Sanada in Nagano Prefecture in June to July during
1980 to 1981. Each insect was reared in a small plastic
cage with soil or quartz sands; and fed on killed dipteran
or lepidopteran insects. In this condition the females
laid their eggs. Newly laid eggs were transferred to
another plastic case with a humid palster bottom and kept
at 21C.

Matured insects of Pd. paradoxa were captured at Suga-
daira and Kakuma of Sanada, and Yamanokami of Suzaka, and
Usuda of Saku in Nagano Prefecture in June to July during
1976 to 1982. Many'pairs of the insects were reared in a
mesh walled cage with humid tissue papers, and féd on the

pollen and nectars of some flowers (Chrysanthemum leucan-




themum, Euonymus sieboldiana, Cornus controversa, etc.).

Newly laid eggs on or in the tissue papers were kept 1in
the similar condition to P. pryeri.

Mated females of B. laevipes were collected at Kakuma
in August to September during 1978 to 1981. Each female
was reared in a small plastic cage with a humid filter
paper. The ovipodited and dropped eggs on the filﬁer
paper were carried to a plastic case with a humid plaster
bottom, and kept at room temperature. |

Pregnant females of Bo. westwoodi were obtained at
Tibingen of West Germany in December of 1979, and reared
with mosses 1in a laboratory, and eggs were collected from
- among the mosses. All of these procedures and fixation
of eggs were done by Drs. G. Mickoleit and E. Mickoleit.
Larvae and eggs of this species also were collected and
fixed by Dr. H. Ando at Freiburg and Tibingen in early
April of 1975.

Eggs and larvae were fixed in alcoholic Bouin's
fluid warmed to 4db (8dh or room temperature in some
cases) for 30 min. Some newly léid eggs of B. laevipes
were fixed in 2.5% glutaraldehyde in 0.05M cacodylate
buffer at pH 7.2 for 12 hr and postfixed in Carnoy's
fluid for 30 min at room temperature. After fixation,
materials were preserved in 70% ethyl alcohol.

In the case of observations of external feature of

embryos, the chorion, serosa and serosal cuticle were re-



moved by forceps, then the bared eggs were stained with
Mayer's hematoxylin, and observed in distilled water. In
order to the observation of the thoracic and abdominal
musculatures of the first instar larva of P. pryeri, the
fixed larvae were removed the head and posterior half of
the abdomen, and were stained with eosin, and observed in
telepineole after dehydration.

For sectioning the eggs and larvae, the materials
were embedded paraffin, paraffix or paraplast, after dehyd-
ration through an ethyl, normal or tertiary butyl alcohol
series. They were cut into 6 to 10pm-thick and stained
with Delafield' hematoxylin and eosin, and borax carmin
in some cases.

Drawings were made with the aid of Abbe's camera
lucida.

Materials for the scanning electron microscope were
prepared as follows. Fixed materials by the methods
above mentioned were rinsed in distilled water added a
little detergent. After the dehydration through an ethyl
or tertiary butyl alcohol-isocamyl acetate series, they
were dried by the critical point drying method and
coated with gold. In the case of B. laevipes eggs,
granules coated the surface of the egg were removed in 5
to 10% sodium hypochrorite solution. Observations were
examined under the scanning electron microscope, JSM T-200

of JEOL.



OBSERVATIONS
I. Oviposition and organization of newly laid eggs

Panorpa pryeri

Twelve females reared in 1981 1laid eggs thirteen
times, and the number of laid eggs at a time was 18 to
ca. 100 (average, 50.7) and only one female oviposited at
twice (39 and 70 eggs). It seems, however, that a female
oviposits several times in nature.

A cluster of laid eggs is held together by the
sticky substance that covers the surface of the each egg.

The newly laid egg is oval in shape, though the ante-
rior half is slightly sharp, and their size is ca. 1000
by ca. 600pm (Fig. 1). The outer chorion is covered with
a honeycbmbed network (Figs. 1, 2), and on the some cor-
ners of these minute polygons there appears a brushy
process which is concerned with an aeropyle (Fig. 2).

The honeycombed pattern of the chorion on and near
the anterior pole is different from other regions (Fig.
3) :and. the author could not find the micropyle at this
region even by the observations using SEM and the light
microscope. There 1s a very thin vitelline membrane
bélow the chorion. The color of the newly laid egg is
creamy white and turns dark gray by half a day. The peri-
plasm is 4 to 5um-thick (Fig. 18) and ca. 1l0um-thick near
the both poles of the egg, and occupies ca. 5% of the egg

volume. The maturation of the female pronucleus is observ-



ed in the cytoplasmic island that lies a 1little anterior
from the center of the egg length (Fig. 18). The cytoplas-
mic reticulum or reticuloplasm is found between the yolk
spherules and vacuoles (Figs. 18, 19). The disk-shaped
polar granule (40 to 50um in diameter) is found in the
periplasm on the posterior pole (Fig. 19). The spermato-

zoon 1is observed near the anterior pole of the egg (Fig.

25). Yolk spherules are homogeneously stained with eosin,
and their diameter varies from 5 to 1l5um. Small yolk sphe-
rules mainly distribute in the peripheral zone. The total

volume of the eosinophilic yolk spherules occupies ca. 80%

of the egg volume¥*,

Panorpodes paradoxa

During 1979 to 1981, the author obtained ca. 100 egg
batches contained ca. 50 to 60 eggs in each batch. The
batch is held together with the sticky substance as in P.
pryeri.

The shape of the newly laid egg is oval and its size
is ‘750 to 800 by ca. 500um (Fig. 4). The chorion bears

the honeycombed pattern that becomes weak near the both po-

* The percentage of the area of eosinophilic yolk spheru-
les in sections was estimated as the rate of the total
volume of eosinophilic yolk spherules against the egg
volume. The percentage was nearly equal at any regions

of the egg in the same species.



les, and the author failed to find micropyles from thesé
regions (Fig. 5).

The chorion is very thin ana creamy white just after
oviposition, and turns dark by several hours. A relatively
large quantity of the periplasm (5 to 6pm-thick and ca. 6%
of the egg volume) and cytoplasmic reticulum are found in
the egg (Fig. 20). Yolk spherules are stained homogeneous-
ly with eosin, and their diameter 1is ca. 10pm, and the
total volume of the eosinophilic yolk spherules occupies
ca. 60% of the egg volume. There are many vacuoles con-
sidered to be traces of dissolved 1lipid yolk spherules
(Fig. 20). Maturating female pronucleus situates in the
cytoplasmic island of the periplasm (Fig. 21) near the
middle part of the eggq. The author could not £ind the

polar granule in this species.

Bittacus laevipes

The author got eggs from 62 females during 1978 to
1981, and a female oviposits ca. 26 eggs (ca. 10 eggs per
day) . The oviposition almost always started at 4 to 5
o'clock p.m. and continued for a few hours. The hanging
females oviposit eggs, and an egg exists at the tip of
the abdomen and drops out as soon as the following egg is
laid.

The shape of the newly laid egg is almost spherical,

ca. 700um in diameter (Fig. 6). On the surface of the



chorion there are numerous granular substances, but after
removing them the surface of chorion appears a polygonal
pattern (Fig. 7).

Two to five micropyles (Fig. 8) are observed on the
both poles of the egqg. The chorion is very tough and
thick (ca. 25um), and the endochorion of 2 to 3um thick-
ness 1s stained faintly with eosin (Fig. 22). The egg
color 1is yellow just after oviposition, and turns dark
brown by several hours. The periplasm is very thin (2 to
3pm) and lightly stained with hematoxylin (Fig. 22), and
occupies ca. 2% of the egg volume. Little cytoplasmic
reticulum is observed.

Yolk spherules are homogeneously stained with eosin,
and their diameter 1is ca. 20pm though there are smaller
spherules in periphery. The rate of the total volume of
eosinophilic yolk spherules against the egg volume 1is

less than 70%. ©No polar granule is found in this species.

Boreus westwoodil

The shape of matured ovarian eggs an@ newly laid
eggs 1is oval and the size 1is 450 to 500 by 250 to 300um
(Fig. 9).

On the surface of the chorion there appears a honey-
combed network, and the network becomes faintly near the
both poles of the egg as in that of Pd. paradoxa. On the

both poles two micropyles are found (Fig. 10). The



chorion is ca. 2pm-thick and thickens near the both poles
(Fig. 23). The chorion is transparent even if the embryo-
genesis proceeds.

The periplasm (2 to 3pm-thick and 3 to 4% of the
egg volume) and cytoplasmic ruticulum are poor (Fig. 24)
though richer than those of B. laevipes. The maturating
female pronucleus in the cytoplasmic island of the peri-
plasm locates at the region of a third of the egg length
from the anterior pble. The yolk spherules are stained
homogeneously with eosin and their size in maximum 1is
about 20pm in diameter. The total volume of eosinophilic
yolk spherules occupies ca. 60% of the egg volume. The

author could not find the polar granule in this species.

Discussion on this item

It seems that eggs are laid in the crevice of soil
in Panorpa spp. (Miyake, 1912; Yie, 1951; Ando, 1960,
1973; Byers, 1963), Panorpodes (Ando, 1973), and among
the moss in Boreus spp. (Withycombe, 1922; Cooper, 1974).
It seems also general that the oviposition of Bittacus is

practiced while hanging as in Bittacus nipponicus (Ishii,

1937), B. laevipes, B. mastrillii, B. marginatus, though

B. stigmaterus (Setty, 1931) deposits the eggs, alighting

on the ground.
The - shape of the newly laid eggs is oval in Panorpa

(Miyake, 1912; Yie, 1951; Ando, 1962, 1973; Byers, 1963),



Panorpodes (Ando, 1973), and Boreus spp. (Withycombe,
1922; Cooper, 1974). In Bittacus, however, the shape

varies from cuboidal (B. stigmaterus, Setty, 1931; B.

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

ton, 1981; B. mastrillii, B. marginatus, Ando, 1973; B.

laevipes). Ando (1973) observed that the shape of the
oocyte in ovariole of B. mastrillii during chorion forma-
tion is spheroidal.

As for the micropyles, Ando (1973) described the
micropyles on the posterior pole of the egg in B. mastril-
1ii, and Hinton (1981) on the anterior pole in B. pilicor-
nis. It is possible that they failed to find the micro-
pyles on the other pole, because the micropyles were ob-
served on the both poles in B. laevipes.

Eosinophilic yolk spherules of P. pryeri and B.
laevipes may correspond to the protein yolk of P. communis

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

thin periplasm of B. mastrillii is observed discontinu-

ously. In B. laevipes, however, the periplasm is ob-
served continuously, though it is thin as in B. mastri-

11ii.

The polar granules were observed in the eggs of P.
pryeri, P. japonica (Ando, 1973) and P. communis (Ramamur-
ty, 1964b), so that the existence of the polar granules is

considered to be the common nature in the egg of Panorpa.



ITI. Egg period
The egg period of the species investigated in the
present study is shown in Table 1 comparing with those of

other species reported by several authors.

Table 1. Egg period of Panorpidae, Panorpodidae, Bitta-

cidae and Boreidae

Panorpidae

Panorpa pryeri ca. 150 hr (21C)

Panorpa pryeri - 150-160 hr (ca. 21C) (Ando, 1960)
Panorpa nipponensis ca. 140 hr (25C)

Panorpa japonica ca. 160 hr (21C), ca. 150 hr (25C)

Panorpa klugi (=japonica) 6-8 days (Miyake, 1912)

Panorpa japonica 168-180 hr (18-24C) (ando, 1973)
Panorpa helena ca. 8 days

Panorpa bicornuta ca. 7 days (22C) (Ando, 1973)
Panorpa communis 144 hr (2fb) (Wolf, 1961)
Panorpa communis 5-9 days (Steiner, 1930)

Panorpa nuptialis 8 days (Byers, 1963; Gassner, 1963)
Panorpa folsa 9-13 days A

Panorpa akasakail 15-16 days

Panorpa taiwanensis 15-16 days [~ (Yie, 1951)

Panorpa shibatai 15-16 days

Panorpa pectinata 15-16 days-




Table 1. (continued)

Panorpa longiramina

Panorpa ochraceocauda

Neopanorpa makii

Neopancrpa ophthalmica

Neopanorpa formosana

Neopanorpa sauteri

Panorpodidae

Panorpodes paradoxa

Panorpodes paradoxa

Bittacidae

Bittacus laevipes

Bittacus mastrillii

Bittacus marginatus

Bittacus nipponicus

Bittacus stigmaterus

Bittacus punctiger

Bittacus pilicornis

Boreidae

Boreus hyemalis

Boreus hyemalis

Boreus notoperates

14 days -

7 days
7 days
6 days

6-8 days

- (Yie,

5-14 days -

1951)

28-40 (mean, 32.6) days (21C)

ca. 26 days (20-24C) (Ando, 1973)

(Setty,

250-300 (mean, 270) days
ca. 245 days (Ando, 1973)
ca. 240 days (Ando, 1973)
ca. 290 days (Ishii, 1937)
216-256 (mean, 226) days
20-37 days (Setty, 1940)
29-78 days (Setty, 1940)

1931)

9-10 days (8.§b) (Withycombe, 1922)

21 days (2IC) (Striibing, 1950)

24 days (20C) (Copper, 1974)



Discussion on this item

There are not so many reports on the life history
and egg period of mecopteran insects, and the life histo-
ries of panorpid ones are examined most circumstantially.
The egg period of the Panorpidae seems to vary from one
to two weeks, and that of the Panorpodidae, that is, Pd.
paradoxa, 1s three to six weeks.

The egg period of several species of the Bittacidae
is more than 200 days and they pass the winter in the egg
stage, though B. punctiger and B. pilicornis overwinter
in the larval stage (Setty, 1940). Setty (1931) observed
the exceptional short egg period that is 58 days in B.

stigmaterus, and this fact suggests that the egg hiberna-

tion is not fixed perfectly in this species.

The elongatibn of the egg period in Bo. hyemalis is
known accompanied with the rise of the incubation tem-
perature (Withycombe, 1922; Stribing, 1950). This pheno-
menon seems to be concerned with the nature that the ovi-
position of the species occurs in winter, and the Ilow
temperature may be favorable for the embryonic development

in the species.

IITI. Early embryonic development
In this section the author will describe the embryo-
nic development from Jjust oviposition to completion of

the cellular blastoderm as Stage 1.



Panorpa pryeri

The early embryonic development of P. pryeri was
studied in detail by Ando (1960), and the result in the
present study agreed with his result.

Stage 1. 0-28 hr

Just after oviposition, the metaphase of the first
maturation division 1is found in the cytoplasmic island,
and the second maturation division occurs at 1 hr after
oviposition (Fig. 18). The spermatozoon 1is observed near
the anterior pole of the egg (Fig. 25), and soon trans-
forms into the male pronucleus at there. The female pro-
nucleus moves to the male pronucleus and the fertilization
occurs.

The second cleavage occurs at 4 hr, and the seventh
cleavage occurs at 8 hr after oviposition. The polar
granule which located at the posterior pole of the egg
disappears by the ninth cleavage (ca. 10 hr after oviposi-
tion). At 12 hr after oviposition, cleavage cells reach
into the periplasm and the syncytial blastéderm is formed
(Fig. 26), though they reach to both poles a little
later. The penetrating cleavage cells or syncytial blasto-
derm cells divide mitotically again.

At about 20 hr after oviposition, the formation of
cell membrane of syncytial blastoderm cells begins, and the
periplasm which does not partiéipate in the blastoderm

formation becomes the inner periplasm by the completion



of blastoderm cells (Fig. 27). The cleavage cells which
did not participate in the blastoderm formation remain in
the yolk and become primary yolk cells¥*. The aggrigate
composed of some dozens of primary yolk cells is situated
at the center of the egg, and the nuclei of them degene-
rate later.

The cellular blastoderm 1is formed at 22 hr after
oviposition. The blastoderm cells are ca. 20um in width
and the diameter of their nuclei and yolk cells is ca. 10

to 15pm.

Panorpodes paradoxa

Stage 1. 0-32 hr

Just after oviposition, the female nucleus shows the
metaphase of the first maturation division in the cyto-
plasmic island. After fertilization, the first cleavage
occurs (Fig. 28) near the egg center. At 12 hr after
oviposition, the sixth cleavage commences and the cleavage
cells are located at zone of 150 to 200um inward from the
egg surface.

At 1 day after oviposition, the cleavage cells reach
the egg periphery, and yolk spherules are often found

in the syncytial blastoderm (Fig. 29). The nuclei of

* In the present paper, the term "yolk cell" has been

adopted instead of "yolk nucleus".



the syncytial blastoderm cells are soon partitioned
by the formation of the cell membrane, and the cellular
blastoderm 1is completed. The yolk spherules are seen
in the blastoderm.cells, and the inner periplasm exists

as in P. pryeri (Fig. 30).

Bittacus laevipes

Stage 1. 0-3 days

Just after deposition, the female nucleus indicates
the metaphase of the first maturation division (Fig. 22),
the second maturation division follows 3 hr later. The
author could not observe the fertilization.

At 1 day afterboviposition, the fifth cleavage occurs
and the cleavage cells get to the egg periphery at 2 days
after oviposition. The syncytial blastoderm cells divide
mitotically. At this time, some nuclei divide tangential-
ly against the egg surface, and they seem to be concerned
with the formation of secondary yolk cells (Fig. 31).

At 3 days ‘after oviposition, syncytiai blastoderm
cells divide again, and the cellular blastoderm is comple-

ted (Fig. 32).

Boreus westwoodi

In Bo. westwoodi, the author could not know how old
the fixed eggs are, and could not study the late embryonic

development.



Stage 1.

The maturation of the female pronucleus and the
fertilization were not able to be observed. When the
fifth to the sixth cleavage occurs, the cleavage cells
are located at the zone where 1is ca. 100pm inward from
the egg surface.

As development proceeds cleavage cells reach into
the egg periphery (Fig. 33) and inclease in number (Fig.
34). Then the celi membrane appears and the cellular

blastoderm is completed (Fig. 35).

Discussion on this item

In P. pryeri, Pd. paradoxa and B. laevipes, the fe-
male nucleus of the newly laid egg indicated the metaphase
of the first maturation division as in P. communis (Wolf,
1961), and this fact 1is known in many insects, e.g., in

odonatan Calopteryx atrata (Ando, 1962), blattarian Blatta

germanica (Wheeler, 1889), megalopteran Sialis mitsuhashii

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

griseipennis (Miyakawa, 1973), hymenopteran Athalia proxima

(Farooqgi, 1963). The inner periplasm found in P. pryeri
and Pd. paradoxa is also known in some holometabolans, i.

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

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

described, the existence of the inner periplasm 1s pro-

bably related to the thickness of the periplasm.



The intake of yolk spherules into the blastoderm
cells, appeared in Pd. paradoxa, 1s not so general,
though the similar phenomena occur in coleopteran Epilach-

na vigintioctomaculata (Miya and Abe, 1966) and lepido-

pteran Endoclita signifer and E. excrecens (Ando and

Tanaka, 1980).
Generally speaking, the early embryonic development
of P. pryeri, Pd. paradoxa, B. laevipes and Bo. westwoodi

seems to be similar to those of other many insects.

IV, External feature of embryos during middle and late
development

Panorpa pryeri

Stage 2. 28-47 hr

At 28 hr after oviposition, the embryonic and extra-
embryonic areas differentiate in the uniform blastoderm.
The cells of the embryonic area (= ventral plate) are ca.
12pm in height and their nuclei are ca. 10um in diameter
(Fig. 36). These of the extraembryonic area are 20 to
25pm in height, and their nuclei of ca. 15um in diameter
are placed at the distal side of the cells. Extraembryo-
nic cells have many vacuoles (Fig. 37). Although the
embryonic and exiraembryonic areas differentiate in the
blastoderm, in this stage the nuclei are located at the
same 1intervals as those in the blastoderm stage. At 32 hr

after oviposition, the mitotical figures are observed



almost only in the embryonic area.

At 36 hr after oviposition, 1in the embryonic area
the cells roud to some extent and become 18 to 20um in
height, and their nuclei become smaller (ca. 8um in dia-
meter), though there are found only little changes in the
extraembryonic area. Almost all of the mitotical figures
are also found in the embryonic area.

At 45 hr after oviposition, the amniotic folds éépear
at the anterior and posterior margihs of the embryonic
area (Fig. 38). At this time, the cells of the extra-
embryonic area are ca. 30um in height and their nuclei
are 15 to 20um in diameter, and many nuclei are situated
at the inner or proximal sides of the cells. The cells
of the embryonic area scarcely alter morphologically ex-
cept for the increase in their number.

At 46 hr after oviposition, the amniotic fold appears
in the whole margin of the embryonic area diminishing
in size. On the median line of the embryonic area the
primitive groove occurs from the caudal end of the line

(Fig. 39).

Stage 3. 47-51 hr

At 47 hr after oviposition, a pear-shaped germ band
is formed, and the large part of its ventral side is cover-
ed with the amnion (Figs. 40, 41). It takes only‘ca. 2

hr from the appearance of the amniotic fold to the



completion of the pear-shaped germ band.

At 49 hr after oviposition, the amniotic fold spreads
further, and the protocorm of the germ band elongates
backward along the egg surface and its caudal end takes a

level indicated the arrow of Fig. 42.

Stage 4. 51-60 hr

The amnion covers the ventral surface of the embryo
perfectly, and there appears a notch in the center of the
anterior margin of the protocephalon (Fig. 43) at 51 hr
after oviposition. The yolk cleavage begins.

