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Hidemiti OKA (1902-1982)

Hidemiti Oka, Professor Emeritus of Tokyo Kyoiku University, passed
away on 16 June 1982 in Tokyo, at age of 79, from bronchial pneumonia. He
served the Zoological Society of Japan as a member of the Organizing
Committe, and President of the Society for 1965-1966, and was an honorary
member after 1973. He also served the Study Group‘of the Students of Arthro-
podan Embryology in Japan as an adviser.

Oka was born on October 2, 1902 in Nishikata-machi, Hongs, Tokyo as
third son of Asajiro Oka, who was a great biologist and was famous as the
author of "An Introduction to Evolution Theory" (in Japanese). After gradu-
ating from the First High School in Tokyo, he entered the Faculty of Science
of the Tokyo Imperial University (now Tokyo University), taking the course
of Zoology. During his undergraduate years at the University (1924-1927),
he made a study of the salivary glands of a dragonfly under Professor
Seitaro Goto.

Oka then went to Germany where he stayed for over two years between
November 1927 and March 1930. He mainly stayed at the Kaiser Wilhelm Insti-
tute of Biology, Berlin, and was engaged in a work on experimental Embryology
under Professor 0. Mangold. '

After his return from abroad, in April 1931 he was appointed Lecturer
of Zoology at the Faculty of Science, Tokyo Imperial University (now Tokyo
University) in Tokyo. In 1935 he received the degree of D.Sc. for a work on
the experimental analyse of double limbs in young larvae of iHynobius.

In 1932 he was appointed Professor of Zoology at Tokyo Bunrika Univer-
sity in Tokyo, and continuously, in 1949, he was also appointed Professor of
Zoology at Tokyo Kyoiku University in Tokyo.

During his professorship of 28 years in both Universities, Tokyo Bun-
rika and Tokyo Kyoiku, he worked actively for his zoological research and
published many valuable papers contributing to experimental studies of limbs
of Hynobius (Urodela, Amphibia, Vertebrata) and embryos of the horseshoe-crab
(Xiphosurida, Arthropoda), the asexual reproduction of compound ascidians
(Tunicata, Prochordata) and fresh-water bryozoans (Bryozoa, Tentaculata),
and the behavior of Clunf?o (Chironomidae, Diptera, Insecta, Arthropoda).
His papers were written in various languages, such as German, French,
English and Esperanto, according to materials. He also spent much time for
many young students who wanted to earn doctoral degree. All the students
were influenced with his warm encouragement.

After his retirement from Tokyo Kyoiku University in 1966, he was

appointed Professor of general Biology, Course of general Education, Kokugaku~



in University in Tokyo until 1978.
Oka loved living insects and other animals. Occasionally, he said "I
am a zoologist". Just so, he established his creative zoology. With the

death of Hidemiti Oka, Japan lost one of her most brilliant zoologists.

Shuzitu ODA

Professor
Biology Laboratory
Rikkyo University, Tokyo
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RNA SYNTHESIS OF THE EARLY DEVELOPMENT IN THE EMBRYO
OF THE HORSESHOE CRAB, TACHYPLEUS TRIDENTATUS

Tomio ITOW, Atsuko NAKAMURA and Tadashi TSUKAMOTO

Department of Biology, Faculty of Education, Shizuoka University

We shall report effects of RNA inhibitors on the development of Tachy-
pleus tridentatus (Chelicerata: Arthropoda), and RNA synthesis of this
animal during the embryogenesis.

Our experimental results will be summarized as follows.

1) Development of Stage 4 (late nuclear migration stage) and younger
embryos may not go beyond the stage (early superficial cleavage stage) when
the embryos were continuously treated with actinomycin D (2.5 upg/ml) (Fig.
1). Stage 5 and older embryos similarly treated failed to develop further.

2) Development of Stage 4 and younger embryos stops at the earlier
phase of Stage 5 when the embryos were treated with actinomycin D (2.5 pg/ml)

for 24 hours at any time of the development.

Fig. 1. The normal and treated embryos. The embryos at right side of this
figure were continuously treated with 2.5 ug/ml actinomycin D from Stage 1.
Left side: normal embryos for control. A, Stage 1; B, Stage early 3; C,
Stage 4; D, Stage early 6; E, Stage 8; F, Stage 10.



