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Introduction

In the Bombyx mori of Bombycidae, spermatogenesis was reported on by
MacHIDA*®, Sapo™, KaTsuno® and other investigators. The behaviour of
spermatozoa in the testicular follicle was reported on by Karsuno®. Findings
on abnormal sperm bundles in the testicular follicle were documented by Suca1?
and KaTsuno?. In research using the Saturniidae, spermatogenesis was reported
on in Philosamia cynthia pryeri by DEDERERY, Antheraca yamamai, Antheraea
pernyi by KawacucHI? and Philosamia cynthia ricini by SuMimoTo®. In
another study, the behaviour of spermatozoa and abnormal sperm bundles in
the testicular follicle was reported on in Antheraea yamamai by KaTsuno®.
Comparative study of spermatogenesis and abnormal germ cells was performed
on only some of the aforementioned materials by SumimoTo?® and Kartsuno®.
In this study, a histological comparison of spermatogenesis and abnormal germ
cells was carried out between Bombyx mori, Philosamia cynthia ricini and
Antheraea yamamai which do not undergo diapause in pupa, and Antheraea
pernyi which does undergo diapause in pupa.

Materials and Methods

The materials used for the research were Bombyx mori in Bombycidae,
Philosamia cynthia ricini, Antheraca yamamai and Antheraea pernyi in Sat-
urniidae. The testis of each material was fixed with Bouin’s solution, sectioned
in 5pm thicknesses and stained with Delafield’s haematoxylin and eosin. Develop-
mental period and time of fixation for the testis of each material were as follows
(Fig. 1):

Bombyx mori
The materials used for the research were J140 x C140 that had been reared on
mulberry leaves. The period of the 5th instar was 6 days, the period from spin-
ning larva to prepupa was 4 days and the pupal period was 10 days under about
25°C. The testis was fixed each day during the period from the 5th instar to adult.
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Bombyx mori

philosamia
cynthia ricing

Antleraca
yamamai

Days 1 13"1 , 8" {
Stage v S-p P

The period from the Gth instar to adult

Fig. 1. Schematic illustration of spermatogenesis in relation to the developmental
stages of B. mori, P. cynthia ricini and A. yamamai.
The period of meiotic division of eupyrene (EU I) and apyrene spermato-
cytes (AP I). The period of morphogenesis of eupyrene (EU II) and apyrene
spermatocytes (AP I1). The period of accumulation of eupyrene (EU III)
and apyrene spermatozoa (AP III).
Single arrow: The time at which the eupyrene spermatozoa initially get
out from the testicular follicle.
Double arrow: Indicates the same point for the apyrene spermatozoa.
Abbreviation: V, The 5th instar; S-P’, Spinning larva and prepupa; P,
Pupa; A, Adult.

Philosamia cynthia ricini

The materials used for the research were reared on Ailanthus altissiana
SwiINGLE. The period of the 5th instar was 5 days, the period from spinning
larva to prepupa was 4 days and the pupal period was 12 days under about 25°C.
The testis was fixed each day during the period from the 5th instar to adult.

Antheraea yamamai

The materials used for the research were reared on Quercus acutissima
CarrurH at the faculty of Textile Science and Technology, Shinshu University.
The period of the 5th instar was 13 days, the period from spinning larva to
prepupa was 8 days and the pupal period was 23 days under about 28°C. The
testis was fixed each day from the end of the 5th instar to adult.
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Antheraeca pernyi

The materials used for the re-
search were the “Control” of Karsu-
No and NakajiMma’s report®. Specif-
ically, diapausing pupae were obtained
from the first generation that were
reared on Quercus acutissima CAR-
RUTH and began to spinning during
a period from early to late July at
the Nagano Prefectural Sericultural

L .