At 52 hr after oviposition, a low protuberance,
which is the rudimental labrum, becomes recognized at the
anteromedial part of the protocephalon. The germ band
more elongates and reaches three quarters of the egg
circumference (Fig. 44).

At 54 hr after oviposition, the labrum anlage begins
to be a pair. A pair of rudimental antennae appears, and
each segment of the intercalary, mandible, maxilla and
labium differentiates (Fig. 45).

At 57 hr after oviposition, the length of the germ
band becomes longer than that of 52 hr, and a shallow in-
vagination or developing stomodaeum is found in the center
of the protocephalon. Three thoracic segments become

distinguishable in thie stage (Fig. 46).



Stage 5. 60-80 hr

At 60 hr after oviposition, the germ band attains
the length of five sixths of the egg circumference (Fig
48). The abdominal rudiment segments to ten metameres
and small paired thoracic appendages arise (Fig. 47).

At 70 hr after oviposition, cephalic 1lobes of the
embryo take a position on the anterior pole of the egg

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

Stage 6. 80-100 hr

At 80 hr after oviposition, the anteriorward shift
‘of the gnathal segments proceeds further, and the rudimen-
tal maxilla divides into the coxopodite and telopodite
(Fig. 50). Paired tracheal invaginations appear from the
second thoracic segment to the eighth abdominal segment
at the anterolateral parts of the each segments.

At 90 hr after oviposition, the future galea and
lacinia are formed from the inner side of the coxopodite
of the maxilla (Fig. 51). The thoracic appendages divide
into three segments, and small paired processes appear on
the first eight abdominal segments (Fig. 51). They are
arranged in a row with the anlagen of the thoracic
appendages and slightly increase in size during embryonic
development. On the lateral margin of the first nine
abdominal segments rudimantal paired dorsal processes are

formed (Fig. 52), and a pair of the future larval compound



eyes becomes to make an appearance on the lateral side of

the embryonic head.

Stage 7. 100-110 hr

At 100 hr after oviposition, the head of the embryo
approaches to the completion morphologically (Fig. 53).
Each thoracic appendage consists of four segments as 1in
the first instar larva. The spiracles on the second and
third thoracic segments disappear, and a pair of new
spiracles appears at the» posterolateral parts of the
bases of the first thoracic appendages (Fig. 53).

Paired processes, i.e., rudiments of so-called
abdominal iegs develop on the ganglia of the first eight
abdominal segments (Fig. 54). The dorsal processes of
the first niné abdominal segments elongate, and a tip of
the process of the tenth abdominal segment 1is observed

beyond anal legs (Fig. 53).

Stage 8. 110-120 hr

At 110 hr after oviposition, the embryo more elon-
gates and its caudal end almost toucﬁes its head (Fig.
55). From this time the yolk becomes to be consumed rapid-
ly, and at 116 hr after oviposition the embryo revolves
in the manner which twists sideways the posterior half of
its abdomen around the rest of the embryo (Fig. 56). The

dorsal closure of the embryo is completed without the



first to the fifth abdominal segment.

Stage 9. 120-150 hr

At 120 hr after oviposition, the embryo finishes the
revolution (Fig. 57), and the dorsal closure 1is also
finished at the dorsal side of the anterior half of the
abdomen.

At 130 hr after oviposition, the embryo almost gets
an appearance of the first instar larVa, and an eég tooth

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

Stage 10. first instar larva

The first instar larva hatches at ca. 150 hr after
oviposition. Its body length is ca. 3mm. Characters of
the first instar larva of P. pryeri are as follows; a
pair of compound eyes which consist of ca. thirty ommati-
dia in each, paired abdominal legs located on the first
eight abdominal segments,. paired dorsal processes on the
first nine abdominal segments and a dorsal process on the

tenth abdominal segment (Fig. 11).

Panorpodes paradoxa

Stage 2. 32 hr - 4 days
At 32 hr after oviposition, the blastoderm becomes
to thicken (Fig. 59) especially near the posterior pole

and this thick region 1is the embryonic area (= germ



disk). In the area there are some cells which were
divided inwards from the blastoderm cells (Fig. 60) and
they seem to be future germ cells.

At 40 hr after oviposition, cells of the embryonic
area become higher and of the extraembryonic area lower
or thinner (Fig. 61). At this time, an aggregation com-
posed of about a dozen of primary yolk cells is often
found in the center of the egg. As development proceeds
the embryonic area commences to sink into the yolk (Fig.
62).

At 2 days after oviposition, the invaginating embryo-
nic area develops a sac-shaped germ rudiment (Figs. 63,
64). Nuclei of the extraembryonic area or serosa are
stained deeper than those of the germ rudiment with hema-
toxylin (Fig. 64).

At 3 days after oviposition, the germ rudiment is
almost released from the egg periphery (Fig. 65). It
contains the developing amnion and the embryo which soon
begins to form the inner layer or mesoderm. The vyolk

cleavage is observed.

Stage 3. 4-14 days

At 4 days after oviposition, the germ rudiment 1is
completely immersed in the vyolk. At 7 days the germ
rudiment or embryo takes a position of the center of the

egg (Fig. 66).



As development proceeds the embryo elongates and
approaches to the egg periphery again, and at 10 days
after oviposition the embryo touches the egg periphery

with its protocephalon (Fig. 67).

Stage 4. 14-19 days

At 12 days after oviposition, the embryo comes out
on the yolk except for the posterior half of the protocorm,
but the segmentation of the embryo can not be seen in
this stage (Fig. 68).

At 16-17 days after oviposition, the embryo exposes
its figure on the yolk except for the fourth and following
abdominal segments (Figs. 69, 70). A shallow pit or

future stomodaeum arises in the center of head lobes.

Stage 5. 19-21 days

At 19 days after oviposition, anlagen of gnathal
and thoracic appendages make their appearance (Figs. 71,
72). The embryo comes out with the posterior abdominal
half on the vyolk, and this developing abdomen consists
of ten segments.

At 21 days after oviposition, the gnathal segments
of the embryo commence to move forward, and paired spira-
cles are observed from the second thoracic to the eighth

abdominal segment (Fig. 73).



Stage 6. 23-25 days

At 23 days after oviposition, the gnathal segments
become more compact than in the prior stage. The spira-
cles of the second and third thoracic'segments disappear
and a pair of new spiracles appears on the first thoracic
segment (Fig. 74). Paired swellings arise on the ventral
surface of the first eight abdominal segments (Fig. 75),
and they are arranged in.a row with the developing thora-
cic appendages. The swellings do not develop further.

At 25 days after oviposition, the head and caudal
end of the embryo almost touch each other (Fig. 76) and

it is just before revolution.

Stage 7. 25-31 days

At 25 to 27 days after oviposition, the revolution
occurs and the manner of the revolution is shown diagram-
matically in Figs. 77, 78, 79. The dorsal closure fini-

shes shortly after the revolution.

Stage 8. 31-33 days

At 31 days after oviposition, the embryo almost gets
an appearance of the first instar 1larva (Fig. 80) and
gets an egg tooth on the top of the head, and stays in
the egg for one or two days. As the hatching is coming

- to, mandibular tips become fulvous.



Stage 9. First instar larva

At ca. 33 days after oviposition, the first instar
larva hatches. Its body length is ca. 2mm (Fig. 12) and
has no eyes. On the medioventral line of the first eight
abdominal segments has a median minute process 1in each
one (Fig. 13), and those of the fifst aﬁd sécond thoracic
segments are especially mimute. The newly hatched larva
bears relatively 1long setae, but has no dorsal processes

existing in P. pryeri.

Bittacus laevipes

Stage 2. 3-4 days

At 3 days after oviposition or shortly after the
blastoderm completion, a part of the blastoderm becomes
thick and forms a circular germ disk that is ca. 200pm in

diameter (Fig. 81).

Stage 3. 4-20 days

At 4 days after oviposition, the germ disk widens
(Fig. 82), and the germ disk or germ band becomes pear-
shape at 5 days (Fig. 83).

As development proceeds the narrow germ band elon-
gates, and at 9 days after oviposition it has a body

length of a fourth of the egg circumference (Fig. 84).



Stage 4. 20-50 days

At 20 days after oviposition, head lobes of the em-
bryo become distinguishable (Fig. 85), but the segmenta-
tion of the embryo is not discernible.

At 25 days, segments from the intercalary to the
tenth abdominal are observed though indistinctly, and a
shallow pit or rudimental stomodaeum appears in the center
of the head lobes (Fig. 86). A pair of labral rudiments
is formed.

At 35 days after oviposition, the labral rudiments
increase in size and antennal anlagen occur (Fig. 87).
The rudimental stomodaeum invaginates deeper. The embryo
elongates to the length of a half of the egg circumference.

At 45 days, the paired labral rudiments begin to
fuse, and anlagen of the mandible, maxilla and labium

develop in this stage (Figs. 88, 89).

Stage 5. 50-65 days

At 50 days after oviposition, the embyro elongates
and its length corresponds to three quarters of the egg
circumference. At the same time, anlagen of thoracic
appendages are discernible (Fig. 90).

At 55 days, the labral rudiments almost fuse and the
opening of the developing stomodaeum is hiden by them
(Fig. 91). The anlagen of the thoracic appendages elon-

gate.



Stage 6. 65-248 days

At 65 days after oviposition, the distal parts of
both rudimental mandibles turn medioventral, and each
pair of the developing thoracic appendages meets with
their apexes on the medioventral line of the embryo (Fig.

92). The embryo gets into diapause at this stage.

Stage 7. 248-262 days

Although almost all embryos get into diapause at
about 65 days after oviposition, the time of the termina-
tion of diapause 1is difference between embryos to some
extent. The day from the termination of diapause to
hatching, however, 1is approximately regualr, so that the
author set the day of the termination of diapause to the
248th day from oviposition for the convenience of follow-
ing descriptions.

From 248 days to 260 days after oviposition, the
developing gnathal appendages shift their positions as
shown in Figs. 93, 94, 095, 96. The maxillary rudiment
differnetiates into two parts, i.e., the lateral one is
the developing maxillary palp and the medial one is
further divided into the future galea and lacinia, and
the labral rudiment diminishes in size and shifts medio-
ventrally (Fig. 95).

At ca. 250 days after oviposition, paired spiracles



appear from the second thoracic to the eighth abdominal
segment, and on the ventral side of the abdomen there
appear twoc pairs of small processes in each of the first
eight abdominal segments. The outer processes are arrang-
ed in a row with the rudimental thoracic appendages (Fig.
94), and the inner processes become so-called abdominal
legs of the first instar larva in futufe.

At 260 days after oviposition, a pair of new spira-
cles appears on the first thoracic segment (Fig. 96), but
those of the second and third thoracic segments dis-
appear. Dorsal processes elongate and paired larval eyes

are discernible (Fig. 96).

Sﬁage 8. 262-268 days

At 262 days after oviposition, the yolk diminishes
in size (Fig. 97), and the embryo revolutes at ca. 263
days after oviposition (Fig. 98). After revolution, the
embryo finishes the dorsal closure. The embryo puts its
caudal end on any side of the head (Fig. 99) and puts it

on the opposite side at about a day later (Fig. 100).

Stage 9. 268-270 days

At 268 days after oviposition, the embryo almost
completes morphologically (Fig. 101). On the cranium an
egg tooth and a small process are found. The process 1is

made of a thickening of the ectoderm (Fig. 102), and



the author was not able to find innervations from the
brain to the thickening.

At half a day later, tips of the egg tooth and man-
dibles become fulvous, and the antennae and dorsal proces-

ses bear fulvous at one or more days later.

Stage 10. First instar larva

The first instar larva hatches at ca. 270 days after
oviposition, and 1is ca. 3.5mm in rlength (Fig. 14).
Paired larval eyes consist of seven ommatidia (Fig. 15).
Paired abdominal 1legs are observed on the first eight
abdominal segments. Long paired dorsal processes are
situated on the abdominal segments, though that of the
tenth segment is single. There are many clavate setae on

the body wall.

Boreus westwoodi

Stage 2.

After the completion of the thin cellular blastoderm,
the elliptic embryonic area or ventral plate which 1is
composed of vacuolated cells differentiates (Fig. 103).
The cells of 1its area are much thicker than those of the
extraembryonic one, and the lateral plates, and the middle
plate which later becomes the inner layer are distinguish-

able 1in the anterior part of the embryonic area (Fig.



104).

Stage 3.

As development proceeds, a pear-shaped embryo appears
(Fig. 105) and the ventral side of the embryo is covered
with the thick amnion (Fig. 106). The embryo elongates
and a notch appears in the center of the anterior margin

of the protocephalon (Fig. 107).

Stage 4.

A shallow invagination which is the future stomo-
daeum first becomes evident in the center of the proto-
cephalon, and the gnathal and thoracic segments are observ-
ed (Fig. 108). The caudal end of the embryo is located

on the posterior pole of the egg.

Stage 5.

The embryo elongates and its abdomen consists of ten
segments (Fig. 110). The width of the last three abdomi-
nal segments is narrower than that of prior segments. At
the same time, paired labral and_antennal rudiments appear
in the protocephalon (Fig. 109), and paired anlagen of
gnathal and thoracic appendages are also discernible.

As development proceeds, the gnathal segments shift
forward and then the labial anlagen move medioventrally

(Fig. 111). The developing thoracic appendages are com-



posed of three segments, and paired small swellings are
arranged in a row with the thoracic appendages on the

first eight abdominal segments (Fig. 112).

Larva

The larva is fat scarabaeiform or weevil larva-like
(Fig. 16), and the first thoracic legs are smaller than
the other thoracic legs. Although the larva has relatively
long setae, there are no dorsal processes which occur

in P. pryeri andAE. laevipes.

The middle and late embryonic development of P. pry-

eri, Pd. paradoxa, B. laevipes and Bo. westwoodl is summa-

rized in Table 2 on the following page.

V. Change of egg size and hatching

Panorpa pryeri, Panorpodes paradoxa and Bittacus laevipes

As for measurement of eggs, fixed eggs were always
employed.

The change of the egg size from oviposition to just
before hatching is shown in Fig. 113, and outlines of the
newly laid and full-grown eggskare drawn diagrammatically
in Fig. 114. The volume of the full-grown egg increased
ca. 2.5 tiﬁes large as that of the newly laid one in P.
pryeri, ca. 2.1 times in Pd. paradoxa, and ca. 3.4 times

in B. laevipes.



Table 2. Middle and late development of Panorpa pryeri,
Panorpodes paradoxa, Bittacus laevipes and Boreus
westwoodi

Stage

P. Pd. B. Bo. State of development
(1) 3 hr | (1) (1) 10 hr (1)| Pronuclei fuse.

22 hr 28 hr 3 days Blastoderm completes.
(2) 28 hr | (2) 32 hr (2) 3.5 days | (2)| Embryonic area appears.

46 hr 3 days | (3) 4 days | (3)| Inner layer differentiates.
(3) 51 hr | (3) 4 days 9 days Embryo is covered with amnion.

52 hr 10 days | (4) (4)| Labium appears.
(4) 54 hr | (4) 15 days Gnathal segments appear.

57 hr 17 days Thoracic segments appear.
(5) 60 hr | (5) 19 days 25 days | (5)| Ten abdominal segments appear.

70 hr 21 days | (5) 55 days Gnathal segments move forward.
(6) 80 hr (6) 65 days ~ | Spiracles appear from t2 to a8.

100 hr | (6) 23 days | (7) 260 days - | Spiracles appear on tl.
(7) 116 hr | (7) 26 days | (8) 263 days - | Embryo revolutes.
(8) 120 hr . 27 days 264 days - Dorsal closure completes.

130 hr | (8) 31 days | (9) 268 days | - | Egg tooth appears.
(9) 150 hr | (9) 33 days | (10) 270 days - Larva hatches.

The parenthesized number indicates the number of stage.

P., P. pryeri; Pd., Pd. paradoxa; B., B. laevipes; Bo.,

Bo. westwoodi; tl, 2, first and second thoracic segments;

a8, eighth abdominal segment.




The time of the hatching was roughly same in a same
egg cluster in P. pryeri and Pd. paradoxa, though the time
varies in a same cluster, and in some cases the difference
of the time becomes about a month in B. laevipes. The
larva cut the chorion with the egg tooth and came out
of the egg in P. pryeri. The newly hatched larvae often
eat the choria and also chopped insects in P. pryeri and
B. laevipes. However the newly hatched larvae of Pd.
paradoxa never eat the choria and chopped insects, so

that they seem to be not carnivorous.

Discussion on this item

There are not so many reports on the change of egg
size during the embryogenesis of mecopteran insects. Yie
(1951) studied in detail the change of egg size in P.
folsa. According to him, the egg volume just before
hatching gets ca. 2.2 times large as that of the newly
laid egqg.

The present data concerned with the rate of the
volume of the full-grown egg against the newly laid one
approximately agreed with the data obtained in other meco-

pteran insects, for example, ca. 2.6 times in P. nuptialis

(Byers, 1963), <ca. 4 times 1in B. stigmaterus (Setty,

1931) and ca. 3.5 times in Bo. notoperates (Cooper, 1974).

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

alis cut the chorion and came out from the egg as



observed in P. pryeri. The first instar larva of Bo.

notoperates has no egg tooth and cut the chorion with the

mandible according to Cooper (1974).

The fact that the newly hatched larvae of Panorpa
eat the <chorion 1is already known (Yie, 1951; Byers,
1963). As for Bittacus, however, this fact was confirmed

for the first time in B. laevipes.

VI. Formation of inner layer and embryonic envelopes

Panorpa pryeri

Middle in Stage 2, the future middle plate and late-
ral ones differentiate 1in the embryonic area, and the
future amnion becomes discernible in the anterior part of
the embryonic area (Fig. 115). Late in Stage 2, the
amniotic folds appear in the posterior and anterior mar-
gins of the embryonic area. At the same time, cells of
the embryonic area thicken a little near the posterior
pole of the egg (Fig. 116).

As development proceeds, the primitive groove arises
from near the posterior pole of the egg, and reaches to
the posterior part of the protocephalon at Stage 3 (Fig.
40). The amnion covers the large part of ventral surface
of the embryo. The manner of formation of the amniotic
fold is shown diagrammatically in Fig. 117. The extraem-
bryonic area becomes the serosa.

At the beginning of Stage 3, the amnion almost



covers the embryo. At the same time, several cells of
the middle plate begin to invaginate at the preoral
region (Fig. 118).

Middle in Stage 3, the middle plate becomes multi-
cell layers at the preoral region (Fig. 119). At the post-
oral region, however, the inner layer formation already
commences in the manner of the invagination of the tubular
middle plate (Fig. 120). Soon this tubular middle plate
begins to break.

Late in Stage 3, the ventral side of the embryo is
compoletely covered with the amnion, and the primitive
groove reaches to the anterior margin of the proto-
cephalon. At the preoral region, the multi-cell layered
middle plate invaginates as tubular-form (Fig. 121). The
primitive groove near the caudal end of the embryo begins
to close. At the end of Stage 3, the primitive groove

almost disappears at a whole region of the embryo.

Panorpodes paradoxa

Middle in Stage 2, the germ rudiment begins to invagi-
nate into the vyolk mass, and nuclei of the developing
serosa are heavily stained with hematoxylin as mentioned
before (Fig. 64).

Late 1in Stage 2, there occur the primitive groove
and inner layer on median 1line of the sac-like germ

rudiment (Fig. 122). The serosa becomes thin (ca. 15pam),



though the amnion keeps the original thickness.

Middle in Stage 3, the serosa becomes thinner (ca.
10pm), and the yolk spherules existing in cells of the
embryonic and extraembryonic areas disappear.

Late in Stage 3, the serosal cells become much thin-
ner (ca. 5um) and their nuclei become flat (Fig. 123). At
the end of Stage 3, the developing amnion becomes membrane-
ous (Fig. 124), and the inner layer at the protocephalon
spreads sideways, but the inner léyer‘ near the caudal

end still keeps a tubular form.

Bittacus laevipes

In Stage 3, it 1is observed that cells on the median
line of the embryo proliferate inward (Fig. 125), and
these cells become to be the inner layer or mesoderm.

As development proceeds, the inner layer cells increa-
se 1in number, and are found along the median line of the
embryo from the anterior end to the posterior one at the
middle of Stage 3 (Fig. 126).

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

face of the embryo.

Boreus westwoodi

In Stage 3, the middle plate which differentiated
in Stage 2 becomes a tubular form and invaginates on the

median line of the embryo (Fig. 106).



At the same time, the ventral surface of the embryo
is covered with the wvacuolated amnion. As development
proceeds, the tubular form of the middle plate breaks
down at the anterior part of the embryo (Fig. 127), but
persists in the posterior part of the embryo.

In Stage 4, the tubular form of the middle plate
finally disappears at the posterior part of the developing

embryo.

Discussion on this item

Johannsen and Butt (1941) classified the inner layer
formation of the pterygotes into following three types.
The first type 1is that the inner layer 1is formed by a
sinking middle plate which will be converted into a
sunken tube by the approach and fusion of the lateral
plates. The second type is that the inner layer is formed
by a sinking middle plate which 1is cut off from the
lateral plates. The third type is that the inner layer
is formed by the inward proliferation of the cells along
the median line of the embryo without the differentiation
of the middle plate.

The first type 1s observed in many holometabolan

insects, for example, Megaloptera, Sialis mitsuhashii
(Suzuki, Shimizu and Ando, 1981), Neuroptera, Chrysopa
perla (Bock, 1939), Trichoptera, Stenopsyche (Miyakawa,




1974a), Coleoptera, Tenebrio molitor (Ullmann, 1964), Di-

ptera, Dacus (Anderson, 1962), etc., and in some hemimeta-

bolan Hemiptera, i.e., Pyrilla perpusilla (Sander, 1956)

and Gerris paludum insuralis (Mori, 1969).