3) Development of the embryos at all stages ceases immediately when
the embryos were treated with cycloheximide (0.01 to 100 ug/ml).

4) We obtained various types of monsters when Stage 4 embryos were
treated either with actinomycin D {25 to 250 ug/ml) or cycloheximide (10 to
100 pg/ml).

We therefore conclude that development of Stage 4 and younger embryos
may likely be dominated by maternal RNA, but a part of RNA necessary for
further development after Stage 5 has already been produced at earlier stages.

We also determined RNA synthesis during the embryogenesis of this
animal by means of incorporation of *H-Uridine into the fraction of RNA. As
seen in Figs. 2 and 3, amount of RNA synthesized within the embryos in-

creases greatly from Stage 7 onward.

ugl/embryo

+
S - i i i H i i i i 1 1 { i
uF OO
8 S oNe S .
i 1{2) 3 ] 10 11 12 13 14

Developmental Stage

{

A\
AW

Fig. 2. The quantity of RNA at each stage {(mean £S.E.}. U, unfertilized
egg; F, fertilized egg; ( ), unfertilized egg which was reared for 10 days
in sea water.
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Fig. 3. TThe incorporaﬁioniéf *H-Uridine into RNA fraction for 24 hr at each
stage. The amount of RNA synthesis is to be in propotion to that of the
incorporation. :
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FEMALE REPRODUCTIVE SYSTEMS IN ADULT HORSESHOE CRABS,
LIMULUS POLYPHEMUS AND TACHYPLEUS TRIDENTATUS

- Toshiki MAKIOKA and Koichi SEKIGUCHI

Shimoda Marine Research Center, University of Tsukuba and
Biological Institute, University of Tsukuba

Iﬁ American and Japanese horseshoe crabs, Limulus polyphemus and Tachy-
pleus tridentatus, adult female reproductive systems, the ovary and the
oviduct, were examined anatomically énd histologically. A close resemblance
was found in the feature and construction of their ovaries. A fine and
plane network of the tubular ovary spreads over the dorsal surface of the
midgut gland which occupies the greater part of the cephalothorax. Eggs were
produced in any area of the ovarian network. Besides very young oocytes
océurring in the ovarian wall, a great number of ococytes and mature eggs
were found on the outer surface of the ovary. In L. polyphemus, the size of
these egg cells varied continuously from very young cocytes -to mature eggs.
In 7. tridentatus, however, there was a remarkable gap in size between the
largest group of oocytes and the mature eggé. Such a difference seemed to
be a reflex of that between their oogenic patterns. Another remarkable
difference was found in their oviducal running patterns. In L. polyphemus,
the oviducts coming from a pair of gonopores divided into a n&mber of bran—
ches which constructed some cémplicated oviducal networks before donnecting
with the ovarian network. Mature eggs migrated through these labyrinthian
oviducal networks. In T. tridentatus, however, the oviducal running pattern
was much simpler. Some phylogenetic meanings of these morphological differ-

ences were discussed.
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POSTEMBRYONIC DEVELOPMENT OF EXTERNAL GENITALIA
IN GALLOISIANA NIPPONENSIS {CAUDELL ET KING)
{NOTOPTERA: GRYLLOBLATTIDAE)

Takayuki NAGASHIMA
Laboratory of Entomology, Tokyo University of Agriculture

In Notoptera, it is known that the sex in nymphal stage is distinguishe
able by the structure of'externai genitalia {rudiment) (Walker, 1919; Cram-~
pton, 1927), However the developmental process of external genitalia during
the postembryonic development is unknown.

In this study, the postembryonic development of genital and postgenital
segments was examined. v

ist-4th nymphal instars: The coxite, stylus, epiproct and paraproct are
obsebved in the 1st nymphal instar. The sex is almost indistinguishable by
the genital segment at these stages.

5th nymphal instar: In the male the paired primary phallic lobes {rudiment
of the penis) start to appear at the hind margin of the 9th sternum. In the
female the rudiment 6f ventral wvalvulae originates at the hind margin of the
8th sternum.

8th nymphal instar: The rudiments of inner valvulae begin to appear on the
9th sternum, in addition to the rudiment of ventral valvula.

- 7th nymphal . instar: In the male the coxites are separated from the 9th
abdomiﬁai segment and they are asymmetrical plates. The primary phallic
lobes also become asymmetrical, .