:
) ) . Month 11 12 1 2 3 4

Experimental Station, Ariake Branch Day 2117 10 4 1 25 5 10 15 20 25(A)

. . .. "

in 1984. The pupae, after spinning, | ormal room____| ncubation |

temperature

were kept at normal temperature in

Sapporo. The range of temperature Fig. 2. Schematic illustration of quantitative

changes of the spermatocytal cysts

during the 131 days from Nov. 21, and sperm bundles of A. pernyi. Eu-
1984 to Mar. 31, 1985 was —5~10°C. pyrene (Es) and apyrene spermatocytal
Then the pupae were held for 2 days cysts (AS) at the stage of meiotic di-
at 10°C from Apr. 1, and thereafter vision. Eupyrene (Eb) and apyrene
Hro ; T . . sperm bundles (Ab). (A): Adult.

at 25°C until emergence. This period Single and double arrow: For ex-
of incubation, from Apr. 1 to adult, planation, see Fig. 1.

was about 25 days. The testis of the Amount: (a large number)

> D> B8 > ) (asmall

number).

pupa was fixed on Nov. 21, Dec. 17,
Jan. 10, Feb. 4, Mar. 1 and 25, and
the 5th, 10th, 15th, 20th and 25th day (adult) of incubation (Fig. 2).

Results and Discussion

1. The relationship between spermatocytes at the leptotene stage and eupyrene,
apyrene spermatocytes at the stage of meiotic division

In each material, the state of meiotic division of eupyrene spermatocytes
was different from those of apyrene spermatocytes as has already been reported
on in Bombyx mori by Katsuno® (Fig. 3).

(1) Bombyx mort, Philosamia cynthia ricini and Antheraca yamamai

A large number of spermatocytes at the leptotene stage were observed in
the 5th instar in each material. These spermatocytes subsequently developed into
eupyrene spermatocytes at the stage of meiotic division. Thereafter, at the time
when few or no spermatocytes at the leptotene stage were observed, namely, in
the larva on the 3rd day after spinning or prepupa of B. mori, in the pupa on
the 3rd day of P. cynthia ricini and in the pupa on the 6th day of A. yamamali,
a large number of apyrene spermatocytes at the stage of meiotic division were
observed in the upper part of the follicle.
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Fig. 3. The 1st meiotic division of the spermatocytes in B. mori.
A Eypyrene spermatocytes. B: Apyrene spermatocytes.
Scale A, B: 10 #m.

(2) Antheraea pernyi

Qian and Feng® reported that eupyrene spermatocytes at the stage of
meiotic division were observed for the first time on the 10th day of the 5th
instar in the second generation of diapause-type A. pernyi. In this study, a
large number of eupyrene spermatocytes at the stage of meiotic division and
eupyrene spermatozoa were observed in addition to the spermatocytes at the
leptotene stage in the pupa on Nov. 21. From these facts, it seems that the
spermatocytes at the leptotene stage had already existed before the 5th instar,
and subsequently, continued to exist after pupation. These spermatocytes gradu-
ally developed into eupyrene spermatozoa passing over the eupyrene spermatocytes
at the stage of meiotic division. Whereas a large number of apyrene sper-
matocytes at this stage were observed in the upper part of the follicle in the
pupa on the 5th day of incubation, the spermatocytes at the leptotene stage were
markedly decreased.

In viviparid snails, PoLLISTER™, POLLISTER and POLLISTER®™ reported that
no synapsis occurs in the atypical spermatocytes. Furthermore, in the carbo
moth Ectomyelois ceratoniae (Lepidoptera), LEviaTan and FRIEDLANDER® reported
that the state of meiotic division is different between eupyrene and apyrene
spermatocytes. In this study, in each material examined, it was found that the
apyrene spermatocytes at the stage of meiotic division did not progress to the
leptotene stage, in other words, the time of differentiation and determination of
eupyrene and apyrene spermatozoa occurred between the spermatogonia and
leptotene stages of the spermatocytes.

2. Spermtogenesis and the abnormal germ cells
(1) Bombyx mori, Philosamia cynthia ricini and Antheraea vamamai

1) Spermatogenesis
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In the case of eupyrene spermatogenesis, the period from the time at which
the meiotic division of the eupyrene spermatocytes was thriving to the time at
which the eupyrene spermatozoa began to appear from the follicle to the vas
efferens was divided into three divisions as follows (Fig. 1):

(a) The period of meiotic division of eupyrene spermatocytes: The meiotic

division was thriving

(b) The period of morphogenesis of eupyrene spermatozoa: Spermatozoa

were formed from the spermatocytes at the point of meiotic division

(c) The period of accumulation of eupyrene spermatozoa: The period

from a great number of spermatozoa were formed to began to appear
from the follicle

Further, the period in the case of apyrene spermatogenesis, was also divided
into three divisions in the same manner as described above (Fig. 1).