The second type 1s observed in Isoptera, Kalotermes

flavicollis (Striebel, 1960), Hemiptera, Oncopeltus fasci-

atus (Butt, 1949) and Hymenoptera, Apis mellifica (Nelson,

1915).
The third type 1is reported in some hemimetabolan
insects, i.e., Odonata (Ando, 1962), Blatta (Wheeler,

1889) and Orthoptera, Locusta migratoria migratorioides

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

Pteronidea ribessii (Shafiq, 1954). It is generally thought

that the third type 1is more primitive than two former
types.

In the some Lepidoptera, Peiris rapae (Eastham,

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

Chilo suppressalis (Okada, 1960), the type of the inner
layer formation differs ét the parts of_ the embryo, so
that several embryologists doubt the phylogenetic signifi-
cance as to the manner of the inner layer formation.
However it is also possible to regard the fact that the
differences in the inner layer formation occur as a sig-
nificant character for those lepidopteran species.

In P. pryeri, Pd. paradoxa and Bo. westwoodi, the

inner layer is formed by the first type same as in P.



communis (Wolf, 1961) and other many holometabolans. On
the other hand, in B. laevipes it is formed only by the
third type. Considering the little existence of the inner
layer formation by the third type in the Holometabola, it
seems that B. laevipes is more primitive than P. pryeri,
Pd. paradoxa and Bo. westwoodi in the inner layer formation.

In the psocopteran Liposcelis divergens (Goss, 1953)

and lepidopteran Pieris (Eastham, 1927) and Diacrisia
virginica (Johhansen, 1929), the developing amnion grows
by mitosis and covers the ventral surface of the embryo.
In P. pryeri and Pd. paradoxa, however, little mitoses 1in

the developing amnion were observed.

VII. Organogenesis

1. Ectodermal derivatives

i) Invaginations

a) Endoskeletons, salivary and anal glands

Panorpa pryeri

Six pairs of ectodermal invaginations were observed
in the cephalognathal’region in.this species (Fig. 128).
Namely, there apéear the anteriof and posterior tentoria,
extensor and flexor mandibular apodemes, maxillary apo-
demes and salivary gland. Moreovef the labral apodeme and
anal gland appear singly on the median line of the embryo.

Late in Stage 5, the paired invaginations of anterior

tentoria appear at the posterior parts of the intercalary



segment or anterolateral parts of bases of the mandibu-
lar appendages, and paired invaginations of salivary
glands arise at the posteromedial parts of bases of the
labial appendages (Fig. 129).

Middle in Stage 6, the paifed invaginations of flexor
mandibular apodemes arise at the posterolateral parts of
bases of the mandibular appendages, and the paired invagi-
nations of posterior tentoria appear at the anterolateral
parts of bases of thé labial appendages (Figs. 130, 131).
At the same time, tips of the invaginations of the
salivary glands become sac-shaped at the second thoraéic
segment.

In Stage 7, maxillary apodemes begin to invaginate
at the posteromedial part of bases of maxillary appenda-
ges. The distal ends of the both posterior tentoria fuse
with each other and form a central body, and then distal
ends of the both anterior tentoria fuse with the central
body (Fig. 132). The developing flexor mandibular apode-
mes become L-shaped in the transverse section of the mid-
dle portion. The rudiments of extensor mandibular apocde-
mes arise at the anterior parts of the madibular bases.
The openings of the rudimental salivary glands fuse with
each other forming a common duct. From there, the forked
ducts extend to the third thoracic segment, and the sac-
shaped distal ends occupy the first and second abdominal

segments.



At the same time, a shallow invagination which 1is
the rudiment of the median labral apodeme is formed at
the dorsocentral point of the clypeolabral suture, and
the other shallow invagination which also makes its appea-
rance between the ninth and tenth abdominal segments on
the medioventral line.

Middle in Stage 7, the median labral apodeme becomes
deeper (Fig. 133), and frbm its distal end muscles extend
posteriorly.

Middle in Stage 8, the developing anal gland becomes
deeper and its surrounding mesodermal cells begin to dif-
ferentiate into muscles and fat bodies, but the depth of
the median labral apodeme is same as in the prior stage.

Fig. 134 shows the endoskeletons of the first instar
larva aiagrammatically. Only the tentoria directly con-
tinue with the cuticle of the cranium (Fig. 135). The
maxillary apodemes indirectly connect with the labium
thrbugh the me%braneous zoﬁe or conjunctiva. The mandibu-
lar apodemes only connect with the conjunctiva located
between the mandible and cranium (Fig. 136).

The anal gland of the first instar larva 1is often

surrounded with fat bodies (Fig. 137).

Panorpodes paradoxa and Bittacus laevipes
In Pd. paradoxa and B. laevipes, six pairs of ectoder-

mal invaginations with two other single ones at the similar



regions of embryos are found as in P. pryeri.

In Pd. paradoxa, ectodermal invaginations arise at
the end of Stage 4 without a 1labral apodeme and anal
gland which are formed in Stage 6. The lumen of the
gland of the first instar larva is filled with the cyto-
plasm of the gland cells.

In B. laevipes, ectodermal invaginations begin to
appear at the end of Stage 5 without a labral apodeme and
anal gland which arise at the end of Stage 7. The anal
gland of the first instar larva has a lumen as in P.
pryeri.

In Bo. westwoodi, the anal gland was not found in

the larva.

Discussion on this item
At the cephalognathal region, four pairs of the ecto-
dermal invaginations appear in many insects, viz., Odo-

nata, Epiophlebia superstes (Ando, 1962), Trichoptera,

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

ham, 1930), Hymenoptera, Apis (Nelson, 1915), etc. The
paired anterior tentoria invaginate from the posterior
part of the intercalary segment or the anterior margin of
the mandibular segment. The mandibular apodemes appear
at the posterior part of the mandibular segment. In the

Coleoptera, Lytta viridana (Rempel and Church, 1971), Tene-

brio (Ullmann, 1967), Diptera, Chilo (Okada, 1960) and P.



pryeri, two pairs of mandibular apodemes, i.e., flexor
and extensor mandibular ones éppear.

The paired posterior tentofia arise at the posterior
part of the maxillary segment or the anterior part of the
labial segment, but they appear at the anterior part
of the maxillary segment in Locusta (Roonwal, 1937).

Eastham (1930) considered that the arrangement of
cephalic apodemes follows a metameric sequence, and this
view 1s generally accepted. There are, however, some
disputes concerned with the association of some apodemes,
especially the anterior tentorium, with particular seg-
ments.

Eastham (1930) and Ullmann (1967) maintained that
the anterior tentoria are derived from the antennal seg-
ment, because they observed that the invaginations of
anterior tentoria appeared at the posterior part of the
antennal Dbase. Okada (1960), and Rempel and Chruch
(1971) associated this tentoria with the intercalary seg-
ment, and the author agrees with them in P. pryeri, Pd.
paradoxa and B. laevipes, because the anteriorAtentorial
invaginations never arise at the base of the antennae.

Rempel and Church (1971) found the paired labral
apodemes in Lytta and suggested the possibility of the
appendicular nature of the labrum. The labral apodeme of
P. pryeri, gé..paradoxa and B. laevipes, however, deve-

lops singly from 1its appearance, so that this apodeme



seems not to be the true one being a mark of the metamerism,
The central body of the tentorium is derived from
the posterior tentorial invaginations in the odonatan

Tanypteryx pryeri (Ando, 1962), Locusta (Roonwal, 1937),

Tenebrio (Ullmann, 1967) and Lytta (Rempel and Church,
1971), or from the anterior tentorial invaginations in

the coleopteran Calandra oryzae (Tiegs and Murray, 1938).

The formation of the central body is the same as in the
former group in P. pryeri, Pd. paradoxa and B. laevipes.
Rempel and Church (1971) associate the extensor man-
dibular apodeme with the antennal segment in Lytta. The
author could not determine the association of the extensor
apodeme, because the invagination of the apodeme appears
between the anterior part of the mandibular base and the
posterior part of the antennal base. Considering, how-
ever, that only one pair of the ectodermal invaginations
is allowed to be basically associated with one segment in
the cephalognathal region (Eastham, 1930; Matsuda, 1965;
Ullmann, 1967), the extensor mandibular apodemes should
be associated with the antennal segment, because the
flexor apodeme is associated with the mandibular segment,
and the anterior tentorium is associated with the interca-
lary segment in P. pryeri, Pd. paradoxa and B. laevipes.
The existence of the anal gland is unknown in insects
without in P. pryeri, Pd. paradoxa and B. laevipes. The

anal glands of some coleopteran insects appear in the



epidermis of the rectum (Snodgrass, 1935) and are a diffe-
rent organ from that of the mecopteran insects. The anal
glands of P. pryeri, Pd. paradoxa and B. laevipes seem to
have a spinal nature, because it arises as a sinéle in-
vagination and has little giandular features at least in

the first instar stage.

b) Corpora allata and prothoracic glands

Bittacus laevipes

In Stage 7, there appears a pair of cell masses in
the ectoderm just in front of the invaginating anterior
tentoria (Fig. 138). The mass consists of about a dozen
cells which their cytoplasm is stained faintly with eosin,
and this mass is the rudimental corpus allatum.

At the end of Stage 7, the anlage of the corpus alla-
tum moves inward keeping a connection with the body wall
and 1is situated between the anterior tentorium, flexor
mandibular apodeme and suboesophageal ganglion (Fig. 139).

In Stage 8, the rudimental corpus allatum loses its
connection with the body wall, and takes a position on
the side of the stomodaeum at the posterior margin of the
cranium of the embryo which is the same as that of the
first instar larva (Fig. 140).

On the other hand, a shallow ectodermal invagination
becomes visible at the anterior margin of the first thora-

cic segment on the medioventral line at the end of Stage



7. The invagination deepens and passes between the deve-
loping interganglionic connectives, and the distal part
of the invagination grows bilaterally and the cytoplasm
of the parts becomes to be stained faintly with eosin
(Fig. 141). These distal parts are likely to be future
prothoracic glands.

The author failed to observe the further development
of these rudiments. The prothoracic glands are found on
the connectives in front of the first thoracic ganglion

in the first instar larva (Fig. 142).

Panorpa pryeri and Panorpodes paradoxa

In P. pryeri, a pair of cell masses appears at the
posterior part of the intercalary segment or in front of
the 1invaginations of the developing anterior tentoria
(Fig. 129). The cell mass 1is composed of four to five
cells which have nuclei poorly stained with hematoxylin,
and this cell mass seems to be a future corpus allatum.

The author could not follow the further development
of the corpora allata.

The corpora allata of the first instar larva of
these species are located just behind of the corpora

cardiaca (Fig. 169).

Discussion on this item

The origin of the corpora allata is generally con-



sidered as ectodermal (Nelson, 1915; Eastham, 1930; Roon-
wal, 1937; Ando, 1962; etc.), though Tiegs and Murray
(1938) suggested that the corpora allata are derived from
the antennal coelomic sac, i.e., mesodermal origin in
Calandra.

The original segment of the corpora allata, however,
seems to be not fixed, namely is associated with the inter-
calary segment in P. pryeri and B. laevipes; with the
mandibular segment in dragonflies (Ando, 1962), Pieris
(Eastham, 1930), Chilo (Okada, 1960); or with the maxil-
lary segment in Apis (Nelson, 1915), Oncopeltus (Dorn,
1972}, Lytta (Rempel, Heming and Church, 1977), Stenopsy-
che (Miyakawa, 1974b).

The developing corpora allata are surrounded with
the cellular sheath derived from the antennal mesoderm in
Locusta (Roonwal, 1937), but this phenomenon was never
observed in P. pryeri, Pd. paradoxa and B. laevipes.

The corpora allata of P. pryeri and Pd. paradoxa
finally become to be close together with the corpora cardi-

aca, and this fact is also observed in Chilo (Okada, 1960),

Oncopeltus (Dorn, 1972) and Lytta (Rempel, Heming and
Church, 1977).

The prothoracic glands are generally derived from a
pair of invaginations formed at the posteroventral margin
of the labial segment or the anteroventral margin of the

first thoracic segment (Okada, 1960; Ando, 1962; Miyakawa,



1974Db). The prothoracic glands of B. laevipes seem to be
derived from a single invagination and have some doubts
- about its formation. Recently, however, Rempel, Heming
and Church (1977) reported that the prothoracic glands of
Lytta are derived from a single invagination at the
labial-prothoracic intersegmental region on the medioven-

tral line as in B. laevipes.

c) Tracheae

Panorpa pryeri

Late in Stage 5, paired tracheal invaginations become
evident (Fig. 143) on the second thoracic segment to the
eighth abdominal segment. They locate at the anterolat-
eral parts of bases of the developing second thoracic
appendages and comparable regions of each of following nine
segments. These invaginations are shallow, however the
spiracles disappear, and a pair of new spiracles is found
than others and grow anteriorly. Middle in Stage 6, the
tracheal rudiments in the mesothorax begin to fork (Fig.
144), while the other invaginations possess the original
depth.

In Stage 7, the mesothoracic tracheal rudiments elon-
gate into the gnathal segmeﬁt, and then their openings or
spiracles disappear, and a’pair of new spiracles is found
on the posterior part of the prothorax (Fig. 53). These

new spiracles seem to be anterioly shifted spiracles of



the mesothorax, because the tracheal invaginations are
never found on the pro- and mesothoracic segments at
once, and the tracheal invaginations on the prothorax
already have 1long branched tracheal trunks from their
first appearance. The openings of the tracheal invagina-
tions on the metathorax become to be vestigial. Each of
tracheal invaginations connects with those of the ante-
rior and posterior segments by Stage 8. Late 1in the
stage, the proximal parts of the tracheal invaginations
commence to form rudimental atriums. The openings of the
tracheal invaginations on the metathorax finally close,
though vestigial tracheal trunks contact with the inner
side of the body wall (Fig. 145) and the connections are
observed also in the first instar larva.

In Stage 9, the developing atriums become chitinous,
and those of the first instar larva have chitinous compart-

ments around the openings (Fig. 146).

Panorpodes paradoxa and Bittacus laevipes

The tracheal formation of Pd. paradoxa and B. lae-
vipes is similar to that of P. pryeri.

In Pd. paradoxa, late in Stage 5, paired tracheal
invaginations appear on the mesothoracic segment to the
eighth abdominal segment, and in Stage 7 in B. laévipes.
A pair of tracheal invaginations shifts from the mesotho-

racic segment to the prothoracic one in Stage 6 in Pd.



paradoxa and late in Stage 7 in B. laevipes, while the
openings of the tracheal invaginations on the metathoracic
segment disappear. The vestigial tracheal trunks of the
metathoracic segment, however, are contacting with the
inner side of the metathoracic body wall in the first
instar larvae of Pd. paradoxa and B. laevipes as in P.

pryeri.

Discussion on this item

The embryonic development of the tracheal system is
investigated in detail by Ando (1962), and Rempel and
Church (1972).

The paired tracheal invaginations at first arise on
the mesothoracic segment to the seventh or eighth abdo-
minal segment of the embryos in many insects, for example,
in the Odonata (Ando, 1962), Locusta (Roonwal, 1937),

Siphonaptera, Ctenocephalides felis (Kessel, 1939), Tene-

brio (Ullmann, 1967), P. pryeri, Pd. paradoxa and B. lae-
In Locusta (Roonwal, 1937), the spiracles of the
meso- and metathoracic segments migrate forward as develop-
ment proceeds, and finally the former is located at the
pro- and mesothoracic intersegmental =zone, and the latter
at the posterior margin of the mesothoracic pleuron.
In the holometabolan embryos, the migration of the

mesothoracic spiracles to the prothoracic segment is known



in Ctenocephalides (Kessel, 1939), Lytta (Rempel and

Church, 1972), P. pryeri, Pd. paradoxa and B. laevipes,
so that the prothoracic spiracles of these species are
apparenﬁly originated from the mesothoracic segments, and
this fact supports Matsuda's view (1970) that in the
Holometabola, "the anterior thoracic spiracle has shifted
its position anteriérly from the primitive position on the
mesothorax".

Snodgrass (1935) suggests that in the adult of aptery-

gote Japygidae, Heterojapyx gallardi, the spiracles of

the thorax do not correspond in their position to those
of the abdomen, so that the thoracic spiracles are not
serially homologous to the abdominal spiracles.

The thoracic spiracles, however, of P. pryeri, pPd.
paradoxa and B. laevipes are apparently arranged in a row
with the abdominal spiracles during the embryonic stage,
therefore the author believes that the thoracic spiracles
are serially homologous to the abdominal ones. ﬂ

In the hymenopteran Apis (Nelson, 1915) and Athalia
(Faroogi, 1963), a pair of tracheal invaginations arises
in the maxillary segment in the embryonic stage, and in
Apis, tracheal trunks in the head are derived from these
invaginations. However in P. pryeri, Pd. paradoxa and
B. laevipes those invaginations were never observed.

Duriﬁg the embryogenesié, the spiracles of the meta-

thoracic segment disappear, and the only vestigial tra-



cheal trunks connect with the inner side of the body wall
in the first instar larvae in P. pryeri, Pd. paradoxa and
B. laevipes. The same fact 1is reported by Rempel and

Church (1972) in Lytta.

In the mecopteran Nannochoristidae, Choristella phil-

potti (Pilgrim, 1972), there are nonfunctional and vesti-
gial spiracles on the metathoracic segment in the larval
stage, and this fact seems to suggest the primitive
nature of this species from the result of the present

study.

1i) Oenocytes and trichogen cells

Panorpa pryeri

In Stage 7, there are found paired cell masses in
the ectoderm at just posteromedial positions of the spira-
cles of the first eight abdominal segments. These cell
masses are stained poorly with hematoxylin and consist
of four to five cells which are large in size (ca. 20um)
and have large nuclei (ca. 10pum in diameter) (Fig. 147).
These cell masses are the rudimental oenocytes. On the
other hand, there are also observed paired cell masses in
the ectoderm at the medial parts of bases of the deve-
" loping dorsal processes on the first nine abdominal seg-
ments. These cell masses consist of ten to twelve cells
which have the similar characters as appeared in the rudi-

mental oenocytes. Moreover there arise paired cell



masses 1in the ectoderm at the lateral parts of bases of
the developing abdominal legs of the first eight segments.
These cell masses contain five to six cells which have
the similar characters as the rudimental oenocytes.

Late in Stage 9, all of these cell masses become to
be stained much lighter with hematoxylin, and they are
situated at almost original positions contacting with the
inner side of the body wall in the first instar larva.
During the embryogenesis, cell divisions of the oenocytes
were never seen.

On the other hand, there are observed some cells
which have larger nuclei (ca. 15um in diameter) and cyto-
plasmic processes toward the body surface. They are the

rudimental trichogen cells.

Panorpodes paradoxa and Bittacus laevipes

In Pd. paradoxa, the rudimental oenocytes appear as
pairéd cell masses in the ectoderm at just posteromedial
pa?t‘ of the spiracles of the first eight abdominal seg-
ments in Stage 5 (Fig. 149), and in Stage 7 in B. lae-
zigg§ (Fig. 148). In gg. paradoxa, this cell mass con-
sists of seven to eight cells and the nuclei of the cells
are 5 to 6um in diameter and slightly larger than those
of the surrounding ectodermal cells.

In B. laevipes, this cell mass contains about ten

cells which are stained lightly with hematoxylin and have



large nuclei (ca. 7pm in diameter). At the same tine,
rudimental trichogen cells become apparent in the ectoderm
of the body wall, and the oenocytes are still found in
the first instar larvae in Pd. paradoxa and B. laevipes
as in P. pryeri.

The oenocyte-like cell masses which are found at the
both sides of the rudimental oceonocytes in P. pryeri are
never found through the embryonic stage in Pd. paradoxa

and B. laevipes.

Discussion on this item
The oenocytes appear in the ectoderm at the postero-
medial parts of the spiracles on the first seven or eight

abdominal segments in many insects, i.g., the orthopteran

Locusta (Roonwal, 1937), neuropteran Chrysopa (Bock,
1939), lepidopteran Diacrisia (Johannsen, 1929), coleo-
pteran Euryope terminalis (Paterson, 1932), dipteran Aedes
Vaegypti (Raminani and Cupp, 1978), etc. - In P. pryeri,

Pd. paradoxa and B. laevipes, the manner of the oenocyte
formation is the same as in the above mentioned species.
The existence of the oenocyte-like cell masses found at
the both sides of the oenocytes in P. pryeri may be
unknown in other insect embryos. '

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

that the oenocytes does not increase in number during the

embryonic stage, but they increase in number in Euryope



(Paterson, 1932).

The rudimental trichogen cells newly appear at the
stage when oenocytes are formed, and the nuclei of tricho-
gen cells are larger than those of the oenocytes in P.
pryeri, Pd. paradoxa and B. laevipes. These characters
of the trichogen cells are also observed in Chrysopa

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

iii) Nervous system
a) Ventral nerve cord

Panorpa pryeri

Late in Stage 4 or at the beginning of Stage 5, neuro-
blasts are discernible in the ectoderm of gnathal and
following segments on both sides of the medioventral line
of the embryo (Fig. 150). These cells are easily distingu-
ished from the surrounding ectodermal cells, since they
are stained lightly with hematoxylin, large in size (ca.
20pm) and have large nuclei (10 to 12pm in diameter).
There are about ten neuroblasts on each side of the seg-
ment in the thoracic region. At the same time, there
appears a shallow furrow along the medioventral line, and
it is the rudimantal neural groove.k'

Late in Stage 5, the number of neuroblasts increases
to fifteen to twenty on each side of the thoracic ségment.
In Stage 6, the neuroblasts repeat mitoses and pile up

inward two rows of daughter cells which become the future



ganglion cells. The peripheral daughter cells become to
be slightly flat and cover the developing ganglia (Fig.
151).