8th nymphal instar: At this stage the epiproct becomes distinguishable
from the 10th abdominal tergite because the latter forms an acute sclepite.
In the female the ventral valvulae and inner valvulae elongate and well
developed. The long dorsal valvule is formed from the extension of nymphal
coxite, while the nymphal stylus is reduced, and the remainder of the coxite
forms a nipple-like process on the proximal part of the dorsal valvula.

Adult: In the male the coxite is asymmetrical, the left coxite being
larger than the right one. The -penis also consists of two asymmetrical
phallomeres which are different in shape and size. The left phallomere
‘bears a large sac which can be expanded at copulation. In the female the
ovipositor consists of three pairs of valvulae as in other orthopteroid
insects. All three pairs of valvulae are well developed, the dorsal pair
being the longest. Styli and‘coxiﬁas are absent in the adult female.

No further division of each primary phallic lobe takes place during
postembryonic development as Matsuda (1976) suggested. The ventral valwvulae

of the 8th abdominal segment are thought to be homologous with the inner



valvulae of the 9th segment, Jjudging from their site and mode of development.
Further, the inner valvula may also be homologous with the primary phallic
lobe (phallomere) of the male.

As Matsuda's (1976) review indicates, the site of origin of external
genitalia is variable.' For the postembryonic development of the external
genitalia in Nototpera, the dorsal valvula appears to be derived from the
embryonic abdominal appendage, while the inner valvula, ventral valvula and

phallomere are derivatives of the integumentary outgrowth of the abdominal
sternites.
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ANATOMY OF EXTERNAL STRUCTURE AND MUSCULATURE
IN A LEPIDOPTEROUS LARVA, PIERIS RAPAE CRUCIVORA

Hidenobu TSUJIMURA

Laboratory of Biology, Tokyo University of Agriculture and Technology

Anatomy of external structure of the body wall and musculature in the

meso- and meta-thoraces and the 1st and 4th abdominal segments are described.



Besides the intersegmental folds, the larvae have some shallow grooves
on the body cuticle. The meso- and meta~thoraces have four transverse shal-
low grooves on the dorsal side (dorsal costae) and two on the ventral side
(ventral costae). The 1st and 4th abdominal segments have five dorsal cos-
tae, three ventral costae, and a pair of antero-posterior grooves on the
lateral side.

Attachment sites of each muscle are not always isolated from each
other, but have a tendency to be piled up or lined up to form various sizes
of wunited attachment sites. The sites have close relationship to the
grooves on the cuticle. All of the large and medium sized attachment sites
and most of the small sites are located on or near the grooves. All of the
grooves except one dorsal costa in the abdominal segments have some muscle
attachments.

There are 71 muscles in the hemi-mesothorax and 70 muscles in the
hemi-metathorax in most of the insect. Both segments have similar patterns
of musculature. Fifty eight of the muscles are present in bothﬁsegments.
Among the large muscles, one of the lateral internal anterior muscles in the
mesothorax and two of the ventral internal longitudinal muscles' in the
metathorax are unique. }

The 1st abdominal hemi-segment has 44 muscles and the 4th abdominal
hemi-segment has 51 muscles in most of the individuals. Both segments are
also similar in musculature. Many of the muscles are present in both seg-
ments. Seven of the muscles are unique in the 1st abdominal segment, and
there are ten unique ones in the 4th abdominal segment. The 1lst (non proleg-’
bearing) .abdominal segment has the equivalents of the plantar retractor, the
proleg retractors, and the accessary proleg retractors in the 4th {(proleg-
bearing) abdominal segment.

The musculature in P, rapae are similar to those of some other lepido-
pterous larvae. Based on the similarities, the basic plan and segmental
homology and specificity of the musculature in the lepidopterous larvae are

discussed.
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COMPARISON OF THE MATING BEHAVIOUR IN THE GENUS
CALOPTERYX LEACH {ODONATA, CALOPTERYGIDAE)

Kozo MIYAKAWA
Gakushuin High School

Sequence of the mating behaviour of the genus Calopteryx has hitherto
been described for 3 European, 2 North American and 3 Japanese gpecies. The
following processes are common through the known species.’

(1) Formation of the territory by the male along the shore of the river.

(2} Pair-forming display by the male against the female approaching to the
territory.

(3) Courtship flight of the male to the female perched nearby.

{4} Mounting the female by the male on her folded wings.