In this study, as mentioned above, it was proved that the state of meiotic
division was different in the eupyrene and apyrene spermatocytes. Judging from
these facts, the period of meiotic division of the eupyrene spermatocytes was
from the 3rd to the 5th day of the 5th instar in B, mori, from the larva on
the 1st day after spinning to the pupa on the 1st day in P. cynthia ricini and
from the end of the 5th instar to the prepupa in A. yvamamai. Therefore, it
can be said that the eupyrene spermatozoa in P. cynthia ricini and A. yamamai
were formed from the spermatocytes which perform meiotic division at different
time that of B. mori. In A. yamamai, KawacucHI”? reported that meiotic
division of the eupyrene spermatocytes occurred in the early pupa. Therefore,
in A. yamamai, it is necessary to re-examine the time of meiotic division from
the 5th instar. In contrast, the time of meiotic division of the apyrene sper-
matocytes was found to be after spinning in all of the cases examined. The
period of accumulation of eupyrene spermatozoa in P. cynthia ricini was shorter
than those of B. mori and A. yamamai. Furthermore, the period of accumula-
tion of apyrene spermatozoa in B. mori and P. cynthia ricini was shorter than
that of eupyrene spermatozoa. In the case of A. yamamai, as the period of
morphogenesis and accumulation of apyrene spermatozoa overlapped each other,
neither period could be clearly distinguished. However, apyrene spermatozoa
appeared from the follicle and into the vas efferens earlier than the eupyrene
spermatozoa in each material.

2) Abnormal germ cells

Abnormal germ cells in the follicle during the developmental process of the
three materials were as follows:
(a) Abnormal spermatogonia: Pycnotic nuclei existed, specifically, pycnotic
spermatogonia
(b) Abnormal spermatogonial cyst: Cysts containing pycnotic spermato-
gonia
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(c) Abnormal spermatocytal cyst I: Cysts containing pycnotic spermatocyte
with pycnotic nuclei

(d) Abnormal eupyrene spermatidal cyst I: Cysts containing spermatid
with large granules

(¢) Abnormal eupyrene sperm bundle I: The head part was swollen with
large granules

(f) Abnormal eupyrene sperm bundle II: Large granules existed in the
tail part

Bombyx mori

A large number of spermatocytal cysts were observed along the lateral wall
of the follicle from the end of the 5th instar to the spinning stage and became
abnormal spermatocytal cysts I at the prepupal stage (Plate I-1). Most of them
became abnormal eupyrene sperm bundles I immediately after pupation, passing
over the state of abnormal eupyrene spermatidal cysts I and moving towards the
lower part of the follicle in the early pupal stage (Plate I-2). Such abnormal
bundles I gradually degenerated, moving towards the upper part of the follicle
as the pupae developed. There results were the same as those reported by
Kartsuno? in Bombyzx mori. Furthermore, a group of abnormal spermatogonia,
abnormal spermatogonial and spermatocytal cysts I were observed in the upper
part of the follicle during the period from the pupa on the 7th day to adult.

Philosamia cynthia ricini

A large number of abnormal spermatogonia and abnormal spermatogonial
cysts were observed in the upper part of the follicle on the 2nd and 3rd day of
the 5th instar (Plate I-3). Thereafter, they gradually degenerated, most degenerat-
ing in the early to middle pupal stage. Abnormal spermatocytal cysts I were
observed in the whole of the follicle at the prepupal stage (Plate I-4). These
cysts I broke and the spermatocytes degenerated into granules at an early pupal
stage. A group of abnormal spermatogonial and spermatocytal cyst 1 were
observed in the upper part of the follicle at the middle pupal stage, most of
them degenerating at the end of the pupal stage. Furthermore, abnormal
eupyrene sperm bundles I and II were observed in the lower part of the follicle
at the end of the pupal stage. It seems that the bundles I became abnormal
in the step of eupyrene spermatidal cyst, because formative process as observed
in B. mori did not occur.