On the other hand; the neural groove deepens and the
ectodermal cells of the medioventral 1line become to be
situated between the developing ganglia. They are the
rudimental median cord. As development proceeds, 1in the
developing median cord, there occur three to four cells
which are stained lightly with hematoxylin and have large
nuclei (ca. 10um in diameter) (Fig. 152). They are similar
to the neuroblasts as to the above mentioned characters
and are found in each of segments.

Middle 1in Stage 6, the paired developing ganglia
begin to connect with each other by two commissures,
though by only one commissure in the mandibular segment.
The neuroblast-like cells of the median cord seem to
participate in the formation of the glial elements (Fig.
153). At the same time, the peripheral daughter cells
mentioned before begin to be membraneous, and seem to be
the developing neurilemma.

Each ganglion in which the neuropiles do not vyet
differentiate 1is connected with adjacent ganglia by two
connectives. The median cord almost loses its connection
with the ventral epidermis. At the interganglionic regi-
ons, median cord cells do not participate in the ganglion

formation and degenerate during the late embryogenesis.



Late in Stage 6, the ganglia of the mandibualr, maxil-
lary and 1labial, and of the eighth to the tenth abdominal
segments begin to gather. In Stage 7, these ganglionic
concentrations further proceed, and the former forms a
large suboesophageal ganglion at the posterior part of
the head, and the latter forms a large synganglion at the

eighth abdominal segment.

Panorpodes paradoxa, Bittacus laevipes and Boreus westwoodi

The formation of the ventral nerve cord in Pd. para-

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

pryeri. In Pd. paradoxa and B. laevipes, at the end of
Stage 4, neuroblasts are distinguishable in the ectoderm
of the gnathal and following segments on both sides of
the medioventral 1line (Fig. 154). In each of thoracic
and abdominal segments, there are about a dozen neurobla-
sts on each side of the segment, and several large cells
of the median cord seem to take part in the glial element
formation in Pd. paradoxa and B. laevipes as in P. pryeri.

In Stage 6, the gnathal ganglia start gathering toge-
ther, and the same tendency is observed in the eighth
to the tenth abdominal ganglia of Pd. paradoxa and B.
laevipes.

In Bo. westwoodi, neuroblasts are discernible in the
gnathal and following segments at the end of Stage 4, and

about ten neuroblasts are counted on each side of the



thoracic segments (Fig. 155).

b) Brain

Panorpa pryeri

Late 1in Stage 4, there arise three pairs of the
protocephalic ectodermal bulges (Fig. 156) in which there
are found some round cells, namely neuroblasts.

Middle in Stage 5, the neuroblasts increase in num-
ber and are stained lightly with hematoxylin (Fig. 157).
These neuroblasts begin to form the tissues of lobus 1, 2
and 3 of the future protocerebrum. At the same time,
paired neuroblast masses of which the future deutocerebrum
are found in the ectoderm at both sides of the developing
stomodaeun. On the other hand, a pair of neuroblast mas-
ses appears 1in the intercalary segment, and these masses
develop to the future tritocerebrum. Fig. 158 ‘shows dia-
grammatically the distributions of the ganglia and
mesodermal cells of the cephalognathal region 1in this
stage.

Middle in Stage 6, the neuroblasts of the lobus 1, 2
and 3 produce a large number of daughter cells by division
and these 1lobi begin to be free from the protocephalic
body wall. There is also a pair of small neuroblast
masses at the median parts of the innermost lobi, namely
lobi 3, and these masses seem to be lobi 3' (Fig. 159).

The lobus 1, 2, 3 and 3' fuse with each other to form the



future protocerebrum, and at this time, this developing
proto-, deuto- and tritocerebrum become to connect with
neighbors. The optic plate differentiates in the protoce-
phalic body wall connecting with the lobus 1 (Fig. 160).

In Stage 7, the paired lobi 3 are connected by the
commissure, and the connective also appears between the
proto- and deutocerebrum, and neuropiles are formed in
the developing brain. The lobus 1 differentiates into
the proximal and distal parts (Fig. 161), and the former
is the future medulla, and the latter 1is the future
lamina ganglionaris. The commissure of tritocerebrum loca-
ted beneath the developing stomodaeum is formed (Fig. 132).

In Stage 9, the brain of the embryo reaches its com-
pletion. In the upper part of the lobus 2, there arise
two to three round cells which have large nuclei (ca.
20pm in diameter). These nuclei are little stained with
hematoxylin and contain a few particles stained with
eosin. Regarding their position, they are probably consi-
dered as globuli cells of the corpora pedunculata. At the
same time, the innervations are found from the deutocere-
brum to the antennae, and also from the tritocerebrum to
the frontal ganglion.

In the lobus 1, about a dozen cells which are stain-
ed slightly deeper with hematoxylin than surrounding
cells are discernible at the distal margin of the medulla

(Fig. 162). Their cytoplasm is stained darkly with eosin



in the first instar larva. Fig. 163 shows diagrammatical-

ly the brain of the first instar larva.

Panorpodes paradoxa, Bittacus laevipes and Boreus westwoodi

In B. laevipes, there are three pairs of the proto-
cephalic bulges middle in Stage 4. Late in the stage,
neuroblasts appear in the protocephalic ectoderm. The
following embryonic development of the brain, including
those of Pd. paradoxa, is basically the same as those of
P. pryeri.

In Pd. paradoxa, neuroblasts appear in the protocepha-
lic ectoderm late in Stage 4, and in Stage 5 in Bo.

westwoodi.

c) Stomatogastric nervous system

Panorpa pryeri

Middle in Stage 5, three evaginations first become
apparent along the mediodorsal 1line of the developing
stomodaeum (Fig. 164). The future stomatogastric nervous
system is derived from these three evaginations.

Middle in Stage 6, the evaginations elongate forward
along the stomodaeal roof (Fig. 165). The rudiment of
the frontal ganglion arises from the anterior evagination,
those of the recurrent nerve and the hypocerebral ganglion
are derived from the median and posterior evaginations

respectively. As development proceeds, the tubular form



of the evaginations begins to break down.

In Stage 7, the developing frontal ganglion migrates
forward, and the nerve fibers are formed within the
frontal and hypocerebral ganglia, and recurrent nerve.
The anlagen of the corpora cardiaca begin to differentiate
from the anteroventral part of the developing hypocerebral
ganglion which is situated near the bottom of the develop-
ing stomodaeum (Fig. 166).

Middle in Stage 7, the openings of the anterior two
evaginations close, and then that of the posterior one
also closes. Middle in Stage 8, the rudimental corpora
cardiaca begin to shift laterally (Fig. 167).

In the first instar larva, the corpora cardiaca are
located at the posterolateral parts of the hypocerebral
ganglion (Fig. 168). There observes a pair of paracardiac
nerves which run forward from the anterior ends of the
corpora cardiaca. On the other hand, the corpora allata
unite withJ the posterior ends of the corpora cardiaca

(Fig. 169).

Panorpodes paradoxa and Bittacus laevipes

In Pd. paradoxa and B. laevipes the stomatogastric
nervous system 1is formed from the three evaginations
which arise at the stomdaeal roof in the beginning of
Stage 5 (Fig. 170), and the formation of the system 1is

fundamentally the same as that of P. pryeri.



Discussion on this item

The embryogenesis of the brain in P. pryeri, Pd.
paradoxa and B. laevipes is similar to those observed in
other insects (Roonwal, 1937; Kessel, 1939; Ando, 1962;
Miyakawa, 1974b).

In Tenebrio (Ullmann, 1967), the neuroblasts do not
appear in the lobus 1 or the optic lobe through the embryo-
genesis. The neuroblasts, however, apparently arise in
the lobus 1 in P. pryeri, Pd. paradoxa and B. laevipes.
Furthermore Ullmann (1967) states that the 1lobus 1 1is
derived from the ectodermal invagination, and the same
manner of the lobus 1 formation is known in Lytta (Rempel,
Heming and Church, 1977), though in P. pryeri, Eg.
paradoxa and B. laevipes the lobus 1 is never derived
from the ectodermal invagination as observed above mention-
ed species.

The stomatogastric nervous system oriéinates from an

evagination of the stomodaeal roof in Epiophlebia (Ando,

1962). Howerver in Chilo (Okada, 1960) and Aedes (Rami-
nani and Cupp, 1978), no evaginations appear and the
system 1is derived directly from the epipharyngeal roof.
In P. pryeri, Pd. paradoxa and B. laevipes, the system
originates from three evaginations of the stomodaeal roof
as known in many other insects (Roonwal, 1937; Tiegs and

Murray, 1938; Ullmann, 1967; Rempel and Church, 1969;



Miyakawa, 1974b).

As for the embryogenesis of the ventral nerve cord,
there are two problems. The first is the participation
of the median cord in the glial element formation, and
the second is the origin of the neurilemma.

Baden (1936) suggested that the median cord partici-
pates 1in neither ganglionic formation nor other organic
formation, and degenrates. It seems to be the general
view, however, that the median cord takes part in the
formation of the glial elements or neuropiles (Okada,
1960; Springer, 1967; Springer and Rutschky, 1969; Miya-
kawa, 1974b; etc.), and the result of the present study
seems to agree with this view.

As for the origin of the neurilemma, there are three
views, i.e., the first is the lateral cord origin (Nelson,
1915; Eastham, 1930; Roonwal, 1937; Ando, 1962; Ashhurst,
1965), the second is the median cord origin (Tiegs and
Murray, 1938; Okada, 1960), and the third is the mesoder-
mal origin (Baden, 1936; Larink, 1969). In P. pryeri,
the peripheral ganglionic cells derived from the lateral

cord seem to form the neurilemma.

iv) Sense organ - larval eyes

Panorpa pryeri

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

embryonic head, rudimental optic plates become evident,



and they are thicker than surrounding ectodermal parts
and connected with rudimental postretinal fibers of lobi
1. Simultaneously the cell arrangeﬁent of developing
optic plates begin to bé irfegular (Fig. 160).

In Stage 7, rudiments of the retinular and Semper's
cells differentiate in the developing optic plates, and
crystalline cones are formed by the Semper's cells (Fig.
l6l).

Middle in Stage 9, the developing crystalline cones

become conspicuous (Fig. 171), because they are not stain-
ed with hematoxylin or eosin. Rudimantal rhabdoms are
descernible beneath the crystalline cones. On the surface

of the developing larval eyes, there is a corneal zone of
1 to 1l.5um-thick secreted by the corneagenous cells or
primary pigment cells, and a basement membrane is distingu-
ishable. As development proceeds, the cornea thickens to
ca. 6um-thick in maximum and that of the £first instar
larva shows slightly biconvex (Fig. 172). Judging from
its staining character, the cornea is divided into three
layers. The outer layer, ca. 4um-thick, is transparent,
the middle layer , ca. lum-thick, is stained with eosin
and the inner layer is stained with hematoxylin. The eyes
located near the posterior parts of the antennal bases
consist of about fhirty ommatidia severally. An ommatidium

has four Semper's cells and eight retinular cells.



Bittacus laevipes and Panorpodes paradoxa

In B. laevipes, the rudimental postretinal fiber.
appears beneath the developing optic plate middle in
Stage 5. The cell differentiation occurs in the optic
plate which begins to thicken in Stage 7, and the develop-
ing crystalline cones are discernible in Stage 8.

The components in an ommatidium of the first instar
larva (Fig. 173) are similar to those in P. pryeri.

In Pd. paradoxa, a rudimental postretinal fiber elon-
gates from the lobus 1 of the protocerebrum to the future
optic plate at the end of Stage 4 or the begin’ning of
Stage 5 (Fig. 174). In Stage 6, the rudimental optic
plate slightly thickens, though no cell differentiation
is observed. Late in this stage, however, the postretinal
fiber degenerates and the optic plate has no connection
with the lobus 1, and then the optic plate becomes again
thin (Fig. 175). As a result, the first instar larva of

Pd. paradoxa has no larval eyes.

Discussion on this item

Generally speaking, larvae of the holometabolan in-
sects have 1lateral ocelli or stemmata (Snodgrass, 1935;
Paulus, 1979), and the embryogenesis of the stemmata
seems to be fundamentally classified into two types. The
first +type 1is that the formation of the stemmata 1is

accompanied with the ectodermal invagination of the deve-



loping optic plate, and invaginated ectodermal cells diffe-
rentiate into retinular cells of the stmmata. This type

is reported in the coleopteran Hydrophilus (Patten, 1887).

The second type is that without ectodermal invagina-
tion of the optic plate, and the plate thickens and the
elements of the future stemmata including retinular
cells occur within the developing optic plate. This type

is known in the lepidopteran Ephestia kiihniella (Bus-

selmann, 1935) and Heliothis (Presser and Rutschky, 1957),
and the mecopteran P. pryeri and B. laevipes, and more-
over the compound eye formation of the hemimetabolan

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

(Butt, 1949) belongs to this type. The insects included
in the second type are divided into two groups further.
The first group has a typical ommatidium which has four

Semper's cells and eight retinular cells, and Epiophlebia

and Oncopeltus and other hemimetabolan insects belong to
this type (Snodgrass, 1935). The second group includes
the stemmata which has three Semper's cells and seven
retinular cells (Ephestia, Busselmann, 1935; Heliothis,
Presser and Rutschky, 1957).

The ommatidium of P. communis (Bierbrodt, 1942), P.
pryeri and B. laevipes has four Semper's cells and eight
retinular cells, so that they should be included in the
first group of hemimetabolan insects. Paulus (1979)

suggests that the stemmata of the second group mentioned



above is modified from the ommatidium of the hemimetabolan
insects. Accordingly the larval eyes of P. communis, P.
pryeri and B. laevipes are thought to be more akin to
those of the hemimetabolans than those of the coleopte-
rans on the manner of its development, and than those of
the lepidopterans on the degree of the modification of
the ommatidia.

In Pd. paradoxa, the first instar larva has no eyes,
this fact already observed by Issiki (1959), and this
character seems to be not palingenetic, but caenogenetic

judging from the embryogenesis.

2) Mesodermal derivatives
i) Segmentation of inner layer, formation of coelomic sac
and differentiation of splanchnic and somatic mesoderm

Panorpa pryeri

In Stage 4, mesodermal cells of the preoral region
lie scattered in the protocephalic 1lobes (Fig. 156).
Those o0f the gnathal segments begin to lie segmentally
and expand laterally (Fig. 176) before the segmentation
of the embryonic ectoderm while there exists a layer of
mesodermal cells at the intersegmental regions. In the
posterior part following the gnathal segments, however,
the segmentation of the mesoderm does not yet occur in
this stage, and the primary median mesoderm still distri-

butes on the medioventral line of the embryo. The meso-



dermal cells of caudal end of the embryo exist in a large
mass (Fig. 187).

In Stage 5, the segmentation of the mesoderm finally
reaches to the tenth abdominal segment. Simultaneously
paired coelomic sacs appear 1in therlateral sides of each
segment from the mandibular to the third abdominal segment
(Fig. 150).

Middle in Stage 5, coelomic sacs of the tenth abdomi-
nal segment are formed finally. In the part anterior to
the mandibular segment, coelomic sacs are found only in
the 1labral and antennal regions. Fig. 158 shows dia-
grammatically the distribution of the mesodermal cells
and coeloms in the cephalognathal region.

In Stage 6, the ventral wall of the coelom begins to
extend and lines the ectoderm of the embryo.

As development proceeds, the cells of the coelomic ventral
wall scatter and become rudimental somatic mesodermal
cells (Fig. 151). At the same time, the mesodrmal cells
of the dorsal wall persist their original cell arrangement,

and they are the future splanchnic mesoderm.

Panorpodes paradoxa, Bittacus laevipes and Boreus west-

woodi
In Pd. paradoxa and B. laevipes, mesodermal cells

distribute from the anterior end to the posterior end of



the embryo (Figs. 126, 177) middle in Stage 3, and in
Stage 4, the segmentation of mesoderm begins before the
ectodermal segmentation of the embryo.

In Pd. paradoxa, late in Stage 4, paired coelomic
sacs are formed 1in each of the gnathal and following
segments, and in Stage 5 in B. laevipes. In the cephalic
region, coelomic sacs of the antenna and labrum are
found, and in the abdominal segment the paired coelomic
sacs are discernible in each of ten segments in the both
species (Fig. 178).

The coelomic sacs of the gnathal and thoracic seg-
ments commence to differentiate into the developing somatic
and splanchnic mesoderm in Stage 5 in Pd. paradoxa, and
in Stage 6 in B. laevipes.

In Bo. westwoodi, the primary median mesoderm migra-
tes laterally in Stage 4. As development advances, the
segmentation of the mesoderm occurs in the gnathal and
thoracic segments before the ectodermal metamerization of
the embryo.

Late in Stage 4, the coelom formation begins (Fig.
155), and the wall of the coelom differentiates into the

somatic and splanéhnic mesoderm in Stage 5.

Discussion on this item
The segmentation of the mesoderm is generally prior

to the metamerization of the ectoderm of the embryo (Johan-



nsen and Butt, 1941; Ando, 1962; Rempel and Chruch, 1969)

and it is also true in P. pryeri, Pd. paradoxa, B. laevi-

pes and Bo. westwoodi.

Concerning the differentiation of the sqmatic and
splanchnic mesoderm, the splanchnic one arises from the
coelomic dorsal wall, and the somatic one occurs from
the ventral wall in general (Nelson, 1915; Bock, 1939;
Luginbill. 1953; Sander, 1956; etc.), and the differenti-
ation 1is wundergone in the same way in P. pryeri, Pd.
paradoka, B. laevipes and Bo. westwoodi.

In the Hemimetabola, coelomic sacs often appear 1in
the labral, antennal, intercalary and three gnathal seg-
ments in the cephalognathal region (Mellanby, 1936; Roon-
wal, 1937; Ando, 1962), and in the embryonic abdomen they
are found as far as the tenth (Ando, 1962) or eleventh
abdominal segment (Roonwal, 1937).

On the other hand, in the several Holometabola, coelo-
mic sacs of the intercalary segment disappear (Trichopte—
ra, Miyakawa, 1974c; Lepidoptera, Eastham, 1930; Shphona-
ptera, Kessel, 1939), and furthermore coelomic sacs of
the mandibular and maxilléry segments disappear in the
coleopteran Calandra (Tiegs and Murray, 1938) and hymeno-
pteran Athalia (Faroogi, 1963). 1In the trichopteran Steno-

psyche (Miyakawa, 1974c) and siphonapteran Ctenocephalides

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

ment do not appear during the embryonic development. In



P. pryeri, Pd. paradoxa, B. laevipes and Bo. westwoodi
comparing with the hemimetabolan insects, only the coelo-
mic sacs of the intercalary and eleventh abdominal seg-
ments disappear, so that in a point of the coelomic sac
development, mecopteran insects seem ﬁo possess the more
primitive character‘ than those of rholometabdlan insects

mentioned above.

ii) Circulatory system
a) Aorta

Panorpa pryeri

Middle in Stage 6, mesodermal cells located near the
bases of the rudimentary antennae become membraneous and
begin to elongate backward in the embryonic head (Fig.
179). This membraneous structure is to be a rudimental
aorta.

In Stage 7, the developing aorta 1is found above the
stomodaeum though it is not yet tubular (Fig. 166). Mid-
dle in Stage 8, the aorta gets a tubular form (Fig. 167).

As development proceeds, the tube of the rudimental
aorta grows backward and meets with the developing heart
or dorsal blood vessel at the first thoracic segment.

In Pd. paradoxa and B. leavipes, the formation of
the aorta is undergone in a similar process as in P. pry-

eri.



b) Heart, pericardial cells, dorsal diaphragm and blood
cells

Panorpa pryeri

In Stage 6, median mesodermal cells situated on the
ventral nerve cord migrate laterally, and there remains a
small amount of mesodermal cells on the ganglia. Simul-
taneously, among the mesodermal cells on the ganglia
there appear a few cells stained poorly with hematoxylin
(Fig. 151). They are rudimental blood cells.

In Stage 7, there are observed the cells having
large nuclei (ca. 6um in diameter) stained lightly with
hematoxylin are discernible at the lateral margin of the
somatic mesoderm of thoracic and following segments (Fig.
180). They are the rudimental cardioblasts.

Middle in Stage 8, they change a crescent form in
the transverse section. A few cells or future pericardial
cells locate at the lateral side of the abdominal cardio-
blast (Fig. 181). Several cells of the somatic mesoderm
existing at the ventral side of the developing splanchnic
muscles become to be less stained with hematoxylin, and
are arranged in a row (Fig. 181). They are considered
to be the future dorsal diaphragm.

‘In Stage 9, the tubular heart appears on the medio-
dorsal line of the embryo from the first thoracic to the

ninth abdominal segment. The vacuolated pericardial cells



(Fig. 182) are observed especially at the lateral sides
of the heart from the second to the ninth abdominal
segment, and in the same segments the well developed dor-
sal diaphragm exists.

Fig. 183 shows the heart, pericardial cells which
are associated with fat bodies, and the dorsal diaphragm
at the intersegmental region between the second and third
abdominal segments in the first instar larva. The dorsal
diaphragm contacts with the body wall only at the inter-
segmental regions. The pericardial cell has often two
nuclei stained faintly with eosin, and its cytoplasm 1is
little stained with hematoxylin. Fig. 184 shows the
heart and its muscles, and ostial valves which exist in
each segment from the fourth to the eighth abdominal
ones. The blood cells are found especially in the head,

heart and its circumference.