(5) Grasping the female by the male with his abdominal appendages on her
prothorax; this posture is called as "tandem position'.

(6) Intra-male sperm translocation in tandem position.

(7) Copulation on the perch.

(8) The male guards the oviposition of the partner.

In the non-territorial males the processes (1}, (2), and (8) are lacking.

Mating behaviour of Calopteryr atrata was studied by the author for
the first time, and here its characteristics are presented with a series of
slides és compared to 2 sympatric species, C. cornelia and C. virgo japonica
and also to 5 other species.

C. atrata males, when the female approached, performed the pair-form-
ing display hovering above the water surface, not perching on the substratum
and without bending the abdominal tip. Similar mode of the display was
reported for only in North American C. ‘aequabilisl The position of the
mounting of (. atrata males was unique among congeners. The males mounted,
from the beginning, on the base of female's wings, whereas in other species,
males mount on the top of female's wings. This'may be related to the lack
of the pseudopterostigma in (., atrata females.

C. atrata females laid eggs on the water surface and never did subsur-
face oviposition. The same was reported for European (. haemorrhoidalis and
North American C. maculata. Japanese C. cormelia and C. virge japonica did
subsurface‘ovipositibn frequently. This mode of oviposition was reported
for European C. spZendens"and C. virgo and North American (. aequabilis.
The longest record of the subsurface oviposition was 123 min. for (. virge

Japonica. |

{For more detailed account see my article in Advances in Odonatology, I - Pro-
ceedings of the6th International Symposium of Odonatology, 1982)
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COMPARATIVE STUDIES ON THE CELLULAR DEFENCE REACTIONS
BY SEVEN SPECIES OF THE DROSOPHILA MELANOGASTER SUBGROUP
AGAINST THE CYNIPID LEPTOPILINA BOULARDI

Yves CARTON and Hideo KITANO

Laboratoire de Biologie et Génétique Evolutives, CNRS, France and
Department of Biology, Tokyo Gakugei University

Parasitic wasps are an important compornent of the niche of Drosophila

species.

The susceptibility to the Cynipid Leptopilina boulardi was estimat-

ed in the seven sibling species of Drosophila belonging to the melanogaster

subgroup .

level of cellular immune reactions and success of parasitism.

Three categories of flies can be distinguished, according to the

D. melano-

gaster (Dm) and D. mauritiana (Dma) belong to the category 1, specified by



Tab. 1. Results obtained on day 21 after the beginning of infestation (weigh-
ted results are obtained with a 100 % lpvel of infestation). Ranges in
parentheses are 95 % confidence limits. For the rate of mortality in
controls, the number of breeding larvae is also specified in parentheses.

Experimental results (%) Weighted results (%)
Rate of No. of Rate of Rate of Rate of Rate of Rate of Rate of
Drosophila mortality 3rd instar successful host experimental successful host total
species (control) larvae parasitism emergence mortality parasitism emergence mortality
(RPMc deposited (RSP) (RHE) (RPM)} (nRSP) (nRHE) (nRM)
D. melanogaster 9.9 330 64.2 16.4 19.4 78.9 6.5 13.6
(342) (58-69) 12-21) (16-25)
D, gimulans 8.9 315 15.9 36.5 47.6 21.0 27.7 51.3
(315) (12-20) (31-42) (41-52)
D. mauritania 10.5 304 34.2 56.9 8.8 76.8 22.3 0.9
(315) (28-32) (51-62) (6-12)
D. erecta 51.4 158 24.7 21.5 53.8 18.9 38.7 42.4
(297) (18-32) (15-28) (46-62)
D. orena 46.1 152 10.5 38.8 50.6 9.3 69.2 21.5
(204) (6-16) (31-47) (42-59)
D. yakuba 5.2 314 2.9 82.5 14.6 4.2 77.4 18.3
~ (308) (1-6) (79-87) (11-19)
D. tetissiert 14.11 308 0 87.3 12.7 0 100.0 0
(298) (0-1) (82-90) (9-17)

Successful parasitization (%)

Fig. 1. Scheme giving the relative position of the seven Drosophila species
with regard to their response to the parasite. Each Drosophila species is
specified by the three biological parameters, RSP (rate of successful
parasitism), RHE (rate of host emergence) and RM (rate of total mortality).
Since RSP + RHE + RM = 100 %, we utilized triangular coordinates.