Antheraea yamamai

A small number of abnormal spermatogonial cysts were observed in the
upper part of the follicle from the end of the 5th instar to the late pupal stage.
A group of abnormal spermatocytal cysts I were observed in the upper part of
the follicle at the middle pupal stage (Plate 1I-5) but soon after, these cysts I
broke and the degenerated into granules. At the same time, a small number of
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abnormal eupyrene spermatidal cysts I were observed in the middle part of the
follicle. Furthermore, a small number of abnormal spermatogonia were observed
in the upper part of the follicle at the late pupal stage. Abnormal eupyrene
sperm bundles I were observed in the lower part of the follicle during the period
from the pupa on the 9th day to adult, but the formative process of these bundles
I was similar to the case of P. cynthia ricini.

The main abnormal germ cells in the three cases described above, except
for those which seemed caused by the aging of the cell at the end of the pupal
stage, of which only a few were observed, were as follows:

Bombyx mori: Abnormal spermatocytal cysts I were observed along the
lateral wall of the follicle at the prepupal stage resulting in
abnormal eupyrene sperm bundles |1 immediately after pupation
(Plate I-1 and 2)

Philosamia cynthia ricini: Abnormal spermatogonia, abnormal spermatogonial
and spermatocytal cysts I were observed in the upper or
whole part of the follicle trom the Z2nd day of the 5th instar
to the middle pupal stage (Plate I-3 and 4)

Antheraea yamamai: A group of abnormal spermatocytal cysts 1 were ob-
served in the upper part ot the tollicle at the middle pupal
stage (Plate ll-b)

Abnormality of the apyrene sperm bundles was not observed in any of the
materials.

Judging from the results of the observations described above, abnormal
germ cells in £, cynthia ricini occurred in much larger quantity than those
tound in B. mori and A. yamamai. Although, In each case, the ratio ot ab-
normal to normal germ cells was quite small and a large number of normal
eupyrene and apyrene spermatozoa were observed in the vas efterens of the
adult. Therefore, even 1f tne abnormal germ cells play any role in spermato-
genesis of the normal germ cells, it would seem to be of little significance.

(2) Antherea pernyi

1) Spermatogenesis

Quantitative changes of the spermatocytal cysts containing spermatocytes at
the stage of melotic aivision and sperm_pundles in tne rollicie_during the period
rom tne pupa on Nov. 2L to_aduli_are_shown_in _Iig. Z. _ A large number oI
spermatocytal Cysts containing eupyrene spermatocytes at the stage of melotic
division had already been opserved 1n tne pupa on INOv. 21 and were conunuousity
observed until bep. 4. ‘lnese results agree wilh NAWAGUCHI'S report” i that
the eupyrene spermatocyles ab the stage Of IelOole aIvision In the diapausing pupae
on the second generation Of A. pernyt WEIe tNriving dunng the period irom Jan.
to I'eb. As descriped apove, WIAN and I ENG' reported tnat eupyrene spermato-
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cytes at the stage of meiotic division were observed for the first time on the 10th
day of the 5th instar of the second generation in diapause-type A. pernyi. There-
fore, it is suggested that a large number of spermatocytal cysts containing eupyrene
spermatocytes at the stage of meiotic division had existed during the period from
the 5th instar to the pupa of Nov. 21. In this study, a decrease of such cysts
was observed in the pupa, concurrent with the increased of temperature between
Mar. 1 and 25. However, they increased again in the pupa on the 5th day of
incubation, and thereafter, there was a decrease accompanied by a transfer to
eupyrene sperm bundles. Therefore, the time of meiotic division of the eupyrene
spermatocytes was distinguished by two steps. A large number of eupyrene
sperm bundles had already been observed in the pupa on Nov. 21 as described
above, and this state continued until the pupa on the 5th day of incubation.
Waxku? observed a small number of eupyrene sperm bundles at the time of
pupation in the first generation of diapause-type A. pernyi. For this reason it
was concluded that eupyrene sperm bundles are formed at the time of pupation.
However, in this study, a large number of eupyrene sperm bundles degenerated
in the pupa on the 10th day of incubation. They were observed again in the
pupa on the 15th day of incubation and a large number of them appeared from
the follicle to the vas efferens during the period from the pupa on the 20th
day of incubation to adult. Therefore, the period of morphogenesis of the
eupyrene spermatozoa was also divided into two steps, similar to the period of
meiotic division of the eupyrene spermatocytes. In contrast, the periods of
meiotic division and morphogenesis of the apyrene spermatozoa did not have
two distinct stages, differing markedly from the case of eupyrene spermatozoa.
A large number of spermatocytal cysts containing apyrene spermatocytes at the
stage of meiotic division were observed in the pupa on the 5th day of incubation,
and thereafter, they decreased accompanied by a transfer to the apyrene sperm
bundles. A large number of apyrene sperm bundles were observed in the pupa
on the 10th day of incubation, and a small number of them began to appear
from the follicle to the vas efferens during the period from the pupa on the
5th to 10th day of incubation. The apyrene sperm bundles in the follicle gradually
decreased in the period from the pupa on the 20th to 25th day of incubation,
a large number of them appearing from the follicle.