Panorpodes paradoxa and Bittacus laevipes

In Pd. paradoxa, cardioblasts first become discerni-
ble at the lateral margins of the somatic mesoderm of the
thoracic and abdominal segments late in Stage 5 (Fig.
185), and in Stage 6 in B. laevipes.

In .Stage 7, the nuclei of the cardioblasts become
slightly large and are less stained with hematoxylin
in B. laevipes (Fig. 148).

In Pd. paradoxa and B. laevipes, blood cells are



derived from the scattered median mesodermal cells, and
the formation of the pericardial cells and dorsal dia-

phragm is essentially the same as those of P. pryeri.

~Discussion on this item

In Stenopsyche (Miyakawa, 1974c), the aorta is formed

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

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

the aorta is derived from the antennal coelom. The
origin of the aorta of P. pryeri, Pd. paradoxa and B.

laevipes 1s the same as that of Locusta, Pyrilla and

Epiophlebia. The cardioblasts originate from the lateral

edges of the somatic mesoderm, and the dorsal diaphragm
originates from the dorsal side of the somatic mesoderm
in many insects (Eastham, 1930; Roonwal, 1937; Ando,
1962; Miyakawa, 1974c, etc.) and P. pryeri, Pd. paradoxa
and B. laevipes.

As for the pericardial cells, they are derived from
somatic mesodermal cells located at the lateral side of
the cardioblasts in Locucta (Roonwal, 1937) and Melanoplus
(Kessel, 1961), and they arise from the first thoracic to
the eighth abdominal segment. In P. pryeri, pericardial
cells appear associating with cardioblasts as in Locusta.
They, however, do not appear in the thoracic segments.

The blood cells of P. pryeri, Pd. paradoxa and B.

laevipes originate from the scattering primary mesodermal
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cells as in Peiris (Eastham, 1930), Chrysopa (Bock, 1939),

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

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

(Ando, 1962) and Gerris (Mori, 1969), the blood cells are
formed from the secondary median mesodermal cells which

migrate from the lateral mesoderm.

iii) Suboesophageal bodies

Panorpa pryeri

Middle in Stage 5, mesodermal cells belonging to the
intercalary segment are located beneath the developing
midgut fudiment which elongates backward from the blind
end of the stomodaeum. As development advances, the cells
vbecome to be apocytes (Fig. 164) and less staied with hema-
toxylin, and they are of the rudimental subcesophageal
bodies. Then they migrate backward accompaning with the
invagination of the rudimental anterior tentorium. At
first they locate on the ventral side of the stomodaeum,
then they surround it.

In the first instar larva, the suboesophageal bodies
surrounding the stomodaeum are observed at the posterior
region of the cranium. During the embryogenesis, the

mitoses of the suboesophageal bodies are never found.

Panorpodes paradoxa and Bittacus laevipes

In Pd. paradoxa, the suboesophageal bodies develop



from the mesodermal cells the intercalary segment at the
beginning of Stage 5, and in Stage 7 in B. laevipes, and
they surround the lateroventral side of the stomodaeum at
the posterior end of the cranium in the first instar

larvae.

Discussion on this item

The suboesophageal bodies are found in the ortho-
pteran, plecopteran, isopteran, mallophagen, coleopteran
and lepidopteran insects (Johannsen and Butt, 1941).
Also, they are known in the Trichoptera (Patten, 1884;
Miyakawa, 1974c) and Diptera (Okada, 1960).

Patten (1884) suggested that the origin of the sub-
ocesophageal bodies is endodermal. Other many embryolo-
gists, however, reported that the bodies are mesodefmal
in origin. These bodies are derived from the mesodermal
cells of the mandibular segment in Locusta (Roonwal,
1937), Melanoplus (Kessel, 1961) and lepidopteran BombyX
mori (Wada, 1955). They are formed from the mesodermal
cells iof the intercalary segment in Pieris (Eastham,
1930), Calandra (Tiegs and Murray, 1938), 922&9 (Okada,

1960), and Stenopsyche (Miyakawa, 1974c).

Rempel and Church (1969) reported that the suboeso-
phageal bodies are derived from the ectodermal prolifera-
tion of the intersegmental region between the intercalary

and mandibular segments in Lytta, namely, ectodermal ori-



gin, and they emphasize the necessity for the re-examina-
tion of the origin of suboesophageal bodies.

These bodies, however, originate from the mesodermal
cells which belong to the intercalary segment in P.
pryeri, Pd. paradoxa and B. laevipes.

In Bombyx (Toyama, 1902; Wada, 1955), the suboesopha-
geal bodies proliferate the blood cells. The suboesopha-
geal bodies of P. pryeri, Pd. paradoxa and B. laevipes
seem not to participate in the formation of the blood
cells, because the author could not find the mitotical

figures of those bodies during the embryogenesis as men-

tioned before.

iv) Gonads

Panorpa pryeri

In Stage 3, there are observed several large cells
in the mesodermal cell mass of the caudal end of the em-
bryo (Fig. 186). They seem to be rudimental germ cells.

Middle in Stage 4, fifteen to twenty germ cells are
discernible on the mesodermal cell mass of the tenth
abdominal segment (Fig. 187). In Stage 5, they begin to
be round and less stained with hematoxylin, and migrate
forward with the development of the proctodaeum (Fig.
188). Middle in Stage 5, they become to distribute from
the sixth to the tenth abdominal segment. Middle in

Stage 6, the germ cells located at the caudal end are



scattered, and the center of their distribution becomes
to be in the seventh abdominal segment (Fig. 189). At
this stage, one or two germ cells are observed on the
ridges of the somatic mesoderm, namely,-rudimental genital
ridges in each of abdominal transverse sections (Fig.
190). In Stage 7, the distribution of the germ cells is
limited to the sixth and seventh abdominal segments.
They become a pair of cell masses surrounding by vacuola-
ted mesodermal cells. These vacuolated cells become a

cell strand which elongates backward from the germ cell

mass. Middle in Stage 8, each of the germ cell masses
becomes round, and takes their position in the sixth
abdominal segment (Fig. 191). They are almost the same

shape to the gonads of the first instar larva.

In the first instar larva, each gonad contains ca.
120 germ cells and is stained deeply with hematoxylin and
eosin. The gonads and the ducts which run from the
gonads to the eighth abdominal segment are associated

with fat bodies.

Panorpodes paradoxa and Bittacus laevipoes

In Pd. paradoxa and B. laevipes, the manner of the
gonad formation is similar to that of P. pryeri.

The rudimental germ cells become recognizable as a
cluster which contains about a dozen cells slightly larger

than the surrounding mesodermal cells on the tenth abdomi-



nal segment middle in Stage 4 in Pd. paradoxa, and in
Stage 5 in B. laevipes (Fig. 192).

In the first instar 1larva, the gonads take their
position near the posterior margin of the sixth abdominal
segment in Pd. paradoxa, and of the fifth abdominal
segment in B. laevipes, and have short ducts at their
posterior end. Each gonad is composed of seven to eight
germ cells in Pd. paradoxa, and their cytoplasm is stained
faintly with eosin.

In Bo. westwoodi, about fifteen rudimental germ cells

are found on the mesodermal cell mass of the tenth

abdominal segment at the end of Stage 4.

Discussion on this item

Generally the germ cells make their appearance after
the gastrulation of the embryo in many insects, and the
position of the appearance 1is the anterior part of the
abdomen in Bombyx (Miya, 1958), center of the abdomen in

Ctenocephalides (Kessel, 1939) and posterior part of the

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

Rempel, 1971) and Stenopsyche (Miyakawa, 1974c). The

latter case 1is true for E.‘ pryeri, Pd. paradoxa, B.
laevipes and Bo. westwoodi.

As development advances, the germ cells spread their
distriubiton, namely, from the sixth to the eighth abdomi-

nal segment in Bombyx (Miya, 1958), from the fifth to the



sixth in Epiophlebia (Ando, 1962), and from the second to

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

germ cells do not migrate from the orignial position in

Ctenocephalides (Kessel, 1939).

The germ cell strands on lateral sides of the embryo-
nic abdomen metamerize temporarily, and take their posi-
tion on each genital ridge, then they gather into a pair
of cell masses, 1i.e., rudimental gonads (Miya, 1958;
Ando, 1962; Church and Rempel, 1971; Miyakawa, 1974c).
The author, however, failed to find the temporary segmen-
tation of the germ cell strand in P. pryeri, Pd. paradoxa

and B. laevipes.

v) Differentiation of muscles and fat bodies

Panorpa pryeri

In Stage 6, coelomic sacs of the each segment begin
to break down and differentiate into the somatic and splan-
chnic mesoderm. In Stage 7, among the somatic mesoderm,
there are the cells which have somewhat fibrous shape,
and their cytoplasm 1is stained lightly with eosin (Fig.
147). They are developing mioblasts. At the same time,
there are also found the cells which commence to migrate
from the somatic mesoderm into the developing epineural
sinus (Fig. 147). They are the rudimental fat bodies.
As development advances, the rudimental fat bodies are

vacuolated and stained slightly with eosin.
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In the first instar larva, fat bodies mainly associ-
ate with the gonads, heart and midgut, and are observed

in the thoracic and abdominal legs.

Panorpodes paradoxa and Bittacus laevipes

In Bg. paradoxa, the differentiation of the rudiments
of the muscles and fat bodies from the somatic mesoderm
occurs at the end of Stage 5, and middle in Stage 7 in B.
laevipes.

In P. pryeri, Pd. paradoxa and B. laevipes, the diffe-
rentiation and formation of the muscles and fat bodies
are similar to those of many other insects (Nelson, 1915;
Roonwal, 1937; Bock, 1939; Ando, 1962; Mori, 1969; etc.).

Therefore, there are no special discussions for this item.

vi) Musculatures of thoracic and abdominal segments of
first instar larvae

Panorpa pryeri

In the first instar larva, the main thoracic muscula-
ture is essentially the same in the three thoracic seg-
ments, and the main abdominal musculature is also the
same 1in each of the abdominal segments except for that in
the caudal one. Accordingly, Fig. 193 shows the main
musculatures of the metathorax and first abdominal segment
for the convenience of the comparison. The muscles of

the anal legs is shown in Fig. 194.



Discussion on this item

It is noteworthy that in the first eight abaominal
segmetns, there are the lateral muscles connecting to the
inside of small processes as before mentioned (see p.
23), and they seem to be homologous with the thoracic
lateral muscles connecting with the Dbases of thoracic
legs (Fig. 193, arrow). No muscles concerning with the
anal legs are likely to be homologous with those of the

thoracic and abdominal segments.

3. Alimentary canal formation
i) Stomodaeum or foregut

Panorpa pryeri

At the end of Stage 4, a sharrow invagination of the

stomodaeum appears 1in the center of the protocephalic

lobes (Fig. 46). As development proceeds, the rudimental
stomodaeum elongates backward, and its bottom appears
flat middle in Stage 6 (Fig. 165). Middle in Stage 7,

the developing stomodaeum further elongates and begins to
narrow, and the bottom slightly evaginates into the lumen
of the rudimental midgut (Fig. 133). Late in Stage 9,
the closing membrane which 1is the border between the
stomodaeum and midgut breaks and degenerates (Fig. 195).
An infolding of the distal end of the stomodaeum forms

the cardiac valve.



In the first instar larva, a long oesophagus follows

the pharynx, and the proventriculus does not differentiate.

Panorpodes paradoxa, Bittacus laevipes, and Boreus west-

woodi

In Bgf paradoxa and Bo. westwoodi, a sharrow invagina-
tion of the rudimental stomodaeum arises in the center of
the head 1lobes 1late in Stage 4 (Figs. 70, 108), and
middle in Stage 4 in B. laevipes (Fig. 86).

The further development of the stomodaeum of Pd.
paradoxa and B. laevipes is essentially the same as that
of P. pryeri. The proventriculus does not differentiate

in these species, too.

ii) Proctodaeum or hindgut, and malpighian tubules

Panorpa pryeri

Middle in Stage 4, an apparently thickened amnion
continues for a length of about 100um from the posterior
end of the embryo. The thickened amnion includes the
future dorsal wall and the blind end of the proctodaeum
(Fig. 187).

In Stage 5, the caudal end of the embryo begins to
sink into the yolk, and the mesodermal cells first cover
the lateral sides of the rudimental proctodaeum, and then
the dorsal (Fig. 188). These mesodermal cells later

differentiate into muscles surrounding the proctodaeum.



Middle in Stage 5, the developing proctodaeum is
approximately at right angle to the posterior part of the
embryo. Late in Stage 5, the blind end of the developing
proctodaeum becomes thin (Fig. 196), and a sheet of the
midgut epithelial rudiment is found on it. At the same
time, three paired rudiments of the malpighian tubules
evaginate from the anterior end of the proctodaeal wall
(Fig. 196), and are situated at the comparable 1, 3, 5,
7, 9 and 11 o'clock positions.

Middle in Stage 6, the developing proctodaeum elon-
gates forward and loops at its middle part. The looped
part extends from the anterior end of the seventh abdomi-
nal segment, where the blind end of the proctodaeum 1is
situated, to the posterior end of the eighth abdominal
segment. Simultaneously, the malpighian tubules extend
up to the second abdominal segment and turn back to the
eighth one. As development proceeds, the blind end of
the proctodaeum and the sheet of the midgut rudiment fuse
with each other, and form a thick closing membrane middle
in Stage 8. Late in Stage 9, the pyloric valve appears
just behind the proximal part of the malpighian tubules,
and the duodenal valve appears at the posterior end of
the pylorus. The closing membrane breaks down Jjust
before hatching. The alimentary canal of the first

instar larva is shown diagrammatically in Fig. 197.



Panorpodes paradoxa and Bittacus laevipes

The formation of the proctodaeum and malpighian tubu-
les of Pd. paradoxa and B. laevipes undergoes basically
in the same manner of that observed in P. pryeri.

The sinking of the developing proctodaeum into the

yolk begins middle in Stage 4 in Pd. paradoxa, B. leavi-

pes and Bo. westwoodi. The three pairs of the rudimental
malpighian tubules occur from the blind end of the develop-
ing proctodaeum late in Stage 4 in Pd. paradoxa, and in
Stage 6 in B. laevipes. The developing proctodaeum has a
looped part middle in Stage 5 in Pd. paradoxa, and late

in Stage 7 in B. laevipes.

iii) Midgut

Panorpa pryeri

Anterior midgut rudiment

At the end of Stage 4, a few proliferating cells in
the posterior wall of the invaginating stomodaeum are
distinctly observed. The anterior midgut rudimant arises
from these cells (Fig. 198).

In Stage 5, from the whole region of the posterior
wall of the developing stomodaeum, the anterior midgut
rudiment elongates backward between the yolk and mesoder-
mal cells (Fig. 199). The rudiment further develops by
mitosis and it begins to fork at its distal end middle in

Stage 5, but it is still a cell mass elongating from the



posterior stomodaeal wall.

As development advances, the rudiment separates bi-
laterally at its proximal region where it attaches with
the stomodaeal wall, and assumes the form of a pair of
ribbons. The distal ends of the rudiments reach up to

the first thoracic segment.

Posterior midgut rudiment

In Stage 5, the arrangement of monolayered cells at
the blind end of the future proctodaeum begins to be
irregular, and a few cells of the posterior midgut rudi-
ment appear there (Fig. 188). As development proceeds,
these cells increase in number. As a result, a multilayer-
ed cell mass of the rudiment is formed on the blind end
of the rudimental proctodaeum.

Middle in Stage 5, as the developing proctodaeum
invaginates deeply, 1its Dblind end flattens. Then the
cell mass of the posterior midgut rudiment (Fig. 196)
elongates anteriorly as a pair of ribbons owing to mitosis
as in the anterior midgut rudiment, and extends up to the

eighth abdominal segment.

Further development of midgut rudiments
Middle in Stage 5, the paired ribbons of the anterior
midgut rudiments reach up to the first thoracic segment,

and of the posterior midgut rudiments extend up to the



eight abdominal segment. The ribbons of both rudiments
elongate along the dorsal part of the coelomic sacs.

In Stage 6, the ribbons of the anterior and posterior
midgut rudiments meet and fuse in the third or fourth
abdominal segment, and as a result the rudiments continue
between the bottoms of the stomodaeum and proctodaeum.
Then the ribbons widen, covering the ventral side of the
yolk, and the splanchnic mesoderm follows and lines them
(Fig. 190).

In Stage 7, the ribbons become wider, and the ventral
exposure of the yolk merely remains above the ventral
nerve cord (Fig. 147). The splanchnic mesoderm commences
to thin and becomes bilayered, and the epineural sinus is
considerably enlarged above the ventral nerve cord, as a
result of the remarkable consumption of the yolk.

Middle in Stage 8, the midgut rudiments completely
cover the ventral side of the yolk (Fig. 200). As a re-
sult of the growth of the dorsolateral wall of the
embryo, the midgut rudiments spread dorsally. Then they
fuse on the dorsal side of the yolk, and the developing
midgut assumes a complete tubular form.

Middle in Stage 9, the midgut epithelial cells are
thicker on the dorsal side than on the ventral, and have
many cytoplasmic processes that later differentiate into
microvilli, in the distal parts of the cell (Fig. 182).

Many regenerative cells are found in the thicker dorsal



epithelial cells more than in the ventral ones.

In the first instar larva, the epithelial cells have
many vacuoles, and morphologically differentiate in each
of the four regions of the midgut, i.e., Region I-IV
(Fig. 197). In Region I (Fig. 201), the epithelial cells
are somewhat irregular in height (20um maximum), and
Region II or middle part of the midgut (Fig. 202), they
are of uniform height (ca. 20um). In Region III of the
midgut, they show a characteristic shape (Fig. 203).
These cells (20 to 50pm in height) have no microvilli at
their round distal ends. They seem to correspond to the
cells of 'Type II' in the larval midgut of P. communis
(Grell, 1938). In Region IV, there are taller cells (20

to 30um in height).

Panorpodes paradoxa, Bittacus laevipes and Boreus westwoodi

The midgut formation of Pd. paradoxa and B. laevipes
is the bipolar formation and proceeds principally in the
same manner as that of P. pryeri as just mentioned.

The anterior midgut rudiment is derived from the
bottom of the invaginating stomodaeum middle in Stage 4
in Pd. paradoxa and B. laevipes, and in Stage 4 in Bo.
westwoodi (Figs. 204, 205).

The posterior midgut rudiment occurs from the blind
end of the developing proctodaesum middle in Stage 4 in

Pd. paradoxa, and in Stage 5 in B. laevipes, but in Bo.



westwoodi it does not yet appear in the stage.

In the first instar larva of B. laevipes, the midgut
epithelial cells situated at the anterior part of the
posterior half midgut have no microvilli. They seem to
be comparable to these cells of Region III in P. pryeri,
though their distal ends are not round.

In Pd. paradoxa, there are no epithelial cells which
seem to be comparable to the cells of Region III of P.
pryeri.

Discussion on this item will be given in "GENERAL

DISCUSSION AND CONCLUSION".

4. The other structures and phenomena
1) Fate of embryonic envelopes

Panorpa pryeri

In Stage 4, the edge of the amnion covered the ventral
surface of the embryo begins to spread laterally on the
yolk mass from the cephalic to the thoracic region (Fig.
206). In Stage 5, the lateral spread of the original
amnion occurs to the seventh abdominal segment (Fig.
207). As development proceeds, the amniotic spread almost
covers the whole egg surface without the regién near the
caudal end of the embryo (Fig. 208). Middle in Stage 5,
the embryo and yolk mass are covered completely with the
spread amnion. Consequently at this time, the yolk mass is

covered with the inner or dorsal amnion, and the outer



one situated just beneath the serosa. As the result of
the final fusion of the double amnions, a few round cells
of the inner amnion separate from the caudal end of the
embryo into the space between the outer and inner amnions
(Fig. 209). In Stage 7, the inner amniotic cells on the
dorsal side of the egg become vacuolated and thick, and
further thicken in Stage 8 (Fig. 210). This thickening
part of the inner amnion becomes undistinguishable at the
stage of the embryonic rotation. In Stage 9, the inner
amnion disappears by the completion of dorsal closure of

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

Panorpodes paradoxa, Bittacus laevipes and Boreus westwoodi

In Pd. paradoxa and B. laevipes, the formation and
fate of the inner and outer amnions are the same as those
of P. pryeri.

The yolk mass is completely covered with the inner
amnion middle in Stage 4 in Pd. paradoxa, late in Stage 4
in B. laevipes, and in Stage 5 in Bo. westwoodi. In Bo.
westwoodi, there observes a thickening of the serosa at
the anterodorsal part of the egg late in Stage 4 (fig.

211).

Discussion on this item
As far as the author is aware, there are few papers

in which described on the differentiation of the inner



and outer amnions. In some coleopteran insects, e.g.,

Brachyrhinus (Butt, 1936), Apion apricans and Polydrosus

sericeus (Krzysztofowicz, 1960) both amnions are found.
Therefore, the existence of the inner and outer amnions
seems to be a character for the mecopteran P. pryeri, Pd.
paradoxa, B. laevipes and Bo. westwoodi.