the absence of encapsulative reaction and a high rate of successful baraw
gitism. Category 2, characterized by a moderate encapsulation rate and a
high mortality, includes D. simulans (Ds), D. erecta (De) and D. orena (Do).
Category 3, which comprises D, yakuba (Dy) and D. teissieri (Dt), is
characterized by a very low rate or the absence of successful parasitism due
to a highly efficient immune cellular reaction (Fig. 1). '

This classification parallels the phylogenetic relationship based upon
polytene chromosome banding sequences. Such specific differences in suscepti-
bility to parasites may play an important role in the competition between

these species in Africa.
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DEVELOPMENTAL STUDY OF THE MALFORMED WING
PRODUCED BY NEWLY ISOLATED MUTANT, KSI10,
IN DROSOPHILA MELANOGASTER

Koji SATO and Yuzo NIKI

Department of Biology, Faculty of Sciences, Ibaraki University

In order to investigate genetic control of the wing development in D.
melanogaster, we have isolated 11 X-linked wing mutations. We report here a
heat-sensitive mutation, Ks10 (1-43.8). Ksl0 showed pleiotropic manifesta-
tion; roughed compound eyes, abnormal bristle distribution on mesonotum and
female-sterility. Malformation of Ks10 wing can be classified into following
three types. (1) Incision along edge; each cell margin incised at equal
frequencies of 30-50%, except at 1st posterior cell margin (1.9%). (2)
Disrupted venation pattern (interruption, distal branching and usual struc-
ture); higher disruptions occurred in vein-3 and -4 (42.9% and 25.4%,
respectively) . Extra cross-vein appeared between vein-2 and -3 (45/478
wings). (3) Sensilla campaniformia on Lvl and Lv33 were reduced in more 50%
of the wings. Thus, these abnormalities concentrated on the wing margin and

antero-posterior compartment boundary.
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Fig. 1. Phenotypic variation of KsI0 wings.



Then we have examined the mutant imaginal wing disc, to know the cause
of these localized defects. Mature Ksl10 wing disc showed normal morphology.
However, aldehyde oxidase activity was low in any parts of the disc, especial-
ly in the presumptive wing margin. No clear differences of the enzyme distri-
bution present between the antero-posterior compartment. These affected
regions of the wing disc were well corresponded with that of adult wing.
Furthermore, either abnomalities of wing and disc were not found when the
flies were reared at the permissive temperature of 18°C. Thus, the
wild-type allele of Ks10 would be one of the genes that participate for the

development of the wing at larval stage.

Fig. 2. Distribution of aldehyde oxidase activity in the late third instar
wing disc (a, wild type; b, Ksl10).
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MODIFYING EFFECTS OF ULTRAVIOLET IRRADIATION
ON THE PRODUCTION OF DOUBLE MALFORMATIONS
IN CENTRIFUGED CHIRONOMUS EMBRYOS

Hideo YAJIMA

Department of Biology, Faculty of Sciences, Ibaraki University

Kalthoff, Rau and Edmond (1982) irradiated the Smittia (Diptera: Chiro-
nomidae) eggs with UV light before and after the centrifugation to test
their prediction that determinants which allow to produce four types of
development, normal embryo, inverted embryo, double cephalon and double
abdomen respectively, may distribute locally within the centrifuged eggs.
Present author conducted a series of combined centrifugation and irradiation
experiments on Chironomus samoensis (Diptera: Chironomidae) eggs at the
two-pole cell stage to compare with the experimental results of Smittia eggs.

After the centrifugation of Chironomus eggs yielding the double cepha-
lons in the frequency below 30 %, most eggs develop into double abdomens by
successive anterior irradiation. After the centrifugation giving rise to-
the double cephalons in the frequency over 40 %, however, a lot of the eggs
develop into inverted embryos when irradiated similarly. These patterns of
modification were obtained when the anterior irradiation was performed
within QQ minutes after’the centrifugation, but not by the posterior irradia-
tion. The occurrence of double abdomen and inverted embryos after the ante-
rior irradiation of the centrifuged eggs implies that the head formative
conditions at the anterior end of the egg have been changed to the abdomen
formative conditions. Admitting that the activity of the anterior determi-
nants is required for the head formation (Kalthoff, 1979), then the results
obtained by present author should be interpreted that the anterior determi-
nants must have remained at the anterior end of the egg even after the centri-
fugation. This interpretation does not accord with Kalthoff et al.'s expla-
nation (1982) that the displacement of the anterior determinants occurs by
centrifugation.