From the above results, it seems that many of the eupyrene spermatozoa
formed originally degenerated until the pupa on the 10th day of incubation.
But new eupyrene spermatozoa were formed from the eupyrene spermatocytes
at the stage of meiotic division in the pupa on the 5th day of incubation. There-
fore, many of new eupyrene spermatozoa were observed in the pupa on the 15th
day of incubation. It can be saild that the new eupyrene spermatozoa were
formed from the spermatocytes which had undergone meiotic division during the
pupal period. Apyrene spermatozoa formed later than eupyrene spermatozoa in B.
mort® but from the results, it can be concluded that apyrene spermatozoa were
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formed earlier than reformed eupyrene spermatozoa in diapause-type A. pernyi.

2) Abnormal germ cell

In Antheraea pernyi, the following abnormal germ cells were observed in
the follicle in addition to the ones in the case of Bombyx mori, Philosamia
cynthia ricini and Antheraea yamamai.

(&) Abnormal spermatocytal cyst II: Arrangement of cells in the cyst was

indefinite, various abnormal substances or blank parts existed in the cyst

(h) Abnormal eupyrene spermatidal cyst II: Consisted of irregularly formed

cells

(i) Abnormal eupyrene sperm bundle III: A thick fibriform substance

existed in the tail part

QiaN and FENG® reported that the germ cells in the diapause-type in the
second generation of A. pernyi degenerated markedly, with abnormal spermato-
gonia and abnormal spermatocytes being observed during the period from the
2nd to the 5th instar. In this study, abnormal spermatogonia and abnormal
spermatogonial cysts were observed in the upper part of the follicle during the
period from pupa on Nov. 21 to adult but these were few except on the 4th
day after incubation, when there was an increase observed. Abnormal sper-
matocytal cysts I were observed along the lateral wall of the foilicle in the pupa
from Nov. 21, an especially large number of them being observed in the pupa
between Mar. 1 and 25, which rapidly degenerated in the pupa after incuba-
tion. A small number of abnormal spermatocytal cysts Il were observed in the
upper and middle part of the follicle interspersed among the normal spermato-
cytal cysts in the pupa from Nov. 21. These increased somewhat between Mar.
1 and 25 (Plate 1I-6) but rapidly degenerated in the pupa after incubation.
Q1aN and FeEnNG® reported that the degeneration of spermatocytes took place
before meiotic division. In this study, the state of abnormal meiotic division
was not confirmed, but a decrease of spermatocytal cysts containing eupyrene
spermatocytes at the stage of meiotic division was observed in the pupa between
Mar. 1 and 25, as described above. These results show that a part of sper-
matocytes before meiotic division in the pupa degenerated along with the in-
creased temperature, though a further study is necessary to confirm whether the
state observed was of abnormal meiotic division of spermatocytes or not. Ab-
normal eupyrene spermatidal cysts II were observed in the lower part of the
follicle in the pupa from Nov. 21. These increased in the pupa in the period
from Jan. 10 to Mar. 25 and rapidly degenerated in the pupa after incubation.
A small number of abnormal eupyrene sperm bundles II were observed in the
lower part of the follicle in the pupa on Mar. 25. Also a large number of
abnormal eupyrene sperm bundles I, II and III were observed in the pupa on the
10th day of incubation (Plate II-7). As described above, this time corresponds
to a period of degeneration of normal eupyrene sperm bundles. Furthermore,
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the formative process of the bundles I was similar to the case of P. cynthia
ricini and A. yamamai. Abnormality and degeneration of the germ cells, as
described above, was supported in that many degenerate substances of the germ
cells in the follicle were observed in the pupa during the period from Mar. 1 to
the 10th day after incubation. On the other hand, abnormal apyrene sperm
bundles were not recognized.