The similar phenomenon that the amnion covered a
whole embryo persists till just before hatching is observ-
ed generally in the lepidopteran insects (Eastham, 1930;
Presser and Rutschky, 1957; Okada, 1960; Anderson and
Wood, 1968; Kobayashi; Tanaka, Ando and Miyakawa, 1981;
etc.). In these lepidopteran insects, the amnion which
is comparable to the outer amnion of the mecopteran
insects mentioned above. In the Lepidoptera the conti-
nuous amnion is formed as the result of completion of the
dorsal closure, and there remains the yolk in the space
between the amnion and serosa. However this phenomenon
is never seen in P. pryeri, Pd. paradoxa, B. laevipes and
Bo. westwoodi. Although there are some differences of
the amnion formation in the lepidopteran and mecopteran
insects, it seems to be a significant character for the
consideration on the relationship of these orders.

The partial thickening of the serosa in Bo. westwoodi
resembles morphologically to the hydropyle cells or colum-
nar serosa of the some heteropteran insects (Cobben,

1968; Mori, 1969, 1970; Madhavan, 1973).



ii) Formation of abdominal legs

Panorpa pryeri

In Stage 7, small paired processes, which consist of
ectodermal cell masses (Fig. 212), first become evident
above each ganglion of the first eight abdominal segments,
and they are anlagen of abdominal legs. Middle in Stage
8, the paired cell masses commence to protrude cytoplasmic
processes on the ventral surface of the embryo (Fig. 213).

In Stage 9, the paired cytoplasmic processes increase
in size, and several nuclei migrate from the pfoximal
pért to the middle one in the develoiping abdominal 1legs
(Fig. 214). As these nuclei move to the peripheral =zone
of the abdominal legs, a cavity appears within the leg.

Fig. 215 shows the abdominal leg of the first instar larva.

Panorpodes paradoxa and Bittacus laevipes

In B. laevipes, paired small cell masses, namely,
rudimental abdominal leés become recognizable on the first
eight abdominal ganglia middle in Stage 7. The further
development of the abdominal 1legs are essentially the
same as those of P. pryeri.

In Pd. paradoxa, there are observed no abdominal
legs during the embryonic development. Howevéf a small
process is found at the center of the medioventral 1line

of each of the first eight abdominal segments in the



first instar larva. This small process is formed as
follows.

Late in Stage 6, a small cell mass in the ectoderm
arises at the positions as just mentioned. Middle in
Stage 7, these cell massses without those of the first
and second abdominal segments begin to protrude cytoplas-
mic processes on the ventral surface of the embryo (Fig.
216).

As development proceeds, they elongate, the nuclei
still stay at the proximal part of the processes. Fig.
217 shows the process of the first instar larva, and the
process has several nuclei at the base, and their cytoplasm
is stained lightly with eosin. On the other hand, the
processes of the first and second abdominal segments become

small pouches.

Discussion on this ipem

In the Holometabola, larval abdominal legs, prolegs
or pseudopods are known in the Lepidoptera, Tenthredidae
of the Hymenoptara and Blepharoceridae of the Diptera
(Snodgrass, 1935; Matsuda, 1976).

The thoracic leg formation of the mecopteran insects
starts as a slight thickening of the ectoderm (Fig. 218),
and the thickening are transformed into the evagination
which 1is filled with subsomitic mesodermal cells (Fig.

219). As development advances, lining mesodermal cells



differentiate into muscles and fat bodies (Fig. 220).
The abdominal leg formation proceeds in the same manner
of the thoracic 1leg formation mentioned above 1in the
lepidopteran Diacrisia (Johannsen, 1929), hymeopteran Atha-

lia (Farooqgi, 1963) and dipteran Neocurupira chiltoni

(Craig, 1967).

On the other hand, the abdominal leg formation of P.
pryeri and B. laevipes is conspicuously different from
the thoracic leg formation, and the formation 1is rather
similar to the development of trichogen cells. These
points seem to suggest that the abdominal legs of P.
pryeri and B. laevipes are clearly different from the tho-
racic legs. Ando and Haga (1974) observed that no pleuro-

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

and a pair of styliform appendages or abdomiqal legs 1is
formed in the each of the first to the eighth abdominal
segments along the medioventral 1line of grown embryos.
They, however, did not refer to the homology of the thora-
cic and abdominal appendages.

In Pd. paradoxa, small processes on the medioventral
line of the larval abdomen are similar to the abdominal

legs, to some extent, in the manner of its formation.



iii) Formation of anal legs and telson

Panorpa pryeri

Late in Stage 5, the wall of the developing procto-
daeum 1is very thick (Fig. 196), and the thickness per-
sists till Stage 7. In Stage 7, the boundary between
the posterior end of the tenth abdominal segment and the
proctodaeum becomes distinct (Fig. 221). Middle in Stage
7, the wall of the proctodaeum commences to be thin ex-
cept for the posterior end of the abdomen or telson (Fig.‘
222). At the same time, as the ganglion of the tenth
abdominal segment migrates forwards, the posterior mar-
gin of the segment becomes a fold and surrounds the
telson (Fig. 222). Late in Stage 7, the ectoderm of the
telson begins to be thin, and several mesodermal cells
which 1line the telson differentiate into muscles conne-
cting with the distal end of the telson (Fig. 223). Four
positions with which these muscles connect are the lateral
and dorsolateral sides of the proctodaeal opening, and
these points become ectodermal protrusions when develop-
ment proceeds. They are the developing anal legs. After
rotation of the embryo, these protrusions invaginate into
the body cavity. Discussions for this item will be
attempted later (see Chapter III, 'Interpretation on the
metamerism ih~terminal region of the abdomen' in "GENERAL

DISCUSSION AND CONCLUSION").



iv) Serosal cuticle

Panorpa pryeri

In Stage 5, there is a very thin envelope stained
scarcely with hematoxylin between the serosa and chorion
(Fig. 224). It is the serosal cuticle secreted by the
serosa. Middle in this stage, it thickens slightly and

has two or three layers stained faintly with hematoxylin

(Fig. 225). In Stage 6, the cuticle composed of multi-
layers becomes ca. 1l0um-thick. The serosal nuclei are to
be poorly stained with hematoxylin. In Stage 7, the

cuticle is ca. 1l5um-thick, and becomes 5 to 1lOum-thick in
Stage 9. The serosal nuclei indicate degenerating fig-
ures, though the amniotic nuclei are relatively apparent
in Stage 9. The cytoplasm of the serosal cells becomes
granular and stained faintly with eosin. The serosal
cuticle persists just before hatching.

£

Panorpodes paradoxa, Bittacus laevipes and Boreus westwoodi

The serosal cuticle begins to be secreted late in
Stage 2 in Pd. paradoxa, middle in Stage 3 in B. laevipes,
and in Stage 4 1in Bo. westwoodi. In Pd. paradoxa, the
serosal cuticle reaches to the maximum thickness in Stage

6 (l5pm), and in B. laevipes in Stage 5 (ca. 7um).

Discussion on this item

The serosal cuticle 1is observed 1in many insects,
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e.g., thysanuran Pedetontus unimaculatus (Machida, 198la),

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

1937), plecopteran Pteronarcys proteus (Miller, 1940),

hemipteran Pyrilla (Sander, 1956), coleopteran Lytta
(Church and Rempel, 1971), etc.

As a role, it is considered that the serosal cuticle
protects the egg together with the chorion. In some Odo-

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

serosal cuticle becomes a virtual protective membrane,
because the <chorion of these insects ruptures in the
later embryonic development. The choria in P. pryeri and
Pd. paradoxa do not rupture, but they are so thin and
frail, so that the serosal cuticle in these species seems
to have an important role for the protection of the egg
contents.

In B. laevipes, however, the chorion is very thick
(25um  in thickness) and its: serosal cuticle 1is only a

half thickness of those of P. pryeri and Pd. paradoxa.

v) Embryonic diapause

Bittacus laevipes

Early in Stage 6, the embryo commences to diapause
for ca. 180 days. During the diapause, in the embryo no
development of organs or little mitotical figures, and
also no discernible consumption of the yolk are observed.

In Stage 7, the embryo terminates the diapause, and the
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mitotical figures are found in various regions of the em-
bryo, especially in the ectoderm of the developing procto-
daeum which begins to elongate remarkably from this stage

(Fig. 226).

Discussion on this item

In Bombyx, the embryo enters the diapause in the
stage when the inner layer formation just starts, and
Okada (1971) noted the role of the chorion as to the
control méchanism of the diapause. In the orthopteran

Aulocara elliotti (Visscher, 1976), the embryo enters

the diapause when the development of the central nervous
system considerably proceeds, and she suggested that the
diapause seems to be controled by the brain-corpora cardi-
aca complex in this species.

In B. laevipes, the diapausing embryo has a relative-
ly developed brain, so that it seems to be possible that

the developing brain controls the diapause of this species.
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GENERAL DISCUSSION AND CONCLUSION

The results obtained in the present study have been
discussed in each of the former items. Here, the subjects
considered significant in the comparative embryology or
morphology of insects will be further examined.

In this section, a term, Mecoptera will be used to
represent P. pryeri, Pd. paradoxa, B. laevipes and Bo.
westwoodi, and these species will be described by the

names of the families to which they belong for the conveni-

ence of the description when no confusion will be supposed.

I. Alimentary canal formation
1. Stomodaeum and proctodaeum

The stomodaeum of the Mecoptera arises from a shallow
invagination in the center of the protocephalic lobes of
the embryo, and the manner of its formation is the same
as in many insects (Johannsen and Butt, 1941; Anderson,
1972; Haget, 1977). On the other hand, in the Mecoptera
the thickened amniotic part of the embryonic caudal end
participates in the proctodaeum formation. This for-
mation resembles to those in the Odonata (Ando, 1962),
hemipteran Oncopeltus " (Butt, 1949), Pyrilla (Sander,

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

chopteran Stenopsyche (Miyakawa, 1975) and lepidopteran

Endoclita signifer (Kobayashi, Tanaka, Ando and Miyakawa,

1981). However the proctodasum formation in the Meco-
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ptera, which the future blind endvof the proctodaeum origi-
nates from the thickened amniéticrpart; diffefs from those
in the above species.

In the Mecoptera, it 1is also interesting that the
pyloric valve is situated just behind the openings of the
malpighian tubules, because the valve is generally found
between the posterior end of the midgut and openings of
the malpighian tubules (Snodgrass, 1935). As Grell (1938)
suggests in the larva of P. communis, the existence of
the duodenal valve, which is situated at the posterior
end of the pylorus, seems to be also the characteristic
of panorpid larvae, and the same is true for the Panorpo-
didae and Bittacidae, though the similar structure 1is

seen in the cockroach, Blatta orientalis (Henson, 1944).

2. Midgut

In the apterygote insects (Collembola, Tetrodontophora

bielanensis, Jura, 1966; Microcoryphia, Pedetontus, Machida

and Ando, 1981), the midgut epithelium is wholly derived
from the yolk cells or vitellophages, though in the Thysa-

nura s.str., Lepisma saccharina (Sharov, 1953), both ends

of the midgut epithelium are ectodermal in origin, i.e.,
the anterior end of the midgut originates in the cells
derived from the posterior end of the stomodaeum, and the
midgut posterior end is formed with the cells derived

from the proctodaeal anteiror end.
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In the Odonata (Ando, 1962), the epithelium of the
midgut 1is formed by the yolk cells except those of both
ends of the midgut, therefore the both ends are ectodermal
in origin as in Lepisma (Sharov, 1953).

In some hemimetabolans, the midgut epithelium is form-
ed by the cells or the outgrowths of the stomo- and
proctodaeum, namely, bipolar formation (Hemiptera, Oncopel-
tus, Butt, 1949; PpPyrilla, Sander, 1956), and the yolk
cells participate together with the ectodermal bipolar
formation of the midgut epithelium in the psocopteran

Liposcelis (Goss, 1953) and embiopterah Haploembia soli-

EEE .(Stefani, 1961). In the hemipteran Gerris (Mori,
1976), however, the midgut epithelium is formed only by
the yolk cells.

In the holometabolan insects, as reviewed by Haget
(1977), the midgut epithelial formation is basically bi-
polar (Neuroptera, Chrysopa, Bock, 1939; Coleoptera, Eﬁzl—

lophaga fervida, Luginbill, 1953; Hymenoptera, Mesoleius

tenthredinis, Bronskill, 1964; Trichoptera, Stenopsyche,

Miyakawa, 1975; Lepidoptera, Bombyx, Miya, 1976). In the
Mecoptera, the formation is bipolar and commences as soon
as the invagination of the stomo- and proctodaeum. It
occurs 1in early developmental stage than in the above
mentioned holometabolan species. Howéver it is known
that the formation begins in more early stage 1in the

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

rences in the time of appearance of the midgut rudiments
in these species, they are ectodermal in origin, and the
bipolar formation of the midgut seems to be general in
the holometabolan embryogenesis.

There are some insects that show the bipolar forma-
tion of the midgut, but the inner vlayer (mesodermal)
cells také part in the formation of the midgut rudiments.

For example, the megalopteran Sialis lutaria (Strindberg,

1915), coleopteran Donacia crassipes (Hirschler, 1909),

and 1epidopteran Catocala nupta (Hirschler, 1928), and

moreover the midgut is formed only by the median mesoderm-

al ~cells in the coleopteran Phyllobius glaucus (Jura,

1956). It is of particular interest that the mesodermal
cells participate in the midgut formation of megalopteran
Sialis, which are thought to be one of the most primitive
groups 1in the Holometabola together with the Mecoptera.

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

IT. Homology in larval abdominal legs and thoracic legs
According to Berlese's theory, the first instar lar-
vae of hemimetabolan insects have only thoracic legs
(oligopod), and whén the holometabolan larvae hatch they
have legs on the thoracic and abdominal segments (poly-
pod). Hinton (1958) considered that the larval abdomi-

nal legs of the panorpoid insects (Mecoptera, Trichoptera,
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Lepidoptera, Siphonaptera and Diptera) are secondary adap-
tive structures and not homologous with the thoracic legs.
Recently, Matsuda (1976), gave an attention to the posi-
tion of abdominal legs in insect embryos, and suggested
that the larval abdominal 1legs are serially homologous
with the thoracic legs.

Then the author attempts to homology in the larval
abdominal legs and the thoracic ones in the Mecoptera
comparing with other holometabolan insects which have
larval abdominal legs. The author will recognize the
abdominal legs homologous with the thoracic legs when the
following two criteria are satisfied. The first is that
in each segment paired abdominal legs must be arranged in
a row with the thoracic legs. The second is that the
abdominal legs must develop histologically in the same
manner as that of the thoracic legs, at least in their
early and middle development.

In the holometabolan insects, the abdominal legs or
apppendages are found in larval stages of the Megaloptera,
Lepidoptera, Tenthredidae of Hymenoptera and Blepharoceri-
dae of Diptera.

In the larvaé of lepidopteran Diacrisia (Johannsen,
1929), hymenopteran Athalia (Faroogi, 1963) and dipteran

Neocurupira (Craig, 1967), the abdominal legs are arranged

in a row with the thoracic legs, and the formation of

abdominal legs are similar to that of the thoracic legs.
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The larval abdominal legs of these insects satisfy the
above two «criteria so that the author recognize which
they aré to be homologous with the thoracic legs.

In the coleopteran Lytta (Chruch and Rempel, 1971)
and neuropteran Chrysopa (Bock, 1939), the abdominal appen-
dages occur only in the first abdominal segment, and dis-
appear during the embryonic stage. These appendages are
the pleuropodia.

In the megalopteran Protohermes grandis, Miyakawa

(1979) mentioned on the abdominal appendages of the
embryo as follows, "The abdominal ségments have two pairs
of swellings. The median ones immediately lateral to the
ventral nerve cord are small and homotopous with the
pleuropodia. These median swellings later disappear.
The lateral swellings are conspicuous structures located
between the median swellings and tracheal pits, and they
later give rise to the abdominal filaments or tracheal
gills". In this species, median swellings seem to be
homologous with the thoracic legs judging from his descrip-
tion that the median ones are homotopous with the pleuro-
podia, because the pleurpodia are generally thought to be
homologous with the thoracic legs (Wheeler, 1890; Hussey,
1926; Machida, 198la). Consequently the larval abdominal

appendages or filaments of Protohermes are not considered

to be homologous with the thoracic legs.

In the mecopteran P. pryeri and B. laevipes, on the
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ventral surface of the embryonic abdomen there appear two
pairs of the processes, i.g., median and lateral proces-
ses, on the first eight abdominal segments (Figs. 54 and
94). The lateral processes are located at the positions
comparing to those of thoracic legs, and persists in the
first instar larva. The median processes are located on
each of the abdominal ganglia and become abdominal legs.
The abdominal 1leg formation 1is considerably different
from that of the thoracic legs (see Chapter VII, 4, ii,
‘Formation of abdominal legs' in "OBSERVATIONS").

Furthermore in the first instar larva of P. pryeri,
there are the abdominal lateral muscles, connecting with
the lateral processes mentioned above, and they seem to
be homologous with the lateral muscles associated with
the thoracic legs (Fig. 193, arrow). From these observa-
tions, the author concludes that the median processes or
so-called larval abdominal legs of P. pryeri and B. laevi-
pes are not homologous with the thoracic legs.

In conclusion, in many cases the larval abdominal
legs of holometabolan insects are thought to be homologous
with the thoracic legs as mentioned by Matsuda (1976). In

some cases, e.g., 1in Protohermes (Miyakawa, 1979), P.

pryeri and B. laevipes, however, the larval abdominal
legs or filaments seem to be not homologous with the thora-

cic legs as suggested by Hinton (1958).
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ITI. Interpretation on the metamerism in terminal region

of the abdomen

Concerning the metamerism in terminal region of the
insect abdomen, Heymons, in his embryological works on
hemimetabolan insects (1895, 1896), regarded the telson
or twelfth abdominal segment which consists of the subanal
and supraanal lobes, despite the lack of segmental ganglia,
coelomic sacs and appendages. On the other hand, Snodgrass
(1935) suggested that "In most insects no trace of a
twelfth segment is to be found, and the periproct (=telson)
must be supposed to be represented, if at all, by a cir-
cumanal membrane at the end of the eleventh segment".
Matsuda (1976), however, from the elaborate examinations
on the studies concerned with the segmentation of the
insect abdomen, concluded that, supporting Heymons' view,
the abdomen consists of the eleven segments and telson
(=the twelfth abdominal segment) in the lower insects

(Thysanura-Pterygota). Recently, Machida (198la, b), from

his embryological study on the thysanuran Pedetontus,
denied Snodgrass' view, and supporﬁed one proposed by
Heymons (1895, 1896) and Matsuda (1976).

As mentioned above, it seems to be general that the
telson is not derived from the eleventh abdominal segment
in the ’Thysanura and Hemimetabola. In P. pryeri, the
telson 1is located around the opening of the proctodaeum

{see Chapter VII, 4, 1iii, 'Formation of anal legs and
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telson' 1in "OBSERVATIONS"), but it is not derived from

the posterior part of the tenth abdominal segment.

In P. pryeri, the problem is that tﬁe rudimental
eleventh abdominal segment exists or not in the posterior
part of the tenth abdominal segment. In this species,
the eleventh abdominal ganglia and coelomic sacs never
appear during the embryonic stage (see Chapter VII, 1,
iii, a, 'Ventral nerve cord' and 2, i, 'Segmentation of
inner layer, formation of coelomic sacs, and differenﬁia—
tion of splanchnic and somatic mesoderm' in "OBSERVATIONS"),
while there 1is a possibility that the eieventh abdominal
mesodermal cells are involved in the large mesodermal
mass of the tenth abdominal segment. The author, however,
can not deny the possibility that the rudimental eleventh
abdominal segment exists in the posterior end of the
tenth abdominal segment for the following reasons.

In the first instar larva of P. pryeri, the caeto-
taxy of the first nine abdominal segments is fundamentary
same. That of the tenth abdominal segmént is also
similar to the other abdominal segments without the additi-
onal three pairs of spines which occur on the posterior
margin of the tergum (Fig. 17, arrow) as in P. klugi
(=japonica) (Miyake, 1912), P. nuptialis (Byers, 1963),

P. folsa and ten species of Panorpa and Neopanorpa (Yie,

1951). This group of the spines is never found on the

first nine abdominal segments, and seems to be regarded
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as that of the eleventh abdominal segment. Furthermore
in P. communis (Rottmar, 1966), the imaginal disk of the
pupal eleventh abdominal segment is formed in the poste-
rior part of the prepupal tenth abdominal segment.

Judging from these data, the tenth abdominal segment
of P. pryeri is thought to contain the rudimental eleventh
abdominal segment in its posterior part. Consequently
the author considers that the-abdomen of P. pryeri con-
sists of ten segment and telson, and the rudimental ele-
venth abdominal segment is to be hidden in the tenth abdo-
minal segment.

In Pd. paradoxa, Issiki (1959) reported that the
abdomen of the first instar larva apparently consists of
eleven segments, and on the eleventh abdominal tergum
there are found three pairs of spines. The author, how-
ever, failed to find the distinguishable intersegmental
§uture at the posterior part of the tenth abdominal seg-
’ment of its first instar larvae. Moreover in the embryo
of this species he also could not find the.ganglia and
coelomic sacs of the eleventh abdominal segment (Fig. 178).

The abdomen of the first instar larva of Pd. paradoxa
is composed of ten segments and telson, but the vestigial
eleventh abdominal segment is possibly involved in the
posterior part of the tenth abdominal segment as in P.

pryeri, since there are three extra pairs of the spines

on the posterior margin of the tenth abdominal tergum
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(Fig. 227, arrow) pointed out by Issiki (1959).

Matsuda (1976) regarded the larval anal legs of Pano-
rpa as caenogenetically modified cerci of the eleventh
abdominal segment. The anal legs of P. pryeri are, how-
ever, directly derived from the telson (see Chapter VII,
4, 1iii, 'Formation of anal legs and telson' in "OBSERVA-
TIONS"), and hence the author believes that these of P.

pryeri are not cerci of the eleventh abdominal segment.