The irradiation at 120 minutes after the centrifugation, on the other
hand, brought about another type of modification; that is, both anterior and
posterior irradiations raise +the frequency of double cephalons. This
results also differ from those of experiments on Smittia eggs;.the number of
the double cephalons decreases whereas those .of normal embryos increase in
the combined class. It is likely that the frequency of normal embryo in the
combined Smittia class is overestimated since Kalthoff et al. (1982) calcu-

lated the frequencies of normal embryos and double cephalons only after



excluding a number of 'not énalysable eggs". Occurrence of inverted embryos
by the successive posterior irradiation of the centrifuged Chiromomus eggs
is quite unexpected and also differs from Kalthoff et al.'s {1982) prediction
saying that production of double abdomens is expected by the similar

combined experiment.
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LARVAL EYES OF THE MECOPTERAN INSECTS

Nobuo SUZUKI and Hiroshi ANDO

Sugadaira Montane Research Center, University of Tsukuba

Generally speaking,

ocelli or stemata (Snodgrass,

the stemmata seems to be fundamentally classified into two types.

larvae of thé holometabolan insects have lateral

1935; Paulus, 1979), and the embryogenesis of

The first

type is that the formation of the stemmata is accompanied with the ectodermal

invagination of the developing optic plate, and invaginated ectodermal cells

differentiate intc retinular cells of the stemmata.

This type is reported

in the coleopteran Hydrophilus (Patten, 1887).

The second type is that ectodermal invagination of the optic plate is



lacking, and the plate thickens and the elements of the future stémmata
including retinular cells occur within the developing optic plate. This
type is known in the lepidopteran FEphestia kiihniella (Busselmann, 1935) and
Heliothis zea (Presser and Rutschky, 1957), and the mecopteran Panorpa
pryeri and Bittacus laevipes. This has also been known to occur in the
compound eye formation of some hemimetabolan insects, <Z.e., ’Epiophlebiar
superstes (Ando, 1962) and Oncopeltus fasciatus (Butt, 1949). The insects
included in the second type are further divided into two groups. The first
group has a typical ommatidium which has four Semper's cells and eight reti-
nular cells, and Epiophlebia and Oncopeltus and other hemimetabolan insects
belong to this type (Snodgrass, 1935). The stemma of the second group 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_fB.
laevipes has four Semper's cells and eight retinular cells (Fig. 1), so that
they should be included in the first group commonly observed in the
hemimetabolan insects. Paulus (1979) suggests that the stemma of the second
group mentioned above is modified from the ommatidium of the hemimetabolan
insects. Accordingly the larval eyes of.P. communis,fP. pryeri andié. laevi-
‘pes are thought to be more akin to those of the hemimetabolans than those of
the coleopterans on the manner of its development, and than those of the
lepidopterans on the degree of the modification of the ommatidia.

In Panorpodes paradoxa, the first instar larva has no eyes; this has
already been observed by Issiki (1959). This character seems to be not
palingenetic, but caenogenetic, because the rudiment of the larval eye degene-

rates during the embryogenesis in this species.

Fig. 1. Ommatidia of first instar larvae of Panorpa pryeri (A) and Bittacus
laevipes (B). B, basement membrane; C, cornea; CC, crystalline cone; CO,
corneagenous cell; R, rhabdom; RE, retinular cell; S, Semper's cell. Scale=
10 pum.
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FINE STRUCTURE OF THE COMPOUND EYE OF A BUPRESTID BEETLE,
CURIS CALOPTERA (COLEOPTERA, BUPRESTIDAE)

Nobuo GOKAN and Venno B. MEYER-ROCHOW

Laboratory of Entomology, Tokyo University of Agriculture and
Department of Biological Science, University of Waikato, NZ

All buprestid species are active in bright sunshine. The compound eye
is large and protruded in semispherically, and is the apposition eye with
eucone, which is the eye of typical diurnal insect. The facet is about 26 um
in diameter, the cornea is 89 um thick, the cone is 18 uym in diameter and
31 um in length. The retinal region is about 250 um thick.