As mentioned above, a large number of abnormal germ cells were observed
in the follicle of the diapausing male pupae at normal room temperature and the
period from the pupa after incubation to adult. However, eupyrene spermatozoa
re-formed as described above, therefore, a large number of new eupyrene sper-
matozoa were observed above the basement membrane of the testicular follicle
and a large number of apyrene spermatozoa were observed in the vas efferens
in the pupa on the 19th day of incubation (Plate II-8), and a large number of
normal eupyrene and apyrene spermatozoa were observed in the vas efferens
in the adult. From the above results, it seems that the presence of a large
number of abnormal germ cells play an important role in the re-formation of
eupyrene spermatogenesis. It was, however, unclear as to whether abnormal
germ cells had the same effect on apyrene spermatogenesis as was noted on
eupyrene spermatogenesis.

Abnormality and degeneration of the germ cells of lepidopterous insects
which undergo diapause in pupa in addition to A. pernyi was reported by some
investigators. According to SCHMIDT and WiLLiaMs'®, a part of the germ cells
of the diapausing male pupae in Hyalophora cecropia showed growth to sper-
matids in the prepupal period but later degenerated. Whereas later, in the
diapause period, no spermatids were seen, spermatogonia and primary sper-
matocytes were observed and the meiotic division occurred rapidly with a shift
to spermatozoa taking place after the diapause termination. NumaTA and Hi-
DAKAYW reported that the spherical spermatid began to degenerate on the first
day of the 5th instar in diapause-type of Papilio zuthus and the spermato-
genesis stopped completely on the 4th day of the 5th instar. Degeneration
occurred in all the spermatidal cysts and sperm bundles at the pupal stage.
Nisaurstsuni-Uwo' tentatively ascribed the cause of degeneration of sperma-
tocytes in diapause-type P. zuthus to the deficiency of the growth and differentia-
tion hormone. It was not clearly evidenced by the implantation experiments of
testis and endocrine organs®., The abnormality and degeneration of the germ
cells in A. pernyi of diapause-type in this study were similar to the case of /.
cecropia and P. zuthus. From the above results and reports, it seems that
abnormality and degeneration of the germ cells are closely related to the diapause
of the pupa.

3. Time of appearance from the testicular follicle to the vas efferens of
the eupyrene and apyrene sperm bundles
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(1) Bombyx mori, Philosamia cynthia ricini and Antheraea yamamai

The order of appearance from the follicle to the vas efferens of the sper-
matozoa was reported in B. mori® and A. yamamai® ; specifically, the apyrene
spermatozoa appeared from the follicle earlier than the eupyrene spermatozoa.
This order was the same in the case of P. cynthia ricini. The time of com-
mencement of appearance from the fcllicle of the apyrene and eupyrene sper-
matozoa compared with each material in Fig. 1. The results show that in
B. mori, the time for the former was the pupa on the 6th day (the 5th day
before emergence) and for the latter was the pupa on the 8th day (the 3rd day
before emergence). In P. ¢ynthia ricini, the time for the former was the pupa
on the 11th day (the 2nd day before emergence) and for the latter was the pupa
on the 12th day (the last day before emergence), A. yamamai showed the time
for the former was the pupa on the 16th day (the 8th day before emergence)
and for the latter was the pupa on the 19th day (the 5th day before emergence).
From the above results, comparing each material for the time of commencement
of appearance from the follicle of both spermatozoa, based on the time of emer-
gence, it was seen that in the case of P. cynthia ricini, it was later than that
of B. mori and A. vamamai. This appears to be because of the period of
accumulation of the eupyrene spermatozoa in P. cynthia ricini being shorter than
that of B. mori and A. yamamai as stated previously.