IV. Phylogenetic consideration on mecopteran families

from embryological aspects

Up to the present day, some embryologists have attem-
pted to examine the phylogenetic relationship of the in-
sects by means of the comparative embryology. According
to Johhansen and Butt (1941), in the hemimetabolan and
holometabolan insects, the types in the formation of germ
bands and ‘the’ relation in their 1length to the egg form
have no significance for the phylogenetic research.
Sharov (1957, 1966) explained the phylogenetic relation-
ship between the thysanuran and pterygote insects in
point of the manner of the embryonic envelope formation.
Krzysztofowicz (1966) studied the coleopteran embryogen-
esis included three families and 28 species, and suggested
the significance of the embryonic envelope formation and
the liquified yolk existing between the amnion and serosa

for the comparison of these families.
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Ando (1962) investigated the embryology of seven
families of the Odonata, and divided them into two groups
by the germ band types in relation to the yolk, i.e., the
partially invagination type (Cordulegasteridae and Libellu-
lidae) and invaginated type (the remaining families). He
also showed the relationship of the seven families by means
of the comparative embryological data agrees with the
taxonomical ones of the Odonata. Cobben (1968, 1978)
studied the eggs, architecture of the shell, gross embryo-
logy and eclosion of the Heteroptera in detail, and used
the types of blastokinesis of embryos as a character for
the phylogenetical studies on ten heteroptaran superfami-
lies.

Recently the relationship of the Trichoptera and
lower Lepidoptera was examined as for the germ rudi-
ment formation, and it was suggested the close affinity
betweeen these orders (Ando and Tanaka, 1976; Andoc and
Kobayashi, 1978; Ando and Tanaka, 1980; Kobayashi and
Ando, 1981; Akaike, Ishii and Ando, 1982; Kobayashi and
Ando, 1982).

From the results quoted above, there are some cases
in which the data from the comparative embryology gave
imporpant criteria for the study of the insect phylogeny,
when one investigates the embryology of the insects situ-
ated on the phylogenetical divergent point, and compares

the results obtaining in the early and middle stages of
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the embryonic development.
Therefore the author attempts to examine the rela-
tionship of the mecopteran families by means of the com-

parative embryology.

1. Ooplasm

In general there 1is a tendency that eggs of the
lower pterygote as in the Hemimetabola are poor in the
ooplasm (peripiasm and reticuloplasm) compared with the
amuont of the yolk, on the contrary, the ooplasm is rich
in the higher pterygote eggs as in the Holometabola
(Krause, 1939, 1961; Anderson, 1972; Ando, 1981).

In the Mecoptera, the eggs of the Bittacidae are
poor in ooplasm compared with the amount of the yolk, and
these of the Panorpodidae and Panorpidae are rich in oo-
plasm, and these of the Boreidae are nearly intermediate in
the relative amount. Especially in the Bittacidae, little
reticuloplasm is found in their eggs. One may think the
egg character of the Bittacidae as an effect of the egg
hibernation. Ando (1973), however, denied the supposition
quoting the case of hibernatant and nonhibernatant eggs
in the Odonata which exibit almost the same characteris-
tics concerning the relative amount of the ooplasm and
yolk. If the diapause effects on the nature of the eggs,
the accumulation of the yolk for the food during the winter

is considered. However, at least, the amount of the eosi-
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nophilic yolk in the Bittacidae is not so different from
that of the Boreidae (see Chapter I, 'Observation and
organization of newly iaid eggs' in "OBSERVATIONS"), and
there is not distinguishable consumption of the yolk during
the diapause (see Chapter VII, 4, v, 'Embryonic diapause'
in "OBSERVATIONS"). Consequently the nature of eggs of
the Bittacidae seems to be not caenogenetic, but palin-
genetic as suggested by Ando (1973),. and tﬂis nature is

likely to be more primitive than that of eggs of the Borei-

dae, Panorpodidae and Panorpidae.

2. Inner layer formation

As discussed 1in Chapter VI, in lower hemimetabolan
insects, the inner layer formation is carried out only
the cell prolifefation along the median line of the em-
bryo. On the other hand, there are few holometabolan
insects in which the inner layer is formed only by thé
above-mentioned manner, i.g., proliferating type, and 1in
almost all other holometabolans the inner layer is formed
by the invagination of the middle plate along the median
line, i.e., the invaginating type.

In the Mecoptera, the inner layer of the Bittacidae
is formed by the proliferating type, and that of the Bore-
idae, Panorpodidae and Panorpidae is formed by the invagi-
nating type, so that the Bittacidae is likely to be more

primetive than the other three families in this aspect.
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3. Type of germ band

Krause (1939) classified the germ band of the insects
into three types. The first type is that the germ band
includes only the future protocephalic and gnathal regions
at first, and the future thoracic and abdominal regions
develop from the posterior end of the germ band as it
elongates. He termed it as the short germ type. On the
contrary, the germ band, which includes all of the future
protocephalic, gnathal, thoracic and abdominal regions
from the beginning, is termed the long germ type. The
germ band, which includes the future protocephalic, gna-
thal and thoracic regions at first, is termed the semilong
germ type. He suggested that the short germ type is
often found in hemimetabolans, e.g., Odonata, Orthoptera
ahd Hemiptera, and the long germ type 1is found in higter
holometabolans, e.g., Diptera and Hymenoptera. The semi-
long germ type is found in some coleopterans.

In the Mecoptera, the germ band of the Panorpidae is
regarded as the semilong germ type and those of the other
three families are regarded as the short germ one (Fig.
228), hence the germ band of the Panorpidae is thought to

be more derived type than that of the other families.

4. Germ band or germ rudiment formation
In several species of the coleopteran Chrysomelidae,

Zakhvatkin (1968) observed that the eggs of Leptinotarsa
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decemlineata and Phyllodecta vitellinae are rich in yolk

and poor in ooplasm, and germ bands are formed on the
surface of the eggs, namely, the superficial type of the

germ band. On the contrary, the eggs of Galerucella line-

ola and Chalcoides aurata are rich in ooplasm and not so

rich in yolk, and their germ bands sink into the yolk at
first, that 1is the invaginated type. Therefore he
concluded that the relative amount of the yolk and ooplasm
determines the type of the early embryogenesis.

In the Mecoptera, the germ band formation of the
Bittacidae, Boreidae ’and Panorpidae is the superficial
type, and the germ band or rudiment formation of the Panor-
podidae is the immersed type which the invaginatd germ
rudiment leaves from the egg periphery and sinks into the
yolk compietely. Concerning the considerable difference in
the formation between the Panorpodidae and Panorpidae,
though they have similar ooplasm-rich eggs, the author
thinks that the affinity of these two families 1is not so

close.

5. Genealogical tree of the Mecoptera based on embryo-
logical characters
Finally, the foregoing conclusions from the present

study are summed up in the figure on the following page.
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GENEALOGICAL TREE OF THE EUMECOPTERA

proliferating poor short
BITTACIDAE
invaginating BOREIDAE
i
: immersed
]
: PANORPODIDAE
type of L
inner layer
formation ’
A
PANORPIDAE
semilong super?icial
t
' ]
germ type typé of
germ band
formation

The genéaloéical tree of the four eumecopteran families
based on the enmbryological characters, proposed by the
author, does not agree with one concluded by Penny (1975).
He considered that the Boreidae and Panorpodidae branched
after their common ancestor Dbranched fgom the ancestor
of the Panorpidae, because only the Boreidae and Panor-
podidae have scarabaeiform larvae 1in the eumecopteran
families. The treé proposed by the author, however,
agreés with the mecopteran genealogical tree suggestéd
by Mickoleit (1978) Dbased on the comparative morphology
of exoskeleton of the female genitalia, and also agrees

with that suggested by Willmann (1981) from that of the
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exoskeleton of the male genitalia. While according to
the embryological data, the author can not favor Hinton's
proposal (1958) that, from the morphological difference
of the larval cranium, maxilla and labium, the Boreidae
is to be separated from the mecopteran families and to

be established as a new order, Neomecoptera.
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SUMMARY

1. The comparative embryolgy of nine species of the Meco-
ptera, representing four families belonging to the sub-
order Eumecoptera is studied.

2. Especially the entire embryonic development of Bittacus

laevipes, Panorpodes paradoxa and Panorpa pryeri is

described, and the early and middle development of Bore-
us westwoodi is also described.

3. The egg shape of B. laevipes is spherical, and that of
Bo. westwoodi, Pd. paradoxa and P. pryeri is oval.

4. The eggs of B. laevipes and Bo. westwoodi have micropy-
les at both poles.

5. The newly laid eggs show the metaphasic figure of the
first maturation division. The egg of P. pryeri has
the polar granule at the posterior end of the egg
periphery.

6. The egg of B. laevipes is poor in ooplasm, while the
eggs of Pd. paradoxa and P. pryeri are rich, and the
quantity of the oolpasm of Bo. westwoodi is intermediate
to that of B. laevipes and P. pryeri.

7. The egg periods are ca. 270 days in B. laevipes, ca. 33
days (21C) in Pd. paradoxa, and ca. 150 hr (21C) in .
pryeri.

8. The very thin blastoderm is formed in B. laevipes and
Bo. westwoodi. The thick blastoderm is formed and the

inner periplasm is found in Pd. paradoxa and P. pryeri.
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9. The external features of embrYos of four species, and
the first instar larvae of B. laevipes, Pd. paradoxa and
P. pryeri are described in detail.

10. The embryonic period 1is devided into eight stages
in Pd. paradoxa and P. pryeri, and nine in B. laevipes.

11. The very small germ disk is formed on the ventral
sureface of the egg in B. laevipes.

12. The germ rudiment formation of Pd. paradoxa is of the
so-called immersed type, and the germ band formation of
B. laevipes, Bo. westwoodi and P. pryeri is of the
superficial one.

13. The germ band of B. laevipes, Bo. westwoodi and Pd.
paradoxa 1is classified into the short germ type, and
that of P. pryeri is the semilong germ type.

14 . The inner layer formation is of the so-called prolifer-
ating type in B. laevipes, and of the invaginating type
in Bo. westwoodi, Pd. paradoxa and P. pryeri.

15. In the cephalognathal region, the ectodermal invagina-
tions are six pairs. Moreover, the single invagination
appears on the median line of the labrum.

16 . The single invagination of the ectoderm arises on the
medioventral line at the intersegmental region between
the ninth and tenth abdominal segments in B. laevipes,
Pd. paradoxa and P. pryeri, and it is the future anal
gland.

17. The formation of the corpora allata and prothoracic
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glands is described in B. laevipes.

18. The tracheal invaginations appear in the mesothorx to
the eighth abdominal segments. The spiracles of the
mesothorax shift to the posterior margin of the protho-
rax, and the metathoracic ones are disappear later.

19. The oenocytes occur in the ectoderm at the posteromedi-
al position of spiracles of the first eight abdominal
segments in B. laevipes, Pd. paradoxa and P. pryeri.

20. The ventral nerve cord consists of sixteen paris of
ganglion, one for each segment from the mandibular to
the tenth abdominal.

21. The median cord has the neuroblasts which participate
into the ganglion formation in B. laevipes, Pd. paradoxa
and P. pryeri.

22. The neurilemma is originated from the outer cells of
the lataral cord in B. laevipes, Pd. paradoxa and P.
pryeri.

23. The brain consists of three pairs protocerebral gan-

glia(lobus 1, 2, and 3+3'), the antennal ganglia
(=deutocerebrum), and the intercalary ganglia (=trito-
cerebrum).

24. The stomatogastric nervous system 1is derived from
three evaginations of the stomodaeal roof in B. laevi-
pes, Pd. paradoxa and P. pryeri.

25. The larval eyes of B. laevipes and P. pryeri are the

compound eyes and their formation is described. The
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optic plate of Pd. paradoxa becomes vestigial during
the embryonic stage, and the first instar larva has no
eyes.

26 . The coelomic sacs are formed eighteen pairs, one for
each of the 1labral, antennal, three gnathal, three
thoracic, and ten abdominal segments.

27 . The aorta 1s formed by the antennal mesodermal cells
in B. laevipes, Pd. paradoxa and P. pryeri.

28 . The heart, pericardial cells, and dorsal diaphragm
are derived from the lateral walls of coeloms in the
thoracic and abdominal regions in B. laevipes, Pd. para-

doxa and P. pfyeri.

29 . The blood cells are originated from the primary median
mesoderm in B. laevipes, Pd. paradoxa and P. pryeri.

30. The suboesophageal bodies arise from the mesodermal
cells of the intercalary segment in B. laevipes, Pd.
paradoxa and P. pryeri.

31. The formation of the gonads is described in B. laevi-
pes, Pd. paradoxa and P. pryeri.

32. The fat bodies and body muscles differentiate from
the lateral walls of the coeloms.

33. The musculatures of the thoracic and abdominal seg-
ments of the first instar larva are described in P.
pryeri.

34 . The stomodaeum and proctodaeum are formed in the

usual manner as ectodermal invaginations.
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35. The three pairs of the malpighian tubules evaginate
from the blind end of the proctodaeum in B. laevipes,
Pd. paradoxa and P. pryeri.

36. The anterior and posterior midgut rudiments are derived
from the proliferating cells of the stomodaeal and
proctodaeal blind ends severally. Therefore the mid-
gut epithelium is entirely ectodermal in origin.

37. The duodenal valve is formed at the middle part of
the proctodaeun.

38. The midgut epithelium of the first instar 1larva 1is
classified into four regions from the morphological
characters of the cells in P. pryeri.

39. The amnion of the embryo spreads laterally, and differ-
entiates into the outer and inner amnions.

40. The thickened serosa appears near the anterior pole
of the egg in Bo. westwoodi, and the serosal cuticle 1is
formed in B. laevipes, Bo. westwoodi, Pd. paradoxa and
P. pryeri.

41. The embryos of B. laevipes diapause for ca. 180 days.

42. The formation of the abdominal legs is described in
B. laevipes and P. pryeri, and the legs are not homolo-
gous with the thoracié legs.

43. Thé formation of the anal legs and telson is describ-
ed in P. pryeri. The anal 1legs are formed from the

part of the telson, and seem not to be modified cerci
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of the eleventh abdominal segment.

44. The tenth abdominal segments of Pd. paradoxa and P.
pryeri are likely to involve the vestigial eleventh
abdominal segments.

45. The relationship of the four mecopteran families 1is
discussed, and the genealogical tree is given based on
the present embryological data. The Bittacidae 1is
thought to be most primitive, and the Paﬁorpidae seems
to be the most derived family in the four mecopteran

families.
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ABBREVIATIONS USED IN THE FIGURES

a, amnion

al-10, first to tenth abdo-
minal segments

ac, amniotic cavity

af, amniotic fold

ag, antennal ganglion

agl-10, first to tenth abdo-
minal ganglia

al, abdominal leg

amr, anterior midgut rudi-
ment
an, anus
ang, anal gland
anl, anal leg
ant, anterior tentorium
apc, amnioproctodaeal cavity
ar, aorta
at, antenna
atm, antennal mesoderm
atr, atrium of spiracle
b, brain
bl-3, protocephalic buldges
1 to 3
bc, blood cell

bdc, blastoderm cell
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bep, blind end of procto-
daeum
bm, basement membrane

bz, budding zone

c, cuticle
ca, corpushallatum
cb, cardioblast

cc, crystalline cone

cca, corpus cardiacum

ceb, central body of tento-
rium

ch, chorion

cn, cleavage nucleus

cnt, connective

coc, corneagenous cell

con, conjunctiva

cor, cornea

cos, common duct of salivary
glands

cox, coxopodite

cp, cytoplasmic process

cr, cytoplasmic reticulum or

reticuloplasm

cra, cranium

cs, coelomic sac



cse, columnar serosa

ct, coxa of thoracic leg

ctr, commissure of trito-

cerebrum

cv, cardiac valve

da, developing aorta

dc, deutocerebrum

dcm, degenerating closing

membrane
dd, dorsal diaphragm
dm, distribution of meso-
dermal cells
neurilemma

dn, developing

dp, dorsal process
dv, duodenal valve
e, eye
ea, embryonic area
ec, ectoderm

eea, extraembryonic area

ema, extensor mandibular
apodeme
es, epineural sinus

est, evagination of stomato-
gastric nervous system
et, egg tooth

fb, fat body
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fg, frontal ganglion

fm, first maturation divi-

sion of female nucleus

fma, flexor mandibular apo-
deme

gc, germ cell

gd, germ disk

gi, ganglion of intercalary

segment

gr, germ rudiment

gri, genital ridge

gs, granular substance

h, heart

hg, hypocerebral ganglion

ia, inner amnion

ic, intercalary segment

il, inner layer

ip, inner periplasm

ipg, invagination of protho-
racic gland

isg, invagination of saliva-
fy gland

1, lumen

11-3, 1lobi 1 to 3 of proto-
cerebrum

la, labral apodeme



lg, lamina ganglionaris

1i, labium

lig, labial segment

lp, lateral plate

lpa, lateral process of ab-

dominal segment
ls, lateral spread of amnion
mc, mesodermal cell

md, mandible

mdc, median cord
mdg, mandibular ganglion
mdl, medioventral line

mds, mandibular segment

me, midgut epithelium

med, medulla

ml, median line

mp, micropyle

mpc, mnmitotical figure of
proctodaeal cell

mpl, middle plate

mt, malpighan tubule

mu, muscle

mv, microvilli

mvl, medioventral line

mx, maxilla

mxa, maxillary apodeme

mxg, maxillary ganglion

mxs, maxillary segment

nb,

nbm,

neuroblast

neuroblast of median

cord

ne,
ng,
np,
oa,
oam,
oe,
ocec,
og,
ol,
Op.,
ov,
pbl
pc,
pcc,
pce,

pcl,

neurilemma
neural groove
neuropile
opening of amniotic fold
outer amnion
oesophagus
oenocyte
outer ganglionic cell
optic lobe
optic plate
ostial valve
polar body
protocorm
pericardial cell
protocerebrum

protocephalon or proto-

cephalic lobe

pd,

P9,

proctodaeum

primitive groove

pgl, prothoracic gland

pl,

149

periplasm



pmr, posterior midgut rudi-
ment
pn, paracardiac nerve

pog, polar granule

prf, postretinal fiber

pt, posterior tentorium

pv, pyloric valve
pw, proctodaeal wall
ra, rudimental amnion
rc, regenerative cell

rd, ridumental dorsal pro-

cess

rdd, rudimental dorsal dia-
phragm

re, rudimental eye

rec, retinular cell

rg, rudimental gonad

rh, rhabdom

ria, round cell of inner
amnion

rmt, rudimental malpighian
tubule

rn, recurrent nerve

rng, rudimental neural
groove
rop, rudimental ocptic plate
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rpf, rudimental postretinal
fiber
rs, rudimental serosa
S, serosa
sb, suboesophageal body
sc, serosal cuticle
sd, stomodaeum
sdu, salivary duct
sec, Semper's cell
sg, salivary gland
sm, second maturation divi-
sion of female pronucleus
smu, splanchnic muscle
som, somatic mesoderm
sp, spiracle
spc, small process on cra-
nium
spm, splanchnic mesoderm
sr, stomodaeal roof
stn, stomatogastric nervous
system
sz, spermatozoon
t, tentorium
t1l-3, first to third thora-
cic segments

tc, tritocerebrum



te, telson

ter, tergum

tgl-3, first to third thora-
cic ganglia

t11-3, first to third thora-
cic legs

tp, telopodite

tr, trachea

trc, trichogen cell

tri, +tracheal invagination

v, vacuole

vtt, vestigial tracheal
trunk

y, yolk or yolk granule

yc, yolk cell (= yolk nu-
cleus)

yca, yolk cell aggregation
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EXPLANATION OF FIGURES

1. Newly laid egg of P. pryeri.

2. Close-up of Fig. 1 showing lateral side of shell.
3. Anterior pole of egg of P. pryeri.

4. Newly laid egg of Pd. paradoxa.

5. Anterior pole of egg of Pd. paradoxa.

Scales = 100pm (Figs. 1, 4) and 10pm (Figs. 2, 3, 5).
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EXPLANATION OF FIGURES

6. Newly laid egg of B. laevipes.

7. Honeycombed pattern of shell of B. laevipes. Granular
substance on egg surface is removed.

8. Anterior pole of egg of B. laevipes showing micropyles.

9. Newly laid egg of Bo. westwoodi.

10. Anterior pole of egg of Bo. westwoodi showing micro-
ﬁyles.

11. First instar larva of P. pryeri.

Scales = 100pm (Fig. 6), 10pm (Fig. 7), 5pm (Figs. 8, 10),

50pm (Fig. 9) and 500pm (Fig. 11).
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EXPLANATION OF FIGURES

12. First instar larva of Pd. paradoxa.
13. Small ventral process of third abdominal segment

of first instar larva of Pd. paradoxa.

1l4. First instar larva of B. laevipes.

15. Larval eye of B. laevipes.

l6. First instar larva of Bo. wedtwoodi.

17. Laterodorsal view of tenth abdominal segment of first
instar larva of P. pryeri. Arrows show three pairs

of spines which belong to vestigial eleventh abdominal

segment.

Scale = 500pm (Figs. 12, 14, 16), 10pm (Figs. 13, 15)

and 50pm (Fig. 17).
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EXPLANATION OF FIGURES

18. Part of transverse section of egg of P. pryeri, show-
ing second maturation division of female pronucleus
early in Stage 1.