The cornea is the biconvex lens constructed by numerous lamellae, but
the surface curvature is almost the same as that of the whole eye. The cone
is constructed with fine particles and its proximal tip is connected with
distal tip of the rhabdom. The periphery of the cone forms the cone
extension which enters among the retinula cells just outside the rhabdom and
runs proximally (Fig. 2, arrow head). The cone extensions are suddenly
thickened at the basal region and the pigment grains appear within them

(Fig. 1, white arrow).

Figs. 1-2. Fine structure of compound eye of a buprestid beetle, Curis
caloptera.



The site of the cone extensions among the retinula cells is kept regu-
larly in almost all ommatidia. So the nurnibering of retinula cells are deter-
mined by site of the cone extensions. An ommatidium consists of eight reti-~
nula cells, but No. 8 cell does not reach to the distal region. The nucleus
of each cell is located at various levels. The rhabdom lies throughout the
distal tip to the proximal part along the central axis of the retinula
cells, and the configuration of rhabdom is varied with the level of the
cells. Thus, at the distal part, No. 1 cell only possesses a rhabdomere,
whereas at a little proximal part, other six cells also bear small rhabdo~
meres. At mid level of retina, No. 8 cell also carries rhabdomere, so that
all the eight cells contribute the rhabdom formation. Farther proximally,
however, all rhabdomeres, except No. 8 cell, are remarkedly reduced or dis-
appeared, and ultimately only the rhabdomere of No. 8 cell remained. The
form of cells also changed accompanied with the change of the rhabdom pat~
tern; No. 8 cell is suddenly thickened as its rhabdomere is expanded. At
the basal part, where the retinula cells assume the axon, No. 8 cell moves
to the central part and finally an axon bundle is formed that an axon
derived from No. 8 cell is surrounded by seven ones.

One of eight retinula cells (No. 1 or 3 cell) contains higher electron
dense (HED) substance than others. Whether such a condition appears in No.

1 or No. 3 cell depends on the orientation of an ommatidium. The direction

of the iine, which linked with No. 8 and No. 2 cells (Fig. 2), is presumed
an ommatidial direction. The compass of direction of the ommatidia in which
No. 3 cell is HED, is limited within 110°, and those of No. 1 cell is 125°,
As no overlapping is found in these extents, the directions of these two
kinds of ommatidia twisted at an angle of maximum 235°. However, the extent
of direction of No. 1 and No. 3 cells is limited within 165° since these
cells are kept about 35° to the ommatidial direction. Thus the distortion
of the HED cell is less than that of ommatidia, and among them, especially,

the cells kept within 45° each other are found most frequently.
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DISTRIBUTION AND DEGRADATION OF YOLK GRANULES
DURING THE EARLY DEVELOPMENT
IN THE EGG OF THE SILKWORM, BOMBYX MORI

Sachiko TAKESUE, Hiroomi KEINO and Kasuo ONITAKE

‘Biological Institute, Faculty of Sciences, Nagoya University and
Institute for Developmental Research, Aichi Prefectural Colony

As the first step to elucidate the role of yolk in embryogenesis of the

non-diapause egg of the silkworm, Bombyx mori, we investigated changes in

the distribution of yolk granules and in the amount of their main component,

vitellin, during the early development by light and fluorescence microscopy.



The newly-laid Bombyx egg has three kinds of yolk granules: yolk‘gra—
nules (ygl) located in the inner part of the egg, yolk granules {ygz)
located in the peripheral cytoplasm and small densely-stained dots (yg3 or
ygd) in the periplasm (Takesue et al., 1971, 1976).

In the egg Jjust after oviposition, yg, are slightly angular and
stained intensely with toluidine blue, although with 1little wvariation in
their intensity. They become more angular and stained less intensely, as
‘the égg develops. When the pre-germ band is formed, ye; present in the
posterior-dorsal part are stained weakly, compared with those in the ante~
rior-ventral part. Observations by fluorescence microscopy using antibody
against wvitellin show some decreaée in the amount of vitellin in the
posterior-dorsal V&, - After the germ band formation, the stainability of
¥, 5 whether located in the posterior-dorsal or anterior-ventral part,
decreases rapidly. These results suggest that the contents of ¥8y» €8
vitellin are used as a nutrient.

There are no changes in the distribution of yg, till blastoderm forma-
tion. After pre-germ band formation, ve, are observed only beneath the
pre-germ band or germ band. These results suggest that these yolk granules
are related with the formation of germ band.