(2) Antheraea pernyi

The order of appearance from the follicle to the vas efferens of the sper-
matozoa was the same as in B. mori, P. cynthia ricini and A. yamamai, as
described above. The time of commencement of appearance from the follicle
of the spermatozoa was not definite with respect to the interval of fixed time of
the testis was long. However, the period for the commencement of appearance
was from the pupa on the 5th to 10th day of incubation (from the 10th to 15th
day before emergence) in apyrene spermatozoa, and from the pupa on the 20th
to 25th day of incubation (from the 5th day before emergence to the day of
emergence) in eupyrene spermatozoa (Fig. 2). Therefore, it is clear that the time
which apyrene spermatozoa begin to appear from the follicle in A. pernyi is
earlier than B. mori, P. cynthia ricini and A. yamamai based on the time of
emergence. This seems to be related to the fact that the apyrene spermatozoa
were formed earlier than the reformed eupyrene spermatozoa, as previously
stated.

From the results, it was clear that the difference in the developmental process
of the germ cell between B. mori, P. cynthia ricini, and A. yamamai (which
do not undergo diapause in pupa) and in A. pernyi (which does undergo diapause
in pupa) also effects the time of the commencement of appearance from the
follicle to the vas efferens of the spermatozoa.
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Summary

The spermatogenesis and abnormal germ cells in Bombyx mori, Philosamia
cynthia ricini and Antheraea yamamai, which do not undergo diapause in pupa,
were studied histologically compared to those in Antheraea pernyi which does
undergo diapause in pupa. The observation was carried out during the period
from the 5th instar to adult on Bombyx mori, Philosamia cynthia ricini and
Antheraea yamamai, and during the periods of the pupa from Nov. 21 to Mar.
31 at normal room temperature, and the pupa from Apr. 1 to adult under
incubation on Antheraea pernyi. :

1. In each case the apyrene spermatocytes at the time of meiotic division did
not progress to the leptotene stage. The point of differentiation and determina-
tion of the eupyrene and apyrene spermatozoa occurred between the spermato-
gonia and leptotene stages of the spermatocytes.

2. The state of meiotic division was different in eupyrene and apyrene sper-
matocytes in each material observed.

3. In Bombyx mori, Philosamia cynthia ricini and Antheraea yamamai,
the eupyrene and apyrene spermatozoa were formed normally and only a few
abnormal germ cells were observed compared with Antheraea pernyi. Therefore,
even if the abnormal germ cells do play any role in spermatogenesis, it seems
that the significance of that role is small.

4. In the diapausing male pupae of Antheraea pernyi, a large number of
abnormal germ cells and degenerated eupyrene spermatozoa were observed. How-
ever, new eupyrene spermatozoa were re-formed. Therefore, results indicate that
abnormal germ cells play an important role in the re-formation of eupyrene sper-
matozoa. On the other hand, no resulting abnormalities of the apyrene sper-
matozoa could be detected.
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Explanation of Plates
Plate I

Abnormal germ cells

1. B. mori: Abnormal spermatocytal cysts I (arrows) at the prepupal stage.
2. B. mori: Abnormal eupyrene sperm bundles I (arrows) immediately after pupa-
tion.

3. P. cynthia ricini: Abnormal spermatogonia (single arrow) and abnormal sper-
matogonial cysts (double arrow) on the 3rd day of the 5th instar.

4. P. cynthia ricini: Abnormal spermatocytal cysts I (arrows) at the perpupal
stage.

Scale (1-4): 100 #m.
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Eqplanation of Plates
Plate 11

Abnormal germ cells and normal spermatozoa

5. A. yamamai: Abnormal spermatocytal cysts I (arrows) at the middle pupal
stage.

6. A. pernyi: A small number of abnormal spermatocytal cysts Il (arrows) mix
with the normal spermatocytal cysts on Mar. 1.

7. A. pernyi: A large number of abnormal eupyrene sperm bundles (arrows) in
the pupa on the 10th day of incubation.

8. A. pernyi: A large number of new eupyrene spermatozoa (single arrow) above
the basement membrane of the testicular follicle and a large number of
apyrene spermatozoa (double arrow) in the vas efferens in the pupa on the

19th day of incubation.
Scale (5-8): 100 pm.
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