19. Part of longitudinal section of egg of P. pryeri,
showing polar granule early in Stage 1.

20. Part of transverse section of egg of Pd. paradoxa
early inVStage'l. |

21. Part of transverse section of egg of Pd. paradoxa,
showing first maturation division of female pronucleus
early in Stage 1.

22. Part of transverse section of egg of B. laevipes,
showing first maturation division of female pronucleus

early in Stage 1.

Scales = 50upm.
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EXPLANATION OF FIGURES

23. Longitudinal section of chorion through anterior
(A) and Posterior (B) poles of egg of Bo. westwoodi.

24. Part of transverse section of egg of Bo. westwoodi
early in Stage”i.

25. Part of transverse section of egg of P. pryeri, show-
ing spermatozoon.

26. Part of longitudinal section of egg of P. pryeri
in Stage 1.

27. Part of longitudinal section of egg of

Re)

pryeri
in Stage 1.

28. Part of transverse section of egg of Pd. paradoxa
early in Stage 1.

29. Part of longitudinal section of egg of Pd. paradoxa

late in Stage 1.

Scales = 50um.
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EXPLANATION OF FIGURES

30. Blastoderm cells in Pd. paradoxa late in Stage 1.

31. Cleavage nuclei at egg periphery in B. laevipes 1in
Stage 1.

32. Blastoderm cells in B. laevipes late in Stage 1.

33, 34, 35. Consecutive stages of blastoderm formation

in Bo. westwoodi during Stage 1.

Scales = 50pm.

- l62 -






EXPLANATION OF FIGURES

36. Cells of embryonic area in P. pryeri early in Stage 2.

37. Cells of extraembryonic area in P. pryeri early in
Stage 2.

38. Lateral view of egg of P. pryeri late in Stage 2.

39. Ventral view of germ band of P. pryeri late iu Stage 2.

40. Ventral view of germ band of P. pryeri early in Stage
41. Lateral view of germ band of P. pryeri early in Stage

42. Ventral view of germ band of P. pryeri late in Stage 3.

43. Ventral view of germ band of P. pryeri early in Stage

44. Ventral view of germ band of P. pryeri early in Stage

4,
Scales = 50um (Figs. 36, 37) and 500pm (Figs. 38-44).

Arrows indicate the pbsition of the caudal end of the

germ bands.
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EXPLANATION OF FIGURES

45. Ventral view of embryo of P. pryeri in Stage 4.

46. Ventral view of embryo of P. pryeri late in Stage 4.
47. Ventral view of embryo of P. pryeri early in Stage 5.
48. Dorsal view of embryo of P. pryeri early in Stage 5.
49. Ventral view of embryo of P. pryeri late in Stage 5.
50. Ventral view of embryo of P. pryeri early in Stage 6.
51. Ventral view of embryo of P. pryeri in Stage 6.

52. Lateral view of embryo of P. pryeri in Stage 6.
Scale = 500pm.

Arrows indicate the position of the caudal end of the

embryos.
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EXPLANATION OF FIGURES

53. Lateral view‘of embryo of P. pryeri in Stage 7.

54. Lateroventral view of third thoracic to second abdo-
minal segments of embryo of P. pryeri in Stage 7.

55. Lateral view of embryo of P. pryeri early in Stage 8.

56. Ventral view of embryo of P. pryeri in Stage 8.

57. Ventral view of embryo of P. pryeri early in Stage 9.

58. Lateral view of embryo of P. pryeri late in Stage 9.

Scale = 500pm.
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EXPLANATION OF FIGURES

59. Longitudinal section of egg of Pd. paradoxa early
in Stage 2.

60. Longitudinal sectioﬁ of egg of Pd. paradoxa early
in Stage 2.

61. Longitudinal section through posterior part of egg
of Pd. paradoxa early in Stage 2.

62. Longitudinal section through posterior part of egg

of Pd. paradoxa in Stage 2.

Scales = 100pm (Figs. 59, 60) and 50um (Figs. 61, 62).






EXPLANATION OF FIGURES

63, 65, 66, 67. Diagrams showing consecutive stages of
germ Dband formation of Pd. paradoxa during Stage 2
(Figs. 63, 65) and 3 (Figs. 66, 67).

64. Transverse section through germ rudiment of Pd. para-

doxa late in Stage 2.

68. Lateral view of germ band of Pd. paradoxa early in

Stage 4.

69. Lateral view of embryo of Pd. paradoxa late in Stage

Scales = 100um.

- 172 -






EXPLANATION

70. Frontal
71. Lareral
5.

72. Ventral

73. Lareral

74 . Lateral

OF FIGURES

view of embryo of Pd. paradoxa late in

view of embryo of Pd. paradoxa early

view of embryo of Pd. paradoxa early

view of embryo of Pd. paradoxa late in

view of embryo of Pd. paradoxa early

Stage 4.

in Stage

in Stage

Stage 5.

in Stage

75. Ventral view of third thoracic to second abdominal

segments

of embryo of Pd. paradoxa early in Stage 6.

Scale = 100pm.
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EXPLANATION OF FIGURES

76. Lateral view of embryo of Pd. paradoxa late in Stage 6.
77, 78, 79. Diagrams showing consecutive stages of revolu-
tion of embryo of Pd. paradoxa during Stage 7.

80. Ventral view of embryo of Pd. paradoxa in Stage 8.

Scales = 100pm (Figs. 76, 80).
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EXPLANATION OF FIGURES

81. Ventral
82. Ventral
Stage 3.
83. Ventral
84. Ventral
Stage 3.
85. Ventral
Stage 4.
86. Ventral
87. Ventral
88. Frontal
89. Lateral
Scale =

view of germ disk of B. laevipes in Stage 2.

laevipes

late

laevipes early

in Stage

laevipes early in

in

in

4.

view of germ disk of B.

view of germ band of B. laevipes in Stage 3.
view of germ band of B.

view of germ band of B.

view of embryo of B. laevipes

view of embryo of B.

view of embryo of B.

view of embryo of B.

500pm.
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EXPLANATION OF FIGURES

90. Frontal view of embryo of B. laevipes early in Stage
5.

91. Frontal view of embryo of B. laevipes in Stage 5.

92. Frontal view of embryo of B. laevipes in Stage 6.

93. Frontal view of cephalognathal region of embryo of

B. laevipes early in Stage 7.

94. Frontal view of cephalognathal region, and third tho-
racic and first abdominal segments of embryo of B. lae-
vipes in Stage 7.

95. Frontal view of embryo of B. laevipes in Stage 7.

96. Frontal view of embryo of B. laevipes late in Stage 7.

Scale = 500um.
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EXPLANATION OF FIGURES

97. Lateral view of embryo of B. laevipes early in Stage
8.

28. Lateral view of embryo of B. laevipes in Sﬁage 8.

99. Lateral view of embryo of B. laevipes in Stage 8.

100. Lateral view of embryo of B. laevipes late in Stage
8.

101. Full grown embryo of B. laevipes in Stage 9.

Scale = 500pm.
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EXPLANATION OF FIGURES

102.

of

103.

104.

of

105.

in

106.

Sagittal section of small process in the cranium
first instar larva of B. laevipes.

Ventral view of egg of Bo. westwoodi in Stage 2.
Part of transverse section through embryonic area
egg of Bo. westwoodi in Stage 2.

Ventral view of germ band of Bo. westwoodi early
Stage 3.

Transverse section through germ band of Bo. westwoodi

early in Stage 3.

107. Ventral view of germ band of Bo. westwoodi late
in Stage 3.

Scales = 50pm (Figs. 102, 104, 106) and 100pm (Figs. 103,
105, 107).
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EXPLANATION OF FIGURES

108. Ventral view of embryo of Bo. westwoodi in Stage 4.

109. Ventral view of embryo of Bo. westwoodi early in
Stage 5.

110. Posterior part of abdomen of embryo of Bo. westwoodi
early in Stage 5.

111. Lateral view of embryo of Bo. westwoodi late in
Stage 5.
112. Ventral view of embryo of Bo. westwoodi 1late in

Stage 5.

Scale = 100pm.
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EXPLANATION OF FIGURES

113. Change of egg size of P. pryeri, Pd. paradoxa and
B. laevipes. R = time of revolution of embryo.
114. Outlines of newly laid (broken line) and full grown

(solid 1line) eggs of P. pryeri (A), Pd. paradoxa (B)

and B. laevipes (C).

Scale = 500pum.

- 188 -



00ST

113

Panorpa pryeri
S ———— Panorpodes paradoxa ]
_____ Bittacus laevipes §
= g
o - R
(] ! @
major axis $ lw
———"—’“ o]
[
| — i s
$—— =" { B
e e e e e e e e e e = e P = = = == = -‘/_’“ g
- m
e 2
_ T GEpEpE————
AR S e ~minor axis -
< t diapause |
1B. laevipes ! | Y g
0 100 200 &270 days
(Pd. paradoxa . L1
0 10 20 } 30 32 days
R
P. pryeri . 1 J
- =0 100 ! 150 hr
Time after oviposition R

114




EXPLANATION OF FIGURES

115. Transverse section through middle part of egg of
P. pryeri in Stage 2.

116. Longitudinal section of posterior part of egg of
P. pryeri late in Stage 2.

117. Diagrams of transverse sections ‘through middle part
of eggs of P. pryeri, showing the germ band and embry-
onic envelope formation. The parenthesized number

indicates the number of cells. A, Stage 2; B, Stage 3.

Scales = 100pm.
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EXPLANATION OF FIGURES

118. Part of transverse section through

of germ band of P. pryeri early in Stage
119. Part of transverse section through
of germ band of P. pryeri in Stage 3.
120. Transverse section'through abdominal
band of P. pryeri in Stage 3.

121. Part of transverse section through

preoral region

3.

preoral region

region of germ

preoral region

of germ band of P. pryeri late in Stage 3.

122. Transverse section through germ rudiment of Pd.

paradoxa late in Stage 2.

Scales = 50um.

- 192 -






EXPLANATION OF FIGURES

123. Serosal cells of Pd. paradoxa late in Stage 3.

124. Transverse section through protocephalon of germ
band of Pd. paradoxa late in Stage 3.

125. Transverse section through middle part of germ band
of B. laevipes early in Stage 3.

126. Sagittal section of germ band of B. laevipes in
Stage 3.

127. Transverse section through anterior part of germ

band of Bo. westwoodi late in Stage 3.

Scales = 50um.
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EXPLANATION OF FIGURES

128. Diagram showing the position of ectodermal invagi-
nations of embryo. Dotted circles indicate transverse
sections of bases of gnathal appendages.

129. Parasagittal section through cephalognathal region
of embryo of P. pryeri late in Stage 5.

130. Slightly oblique parasagittal section through cepha-
lognathal region of embryo of P. pryeri in Stage 6.

131. Parasagittal section through cephalognathal region

of embryo of P. pryeri in Stage 6.

Scale = 100um.
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EXPLANATION OF FIGURES

132. Transverse section throughv head of embryo of P.
pryeri in Stage 7.

133. Sagittal section through head of embryo of P. pryeri
in Stage 7.

134. Diagram showing endoskeletons of head bf first insfar
larva of P. pryeri.

135. Part of longitudinal' section bf tentoriuh of first
instar larva of P. pryeri.

136. Part of parasagittal section through head of first
instar larva of P. pryeri, showing the proximal part
of extensor mandibular apodeme.

137. Sagittal section through anal gland of first instar

larva of P. pryeri.

Scales = 50pm (Figs. 132, 133) and 10pm (Figs. 135-137).
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EXPLANATION OF FIGURES

138. Part of parasagittal section through cephalognathal
region of embryo of B. laevipes in Stage 7.

139. Part of horizontal section through head of embryo
of B. laevipes late in Stage 7.

140. Part of horizontal section through posterior region
of stomodaeum of embryo of B. laevipes in Stage 8.

141. Part of transverse section through intersegmental
region between the labial and first thoracic segments
of embryo of B. laevipes late in Stage 7.

142. Anterior part of harizontal section through the first

thoracic ganglion of first instar larva of B. laevipes.

Scales = SOpm.
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EXPLANATION OF FIGURES

143.

o

- 144,

of

145.

Parasagittal section through thorax of embryo of

pryeri late in Stage 5.

Parasagittal section through head and thoracic region
embryo of P. pryeri in Stage 6.

Part of transverse section through metathorax of

embryo of P. pryeri late in Stage 8.

146.
P.
147.

of

Scales

Atrium of first abdominal spiracle of embryo of

pryeri late in Stage 9.

Part of +transverse section through first abdomen

embryo of P. pryeri in Stage 7.

= SOpm.
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EXPLANATION OF FIGURES

148. Part of transverse section through second abdominal
segment of embryo of P. pryeri in Stage 7.

149. Part of transverse section through second abdominal
segment of embryo of Pd. paradoxa in Stage 5.

150. Part of transverse section through prothorax of
embryo of P. pryeri late inVStage 4.

151. Part of transverse section through prbthorax of

embryo of P. ‘pryeri in Stage 6.

Scales = 50pm.
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EXPLANATION OF FIGURES

152. Part of transverse section through metathorax of
embryo of P. pryeri early in Stage 6.

153. Part of transverse section throufg second abdominal
segment of embryo of P. pryeri in Stage 6.

154. Parasagittal section through posterior part of ab-
domen of embryo of Pd. paradoxa late in Stage 4.

155. Part of parasagittal section through thorax of embryo

of Bo. westwoodi late in Stage 4.

Scales = SOpm.
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EXPLANATION OF FIGURES

156. Horizontal section through head of embryo of P.
pryeri late in Stage 4.

157. Part of horizontal section through head; of embryo
of P. pryeri in Stage 5.

158. Diagrams showing the distribution. of ganglia (A)
and mesodermal cells (B) in the cephalognathal region
of embryo of P. pryeri in Stage 5.

159. Horizontal section through head of embryo of P.

pryeri in Stage 6.

Scales = 10pm (Fig. 156) and 50pm (Figs. 157, 159).
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EXPLANATION OF FIGURES

160.

Part of transverse section through head of embryo

of P. pryeri in Stage 6.

lel.

Part of transverse section through head of embryo

of P. pryeri in Stage 7.

1l62.

Part of transverse section through brain of embryo

of P. pryeri in Stage 9.

163.

Diagram showing the brain of first instar larva

of P. pryeri.

l64.

P.

Scales

Sagittal section through oral region of embryo of

pryeri in Stage 5.

= 50pm.
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EXPLANATION OF FIGURES

165. Sagittal section through head of embryo of P. pryeri
in Stage 6.

1665 Part of transverse section through head of embryo
of P. pryeri in Stage 7.

167. Transverée ‘section through posterior part of stomo-
daeum of embryo of P. pryeri in Stage 8.

168. Diagram showing the stomotogastric nervous system
of first instar larva of P. pryeri.

169. Transverse section through middle part of stomocdaeum

of first instar larva of P. pryeri.

Scales = 50um.
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EXPLANATION OF FIGURES

170. Slightly oblique sagittal section through cephalo-
gnathal region of embryo of Pd. paradoxa in Stage 5.

171. Longitudinal section through compound eye of embryo
of P. pryeri in Stage 9.

172. Longitudinal section through compound eye of first
instar larva of P. pryeri.

173. Longitudinal section of ommatidium (A), and trans-
versesection of crystallin cone (B) of first instar

larva of B. laevipes.

Scales = 50um (Figs. 170-172) and 10pm (Fig. 173).
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EXPLANATION OF FIGURES

174. Part of transverse section through head of embryo
of Pd. paradoxa in Stage 5.

175. Part of transverse section through head of embryo
of Pd. paradoxa in Stage 6.

176. Transverse section through maxillary segment of
embryo of P. pryeri in Stage 4.

177. Sagittal section of egg of Pd. paradoxa in Stage 3.

178. Parasagittal sectioq through posterior part of abdo-

men of embryo of Pd. paradoxa in Stage 4.

Scales = 50pm (Figs. 174-176, 178) and 100pm (Fig. 177).
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179. Parasagittal section through head of embryo of P.
pryeri in Stage 6.

180. Cardioblasts of P. pryeri in Stage 7.

181. Part of transverse section through first abdominal
segment of embryo of P. pryeri in Stage 8.

182. Part of transverse section through third abdominal
segment of embryo of P. pryeri in Stage 9.

183. Part of transverse section through intersegmental
region between second and third abdominal segments

of first instar larva of P. pryeri.

Scales = 50pm (Figs. 179, 183) and 10pym (Figs. 180-182).
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EXPLANATION OF FIGURES

184. Transverse section of heart through seventh abdominal
segment of first instar larva of P. pryeri.

185. Part of transverse sectioh through mesothorax of
embryo of Pd. paradoxa in Stage 5.

186. Sagittal section through posterior end of embryo
of P. pryeri in Stage 3.

187. Sagittal section through posterior end of abdomen
of embryo of P. pryeri in Stage 4.

188. Sagittal section through posterior end of abdomen

of embryo of P. pryeri in Stage 5.

Scales = S0pm.
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EXPLANATION OF FIGURES

189. Part of parasagittal section through posterior region
of abdomen of embryo of P. pryeri in Stage 6.

190. Part of transverse section through seventh abdominal
segment of embryo of P. pryeri in Stage 6.

191. Part of parasagittal section through posterior region
of abdomen of embryo of P. pryeri in Stage 8.

192, ©Ssagittal section through posterior end of abdomen

of embryo of B. laevipes in Stage 5.

Scales = 50pm.
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EXPLANATION OF FIGURES

193. Diagram showing main musculature of metathorax and
first abdominal segments of first instar larva of P.
pryeri. Arrows = see £ext (p.85).

194. Diagrams showing posterior view of caudal end of
abdomen (A) and parasagittal (B, C) and sagittal (D)
sections through posterior part of abdomen of first

instar larva of P. pryeri.
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EXPLANATION OF FIGURES

195. Sagittal section through anterior part of midgut
of embryo of P. pryeri in Stage 9.

196. Parasagittal section through posterior part of abdo-
men of embryo of P. pryeri in Stage 5.

197. Diagram showing aiimentary canal of first instar
larva of P. pryeri.

198. Sagittal section through stomodaeal region of embryo

of P. pryeri in Stage 4.

Scales = 50pm.

- 226 -



197



EXPLANATION OF FIGURES

199. Sagittal section through stomodaeal region of embryo
of P. pryeri in Stage 5.

200. Part of transverse section through second abdominal
segment of embryo of P. pryeri in Stage 8.

201. Midgut epithelium of Region I of first instar larva
of P. pryeri.

202. Midgut epithelium of Region II of first instar larva
of P. pryeri.

203. Midgut epithelium of Region III of first instar
larva of P. pryeri.

204. Sagittal section through stumodaeal region of embryo
of B. laevipes in Stage 4.

205. Sagittal section through stomodaeal region of embryo

of Bo. westwoodi in Stage 4.

Scales = 10pm (Figs. 199, 201-205) and 50um (Fig. 200).
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EXPLANATION OF FIGURES

206. Diagram showing 1lateral
part of transverse section
of P. pryeri in Stage 4.

207.

Diagram showing lateral

part of transverse section

of P. pryeri in Stage 5.

208. Diagram showing lateral
of P. pryeri in Stage 5.
209. Part of sagittal section

in Stage 5.

Scales = S50pm.

- 230

spread of amnion (&), and

through head of embryo (B)

spread of amnion (A), and
through head of embryo (B)

spread of amnion

of embryo

through embryo of P. pryeri






EXPLAN

210.

of

211,

of

ATION OF FIGURES

Sagittal section through thickened inner amnion
embryo of P. pryeri in Stage 7.
Sagittal section through anterior part of embryo

Bo. westwoodli in Stage 4.

212.

of

213.

of

214.

of

215.

ins

216.

of

217.

of

Scales

Rudimental abdominal leg of second abdominal segment
embryo of P. pryeri in Stage 7.

Abdominal leg of second abdominal segment of embryo
P. pryeri in Stage 8.

Abdominal leg of second abdominal segment of embryo
P. pryeri in Stage 9.

Abdominal leg of second abdominal segment of first
tar larva.

Small abdominal process of third abdominal segment
embryo of Pd. paradoxa in Stage 7.

Small abdominal process of third abdominal segment

first instar larva of Pd. paradoxa.

= 1lO0pm (Figs. 210, 212-217) and 50um (Fig. 211).
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EXPLANATION OF

218. Part of
embryo of P.
219. Part of
embryo of P.
220. Part of

embryo of P.

FIGURES

transverse section
pryeri in Stage 4.
transverse section
pryeri in Stage 5.
transverse section

pryeri in Stage 7.

through prothorax of

through prothorax of

through prothorax of

221. Parasagittal section through’ posterior part of abdo-

men of embryo of P. pryeri early in Stage 7.

222. Parasagittal section through posterior part of abdo-

men of embryo of P. pryeri in Stage 7.

223. Parasagittal section through posterior part of abdo-

men of embryo of P. pryeri late in Stage 7.

Scales = SOpm.
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EXPLANATION OF FIGURES

224. Serosa and serosal cuticle of P. pryeri early in
Stage 5.

225. Serosa and serosal cuticle of P. pryeri in Stage 5.

226. Parasagittal section through posterior part of abdo-
men of embryo of B. laevipes in Stage 7.

227. Diagram showing main caetotaxy of eighth to tenth
abdominal segments of first instar larva of Pd. para-

doxa. Arrows = see text (p.112).

Scales = 10pm (Figs. 224, 225) and 50pm (Fig. 226).
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EXPLANATION OF FIGURE

228. Diagrams showing types of germ band. A, B. laevipes;

B, Bo. westwoodi;: C, Pd. paradoxa; D, P. pryeri.

- 238 -



228