Ygd, which were located at first in the periplasm, are included in
blastoderm cells during blastoderm formation. When examined by fluorescence
microscopy, there are no apparent changes in the intensity and number of the
fluorescent spots (ygd) till blastoderm formation. After thaﬁ, they decrease
gradually in intensity and number. Most of them disappear till 45 h after
oviposition. These results suggest that ygd play an important role in the

development of blastoderm, germ band and embryo.

Takesue, S., Keino, H. and Endo, K. {1871) The morphological changes of the
diapause and non-diapause eggs of silkworm, [Bombyx mori L. Zool.
Mag., 80:464,

Takesue, S., Keino, H. and Endo, K. {(1976) Studies on the yolk granules of
the silkworm, Bombyx mori L. Wilhelm Roux' Archiv, 180:93-105.

Takesue, S., Onitake, K. and Keino, H. {1977} Studies on the blastoderm. and
germ band formation during the early embryogenesis in silkworm,}Bombym
mort L. Zool. Mag., B86:345,
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ULTRASTRUCTURAL CHANGE OF THE SPERM IN THE SPERMATHECA
AND THE EGG CELL OF THE SILKWORM, BOMBYX MORI

Keiichire MIYA

Laboratory of Applied Entomology, Faculty of Agriculture, Iwate University

As a part of a series of works on the ultrastructural changes of the

sperm- and egg cell before and after fertilization, the structure of sperm

present in the spermatheca of the mated female as well as within the egg



cell just after laying has been observed.

The length of eupyrene sperm in the spermatheca is about 620 um (Katsu-
no, 1978). 1In the present observation, the head of the sperm is about 0.7 um
in diameter and somewhat convex on one side, while the tail is 0.61 - 0.64 um
in diameter. The eupyrene sperm is covered with a cell membrane about 28 nm
thick, and the space between the cell membrane and the sperm nucleus or the
axoneme-mitochondrial derivative complex is occupied by a thick envelope
containing fine, electron dense particles (Fig. 1). In cross section the
sperm nucleus shows a semi-spherical or triangular contour. At the anterior
end of sperm there is a conical acrosome with a distinct membrane.

After migration of the sperms into the spermatheca, some eupyrene
sperms shed their coat, which consists of the cell membrane and the inner
envelope of electron dense material; this occurs at the lower part of sperma-
theca and the upper part of spermathecal duct. A very interesting structure
of the eupyrene sperm is an electron dense junction in the cell membrane.
Here the membrane splits open longitudinally, allowing the sperm to escape.
The cell membrane then closes and appears in electron micrograph as a shed
coat (Fig. 2). The cause and the significance of this shedding phenomenon
remain unsolved, but a few sperms losing their coat occur in the vestibulum
near the end of oviduct, and the sperm penetrating the egg has no cell mem-
brane. These observations suggest that shedding cell membrane may be a
prerequisite for the entry of sperm into the egg. Degrugillier and Leopold
(1976) concluded for the house fly that the loss of the plasma membrane
prior to the entry of sperm into the fertilization chamber was one of the
structural adaptations to facilitate sperm penetration and to insure the

fertilization during periods of rapid oviposition.

Figs. 1-2. Higher power electron micrographs of cross-sectioned eupyrene and
apyrene sperms in the spermatheca of the mated female. Fig. 1. unshed
sperms, Fig. 2. shed sperms. As, apyrene sperm; Sc, shed coat; Sh, head of
eupyrene sperm; St, tail of eupyrene sperm; St', shedding eupyrene sperm
tail. Scale=1 um.



At the anterior pole of the mature egg obtained from the koviduct,
several micropylar canals are seen to penetrate the chorion, and the end of
these canals connects to a somewhat crooked, tubular channel penetrating the
vitelline membrane to reach the surface of oocyte. The sperms pass through
these micropylar canals first and then the tubular channels, and enter into
the periplasm of the micropylar region. Then the sperm nucleus is separated
from the tail and migrates interiorly, being enclosed by a cytoplasmic
envelope originating from the pebiplasm of the micropylar region. This
envelope is star-shaped, and it contains vesicular aﬁd irregularly shaped
cinsterns of rER. The sperm nucleus gradually becomes swollen and compactly
coiled chromatin then becomes loosened, and the sperm nucleus transforms

into the male pronulceus with the formation of nuclear envelope.
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